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INTRODUCTION
Advances in imaging technology have facilitated the development of increasingly complex
radiological procedures for interventional radiology. Such interventional procedures can
involve significant patient exposure, although often represent alternatives to more hazardous
surgery or are the sole method for treatment.
Interventional radiology is already an established part of mainstream medicine and is likely to
expand further with the continuing development and adoption of new procedures.
Between all medical exposures, interventional radiology is first of the list of the more
expansive radiological practice in terms of effective dose per examination with a mean value
of 20 mSv. Currently interventional radiology contribute 4% to the annual collective dose, in
spite of contributing to total annual frequency only 0.3% but considering the perspectives of
this method can be expected a large expansion of this value[1].
In IR procedures the potential for deterministic effects on the skin is a risk to be taken into
account together with stochastic long term risk [2,3,4]. Indeed, the International Commission
on Radiological Protection (ICRP) in its publication No 85 [2],  affirms: “the patient dose of
priority concern is the absorbed dose in the area of skin that receives the maximum dose
during an interventional procedure”.
For the mentioned reasons, in IR it is important to give to practitioners information on the
dose received by the skin of the patient during the procedure. In this paper maximum local
skin dose (MSD) is called the absorbed dose in the area of skin receiving the maximum dose
during an interventional procedure.
Yet, to improve procedure protocols for prevention of skin injuries it will be necessary to be
able to assess together with maximum local skin doses, also skin dose distributions. Currently
such assessment is particularly difficult, due to the great number of different projections, of
variable field sizes and focus-to-skin distances used and ICRP reports that only a rough
estimate can be made. The easily measurable dose-area product (DAP), on the other side, is
helpful in dose control for stochastic effects on patients and operators, but it is not useful for
predicting deterministic effects.
Today available methods for MSD assessment include the use of: i) large area detectors like
radiographic films, TL dosemeter arrays and radiochromic detectors, and with ii) software
tools implemented in some X-ray equipments.
In the paper, the correlation between MSD and DAP will be also explored. In fact, the DAP
for a single projection correlates well with the local skin dose for a single projection, but for



an entire procedure with many projections the corresponding  relationship is complicated [4].
No one of the parameters and patient dose quantities usually collected (total fluoroscopy time
(tfluo), number of images (Nim), dose-area product (DAP)) correlates with the MSD
sufficiently well in such a way that a simple conversion can be made. Therefore it is important
to continue studies on the MSD determination methods. The aim of this work is to
demonstrate the capabilities of direct methods to measure MSD with each other and with
indirect calculation methods.

MATERIALS AND METHODS
Procedures evaluated are the most common IR performed in cardiology: coronary
angiographies,  percutaneous transluminal coronary angioplasties (PTCA) and radiofrequency
cardiac ablations (RF). Measurements have been made in haemodinamics and
electrophysiology laboratories of three European hospitals. Procedures considerated are
coronarographyes, percutaneous transluminal coronary angioplasties (PTCA) and RF
ablations.
 Two different methods for skin dose assessment have been tested:

- direct measure of maximum skin dose and skin dose distribution with large area
detectors;

- evaluation of dose-area product, incident dose, maximum skin dose and the highly
exposed area with the commercial calculation program Caregraph.

Direct measures
TLDs are generally recognised to be good detectors for patient dosimetry but in interventional
radiology these and others solid state detectors show a drawback: their size is very small, it
means that to map a very inhomogeneous dose distribution over an area by the dozens of cm2

we need a very tight and vast TLD array. Therefore this sort of large area dosimeter is very
demanding to use. 
An alternative solution is to use slow radiographic films, designed for verification in radiation
therapy (for example Kodak X-omat V, Kodak EDR 2), as dosimeters. Optical density of each
point of the film is converted in absorbed dose by a calibration curve. By placing a slow film
on the patient’s back, at the thorax level during a cardiac interventional procedure it is
possible to measure simultaneously the total DAP, the skin patient dose and the distribution of
irradiated fields together with their corresponding dose levels [5]. A limiting factor of the
method is the narrow useful dose range measurable with radiographic films (from some to
800 mGy with the X-Omat V and from some to 1200 mGy with the recently available EDR
2).  In very complex procedures, it is easy to reach the film saturation in the area with the
highest doses where the skin can have reached doses near or higher the threshold for
deterministic effects, and MSD cannot be estimated.
A further possibility is to match a non very tight TLDs array and a radiographic film. In this
way slow film provides a map of dose distribution and an evaluation of doses below their
saturation point.  TLDs furnish a good point measure of dose that can allow a complementary
self calibration of dosimetric system. When TLDs are on the most exposed area it can be
possible to roughly estimate the MSD.
Recently, a new radiochromic large area detector is available (Gafchromic XR Type R,
Advanced Materials Group of ISP and distributed by Nuclear Associates). Radiochromic



dosimeters have been used for measuring and mapping the absorbed dose from photon and
particle radiation sources. In radiochromic films change in colour and optical absorbance is
proportional to the absorbed dose of ionising radiation. All of these dosimeters are tissue
equivalent, dose rate independent, they do not show fractionation and orientation effects, are
self developing and non light sensitive. In this way it is possible to handle them in daylight.
Quantitative measures can be made after acquisition of the optical absorbance with scanning
densitometer or flatbed scanner.  The XR model was designed to be able of measuring patient
skin dose during fluoroscopically guided medical procedures; for this reason it was planned to
have the minimal dependence on photon energy between about 60keV and 120keV [6]. This
detector has a large area (35,5x43,2cm2) and the same, or more, utility of a radiographic film
with the advantage of a wider dose range (0.1Gy-15Gy). For these characteristics the
Gafchromic XR type R can be conveniently used for measuring and mapping skin dose
distribution in IR procedures; also in high dose procedures it will not be necessary to use
additional  TLDs for calibration purposes or in the case of area of detector saturation.
In the study, slow radiotherapy verification films coupled with a TLD array and/or
Gafchromic films were positioned on the table and then exposed on patient’s back during
interventional cardiology procedures.
To calibrate all dosimeters in terms of air absorbed dose, an X-ray sensitometry was carried
out exposing the TLD and small areas of slow and radiochromic films to different doses. Air
absorbed dose was measured using an ionisation chamber (NE 0.6cc Type 2571) connected to
a dosimetry electrometer (NE Doseleader 2610) calibrated against a Secondary standard.
Exposition was made using a diagnostic X-ray beam of 80kV quality. The characteristic
curves obtained are shown in Figure 2.a (Kodak X-omat V) and Figure 2.b (Gafchromic XR
Type R).
Once exposed, radiographic films were developed in standard conditions and read with a scan
densitometer (Wellhofer WP102).  The acquisition of the radiochromic film is made with a
flatbed scanner (Epson type 1600 Pro) in Black/Withe mode, 12 bit/pixel and 50 dpi
resolution. 
The dose vs absorbance calibration curve is obtained by a non-linear least-squared fitting
using the Gauss-Newton method [7] of the measured values for both, the radiographic and
radiochromic detectors.
The Gafchromic films area receiving maximum dose was scanned, afterwards the pixel value
obtained was converted in dose. The raw image obtained in this way is very noisy, therefore
the maximum dose measured, intended as the maximum dose value of one pixel, is not
significant. That's why we apply a smoothing filter assigning to each pixel the mean value of
pixel itself and the eight nearest neighbours. 
In order to obtain a good distribution for local skin dose, we make also a cubic spline
interpolation [8] of raw data. In this way we find measured value of maximum skin dose and
we can evaluate the area receiving 90% and 95% of  peak value In this way we estimate the
extension of the most irradiated area. When present, the area receiving a local skin dose
exceeding the threshold for deterministic effects (2Gy) is also evaluated [2].



Calculation Methods
Incident dose displays
The radiological equipment displays the incident doses (ID) of fluoroscopy equipment
calculated to the interventional reference point which is located 15 cm from the isocenter of
the C-arm towards the focal spot along the line between isocenter and the focal spot (standard
IEC 60601-2-43) using either

ID = Y(TV, F, dref) * I t   (1)  or ID = DAP / Aref  
(2)

where Y(TV, F, dref) is the output factor of the X-ray tube (mGy/mAs) for the tube voltage
(TV, kV) and filtration during the machine run (F, mm Al, mm Cu) and I t is the current time
product (mAs) registered for a machine run. Correspondingly, DAP is dose-area product, and
Aref  the X-ray field area at the focus-to-reference point distance. It is possible to display ID
also from old X-ray machines. The equation (1) is also used in the well known patient
exposure management system PEMNET, which can be installed in every fluoroscopy
equipment. 
 
Computing skin dose distributions 
A software (Caregraph, Siemens) to on-line display the spatial skin dose distribution is
available as an option for the digital cardiac angiography and neurology X-ray systems of
Siemens AG. The X-ray system registers in its computer logbook the projection angles
(RAO/LAO and CAUD/GRAN),  DAP, ID, fluoroscopy time and field area Aref for each
machine run. The MSD software, installed  in a personal computer interfaced with the
radiological system, keeps up a tight matrix of local dose values to illustrate local skin dose
distribution at a shadow phantom on the screen, together with the patient data, MSD, ID,
DAP, and tfluo. The set of data is fully recorded for each cardia procedure.  

Projecting X-ray field areas on a mathematical phantom 
Retrospective estimation of MSD is obtained projecting single doses and their corresponding
field areas on a mathematical phantom and summing all contributors. To demonstrate such a
visualisation in an cardiac ablation procedure, which has been described in literature [9], the
graphics of the effective dose, calculated with a Monte Carlo simulation program (PCXMC,
STUK, Finland) [9, 11]was used. Because of a difference in the projection angle systems of
cardiac X-ray units and PCXMC the following conversions between the angles of the system
(Raox, etc.) and PCXMC (�PCXMC etc)[16 the following conversions were made:

�PCXMC  =  Raox+ 90o  =  Laox- 90o (3)
 
�PCXMC =  Caudx  =  -  Cranx. (4)

  



As the input data the following data were given (i) the  projections Rao 30o, Cran 0o;  Rao0o,
Cran 0o and Lao 30o, Cran 0o; (ii) the co-ordinates of the central point of hearth in the
mathematical phantom of
PCXMC (X = 0,4420,  Y =
3,8063,  Z = 49,0858); (iii)
the distance from focal spot
to the central point of hearth
(i.e., the focus-to-isocentral
point distance of the C-arm)
and; (iv) the field heights and
widths on a  plane that is
perpendicular to the central
axis of the beam and crosses
it at the phantom surface.
Figure 1 illustrates
projections of the X-ray
fields on the phantom.
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Fig. 2.a Calibration curve of Kodak X-Omat V from a X-
ray beam with a peak potential of 80kV.
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Fig. 2.b Calibration curve of Gafchromic XR Type R
from a X-ray beam with a peak potential of 80kV and
acquisition made with a flatbed scanner 12bit/pixel gray
scale.

 An example of direct measurements are reported in figure 3 derived from a radiochromic and
radiographic film exposed during the same
cardiac procedure. 
The patient (68 years old), underwent a
percutaneous transluminal coronary
angioplastie. In this procedure fluoroscopy
time was 10.4 min, the total DAP measured

67.5 Gycm2 (DAPfluoro 31.3 Gycm2 , DAPcine
36.2 Gycm2). The total number of images acquired is 1046 in 23 runs with 13 different
projections. The most used projections are Lao 43°/Cran 3° (134 images in 5 runs), and Lao
5°/Caud 1° (103 images in 3 runs). In this procedure measured value of maximum local skin
dose is 304 mGy, the agreement between slow film and radiochromic film is good if
evaluated considering the uncertainties assigned to the two measures. 

The figures 4 are relative to Gafchromic measure. Fig 4.a plots as three-dimensional profile
the result of a spline interpolation of the points measured over the most exposed area of the
film. The Fig. 4.b shows a map of the same distribution. The figure from Kodak film is a net
with density profiles acquired by a scanner densitometer who read the film with a 0.5 cm step,
converted in terms of dose. 

Fig. 3 Dose profiles from the Kodak measure of
a percutaneous transluminal  coronary
angiography. Measured MSD is 276mGy



Fig. 4.a Example of skin dose distribution from
Gafchromic measure of a percutaneous transluminal
coronary angiography. Measured MSD is 304mGy

Fig. 4.b Map of skin dose distribution from Gafchromic
measure. Here is possible identify the field projections
impinging the patient’s back.

The sample considered for measures included in the study is summarised in Tab. 1

Result
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In tabl

NUMBER OF MEASURED PROCEDURES 
CA 21 

PTCA 25 
 

TOT 
 

69 
RF ablation 23 

CA 20 
PTCA 22 
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X-OMAT V 

 
60 

RF ablation 18 
CA 1 

PTCA 11 
 

Gafchromic XR 
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20 

RF ablation 8 
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P
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Tab.  1  Size of the sample of patient dose measurements with large area detectors included in the
study
s of measurements, reported in table 2, show a mean MSD value for CA of 159 mGy,
CA 505 mGy, for RF ablation of 359 mGy. In all the cases measured the MSD was less
 threshold for deterministic effects. Only in 2 cases of PTCA the MSD was near the
old of 2 Gy for the appearance of skin erythema. 
e 2 we report only minimum and maximum measured values, because others values are

 
CEDURE 

 
Min MSD 

(mGy) 

 
Max MSD 

(mGy) 

 
Min MSD/DAP

(cm-2) 

 
Max MSD/DAP

(cm-2) 

 
FILM 

CA 86 312 3.15x10-3  6.59 x10-3   Kodak X-Omat V 

140 >800  3.59 x10-3 9.90 x10-3 Kodak X-Omat V  
TCA 233  1881  5.47 x10-3   18.15 x10-3 Gafchromic XR-R 

38  339  4.48 x10-3   
  

11.83 x10-3    Kodak X-Omat V  
ablation 

66  821  6.25 x10-3   12.48 x10-3   Gafchromic XR-R 
Tab. 2 Minimum and maximum MSD (maximum local skin dose) measured in the sample of patient in cardiac
interventional procedures with large area detectors. The ratio of MSD/DAP is also reported.



not significant due to the statistically poor sample.
As an exercise we tried also to evaluate the correlation between measured DAP and MSD.
Results are presented in Fig.5 and summarised in Table 2
 

Fig 5.a Distribution of MSD/DAP ratios for PTCA
procedures measured with Gafchromic films

Fig 5.b Distribution of MSD/DAP ratios for PTCA
procedures measured with Kodak X-Omat V films

DISCUSSION AND CONCLUSIONS 
In the table 3, some of reported patient skin dose in cardiac procedure, measured with
different detectors, are included. The great variability of the data makes not significant any
comparison with the results of this study, indicating that many factors influence patient dose
in complex procedures: equipment performance, operator skill, methodology and technique
adopted. Frequently the sample size is also poor. 

D
d

 

Reference 
Procedure, detector, 

dose quantity 
Dose value Note 

Webster et al, 2001  PTCA, TLD, 
mean TLD skin dose 135 mGy no significant correlation between 

DAP and TLD dose 
PTCA, mean ESD  310 mGy Waite et al., 2001 RF Ablation, mean ESD 130 mGy 

no significant correlation between 
DAP and Enttrance Skin Dose 

RF Ablation, TLD 
mean MSD  1500 mGy 

Hernando et al., 2001 RF Ablation, calculated  
mean MSD 1800 mGy 

 

Mardsen et al., 2001 DAPmeter 
mean DAP / Skin Dose  3.84 mGy/Gycm2 Mean value from single projection 

values 
 

s
Tab. 3 Patient skin dose in cardiac procedure measured in different cardiac laboratorie
ue to the great variability of skin dose values, it is important that in every installation skin
ose should be periodically assessed with large area detectors. 



For this purpose, the use of radiographic or radiochromic detectors are simple and the results
accurate, taking into account the accuracy in dose measurements required in diagnostic
radiology. Radiochromic have some advantages compared to radiographic detectors: i) no
need of developing after exposure, ii) no light sensitivity and possibility to have an immediate
and qualitative idea of dose distribution and maximum dose by a visual examination of the
film, iii) wider dynamic dose range and no saturation for doses in the range of deterministic
effects for the skin. 
In the case of CA procedures, with lower MSD,  the use of radiographic films can be
recommended together with 4-6 TLDs for an improvement of the accuracy.
Both detectors are more easy to use compared to an array of TLDs attached on the patient skin,
with is another method proposed. In the case of TLDs the accuracy of dose measurements is
higher but the method is time consuming due to the large number of detectors to be handled.

For the direct method attention should be given to the uncertainties in dose estimation due to
the geometric model used: 
i ) Uncertainties of field areas. The field areas on the curved surfaces of the mathematical
phantom correspond well the true areas at the patients skin. The distortion in the shape of the
projected area is thus small, but the error in the location of field edges at the tangential plane
is proportional to the error in the focus-to-phantom  distance, of course. The graphics gives
the focus-to-phantom distance on the basis of the above-mentioned input data (i), (ii) and (iii).
These distances differ by 3 cm in maximum (LLAT projection). This means that the
uncertainty in the locations of field edges is small (0,6 cm in maximum). For a true patient
with abnormal body shape the uncertainty may be larger, of course.
ii) Uncertainty of MSD. When the Cranial projection angle is 0o the ID approximates well the
MSD at the surface of the phantom. For a very large Cranial angle of 40o the variation of the
focus-to-phantom surface distance from beam centre to beam edges in Cranial direction is
about the same as one half of the corresponding field dimension (about 6 cm). This means a
dose variation of about 20% for a typical focus-to-phantom surface distance of 60 cm and
radiation field dimensions of 11,5 x 11,5 cm at the same distance. Distance correction
algorithms should therefore be derived for MSD calculation on the basis of ID and projection
angles. For Lao and Rao angles the dose in beam at the phantom surface varies essentially less
compared with Cranial angles because of the curved shapes of the phantom. By careful DAP
calibration and correct selection of the interventional reference point it may be possible to
keep the uncertainty of ID inside 20 %. As a square sum of the above-mentioned uncertainties
the combined uncertainty (2�) of MSD is about 35% for examinations and procedures where
large projection angles are used. For simple cases like that illustrated in Figure 1 the
combined uncertainty of MSD is smaller (about 25%). 

As a conclusion: 
(i) fluoroscopy time do not correlate with MSD and thus it is a poor predictor of

deterministic risk;
(ii) DAP and ID are not good analoques of MSD because of the weak correlation for some

procedures and because of wide variation in the dose conversion factor (MSD/DAP) or
(MSD/ID) for all cardiac procedures.



(iii) Comparison of methods for MSD measurement: MSD and dose distribution can be
measured and illustrated within the accuracy of 10% with slow film and radiochromic
media in following conditions: (i) MSD and largest projection specific doses are in the
useful dose range of the detector; (ii) sufficient dosimetry expertness is available and;
(iii) LLAT projection is not used, sufficient expertness is available among the
interventional staff to place the detector accurately enough for correct illustration of
radiation fields corresponding other large projection angles[9]. Sensitive measurement
with slow film suits thus well illustration of field areas on the skin (in clinical protocols,
for example). The radiochromic media suits best measurement of MSD and undistorted
illustration of field areas and overlapping of areas from different projections for high
dose interventions (like ablation).The advances of calculation methods are fully
automatic input data acquisition. Routine calculation of MSD and displaying of dose
distribution or overlapping field areas on-line or off-line is realistic  for X-ray machines
with automatic or otherwise practical availability of projection specific DAP and  ID
data. The input data that must be given manually is patient weight and height, and the
height of the angiographic table (if different from its waiting value)[13]. The accuracy
of MSD determination and illustration of overlapping field areas is poorer compared
with slow film and radiochromic media, but calculation methods suit all projections
(including LLAT) and all dose ranges.
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