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Abstract
Objective To evaluate the effect of a newly developed
connecting tube, which generates a spiral flow of saline, on
aortic and hepatic contrast enhancement during hepatic-
arterial phase (HAP) and portal venous phase (PVP)
computed tomography (CT).
Methods Eighty patients were randomly assigned to one of
two protocols: with a new or a conventional tube. The
contrast material (600 mgI/kg) was delivered over 30 s; this
was followed by the administration of 25 ml saline solution

delivered at the same injection rate as the contrast material.
Unenhanced and contrast-enhanced CT images of the upper
abdomen were obtained. We calculated the changes in the
CT number (ΔHU) for the aorta during HAP and PVP, and
for the liver during PVP. We compared ΔHU between
protocols.
Results The mean ΔHU for the abdominal aorta during
HAP was significantly higher with the new tube protocol
than with the conventional tube protocol (322±53 vs.
290±53, P<0.01). There were no significant differences in
the mean ΔHU for the abdominal aorta and liver during
PVP between the two protocols (P>0.05).
Conclusion The new connecting tube increased the effect of
a saline chaser and significantly improved aortic enhance-
ment during HAP.
Key Points
• Optimal administration of intravenous contrast material
is essential for optimal CT quality.

• A new connecting tube can generate spiral flow, which
improves intravenous administration.

• The new connecting tube improved aortic contrast
enhancement during the hepatic-arterial phase.

• The new connecting tube increased the effect of a saline
chaser.

Keywords Contrast-enhanced CT . Saline chaser . Contrast
medium . Contrast enhancement . Spiral flow

Introduction

A saline chaser is routinely used in modern multidetector
computed tomography (MDCT) injection protocols, especially
for CTangiography (CTA) [1–5]. The saline pushes the contrast
medium bolus to the central blood volume and causes late peak
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enhancement at the end of the injection. The consequence is
increased intravascular contrast enhancement due to higher
efficiency of the injected contrast medium [6–10].

To increase the transport efficiency of contrast medium
to the central blood, previous studies analysed the effect of
the injection rate and volume of a saline chaser [1, 6,
11–13]. However, to our knowledge, the effects of the type
of liquid motion have not been analysed. For pneumatic
transportation in a pipeline, previous reports suggested that
spiral flow has a higher carrying capacity than laminar flow
[14, 15]. Therefore, we hypothesised that a saline chaser
with spiral flow might push the contrast medium bolus to
the central blood volume more efficiently and increase
vessel enhancement. Recently, we developed a new
connecting tube for the saline chaser, which generates a
spiral flow of saline, to confirm this hypothesis.

The purpose of this study was to evaluate the effect of
different connecting tubes on aortic and hepatic contrast
enhancement during hepatic-arterial phase (HAP) CT and
portal venous phase (PVP) CT.

Materials and methods

This prospective study received institutional review board
approval; prior informed consent to participate was obtained
from all patients.

Connecting tubes

The conventional connecting tube included a T-shaped joint
(Fig. 1). The capacity of the conventional connecting tube
was 2.2 ml and its length was 60 cm.

The new connecting tube includes a chamber for generating
a spiral flow (Fig. 2a). The spiral flow-generating chamber has
a curved inner surface, which is a circumferential inner surface
forming a columnar space. The saline inflow opening extends
in the tangential direction of the circumference of the curved
inner surface (Fig. 2b). The capacity of the new connecting
tube was 3.3 ml and its length was 57 cm. In clinical study, the
connecting tube was connected to the extension tube (the
capacity was 1.0 ml).

Movie 1 (Electronic Supplementary Material) was an
image obtained by actually imaging the pushed state of the
contrast agent using the new connecting tube. The portion
appearing black in Movie 1 was the flow of the contrast
agent. As understood from Movie 1, the new connecting
tube was able to generate the spiral flow.

Phantom study

An outline of our flow phantom that can simulate the
circulatory system of a human weighing 60 kg was
presented in the previous study [16]. The flow rate of the
pump was set at 5.2 l/min, a rate equivalent to cardiac
output flow rate in a human weighing about 60 kg. The
contrast material used in the phantom study was iohexol
with an iodine concentration of 350 mg/ml; it was
administered with a double-headed power injector (Dual
Shot; Nemoto-Kyorindo, Tokyo, Japan). The phantom was
completely flushed with water after each experiment. The
new and the conventional tubes were used during injection
protocols 1 and 2. As shown in Table 1, during injection
protocol 1 we administered doses of 30 ml at injection rates
of 3.0 ml/s over a period of 10 s. During injection protocol 2
we administered doses of 40 ml at injection rates of 4.0 ml/s
over a period of 10 s. During the two injection protocols
contrast injections were followed by the administration of
20 ml saline solution delivered at the same injection rate as
the contrast material. All protocols were repeated two times.
We used a 16-detector CT system (Optima CT 580 W; GE
Medical Systems, Milwaukee, USA). Unenhanced axial CT
images were obtained to provide a baseline CT value for the
phantom aorta. Then, single-level serial CT datasets of the
simulated aorta were acquired at 2-s intervals from 2 to
100 s after the start of contrast medium delivery.
Unenhanced and single-level serial CT datasets were also
obtained; the CT parameters were 1.0-s rotation time, 5.0-
mm image thickness, 15-cm field of view (FOV), 50 mA,
and 120 kVp.

To measure the attenuation values of the simulated aorta,
we used a circular region-of-interest cursor on all images of
the single-level serial CT dataset. Attempts were made to
maintain a constant ROI area of approximately 5 cm2.

Fig. 1 The conventional
connecting tube (the bi-
directional type extension tube
for dual injector). The saline
inflow opening (red arrow) and
the contrast material inflow
opening (black arrow). The
conventional connecting tube
included a T-shaped joint. Both
contrast agent injection and
saline solution flushing can be
handled with one tube
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Enhancement of the simulated aorta was calculated as the
absolute difference in the attenuation value (in Hounsfield
units) between the unenhanced image and each single-level
serial CT image. For each injection protocol we calculated
the mean aortic enhancement value in each of two repeat
experiments and constructed time-enhancement curves by
connecting all time points. We compared maximum CT
values of the new and the conventional tube groups.

Clinical study

Between May and June 2012, 84 consecutive patients were
considered for participation in this prospective study. We
recorded body weight to tailor the amount of contrast
medium used.

Our inclusion criteria were a suspicion of metastatic liver
tumour and patients who had undergone HAP and PVP
contrast-enhanced CT at 120 kVp.

Patients (n=4) with renal failure (eGFR less than 30-
ml/min/1.73 m2), a history of allergic reactions to iodinated
contrast media and proven or suspected pregnancy were
excluded; they were three patients with an eGFR of less than
30 ml/min/1.73 m2 and one patient with a history of previous
reactions to iodinated contrast media. Consequently, 80 patients
were enrolled in this study; they were 46 men and 34 women,
ranging in age from 26 to 86 years (mean 63.9 years).

CT and contrast infusion protocols

All patients underwent CT using 256-row MDCT equipment
(Brilliance iCT; Philips Healthcare, Cleveland, USA). Of the
80 enrolled patients, 40 patients were randomly assigned to the
new tube protocol using a random table. The other 40 patients
were assigned to the conventional tube protocol.

In all examinations, Iohexol-300 (Omnipaque-300;
Daiichi-Sankyo, Tokyo, Japan) was delivered via a 20-
gauge catheter inserted into the antecubital vein; a power
injector (DUAL SHOT; Nemoto-Kyorindo, Tokyo, Japan)
was used. All patients were examined in accordance with
the hospital’s routine protocol. The contrast material
(600 mg iodine per kilogram of body weight) was delivered
over 30 s; this was followed by the administration of 25 ml
saline solution delivered at the same injection rate as the
contrast material.

CT data acquisition for all helical CT studies was started
at the top of the liver and proceeded in a cephalocaudal
direction; unenhanced and HAP and PVP contrast-enhanced
helical CT datasets were obtained. The anatomical range
varied from patient to patient. An automatic bolus-tracking
program (Bolus Pro Ultra; Philips Medical Systems,
Cleveland, USA) was used to time the start of CT data
acquisition for each phase after contrast injection. HAP and
PVP CT were started 18 and 55 s after triggering. The

Fig. 2 The new connecting tube.
a The saline inflow opening (red
arrow) is formed on an end
surface in front of the spiral flow-
generating chamber (yellow
arrow), and the contrast material
inflow opening (black arrow) is
formed on a side surface of the
spiral flow-generating chamber. b
The spiral flow-generating
chamber (yellow arrow) has a
curved inner surface, which is a
circumferential inner surface
forming a columnar space. The
saline inflow opening (red arrow)
extends in the tangential direction
of the circumference of the
curved inner surface. This causes
the generation of a spiral flow of
the saline

Table 1 Injection protocols in
phantom study Contrast material injection Saline flush

Protocol Dose of contrast
material (ml)

Injection
rate (ml/s)

Injection
duration (s)

Dose of
saline (ml)

Injection
rate (ml/s)

1 30 3.0 10 20 3.0

2 40 4.0 10 20 4.0
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patients were instructed to hold their breath with tidal
inspiration during CT data acquisition. Image reconstruc-
tion was performed in a 25- to 35-cm display FOV,
depending on the patient’s physique.

Quantitative image analysis

Mean CT numbers in Hounsfield units for the abdominal
aorta at L2 and liver were measured in all patients with a CT
console monitor by placement of a circular region-of-
interest cursor, which ranged in diameter from 10 to 30 mm.
CT numbers in the aorta were measured on unenhanced,
HAP and PVP images. CT numbers in hepatic parenchyma
were measured on unenhanced and PVP images. Focal
hepatic lesions, blood vessels, bile ducts, calcifications and
artefacts were carefully excluded from regions of interest.
The degree of contrast enhancement is expressed as the
change in CT number (ΔHU), which was calculated by
subtracting CT numbers on unenhanced images from those
on contrast-enhanced images. We compared ΔHU for the
abdominal aorta during HAP and for the abdominal aorta
and liver during PVP between the two protocols.

Statistical analysis

To compare maximum CT value measured in the phantom
study, ΔHU and the contrast medium administration param-
eters between the two protocols, we used two-tailed Student’s
t-test. Differences of P<0.05 were considered statistically
significant. Statistical analyses were performed with the free
statistical software, R (version 2.6.1; The R Project for
Statistical Computing; http://www.r-project.org/).

Results

Phantom study

Figure 3 shows the time-enhancement curves for injection
protocols 1 and 2. The maximum CT value in injection
protocol 1 was: new tube, 295.6±1.3 HU; conventional tube,
254.5±1.4 HU (P<0.01 [95% confidence interval 35.3, 46.9).
ThemaximumCT value in injection protocol 2 was: new tube,
374.1±8.8 HU; conventional tube, 300.7±4.0 HU (P<0.01
[95 % confidence interval 43.8, 102.8]) (Table 2). In the same
tube group, the magnitude of aortic peak enhancement
increased with increasing the contrast material dose.

Clinical study

The baseline characteristics of our study subjects are shown
in Table 3. There was no significant difference between the
patients subjected to the two protocols with respect to sex,

body weight and age. There were no significant differences
in contrast medium injection rates and volumes between the
two protocols (Table 3).

The mean ΔHU for the abdominal aorta during HAP was
significantly higher with the new tube protocol than with
the conventional tube protocol (abdominal aorta, 322±53 vs
290±53, P<0.01 [95 % confidence interval 8.5, 55.6])
(Fig. 4 and Table 4).

There was no significant difference in the mean ΔHU for
the abdominal aorta and liver during PVP between the new
and conventional tube protocols (abdominal aorta, 112±18
vs 109±14, P=0.41 [95 % confidence interval −4.3, 10.4];
hepatic parenchyma, 55±10 vs 54±9, P=0.87 [95 %
confidence interval −3.9, 4.6]) (Fig. 4 and Table 4).

Discussion

The results of phantom study supported the effectiveness of the
new connecting tube. In the phantom study, the maximum CT
value was significantly higher with the new tube group than

Fig. 3 a The time-enhancement curve for protocol 1. The maximum
CT value in flow rate 3.0 ml/s was: conventional tube, 254.5±1.4HU;
new tube, 295.6±1.3HU (P<0.01). b The time-enhancement curve for
protocol 2. The maximum CT value in flow rate 4.0 ml/s was:
conventional tube, 300.7±4.0HU; new tube, 374.1±8.8HU (P<0.01)

Table 2 Maximum CT values in phantom study

Protocol New tube maximum
CT value

Conventional tube
maximum CT value

P value

1 295.6±1.3 254.5±1.4 <0.01

2 374.1±8.8 300.7±4.0 <0.01
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with the conventional tube group regardless of the injection
rate. Furthermore, in the phantom study, when the injection
duration was constant, the magnitude of aortic peak enhance-
ment increased with increasing the contrast material dose in the
same tube group. This finding was consistent with the results
actually observed in humans in previous studies [17].

Previous studies reported that a saline chaser improves
intravascular contrast enhancement because a saline chaser
has a transportation role for contrast medium; that is, the
saline pushes the contrast medium from the peripheral vein
to the central vessels [4, 6]. To increase the transport
efficiency of contrast medium to the central blood, previous
studies analysed the effect of the injection rate and volume
of a saline chaser [10]. However, to our knowledge, the
effects of spiral flow of saline chaser have not been
analysed in contrast agent injection protocols.

Our clinical study demonstrated that the new connecting
tube significantly improved aortic contrast enhancement
during HAP; however, there was no statistically significant
difference in enhancement of aorta and liver during PVP. A
possible explanation for this finding is that the tail end of
the administered contrast medium bolus is pushed forward
more efficiently into the venous system when the saline
solution is injected at spiral flow. Thereby, the volume of
iodine delivery into the arterial system might increase,
resulting in a greater magnitude of aortic enhancement. This

phenomenon was not reported in the study about saline
chaser; however, previous reports suggested that spiral flow
has a higher carrying capacity than laminar flow for
pneumatic transportation in a pipeline [14, 15]. Other
characteristics of spiral flow were reported as follows. (1)
The spiral flow technique has a large kinetic energy to
accelerate particles at the initial conveying stage. (2) Critical
air velocities of spiral flow pneumatic conveying are lower
than those of axial flow pneumatic conveying. (3) The
power consumption is decreased by a spiral flow pneumatic
conveying system. On the basis of our results, the spiral
flow of saline chaser might also increase the transportation
efficiency of the contrast medium.

The new connecting tube may increase intravascular
contrast enhancement due to higher efficiency of the
injected contrast medium in CTA; in addition, the new
connecting tube may allow contrast medium dose saving.
We believe further clinical studies might be needed to
determine the usefulness of the new connecting tube.

There are limitations to our study. The major limitation of
our study was that we did not directly prove the transfer of the
spiral flow from the chamber over the venous access of the
patient into the blood vessels. We need to observe the motion
of liquid ejected from the 20-gauge venous catheter in a small
blood vessel phantom (we also need to produce the slow flow
in blood vessel phantom). Unfortunately, in our institution, we
were not able to use such a phantom system or perform a
phantom study. However, we believe our study supported that

Table 3 Patient characteristics

New tube Conventional tube P value

Number 40 40

Male:female 24:16 22:18 0.65

Age (years) 65.4±11.4 62.4±14.3 0.30

Body weight (kg) 56.8±9.5 57.9±10.7 0.69

Contrast medium (ml) 114±19 116±21 0.61

Injection rate (ml/s) 3.8±0.6 3.9±0.7 0.61

Fig. 4 Results of the quantitative analysis. The mean ΔHU for the
abdominal aorta during HAP was significantly higher with the new
tube protocol than with the conventional tube protocol (abdominal
aorta, 322±53 vs 290±53, P<0.01). There was no significant

difference in the mean ΔHU for the abdominal aorta and liver during
PVP between the new and conventional tube protocols (abdominal
aorta, 112±18 vs 109±14, P=0.41; hepatic parenchyma, 55±10 vs
54±9, P=0.87)

Table 4 Comparison of ΔHU of the aorta and liver between the two
protocols

New tube Conventional tube P value

ΔHU Aorta (HAP) 322±53 290±53 <0.01

ΔHU Aorta (PAP) 112±18 109±14 0.41

ΔHU Liver (PAP) 55±10 54±9 0.87
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the spiral flow was transferred from the chamber over the
venous access of the patient into the blood vessels. Secondly,
we did not evaluate the differences between the cardiovascular
statuses of the two patient groups. This could have contributed
to the differences in enhancement between the protocols [18].
However, we think that random assignment nearly equalised
the influence of the cardiovascular status.

In conclusion, our study demonstrated that the new
connecting tube increased the effect of saline chaser and
significantly improved aortic contrast enhancement
during HAP.
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