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A B S T R A C T

Purpose: The aim of the study is to explore the patient's and scan's parameters that affect the iodine con-
centration in the abdomen using dual energy computed tomography (DECT) in an oncologic population.
Method: This is a retrospective study with consecutive patients with different cancers who underwent a single-
source DECT (ssDECT) examinations at our institution between years 2015 and 2017. On axial IODINE images,
the radiologist manually drew a circular ROI along the inner contour of the aorta. Mean iodine concentration
and ROI areas were recorded. Body mass index for every patient was recorded. Descriptive statistics were
summarized for iodine concentration and patient/scan characteristics. Linear regression was used to examine
associations between iodine concentration in aorta and studied characteristics. Statistical significance was set at
a p value<0.05.
Results: The univariate analysis, showed a statistically significant association between iodine concentration
within the aorta and the area of ROI (Estimated Coefficient β: −0.013), the rate of injection (Estimated
Coefficient β: 2.09), the acquisition time (Estimated Coefficient β: −0.195). In multivariable analysis iodine
concentration in the aorta increased with higher rate of injection (4 ml/sec), smaller ROI area and lower BMI.
Conclusion: Our results showed how iodine concentration is highly dependent on some intrinsic and extrinsic
parameters of the examination. These parameters should be taken into account since lower concentration of
iodine decrease contrast-to-noise ratio, and in longitudinal follow up studies, they would affect iodine quantitive
assessments in cancer patients with frequent chemotherapy-induced variations in BMI and cardiac function.

1. Introduction

Tissue iodine concentration significantly influences X-rays at-
tenuation spectrum, and thus, contrast-to-noise ratio in every ex-
amination performed after the injection of iodinated contrast media
(CM) [1]. In an oncologic population, this concept is particularly im-
portant for images acquisition during the arterial phase, which is often
used for the assessment of hypervascular tumors within the abdomen
[2]. Many parameters can potentially influence the delivery of the
contrast medium, and therefore the iodine, to different parts of the
body, some of them related to patients' physiology and others to the

specific technology being used [3].
An important variable that affects the iodine concentration within

vessels and the arterial enhancement is the iodine delivery rate (IDR)
[4]. IDR is operator-dependent, expressed in g I/sec and determined by
modifying the injection flow rate (FR) and the iodine concentration of a
given CM. The required value can be obtained virtually at any given
concentration of CM according to the formula:

IDR= (I/1000) x FR, with I being the CM concentration in iodine
(expressed in mg I/mL) [5].

Iodine concentration is also influenced by patient-specific variables
such as cardiovascular status (i.e. distribution volume, cardiac output)
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and individual body mass index (BMI). These
factors contribute to the magnitude of vascular and parenchymal

enhancement [6–8].
Dual-Energy computed tomography (DECT) scanners can differ-

entiate different materials according to their specific composition at
different energies (material decomposition). The last generation of
scanners allows to obtain an accurate iodine quantification [9]. The aim
of DECT is to obtain two attenuation data sets at high and low energy,
in order to better differentiate materials and tissues, according to their
attenuation at different energies [10]. These scanners provide images
similar to those obtained with single-energy CT, and produce processed
images that increase iodine conspicuity (enhancement) in parenchymal
tissue or vascular structures. The most important oncological applica-
tions of these scanners are currently the detection and characterization
of hypervascular lesions in liver, pancreas, kidney and adrenal glands
[11].

The aim of the study is to explore the patient’s and scan’s para-
meters that affect the iodine concentration in specific portions of the
body using DECT in an oncologic population.

2. Materials and methods

This retrospective study was approved by the local IRB, and patient
consent was waived. We selected consecutive patients with different
cancers who underwent a single source DECT (ssDECT) examination at
our institution between years 2015 and 2017. Exclusion criteria were
(1) lack of arterial phase and (2) the presence of metallic material in the
upper abdomen in order to avoid artifacts [19,26] and potential con-
founding factors for iodine quantification [14,19]. CT abdominal ex-
aminations were performed with a ssDECT (GE Discovery CT750HD, GE
Medical Systems, Milwaukee, Wisconsin) using a triphasic protocol
after intravenous administration of 150mL of iodinated contrast ma-
terial (Iohexol 300mg/mL, Omnipaque 300, GE Healthcare, Cork, Ire-
land). Following an unenhanced phase, an arterial phase was obtained
by using bolus tracking technique (smart prep) with placement of a
circular region of interest (ROI) in the abdominal aorta at the level of
the celiac axis. A venous phase scan was finally acquired at about 90 s.
Different injection flow rates were used, ranging from 3mL/s to 4mL/s.
The same bolus tracking technique has been used in all patients. After
the contrast reaches the threshold of 150 HU in the designated ROI, the
CT scanner is activated, and it needs 15 s to start the images acquisition
(Fig. 1.)

The arterial phase was acquired by using the Gemstone Spectral
imaging (GSI, GE Medical systems, Milwaukee, Wisconsin) modality:
fast switching voltage 80/140 kVp, fixed mA, 0.7 s rotation time, pitch
0.984. Images were reconstructed with a matrix of 512×512, standard
deconvolution kernel, and a thickness of 2.5mm spaced by 2.5 mm.

One radiologist (blinded for peer review) reconstructed the ssDECT
arterial datasets with GSI Volume Viewer on Advantage volume share 7
(GE Medical systems, Milwaukee, Wisconsin) to obtain monochromatic
images at 70 keV and material density (IODINE) images (Fig. 2), using
iodine and water as basis materials [14, 27]. On axial IODINE images
(window/level: 400/40 HU), the radiologist manually drew a circular
ROI along the inner contour of the aorta (Fig. 3), just above the celiac
artery takeoff, while sparing the aortic wall and any intimal calcifica-
tions.

Another ROI of the same surface area was drawn within the para-
spinal muscle, to be used as a reference.

Mean iodine concentration and ROI areas were recorded. Body mass
index for every patient was recorded at the same time of the CT ex-
amination +/- 1 week.

Descriptive statistics were summarized for iodine concentration and
patient/scan characteristics. Linear regression was used to examine
associations between iodine concentration in aorta and studied char-
acteristics. Statistical significance was set at a p value<0.05.

3. Results

A total of 100 consecutive patients were included in the study.
Descriptive statistics are summarized in Table 1 for iodine concentra-
tion and patient/scan characteristics.

The univariate analysis (Table 2), showed a statistically significant
association between iodine concentration within the aorta and:

• the area of ROI (Estimated Coefficient β: -0.013, SD: 0.004 and p
value: 0.001) also visible in Fig. 4.

• the rate of injection (Estimated Coefficient β: 2.09, SD: 0.852 and p
value: 0.016) also visible in Fig. 5.

• the acquisition time (Estimated Coefficient β: -0.195, SD: 0.088 and
p value: 0.029).

• the BMI (Estimated Coefficient β: -0.209, SD: 0.049 and p value<
0.001), also visible in Fig. 4.

No association was found with iodine concentration within the
aorta and the reference paraspinal muscles (Table 2 and Table 3).

In multivariable analysis (Table 2), iodine concentration in the aorta
increased with higher rate of injection (4ml/sec), smaller ROI area and
lower BMI. On average, the mean aorta iodine concentration (in mg/
mL) in ROI was:

• 2.05 ± 0.76 unit higher in patients receiving contrast with an in-
jection rate of 4ml/sec compared to patients who had lower injec-
tion rate (p=0.008)

• 0.11 ± 0.03 unit lower with every 1 mm2 increase in ROI area
(p= 0.001)

• 0.17 ± 0.05 unit lower with every 1 unit of BMI increase
(p= 0.001).

No association was found between iodine concentration within the
muscles and the studied injection parameters.

4. Discussion

Our results showed how iodine concentration within the aorta,
during the arterial phase, is highly dependent on some intrinsic and
extrinsic parameters of the examination, whereas concentration within
muscles is not affected by these parameters. This is of a particular im-
portance in oncological patients with hypervascular tumors in specific.

Patients undergoing chemotherapy might have rapid changes in
BMI [12–14]. Schvartsman et al. showed how patients with early breast
cancer undergoing chemotherapy can gain or lose weight according to
their age [12]. Similarly, Kang et al. showed that patients with cancers
of the biliary tracts have also sudden BMI changes during the initial
period of chemotherapy [15]. Another study from Cong et al. demon-
strated how BMI changes are frequent during chemotherapy in colon
cancer patients and how these fluctuations correlate with survival [14].

Weight changes may lead to an underestimation of the arterial hy-
pervascularity of a given lesion [16]. The reasons reside in the phar-
macokinetics of iodinated CM: CM is injected in the vascular space and
then distributes rapidly into the plasma and the extracellular space of
parenchymal organs, without permeating into the intracellular space.
Consequently, the concentration of CM in parenchymal organs is closely
related to the volume of the extracellular space and plasma. Che-
motherapy can cause changes in lean body weight (LBW) [17], thus
affecting interstitial and extracellular space of parenchymal organs and
muscles. Another way in which chemotherapy can cause weight
changes is fluid retention [18] thus increasing the interstitial and vas-
cular space. Finally, chemotherapy can induce weight changes by in-
creasing fatty tissue: some chemotherapy regimens contain steroids,
which can cause fat deposition [19]. The negative association that we
found between BMI and iodine concentration in the aorta, meaning that
the lower the BMI the higher the iodine concentration, might be due to
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different distribution of extracellular fluids in high BMI patients
[17–21].

BMI is the most relevant factor affecting the timing of post-contrast
enhancement and cardiovascular circulation. Many studies have in-
vestigated the effect of body weight on contrast delivery [6,7]. This
influence is due to the association of the body weight with the blood
volume: since patients with higher BMI have larger blood volumes than
patients with smaller BMI [8], contrast medium administered into the
blood compartment dilutes more in large patients than in small pa-
tients, therefore giving a lower iodine concentration in blood.

On the other hand, a reduction of cardiac output results in delayed
CM arrival, higher peak arterial enhancement and prolonged par-
enchymal enhancement. The slower CM circulates in the vessels and
extracellular space, the slower its clearance and the higher its con-
centration [22]. The factors with the greatest effects on cardiac output
are sex and age. It has been demonstrated that the CM bolus arrives
slightly earlier in female than in male patients because of a smaller
distribution volume in the former.

These parameters should be taken into consideration while ob-
taining post treatment follow-up DECT scans on cancer patients, to

avoid over or under estimation of enhancement and iodine concentra-
tion within tumors.

In addition, we proved that there is a negative association between
the aortic area and the iodine concentration in the aorta, meaning that
smaller ROIs are associated with higher iodine concentration. This
might be due to a more turbulent flow, due to an ectatic aorta and
atherosclerosis [23], which reduces the iodine concentration. Using
four-dimensional flow magnetic resonance imaging, Ha et al exhibited
the association of turbulent kinetic energy in old subjects and age-re-
lated dilation of the ascending aorta which increases the volume
available for turbulence development. [23]. A dilated aorta could also
be correlated with a reduced cardiac output and decreased par-
enchymal delivery of iodine [24]. However, Kidoh et. al showed that
cardiac output reduction does not simply result in a paradoxical in-
crease of aortic peak enhancement, but also the magnitude of the effect
of cardiac output on aortic peak enhancement depends on the CM in-
jection duration [25].

The third important association we found is a positive association
between injection flow rates and iodine concentration, which was ex-
pected according to the formula IDR= (I/1000) x FR, since increasing

Fig. 1. Bolus tracking technique, example of a threshold reached in a particular patient.
The threshold was reached at 33 s. The images acquisition started 15 s after the threshold was reached. The total pre-acquisition time would be 48 s after the start of
injection in this particular patient.
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the injection flow rate will increase the delivery contrast in the unit of
time [26]. However, on the other hand, Kidoh et. al also showed that
using a shorter injection protocol could help not to increase aortic peak
enhancement in patient with reduced cardiac outputs, on the expense of
decreasing the delivery of contrast [25]

These three associations were strongly supported by the multi-
variate statistical analysis, with the rate of injection and the BMI
overpowering the ROI surface area and time of acquisition.

No association was found between iodine concentration within the
muscles and analyzed parameters. This is due to the fact that muscles
are not hypervascular structures, and do not act in a fashion similar to
hypervascular tumors such as hepatocellular carcinoma (HCC),

neuroendocrine tumors (NET), etc.
One limitation of the study is that we did not included direct cardiac

function parameters of the patients, such as ejection fraction or echo-
cardiography, due to the difficulty to retrospectively retrieve such
parameters in a timeframe close to that of the examination. However,
we believe we might have addressed this issue indirectly by studying
the BMI effect [6,7] and the aorta surface area which directly correlate
with cardiovascular diseases, mainly atherosclerosis [17] and ulti-
mately the ejection fraction. A second limitation might be the fact that
we did not use a standardized, predefined and reproducible aorta ROI
to every patient (i.e. 100mm2 ROIs as on smart prep). Instead, ROIs
have been drawn tangential to the internal aortic wall. By doing so

Fig. 2. Overlay Material density (Iodine)\70 keV images.
Iodine and water as basis materials were reconstructed by a radiologist and used as reference for iodine quantification.

Fig. 3. Aorta segmentation and iodine quantification.
One radiologist manually drew a circular ROI along the inner contour of the aorta, just above the level of the celiac artery takeoff, while sparing the aortic wall and
any intimal calcifications.
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however, we managed to study the aortic surface parameter, and show
its effect on the aorta iodine concentration.

Another limitation is the fact that ROIs measures were not stan-
dardized but adapted to patients’ aorta diameters, thus adding a con-
founding variable.

In conclusion, a number of parameters related to the patient and to
the used DECT technique alter the iodine delivery during a post-con-
trast arterial phase CT scan. These parameters should be taken into
account since lower concentration of iodine decreases contrast-to-noise
ratio, and in longitudinal follow up studies, this would affect iodine
quantitive assessments in cancer patients with frequent chemotherapy-
induced variations in BMI and cardiac function.
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Table 1
Iodine concentration and patient characteristics.

Median (Range) Mean± SD

ROI area (mm2) 275.25 (103.3,
453.4)

275.57 ± 74.06

Mean iodine concentration in aorta (mg/
mL)

11.57 (5.62,
19.06)

11.76 ± 2.84

SD of iodine concentration in aorta (mg/
mL)

0.5 (0.29, 0.86) 0.52 ± 0.13

Mean iodine concentration in muscle
(mg/mL)

0.41 (0.03, 2.37) 0.45 ± 0.29

SD of iodine concentration in muscle
(mg/mL)

0.32 (0.21, 0.66) 0.33 ± 0.07

Acquisition time (sec) 35 (35, 46) 37.41 ± 3.18
BMI 27.4 (18.5, 49.1) 27.9 ± 5.37

N (%)
Rate of injection (mL/sec)
3 1 (1%)
3.5 11 (11%)
4 88 (88%)

Table 2
Associations with aorta iodine concentration.

Univariate Analysis

Estimated
Coefficient (β)

SD p Value

ROI area (mm2) −0.013 0.004 0.001
Rate of injection (mL/sec)= 4 vs less 2.09 0.852 0.016
Mean iodine concentration in muscle

(mg/mL)
−0.521 0.985 0.598

SD of iodine concentration in muscle
(mg/mL)

−2.625 4.167 0.53

Acquisition time (sec) −0.195 0.088 0.029
BMI −0.209 0.049 < 0.001

Multivariable Analysis

Estimated Coefficient
(β)

SD p Value

Rate of injection (mL/sec)= 4 vs
less

2.050 0.759 0.008

ROI area (mm2) −0.011 0.003 0.001
BMI −0.166 0.047 0.001

The estimated β was the average change in aorta iodine concentration with
every 1 unit increase in the variable.

Fig. 4. Scatter plot of mean iodine concentration in aorta (in mg/mL) with (a) ROI area (in mm2) and (b) BMI.

Fig. 5. Boxplot of mean iodine concentration in aorta (in mg/mL) by injection
rate (in mL/sec).
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