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ABSTRACT

Diagnodtic reference levels (DRLS) are difficult to define in the case of X-ray examinations involving
fluoroscopy particularly those performed in angiography and intervertiond radiology due to the large
varigbility between examinations: fluorascopy duration, number of images, image qudity reguired. In
order to tackle this problem a nation-wide dosmetric survey was performed in Switzerland invalving
five univerdty hospitds, aming at establishing a set of DRLs for eight types of examinations
performed in diagnostic and interventiond radiology. Each centre was regquested to provide
information on the patients and the technical data related to 20 examinations for each type. From the
data collected, the distributions of the dose-area product, the number of images and the duration of
fluoroscopy were established. A large variability of the technique was found. A set of DRL vaues
was then determined usng the 3rd-quartile method. These results will be sent to the radiologigts to
be analysed accompanied with some proposas for dose reduction.

1. INTRODUCTION

X-ray examinations involving fluorascopy, paticularly those of the digestive system, angiography

and interventiona examinations contribute significantly to the tota collective dose due to medica

exposure even if ther frequency is rdatively low. A recent survey on the exposure of the Swiss
population by Xray imaging indicated that this contribution amounts up to 29% [1]. Moreover,
these types of examinations, which deiver effective doses to the patient of the order of few mSv to
few tens of mSv, can lead to extremely high entrance surface doses, up to afew Gy, leading to a
ggnificant risk of determinigtic effects.

Severd internationa bodies address serioudy the issue of radiation protection of the patient and the
radiologist for dose-intengve examinations. The International Commisson on Rediologica
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 interventiond radiology [2]. Smilarly, the European
Directive 97/43 Euratom dates in its aticle 9 that “Member States shdl ensure that appropriate
radiologicd equipment, practical techniques and ancillary equipment are used for the medica
exposure [...] involving high doses to the patient, such as interventiond radiology, computed
tomography or radiotherapy.” [3]

In Switzerland the Federd Office of Public Hedlth set up in early 2000 with the collaboration of the
Univergty Ingtitute of Applied Radiation Physics a working group on the optimisation of radiation
protection in the case of dose-intensve X-ray examinations (Optimierung des Strahlenschutzes
bel dosisintensiven Untersuchungen in der Radiologie — OSUR). Severa medica associations
concerned by the issue were invited to take part in this working group: genera practitioners,
radiologists, cardiologigts, radiographers, medica physicists. One of the man issues addressed by
the working group relates to diagnogtic reference levels (DRLS), whose definition, establishment and
implementation have become in recent years of centra importance in the management of radiation



doses delivered to the patient in diagnostic and interventiond radiology. In fact, severd internationd,
regiond and nationa bodies showed an increasing interest for this subject [3-6], a great number of
papers were dedicated to DRLs and several stentific meetings and journds included DRLs in their

priority topics[7].

The International Commission on Radiologica Protection (ICRP) introduced the term “DRL” for the
first time in 1996 B], specifying that it is advisory, set by professona bodies, apply to dose to
patients or intake of pharmaceutical, and cdll for loca review if consstently exceeded.

The ICRP compiled in 2001 different sets of DRLS proposed at the internationd leve [4]. The data
presented in the ICRP report covers fifteen radiographic views for adult patients, and for paediatrics
in afew cases, three fluoroscopy examinations, ten CT examinations, mammography and five denta

examinations.

The DRLs goply exclusvey to diagnostic and interventional examinations (X-ray and nuclear
medicine) - radiothergpy being outsde their scope, and in priority to the most common types of
examinations. The ICRP underlinesin its publication 73 (paragraph 104) that: “ Diagnogtic reference
levels should be related only to common types of diagnostic examination” [8], whereas the European
Commission declares in its publication 109 (paragraph 14) that: “DRLS are applicable for standard
procedures in al aress of diagnogtic radiology, both in radiodiagnogtics and nuclear medicine. They
are, however, paticularly useful in those areas where a consderable reduction in individua or
collective doses may be achieved or where a reduction in absorbed dose means a relatively high
reduction in risk: 1) frequent examinations, including heglth screening; ii) high-dose examinations such
as CT and procedures which require long fluoroscopy times, such as for interventiond radiology;
and iii) examinaions with more radiosenstive patients, such as children.” [5] The EC publication
adds that: “However, it should be recognised thet it is rather more difficult to establish DRLsfor CT,
interventional radiology and groups of children than it is for more frequent, less complex exposures.
Therefore priority could be given to the more smple and frequent examinations’.

Even if it is difficult to ded with DRLs in the case of complex X-ray examinations, ther use is
important for such dose-intensve examinations since it provides guidance for proper dose
management.

It is recommended to use easly measurable quantities to establish DRLs. Table 1 presents the
quantities commonly used for the various radiologica moddities.

Table 1. Dosimetric quantities used in this work to establish the DRLs

Moddlity Dosmetric quantity Abbreviation Unit
Radiography Entrance surface dose, per view ESD mGy

Dose-area product, per examination DAP mGy.cnt
Mammography Air Kermaat the breast surface, per view ESAK mGy
Fluoroscopy Dose-area product, per examination DAP mGy.cnt
Angiography Dose-area product, per examination DAP mGy.cnt
et interventiond Number of images, per examination - -
radiology Huoroscopy duration, per examination - min
Computed Weighted CT dose index, per dice or rotation CTDI,, mGy
tomography Dose-length product, per examination DLP mGy.cm
Dentd radiology ~ Entrance surface dose, per view for intra-ora

examinations (gpica, bitewing) ESD mGy

Dose-width product for OPG DWP mGy.mm




In general, DRLS are based on dosmetric surveys. The widely used 3"-quartile method prescribes
the use as a DRL of a dose vaue corresponding to 75% of the dose digtribution established by the
urvey. In the absence of a dose digtribution, another method has been suggested consisting in

multiplying the average dose by afactor 1.5[7,9].

In 2002 the OSUR working group launched a sudy to investigate the Stuation of fluoroscopy in
Switzerland. The am of this sudy was to sudy the technique used to perform eight common types
of examinaions involving fluoroscopy in five university hospitas performing the bulk of the dose-
intendve examinations, and to collect dosmetric data in order to establish DRL vaues for the eight
types of examinations investigated.

2.METHOD

The study covered the following five Swiss hospitas: Universty Hospitd of Lausanne (CHUV),
Univeraty Hospital of Geneva (HUG), Insdspitd of Bern (1SB), Kantonsspital of Basdl (KSB) and
Universty Hospital of Zirich (US2). In what follows these hospitals will be referred to using the
codes CEL1 to CE5 to guarantee data anonymousness. The investigation covered the eight types of
examinaions (four diagnostic and four interventiona) proposed by the OSUR working group after a
long interndl discusson and a wide consultation with the practitioners of the participating centres.
These eight types of examinations that will be denoted EX 1 to EX8 are presented in table 2.

Table 2. The eight types of examinations investigated

Type of examination Code
Diagnostic

Barium med EX1
Lower limb angiography EX2
Cerebral angiography EX3
Barium enema EX4
Interventional

Hepatic embolisation EX5
Biliary drainage and gtent insertion EX6
Cerebral embolisation EX7
[liac dilatation and stent insertion EX8

Each centre was asked to register 20 examinations for each of the eight types. This represents a
good compromise between the Statistical quality and the duration of regisiration. The centres were
requested to fill in a questionnaire and provide information on the examination (fluoroscopy duration,
number of images, dose-area product, difficulty of the case), on the patient undergoing this
examination (age, gender, height and weight), and on the practitioner performing the examination
(medica specidty, number of years of experience, number of examination aready performed).

Moreover, the 18 fluoroscopy units used in the five healthcare providing centres were characterised.
One DAP-meter was found to give a dosmetric indication a factor of two higher than the reference
vaue. An adequate correction was gpplied in this case.



RESULTS AND DISCUSSION

The response rate was good since 571 examinations were registered after a few reminders. This
presents 71.4% of the totd of 800 that would have been expected in an idedl case and corresponds
to an average of 114 examinations per centre and 71 examinations per type.

Table 3 shows a summary of the collected data for the example of cerebra angiography as an
illugration. The ranges and mean vaues among the five centres are given for dl the quantities
investigated.

Table 3. Data concerning the patient and the examination for cerebral angiography (EX3)

Centre CEl CE2 CE3 CE4 CE5
Number of examingtions 14 20 20 21 16
Diameter of Imegeintendfier  17-22 cm (%) 7 10 0 - 100
23-28 cm (%) 71 20 5 - 0
29-34 cm (%) 21 50 95 - 0
35-40 cm (%) 0 20 0 - 0
DAP (Gy.cm2) minimum 47 48 48 8 3
maximum 316 996 232 149 147
mean 131 208 83 69 39
Fluoroscopy duration (s) minimum 312 160 240 120 120
maximum 5,100 4,260 2,160 1,740 1,080
mean 1,379 966 584 592 370
Number of images DSA minimum 59 5 215 32 103
maximum 285 441 770 588 5,486
mean 182 233 403 201 2,583
Number of seriesDSA minimum 3 4 10 5 2
maximum 16 376 31 20 15
mean 9 60 19 9 6
Difficulty of the case easy (%) 29 15 0 29 0
norma (%) 57 40 90 71 88
complex (%) 14 45 10 0 13
Gender of the patient M (%) 43 50 39 48 56
F (%) 57 50 61 52 44
Age of the patient (a) minimum 45 21 22 30 40
maximum 91 79 69 71 77
mean 64 52 53 53 o4
Height of the patient (cm) minimum 153 158 152 158 158
maximum 184 197 187 182 185
mean 169 173 172 171 173
Weight of the patient (kg) minimum 55 52 51 43 58
maximum 103 86 95 90 98
mean 75 70 74 73 78

Figure 1 shows the nter centre variability of the fluoroscopy mean duration for the five types of
examinations. It can be noticed that for some types there is a high variability, whereas for others the
vaidhility isrdativey low.
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Figure 1. Inter centre variability of the fluoroscopy duration

Table 4 presents the correlation between the fluoroscopy duration and the degree of difficulty of the
examindion type. One can see that there is a direct corrdlation since the fluoroscopy duration
incresses with the difficulty of the examination. It is of the order of 350 to 750 s for diagnostic
examinations which are on average complex in 10-20% of the cases, and goes up to around 1100 to

EX08

2100 sfor interventiona examinations which are on average complex in 40-74% of the cases.

Table 4. Correlation between the fluoroscopy duration (T in s)
and the degree of difficulty of the examination type (in %)

Number T Easy Norma Complex

Type of examination of cases average (%) (%) (%)
Barium med (EX1) 88 351 19 64 17
Lower limb angiography (EX2) 94 395 16 76 9

Cerebrd angiography (EX3) 91 754 14 69 16
Barium enema (EX4) 40 470 15 70 15
Hepatic embolisation (EX5) 70 1321 6 54 40
Biliary drainage and stent insertion (EX6) 56 1267 21 34 45
Cerebral embolisation (EX7) 58 2191 2 24 74
lliec dilatation and stent insertion (EX8) 72 1149 3 51 46

Hgure 2 shows an example of the digtributions established from the data collected in this sudy. It
relates to the DAP and concerns cerebra angiography.
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Figure 2. Distribution of the DAP for cerebral angiography

The DAP reaults obtaned for dl the dght types of examindions, as established from the
corresponding digtributions, are summarised in table 5. Minima, maxima, mean and 75-percentile
vaues of the DAP are given. The 75-percentile value corresponding to the DRL is compared to
DRL vauesreported in the literature.

Table 5. DAP vduesfor the eght types of examinations investigated.

Examination type EX1 EX2 EX3 EX4 EX5 EX6 EX7 EX8
Number 89 94 91 41 70 56 58 72
Minimum 3 8 3 20 54 5 24 36
Maximum 441 747 996 564 1,703 1,375 1,345 1,122
Mean 67 178 107 114 463 244 335 344
75-percentile 87 226 124 142 629 312 352 431
75-percentile/Mean 130 127 116 125 136 128 1.05 1.25
Literature 251 36 100 60 120" 100 - -

The differences between DRL vaues can be high, particularly for complex examinations such as
those performed in interventiona radiology. These differences are due to severd factors such as a
difference in the definition of the type of examination and in the technique among the centres.

The 75-percentile to mean ratio varies from 1.05 to 1.36 with an average vaue of 1.24. This shows
thet for this type of examinations, if the DRLs were to be established from mean dose values, then a
factor of 1.24 rather than 1.5 should be applied.

The differences between the 75-percentile vaues established in this work and the DRLs reported in
the literature can reach a factor of 5. This should be andysed by the radiologists to see if these
discrepancies are judtified.



Table 6 presents the established DRL va ues based on the present study for the 8 investigated types
of examinaions

Table 6. DRL vaues based on the present study for the 8 investigated
types of examinations (increasing order)

Examindion type DAP (Gy.cm2)
Barium med (EX1) 100
Cerebral angiography (EX3) 120
Barium enema (EX4) 150
Lower limb angiography (EX?2) 200
Biliary drainage and stent insartion (EX6) 300
Cerebral embolisation (EX7) 350
[liac dilatation and stent insertion (EX8) 450
Hepatic embolisation (EX5) 650
CONCLUSION

This study dlowed the collection of data concerning 571 examinations corresponding to eight types.
In generd dl the participating centres give comparable average doses, except one centre for which
the doses are a factor 2 lower than the average of the centres. This investigation showed a strong
correlation between the fluoroscopy duration and the degree of difficulty of the examination. The
dosmetric data base set up in this work will dlow the establishment of nationa DRL vaues for the
eight types of examinations investigated. There is alarge variahility of the dose for such examinations
related to the degree of complexity of the examination, the experience of the practitioner, and to
differences in the definition of the examinaion and in the technique used. This condtitutes a difficulty
in gpplying the DRL concept. Of course such a concept cannot be gpplied to a specific examination,
but it is highly recommended to perform a check after each ten examinations to see if in average the
DRL is exceeded systematically or not, and to take the appropriate measures if necessary. The 75-
percentile vaues established in this work were found to be higher that the DRLSs reported in the
literature, Sometimes by afactor of 5. This might be due to the fact that the survey covered university
hospitals exclusively, where the proportion of “heavy” cases might be relatively high and where there
is a high number of junior radiologists undergoing ther training. Unfortunately the participants in this
survey did not answer the questions related to the number of years of experience and number of
examination dready performed by the radiologist, but a different sudy performed at a local Swiss
hospita showed a corrdation between the years of experience and the dose ddivered during a
complex X-ray examination. This issue should prompt a discusson between the participating
radiologigts.
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