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Abstract The aim of this study was
to determine if a saline solution flush
following low dose contrast material
bolus improves parenchymal and
vascular enhancement during ab-
dominal multiple detector-row com-
puted tomography (MDCT). Forty-
one patients (24 men and 17 women;
mean age 49 years, age range
27–86 years) underwent abdominal
MDCT (collimation 4×5 mm, 15-
mm table increment, reconstruction
interval 5 mm, gantry rotation period
0.8 s) with a single- as well as with a
double syringe power injector. Indi-
cation for examination were benign
and malignant tumors and inflamma-
tory diseases. Patients received
100 ml nonionic contrast material
(300 mgI/ml) alone or pushed with
20 ml saline solution. Mean en-
hancement values for both protocols
were measured in the liver, the
spleen, the pancreas, the renal cor-
tex, the portal vein, the inferior vena

cava and the abdominal aorta. Dou-
ble syringe power-injector protocol
led to significantly higher parenchy-
mal and vascular enhancement than
single syringe power-injector proto-
col (p<0.05). The improvement in
mean enhancement of the liver was
9±9 HU, of the spleen 8±10 HU, of
the pancreas 7±9 HU, and of the re-
nal cortex 8±20 HU. The improve-
ment in mean enhancement of the
portal vein was 10±17 HU of the in-
ferior vena cava 8±13 HU and of the
abdominal aorta 10±17 HU. The use
of a double syringe power injector
with saline flush following contrast
material bolus significantly improves
parenchymal and vascular enhance-
ment during contrast-enhanced ab-
dominal MDCT with low iodine dos-
es.
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Introduction

The advent of helical CT technology and the development
of nonionic contrast material have had a significant impact
on abdominal CT imaging. Using helical CT, the entire
abdomen can be scanned in a single breath-hold, allowing
a more consistent level of parenchymal and vascular en-
hancement throughout acquisition compared with conven-
tional CT. With multiple-detector-row helical CT (MDCT)
a further improvement in abdominal CT was achieved due
to higher temporal and longitudinal spatial resolution
compared to single-detector-row helical CT [1].

It is generally agreed that bolus injection of intrave-
nous contrast material is advantageous with respect to
increasing the visibility of hypovascular tumors by maxi-
mizing the difference in enhancement between the tumor
and organ parenchyma [2, 3, 4]. Nonionic contrast mate-
rial is preferably used, because it is better tolerated by
patients [5, 6, 7].

Nonionic contrast materials have optimized scanning
protocols and contrast enhancement; nevertheless, their
high cost forces the radiologist to search for ways to de-
crease contrast material dose. In addition, dose reduction
is also advantageous in patients with renal insufficiency

H. Schoellnast (✉) · M. Tillich
H. A. Deutschmann · U. Stessel
M. J. Deutschmann · G. J. Schaffler
R. Schoellnast · M. M. Uggowitzer
Department of Radiology,
University Hospital of Graz,
Auenbruggerplatz 9, 8036 Graz, Austria
e-mail: helmut.schoellnast@uni-graz.at
Tel.: +43-316-3853850
Fax: +43-316-3853848



and/or patients who require additional contrast material
for other radiological examinations in close temporal
proximity to abdominal CT. On the other hand, reduction
of contrast material dose in abdominal CT results in a
decrease of hepatic enhancement, which potentially de-
creases detection of hypovascular or hypervascular he-
patic lesions; therefore, several authors have established
lower limits to which contrast material could be reduced
[8, 9, 10].

Although a saline solution flush after contrast materi-
al administration is well established in MR imaging, it
has not yet been used in routine CT imaging. Flushing
with saline solution avoids pooling of contrast material
in the arm veins and in the injection system leading to
better utilization of the contrast material bolus [11].

The purpose of this study was to assess whether a sa-
line solution flush after a low-dose contrast material bo-
lus of 30 g iodine dose improves parenchymal and vas-
cular enhancement during abdominal MDCT compared
with abdominal MDCT with the same contrast material
dose without flushing.

Materials and methods

Patients

All patients who underwent abdominal CT between August and
September 2001, and who had undergone a prior abdominal CT at
our institution, were enrolled in this prospective study. As of Au-
gust 2001, all CT studies were performed using a newly installed
double-syringe power injector. Prior to this date, all studies were
performed using standard single-syringe power injector. Our ini-
tial study population consisted of 53 patients who had undergone
two abdominal CT studies, one without and one with saline flush-
ing of the veins after contrast material injection. Informed consent
for study protocol and dose of intravenous contrast material was
obtained from all patients before each CT examination and the
study was approved by our institutional review board. All patients
fasted before the CT examinations. Patients with congestive heart
disease (n=7) or ongoing chemotherapy during or between the ex-
aminations (n=5) were excluded from the study to avoid errors in
measurement of contrast material enhancement due to change of
cardiac output and progression or regression of fatty infiltration of

the liver, respectively. The final study population consisted of 41
patients (24 men and 17 women; mean age 49 years, age range
27–86 years). The mean interval between the CT examinations
was 153±93 days (range 6–372 days). There was no significant
difference in body weight between the examinations (65.1±
10.9 kg compared with 64.7±10.9 kg, p=0.13). Indication for ab-
dominal CT were neoplasms of the gastrointestinal tract (n=13),
primary liver tumors (n=10), neoplasms of the genitourinary tract
(n=4), adenoma of the gallbladder (n=1), cholecystitis (n=1), cho-
ledocholithiasis (n=2), liposarcoma (n=1), Crohn’s disease (n=1),
tuberculosis of the bone (n=1), abscess of the liver (n=2), pancre-
atitis (n=4), and diverticulitis (n=1).

Acquisition protocol

All CT scans were obtained with a LightSpeed QXi Scanner (GE,
Milwaukee, Wis.) by using a 0.8-s gantry rotation period, an x-ray
tube voltage of 120 kV, and a current of 200–230 mA. Scan pairs
covered the diaphragm to the aortic bifurcation. An antecubital or
proximal antebrachial vein was punctured with an 18-G intrave-
nous catheter immediately before injecting contrast material in all
examinations. Before the contrast material was administered, sa-
line injections had been administered by hand with the patient’s
arm in scanning position to ensure the successful cannulation of
the vein. All acquisitions were performed with (a) 4×5-mm colli-
mation, (b) 15-mm table increment (c) 5-mm section thickness,
and (d) 5-mm reconstruction interval. The volume coverage was
24.9±3.8 cm. As standard dose for routine follow-up CT in pa-
tients without clinical evidence of recurrent disease at our depart-
ment, a volume of 100 ml contrast material (Iomeron, 300 mgI/ml,
Gerot, Vienna, Austria) was injected with a flow rate of 2.5 ml/s
using a single-syringe power injector (Envision CT, Medrad, Indi-
anova, USA), while with the double-syringe power injector (In-
jectron CT2, MedTron, Saarbruecken, Germany) the same dose of
contrast material followed by a 20 ml saline solution flush was in-
jected. All scans were performed with a 70-s delay after initiation
of contrast material injection.

Quantitative evaluation of enhancement

Images of single-syringe power-injector protocol and double-sy-
ringe power-injector protocol were loaded on a workstation (Mag-
icView 1100, Siemens, Erlangen, Germany) and viewed side by
side on two monitors in random order. Monitor setting did not
show patient data; consequently, the observer was blinded to the
study date and thus to the power injector used. Loading processes
and measurements were performed by different authors. Region of
interest (ROI) measurements were performed for both protocols
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Table 1 Number of regions of interest (ROIs) and ROI setting

Liver Spleen Pancreas Renal cortex Portal vein Inferior vena cava Aorta
No. of ROIs 8 3 3 6 3 3 3

ROI setting Segments Superior Head Superior Near the confluence Superior to the  At the level 
1–8 third third of superior mesenteric confluence of the of celiac trunk

vein with splenic vein renal veins

Middle Body Middle Middle part At the level of At the level 
third third segment 1 of superior 

of the liver mesenteric artery

Inferior Tail Inferior Near the division Superior to the At the level 
third third in left and right confluence of the of renal arteries

portal vein hepatic veins



on corresponding slices in liver, spleen, pancreas, renal cortex,
portal vein, inferior vena cava, and abdominal aorta aligned to an-
atomical landmarks to obtain mean contrast enhancement. The
ROI settings in parenchymal organs were placed in areas without
pathologic lesions that showed visually homogenous contrast ma-
terial enhancement with exclusion of visible blood vessels. An at-
tempt was made to maintain a constant ROI of approximately
1–2 cm2 in parenchymal organs and an ROI including nearly the
whole vessel diameter, respectively. Table 1 shows the number of
ROIs and the locations of ROI setting for the parenchymal organs
and the vessels.

In 2 patients the liver was not measured because of fatty infil-
tration, which was defined as visually less enhancement of the liv-
er compared with the enhancement of the spleen. In an additional
2 patients the spleen was not measured because of splenectomy,
and in 4 patients the pancreas was not measured because of pan-
creatitis. The renal cortex, the portal vein, the inferior vena cava,
and the aorta were measured in all patients.

Data analysis

Mean enhancement and standard deviation (mean±SD) of liver,
spleen, pancreas, renal cortex, portal vein, inferior vena cava, and
aorta were calculated per patient by averaging the single measure-
ment values of each organ and vessel to compare the magnitude of
parenchymal and vascular enhancement between both protocols.
Furthermore, the mean enhancement of the superior and inferior
liver segments and of the superior and inferior pole of the spleen
and the kidneys were calculated per patient to compare the homo-
geneity of contrast enhancement between both protocols.

An attenuation value of 60 HU was assumed as average unen-
hanced hepatic attenuation to estimate the enhancement of the liv-
er for both protocols by subtracting 60 HU from the mean attenua-
tion value after contrast material administration. A hepatic en-
hancement of 50 HU was defined to be adequate [12].

We performed the Kolmogorov-Smirnov test for assessing nor-
mal distribution and the Levene’s test for assessing homogeneity
of variances of the attenuation values. The significance of differ-
ences in mean enhancement values between both protocols was
tested using the Student’s t test for paired samples. Two-tailed val-
ues were used and probability values of less than 0.05 were con-
sidered significant.

Results

Saline solution flush following contrast material bolus
led to statistically significantly higher parenchymal and
vascular enhancement. The mean parenchymal enhance-
ment was 8±12 HU higher with double-syringe power-
injector protocol. Table 2 shows the attenuations values

of both protocols and the differences in attenuation be-
tween both protocols for the parenchymal organs and the
vessels. Figure 1 shows the relation of mean parenchy-
mal and vascular attenuation between both protocols.

There was no significant difference in mean enhance-
ment along the z-axis for the parenchymal organs for
both protocols. With the single-syringe power-injector
protocol, the mean enhancement of the superior liver
segments was 106±12 HU, of the inferior liver segments
105±11 HU (p=0.123). The corresponding enhancement
values were 105±12 and 106±12 HU for the superior and
inferior pole of the spleen (p=0.199) and 150±27 and
151±26 HU for the superior and inferior pole of the kid-
neys (p=0.451). With the double-syringe power-injector
protocol, the corresponding enhancement values were
114±15 and 113±13 HU for the liver (p=0.128), 112±13
and 114±15 HU for the spleen (0.120), and 159±26 and
160±31 HU for the kidneys (p=0.316; Fig. 2).
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Table 2 Parenchymal and vas-
cular attenuation (mean±SD)
achieved with single- and dou-
ble-power-injector protocol.
HU Hounsfield units

Single-power-injector Double-power-injector Difference (HU) P value
protocol (HU) protocol (HU)

Liver 105±11 114±14 9±9 0.001
Spleen 105±12 113±13 8±10 0.002
Pancreas 84±10 91±13 7±9 0.004
Renal cortex 151±26 159±28 8±20 0.011
Portal vein 142±16 152±22 10±17 0.001
Inferior vena cava 114±14 122±17 8±13 0.001
Aorta 134±16 144±14 10±17 0.001

Fig. 1 Relation of mean parenchymal and vascular enhancement
(mean±SD) after contrast material administration for single-sy-
ringe power injector (triangles) and double-syringe power injector
(squares). Double-syringe power-injector protocol produced sta-
tistically significantly higher enhancement values than single pow-
er-injection protocol (p<0.05)



Based on the assumption that the average attenuation
of unenhanced hepatic parenchyma in our patient group
was 60 HU (as attenuation values of normal liver paren-
chyma are approximately 50–70 HU), average enhance-
ment after contrast material administration was greater
with saline flushing (54±14 HU) than without flushing
(45±11 HU). Sixty-one percent of patients showed ade-
quate hepatic enhancement when flushing with saline
compared with 32% without flushing with saline.

Discussion

Previous investigations have provided information about
the effect of different doses of intravenous contrast mate-
rial in helical CT of the abdomen and especially of the
liver and about the minimum volume of intravenous con-
trast material required for abdominal CT [9, 10, 12, 13,
14, 15, 16, 17, 18]. Bluemke et al. [8], extrapolating
from rabbit data, determined that a dose of 429 mgI/kg
(using Iohexol 300) is the lowest dose to produce a he-
patic enhancement of 30 HU, which is a low threshold of
acceptability. This translates to 30 g iodine dose for a
70 kg person. On the other hand, Brink et al. [12] con-
sidered a maximum hepatic enhancement of more than
50 HU to be adequate. This enhancement was achieved
with an iodine dose of 38 g in 70% of heavy patients
(>83 kg) and with an iodine dose of 26 g in 70% of thin
patients (<83 kg). Conversely, Freeny et al. [9] reported
that a reduction of iodine dose from 45–48 to 30–32 g

results in an average decrease of hepatic enhancement by
18 HU or 27%, which potentially decreases detection of
focal hypovascular hepatic lesions. Megibow et al. [10]
achieved hepatic enhancement above the standard of
30 HU over baseline with a standard dose of 1.5 ml/kg
(using Iopromide 300). For a weight of 70 kg, this corre-
sponds to an iodine dose of 31.5 g.

Summarizing these studies, the minimum dose of
contrast material required for abdominal CT is approxi-
mately 26–30 g iodine. The aim of our study was to eval-
uate whether a 20-ml saline solution flush following a
low-dose contrast material bolus (30 g iodine) improves
the parenchymal and vascular enhancement during ab-
dominal MDCT. A positive effect of saline solution flush
in enhancement could compensate the decrease of en-
hancement, which occurs by dose reduction and thus
may reduce the risk of missing hypovascular and hyper-
vascular lesions in the abdominal organs.

We have studied the value of saline flush at low-dose
CT and not at higher-dose CT for the following reasons:
firstly, we hypothesized that the greatest benefit of a sa-
line flush may be reached when using low contrast mate-
rial doses, because conventional doses usually lead to
adequate parenchymal attenuation even without saline
flush. Secondly, we attempted to gain adequate paren-
chymal enhancement with the lowest possible contrast
material dose to reduce the costs at our department.

To our knowledge, there are only a few studies which
have investigated saline flushing in helical CT. A study
reported by Hopper et al. [19] showed that using 75 ml
of contrast material in thoracic CT, when pushed with sa-
line solution, is equivalent to using 125 ml contrast ma-
terial without flushing. In this investigation a single in-
jector, in which the saline solution was loaded on top of
the contrast material, was used. By contrast, we used a
double-syringe power injector in our investigations with
two separated interconnected injectors for contrast mate-
rial and for saline solution and did not evaluate the effect
of saline flush with the single syringe power injector, be-
cause loading one injector with contrast material and sa-
line solution for each examination may be time-consum-
ing and unfavorable in a busy department. Initially, the
technologists had some minor problems with the loading
procedure of the double-syringe power injector, but these
problems could be solved within the first week of appli-
cation.

Using a double-syringe power injector Haage et al.
[20] performed a reduction from 75 to 60 ml of high
concentration (370 mgI/ml) contrast material in helical
CT of the thorax without significant difference in en-
hancement of the pulmonary trunk and the ascending
aorta. Flushing with saline led to less pronounced en-
hancement in the superior vena cava and, thereby reduc-
ing perivenous artifacts; however, only one study evalu-
ated the effect of a saline flush on aortic enhancement
during abdominal CT. Sadick et al. [11] showed that in
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Fig. 2 Mean enhancement (mean±SD) of the superior pole (s) and
inferior pole (i) of the liver, spleen and renal cortex for single-sy-
ringe power injector (triangles) and double-syringe power injector
(squares). Note that there is no statistically significant difference
in mean enhancement between superior and inferior pole of the or-
gans (p<0.05)



single detector-row-helical CT (SDCT) of the abdomen a
saline solution flush of 20 ml prolongs the period of
maximal aortal enhancement for 4 s, which may be use-
ful in CTA. Parenchymal enhancement was measured for
four protocols with different iodine dose and injection
rate, each with saline flush after contrast material admin-
istration. Yet, this study did not evaluate the effect of a
saline flush on parenchymal enhancement due to the lack
of a control group without saline flush.

In our study we investigated the effect of saline flush
following contrast material bolus in the same patient
population by using a single-syringe power injector for
the protocol without flush and a double-syringe power
injector for the protocol with flush. The contrast material
dose and the injection rate were kept constant for both
examinations. Consequently, we avoided the measure-
ment error that may be caused by a wide degree of indi-
vidual variation. The difference in patient physiology
and venous access, which may occur even when scan-
ning the same patients at different times, could not be in-
fluenced.

All examinations were performed on the same MDCT
scanner with the same scanning parameters, as using dif-
ferent CT scanners may result in measurement errors as
reported by Levi et al. [21]. They reported significant
differences in absolute Hounsfield units between most
scanners even two scanners of the same manufacturer
and model. We consider that as an important advantage
of our study compared with other studies, where paren-
chymal enhancement was measured to evaluate different
contrast material doses or injection rates using data of
different patients and different CT scanners. The im-
provement of temporal resolution of MDCT enables
scanning the abdomen during the peak plateau of con-
trast material enhancement. Consequently, we achieved a
uniform contrast material enhancement of all parenchy-
mal organs regardless of the position along the z-axis.
There was no statistically significant difference in mean
parenchymal enhancement of all liver segments and be-
tween the superior pole and the inferior pole of the
spleen and the kidneys, respectively (Fig. 2).

The results of this study indicate that a saline solution
flush following the contrast material bolus improves pa-
renchymal and vascular enhancement during abdominal
MDCT. A statistically significant improvement in mean
parenchymal enhancement of 8 HU was achieved by
flushing a 100-ml contrast-material bolus with 20 ml sa-
line solution. Consequently, the decrease of parenchymal
enhancement resulting from contrast material dose re-
duction (decrease of 18 HU by reducing from 45–48 to
30–32 iodine dose as shown by Freeny et al. [9]) could
partly be compensated by flushing with saline solution in
clinical routine. An increased aortic enhancement of
10 HU, as achieved in our study, may improve the detec-
tion of dissection flaps, thrombotic material, and athero-
sclerotic soft plaques in the abdominal aorta and its

branches; however, a positive effect of saline flush on
vascular enhancement may be more clinically relevant in
abdominal CTA. Furthermore, higher flow rates of at
least 4 ml/s are necessary in CTA, so CTA data have to
be analyzed separately to evaluate the potential role of
saline flush to extend the time of optimal vascular en-
hancement.

Generally, we try to keep the radiation exposure as
low as possible; therefore, we do not perform unen-
hanced scans in routine follow-up abdominal CT exam-
inations. The lack of unenhanced data to calculate true
enhancement is a potential limitation of our study. We
assumed an average attenuation of hepatic parenchyma
in our patient population of 60 HU to estimate hepatic
parenchymal enhancement. Based on this assumption an
increase of enhancement of ~20% could be achieved
when flushing with saline. The increase would be less
pronounced if an average unenhanced hepatic attenua-
tion towards 50 HU would be assumed. Following Brink
et al. [12], who considered a hepatic enhancement of
50 HU as adequate enhancement, only 61% showed ade-
quate hepatic enhancement even when flushing with sa-
line (compared with 32% without flushing with saline).
We consider the low-dose contrast material bolus as rea-
son for the great percentage of inadequate hepatic en-
hancement.

A further limitation of the study is that the saline
flush series was always performed later than the series
without flushing. Results might be affected due to
change in hepatic parenchyma between the examina-
tions; however, there was no significant difference in pa-
tient’s weight between the examinations and patients
with ongoing chemotherapy during or between the ex-
aminations were excluded from the study to minimize
risk of progression or regression of fatty infiltration of
the liver. In addition, the quantitative evaluation revealed
similar differences in the mean contrast enhancement of
the liver, the other organs, and the vessels between the
studies (approximately 8 HU). So we consider hepatic
changes between the examinations unlikely.

Conclusion

The results of our study demonstrate that using a double-
syringe power injector with saline flush following con-
trast-material bolus significantly improves parenchymal
and vascular enhancement during contrast-enhanced ab-
dominal MDCT with low iodine doses, thereby reducing
the risk of missing hypovascular and hypervascular le-
sions in the abdominal organs.
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