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ARTICLE INFO ABSTRACT

There is a large variation in the factors used to estimate effective doses from kerma area product (KAP) for
interventional cardiology. These factors are required to estimate population doses. This paper presents the re-
sults for this conversion factor for cardiac procedures using tissue weighting factors of ICRP-103 and the impact
of the added copper filtration in the X-ray beam.

The data from 925 cardiac procedures and 75,347 radiation events were collected from two angiography
laboratories using the DICOM Radiation Dose Structured Reports (RDSR). Effective doses were calculated with
Monte Carlo software and the dosimetric, technical and geometrical information included in the RDSR.

In one laboratory, with an X-ray system without Cu filtration for the cine runs, a factor of 0.21 * 0.05 mSv/
(Gy-cm?) was obtained. In other laboratory, incorporating a patient dose reduction technique, and 0.4 mm of Cu
filtration for cine runs, the conversion factor was 0.29 = 0.05 mSv/(Gy-cmz). The analysis of the radiation
events for the different Cu filtrations (0.0; 0.1; 0.4 and 0.9 mm) resulted in conversion factors of: 0.16; 0.27; 0.34
and 0.40 mSv/(Gy-cm?) respectively.

The estimation of effective and population doses from KAP should take into account the Cu filtration in the X-
ray beam. For the X-ray system with patient dose reduction technique, using 0.4 mm Cu for cine runs, the global
conversion factor increased by 38%, from 0.21 to 0.29 mSv/(Gy-cm?) in comparison to the standard X-ray system
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with a protocol that did not include copper filtration for cine acquisitions.

1. Introduction

The X-ray systems used for interventional procedures are able to
give patient exposure indexes during and at the end of the procedures.
In the most recent models, the X-ray systems are able to transfer this
dosimetric and other technical and geometrical information to the
DICOM radiation dose structured reports (RDSR).

The dosimetric data, kerma area product —-KAP- and air kerma —-AK-
at the patient entrance reference point [1], are used for optimisation of
the radiation protection of patients. Now, with the information con-
tained in the RDSR (kV, filtration, C-arm angulation, radiation field
size, etc) the optimisation actions may be improved. For specific clinical
indications, their median values should be periodically compared with
the diagnostic reference levels (DRLs) [2].

Population doses are estimated using the frequency of the proce-
dures and the quantity effective dose. The Monte Carlo software [3]
allows organ and effective doses to be calculated from the primary
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dosimetric quantities reported by the X-ray systems, from all the in-
formation on the X-ray beam quality (kV and filtration) and from other
geometrical and technical factors.

According to the recommendations of the International Commission
on Radiological Protection (ICRP), effective doses should not be used to
estimate individual radiation risks to patients but may be useful to
compare the relative risks when different imaging procedures with
different modalities (e.g. X-ray catheterization, computed tomography
and nuclear medicine) are performed on the same patient [4,5].

The new European Directive on Basic Safety Standards [6] requires
patient dose audits and the use of DRLs for optimisation, and in addi-
tion, this regulation requires that “population doses derived from
medical exposures be estimated for radiodiagnostic and interventional
radiology”. Such a requirement makes it necessary to estimate effective
doses and the frequency of the procedures.

The UNSCEAR (United Nations Scientific Committee on the Effects
of Atomic Radiation) collects and periodically publishes the worldwide
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data on population doses arising from medical exposures. The last
global report for the data corresponding to the period 1997-2007 was
published in 2008 [7] and the next report is expected in 2020.

UNSCEAR recognises that there are some limitations to the survey
data as the majority of responses received come from the relatively
more developed countries. Principally because of their numerous sig-
nificant benefits, interventional radiology and cardiology procedures
have experienced a dramatic increase in frequency in recent years. The
UNSCEAR report of 2008 stated that the average conversion factor to
deduce the effective dose from KAP readings for cardiac interventional
procedures was 0.17 mSv/(Gy.cmz) [7].

In 2015, UNSCEAR published in view of the next report, a “User
Manual for the Global Survey on Medical Exposures” [8] in which it is
indicated that “effective dose estimation is usually performed using
simpler methods on the basis of easily measurable dose metrics and the
application of conversions coefficients that have been determined
through scientific research”.

The factors recommended in this manual for the estimation of ef-
fective doses in cardiac interventional procedures were: 0.12 mSv/
(Gy.cm?) for diagnostic coronary angiography and a wide range of
factors from 0.20 to 0.28 for percutaneous transluminal coronary an-
gioplasty (PTCA) [8].

In Europe, all the interventional procedures are estimated to con-
tribute 3.5-14%, to the collective dose and the PTCAs, 0.5-3.6% [9]. In
the latest European report, published in 2015 [10], the contribution of
interventional radiology to the total collective dose in medical imaging
in Europe was estimated 8-9% with a mean value in frequency of 0.6%.
For coronary angiography and coronary angioplasty, in many countries,
the effective dose is being estimated by multiplying the KAP by
0.2 mSv/(Gy.cm?), a factor recommended by the European Guidelines
for adult patients in IC (interventional cardiology) [9].

In Spain, the fraction of the collective dose per million inhabitants
derived from IC was 34 man-Sv (1600 man-Sv in Spain with 46.5
million inhabitants). The frequency of the IC procedures in Spain is
0.66% from the total medical procedures with X-rays, and IC represents
4% of the X-ray collective dose. These estimations result from the in-
formation on frequencies of examinations sourced from the Spanish
Society of Cardiology and the patient dose values obtained by the na-
tional programme on patient dose DOCCACI [11].

The patient dose management systems already introduced in many
hospitals allow to collect the dosimetric data, together with other
technical details and geometrical data automatically for each radiation
event (fluoroscopy and cine runs) of the interventional procedures.
Consequently, a more detailed Monte Carlo calculation can be made to
estimate organ and effective doses for a large number of patients.

Another importance issue is that some new X-ray systems dedicated
to interventional procedures are implementing patient dose reduction
techniques with different X-ray beam qualities (higher Cu filtration)
and with advanced post-processing of the images, which may lead to a
substantial variation in the conversion factor to estimate effective
doses.

It seems appropriate to revisit and update these conversion factors.

The aims of this paper are:

® To calculate the conversion factors (using all the information con-
tained in the RDSR for each of the radiation events), to estimate
effective doses from KAP values, using a large number of cardiac
procedures and Monte Carlo software.

e To evaluate the impact of the added copper filtration in the X-ray
beams on these conversion factors, and to give practical advice for
the evaluation of the collective doses derived from IC.

2. Materials and method

We have used the data of all the interventional cardiac procedures
performed during the year 2018 in two interventional cardiology
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laboratories in a large university hospital in Madrid.

The two cardiac laboratories are equipped with Philips Allura in-
terventional systems: room 3 (used for the most standard diagnostic and
therapeutic procedures) with the Allura X-PER X-ray system, and room
5, with a “Clarity” version of the Allura system (the new patient dose
reduction system from Philips). This X-ray system has a specific hard-
ware and software with a new post-processing for imaging, allowing a
significant reduction in patient doses [12-14]. Both systems have the
same imaging detector (Trixel P4700 154 um) and quite similar X-ray
tube and generator, but they work with different default protocols.
While the Xper system has a fluoroscopy mode (the default mode) with
0.9 mm Cu + 1 mm Al of additional filtration and the cine mode with
no additional filtration, the new Clarity system uses a default imaging
protocol with 0.4 mm of Cu for fluoroscopy and cine, adapted by the
manufacturer to the new imaging post-processing. In any case, in both
systems, the operator can select other protocols with higher dose modes
and with different filtrations if required, to improve image quality, but
this only occurs in specific cases.

Data from 925 cardiac procedures and 75,347 radiation events have
been collected by a homemade automatic patient dose management
system (named DOLIR) using the DICOM RDSR to collect and process
the individual data of all the radiation events [15,16]. The Monte Carlo
software later processed these data to calculate organ and effective
doses [3] taking into account the kV and added filtration (and other
technical and geometrical parameters included in the RDSR).

The values of KAP transferred by the X-ray system to the patient
dose reports (or to the RDSR in these two rooms) are periodically va-
lidated by the Medical Physics service of the San Carlos University
Hospital. The attenuation factor of the table and mattress is also mea-
sured for the different operation protocols. This attenuation is usually
not considered to set the DRLs and to audit patient dose values but
should be taken into account when KAP is used to estimate organ and
effective doses as highlighted in a recent paper on European diagnostic
reference levels for cardiology [17].

The attenuation factor is typically in the range of 0.6-0.9 for most of
the interventional cardiology laboratories and operation protocols,
depending on the X-ray beam qualities and C-arm angulations in car-
diology [18]. During a national programme held in Spain in coopera-
tion with the Spanish Society of Cardiology (DOCCACI programme) and
involving 14 hospitals and 26 interventional cardiology laboratories,
the average couch and mattress attenuation obtained was 0.75 = 0.07
[19].

Patient organ doses and effective doses were calculated using the
PCXMC 2.0 software [3], a Monte Carlo software developed by STUK
(Radiation and Nuclear Safety Authority in Finland). The organ and
tissue absorbed doses were calculated as well as the effective doses,
using the tissue weighting factors of ICRP 103 [4]. The calculations
were made with the Autocalc-sheet application. This application helps
define the examination parameters, calculate doses and process addi-
tional data in the Excel spreadsheet. The calculation was performed for
each of the 75,347 radiation events (corresponding to 925 cardiac in-
terventional procedures) and the results of the corresponding events,
were added to obtain the dose values for each of the full procedures.

The examination parameters used from the DICOM RDSR collected
by the DOLIR dose management system, were: projection; projection
angle; patient number; patient height; patient weight; patient age; X-ray
tube voltage (kV); filtration (mm Al); additional filter (mm Cu); focus-
reference point distance -FRD- (cm); X-ray beam width (cm at FRD); X-
ray beam height (cm at the FRD); coordinates of a point inside the
phantom centred at phantom heart, through which the central axis of
the X-ray beam is directed (Xref, Yref and Zref); arms in phantom (1 or
0); and input dose value. The software allows the use of incident air
kerma (at FRD) or the KAP for the calculations. In our case, the re-
ference point is the isocentre (where the heart should be positioned).

We have also analysed independently the conversion factors mSv/
(Gy.cm?) for the radiation runs using the different added copper



E. Vano, et al.

Physica Medica 68 (2019) 104-111

Room 3. Radiation events analysis
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Fig.1. Frequency analysis of the conversion factors by radiation events in the standard cardio room.

filtrations to estimate the impact of the filtration.

These results for the different filtrations allow refining, if appro-
priate, the global conversion factors used in other hospitals, if filtrations
used for the operation protocols are known.

3. Results

Figs. 1 and 2 present the results for catheterisation room 3 (standard
X-ray system) for all the clinical procedures (coronary angiographies
and PTCAs) performed during 2018. There are, of course, in the sample,
procedures with different complexity levels, with different percentages

of fluoroscopy and cine modes and patients with different weights. But
the sample is large enough (54,373 radiation events and 758 proce-
dures) to consider the conversion factor calculated (ratio between ef-
fective doses and KAP) as representative of the practice in that cathe-
terisation laboratory.

In Fig. 1, the results of the analysis of the radiation events show a
bimodal distribution with a first peak around 0.16 mSv/(Gy.cmz) cor-
responding to the cine runs (without copper filtration in all the proto-
cols used in this catheterisation room number 3). A second peak around
0.40 mSv/(Gy.cm?) corresponds to the low fluoroscopy mode used in
this room (with 0.9 mm of Cu of added filtration).
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Fig. 2. Frequency analysis of the conversion factors by procedures in the standard cardio room.
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Table 1
Conversion factors to effective dose from KAP by Cu filtration, in a cardiology
room with a conventional X-ray system.

Data from room 3

Additional filter Number of radiation Mean value St Dev mSv/
(mm Cu) events from the RDSR mSv/Gy.cm? Gy.cm?

0.00 11,491 0.16 0.04

0.10 356 0.27 0.06

0.40 1,796 0.34 0.05

0.90 40,730 0.40 0.09

Total 54,373

Table 1 gives the details of the number of events for the different Cu
filtrations: 11,491 without filtration, corresponding to the cine events
in this room 3, and 40,730 events with 0.9 mm Cu corresponding to the
events of low fluoroscopy mode (the default mode for fluoroscopy). The
other low number of events with added filtration of 0.1 and 0.4 cor-
responds to a few runs using fluoroscopy modes “medium” and “high”.
It is important to note that the higher number of events in fluoroscopy
(almost fourfold) results in a lower contribution in KAP than the cine
mode in an average procedure. In general, cine runs involve a higher
KAP than fluoroscopy runs.

Fig. 2 presents the analysis (frequency vs. conversion factor values)
in room 3 for all the 758 procedures (with the corresponding fluoro-
scopy and cine runs for each procedure). The results present a mean
value and standard deviation of 0.21 = 0.05 mSv/(Gy.cm?). We
consider that this value is representative of the clinical practice in that
room as it takes into account the different percentages of fluoroscopy
and cine (with the corresponding Cu filtrations), the different X-ray
beam angulations, and the different kV and KAP values depending on
the patient weight and the complexity of the procedures.

Figs. 3 and 4 present similar results for room number 5 equipped
with the new X-ray system with the “Clarity” option to reduce patient
doses. The most complex interventional cardiac procedures (e.g. total
occlusions, structural procedures, etc.) of our cardiovascular institute
are performed in this room, as only there is it possible to reduce the
KAP values by 40-50% in comparison (for similar procedures) to the
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standard room number 3 [18,12-14].

Fig. 3 presents the frequency histogram for all the 20,974 radiation
events in room 5.

Fig. 4 presents the analysis of the 167 procedures performed in
room 5 during the year 2018. The histogram is grouping all the events
(fluoroscopy and cine) corresponding to each procedure and the mean
value for the conversion factor is much higher than in room 3, basically
due to the filtration of 0.4 mm Cu in practically all the cine and
fluoroscopy acquisitions in this room.

Table 2 presents the results of the analysis for all the radiation
events in room 5 for the different Cu filtrations. Note that most of the
events (19,483 out of 20,974) correspond to 0.4 mm Cu added filtra-
tion.

Fig. 5 presents the variation of the conversion factor mSv/(Gy.cm?)
with the added filtration in mm of Cu (data from room 3, but very
similar and compatible with the results from room 5 as can be seen in
tables 1 and 2).

4. Discussion

The conversion factors obtained in this paper may be useful to up-
date the previous existing values obtained several years ago and used
by NCRP and UNSCEAR [7-9]. In some cases, the factors in these
documents were obtained with small samples and without taking into
account the relevant impact of the copper filtration in the X-ray beam
more used in the current interventional systems.

Figs. 2 and 4 present global factors for cardiac procedures per-
formed with:

e Standard X-ray system and standard protocols (with copper filtra-
tion in fluoroscopy modes and without copper filtration in cine ac-
quisitions): 0.21 * 0.05 mSv/(Gy.cmz) in Fig. 2 (room 3).

e The new X-ray system (with dose reduction capability) using
0.4 mm of Cu filtration for fluoroscopy and cine acquisitions:

0.29 = 0.03 mSv/(Gy.cmz) in Fig. 4 (room 5).

Tables 1 and 2 offer particular conversion factors obtained from a
large number of radiation events (54373 in room 3 and 20,974 in room
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Fig. 3. Frequency analysis of the conversion factors by radiation events in the cardio room with patient dose reduction system (room 5).
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Fig. 4. Frequency analysis of the conversion factors by full procedure in the cardio room with patient dose reduction system (room 5).

Table 2
Conversion factors to effective dose from KAP, by Cu filtration, in a cardiology
room with a “dose reduction system” X-ray system.

Data from room 5

Additional filter Number of radiation Mean value St Dev mSv/
(mm Cu) events from the RDSR mSv/Gy.cm? Gy.cm?

0.00 440 0.16 0.04

0.10 1,051 0.26 0.05

0.40 19,483 0.31 0.05

Total 20,974

5) for 0.0; 0.1; 0.4 and 0.9 mm Cu that may help refine the conversion
factors in other catheterisation laboratories, for other particular pro-
tocols if the copper filtration is known.

X-ray systems with 0.4 mm Cu as added filtration in cine can du-
plicate the value of the conversion factor from 0.16 to 0.31 mSv/
(Gy.cm?) in comparison to the X-ray systems using the cine without Cu
filtration. This should be considered when calculating effective doses
for the estimation of population doses.

It should, however, be highlighted that by reducing the skin doses
and lowering the values of KAP with the new post-processing of the
images, the introduction of copper filtration in interventional X-ray
systems has represented large advantages in interventional practices
avoiding radiation injuries for complex procedures.

The conversion factors recommended by UNSCEAR in its User
Manual [8] are 0.12 for diagnostic coronary angiography and
0.18-0.28 for PTCA (adapted from the values included in the NCRP
report 160 [20]). This report includes a large range of conversion fac-
tors for cardiology procedures, especially for PTCA, but without in-
cluding criteria for choosing the best one when estimating the popu-
lation collective dose derived from the interventional cardiology
practice.

The large difference in the conversion factors between diagnostic
and therapeutic procedures used in these documents has not been
evidenced in our calculations. This difference could result from the use
of more cine (without added filtration) than fluoroscopy runs, for di-
agnostic procedures.

108

The original values referred in the NCRP report [20] were supported
by factors obtained or used by several authors and published long ago.
The conversion factors reported were: 0.18 mSv/(Gy.cmz) measured
with a Rando phantom, from Betsou et al. [21]; 0.20 mSv/(Gy.cmz)
from Nefotistou et al. [22], and 0.27 mSv/(Gy.cmz) with a sample of
270 patients in two Greek hospitals from Delichas et al. [23]. In this last
paper, the authors obtained values for diagnostic and therapeutic pro-
cedures with similar results; 0.26 and 0.27 respectively mSv/(Gy.cmz).

Bogaert et al. [24], using a sample of 318 patients in 8 Belgian
hospitals, found conversion coefficients of 0.177 mSv/(Gy.cmZ) for
systems that do not use any additional copper filtration in cineradio-
graphy and 0.207 mSv/(Gy.cm?) for systems that use additional copper
filtration in cineradiography.

The copper filtration has been increased in the current interven-
tional systems used in cardiology. With the RDSR, these systems are
able to transfer more technical and geometrical parameters to the pa-
tient dose management systems, and can therefore help refine the organ
and effective dose calculations.

Compagnone et al. [25] have obtained effective and organ doses for
coronary angiographies (CA) and percutaneous coronary interventions
(PCI) with a sample of 193 patients deriving conversion factors from
KAP and using X-ray systems similar to the ones used in our paper. The
authors found an excellent correlation between effective dose and DAP
using two different models to calculate organ and effective doses. The
results obtained were 0.11 and 0.18 mSv/(Gy.cmz) for CA and 0.12 to
0.20 mSv/(Gy.cmz) for PCI for the two models.

Peruzzo-Cornetto et al. [26] have estimated the contribution of in-
terventional cardiology to the population dose in the period
2002-2011, in a representative region of Italy. The authors estimated
that interventional cardiology contributed to the ~10% of the total
dose by medical ionising radiation examination categories. The con-
version factors used to estimate effective doses moved from 0.15 to
0.21 mSv/(Gy.cm?) depending on the different projections.

Brambilla et al. have recently published a paper reporting conver-
sion factors of effective and equivalent organ doses with the KAP in
patients undergoing CA and PCI in a sample of 65 patients [27]. These
authors found conversion factor values of 0.30 + 0.04 mSv/(Gy.cm2)
for CA and 0.33 *= 0.05 mSv/(Gy.cmz) for PCI. No significant
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Fig. 5. Conversion factors from KAP to effective dose by added copper filtration. The error bars represent the standard deviation of the sample.

differences were found in the E/KAP between males and females and in
patient’s weight. The range of conversion factors cited from the litera-
ture by Brambilla et al. moved from 0.11 to 0.35 mSv/(Gy.cmz) for CA
and from 0.13 to 0.25 mSv/(Gy.cm?) for PCI.

Our results, with a much larger sample of procedures, are compa-
tible with the results of Brambilla et al. These authors conclude that a
single factor to estimate effective dose could be used for a “specific
acquisition protocol” but they also warn that conversion factors might
be installation, X-ray beam quality or protocol dependent. In our paper,
we have tried to quantify and justify the differences in the conversion
factors to help in the evaluation of population doses.

Table 3 presents a summary of the different conversion factors used
by UNSCEAR and NCRP and published by several authors with the
recommended factors obtained in this paper.

A wide range of factors has been published to estimate effective
doses from KAP in interventional cardiology but without a clear in-
dication on the criteria to use the different values when estimating the
population (collective) dose.

In our case, the factors were calculated with a large amount of
procedures for both, standard systems and the new generation of “pa-
tient dose saving systems” using added copper filtration for cine runs.
The individual calculation of the effective doses for all the radiation

Table 3

events (using the data transferred by the RDSR) allowed estimating the
impact of the added copper filtration in the conversion factors.

Large differences are found in the literature when comparing the
factors published to estimate effective doses from KAP. One of the
reasons for these differences could be the ICRP organ/tissue weighting
factors used by the different authors (from ICRP-103 [4] or ICRP-60
[28]). Notwithstanding, the differences in the estimation of effective
doses using both sets of weighting factors are generally not relevant for
cardiac procedures and large samples. The European report on “Medical
Radiation Exposure of the European Population” [10] indicates that the
ratio between the effective doses calculated for coronary angiography,
using the weighting factors of ICRP-103 [4] and ICRP-60 [28] is ap-
proximately 1.

The variability in the conversion factors published may be mainly
due to the use of factors formerly published that neither analysed the
impact of the different imaging protocols nor included the percentages
of fluoroscopy in cine modes with different added filtrations. The dif-
ferent C-arm angulations, kV values, radiation field size, geometrical
factors, etc. also need to be considered. All the above-mentioned
technical factors were included in our Monte Carlo calculations for each
of the radiation events of the procedures and the information contained
in the RDSR was used. When the sample used is large enough, the mean

Conversion factors to effective dose from KAP from different authors and sources. Tissue weighting factors from ICRP 103 [4] or ICRP 60 [28].

Author Ref. and Factor min. mSv/(Gy.cm?) Factor max. mSv/(Gy.cm?) Source and tissue weighting factors
year

UNSCEAR [8] 2015 0.12 0.28 Publications, ICRP-60

NCRP [20] 2009 0.18 0.27 Publications ICRP-60

Betsou [21] 1998 0.18 0.18 Rando, ICRP-60

Neofotistou [22] 1998 0.20 0.20 Publications, ICRP-60

Delichas [23] 2003 0.26 0.27 270 patients, ICRP-60

Bogaert [24] 2008 0.18 0.21 318 patients, ICRP-60

Compagnone [25] 2011 0.11 0.20 193 patients, ICRP-60

Peruzzo-Cor [26] 2016 0.15 0.21 Publications, ICRP-60

Brambilla [27] 2017 0.30 0.33 65 patients, ICRP-103

This paper 0.21 (no Cu filtration in cine and 0.9 mm in 0.29 (0.4 mm Cu filtration in cine and 0.4 mm in 925 patients and 75,347 radiation events,

fluoroscopy)

fluoroscopy)

ICRP-103
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values of the factors obtained is relevant to estimate the contribution of
the cardiology procedures to the population dose.

As mentioned in the limitations section, the conversion factors
proposed in this paper have been obtained from two specific X-ray
systems (with the description of the filtrations and operation modes).
Were other X-ray systems with different filtrations to be used, the fac-
tors might need to be refined.

In doing our calculations on a large sample of procedures, we have
tried to derive practical factors with their standard deviation to esti-
mate collective doses without knowing the particular protocols used (as
it is the case in many hospitals and countries). This may be the case
during the UNSCEAR surveys or when applying the article 64 (estimates
of population doses) of the European Directive 2013/59/EURATOM.
For these calculations, it is neither practical nor in general feasible to
take into account the individual protocols of the examinations.

Thanks to these factors, patients with complex pathologies may be
informed on the relative radiation risks associated with the different
imaging procedures (catheterisation, computed tomography and nu-
clear medicine). The KAP is today available in practically all the X-ray
systems used in interventional cardiology, and in many hospitals, the
KAP is included in the patient report (or in the hospital PACS —picture
archive and communication system- or other central registry).

To have a factor allowing estimating effective dose from the KAP is
an easy way to facilitate some kind of rough information on effective
dose for comparisons with other imaging procedures or other sources of
radiation (e.g. background radiation).

A practical approach suggested to estimate effective doses from KAP
for the classical interventional X-ray systems (with cine protocols
without Cu filtration) and for the new generation of interventional
systems using “patient dose reduction techniques” (with Cu filtration
for the cine acquisitions and new methods of image post-processing)
may be:

For X-ray systems without Copper filtration in cine

Effective dose (mSv) = KAP (Gy.cm?) x 0.21
For X-ray systems with “dose reduction techniques” using 0.4 mm of Cu filtration

in cine

Effective dose (mSv) = KAP (Gy.cm?) x 0.29
NOTES: KAP values should be corrected by the local calibration factor and by the
attenuation of the table and mattress. The “conversion factors” (0.21 and 0.29)
should be refined according to the Copper filtrations used in the local protocols.

5. Limitations

The conversion factors reported in this paper have been obtained
from a large number of standard clinical procedures of interventional
cardiology performed with two X-rays systems with local settings and
local operation protocols. The results obtained with other X-ray systems
or with different protocols could need some refinement concerning
these factors.

6. Conclusions

The conversion factors we calculated to estimate effective doses
from the KAP values supplied by the X-ray systems currently used for
interventional radiology, resulted in 0.21 =+ 0.05 (using copper fil-
tration for fluoroscopy and no copper filtration for cine) and
0.29 =+ 0.03 for the new X-ray systems with patient dose reduction
techniques, using copper filtration for cine and fluoroscopy.

The new X-ray systems with patient dose reduction techniques
usually use added copper filtration for cine, a factor that needs to be
taken into account when estimating effective doses (and population
doses) from the KAP.

A reduction in the KAP values arising from the new technologies
and from post-processing does not always involve a similar reduction in
effective doses if the copper filtration is increased in the X-ray beams. In
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our case, the global conversion factor increased by 38%, from 0.21 to
0.30 mSv/(Gy-cm2) in comparison to the protocol used in the standard
X-ray system without copper filtration for cine acquisitions.
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