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radiation dose monitoring in a high-throughput   
radiology department of a modern university hospital 
The Institute of Diagnostic and Interventional 
Radiology and Neuroradiology of the Essen 
University Hospital in the German state of North 
Rhine Westfalia provides radiology services to all 
clinics and outpatient centers located in four sites 
throughout the campus. As  is appropriate in a 
state-of-the art radiology department, the issue 
of radiation dose is taken extremely seriously. A 
new software system for the monitoring  of ion-
izing radiation has recently been installed in the  
department. 

We spoke to Prof. Michael Forsting head of the 
Institute and to Dr. S. Suntharalingam, resident in 
Radiology.

Q  You and your department 
appear to be taking the 
issue of ionizing radiation 
dose very seriously. 

It’s not that we appear to be tak-
ing it seriously, we do take it seri-
ously and that’s not just because 
radiation dose is currently one of 
the very hot topics in radiology. 

There are several reasons for 
the current legitimate concern 
about dose. 

One is that as the full power 
of the diagnostic potential of CT 
scans has been realized over the 
last few decades, there has been 
a resulting huge increase in the 
numbers of CT scans that are 
being routinely carried out. This 
trend is certainly true in Germany 
and it’s the same across Europe 
and in the United States. Inevita-
bly, the collective radiation dose 
associated with such increased 
numbers of CT exams has also 
increased. 

One other, less prominent, rea-
son for the trend of increasing 
radiation dose to which patients 
are exposed is the fact that, com-
pared to a few years ago, modern 

CT scanners are much quicker 
and easier to operate. This gives 
the radiologists more opportunity 
to take multiple exposures. Thus 
for example instead of doing one 
liver scan as we would in the past, 
nowadays it’s easy to take three or 
four separate scans. Of course the 
diagnostic accuracy increases with 
this. For example the sensitivity 
of the detection of liver metasta-
ses can be increased significantly. 
The disadvantage is that the radia-
tion dose is increased. So not only 
are there more CT studies being 
carried out but actually the dose 

per patient examination is also 
increasing. 

One other downright unworthy 
factor, which is not (yet?) appar-

ent in Europe but is clearly on 
the rise in the United States is the 
direct soliciting of the public to 
ask for more CT scans, e.g. ads 
that invite people to “scan your 
coronaries now”. 

Nevertheless we mustn’t get 
paranoiac about dose in CT scans. 
When the technique is used well, 
the advantages of CT scans far 
outweigh the disadvantages. In 
many cases e.g. staging of malig-
nancies, the use of CT is vital. 
However that doesn’t mean that 
we can’t also minimize the dose as 
much as possible. 

Q  And how many CT scans 
do you perform in your 
department?

Well first of all you should be 
aware that in total we have 10 CT 
scanners in our University Hospital 
and the outlying hospitals. (As it 
happens, these are all from Siemens, 
with our flagship scanner being the 
Somatom Definition Flash). 

Not counting the outlying hos-
pitals, here in the Central Uni-
versity Hospital alone we carry 
out about 100 to 120 CT exams  
per day. 

Prof. Michael Forsting heads up a team of no 
fewer than 150 employees in the radiology 
department of the Essen university Hospital. 
The Essen “Radiology Team” is an international 
group of physicians, physicists, engineers, tech-
nologists and administrative staff.

“ .... Nevertheless we 
mustn’t get paranoiac 

about dose in CT scans. 
When the technique is 

used well, the advantages  
of CT far outweigh the 

disadvantages....”
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Thus we have a high throughput and are steadily 
adding to our already large data base of CT exams. As a 
University Hospital we actually carry out active research 
programs whose aim is the reduction of dose.

 It was clear to us that we needed a modern system 
to manage the dose associated with all these CT exams. 

Q  You opted for the Radimetrics software package 
from Bayer. Why ?

We are the first European hospital to install the Radi-
metrics system so, of course,  prior to purchasing the 
software we evaluated it in its own right. However there 
was one initial feature that attracted us to the Radimet-
rics system namely the fact that, in contrast to other dose 
management systems from manufacturers of CT scan-
ners, Bayer’s involvement in radiology is the provision of 
contrast media. They do not produce any equipment that 
generates ionizing radiation. There is thus no question of 
any conflict of interest between the dose measurement 
systems and those that generate the radiation in the  
first place. 

 We started in October of last year with the system 
hooked up to one CT scanner. The software itself is 

easy to install and interacts with the underlying Radi-
ology Information System (RIS). Since then we have 
progressively connected all our CT scanners and plan to 
ultimately link up our X-ray systems as well but,  given 
the generally lower dose with X-rays, that’s not a high 
priority for us at the moment. 

It should be pointed out that currently we only have 
the radiology dose management software from Radimet-
rics. There is also an associated software package from 
Radimetrics dealing with the management of contrast 
media injections. We don’t have this contrast media 
management package.

 Q  So how has the system been performing so far? 
What does it actually do and how has it been 
accepted by the staff ? 

We’re very happy with it. Basically the system makes 
available all the data related to the dose in each CT 
exam in an easily accessible and manageable form. It is 
true that if we had enough time and energy we could 
maybe dig out all this data from the RIS system where 
the information is ultimately buried, but in the reality of 
the work-load of a modern high-throughput radiology 
department that just isn’t possible. 

One example where the software allows us to immedi-
ately identify abnormalities is where excessive radiation 
doses are highlighted for the imaging of organs which 
would normally require lower doses. Such examples are 
classified as violations of the protocol which would nor-
mally have resulted in acceptable image quality but at 
lower dose. In most cases such “protocol violations” are 
caused by simple, sometimes trivial reasons, for example 
the simple positioning of the patient. 

In theory our technologists could resent this monitor-
ing by software (and identification of protocol outliers) 
as being in some way a criticism of their ability. 

In reality this is absolutely not a problem in our 
department. For many years we in our department have 
been focussed on continuous quality improvement pro-
cesses and on rigorous ISO certifications so everyone 
knows what’s involved in quality programs. This is part 
of the philosophy of our Institute and does not just 
apply to radiation dose but in fact to all our activi-

The software provides an analysis of exams by threshold of dose length product (DLP)  
and enables identification of exams above  the threshold.

The software provides an analysis of exams by threshold of dose length product (DLP)  
and enables identification of exams above  the threshold.

“ .... So instead of our staff resenting for 
example any flagging of protocol violations, 

on the contrary they welcome this as an 
opportunity to improve the overall service...”
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ties. So instead of our staff resenting 
for example any flagging of proto-
col violations, on the contrary they 
welcome this as an opportunity to 
improve the overall service. 

Many other hospital departments 
consider all this observation of qual-
ity parameters as having a price in 
terms of reducing throughput but in 
fact we find that the opposite is true. 
For example by strict analysis of the 
protocols we use we can eliminate 
any outdated or no longer appropri-
ate ones. Thus we can standardize 
our procedures so that for all the reg-
ular radiological examinations each 
technologist has the correct protocol 
icons on their screens thereby reduc-
ing the need for repeat scans. 

Q  And now, after nearly a year’s 
experience can you say that 
overall, the radiation doses 
used in your department is 
being  reduced ?

 The answer is yes. While the 
median value of the dose used in all 
our exams may not be significantly 
changed, certainly we have been able 
to reduce the number of outlier cases 
where dose limits have been signifi-
cantly exceeded. And that’s the real 
advantage of the new software. It 
makes our life much easier to see 
when we have exceeded certain doses 
and their limits. We look regularly on 
a day-by-day basis or on a patient-
to-patient basis or even organ-by-
organ to see whether we have had 
any protocol violation. Most often 
such situations can be easily recti-
fied, e.g. by giving an updated train-
ing to the technologist. In some cases 
simply optimizing the positioning of 
the patient can solve the problem. 

And this ability to identify proto-
col violations applies of course to all 
our scanners, even the oldest. Some-
times it is thought that the only way 
to reduce dose is to invest in the most 
modern (and inevitably expensive) 
scanner. While it is true that mod-
ern technology enables significantly 
lower doses to be used with no com-
promise in image quality, this doesn’t 
mean that by taking simple remedial 
action, dose reduction cannot also be 
obtained with old scanners. But that 
requires being able to easily analyze 
the data of all the scans. 

The Radimetrics dosimetry software 
is being used in several projects analyz-
ing the information in Essen University 
Hospital‘s data base.

For example we found  discrepancies 
were highlighted in cardiac CT scans 
between the real dose as reported by the 
Radimetrics software and the dose cal-
culated by the conventional method of 
simply using the dose length product mul-
tiplied by an appropriate tissue correction 
coefficient. The dose reported by the Radi-
metrics software was significantly higher 
than the conventional DLP method, espe-
cially for female  patients. Looking into 
the data in more detail we hypothesize 
that the tissue correction factor for breast 
tissue as used in the conventional DLP 
method which is based on the Interna-
tional Commission on Radiological Pro-
tection (ICRP) 60 standard from 1991 
hasn’t been updated to specifically include 
breast tissue. This could mean that most 
of the current papers reporting radiation 
dose by the conventional DLP method 
in cardiac CT are systematically under-
reporting the real dose actually delivered, 
maybe even by a factor of 2. 

One other project which was facilitated 
by the Radimetrics software was an analy-
sis of any variability in effective reported 
doses in follow-up examinations at differ-
ent times of the same patient on the same 
CT instrument (e.g. patients with malig-
nancies coming back for staging examina-
tions). We wanted to check the reproduc-
ibility of automatic tube current selection 
and modulation system. To our surprise 

and despite the conditions being as nearly 
ideal as possible (same patient, same CT 
scanner), we found that there were fre-
quently large variations in reported dose. 
This led us to look at the automatic cur-
rent selection system which is set accord-
ing to the original localizer radiograph 
(known as the topogram in Siemens CTs). 
According to the size of the patient as 
determined by the topogram, the tube 
current is set appropriately. Of course 
variations in apparently banal parameters 
such as the table height can affect this 
calculation by the topogram providing the 
automatic tube current selection system 
with an erroneous estimate of patient size. 
We are investigating this in more detail 
but on the face of it looks as though the 
data analysis has enabled us to identify a 

possible source of dose variability, but one 
which can be easily rectified. 

Data mining and analysis of dosimetry information

As well as  allowing easy drill-down analysis of the database, the software also gives an up-to-date dashboard 
showing dose overviews for all CTs in the   Essen group of hospitals. 

In addition to his duties as resident radiologist, Dr 
S Suntharalingam is carrying out several projects 
using the Radimetrics software to analyze the infor-
mation stored in the data base of the radiology 
department at the Essen university Hospital. .


