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evolving needs in Ct imaging:  
a Patient-Centred approach 
In what is fast becoming a “can’t miss”  feature of the annual ECR meeting, 
the Bracco-sponsored satellite symposium on CT imaging is renowned for the 
relevance and quality of the presentations. This year’s symposium was no 
exception.  The highlights of the three presentations are summarized below.

advanced cT  
technology: how to 
reduce patient dose 

Whenever we 
talk of reducing 
patient “dose” the 
focus is of course 
both on minimiz-
ing contrast media 
(CM) and on mini-
mizing radiation 
dose. Because of 
the ever-increas-
ing complexity 
of patients and 
procedures there 
is a need for CM 

reduction. The use of low tube volt-
ages with a low volume bolus of high 

CM concentration enables not only 
reduction of CM, but also a reduction 
in radiation dose. The approach also 
allows functional imaging with 4D CT.  
However, most importantly, the image 
quality must be maintained. How this 
can be achieved  is discussed below. 

In the context of contrast media 
reduction, the ageing population is a phe-
nomenon that all radiologists are faced 
with nowadays. Common age- associ-
ated co-morbidities, such as renal dys-
function, immediately make one think 
of the possibility of Contrast-Induced 
Nephropathy, (although it should be 
noted that there are recent data from the 
Mayo Clinic suggesting that the associa-
tion between contrast media administra-
tion and subsequent nephropathy is not 
at all as strong as once thought). 

REduCING CONTRAsT MEdIA 
There are three main approaches to 

the reduction of CM :
1) Use of high pitch protocol with 

low tube voltage
2) Dual energy CT with virtual 

monoenergetic imaging
3) 4D perfusion with low kVp
All of these involve highly concen-

trated CM bolus, and of course low 
kVp, which enables to get closer to 
the K-edge of iodine at 33 keV. This in 
turn means that there is an increased 
attenuation in the vessel tree and so 
the amount of CM can be decreased. 

 
1) Use of high pitch protocol with 
low tube voltage 

The advantage of using a high pitch 
protocol is that the scan time can be 
significantly decreased. This is of par-
ticular importance in examinations 
such as “whole body” CT angiography, 
where the scan time can be reduced 
from a typical 30 seconds or so down 
to only a few seconds [Figure 1]. 
This makes breath-hold much easier 
and so reduces the risk of breathing 
motion artefacts. 

2) Dual energy CT with virtual 
monoenergetic imaging

 All CT manufacturers now offer 
Dual Energy systems, which all 
operate on the same basic principle, 
namely scanning the patient twice 
with different tube voltages. It is 
known that, when no CM is admin-
istered, then the attenuation of the 
soft tissue doesn’t vary all that much 
between the low kVp scan and the 

FigUre 1. Whole-body CT Angiography. A protocol using low  kV and low dose of concentrated contrast 
media.  was chosen. Image quality was excellent and the total radiation dose was only 2.1 mSv.
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high kVp scan. However, with CM application, the attenua-
tion is much higher than that of a high kVp scan, because the 
low kVp scan is closer to the K-edge of iodine.  A dual-energy 
acquisition enables the calculation of monoenergetic datasets 
between 40 keV and 190 keV. Previously, applications at 40 keV 
resulted in non-diagnostic datasets with low signal-to-noise 
ratio and contrast-to-noise ratio. Newer applications allow 
for diagnostic monoenergetic datasets at 40 keV with similar 
signal-to-noise ratios and contrast-to-noise ratios  to a stan-
dard 120 kVp scan.

 3) 4D perfusion with low kVp
.Having been introduced in the 1990s, this approach is not 
new. The problem with a standard static run-off is that there 
is always doubt as to whether the bolus can be caught at the 
optimal time point. With 4D scans, acquisitions are made at dif-
ferent time points so the time point of optimal bolus adminis-
tration is always covered. Although only low volumes of highly 
concentrated CM are admitted, images of diagnostic utility can 
be generated and diagnostic confidence can be increased. 

fuNCTIONAL IMAGING 
The goal here is to increase diagnostic confidence at low kV 

with tolerable radiation dose, exemplified in coronary CTA. 
Retrospective scans of the coronaries have the great advantage 
of providing cardiac functional information, — which is the 
highest predictor of mortality in patients with coronary artery 
disease. However, because the procedure was always associ-
ated with very high radiation exposure, the technique was not 
widely used. Now that we can adopt a 70 kV approach, the 
radiation dose can be reduced to as low as 2- 4 mSv. In addi-
tion, with patients of more than 65 years of age, the radiation-
induced risk of cancer decreases, so these doses are acceptable, 
particularly in light of the importance of the functional infor-
mation that can be generated. 

pATIENTs wITH pERIpHERAL ARTERy dIsEAsEs
In patients with peripheral artery disease numerous imaging 

problems can occur on normal static run-off acquisition. For exam-
ple, the question remains in a patient with a proximal occlusion, e.g. 
aortic bifurcation and a low-to-zero circulation in the afferent limb, 
if this is due simply to a mistiming of bolus or to a high grade steno-
sis. In such a doubt and often false positive findings the radiologist 
frequently refers the patient for further investigation, for example 
by a vascular surgeon or interventionalists. These inconclusive/
false positive findings can be avoided  by carrying out 4D perfu-
sion scans at 70 kV with reduced volume, highly concentrated CM 
bolus. This approach is now being implemented as our standard 
peripehral run-off protocol in our institution [Figure 2]. The pro-
tocol involves an initial static run-off acquisition followed — after 
a suitable delay for CM washout  — by a dynamic acquisition, again 
using a reduced volume, highly concentrated  CM  bolus. 

standardization of scanning  
protocols and patient diversity:  
oil and water?

We all know that the patients we see vary 
widely, and can range from a corpulent man 
who can barely fit in the scanner to a small 
child. We also know the advantages of stan-
dardized protocols. The question is whether 
we can reconcile these two aspects while still 
achieving the desired goals of reproducibly 
good image quality, and ultimately reproduc-
ible clinical results and constant diagnosis on 
repeat scans. All this at the lowest patient risk 
from radiation and contrast media. 

The beginnings of standardization 
occurred in the 1980s and 1990s with the 

introduction of constant exposure settings and constant injection 
parameters as a function of the indication for which the scan was 
called for. Any modifications were at the discretion of the radiog-
rapher. At that time children were still being scanned using exactly 
the same protocols as for adults. The risk of radiation-induced 
cancer in children in such situations is now recognized and in the 
1990s and 2000s initial attempts were made to address this issue 
by introducing specific protocols not just defined by indication 
but also by body weight. 

REpROduCIBILITy Of IMAGING REsuLTs. 
The principal factors that influence image quality are: scan-

ner parameters, contrast injection parameters (both of which 
can be basically be modified) and patient-related parameters, 
which of course are less modifiable 

Taking these in turn, the scanner parameters include the 
acquisition parameters themselves, e.g. the detector configuration 
which determine collimation and z-axis resolution whereas pitch 
and rotation time basically determine scan speed. Modern dual 
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FigUre 2. 4D perfusion  with low kVp  The problem with a standard static run-off 
is that there is always doubt as to whether the bolus can be caught at the optimal 
time point. With 4D scans, acquisitions are made at different time points so the time 
point of optimal bolus administration is always covered.
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energy scanners can have high pitch and 
extremely rapid scanning speed so that, 
for example the chest, abdomen or pelvis 
can be scanned in 2 seconds. The problem 
is that this actually may be too fast for 
the optimal timing of the acquisition. As 
for exposure parameters, these include the 
kV settings, which influence contrast and 
noise while those of the mAs affect noise. 

Regarding acquisition parameters,  
these are basically no longer an issue so 
long as the “ Scan thin, Read thick” para-
digm is followed, whereby the collimation 
is as thin as possible e.g. 0.5 to 1.0 mm, 
and then thicker sections are reconstructed 
to, say, 3-5 mm for normal work-up. Most 
scanning is still carried out in standard 
helical mode or, when specific dual source 
machines are available, in rapid (flash) 
cardiac mode. The alternative nowadays 
is volume mode with scanners that have 
detectors allowing wide coverage, (at the 
moment there are now scanners with 16 
cm coverage), which allows coverage of 
small regions with basically a snap-shot 
approach which is rapid, simple and hassle-
free. At the other extreme, there are mul-
tiple scans looking at perfusion or dynamic 
run-offs in the brain or in the periphery. 

Regarding exposure parameters, 
there has been considerable evolu-
tion in this area over the last few years. 
Everybody now uses Automated Expo-
sure Control (AEC) which comprises 
several components. Z-axis modula-
tion, which should always be “on” so 
that, for example more dose is given in 
the shoulder region, less in the chest, 
more in the abdomen, etc. There is also 
X-Y modulation which basically goes 
around the patient and should never be 
used without Z-axis modulation. AEC 
adapts the total amount of tube current 
(mAs) to the size of the patient. How-
ever it should be noted that this AEC 
modulation is less effective with the 
wider detectors. In practice this means 
that for pediatric cases the collimation 
should be reduced.

Nowadays most CT scanners incor-
porate automatic kV selection. Basically 
this gives higher absorption and con-
trast at low kV. This works well for slim 
patients, but less well for big patients.

The information regarding optimiza-
tion of scanner, acquisition and expo-
sure parameters has to be co-ordinated 
and combined with those of the con-
trast injection. It is known that contrast 
enhancement at constant contrast flow 

is improved as the kVp decreases. Put 
another way, the same enhancement can 
be achieved as the kVp is reduced, by 
varying the contrast injection rate, with 
less contrast being used for the same 
enhancement. 

The take-home message is that AEC 
should always be used if it is available. In 
practice this involves selecting the noise 
index (for GE) or SD (for Toshiba scan-
ners) or the reference mAs for Philips 
and Siemens scanners. Automated low 
kV selection is particularly valuable when 
contrast is being injected, e.g. in CTA. 

Basically this is how the goal of standard-
ization and personalization can be achieved. 
The radiographer standardizes by selecting 
the SD or reference mAs and the scanner 
does the rest, i.e. personalizes the scan.

RECONsTRuCTION 
As far as resolution is concerned, the 
“Scan thin, Read thick” maxim should be 
used; axial, coronal and sometimes sagittal 
multiplanar reconstruction (MPR) should 
be carried out and the appropriate filter 
kernel used, depending on local contrast. 

Iterative reconstruction. The first 
generation systems of IR were image-
based but these have given rise to hybrid 
systems which are currently state-of-the-
art. In theory the optimal reconstruction 
systems are the purely raw data-based 
methods involving iteration to and from 
reconstructed image, creating virtual 
raw data then back projection and so 
on and so forth. In practice, however 
this takes an unacceptably long time and 
requires huge computing power. Hybrid 
systems now offered by all manufactur-
ers give a good compromise between 
speed and noise reduction. A drawback 
of applying iterative reconstruction too 
far, i.e. almost totally removing noise, is 
that the process will affect spatial and 
contrast resolution, with the danger that 
this may not necessarily be noticed. 

pATIENT-CENTEREd CT IMAGING : 
CONTRAsT INJECTION 
Patient factors to be taken into con-
sideration regarding contrast injec-
tion include blood volume (indicated 
by patient weight),  where a high vol-
ume dilutes the contrast during recir-
culation and thus gives lower venous 
enhancement. High cardiac output, 
e.g. in pregnancy, will dilute the con-
trast during inflow, giving lower arterial 
enhancement. 

Injection parameters include iodine 
delivery rate, or flux. A high flux 
increases contrast during inflow giving 
more arterial enhancement. Another 
factor is total iodine load, or iodine 
mass. A high load increase contrast dur-
ing re-circulation giving rise to more 
venous enhancement. 

 INTEGRATING pATIENT dIvERsITy 
ANd pERsONALIzATION IN pRACTICE 
The ideal would be to have a sort of 
“standardized individualization”. As 
shown above this is already achievable 
for CT data acquisition and reconstruc-
tion parameters and also for exposure 
parameters. The main challenge therefore 
remains in the area of contrast injection 
parameters. The optimal way to do this is 
via a contrast calculator, which integrates 
all the parameters. Contrast enhancement 
increases with smaller patients; lower car-
diac output; lower kVp; higher iodine flux 
and higher iodine load. Higher enhance-
ment can be achieved per unit contrast 
material by using lower kV. If contrast 
enhancement is kept constant less contrast 
material is required, which is important 
in patients with reduced kidney function. 

The corollary of an increase in contrast 
is that the radiation dose can be reduced; if 
the contrast is increased by 10%, from 100% 
to 110%, the radiation dose can be reduced 
by 17%. Theoretically if contrast doubles 
from 100% to 200%, then the radiation 
dose can be reduced to 25%. The objective 
is to maintain finally a constant Contrast 
to Noise ratio (CNR); if this is done, the 
radiation dose can be reduced. However the 

FigUre 3. Practical difficulties in the management of 
contrast media can be solve through the use of the 
Bracco CT Exprès contrast injector system, which is 
the first FDA-approved multi-dosing system. The Exprès 
uses syringe-free roller pumps, feeds from two contrast 
bottles of up to 500mL and uses a simple click-fix 
system for safe changing of patient lines.
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window setting has to be adapted. On a standard window setting, 
there will be too much contrast and increased noise; an increase in 
window width will give a normal contrast level and reduced noise.

 
IN pRACTICE
What is needed is to design protocols to personalize contrast 
injection with two main categories of protocol. 

1) Protocols for low radiation exposure, e.g. for CTA, slim 
patients, children. Such protocols involve high concentration 
of contrast, flow and low kV setting with a wide window.

2) Protocols for low contrast exposure, e.g. for older patients 
or those with renal dysfunction. These protocols involve low 
contrast flow and volume, low kV and normal windows. 

In practice however there are a few difficulties. For example 
there are regulatory differences between European countries; 
fixed bottle sizes mean that contrast may be unnecessarily 
wasted. Home-made multi-patient systems may give rise to 
blood backflow and risk of cross-contamination

One solution to such issues is the Bracco CT Exprès con-
trast injector system, which is the first FDA-approved multi-
dosing system [Figure 3]  The Exprès uses syringe-free roller 
pumps, feeds from two contrast bottles of up to 500mL and 
uses a simple click-fix system for safe changing of patient lines. 
In our hospital at Nijmegen, we use the easy-to-operate sys-
tem to provide individualized contrast injection, with enough 
contrast for 8 - 12 patients. 

For workflow efficiency, protocols should be managed care-
fully to ensure that protocols are centralized, up-to-date and 
synchronized between scanners. The contrast calculator should 
be kept close to the scanner console and injector. The task of 
managing protocols can become difficult if there are multiple 
scanners. In addition, the compliance of radiographers should be 
monitored and factors such as total consumption of contrast and 
radiation exposure should be followed. To address these issues, 
Bracco have introduced the Nexo system which is a useful tool for 
integral contrast/dose management. Web-based, the system pro-
vides centralized protocol management, access to past protocols, 
uploads protocols and transfers them to the injector; uploads data 
to HIS/RIS/PACS and monitors compliance and performance.

 

Tailoring cT scans to individual 
patients : design and validation

Prof Vanzulli’s presenetation was devoted to 
describing his team’s practical experience of 
tailoring CT scans to individual patients and 
to the validation of a Bracco-developed pro-
tocol in a multi-center study. 

The rationale for tailoring CT is the 
need to reduce dose, given that CT is the 
biggest contributor of ionizing radiation 
in the field of diagnostic imaging, with 
doses ranging from 2 - 20 mSv depending 
on the protocol used (for comparison, the 

natural background level of radiation in Europe is 3.4 mSv/
year). Reduction of radiation dose is possible but it should 
never  be forgotten that the diagnostic utility of the images 
must be maintained. 

To introduce the subject a brief recap was given of the param-
eters that can be tailored, including namely contrast dose (volume 
& concentration) dose (mAs) and quality (keV) as well as the 

delay from injection to acquisition. In particular, the effect of low 
kVp operation was highlighted. 

TAILOREd pROTOCOLs — CLINICAL vALIdATION sTudy 
In consultation with a panel of experts, Bracco have developed a 
software system which, as a function of the patient size and clini-
cal condition being investigated, adapts the CT scan and the CM 
injection protocol by suggesting scan and injection parameters, 
The software is web-based and is applicable to all scanners. Once 
the basic patient characteristics are entered, e.g. weight, age, kid-
ney function, body region to be scanned, etc.etc., the software will 
then suggest a certain volume and flow rate for contrast medium 
and when appropriate propose a low kVp protocol, at the same 
time recommending a broadened window. For the same patient 
but for a different body region, the system suggestions will vary. 

To investigate the practical performance of this software 
package and to validate it, a large multi-center study involving 
1493 patients was carried out. The objective was to compare 
the diagnostic quality of a standard protocol with that of a 
patient-tailored protocol for MDCT exams of patients being 
examined using chest, abdomen, liver or aorta protocols 

It was found that the percentage of images of acceptable 
diagnostic quality was very high in both groups (standard vs. 
tailored protocol) and there was no statistically significant dif-
ference between the groups. As for radiation dose, there was 
a statistically significant average reduction of 11% in CTDI 
in the tailored protocol group compared with the standard 
protocol [Figure 4]. The contrast dose in terms of volume and 
amount of iodine used was also highly significantly reduced, 
with a mean reduction in contrast volume of 15% in the tai-
lored protocol versus the standard group. 

Thus, high qualify images can be obtained with lower CM 
dose if the duration of injection is adjusted to the overall scan 
time and an appropriate scan delay with automatic triggering 
is used. Lower X-ray dose will give increased noise but the 
increased contrast means that the CNR is good. Overall the 
results of the study showed clear advantages of tailoring the 
iodine contrast media and X-ray dose protocols, while still 
retaining image quality.

Prof Vanzulli is direc-
tor of radiology in the 
Hospital Niguarda Ca’ 
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FigUre 4. A large multi-center study involving 1493 patients was carried out to 
validate the new software which proposes tailored protocols as a function of patient 
data and indication. The results showed that a statistically significant reduction was 
possible in radiation dose compared to a standard, non-tailored protocol. Contrast 
medium usage was also significantly reduced. There was no difference in image 
quality bewteeen the standard and tailored groups 


