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Abstract—The purpose of this paper is to present a strategy 
to define diagnostic reference levels DRL for fluoroscopic, 
dose-intensive examinations in cardiology and interventional 
radiology. This work is part of the project of the Federal Of-
fice of Public Health of Switzerland to translate the guidelines 
of the ICRP and the EU into action. After the 2002 survey in 
all University Hospitals in Switzerland this work will present 
the results of the 2006-2007 survey performed in small and 
medium sized hospitals. The data of the small and medium 
sized hospitals are analyzed to establish DRL. They are cor-
rected to patient size and analyzed in respect to the difficulty 
of the examination, the experience of the operator and the type 
of image detection system. The results of the study will be 
compared to those of the former study in the University Hospi-
tals. 
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I. INTRODUCTION  

X-ray examinations involving fluoroscopy, particularly 
those of the digestive system, angiography and interven-
tional examinations contribute significantly to the total 
collective dose due to medical exposure even if their fre-
quency is relatively low. A survey on the exposure of the 
Swiss population by X-ray imaging indicated that this con-
tribution amounts up to 29% [1]. Moreover, these types of 
examinations, which deliver effective doses to the patient of 
the order of few mSv to few tens of mSv, can lead to ex-
tremely high entrance surface doses, up to a few Gy, leading 
to a significant risk of deterministic effects. 

 
Several international bodies address seriously the issue of 

radiation protection of the patient and the radiologist for 
dose-intensive examinations. The International Commission 
on Radiological Protection (ICRP) dedicated one of its 
publications to the means and methods to set up in order to 
prevent the lesions that may be induced by interventional 
radiology [2]. Similarly, the European Directive 97/43 
Euratom states in its article 9 that “Member States shall 
ensure that appropriate radiological equipment, practical 
techniques and ancillary equipment are used for the medical 
exposure […]  involving high doses to the patient, such as 

interventional radiology, computed tomography or radio-
therapy.” [3] 

 
In Switzerland the Federal Office of Public Health set up 

in early 2000 with the collaboration of the University Insti-
tute of Applied Radiation Physics a working group on the 
optimization of radiation protection in the case of dose-
intensive X-ray examinations (Optimierung des Strahlen-
schutzes bei dosisintensiven Untersuchungen in der Ra-
diologie – OSUR). Several medical associations concerned 
by the issue were invited to take part in this working group: 
general practitioners, radiologists, cardiologists, radiogra-
phers, medical physicists. One of the main issues addressed 
by the working group relates to diagnostic reference levels 
(DRLs), whose definition, establishment and implementa-
tion have become in recent years of central importance in 
the management of radiation doses delivered to the patient 
in diagnostic and interventional radiology. In fact, several 
international, regional and national bodies showed an in-
creasing interest for this subject [3-6], a great number of 
papers were dedicated to DRLs and several scientific meet-
ings and journals included DRLs in their priority topics [7]. 

 
The International Commission on Radiological Protec-

tion (ICRP) introduced the term “DRL” for the first time in 
1996 [8], specifying that it is advisory, set by professional 
bodies, apply to dose to patients or intake of pharmaceuti-
cal, and call for local review if consistently exceeded.  

 
The ICRP compiled in 2001 different sets of DRLs pro-

posed at the international level [4]. The data presented in 
the ICRP report covers fifteen radiographic views for adult 
patients, and for pediatrics in a few cases, three fluoroscopy 
examinations, ten CT examinations, mammography and five 
dental examinations.  
 
In 2002 a survey was organized by the OSUR group with 
aim to study the patient exposure due to dose intensive 
applications of fluoroscopy in Switzerland [9]. This survey 
was performed in the university hospitals of Switzerland to 
study the clinical practice of 8 fluoroscopic examinations 
and to collect dose values to determine the corresponding 
DRL. 
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Even if it is difficult to deal with DRLs in the case of 
complex X-ray examinations, their use is important for such 
dose-intensive examinations since it provides guidance for 
proper dose management. 

II. MATERIAL AND METHOD 

A. Participating Centers and chosen examinations 

In the beginning, 84 hospitals were asked to participate in 
the survey and give a list of the examinations in cardiology, 
interventional radiology and fluoroscopy of the digestive 
system, which they perform frequently. 65 hospitals (77%) 
answered the questionnaire and were willing to participate. 

From this list of 65 hospitals 32 were chosen to be in the 
survey due to following considerations: existence of dose-
area-product meter (DAP), number of examinations per-
formed within the 3 month survey period, balance between 
the different modalities (radiology, cardiology, urology and 
gastroenterology) and the geographical distribution with in 
Switzerland. 

The monitored examinations (coronary angiography, 
PTCA, cerebral angiography, angiography and PTA of 
lower limbs) were chosen by a panel of radiologists. Each 
of the 32 centers involved agreed to monitor 20 patients for 
each examination. Examinations of the digestive system and 
urology will be analyzed and presented at a later date. 

 
B. Characterization of the installations 

To compare the different DAP-meters of the installations 
and to get a reference point of the dose all installations in 
the survey have been characterized. In addition the entrance 
surface dose was determined using a patient equivalent 
phantom to characterize the skin dose and the image quality 
using a specific type of automatic exposure control system. 

 

 
 

Fig. 1 Characterization of the DAP-meters of the x-ray installations to a 
reference chamber, red lines indicate ±30% of the reference 

C. Determination of diagnostic reference levels DRL 

The primary goal of this survey was the establishment of 
DRL (3. Quartile of the distribution). The DRL are primar-
ily determined in fluoroscopic examinations for the DAP. 
Because each examinations is set together of a fluoroscopic 
part (Characterized by the fluoroscopic time: T) and another 
part of image acquisition (Characterized by the number of 
images: N), the DRL of these quantities are determined in 
addition. 

 
D. Analysis of patient collective and patient size 

In the questionnaire following data of the patients were 
collected: age, size, weight and sex. The information was 
used to determine for each examination the specific distri-
bution of the patient collective.  

For the examinations of the trunk, the delivered dose de-
pends essentially on the size of the patient. For the estab-
lishment of DRL the measured dose values have to be cor-
rected to a standard patient (height: 1.70m; weight: 70kg). 
A simple model for a correction factor to modify the meas-
ured DAP has been applied: 

 
f = DAPstandard/DAPmeasured = eµ(da-dr)

 
With µ for the average attenuation coefficient (0.3cm-1), 

da for diameter of the average patient and dr the diameter of 
the real patient; dr is calculated from the height h and the 
weight m with the formula 

 
dr = 2(m/πhρ)-2

 
With ρ for the density of the body (set to 1000kg/m3). 
 

E. Effect of the complexity of the examination 

The complexity of the examination is certainly an impor-
tant factor for the dose delivered to the patient. The results 
were analyzed to determine this correlation. Three catego-
ries of the complexity were recorded in the questionnaire: 
simple, normal and difficult examination. 
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F. Effect of the experience of the operator 

On the basis of years of experience of the radiologist or 
cardiologist, a classification in three groups has been ap-
plied: doctor-in-training (<1 year), junior doctor (1-5 years) 
and senior doctor (>5 years) 

 
G. Influence of the detector type 

The efficiency of the detector system has a mayor influ-
ence of the primary radiation needed and consequently to 
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the patient exposure. The survey was also analyzed in re-
spect to the used detector type: flat panel detector or image 
intensifier. 

 
H. Inter-center comparison 

The selected centers represent private radiological insti-
tutes and hospitals of small and medium size. Therefore a 
analysis of the results in respect of the center type can show 
differences in clinical practice and possible systematic dif-
ferent patient exposure. 

III. RESULTS 

A. Diagnostic reference values DRL 

The survey allowed to the establish DRL for five types of 
examinations. The values of the present study in small and 
medium hospitals are shown in the table 1 below and com-
pared to those of the previous study in the university hospi-
tals. 

Table 1 Results for the DRL for the DAP (Gy·cm ), the fluoroscopic time 
T (min) and the number of images N 

T

2

Type  Small and 
medium 
hospitals 

Univer-
sity 
hospitals 

Ratio 

coronary an-
giography 

DAP  
T 
N 

110 
10 

1500 

80 
7 

1400 

1.38 
1.43 
1.07 

PTCA DAP  
T 
N 

150 
20 

1800 

110 
20 

1500 

1.36 
1.00 
1.20 

cerebral an-
giography 

DAP  
T 
N 

160 
8 

240 

125 
15 
480 

1.28 
0.53 
0.50 

angiography 
of lower limbs 

DAP  
T 
N 

70 
8 

150 

210 
8 

150 

0.33 
1.00 
1.00 

PTA of lower 
limbs 

DAP  
T 
N 

70 
22 
180 

460 
25 
200 

0.15 
0.88 
0.9 

 
In terms of the DAP, the values obtained for the DRL in 

the small and medium sized hospitals are 30-40% higher 
than the values of the university hospitals in the case of 
coronary angiography, PTCA and cerebral angiography. In 
contrary the values are 3 to 7 times smaller in the case of 
angiography ant PTA of the lower limbs. 

 

B. Influence of the difficulty of the examination 

The analysis of the data in respect of the difficulty of the 
examination has shown a clear dependency of the complex-
ity of the case in all 5 examinations selected. In table 2 the 
results of the analysis for coronary angiography is shown: 

Table 2 Influence of the complexity of the case in coronary angiography T

Category of com-
plexity of the case 

Number 
of cases 

DAP 
[Gy·cm2] 
Average 

DAP 
[Gy·cm2] 
3. Quartile 

simple 47 49±6 69 
normal 140 71±6 95 
complex 69 200±9 233 
all 256 94±6 110 

 
The increase in patient exposure with the complexity of 

the examination is seen in all 5 examinations. 
 

C. Influence of the experience of the operator 

An effect of the experience of the radiologist or cardiolo-
gist is seen in coronary angiography, PTCA and the PTA of 
the lower limbs, while for the cerebral angiography and the 
angiography of the lower limbs the distribution of the cases 
were not sufficient enough to see any evidence. In table 3 
the results of the analysis for coronary angiography is 
shown: 

Table 3 Influence of the experience in coronary angiography T

Experience of the 
medical doctor 

Number 
of cases 

DAP 
[Gy·cm2] 
Average 

DAP 
[Gy·cm2] 
3. Quartile 

In-training 8 64±3 97 
Junior 28 60±4 91 
Senior 204 93±6 112 
all 240 84±6 109 

 
Due to the fact, that the more complex examinations are 

manly handled be senior doctors, the values for the average 
DAP ant the 3. quartile is higher than for juniors and train-
ees. 

 
D. Influence of the detector type 

The analysis of the effect of the detector type (flat panel 
or image intensifier) did not show a significant difference 
between the average DAP of the tow cases. In table 4 the 
results of the PTCA are shown: 

DRL Cardio and Fluoro WC2009 Paper 



4 

ACKNOWLEDGMENT Table 4 Influence of the type of detector in PTCA T

Type of detector Number 
of cases 

DAP 
[Gy·cm2] 
Average 

DAP 
[Gy·cm2] 
3. Quartile 

Flat panel  41 124±12 156 
Image intensifier 48 108±13 166 
all 89 115±9   109 

The authors are grateful to all radiologists, cardiologists, 
physicists, radiographers and others who collaborated or 
provided assistance in the five participating hospitals during 
this survey. 

REFERENCES   
The analysis with the Mann an Whitney test shows no 

significant difference for the PTCA examinations in the 
survey using flat panel detectors or image intensifier (p-
value=0.14). An explanation could be that in the flat panel 
cases the radiation field is not optimized in a proper man-
ner. 

 
1. Nation-wide Survey on Radiation Doses in Diagnostic and Interven-

tional Radiology in Switzerland in 1998. Aroua A, Burnand B, Decka 
I, Vader JP and Valley JF. Health Phys 83(1):46-55 (2002). 

2. International Commission on Radiological Protection (ICRP). Avoid-
ance of Radiation Injuries from Medical Interventional Procedures. 
Publication 85. 2000.  

3. European Union, On Health Protection of Individuals Against the 
Dangers of Ionizing Radiation in Relation to Medical Exposure, 
Council Directive 97/43/Euratom, Official J. Eur. Commun. No L 
180, 22-27 (1997). 

E. Inter-center comparison 

To compare the different centers with each other, the av-
erage DAP of the centers were put in relation. The results 
are widely spread (up to a factor of 3) and indicate a high 
potential of optimization of the clinical practice. A signifi-
cant higher average DAP (factor of 2) has been observed in 
private hospitals than in public hospitals. 

4. Diagnostic Reference Levels in Medical Imaging, International 
Commission on Radiological Protection, ICRP Committee 3, Draft (5 
February 2001). 

5. Guidance on Diagnostic Reference Levels (DRLs) for Medical Expo-
sures, European Commission, Radiation Protection 109 (1999). 

6. International Atomic Energy Agency, International Basic Safety 
Standards for Protection against Ionising Radiation and for the Safety 
of Radiation Sources, Safety Series No. 115, Vienna 1996. 

7. Adult Reference Levels in Diagnostic and Interventional Radiology 
for Temporary Use in Switzerland. Aroua A, Besançon A, Buchillier-
Decka I, Trueb Ph, Valley JF, Verdun FR and Zeller W. Radiat Prot 
Dosim 111(3), 289-295(2004). 

IV. CONCLUSIONS  

A strict control concerning the denomination of the ex-
aminations involved in such a study is mandatory to obtain 
reliable data. This can only be done through a close collabo-
ration between physicians, radiographers and medical 
physicists. The values obtained in the study differ partly 
strongly from the study performed in the University Hospi-
tals due to the different difficulty of the examinations and 
the due to degree of experience of the operator. The clinical 
practice in many hospitals seems to have a high potential to 
optimize patient exposure. Expertise of medical physics is 
needed in the hospitals as well as professional clinical au-
dits. 

8. Diagnostische Referenzwerte bei dosisintensiven Untersuchungen in 
der Radiologie. Aroua A, Jung H, Theiler Th, Trueb PhR, Valley JF 
and Verdun FR, Strahlenschutz in Forschung und Praxis 46:301-310 
(2005) 

9. International Commission on Radiological Protection, ICRP Publica-
tion 73, Pergamon Press, Oxford (1996). 

10. How to set up and apply reference levels in fluoroscopy at a national 
level? Aroua A, Rickli H, Stauffer JC, Schnyder P, Trueb Ph, Valley 
JF, Vock P and Verdun FR.   Eur Radiol 17(6):1621-33 (2007). 
 
 
 
Author: Philipp R. Trueb 
Institute: Federal Office of Public Health 
 Radiation Protection Division 
City: CH-3003 Berne 
Country: Switzerland 
Email: philipp.trueb@bag.admin.ch 

 
 

DRL Cardio and Fluoro WC2009 Paper 


