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Abstract

Purpose To investigate feasibility of high-pitch acquisition protocol for imaging of pediatric abdomen.

Materials and methods The study group consisted of 90 patients scanned with high-pitch acquisition protocol (pitch =3) by
64-slice dual-source CT (DSCT) scanner. Fifty-four patients scanned with standard protocol (pitch=1.5) by 16-slice single-
source CT scanner comprised the control group. Anteroposterior and lateral diameters of abdomen, effective diameter, scan
time and length, qualitative and quantitative noise levels, volumetric CT dose index (CTDIvol), dose length product (DLP),
and size-specific dose estimations were compared between groups.

Results The mean scan time of high-pitch CT protocol was shorter than control protocol (1.66+0.31 vs. 4.1+0.75 s;
p<0.001). The high-pitch protocol reduced the radiation dose by 48% (CTDIvol and DLP values 0.94 mGy and 32.2 mGy-
cm vs. 1.59 mGy and 61.5 mGy-cm; p <0.001, respectively). Although image noise was higher with high-pitch acquisition,
there was no significant effect on diagnostic confidence. Voluntary and involuntary artifacts were less frequent in high-pitch
protocol (p <0.001). Interobserver agreement was moderate in terms of artifact and very good in terms of diagnostic con-
fidence assessment.

Conclusion High-pitch acquisition protocol by DSCT yields significant radiation dose reduction without compromising

image quality and diagnostic confidence for pediatric abdomen imaging.
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Introduction

There is a direct relationship between increased number of
CT scans and high radiation dose exposure levels. Although
the number of CT scans accounts for a small percentage of
whole X-ray examinations (10%), it is still responsible for
the largest contribution of radiation dose exposure [1, 2].
There is also a growing concern regarding CT-associated
increased cancer risk [2, 3]. Furthermore, about 2—-5% of
CT examinations are performed in pediatric population who
are more sensitive to effects of radiation [4, 5]. According
to the ALARA (as low as reasonably achievable) principle,
the first aim of a CT examination is to achieve adequate
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image quality with lowest possible radiation dose exposure
[6]. Dual-source CT (DSCT) scanners became widely avail-
able in clinical use with the advent of CT technology. Unlike
previous generations, DSCT scanners consist of two X-ray
sources and two detector systems placed in a single gan-
try. This design makes it possible to perform the high-pitch
acquisition protocols in daily routine practice. The second
X-ray tube and detector system provide gap-free volume
coverage with pitch values as high as 3.4, depending on the
desired field of view [7]. The aim of this study was to inves-
tigate the feasibility of high-pitch acquisition protocol on a
DSCT scanner for imaging of pediatric abdomen.

Materials and methods
Clinical data

A total of 90 patients who underwent abdominal CT scan
within a two-year period of time by a DSCT scanner with
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high-pitch acquisition protocol were enrolled in this institu-
tional review board approved prospective study. An additional
54 patients who underwent standard-pitch mode abdominal
CT scans comprised the control group. Patients smaller than
12 months and whose largest body diameter above 26 cm at
the level of femur heads were excluded from analyses. The
mean (+SD) age was 55.8 +30 and 64.4 +39 months in the
study and control groups, respectively. Study group consists
of 70 males and 20 females, whereas control group consists
of 37 males and 17 females. In study group, the most com-
mon reason (77 out of 90 patients, 85%) for a CT scan was
to evaluate disease progress in oncologic patients (neuro-
blastoma: 32 patients, Wilms tumor: 17 patients, malignant
lymphoma: 10 patients, hepatoblastoma: 3 patients, Ewing’s
sarcoma: 3 patients, primitive neuroectodermal tumor: 3
patients, rhabdoid tumor: 2 patients, renal cell carcinoma: 1
patient, Langerhans cell histiocytosis: 1 patient, acute mye-
loid leukemia: 1 patient, chordoma: 1 patient, rhabdomyo-
sarcoma: | patient, medulloblastoma: 1 patient, teratoma: 1
patient). The other indications for a CT scan were as follows
in decreasing order: clinical suspicion for an abdominal mass
(4 patients), fever of unknown origin (3 patients), inflamma-
tory bowel disease (2 patients), urinary infection and vesi-
coureteral reflux (1 patient), tuberculosis (1 patient), trauma
(1 patient), and complicated acute appendicitis (1 patient).
In control group, the most common reason (44 out of 54
patients, 81%) for a CT scan was also to evaluate the disease
progress in oncologic patients (neuroblastoma: 16 patients,
malignant lymphoma: 12 patients, Wilms tumor: 3 patients,
rhabdomyosarcoma: 4 patients, gonadal tumor: 2 patients,
hepatoblastoma: 1 patient, appendiceal carcinoid tumor: 1
patient, gingival Kaposi’s sarcoma: 1 patient, hepatocellular
carcinoma: 1 patient, cardiac tumor: 1 patient, osteosarcoma:
1 patient, renal cell carcinoma: 1 patient). The other indi-
cations for a CT scan were as follows in decreasing order:
clinical suspicion for an abdominal mass (4 patients), hepat-
osplenomegaly (1 patient), immunodeficiency (1 patient),
intestinal intussusception (1 patient), abdominal pain (1
patient), tuberculosis (1 patient), and ureteropelvic junction
obstruction (1 patient).

CT parameters

The first generation DSCT system with high-pitch acquisi-
tion protocol (pitch=3) was used for the study group (Defi-
nition, Siemens Medical Systems; Erlangen, Germany).
Patients in the control group underwent standard abdomi-
nal CT scan (pitch=1.5) with a 16-slice CT (Sensation 16,
Siemens Medical Systems; Erlangen, Germany) scanner. CT
parameters are summarized in Table 1. Automatic exposure
control system was used in both groups (CARE Dose 4D,
Siemens). Iterative reconstruction was not used in both
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Table 1 CT parameters

Parameters CT machines

64-slice DSCT 16-slice CT
Slice acquisition (mm) 2x64x0.6 16x1.5
Mean mAs 21.88+4.05 35.07+13.1
Tube voltage (kV) 100 100
Pitch 3 1.5
Slice thickness (mm) 5 5
Increment (mm) 5 5
Kernel B30 f B20 f
Gantry rotation time (s) 0.33 0.5

* Automatic exposure control system was used in both groups (CARE
Dose 4D, Siemens)

groups. The CT scans included the body area between the
diaphragm to the proximal part of both thighs. Contrast-
enhanced abdominal CT scans were obtained in the venous
phase according to our radiology department’s abdominal
imaging protocol. CT scans automatically started 60 s after
the intravenous contrast material injection. There was no
need for sedation before CT scan in both groups.

Qualitative assessment

Qualitative assessment was made by grading the noise,
image quality, and artifacts, which are related to patient, dia-
phragm, or bowel movements. The images were evaluated by
a 3-point scoring system for the assessment of noise (1 =less
than usual noise; 2 =optimal noise; 3 =noise affecting inter-
pretation), a 4-point scoring system for the assessment of
diagnostic confidence (1 =fully confident; 2 =probably con-
fident; 3 =limited confidence level; 4 =unacceptable), and a
4-point scoring system for the assessment of artifacts (1 =no
artifact; 2 =minor artifacts but diagnostic image quality pre-
served; 3 =moderate artifacts; 4 =severe artifacts).

Quantitative assessment

For quantitative assessment of noise, regions of interests
(ROIs) of at least 10 mm? were drawn in the right liver lobe
parenchyma, lumen of abdominal aorta at the level of superior
mesenteric artery origin, right psoas muscle at the level of
common iliac artery bifurcation, and outside the abdominal
wall at the level of umbilicus. Two ROIs were placed for each
area. The unit of measurements was Hounsfield unit (HU). The
ROIs were manually drawn and care was taken to avoid ves-
sels. Mean and standard deviation (SD) values were recorded
for each of the two ROls, and the average of these values was
calculated. The level of noise was defined as the standard
deviation of attenuation values of each ROI. Both qualitative
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and quantitative assessments were made by two radiologists (4
and 8 years of experience in reading pediatric abdominal CT
scans). Interobserver agreement was assessed with the results
of 30 patients evaluated by the second observer.

Scanning time, length, and radiation dose

The scan times were recorded after each examination from
the CT panel. The scan length was calculated by dividing the
dose length product (DLP) by volumetric computed tomog-
raphy dose index (CTDIvol). CTDIvol and DLP values were
extracted from CT acquisition protocols. The anteroposterior
diameter (APD) and lateral diameters (LD) of the abdomen
were measured at the level of the umbilicus in all patients.
The effective diameter (ED) and size-specific dose estimates
(SSDE) related to APD, LD, APD+ LD, and ED were cal-
culated using conversion factors according to AAPM (The
American Association of Physicists in Medicine) Report 204

[8].
Statistical analysis

All parameters were compared among both groups using
Chi-squared test, independent sample t test, Fisher’s exact
test, and Mann—Whitney U test. Interobserver agreement
was assessed using kappa statistic and intraclass correla-
tion reliability (ICR). The correlation was classified as poor
(k<0.20), fair (k=0.21-0.40), moderate (k=0.41-0.60),
good (k=0.61-0.80), and very good (k=0.81-1.00). Statisti-
cal package for social sciences (SPSS) version 18.0 (SPSS
Inc.) was used for statistical analysis. A value of p <0.05 was
considered a statistically significant difference.

Results
Demographic data
The mean values of APD, LD, APD + LD, and ED for both

groups are presented in Table 2. There was no significant

Table 2 Size assessments in the study and control patients

Study group Control group p value
Size (cm)?
APD 13.1+£1.7 129+2.1 0.421
LD 182422 18+2.8 0.542
APD+LD 31.4+34 30.9+4.7 0.462
ED 154+1.7 152423 0.303

APD anteroposterior diameter, LD lateral diameter, APD + LD sum of
anteroposterior and lateral diameter, ED effective diameter

?Data are mean = standard deviation

difference between both groups regarding the age (p=0.176)
and abdominal circumference measurements (APD, LD,
and ED; p> 0.05). Interobserver ICR was 0.987 and 0.986
in terms of APD and LD measurements, respectively
(p<0.001).

Qualitative assessment

In the study group, all CT examinations (90 scans) had a
noise level of two (optimal noise; Fig. 1a). In control group,
41 of 54 CT scans (76%) had a noise level of one (less than
usual noise; Fig. 1b) and residual 13 CT scans (24%) had
a noise level of two. There were no CT scan with a noise
of level of three (noise affecting interpretation) in both

Fig.1 A boy with left adrenal neuroblastoma. a Axial contrast-
enhanced CT scan obtained with high-pitch acquisition protocol
(CTDIvol: 0.76 mGy, DLP: 26 mGy cm) when he was 5-year old. b
Follow-up CT scan obtained with standard-pitch acquisition protocol
(CTDIvol: 1.61 mGy, DLP: 63 mGy cm) when he was 7-year old. In
addition (b) was rated as 1 (less than usual noise) and (a) was rated
as 2 (optimal noise) in terms of noise. None of the CT scans rated
as 3 (noise affecting interpretation). Despite increased level of noise
with high-pitch acquisition protocol, CT image was adequate to eval-
uate the left adrenal mass (arrowhead, a) and also liver metastases
(arrows, a) with lower radiation dose in 5-year old infant
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Table 3 Qualitative assessment of noise and artifact scores in study
and control patients

Noise? Study group Control group p value
1 0 41
2 90 13 <0.001
3 0 0

Artifact scores®
1 96.7% (87) 72.2% (39)
2 33% (3) 25.9% (14) <0.001
3 0% 1.9% (1)
4 0% 0%

“Number of patients distribution in terms of noise

"Distribution of patient percentages according to artifacts; number of
patient was mentioned in brackets

groups. The noise levels between both groups demonstrated
statistically significant difference (p <0.001). Qualitative
assessment of noise and artifact scores in both groups is
summarized in Table 3. The artifacts were more commonly
encountered in the control group compared study group
(p<0.001) (Fig. 2). The diagnostic confidence was rated
as 1 (fully confident) for both groups. Interobserver agree-
ment was poor in terms of noise levels (k=0.199); however,
there was no case with noise level of 3 (noise affecting inter-
pretation) for both observers. Interobserver agreement was
moderate in terms of artifact and was very good in terms
of diagnostic confidence assessment (k=0.565 for artifact
assessment; k value could not be calculated in terms of diag-
nostic confidence because >90% of CT examinations were
rated as 1 by two observers).

Quantitative assessment

The mean values and SDs of CT densities (HU) are pre-
sented in Table 4. There was no statistically significant dif-
ference between both groups regarding the mean densities
obtained from psoas muscle and liver, and regarding the
SD values of abdominal aorta and outside the abdominal
wall at the level of umbilicus as well. The study group had
lower mean density values than control group obtained
from abdominal aorta and outside the abdominal wall at
the level of umbilicus. The study group had higher SD
values than control group obtained from psoas muscle and
liver. Interobserver ICR was > 0.7 in terms of quantitative
assessment (p < 0.05).

Scanning time, length, and radiation dose
The mean scan time was significantly lower in the study

group compared to control group (1.66+0.31 vs 4.1 +0.75 s;
p <0.001). There was significant difference between
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Fig.2 Axial contrast-enhanced CT scans of the patients demonstrate
artifact scores of 1 a (no artifact), 2 b (minor artifacts but diagnostic
image quality preserved), and 3 ¢ (moderate artifacts). There was no
CT scan in the whole study cohort that was rated as 4 (severe arti-
facts)

both groups in the terms of scan length (study group:
33.2+4.7 cm, control group: 37.3+4.7 cm; p<0.001).
Forty-eight percent of radiation dose reduction was achieved
in the study group compared to control group (Table 5,
Fig. 1).



Japanese Journal of Radiology (2018) 36:437-443 441
Table 4 Quantitative Study group (n=90) Control group (n=>54) p value
assessment of the study and
control groups Mean CT values (HU)?
Liver 113+13 111+20 1
Abdominal aorta 165+31 192+62 0.012
Psoas muscle 63.9+64 64.1+9.2 0.827
Outside of the abdominal wall —-979+24 —-989+13 0.015
SD CT values (HU)?
Liver 12.8+1.6 11.6+1.9 0.001
Abdominal aorta 23.1+8.1 22+11.7 0.052
Psoas muscle 14.7+2.2 109+2.4 <0.001
Outside of the abdominal wall —28.7+24.6 —-28.5+19.9 0.735

n number of the patients
“Hounsfield unit

Table 5 Radiation exposure values among the study and control
groups

Parameters Study (n=90) Control (n=54) p value
CTDI,,; (mGy)* 0.94+0.20 1.59+0.59 <0.001
DLP (mGy cm) 322+9.3 61.5+26 <0.001
SSDE (mGy)
APD 1.94+0.39 333+1.32 <0.001
LD 1.96+0.35 336+1.2 <0.001
APD+LD 1.97+0.39 338+1.24 <0.001
ED 1.96+0.35 335+1.24 <0.001

n number of the patients, CTDI,; volumetric computed tomography
dose index, DLP dose length product, SSDE size-specific dose esti-
mate, APD anteroposterior diameter, LD lateral diameter, APD + LD
sum of anteroposterior and lateral diameter, ED effective diameter

“Phantom size of 32 cm was used to estimate CTDI,; in the study
and control group

Discussion

The increased number of CT scans particularly in pedi-
atric population has raised concerns due to possibility of
increased rate of carcinogenesis. Pearce et al. [9] reported
increased risk of leukemia and brain tumor as a consequence
of radiation exposure in childhood. The alliance for radia-
tion safety in pediatric imaging group has launched “Image
gently campaign” to draw attention on this issue [10]. The
level of radiation dose exposure by CT scans can be reduced
by various methods such as avoiding unnecessary examina-
tions, tube current and voltage modulation, limiting of the
scan range in the z-axis and number of CT phases, noise
reduction filters, and iterative reconstructions [11-15]. The
automated tube current modulation (ATCM) technique is
one of the most effective methods to decrease the radiation
dose exposure levels. ATCM system automatically decreases
or increases the tube current in proportion to tissue thickness

of the scanning area. On the other hand, the exposed radia-
tion level by a CT scan could also be significantly reduced
with a shorter scanning time. The high-pitch acquisition pro-
tocols can reduce scanning time due to rapid table move-
ment through the gantry. The high-pitch imaging protocol
has been more effectively used, initially, in cardiac imaging.
In patients with lower heart rates (<70 beats per min), the
whole heart can be imaged at a low radiation dose [7, 16].
Subsequently, various anatomic regions such as head and
neck, trunk, and vascular compartments were also effectively
imaged by high-pitch acquisition protocols. The primary
gain of this method is to achieve diagnostic images with a
lower radiation dose and shorter scanning time compared
to standard imaging protocols [17-26]. In this study, we
investigated the value of high-pitch acquisition protocol
(pitch=3) on a first-generation DSCT scanner for imaging
of pediatric abdomen, and our results demonstrated a signifi-
cant radiation dose reduction (48% according to DLP, 42%
according to SSDE of effective diameter) without hampering
image quality compared to standard-pitch mode CT proto-
col. Although scan length of control group is 10% longer
than the study group, this finding does not explain about 50%
reduction in radiation dose.

Technical anatomy of the DSCT scanner played a major
role for radiation dose reduction in this study. The DSCT
scanners consist of two X-ray tubes and two detector systems
placed in a single gantry. The lower temporal resolution of
the standard CT scanners is the major obstacle for high-pitch
imaging. The gantry rotation time limits maximum table
speed. Nevertheless, DSCT scanners obtain higher tempo-
ral resolutions due to faster gantry rotation times compared
to standard CT scanners. Therefore, high-pitch imaging is
more feasible on DSCT scanners compared to standard CT
machines. The second X-ray tube and detector system pro-
vide gap-free volume coverage with pitch values as high as
3.4, depending on the desired field of view [7].
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In the present study, the average CTDIvol and DLP val-
ues of the high-pitch abdominal CT acquisition protocol
were significantly lower than the standard abdominal CT
protocol (0.94 mGy and 32.2 mGy cm vs 1.59 mGy and
61.5 mGy cm; p <0.001, respectively). Vorona et al. [27]
reported average CTDIvol and DLP values for standard
abdominal CT scans as 6.75 mGy and 275.7 mGy cm,
respectively. Reid et al. [28] concluded that pediatric
abdominal CT scans could be obtained at a dose range
(CTDIvol) of 10-15 mGy without using tube current
modulation techniques while preserving diagnostic image
quality. The average CTDIvol and DLP values of standard
abdominal CT scans were lower in our study compared to
previously mentioned studies [27, 28]. Small abdominal
circumference of our patients and ATCM system used in
our study may explain the lower DLP values. In the pre-
sent study, abdominal CT scans acquired with high-pitch
acquisition protocol on a DSCT scanner were about 2.5
times faster than standard abdominal CT scans. This find-
ing was consistent with the previous literature [17, 21, 23,
29, 30]. The artifacts caused by either voluntary (patient
based) or involuntary (movement of internal organs)
motions, which are more commonly seen in pediatric
population, can be significantly reduced with rapid scan-
ning protocols. In the present study, motion artifacts were
more commonly encountered in the control group than the
study group (p <0.001). However, it should be emphasized
that rapid movement of the table through the gantry may
increase the level of noise, due to attenuation of X-ray
beam. The images acquired with high-pitch acquisition
protocol showed slightly higher noise levels in our study
as expected, however, did not influence the diagnostic
confidence. Although interobserver agreement was low in
terms of noise, this discordance did not influence interpre-
tation adversely, and the diagnostic confidence as well. In
helical CT scans, reconstruction algorithms require addi-
tional data which are obtained at the beginning and end
of the scan region. The X-ray tube—detector pair needs to
turn an extra half or full rotation to acquire the required
data, since these areas are out of the planned scan region.
This phenomenon is called over-ranging which results in
redundant radiation dose burden. The amount of the over-
ranging increases with higher table speed and pitch values
[31]. New techniques such as dynamic or adaptive collima-
tion can reduce this effect [11]. Furthermore, CT scanners
automatically increase the mA as a compensation mecha-
nism to the rapid table speed and pitch values [32]. Despite
these drawbacks, significant radiation dose reduction was
achieved by high-pitch acquisition protocol in our study,
which is also in line with the literature as well [23, 33].
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Study limitations

Our study had several limitations that should be addressed.
First of all, the first-generation DSCT scanner used in
this study has a limited field of view of 26 cm due to
the compact geometry of the machine. Second, the age
of the patients had a wide range which could influence
the individual exposed radiation dose level, yet mean age
of the patients between both groups was similar. Third,
we did not evaluate alternative radiation dose reduction
strategies (e.g., modulation of kVp and mAs values, itera-
tive reconstruction, and dynamic or adaptive collimation
algorithms). Fourth, we did not evaluate optimal bolus
timing for high-pitch protocol. The correct bolus timing
may influence enhancement pattern in high-pitch protocol
due to faster table movement. The time interval between
the contrast injection and scanning may be longer for high-
pitch protocol compared to standard scan. However, fur-
ther studies are warranted to investigate optimal bolus tim-
ing for high-pitch imaging protocols. Finally, we did not
evaluate the diagnostic performance of high-pitch acqui-
sition protocol. This could be a subject for further study.

Conclusion

Our results demonstrate that high-pitch acquisition proto-
col is a feasible method in pediatric abdominal imaging.
High-pitch acquisition protocol by a DSCT yields sig-
nificant radiation dose reduction without compromising
image quality and diagnostic confidence for imaging of
the pediatric abdomen.
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