
personalised Ct imaging:  
the importance of  a patient-centric approach
A highly appreciated tradition at the annual European Congress of Radiology 
meeting is the lunch-time satellite symposia. This year one such symposium 
that attracted particular interest was the one on the subject of peronalized 
CT imaging. Three speakers presented their opinions on different aspects of 
the subject. This article summarizes the principal take-home messages. 

TaIlOrING CT exaMs 

Thanks to the power  and diagnostic value of modern 
CT imaging, the modality now plays an indispensable role 
in  modern imaging and radiology services. 

However the old days of standard, fixed protocols and 
fixed examination procedures are past. Now the guiding 
philosophy should be one of tailoring the examination to 
suit the patient. There are two main, self-evident reasons 
behind this approach. One is to get the most appropriate 
and diagnostically useful set of images possible and the 
other to minimize the potential danger to the patient from 
radiation exposure and the possible side-effects of iodin-
ated contrast agents.

The optimization of risk-benefit ratio is the simple, 
but extremely important,  reason for tailoring CT exams.

It is thus not a question if or why to tailor CT exams 
but only how. 

wheN aNd hOw shOuld CT exaMs Be TaIlOred?
Apart from a very few special situations where fixed 
protocols are still useful, such as in emergency situations 
or in cases of very straightforward, simple exams, e.g. 
non-enhanced CT of the brain or non-enhanced CT for 
suspected nephrolithiasis, the answer as to when tailoring 
of CT protocols is appropriate is quite simple: always.

The next issue is how best to carry out the tailoring 
process. There are two aspects, namely the set-up of the 
scanner itself and the contrast administration, but given 
their interdependence these two aspects should always be 
considrered together. Previous existing recommendations 

on contrast administration and optimization should be 
updated given the technical advances that have come 
along with the newest generation of CT scanners. 

CONTrasT aNd lOw kv prOTOCOls 
For certain anatomical areas, reducing the kVp settings  to 
for example 80kV is posssible and brings with it the pos-
sibility of using a lower dose of contrast agent. However 
such an approach is only suitable for certain anatomies 
and also depends on the size of the patients  (which in fact 
can be surprisingly difficult to determine). 

The simple rule of thumb of doubling the iodine vol-
ume for a doubling of body weight has been shown to be 
inappropriate since the metabolism rate of fat tissues is 
markedly lower than other tissues. Body Mass index is 
better for calculation of total dose.  
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The above images show clearly the advantages of personalized tailoring. Image 
A:  57-year old male of “normal” weight  examined using a “standard”  protocol 
(120kV, 100mL Iomprol 400 ( 400mg/mL) administered biphasically (4.6mL/
sec followed by 2.4 mL/sec) with a 4 second delay. 
DLP: 876. 
Image B. A 63-year old male of “normal” weight ( BMI = 21) examined using 
a “tailored protocol “ ( 100kV, 85mL Iomeprol 400 ( 400mg/mL) adm-
minitstyered bi phasically ( 4.6 mL/sec followed by 2.4 mL/sec ) with a 4 
second delay. 
DLP: 308.

May 2013 D I  E U R O P E  43 

dr Christian loewe,
Professor of Radiology, Medical University, Austria.

EANM´13

October 19  –  23, 2013
Lyon, France

Annual Congress of the 
European Association of Nuclear Medicine

European Association of Nuclear Medicine

®EANM®EANMEANM

www.eanm.org

EANM Kongress Lyon 2013 0812.indd   1 06.08.12   12:04

tOmOgraphyCOMpuTed



 44 D I  E U R O P E  May 2013

COmputed tOmOgraphy

Injection duration should always be adapted to the length of 
scan acquisition so adjustment to individual needs is required: 
longer scan range will lead to longer acquisition times and a 
need for longer injections.  

For CT angiography, the total amount of iodine injected is the 
most important parameter, followed by the  duration of the injec-
tion. The flow rate is mainly defined by these two parameters. 

MaNaGING The  COMplexITy
The number of possible variables and their permutations 
means that very quickly things can be become quite complex. 
For CT angiography examinations, at least, one approach to 
simplify this is to start with a “standard” protocol (e.g 120kV 
for a patient with a BMI of 20). From this standard protocol, 
three sub protocols can then be devolved based on three 
categories of BMI. These sub-protocols can then  provide a 
base for the further adaptation of radiation dose and contrast 
injection parameters as a function of BMI.  

BalaNCING radIaTION dOse aNd  
dIaGNOsTIC yIeld

It is standard knowldege that the increasing use of CT 
has brought about increasing concerns regarding exposure 
to radiation. This is particularly true in cardiac CT. While it 
is true that a full understanding of the precise relationship 
between radiation exposure and the risk of cancer has not yet 
been established, the simple rule is — as always — to adhere 
to the ALARA principle. 

Modern scanners offer a variety of options which allow 
substantial reduction of exposure to radiation. These include 
special X-ray beam collimators, highly sensitive detectors and 
iterative reconstruction. Despite their increased sophistica-
tion, the scanners are however still not able on their own to 
select the optimal settings for a given patient or examination. 

For oncologic imaging the scan protocol should adhere 
to the RECIST criteria. which stipulate a slice thickness of 
between 5 and 3 mm. However, lowering the slice thickness 
can result in a need to substantially increase the radiation 
exposure so as to ensure consistent image quality. One sug-
gestion is to maintain  a slice thickness of 5 mm for routine 
examinations and to utilize thinner slices only for selected 
indications, such as primary detection of pancreatic tumors. 
Low kVp settings for routine staging CT exams permit the use 
of lower amounts of iodine. 

In CT angiography, individual radiation exposure has been 
reduced substantially over the years mainly through combi-
nation of high pitch protocols, low voltage settings and high 
iodine contrast infusion. Recent studies in cardiac CT angiog-
raphy report radiation exposures of just 0.1mSv when optimal 
settings for these parameters are used 

CONTrasT MedIa
Because of the short exposure times, one of the advantages of 
high pitch protocols is the reduction of the amount of iodine 

used. Most CT angiography exams can be carried out with 
only 30 - 40mL contrast medium, but it shoudn’t be forgot-
ten that low contrast protocols may fail in patients with high 
body mass and impaired cardiac output. Contrast media with 
high iodine concentration (e,g Iomeprol 400) are suitable for 
such cases. For routine staging and CT angiography they can 
be used with low and high injection rates respectively. Low 
radiation dose protocols may carry the risk of increased image 
noise. In CT angiography however, high iodine concentration 
may compensate for image noise by increasing the signal-to-
noise ratio. This combination is particularly useful for ultra 
low dose protocols such as for the heart. In addition, highly 
concentrated contrast media are best suited in obese patients 
despite the high radiation exposure in order to achieve  
desired enhancement. 

A combination of high iodine administration, low (80) kVp and iterative reconstruc-
tion allows coronary CT angiography to be performed with less than a single mSv of 
radiation exposure and to visualize even small side branches.

A low (80) kVp setting and moderate iodine administration allows visualization of 
larger vessels with small amounts of contrast media, a CTA protocol particularly 
suitable  designed for patients with renal impairment. Thanks to iterative reconstruc-
tion the radiation exposure for this whole body scan is within a reasonable range 
(<5 mSv).
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whaT IF The paTIeNT Is aT rIsk?
adverse eveNTs

The iodinated contrast agents that are in current wide-
spread use are both highly efficacious and safe. In fact the 
agents that are currently available are so good that it is difficult 
to imagine that any future developments in the field will yield 
anything other than modest incremental improvements in 
their characteristics. 

Despite this excellent profile, however it shouldn’t be for-
gotten that there nevertheless exist potential risks associ-
ated with the administration of iodinated contrast media.   
Adverse reactions can occur. These  include predictable che-
motoxic reactions and unpredictable allergic or pseudoaller-
gic reactions.  It is essential therefore for every radiologist to 
identify patients at high risk of these reactions before contrast 
administration to ensure that all necessary appropriate mea-
sures to reduce the risk are taken. 

OBTaINING INFOrMaTION ON rIsk FaCTOrs 
It is vital that all relevant information about the patient be 
readily available before contrast medium administration so 
as not just to minimize the potential risks but also to take the 
necessary measures to prevent adverse reactions. Of these, 
the most severe are anaphylactoid reactions and contrast 
medium-induced nephropathy (CIN), followed by delayed 
reactions and thyrotoxicosis. 

The Contrast Media safety Committee of the European 
Society of Urogenital Radiology (ESUR) has proposed a 
standardized questionnaire that provides information about 
important risk factors and drug history because of the pos-
sibility of interaction between contrast agents and other drugs.  

The paTIeNT aT rIsk OF aCuTe NON-reNal reaCTIONs 
Risk factors for acute reactions include: 

•  previous generalized contrast medium reactions, either 
moderate  or severe 

• asthma 
• allergy requiring medical treatment 
• the use of high osmolality ionic contrast media. 
The clinical manifesations of the reactions are gener-

ally clasified as being either mild, moderate or severe, with 
the incidence varying according to the severity (<0.01% for  
severe reactions).

Several approaches can be used for prevention. These include 
using if possible an imaging procedure which does not require 
the use of iodinated contrast medium in the first place. A differ-
ent agent altogether could be considered.  Because most severe 
reactions occur within the first 20 minutes after contrast medium 
injection, patients should remain in the Radiology Department 
for at least 30 min after contrast medium injection.  Simple 
guidelines for first line treatment of acute reactions to iodinated 
contrast media are available from the ESUR (www.esur.org).

The paTIeNT aT rIsk OF delayed reaCTIONs 
The majority (but not all) of true late reactions involve skin 
reactions. It seems that late skin reactions are more common 
with nonionic dimers. Patients who have had a previous late 
skin reaction after contrast medium administration, or who 
suffer from major drug or contact allergy should be warned 
about the possibility of a late skin reaction and  should be 
advised to contact a physician if necessary. For patients 
with a history of late skin reactions  an alternative contrast 
medium should be tried.  Skin testing with patch and delayed 
reading intradermal tests can help identify the likelihood 
of late skin reaction. Management of late adverse reactions  
is symptomatic. 

The paTIeNT aT rIsk OF CONTrasT MedIuM-INduCed 
NephrOpaThy (CIN) 
CIN implies an impairment in renal function, defined by an 
increase in serum creatinine of more than 25% or 44 μmol l−1 
occuring within 3 days after intravascular administration of 
contrast medium. 

Principal patient-related risk factors for CIN include: 
• known or suspected acute renal failure 
•  patients with an estimated glomerular filtration rate less 

than 45ml/min/1.73 m2, 
There is no consensus regarding proposed methods to 

stratify  patients being given contrast medium. In patients with 
renal impairment, the possibility of an alternative imaging 
method not using contrast medium should be considered. If 
CT is considered essential the need to stop nephrotoxic drugs 
should be discussed with the referring physician. A number 
of other measures have been recommended to reduce the 
incidence of CIN in at-risk patients, but there is still a need 
for randomized clinical trials. 

The Contrast Media Safety Committee of the ESUR recom-
mends continuing volume expansion and determining eGFR 
48-72h after contrast medium administration. 

The paTIeNT wITh ThyrOId dIsease 
Iodinated contrast media should not be given to patients with 
manifest hyperthyroidism. It is thus essential to ask the patient 
or the referring physician for a history of hyperthyroidism. 

rIsks FrOM CONCOMITaNT MedICaTIONs 

 Drugs  with the potentail to react with contrast media include
•  metformin, which is retained in the body if there is a 

reduction in renal function induced by contrast media. 
This can potentially lead to serious complications of  lac-
tic acidosis. However, with the increasing safety profile of 
metformin, it is now recommended to stop metformin 
48 h before contrast medium only in patients with an 
estimated GFR of between 30 and 44 ml/min/1.73 m2. 

•  nephrotoxic drugs (e.g cyclosporine, cisplatin, amino-
glycosides, and nonsteroid anti-inflammatory drugs), 
which may augment the nephrotoxic effects of iodinated  
contrast media.  

•  ß-blockers which may impair the management of  
bronchospasm and the response to adrenaline. 

•   Interleukin-2, which increases the risk of delayed  
skin reactions. 
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