
This article summarizes the papers presented at the recent Bracco-sponsored 
Satellite symposium on CT at ECR 2016. The session had several objectives: how 
best to optimize  contrast media injection and dose management, how these can 
be tracked and how increasingly complex compliance issues can be addressed. 

when efficacy meets efficiency  
and compliance

high Quality cT with minimal dose 
& how to achieve it 
Dr Andrik Aschoff 

 
Dr Aschoff introduced the subject 
by reminding the audience of the 
rapid development of CT in recent 
years where the emphasis over a long 
period used to be in increasing speed 
and the number of slices. However in 
the last couple of years, the develop-
mental focus has turned away from 
ever-increasing speed towards the 
question of radiation dose. 

The advantages of helical multi-
slice CT are well known: the shorter scan periods enable 
the scanning of specific contrast phases (arterial, portal 
venous, etc.) and higher patient throughput is possible. 
However in all this there is the danger of higher dose. 
Total dose in CT is the sum of the dose in each of the 
phases, e.g. unenhanced, arterial, portal venous, etc. It 
therefore follows that to reduce total CT dose, each step 
should be addressed separately: is the phase really neces-
sary in the first place? is the scan range as small as possi-
ble? is a low dose protocol feasible? can the contrast/noise 
ratio be optimized? For example, regarding the necessity 
of the phase in the first place, in most cases of abdominal 
CT, the pre-contrast unenhanced phase can be avoided. 

ContraSt MeDIa. 
As for optimization of the contrast/noise ratio, in theory 

“more” or “better” contrast may help in reducing radiation dose, 
without compromising diagnostic quality. This aspect has been 
the subject of several studies, e.g. that of Watanabe et al. Am J 
Roentgenol 2010;195: 986 who randomized 195 patients to one of 
three protocols for abdominal CT. The groups received a) stan-
dard radiation and standard iodine dose, b) reduced radiation 
and standard iodine dose and c) reduced radiation and increased 
iodine dose. The results showed that an increase in iodine mass 
in the contrast material could compensate for image degradation 
due to a lower tube current output. The quality of CT scans with 
higher contrast enhancement at 30% reduction in radiation 
dose was comparable to those obtained at full radiation dose. 

However things are more complicated than “just” iodine 
dose: the iodine amount depends on volume and concentra-
tion while the iodine administration rate depends on the injec-
tion rate and the concentration. 

The shapes of the curves of enhancement as a function of 
time can be modified by changes in the contrast media proto-
cols. For example, by injecting faster, the bolus enhancement 
peak occurs more rapidly and is higher than with low injection 
rates. Modern, fast CTs can easily cope with a rapid high peak 
resulting from fast injection. 

Another parameter that can affect the shape of the curve 
is the iodine concentration. By using a higher iodine concen-
tration at a standard injection rate a similar curve of rapid, 
high enhancement peak can be obtained. Several experimental 
studies have been carried out to evaluate the effect of varying 
administration rates and have shown for example that in a scan 
of the abdominal aorta in a 16 slice scanner a higher injection 
rate results in significantly increased, and more rapid, enhance-
ment peak compared to a lower injection rate for the same 
total amount of contrast injected. In practice a higher iodine 
administration rate can be obtained by a faster injection rate, 
by a higher iodine concentration, or by a combination of both. 

raDIatIon DoSe. 
With all other parameters kept constant, going from a 120 

kV protocol to one of 100 kV can reduce the dose by approxi-
mately a third. The problem is that at 100 kV, image noise 
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The shape of the iodine enhancement curve can be modified by several factors, 
e.g. as shown above, an increase in the iodine concentration

SCaNNINGCt 

 24 D I  E U R O P E  MAY/JUNE 2016



MAY/JUNE 2016 D I  E U R O P E  25 

may be increased but, in turn, the noise can be reduced in modern 
scanners by the use of iterative reconstruction procedures. The use 
of 100 kV protocols results in different enhancement curves and 
many studies have been carried out to analyze these. One point 
arising from such studies is that when 100 kV protocols are being 
used, the classical dose of 0.5 g iodine per Kg body weight estab-
lished for 120 kV should not be reduced; by using more contrast an 
opportunity to use wider window settings may open up, with the 
potential of lower dose. 

take-hoMe MeSSaGeS 
•  Dose reduction Unnecessary phases should be avoided, e.g. most 

pre-contrast unenhanced phases can be dropped completely. Scan 
range should be limited and lower kV protocols and iterative 
reconstruction should be used whenever possible. 

•  Arterial phase. Arterial enhancement is proportional to the iodine 
administration rate; to optimize arterial phase CT imaging the 
key factors are fast scanning, adequate bolus timing and a high 
iodine administration rate (e.g. 1.5 g/s). Such optimization may 
help to compensate for the effects of lower kV. 

•  Venous phase. Here parenchymal enhancement is proportional to 
total iodine load. Optimization of enhancement requires adapta-
tion of tube voltage and to body weight. Such optimization may 
also further help in dose reduction. 

alara in a compliant world 
Prof. Alberto Torresin 

Prof. Torresin began his presentation 
by reminding the audience of the ratio-
nale behind the current focus on mini-
mizing radiation dose, namely data from 
the United Nations Scientific Commit-
tee on the Effects of Atomic Radiation 
(UNSCEAR). In 1980, the per capita expo-
sure of the United States population was 
2.9 mSv of which less than a quarter (0.53 
mSv) was due to medical sources, while in 
2006 the total per capita exposure had risen 
to 6.24 mSv of which 3.0 mSv was due to 
medical sources. CT is a main source of this 
increase; although the number of CT exams carried out is only a 
fraction of the total number of radio-diagnostic procedures, 50% 
of the medical diagnostic radiation dose is associated with CT.  
The well-known ALARA (As Low As Reasonably Achievable) 
principle means in practice making every reasonable effort to 
keep exposure to ionizing radiation at the lowest possible level. 
Although ALARA is laudable in principle, its implementation 
in a clinical setting is not straightforward and needs guidelines 
dealing with individual and collective exposures to radiation. In 
medical applications, there is currently a move to ALADA (As 
Low As Diagnostically Acceptable), meaning that while dose 
should be reduced whenever possible, the image quality must 
always be acceptable.

european unIon DIreCtIve 
Published two 

years ago, the 
objective of Direc-
tive 2013/59 was 
to provide basic 
safety standards for 
protection against 
the dangers aris-
ing from exposure 
to ionizing radia-
tion and to estab-
lish responsibilities for the various uses of ionizing radiation for 
medical purposes. The Directive requires that, wherever possible , 
patients must be provided with adequate information on the ben-
efits and risks of the radiation they will receive. Written protocols 
must be established and “information on patient exposure should 
form part of the report”. As for dosimetry, the responsibility for this 
lies with the medical physics expert. 
Member states of the European Union must transpose the Directive into 
national law by 2018, so there are only two years remaining for hospi-
tals to prepare themselves for the practical application of the Directive.  
 
raDIatIon DoSe InDex MonItorInG (rDIM) 

Included in the preparation is the implementation of radiation 
dose index monitoring (RDIM) systems. This is software that col-
lects data and the radiation dose index (RDI) from imaging modali-
ties, stores the RDI in a database and allows the user to visual-
ize RDI by study type. RDIs are related to x-ray beam output and 
absorption at the receptor. Thus, for the moment at least, RDIMs 
are not databases for individual patient dose or patient organ dose.  
Limitations of current RDIM are that there is no consensus to define 
the metrics of radiological reporting, nor is the consistency of RDI data 
well defined. However effective doses (not individual patient dose) can 
be used to compare different diagnostic procedures and technology. 
Analysis of a patient’s dose shall only be carried out under the direction 
of a Medical Physics Expert (MPE).

IMpleMentatIon of rDIM SySteMS. 
In practice this needs a multi-disciplinary team, ideally includ-

ing a lead radiologist, a Medical Physics Expert, a PACS specialist, 
technologist, clinical engineer and also vendors. Collectively the 
RDIM team is responsible for the selection of the RDIM software.  
The implementation of RDIM inevitably involves a lot of work and cost, 
since PACS and IT issues such as configuring RDSR and DICOM nodes 
have to be addressed, as well as validation of connections between the 
imaging modality and the RDIM and software testing in general. 

perSonal experIenCe of rDIMS. 
In Dr Torresin’s hospital at Niguarda, Milan, the choice of 

RDIM system was made in the context of a regional project (the 
PREP project, Lombardy, Italy) set up to analyze the impact of 
patient exposure to radiation, in particular in pediatric patients. 
The team chose NEXO [Dose], Bracco Informatics’ system for 
radiation dose collecting and reporting. Real data have already 
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been accumulated with the system, which presents such data in 
an easy-to-see visual form. 

As mentioned above RDIMs can be used to compare the perfor-
mance of different imaging systems. For example the Niguarda team 
used the NEXO [Dose] system to compare iterative reconstruction with 
FBP. Data accumulated over a year and analyzed by the NEXO [Dose] 
system clearly showed that dose length product (DLP) was significantly 
decreased with the use of the iterative reconstruction protocol. 
 
DIaGnoStIC referenCe levelS (DrlS). 

DRLs are a practical tool to promote the assessment of existing 
protocols and development of new and improved protocols by 
facilitating the comparison of doses from present practice. DRLs 
are thus not “limits” or “alarm” levels. 

The NEXO [Dose] RDIM system enabled the Niguarda team 
to easily carry out a DRL-based comparison of four CT scanners, 
three of which were in use in the radiology department and the 
fourth in the emergency room (ER). The NEXO [Dose] system 
showed that statistically the radiation doses (DLP) of the three 
radiology scanners were below the appropriate DRL whereas those 
of the ER scanner was higher, probably due to the fact that the ER 
scanner used less rigid protocols and hadn’t yet implemented itera-
tive reconstruction.

alertS
Above certain, specific values of dosimetric index (CT dose 

index CTDI or DLP), the system will send the user an infor-
mation mail which allows the possible causes of the alert to be 
checked (e.g. patient size, scan length or additional, justifiable, 
images that were not included in the original protocol). The 
radiologist should acknowledge the alert mail and provide a 
justification, while the medical physicist analyzes the data and 
may then optimize procedures to reduce the number of such 
alerts. The technologist verifies the applied protocol. Issues still 
to be resolved regarding alerts are defining exactly who should 
receive them, which procedures should be checked and what val-
ues should be used to trigger the Alert, e.g. DRL or below DRL?  

future planS
 In the context of the regional project mentioned above, the 
Niguarda team plan to extend the system to include a total of 
four hospitals, with the NEXO [Dose] system being used 
to monitor and compare usages in the different hospitals.  

take-hoMe MeSSaGeS 
•  Medical radiation exposure is increasing and there is a move away 

from the ALARA towards the ALADA principle. 
•  Guidelines and legislation recommend traceability and optimi-

zation of patient dose. An EU directive is scheduled to be trans-
posed into national law by 2018.

•  The radiation dose Index (RDI) should be verified (RDI dose is 
not an individual patient’s dose) 

•  RDIM is useful for QA and to implement ALADA into daily 
practice. 

• To carry out all this a multidisciplinary team is vital. 

patient-centred cT protocols:  
clinical aspects and practical tips 
Prof. Thomas Albrecht 

In introducing his subject, Prof. 
Albrecht made upfront a strong point 
about the importance of contrast media 
(CM) for organ CT. 

He commented on the fact that many 
clinicians — and also radiologists — 
are over-cautious in the use of contrast 
media for organ CT and are too keen to 
claim contraindications against the use of 
contrast media or even to make excuses 
not to give CM. 

The use of CM is indispensable for 
organ CT. 

This is valid not only for pathologies such as pulmonary embo-
lism or aortic dissection but also in oncology where if a small 
tumor is missed the patient’s life could be at risk. The message is 
clear: contrast media save lives — both acutely and chronically. 

Co-MorBIDItIeS 
Some co-morbidities are sometimes considered as contraindica-

tions to the use of CM but they shouldn’t be taken at face value: 

•  History of allergoid reactions. This should be looked into in 
more detail. Was a previous reported reaction truly allergoid or 
just toxic (vomiting)? Was the allergoid reaction really to CM 
or to some other factor like sea-food — it should be remem-
bered that there is no such thing as an allergy to iodine itself, 
despite this being frequently reported in patient’s notes. How 
severe was the reaction — a skin rash or anaphylactic shock ?  
In many cases, patients with questionable previous allergoid reac-
tions can still be given CM, with suitable pre-medication.

•  Kidney function. The causative role of IV CM in renal failure is 
unclear and the very existence of contrast-induced nephropathy 
(CIN) is currently being questioned. It is worthwhile looking at 
CIN in more detail. First of all, the actual definition of CIN varies, 
from an increase in serum creatinine (SCr) to a level > 0.5mg/dL 
or an increase in SCr to a level 25% (or sometimes 50%) > base-
line. In most cases the SCr rise is transient so there is no sugges-
tion of permanent renal damage. The reported overall incidence 
of CIN varies from 1% to as high as 30%. However most reports 
of CIN are based on intra-arterial use of CM in cardiology, 
where there is a much higher concentration of CM and a risk of 

The Radiation Dose Index Monitoring (RDIM) system in use at the Niguarda Hospital in 
Milan is the NEXO [Dose] system from Bracco. One of its many monitoring functions is 
protocol  comparison and optimization. 
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atherothrombotic emboli, not to mention the risk of renal failure 
from an underlying cardiac disease. These factors may explain the 
relatively high level of reported CIN. 

The CIN situation after IV administration of CM is completely 
different. Six prospective studies looked at the incidence of CIN 
after IV CM in patients with established renal problems (GFR< 60). 
The overall rate of CIN was 5% and not one of the 1000 patients 
required dialysis. 

The question now becomes whether this low level of CIN is 
really CIN or just a random variation of serum creatinine levels. 
There are a couple of prospective studies where patients who 
underwent enhanced CT were compared to a similar cohort of 
patients who had unenhanced CTs, i.e. without CM. The incidence 
of “CIN” in both groups was very similar. Yet another study looked 
at a large number of patients who had five sequential determina-
tions of serum Cr and who had never received CM. It was found 
that 24% of SCr levels were “spontaneously” above the level used 
to define CIN. 

CIN - in practice. The role of IV CM as the cause of CIN is 
questionable, but nevertheless a prudent approach should be taken. 
Thus :
•  Pre-hydration should be carried out for all patients with GFR < 60 
•  Alternative imaging modalities should be considered if GFR < 30. 

CM InJeCtIon
•   Choice of CM protocols 
  Now that the issue (or non-issue) of CIN has been dealt with and it 
has been decided to use CM, the question arises as to what precise 
organ protocol should be used. The effect of the various parameters 
involved has already been gone into by Dr Aschoff, so they won’t be 
repeated. The only additional recommendation to be made is not 
to use a “one protocol fits all” approach. For example for abdominal 
protocols there are a number of variations depending on the actual 
organ system being studied. 
• Tailoring contrast enhancement to patient size. 
There are inverse relationships between enhancement and the vari-
ous measures of patient size such as weight, height, BMI and surface 
area. The easiest parameter to measure is body weight; so volume 
and flow rate should be adjusted as a function of body weight. Bolus 
tracking should always be used, especially for arterial phase. 

SCanner SettInGS 
Several principles should be applied: the ALARA (or now 

ALADA) approach should be used; the selection of parameters 
should be made (1) in order to provide image quality suitable 
to answer the clinical question and (2) to best utilise the iodine 
absorption of CM. 

 In practice the parameters to be adjusted are the tube current-
time product (mAs) and tube potential (kVp). 

Regarding mAs, automated tube modulation should always be 
used, since this allows adaptation to the individual patient. The 
advantages of low kVP have been dealt with already — significant 
dose reduction can be achieved with lower kVp (e.g. 28-40% dose 
saving by going from 140 kVp to 120 kVp) at well as higher iodine 
absorption (so the contrast-noise ratio, CNR is increased). Iterative 
reconstruction should always be used; its use can result in dose 
reduction of up to 60%. 

In Prof.  Albrecht’s hospital (Vivantes Hospital, Berlin), low 
kVp protocols (the standard being 100 kVp) have now been 

implemented for several years for all abdominal organs with a 
resulting dose saving ranging from 9% to 50% depending on the 
body area being examined, with a concomitant improvement in 
image quality. For smaller patients the standard 100 kVp setting 
could be reduced to 80 kVp (for pediatrics even lower) while for 
larger patients 120 kVp might be necessary. CM volume could be 
reduced by approx. 20% compared to the standard protocol. For 
good CNR a high flow rate and high concentration of contrast are 
important. 

WeB tool for taIlorInG Ct protoColS
The combinations of settings described above can of course be 

applied manually, but to facilitate this a web-based tool is available 
from Bracco (www. braccomdct.com). This uses a tailoring algo-
rithm established from literature data and from input from a panel 
of experts in the field. The tool modifies standard protocols for a 
large range of scanners and body areas. 

The input parameters for the app are: a standard protocol; the 
patient’s age and sex; patient weight and height and maximum 
permissible flow rate. The app then outputs an individualized CT 
protocol, specifying CM volume, CM dose and CM flow rate as 
well as a kVP. 

The web tool has been validated in a multi-center study involv-
ing 1500 patients which compared the diagnostic quality of exams 
in a standard protocol vs. the tailored, patient-adapted protocol. 
Identical diagnostic quality was obtained between the standard 
and tailored protocol with the tailored protocol giving significant 
reductions in contrast medium volume and mean CTDIvol. 

take-hoMe MeSSaGeS 
•  Potentially life-saving Contrast-Enhanced CT should not be 

withheld from patients with apparent contra-indications for fear 
of CIN. The advantages of CECT should not be overlooked. 

•  The basic protocol should of course be selected to best answer the 
clinical question being asked.

•  Contrast dose and injection rate should be tailored to body 
weight.

•  Low kVp protocols (100 kVp) should be used as standard, with 
the kVp then being tailored to patient size. 

•  A clinically validated web-based app greatly facilitates the tailor-
ing process (www. braccomdct.com) 

By inputting several key patient-related information into the easy-to-use web app   
(www. braccomdct.com), the system will propose a tailored protocol including suggested 
values for key parameters. The algorithm used in the app has been validated clinically.   

Ct SCaNNING

d7752 - ESC 2016 Prog Scientific DI Europe-v1.indd   1 27/01/2016   16:41


