
eduCationaL sYmPosiumEcr

 12 D I  E U R O P E  AUG/SEPT 2016

This article summarizes presentations given at the recent educational symposium 
jointly sponsored by Bracco and Bayer at ECR 2016. Prof. Christian Herold, chairman 
of the session, noted that this was a unique occasion in which a symposium was jointly 
sponsored  by two industrial concerns and he welcomed this initiative as an opportunity 
for radiologists to focus exclusively on fundamental issues.  The session comprised two 
presentations on the value of contrast enhancement in brain and abdominal imaging, 
followed by four presentations on the prevention and management of acute adverse 
reactions to contrast media.  

improving the risk/benefit ratio of Ct and 
mri procedures 

cT and Mr contrast in brain imaging: 
how to improve lesion visualization and characterization? 

Speaker: Prof. Paul M. Parizel 
Prof. Parizel introduced his presentation 
with a Shakespearean question: to contrast 
or not to contrast? Of course, in an ideal 
world the answer would always be to give 
contrast to get the benefit of improved 
image quality, but in the real world there 
are other aspects such as safety, time and 
cost to be considered. 
To evaluate such an advantage/disadvantage 
balance it is necessary to understand the basic 
mechanism of how enhancement occurs. 

Lesion visualization
Unlike other organs, the brain is special 
because of the existence of the blood-brain 
barrier (BBB) which prevents normal brain 

parenchyma from enhancing.
Enhancement in the brain occurs because of 1) accumulation of 
contrast material in the intravascular compartment (blood ves-
sels), and 2) leakage of contrast material into the extravascular 

compartment (interstitial spaces).  Intravascular enhancement 
can signify an increase in the number of blood vessels (e.g. 
neovascularity in a tumor), vasodilatation, and shortened tran-
sit time or shunting (e.g. arteriovenous malformation). Extra-
vascular enhancement is observed in tissues which are not 
protected by the blood brain barrier (e.g. pituitary gland, pineal 
gland, choroid plexus), in extra-axial tumors (e.g. meningioma, 
pituitary adenoma) and in intra-axial lesions with breakdown of 
the blood brain barrier (e.g. high grade gliomas, inflammatory 
lesions such as active multiple sclerosis plaques, and various 
other conditions). Enhancement of intra-axial lesions due to a 
breakdown of the blood brain barrier is time-dependent, with the 
greatest degree of enhancement seen 5 to 9 minutes after injec-
tion. Therefore, care should be taken to avoid acquiring images 
too quickly after contrast 
agent injection.  Ideally, 
T1-weighted sequences 
should be acquired after 
several minutes for optimal 
enhancement.  But instead 
of idly waiting, we recom-
mend to fill this time by first 
performing a T2 FLAIR 
sequence after contrast 
injection, then followed by 
one or more T1-weighted 
sequences.

Lesion characterisation.
For lesion characterization, Prof. Parizel focused on two tech-

niques, namely perfusion imaging and angiography. 
Perfusion imaging.  To understand perfusion imaging, the 

principles behind the distribution of contrast media in a typical 
voxel should be appreciated at the cellular level. If there is dam-
age to the blood barrier, contrast molecules which are initially 
circulating in the blood vessels, will leak out through the vessel 
wall into the interstitial spaces between cells. There are many 
variables governing such an apparently simple process, e.g. the 
concentration of the contrast molecules in the vessel, the blood 
flow, the surface area of the capillary walls, the density of the cap-
illary bed, the size of the fenestrations between the endothelial 
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CT angiography in pathologies such as aterio-
venous malformations can be used to create 
models to help in deciding on the interven-
tional approach to be taken. Image courtesy 
of  Dr R Salgado.

Perfusion imaging: Dynamic Contrast Enhancence (DCE) and Dynamic 
Susceptibility Contrast (DSC) 
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cells, the volume of the interstitial spaces, the size of the cells, the 
intratumoral pressure, etc. One of the earliest applications of perfu-
sion imaging was in the detection of stroke. 

For example in contrast-based CT perfusion imaging of acute 
stroke, the calculation of parametric maps can give information on 
reduction in cerebral blood flow, in cerebral blood volume and in 
mean transit time.

In MR there are two types of perfusion imaging, namely Dynamic 
Susceptibility Contrast (DSC) perfusion and Dynamic Contrast 
Enhanced (DCE) perfusion. Since the introduction of gadolinium-
based contrast agents, DSC, or T2* perfusion has been used. Several 
parametric maps can be extracted, among which cerebral blood 
volume (CBV) is probably the most important for tumor evaluation. 
Dynamic T1 imaging perfusion, or DCE has a slightly longer acquisi-
tion time scale than T2* but also generates a number of parameters, 
including k trans, which is an indicator of both capillary permeability 
and cerebral blood flow.

In short, both CT and MR perfusion imaging have opened up 
new areas of application and have deepened our understanding of 
stroke and brain tumor physiology.
CT and MR Angiography. 
One example of the use of CT angiography is in evaluation of arterio-
venous malformations (AVMs) where the use of contrast agents can 
provide information on arterial inflow to, and venous outflow from, 
the lesion. Such information can then be used to create a model to 
assist interventionists in deciding how to treat the patient. Contrast-
enhanced CT angiography is also widely used to detect cerebral 
aneurysms and other vascular abnormalities.
In MR angiography, although no contrast medium is required for 
Time of Flight MR angiography, contrast is of course necessary for 
time-resolved contrast-enhanced MRA, which in addition to pro-
viding time-resolved, dynamic images also permits greater volume 
coverage.
To summarize, contrast-enhanced CT and MR angiography are 
robust techniques which have become part of routine brain imaging 
protocols.

Take home messages
•  I.V. contrast media improve detection and characterization of 

intracranial lesions
•  The dynamic use of contrast agents in perfusion or angiography has 

opened up new areas of applications.
•  The potential benefits must always be balanced against possible 

safety concerns, time, and cost.

contrast enhancement in  
abdominal imaging 

Speaker: Prof Luis Marti-Bonmati.
The objectives of Prof. Bonmati’s presentation were to high-
light the importance of contrast enhancement for indi-
cations in which high diagnostic confidence is needed.  

Contrast Media optimization in MDCT
•  Arterial enhancement is affected by several factors, including 

iodine delivery rate, injection duration and body weight and the 

saline chaser. In abdominal applications, it is 
important to adjust every acquisition to the 
time of arrival of the bolus. Given the variabil-
ity of patients’ characteristics, the use of fixed 
delays is no longer acceptable, so bolus track-
ing is preferred. Bolus tracking is easy to use 
in practice and simply involves the setting of 
a threshold contrast value of the arrival of the 
contrast medium and an appropriate diagnostic 
delay which can vary according to the applica-
tion. For early arterial phase studies, such as CT 
angiography, a short diagnostic delay is used, 
but liver lesions will not be seen. If the diagnostic delay is length-
ened then not only is there vascular enhancement but also some 
peripheral vessels and hypervascular lesions will be enhanced in 
the late arterial phase. With an intermediate diagnostic delay, good 
angiographic images can be obtained together with definition of 
intra-tumoral vessels. 

•  Parenchymal enhancement. This is independent of the iodine flux 
but is directly proportional to the total iodine dose which should 
be chosen as a function of body weight. Usually a dose of 600 
mg iodine/Kg body weight is adequate. However since fat is an 
extremely hypovascular tissue, even better consistency of enhance-
ment can be achieved if lean body weight (LBW) is used for the 
calculation of dose (800 mg iodine/Kg LBW is adequate). Regard-
ing flow rates, monophasic (i.e. constant) injection rates produce 
higher enhancement of parenchymal structures than multiphasic 
injections. 

Contrast Media optimization in MR
In MR, the use of contrast media (CM) improves lesion detection as well 
as characterization and classification. In practice, several factors should 
be considered, including CM dose and concentration and its preferential 
distribution and elimination. In this it is important to consider both the 
number of contrast molecules present and their relaxivity. Similar to 
the situation in CT, in MR analysis of the abdomen there are vascular-
perfusion effects, a vessel wall effect and also an interstitial effect. 
Hepatobiliary CM. 
The use of MR contrast agents will result in some hepatobiliary 
uptake, which varies depending on the agent used (hepatocyte 
uptake is ~ 5% for MultiHance and 50% for Primovist). This can 
be very useful for differential diagnosis. For example focal nodular 
hyperplasias (FNH) usually show hepatocellular uptake of these 
agents, whereas adenomas do not. Likewise, dysplastic nodules 
and well-differentiated hepatocellular carcinomas (HCC) typically 
enhance on hepatobiliary phase images while moderate and undif-
ferentiated HCCs do not. 
Since these CM are excreted in part with the bile, cholioangio-
graphic images enable evaluation of the functional capacity of 
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Hepatobiliary exams. using CM. Typical Images, from left to right: arterial,; portal; equilibrium 
and at 20 min. 
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the liver to eliminate CM. Extravasation of CM can be easily 
delimited and the presence of free intraperitoneal bile and bile 
leaks can be clearly identified with these CM. 

prevention and management of acute 
adverse reactions to contrast Media
The size of the problem in 2016 

Speaker: Prof. F Stacul
In his presentation, Prof.  Stacul dealt with 
acute adverse reactions to Contrast Media 
(CM), defined as those which occur within 1h 
after CM injection. These can be classified as 
dose-dependent reactions or dose-indepen-
dent hypersensitivity, the latter category being 
further sub-divided into allergic or non-aller-
gic hypersensitivity. 
It has been reported that the incidence of mild 
allergy-like acute reactions to non-ionic iodine-
based CM can be up to 3% of patients, with 

moderate reactions occurring in 0.5% of patients and severe reac-
tions occurring in 0.04% of patients. As for Gadolinium-based CM, 
the incidence is even lower, with severe life-threatening reactions 
being exceedingly rare. 
Although there are some relatively old published papers on the 
incidence and management of serious adverse events, a more 
up-to-date assessment of the issue can be obtained from the 
post-marketing surveillance records of the companies produc-
ing contrast media. Bracco kindly gave Dr Stacul access to 
their database, which showed that in two months time (Dec 

2015 - Jan 2016) there were 373 reports of serious adverse 
events worldwide. In 61% of these cases, treatment was admin-
istered directly, the remainder of the cases receiving delayed 
care, which basically meant that the radiology personnel sim-
ply waited for the arrival of an emergency team. However, 
analysis of the reports in the data base showed that correct or 
appropriate treatment was administered in only 73% of cases. 
Selection of only European cases from the database showed 
that the situation in Europe from the point of view of whether 
the appropriate treatment had been given was if anything even 
worse than this. 

how to prevent adverse reactions to 
contrast Media

Speaker: Prof. A.J van der Molen
The starting point for the prevention of any adverse 
reactions to contrast media involves straightfor-
ward recommendations such as the radiologist 
being aware of the patient in the scanner, know-
ing their risk factors, and checking their medica-
tion (since this may interfere with any post-event 
treatment). Even more important is to try to put 
the patient at ease and as relaxed as possible in 
the circumstances — it has been reported that 
anxiety is responsible for as many as 50% of all 
reactions. It is advisable to explain before the exam 
the physiological effects of CM administration, e.g. 
vasodilation-induced warmth, possible nausea and 
a strong metallic taste. 

In general, the benefit of contrast enhanced CT or MRI is much, 
much bigger than the associated risk but nevertheless risk/benefit 
assessment should be carried out. This means that the basic rationale 
for taking the CT or MRI in the first place should be known and if 
necessary discussed with the referring physician. Risk factors should 
be known and in the case of CT, the CM injection protocols should 
be adapted as a function of lean body weight and tube kVP. 
In addition to knowing the patient and the risk, it is necessary to be 
aware of the characteristics of possible adverse reactions, e.g. imme-
diate reactions occur usually within 15-30 min and are more frequent 
with patients between 20 and 50 years of age. Reactions to CM are 
less frequent if the CM is pre-warmed. Patients on ß blockers may 
have more severe reactions and treatment for adverse reactions may 
be complicated. 
Radiologists should be able to talk the same language as other medi-
cal colleagues such as allergy specialists, who in particular talk about 
“hypersensitivity” to a drug and only use the term allergy if it has 
been analyzed, characterized and documented as such. The term 
anaphylaxis should be reserved for severe life-threatening reactions. 
Hypersensitivity reactions are generally seen in the skin or mucosa; a 
few cases involve respiratory symptoms e.g. bronchospasm, laryngeal 
edema or pulmonary edema. Even fewer examples of CM-associated 
hypersensitivity reactions are cardiovascular in nature. 
The risk factors are well known, e.g. patients with previous history, 
those with asthma or those with multiple systemic allergies requir-
ing treatment. 
Prevalence. This may 
in fact be lower than 
generally assumed. A 
recent survey carried 
out a few years ago 
in the Mayo clinic 
analyzed the reaction 
reports of more than 
300 000 injections 
of low osmolality 
CM and found that 
the total frequency 
of reactions was 
0.153%, with there 

Prof.  A J van der 
Molen is from 
the Radiology 
Department of 
Leiden university 
Medical Center, 
Leiden, The 
Netherlands. 
email: molen61@
ziggo.nl

Prof. F Stacul is head 
of Radiology, Ospedale 
Maggiore, university of 
Trieste, Italy. 
email: fulvio.stacul@
asuits.sanita.fvg.it

A study from the Mayo clinic suggested that the fre-
quency of adverse reactions may be much lower than 
previously believed. (Hunt CH et al. Frequency and 
severity of adverse effects of iodinated and gadolinium 
contrast materials: retrospective review of 456,930 
doses. AJR Am J Roentgenol. 2009;193:1124).

Categorisation of acute adverse reactions to contrast media
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being only 13 severe reactions. The most frequent reactions were 
hives and nausea and the vast majority of the reported reactions were 
able to be easily treated within the radiology department. 
Despite the fact that such figures show the extreme rarity of severe 
reactions to CM, it is nevertheless prudent that the radiologist be 
prepared to treat it. The Dutch guidelines for such treatment can be 
recalled in the form of the mnemonic CASH (Clemastine, Adrena-
line, Salbutamol and Hydrocortisone) of which the most important 
by far is adrenaline, which should be given intramuscularly and 
at the correct dose. (There are several published reports that the 
administration by radiologists of adrenaline to treat CM reactions is 
frequently incorrect).
Prophylaxis. In the absence of any solid evidence in favor of prophy-
laxis, this practice is increasingly being questioned. A recent study 
from the United States, where prophylaxis is much more common 
than in Europe, shows, in fact, that patients receiving prophylaxis had 
longer hospital stays and greater risks of hospital infections. Thus it 
seems that there is more harm from prophylaxis than benefit. In fact 
a study about to be published shows that the simple act of changing 
the brand of CM being used was more effective in reducing adverse 
reactions than prophylactic treatment. 
Personnel. Given the very low frequency of severe reactions, it is all 
the more challenging to keep the radiology personnel suitably aware, 
trained and ready to react should a problem arise. Nevertheless, 
training activities such as lectures, role playing and simulations with 
multiple scenarios should be carried out. Training courses where the 
personnel have to sit a test at the end are more effective than courses 
without final assessment. 

What to do during and after a  
contrast-enhanced exam 

Speaker: Prof. F Stacul
To begin his second presentation of the session, Prof. Stacul recom-
mended the latest guidelines on contrast media from the European 
Society of Urogenital Radiology (www.esur.org.guidelines) The 
guidelines describe the first line emergency drugs and equipment 
that should be present in the examination room and describe how 
immediate assessment of the patient should be carried out if acute 
reactions are encountered. The procedure involves stopping the 
imaging exam, assessing the patient, while simultaneously calling 
for help and taking action appropriate for the clinical condition 
of the patient. 
Differential diagnosis, such as distinguishing between anaphylaxis 
and panic attacks or between allergy-like reactions and vasovagal 
attacks is important but can be difficult. The Guidelines describe the 
main simple measures to be taken to deal with several conditions, 
e.g hypotension, bradycardia, bronchospasm, laryngeal edema or 
generalized anaphylactoid reaction. 
The administration of adrenaline is frequently called for by the 
guidelines; in practice radiologists should only give this by the I.M 
route. To avoid possible confusion, there should be only one concen-
tration (1:1000) of adrenaline available in the radiology department. 
It is important to monitor the patients in order to detect any devel-
opment to more serious conditions, with monitoring lasting for at 
least 30 minutes. For patients known to be at risk of hypersensitivity 
reactions, this monitoring process should be extended to 2 hours. 
Hypersensitivity reaction can be divided into allergic and non-aller-
gic reactions; which can be distinguished by skin testing carried out 

at least four months after the adverse reaction occurred. If such tests 
confirm a true immunological reaction against a specific contrast 
agent, it should be contra-indicated for life. 
The Guidelines also underline the importance of documenting 
those acute adverse reactions that required medical treatment so that 
appropriate precautions can be taken in the future. However, mild 
symptoms not requiring treatment should NOT be recorded since 
this may result in the unnecessary withholding of CM in the future. 
Conclusion. Familiarity with the presentation and treatment of con-
trast media reactions must be part of the environment in which 
intravascular contrast media are administered. Additional efforts are 
required to ensure that this goal is achieved. 

simulation Training for enhanced 
patient safety (sTeps)

Speaker: Prof. C Herold
To round off the session, the chairman Prof. Her-
old took the opportunity to describe a structured 
approach developed at his department at the 
Medical University of Vienna / Vienna General 
Hospital to improve the ability of radiology per-
sonnel to deal with any adverse reactions until 
the emergency team arrive. The STEPS (Sim-
ulation Training for Enhanced Patient Safety) 
program covers current developments in CM-
related emergencies such as the use of adrenaline 
auto-injectors, training in basic life support and 
the use of simulations. 

High-Fidelity Simulation Training. Since frequently it is not 
known right away what is the cause responsible for an emergency, 
High-Fidelity Simulation Training aims not only at managaging 
CM-related emergencies but at mastering ALL emergency situations 
potentially occuring in the scanner.
Clearly, differentiating between CM related emergencies and those of 
other causes is a core part of this process. 
In practice the training model (which involves repetitive annual or 
bi-annual courses) involves a 3-step approach:
• Formal lectures on CM-related emergencies 
• Basic life support techniques
•  High fidelity simulations of advanced life support techniques,  

carried out in the scanner facility itself.
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The STEPS program in the Vienna General  Hospital involves high-fidelity simulation in 
which teams evaluate their ability to react to acute adverse CM reactions in real-life situa-
tions on the CT scanners


