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INTRODUCTION
The Euratom directive 97/43 [ref.1] has recommended the use of patient dose surveys in
diagnostic radiology and the establishment of reference dose levels. This allows the
optimisation of the radiation doses to the patients. In particular, special attention is given to
the field of interventional radiology (IR). These are diagnostic or therapeutic procedures in
any organ or anatomical region using images acquired with ionising radiation. These
procedures include open surgical interventions and percutaneous, endovascular and
endoscopic examinations [ref.2]. In recent years there has been an increase in the number,
type and complexity of IR procedures. These procedures are characterised by having extended
fluoroscopy times and they require many radiographic images. As a consequence, the X-ray
doses to patients may be high and both stochastic and deterministic risks have to be
considered. In practice, high skin doses can result in deterministic effects such as erythema or
temporary epilation [ref.3]. This effect can be quantified by the Entrance Surface Dose (ESD),
measured with the use of thermoluminiscent dosimeters (TLDs). The stochastic effects are
quantified by the effective dose (E). This property cannot be measured directly.  The basis for
these calculations is often based on Monte Carlo algorithms.

This document presents dose measurements on patients in the field of interventional
angiography. We have restricted this study to a common IR procedure, namely diagnostic
angiography of the lower limbs. In this examination, radiographs are made over 6 adjoining
standard regions from abdomen to feet. The RX tube is moved from one region to another
under fluoroscopic guidance. To visualise the arteries, contrast media is injected through a
catheter that has been inserted in the abdominal artery. The positioning of the catheter is also
controlled by fluoroscopy. Only typical procedures (without medical complications) in male
and female patients were considered in this study.

Within the scope of the optimisation of patient doses, we looked for the influence of both the
working procedure and the exposure parameters on patient dose. Examinations as performed
by different operators and in different hospitals were included in the study. The effective dose
E is calculated with the use of calculated derived conversion factors, which link practical dose
measurements under well-defined conditions with estimates of the effective dose [ref.4].
Measurements in 4 different hospitals, 2 university hospitals and 2 peripheral hospitals are
compared. 



MATERIAL AND METHODS
A medical physicist has performed extensive dose measurements on the patients in all the
hospitals. First, TLDs (LiF: Mg, Cu, P and LiF: Mg, Ti) were attached to the skin at the 6
regions of interest: abdomen, pelvis, upper leg, knee, lower leg and foot. Both entrance
surface dose (ESD) and exit surface dose (ExSD) were measured. The TLDs were attached to
the patient prior to the examination and remained on the patient during the complete
procedure.
Secondly, doses were also measured with a Dose-Area-Product (DAP) meter that was
attached to the diaphragm of the tube housing. The dose area product was measured for every
projection separately. On top of that, we registered when fluoroscopy was performed and
when series of images were acquired. The most important specifications of the RX-equipment
used in the different hospitals are summarised in Table 1.

During the patient dose studies also the technical and exposure parameters were registered.
Every exposed region of the body (view), as well as the projection of the exposure (AP, PA,
RPO, ...) is noted down. Every time fluoroscopy is used, kV, mA and fluoroscopic time are
written down. For radiography, kV and mAs (mA x s) together with the number of images are
registered for every view and projection separately. Also patient data (age, sex, length and
weight) are registered.

We performed detailed dose measurements on 38 patients: 14 in hospital A, 11 in hospital B,
3 in hospital C and 10 in hospital D. The patients of hospital B are divided in 2 groups: IA
and IV. When the examination is carried out intra-arterial (IA), the contrast medium is
injected directly in the abdominal artery. For the intravenous procedure (IV) the catheter is
inserted in a vein, mostly in the arm. In this case it is more difficult to time when the contrast
medium reaches that part of the artery to be visualised.
 
The effective dose will be estimated from quantities that can be measured. Two such
quantities are the entrance surface dose and the dose-area product. Conversion factors are
established by the NRPB for several views and projections and for several spectra (kV and
filtration values). They are published for general use in the NRPB-R262 [ref.4]. We also
calculated are own conversionfactors using the MCNP-software. 

Hospital A
(univ.)

Hospital B (univ.) Hospital C (periph.) Hospital D (periph.)

Type Siemens 
Polystar

Siemens 
Polystar

Siemens 
Siregrapph D340

Philips
Diagnost 97

Date RX-tube 1994 2000 1998 1996
Date II 1997 1989 1995 1996

Diameters II (cm) 40-36-28 40-36-28 40-28-20-14 38-25-17
Fluoroscopy Continue Continue Continue pulsed
Under/over -

couch
Under Under Over Over

II: Image intensifier
Table 1. Specifications of RX-installations in the different hospitals

 



RESULTS
Dosimetric evaluations of IR are difficult and time consuming, because the exposure
conditions vary widely even during a specific examination: the exposed volume of the patient
changes during the examination; the parameters (kVp, mA(s)) are automatically controlled
and the beam area is altered by the operator so as to restrict the primary beam to the region of
interest.

a. Dose measurements
In this part, we look at the results of hospital A and D, because we have the largest group of
patients in these hospitals.
The average total ESD is 160 mGy for hospital A and 148 mGy for hospital D. The average
total DAP is 4938 cGy.cm² for hospital A and 4640 cGy.cm² in hospital D. In figure 1, the
distribution of the total dose over the exposed areas is also given for hospital A and D. The
highest doses for this kind of examinations are delivered to the abdomen and pelvis. The
abdomen receives an average entrance surface dose of 51 mGy (range [4 – 273 mGy]) in
hospital A and an average ESD of 45 mGy (range [6 – 82 mGy]) in hospital D. The pelvis
received an average dose of 93 mGy (range [12 – 212 mGy]) in hospital A and 66 mGy
(range [17 – 124 mGy]) in hospital D. 
The exit surface dose (ExSD) has an average of 0.50 mGy for all hospitals, but for abdomen
and pelvis ExSD tends more to 1 mGy. The range for this dose quantity is very small
compared to the entrance surface dose.
The contribution of the radiographs to the total dose is much higher than the contribution of
fluoroscopy in all the hospitals. This is illustrated in figure 2 for hospital A.  

Figure 1. The distribution of the total dose over the exposed areas for hospital A and D
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Figure 2. The contribution of fluoroscopy and radiography to the total dose in hospital A 

b. Influence of the working procedure
In table 2a an overview is given of the average technical parameters for fluoroscopy and for
the series of radiographs for every hospital. Also fluoroscopic time, number of radiographs
and the dose measurements are presented. 
The left columns give the parameters for the exposure of abdomen and pelvis, PA en R-LPO
projections together. The right columns show the parameters for the exposure of the lower
limbs.     
Large numbers of radiographs are made. For a complete examination we found an average
over all hospitals of 205.8 radiographs per patient (range [82 – 374 photos]).
In table 2b, a distinction is made between the PA projections of the abdomen/pelvis region
and the R-LPO projections of the pelvis for hospital A and D. Only those 2 hospitals have
oblique projections. We can conclude that there is no major difference in parameter settings
and doses between those projections. Only fluoroscopic time for the PA (AP) projection is
larger, because the positioning of the catheter is done with this projection.

Abdomen/Pelvis (PA+R-LPO) Lower limbs
A B (IV) B (IA) C D A B (IV) B (IA) C D

kV (fluo) 79 73 75 83 77 64 56 57 68 68
mA(fluo) 1.6 2.2 2.3 1.8 2.8 0.8 1.3 1.3 0.9 1.7

Fluotime [sec] 201 61 52 66 45 49 70 111 240 33
DAP(fluo) [cGy.cm²] 929 445 401 240 303 23 139 214 103 58

kV (graphy) 83 68 69 66 73 70 63 63 64 62
mA (graphy) 764 728 750 / 320 457 735 722 / 320

# photos 69 145 58 26 47 127 153 164 164 84
DAP (graphy) [cGy.cm²] 3552 14939 7210 2076 2950 315 1654 1876 1122 1253

ESD (mGy) 139 441 204 86 111 16 70 33 27 38
contrib. graphy (%) 79 97 94 89 91 93 92 90 82 96
contrib. R-LPO (%) 52 0 0 0 55 n.a. n.a. n.a. n.a. n.a.

n.a. : not applicable
/ : information not available

Table 2a. Overview of the technical parameters for fluoroscopy and 
for the series of radiographs for every hospital.
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Abdomen/Pelvis (PA-AP) Abdomen/Pelvis (R-LPO)
A D A D

kV (fluo) 78 77 84 78
MA(fluo) 1.5 2.7 2.1 3.1
fluotime 150 33 133 20

DAP(fluo) 709 210 200 118
kV (graphy) 70 70 73 76
mA (graphy) 772 320 756 320

# photos 38 23 40 27
DAP (graphy) 1485 1336 2182 2018

contrib. graphy (%) 68 86 92 94

 Table 2b. Overview of the technical parameters for the PA and
R-LPO projections in hospitals A and D.

Figure 3. kV-values in the field of radiography for the different hospitals
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Figure 4. mA-values in the field of radiography for the different hospitals

Concerning the radiographs, we notice in figure 3 that kV-values are kept fairly constant
during the whole examination except for hospital D, where more variation in kV is observed.
For the region of abdomen and pelvis, kV-values for hospital B and C are a bit smaller than in
hospital A and D. Obviously, kV-values depend on the thickness of the patient. For very thick
patients, the kV-value will be higher for the abdomen and pelvis region. 
Figure 4 shows, for the abdomen and pelvis region, a much lower current (320 mA) for
hospital D compared to the other hospitals (+/- 700 mA). In hospital B and D the current does
not change when shifted to the visualisation of the lower limbs. In hospital A however, the
current descends from 764 mA to 457 mA. All these observations are reflected in the doses
observed to the patients. 
Because of the large number of radiographs taken for this examination, the influence of the
number of radiographs to the total dose dominates in some cases the influence of the other
parameters.  

Comparing the number of radiographs between the IV and IA procedure in hospital B, we
find that the series of radiographs are longer for IV in comparison to the IA method. This
reflects itself in the higher (double) ESD and DAP values for patients undergoing the IV
procedure.

Another important difference in working procedure is the projections of the X-ray beam. In
hospital A and D, next to posterior-anterior (PA) projections (resp. AP for over-couch
configurations) also right and left posterior oblique (R-LPO) projections of the pelvis are
carried out. This means that the pelvis in these hospitals receives 2 additional series of
radiographs. Hospital B, resp. C only has PA, resp. AP projections.
Table 2a shows that the contribution of the oblique projections and the contribution of the PA
projections to the dose of the abdomen and pelvis are about the same (+/- 50%).

Finally, there is the difference between the place where the catheter is inserted in the patient.
The 2 possibilities are through the groin or through the arm. When the catheter is inserted into
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the artery of the arm, there is an additional region exposed under fluoroscopy, namely the
thorax. Also when only one leg is to be visualised (selective angiography) the catheter is
inserted through the groin of the other and the thorax area will be irradiated during the
manipulation of the catheter. For selective angiography (catheter in groin of the leg not to be
visualised) the thorax receives an average ESD around 6 mGy and when the catheter is
inserted through the arm the dose to the thorax can reach levels of 50 mGy and higher,
depending on the ease of the manipulation of the catheter. In this last case the dose to the
thorax can contribute for about 20% to the effective dose. 
When the catheter is simply inserted through the groin we find an exposure around 0.5 mGy
to the thorax due only to scattered radiation, since the thorax was never irradiated directly in
this case.
The duration of the manipulation of the catheter under fluoroscopy is very different for the
different hospitals.

c. Calculation of the effective dose

For the calculation of E, we restricted ourselves in this paper to the dose-measurements in
hospital A. First, the effective dose is calculated for every projection separately by
multiplying the concerning DAP-values with the conversion factors, determined for 70 kV
and 5 mm Al filtration at NRPB. Next, the same calculations are made but with the ESD
measurements. For the DAP measurements it is possible to make a distinction between the R-
LPO projections and the PA projections of the pelvis. However for ESD measurements, only
one TLD is attached on the backside of the pelvis. The dose on this TLD is therefore the
cumulated dose of the oblique and PA projections.
Following problem was observed when calculating the effective dose. NRPB did not establish
conversion factors for every projection used for this kind of examination. No conversion
factors were available for the pelvis RPO and LPO projections, so instead the factors of the
colon RAO and LPO projections are used. Also the factors for the legs were missing and
following the example of Le Heron [ref.5], here we used the conversion factor of the shoulder
AP projection.

In figure 4, both E-calculations are shown for every patient in hospital A: black bar (DAP)
and white bar (ESD). Opposed to what we expected, there is a large difference between the E-
values for the same patients using the 2 possible conversion factors. We can see that E from
the ESD-values is noticeably higher than those calculated from the DAP-measurements. This
can be explained by the large difference in fieldsize used by NRPB in the simulation of the
exposures for the calculations of the conversion factors in comparison with the fieldsizes used
in the hospitals. This difference in fieldsize influences both kinds of conversion factors. The
fieldsize determines the irradiation of the organs and so the conversion factors are directly
related to fieldsize.
Another factor is that the TLDs attached to the patient receive a dose due to direct irradiation,
but also due to scattered radiation from nearby exposures. This scattered radiation is not
included in the DAP measurements. 



Figure 4. Comparison between ED-values

Because of the large discrepancies shown in figure 4, together with the problem of missing
conversion factors in the NRPB report for occurring projections in this kind of examination,
we decided that new conversion factors should be calculated for the angiography of the lower
limbs. Therefore, we made our own Monte-Carlo calculations using the Bodybuilder male
phantom and the MCNP-4B software [ref.6]. In our calculations the spectra, fieldsizes and
focus-skin distance (FSD) are used as they are in hospital A. The spectra were measured with
a NaI-spectrometer.
In table 3, new conversion factors for DAP-measurements are illustrated for male patients in
hospital A. 

The calculation of E for the male patients in hospital A with the new conversion factors is
shown in table 4. In figure 4, this effective dose is added (striped bars) for the male patients.
We can see that E is smaller when using the calculated conversion factors.

75kV ;  4,3 mm Al + 0,1 mm Cu ; FSD=55cm
fieldsize (*) conversion factor

(cm²) mSv/Gy.cm²
abdomen PA 24 x 34 = 816 0.112

pelvis PA 20 x 34 = 680 0,100
pelvis RPO 18 x 32 = 576 0.111
pelvis LPO 18 x 32 = 576 0.158
upper legs 16 x 26 = 416 0,081

knees 20 x 22 = 440 0,0094
lower legs 18 x 22 = 396 0,0055

feet 14 x 22 = 308 0,0049
legs 0,025

                                         (*) fieldsize at skin surface
Table 3. New conversion factors for the calculation of the effective dose

for examinations of the lower limbs. 

0
5

10
15
20
25
30
35
40
45

1 2 3 4 5 6 7 8 9 10 11 12 13 14
patients

E
 (m

Sv
) ESD

DAP
new DAP



E
(mSv)

E
(mSv)

E
(mSv)

E
(mSv)

E
(mSv)

E
 (mSv)

Abd
PA

Pelv
PA

Pelv
RPO

Pelv
LPO

Legs
PA

total

Pat. 1 1.4 1.0 0 0.9 0.07 3.4
Pat. 5 2.0 0.54 3.7 2.2 0,1 8.5
Pat. 7 0.1 0.1 0.6 1.1 0.2 2.1
Pat. 8 1.1 0.4 1.1 2.0 0,1 4.7
Pat. 9 2,1 0 1,7 2.7 0,1 6.6
Pat. 10 0.3 2.0 1,6 0 0,2 4.1
Pat. 11 4.3 0,3 2.2 3.9 0,1 10.8
Pat. 12 0,7 0,7 0,5 0.8 0,1 2.8
Pat 13 0.4 0.9 0,1 1.1 0.03 2.5
Pat. 14 0,5 2.9 0,7 1.1 0,04 5.2

Table 4. Calculation of E for male patients in hospital A

DISCUSSION AND CONCLUSION
The dose measurements showed that the abdomen and pelvis region received the highest
doses for this kind of examination. It is important to mention that in those two regions the
most radiosensitive organs are situated. 
Having average ESD of 160 mGy, resp. 148 mGy in hospital A, resp. hospital D, we do not
reach the limit of 2 Gy where deterministic effects, like erythema are observed. But being a
routine diagnostic examination, we can call these doses relatively high. Other routine
angiographic examinations are known to produce definetely higher doses.

In different hospitals (university and peripheral) the working procedure can differ a lot, and
this is reflected in the dose to the patient. From our results we can conclude that the largest
contribution to the patient dose is the series of radiographs. During the examination
fluoroscopy is continue or pulsed (+/- 15P/s). The large contribution of the radiographs to the
total dose is due to the fact that of course the current for radiography is much higher than for
fluoroscopy. For the abdomen and pelvis region in hospital A, we have an average current of
750 mA for the radiographs and an average of 2 mA for fluoroscopy. For the lower limbs, we
find an average current of 400 mA for the radiographs and an average current of 0.5 mA for
fluoroscopy. 
Therefore special attention should be given to the radiographs in the scope of optimising
patient doses. The number of radiographs is determined by the number of frames per second
taken in the different series. Hospital A and B make 3 frames per second, while hospital C and
D only 2 per second. Hospital D also lowers the rate to 1/s when the knees, lower legs and
feet are visualised. In those regions, it takes longer for the contrast medium to reach that part
of the arteries and it moves slower. Although the lower legs do not contribute significantly to
the dose, it is a good attitude. 
Other important differences of the working procedure are the choice between IV and IA
procedures and the place of the catheter insertion. For IV procedures series of radiographs are
much larger, which doubles the dose to the patient. And the place of insertion of the catheter
determines whether the thorax is irradiated directly and can result in a contribution of 20% or
more to the effective dose. 



Finally, we found differences in fluoroscopy time between the different hospitals. There may
be multiple explanations for the differences in fluoroscopic time: procedures may be more
difficult, different radiologists may use other standards concerning the required image detail
and quality, patients may be less co-operative or it may depend on the experience of the
operator.  As we can see for hospital A, the fluoroscopy time to the abdomen and pelvis is
much higher compared to the other hospitals. We explain this by the fact that in this hospital
most of these procedures are carried out by less experienced assistant-radiologists.
A regulatory organisation putting forward reference levels for doses should be taken this into
consideration.   

Concerning the calculation of the effective dose, care must be taken when using published
conversion factors. It is very important to check whether the conditions used in a particular
situation correspond with those used to determine the factors. For the examination of the
lower limbs this is not the case when using the published conversion factors of NRPB.
Fieldsizes in the different hospitals do not correspond with those used by NRPB when
calculating the factors. Furthermore, conversion factors were missing in the report for some of
the projections used in this procedure. Therefore new conversion factors were developed with
a definite applicability in the angiographic procedures of hospital A. So far, we have
calculated conversion factors for male patients and starting from DAP-measurements. We
could see that the effective dose using our new conversion factors was smaller compared to E,
calculated with NRPB factors. One explanation is the smaller fieldsizes used in hospital A
(table 3) compared with those in NRPB (30 x 40 = 1200 cm² for the abdomen and 36 x 35 =
1260 cm² for the pelvis PA). Mainly the new conversion factors for the pelvis exposure
changed drastically. For the pelvis PA projection it changed from 0.249 to 0.100 and for the
pelvis LPO from 0.222 to 0.158. The conversion factors in NRPB for the pelvis are more
specifically used for colon irradiation. 
The same E-calculations will be performed for all kinds of patients in every hospital, in order
to see which factors have a major influence on the patient dose.
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