
Introduction

In contrast to all other abdominal organs, the liver has a
dual blood supply. Twenty-five percent of blood flow is
delivered by the hepatic artery, 75% by the portal vein
[1, 2]. Most tumors of the liver, however, are exclusively
supplied by the hepatic artery [3]. This physiological
phenomenon allows detection of liver lesions by use of
biphasic helical computed tomography (helical CT).
Hypervascular lesions can be detected in the arterial
phase, whereas hypovascular lesions present in the por-
tal venous phase, respectively [4].

Using a standard delay time before initiation of
scanning after the start of contrast administration ne-
glects the varying transit times of the contrast bolus
among patients. With automatic bolus tracking, the
density of a region of interest (ROI) and, therefore, the
contrast enhancement can be measured and biphasic

helical CT can be optimized for individual patients [5, 6].
In the literature, mostly a hardware±software upgrade
of GE HiSpeed Advantage scanner is used for this pur-
pose (SmartPrep, General Electric, Milwaukee, Wis.)
[5, 6, 7, 8, 9]. With a new software, a nearly continuous
data acquisition with a reconstruction time of 0.5 s and,
therefore, a closer detection of the contrast bolus is
possible (CARE Vision, Siemens, Germany). Threshold
and delay after triggering now might gain a higher in-
fluence on the optimal time point for the initiation of the
helical scan. The purpose of this study was twofold.
Firstly, we wanted to identify the optimal threshold and
start delay after triggering using six protocols for opti-
mal timing of the arterial phase. Secondly, after deter-
mination of the optimal protocol, the utility of bolus
tracking was tested in a routine clinical setting in com-
parison with patients examined with an empirical stan-
dard delay time for scanning after contrast injection.
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Abstract The aim of this study was
to optimize bolus tracking for timing
of the arterial phase of biphasic he-
lical liver CT and to compare opti-
mized bolus tracking to a standard
delay. One hundred fifty patients
were examined with six protocols: 5-
or 10-s delay after triggering at a
threshold of 50 or 75 or 100 HU en-
hancement in the aorta at the origin
of the celiac arteries after injection
of 120 ml contrast material at 3 ml/s.
Optimal arterial enhancement was
defined as 20±30% of hepatic en-
hancement in portal venous phase.
Another 50 patients were examined
with the optimized protocol and
compared to 50 gender- and age-
matched patients who underwent a

25-s standard delay. A 10-s delay af-
ter the 75-HU threshold resulted in
the most patients with an optimal
arterial phase (p < 0.01). Thirty-one
of 75 patients examined with this
protocol showed optimal early liver
enhancement. Bolus tracking com-
pared with standard delay revealed
only a trend for a difference
(p = 0.07). The outcome of auto-
matic bolus tracking differs depend-
ing on the protocol used; however,
optimal arterial phase imaging was
seen in only 41 % of patients, indi-
cating only a trend for superior tim-
ing compared with a standard delay.
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Materials and methods

All examinations were performed with a helical CT scanner
(Somatom Plus 4, Siemens, Erlangen, Germany) using the CARE
Vision software version VB30B. The study was approved by our
institution's ethics committee, and informed consent was obtained
from all patients examined with bolus tracking.

In order to establish a standard delay time, the examinations of
160 consecutive patients (87 men and 73 women; age
51.8 � 13.5 years; age range 15±76 years), referred to helical CT
angiography of the renal arteries, were analysed retrospectively.
Ten millilitres of a non-ionic contrast material (Imeron 300, Byk
Gulden, Germany) were injected as a test bolus injection into an
antecubital vein as used in clinical routine with a flow of 3 ml/s. A
helical CT with a pitch of 1.5 and a slice collimation of 2 mm was
started 10 s after initiation of contrast injection. The peak transit
time from intravenous injection to maximum enhancement of the
aorta was determined using a region of interest (ROI) placed in the
beginning of the abdominal aorta at the level of the celiac arter-
ies.

Biphasic helical CT of the liver was performed on 150 consec-
utive patients (81 men and 69 women, age 59 � 15 years; age range
20±93 years) using automatic bolus triggering. The patient popu-
lation included inpatients as well as outpatients referred for an
abdominal CT examination without selection for suspected liver
diseases. Scanning direction was craniocaudal for the arterial
phase and caudocranial for the portal venous phase, respectively.
Scan techniques included a 0.75-s scan, 120 kV, 200 mAs, pitch 1.5
with a slice collimation of 8 mm. A volume of 120 ml non-ionic
contrast material was injected automatically at a flow rate of 3 ml/s
using a power injector (Angiomat 6000, Liebel-Flarsheim Compa-
ny, Cincinnati, Ohio). The ROI for triggering was placed in the
abdominal aorta at the level of the celiac arteries. Ten seconds af-
ter initiation of contrast administration, a series of nonhelical se-
quential scans was started. These monitor scans were acquired with
a scanning time of 0.5 s (240� rotation) in low-dose radiation tech-
nique (120 kV, 50 mA) with a cycle time of 1.1 s and a reconstruc-
tion time of 0.5 s. The density of the abdominal aorta was mea-
sured continuously. For initiation of scanning, threshold and delay
after triggering (minimum 5 s, given by the technical equipment)
were varied. Patients were randomly divided into six groups A±F
with scanning being initiated either with a start delay of 5 or 10 s
after triggering at a threshold of 50, 75 and 100 HU enhancement,
respectively. All protocols started the portal venous phase with a
delay of 60 s after triggering.

For the evaluation of contrast enhancement, ROIs were mea-
sured in the abdominal aorta, the portal vein, the right (including
cranial, middle, and caudal section) and the left lobe of the liver as
well as the spleen; each investigated over approximately the same
areas in unenhanced, arterial and portal venous phases. Enhance-
ment of the spleen was evaluated for purpose of comparison with a
previous study [9]. Hepatic enhancement in the portal venous
phase was defined as maximum density. As a criterion of an opti-
mal arterial phase, a hepatic enhancement of 20±30 % compared
with the portal venous phase was defined [5, 10].

After determination of the optimal protocol for automatic bo-
lus tracking, it was applied to an additional 50 consecutive patients
(19 men and 31 women; age 59.8 � 15.4 years). For means of com-
parison with a standardized start delay after the initiation of the i. v.
injection of the contrast material, a control group matched con-
cerning gender and age (19 men and 31 women; age
58.9 � 14.5 years, 1.3 � 1.1 years variability) was established and
evaluated in the same way. These patients were examined with a
fixed delay of 25 and 80 s for the beginning of the arterial phase
and of the portal venous phase, respectively, as is usual with our
department. This fixed delay time corresponded with a standard
delay composed of the mean transit time of the test bolus injected
to the patients referred for helical CT of the renal arteries and of
the optimal delay after triggering found with groups A±F.

All data are presented as mean � SD. For statistical analysis a
value of p < 0.05 was considered to be statistically significant.
Kruskal-Wallis test was used for comparison of the six protocols,
Wilcoxon matched-pairs test was used for comparison of bolus
tracking and standard delay, and Friedman's analysis of variance
test was used for the comparison of different liver lobes. Spear-
man-Rank test was used to study relations between mean transit
time or hepatic enhancement and age as well as between en-
hancement of liver and spleen. Mann-Whitney U-test was used for
comparison of the mean transit times at two different ages.

Results

Mean transit time (MTT) in the 160 patients after in-
jection of a test bolus was 15.2 � 3.3 s, with a minimum
of 10 s and a maximum of 30 s. A subdivision of this
group by gender showed no significant differences be-
tween men and women. There was a significant increase
of the peak transit time with age (r = 0.33, p < 0.0001;
Fig. 1), and a subdivision into two groups of age showed
a significant difference (p < 0.001). Patients < 60 years
(n = 114) had MTT of 14.6 � 2.9 s compared to patients
³60 years (n = 46) with MTT of 16.5 � 3.7 s.

With the 150 patients examined with six protocols,
maximum enhancement of the liver was 52 � 13 HU.
Average time from the initiation of contrast injection to
crossing of the threshhold was 16.5 � 4.2 s. Most pati-
ents revealing an optimal arterial phase were observed
in group E with a delay of 10 s with a threshold of 75 HU
(p = 0.01; Table 1). There was a moderate correlation
between absolute early enhancement of liver and spleen
(p < 0.0001, r = 0.48), with an average enhancement of
13 � 9 and 51 � 22 HU for liver and spleen, respectively.
In patients with < 5 HU absolute early liver enhance-
ment average spleen enhancement was 32 � 18 HU.

1397

Table 1 Groups A±F with varied values for threshold and delay
after triggering. The number of patients is presented for each
group that showed a percentual liver enhancement in the arterial
phase (related to maximum enhancement in the portal venous
phase) of < 20, 20±30, and > 30%

Group Threshold
(HU)

Delay
(s)

< 20%
enhance-
ment

20±30%
enhance-
ment

> 30%
enhance-
ment

A 50 5 18 2 5
B 75 5 15 5 5
C 100 5 17 6 2
D 50 10 7 4 14
E 75 10 11 12a 2
F 100 10 4 5 16
a Significantly more patients (p = 0.01)



The comparison of 50 additional patients examined
with protocol E with the control group of 50 patients
with standard delay showed no significant difference
concerning the number of patients with an optimal early
enhancement (bolus tracking vs standard delay; 19 of
50 patients vs 12 of 50 patients; p = 0.21; Fig. 2). Mean
early hepatic enhancement as compared with the portal
venous phase revealed only a trend for an superior tim-
ing over standard delay (bolus tracking vs standard de-
lay; 27 � 23 vs 33 � 19 %; p = 0.07).

Overall 75 patients were analysed with a bolus timing
using the optimal protocol with a threshold of 75 HU
and a delay of 10 s. Percentual hepatic enhancement of
the arterial phase compared with the portal venous
phase was 25 � 19% on average. Nevertheless, only 31
of 75 patients had an average hepatic enhancement in
the arterial phase between 20 and 30 %. Even a wider
definition of an optimal arterial phase (15±35% en-
hancement) was met by only 45 of 75 patients. There
was a significant decrease of percentual hepatic en-
hancement with age (p < 0.01, r = ±0.35).

Regarding the overall 53 of 200 patients who pre-
sented with optimal average early enhancement of the
liver after bolus tracking, the absolute enhancement in
the arterial phase was 13 � 4 HU. Comparing the dif-
ferent ROIs evaluated, a significantly higher percentual
enhancement was found in the left lobe (27 � 10%) and
the caudal section of the right lobe (33 � 9%) vs the
cranial (18 � 9 %) and middle (19 � 6 %) section of the
right lobe (p < 0.0001). The mean early enhancement of
the portal vein was 58 � 28 HU.

Discussion

In biphasic helical CT, the portal venous phase has a
longer predominance, whereas the arterial phase is rel-
atively brief which makes an optimal timing of the arte-
rial phase necessary [10]. In the reviewed literature,

fixed delays before initiation of the arterial phase rang-
ed between 20 and 30 s, still with suboptimal contrast
enhancement [10, 11, 12, 13, 14, 15]. This is due to the
well-known interindividual varying transit times that
are described in the literature [16, 17], and that were
also found with our patients referred to helical CT an-
giography of the renal arteries; therefore, there is a need
for individual bolus timing that can be performed either
by a test bolus injection or by automatic bolus tracking.
The latter technique using a new software (SmartPrep)
was introduced by Silverman et al. and Kopka et al. [5,
6, 7, 8, 9]. Most studies aimed at the optimization of he-
patic enhancement in the portal venous phase with the
ROI placed in liver parenchyma [7, 8, 18, 19]. However,
automatic bolus tracking can also be used for timing of
the arterial phase with the ROI set in the aorta [9, 20].

With our study, the enhancement of the abdominal
aorta at the level of the celiac artery was used as an in-
direct trigger for the arterial phase of the liver. For pur-
poses of optimization, threshold of enhancement and
the delay between triggering and the initiation of scan-
ning were varied. A delay of 5 s for initiation of the scan
was too short for a liver enhancement of at least 20%,
independent of the trigger values evaluated. Therefore,
a delay of 10 s revealed to be better, and the best results
were obtained at a threshold of 75 HU. However, a
matched-pairs analysis of patients matched for gender
and age, examined with a standard delay, showed only a
trend for a superior timing of the arterial phase with the
use of bolus tracking. This might be due to the fact that
triggering on the contrast enhancement of the abdomi-
nal aorta neglects differences of the mesenteric blood
flow caused by weight or portal haemodynamics such as
hypertension or truncal stenosis. The additional influ-
ence of age that was also shown by the significant de-
crease of percentual liver enhancement with age should
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Fig.1 The relation between age and transit time of 10 ml contrast
agent from an antecubital vein to the abdominal aorta in 160 pati-
ents. The correlation coefficent is r = 0.33 (p < 0.0001)

Fig.2 The percentual liver enhancement in the arterial phase re-
lated to maximum enhancement. The bars represent the number of
patients examined with bolus tracking (group 1) and with a stan-
dard delay of 25 s (group 2). There was no significant difference
between both groups concerning the number of patients who
reached 20±30 % early enhancement



have been removed by the matched-pairs analysis. Fur-
thermore, there are still individual changes in bolus
characteristics caused by passage through the lungs and
heart. These and other influences seem to have such a
high physiological variability that even only 41% of the
examinations with an optimal trigger protocol show an
optimal contrast enhancement in the arterial phase.
Even a wider definition of optimal arterial enhance-
ment is met by only 60% of the patients.

These results stand in contrast to the results of Kop-
ka et al., who found sufficient timing in 93 % of the pa-
tients examined with bolus tracking [9]. Their ROI was
also placed into the descending aorta (but at the level of
the heart), an 8-s delay after triggering was used and
120 ml contrast agent at a flow of 4 ml/s was injected.
However, a different definition of an optimal arterial
phase was used: the onset was defined as a splenic pa-
renchymal enhancement of 10 HU, and the end was
marked by any decrease of enhancement in the aorta or
enhancement in the liver parenchyma of more than
20 HU. With our patients, there was only a moderate
correlation between early contrast enhancement of the
spleen and of the liver. Therefore, enhancement of the
spleen was not used as a criterion of optimal contrast of
the arterial phase, even if both liver and spleen have a
similar perfusion rate of 1 ml g±1 min±1 [2, 9]. Since the
maximum hepatic contrast enhancement is delivered by
both arterial (25 %) and portal venous (75 %) blood
flow, a hepatic enhancement of 20±30% compared with
the maximum reached in the portal venous phase can be
considered as reflecting nearly exclusive arterial blood
supply [5, 10]; thus, this hepatic enhancement was cho-
sen as the criterion of an optimal arterial phase.

In order to solve the problems resulting from indirect
triggering on the aorta, one might suggest direct trig-
gering either on the hepatic artery or hepatic parenchy-
ma. Yet, detection of the hepatic artery in the unen-
hanced examination is not always possible, and its posi-
tion varies within the respiration cycle. For triggering on
the parenchyma, on the other hand, a reliable detection
of a very small density increase over baseline would be
necessary, because the mean enhancement of the liver in
the arterial phase is 13 HU, and after triggering at least
5 s are needed to initiate scanning; therefore, placement
of the ROI into the abdominal aorta seems to be more
robust at present. Furthermore, even patients with an
optimal average early hepatic enhancement between 20
and 30% show significant differences for the different
analysed regions. Enhancement of the cranial and mid-
dle section of the right liver lobe is significantly lower
than the left liver lobe and the caudal section of the right
liver lobe. This is not only caused by the craniocaudal
scan direction but also by the arterial liver perfusion. As
the arterial phase is much shorter than the portal venous
phase, faster scanning of the whole liver would be nec-
essary. These technical problems, the need for a shorter

scan delay after triggering as well as for a faster scan-
ning, hopefully can be solved with the new multislice CT
scanners.

Limitations of this study

A potential bias of our study is the retrospective analy-
sis of the control group examined with a standard delay.
This was accepted in order to establish a larger study
group consisting of patients matched for gender and
age. No differentiation for height, weight, cardiac or
liver diseases was made, because, firstly, the large study
population was expected to equalize the number of pa-
tients with different characteristics within both study
groups, and, secondly, it was our intention to evaluate
bolus tracking in a routine clinical setting in a non-se-
lected patient population. Further potential criticism is
that a fixed contrast-injection protocol of 120 ml con-
trast material and a flow of 3 ml/s was used as is usual
with our department. However, using this injection rate
for the assessment of the arterial phase is in concor-
dance to literature [20] and is also used for dynamic CT
of hepatocellular carcinoma [21]. We also used a fixed
delay of 60 s for the initiation of scanning for the portal
venous phase after triggering. Although this delay (the
MTT of 15 s has to be added) is comparable to the opti-
mal time delays described in the literature [18, 22, 23], it
may be possible that the portal venous phase did not
always meet the maximum contrast enhancement of the
liver.

Conclusion

There are significant differences in the success of auto-
matic bolus tracking with the use of different thresholds
and delays after trigger. However, there is only a trend
for a superior timing with the use of bolus tracking
compared with the use of a standard delay. Therefore,
optimal imaging of the arterial phase cannot be
achieved in each patient by triggering on the abdominal
aorta using the protocols that were presented in this
study probably due to individual differences in the ar-
terial blood supply of the liver.
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