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INTRODUCTION
During the last 30 years the use of Interventional Cardiology (IC) procedures has increased
significantly, mainly due to the benefits and advantages of the method that offers more
accurate diagnosis and treatment along with less complications and hospitalization. 

However, IC procedures are based on the use of x-ray radiation, mostly localized at certain
areas of patient’s body and for extended periods of time. Consequently, patient may receive
high radiation dose and deterministic effects, such as erythema, epilation or even dermal
necrosis may be observed [1-6]. Therefore, the need for reducing radiation dose is highly
important. In order to achieve this, good knowledge of the dose levels delivered to the patient
during IC procedures is essential since radiation effects are known to increase with dose. It is
of great interest to know the point where the maximum skin dose (MSD) is noted since
individual sensitivity may vary [7]. MSDs greater than 1 Gy should be recorded [1].  

Patient dosimetry during IC procedures is a complex task since these type of procedures
depend on various factors, such as complexity and severity of case, different specifications of
x-ray equipment and patient’s physical characteristics. Moreover, cardiologist’s experience
plays an important role [8].

For these reasons, Food and Drug Administration (FDA), the International Commission on
Radiological Protection (ICRP) as well as the World Health Organization (WHO), have
published documents on radiation safety and ways to reduce skin injuries during IC
procedures [7,9,10]. 

Various methods have been proposed for measuring MSD such as the use of slow
radiotherapy films [2,11,12], thermoluminescent detectors (TLD) [1,2,11-14], scintillation
detectors [1,15], Dose-Area Product (DAP) meter [2,11-16], as well as a combination of DAP
and air kerma [1]. A literature review on MSDs measured during IC procedures showed that
doses ranged from 300 to 43000 mGy [17].



The purpose of this study was to define the best method for assessing maximum skin dose by
comparing entrance skin dose (ESD) values assessed using four different methods, ie. slow
films, TLDs, DAP and air kerma measured taking into account the projections used during the
procedure.

METHODS AND MATERIALS

In Onassis Cardiac Surgery Center eighty six (86) patients were studied, thirty six (36) of
which had undergone a Coronary Angiography (CA), twenty six (26) a Percutaneous
Transluminal Coronary Angioplasty (PTCA) and twenty four (24) a RF ablation. Dose
measurements were performed using a grid of seven TLDs (TLD-100, LiF:Mg,Ti, Harshaw)
placed on a slow prepackaged radiotherapy verification film (Kodak 35x43 cm, X-Omat-V,
Eastman Kodak Co, Rochester, NY, USA) .The film was placed on patient’s couch just before
the beginning of the procedure with the 7 TLDs  positioned on film in three parallel arrays,
the central of which approximately corresponded to patient’s heart center. Kodak X-Omat-V
film was preferred since it has the best slope of sensitometric curve at 550 mGy [2,18]. The
film has been formerly calibrated in the x-ray system in use using a standard 90-sec automatic
film processor (Agfa Curix) and its characteristic curve at 70 kVp has been plotted. Optical
densities (OD) were measured by use of a digital densitometer (Victoreen 07-424). Errors in
exposure estimates due to changes in film speed and contrast with tube potential are less than
5% for the kVp range used (60-100 kVp) [19].

The x-ray system used was a Siemens Angioscop  (Siemens, Erlangen, Germany) with an
undercouch tube and an overcouch image intensifier (II) with three field sizes of 33cm, 23cm
and 17cm. The system performed under automatic exposure control, a pulsed fluoroscopy
mode of 12 pulses/sec and a cine frame rate of 25 f/sec. The DAP meter  (Gammex-RMI,
Nottingham, UK) was calibrated according to the protocol proposed by NRPB  [20]. Prior to
measurements, an extensive quality control was performed to ensure acceptable performance
of the X-ray system in terms of image quality and radiation dose. 
Data collected included total DAP reading, fluoroscopy time (FT), total number of frames (F),
projections used as well as patients’ sex, age, height, weight, type of procedure and the name
of the cardiologist performing the procedure.

RESULTS – DISCUSSION 
From the results given in table 1, one may see that PTCA is the procedure that has the most
elevated DAP values. This can be explained by the fact that during PTCA not only higher
fluoroscopic times but also higher number of frames are used. RF ablation lasts the longest as
far as fluoroscopic time is concerned but the small number of frames and the small fields
routinely used tend to keep the DAP values lower. 

Table 2 shows measurements of entrance skin dose using TLDs, film and calculations from
projections and air kerma measurements. Correlation of MSDs measured using film with DAP
readings was not satisfactory (r = 0,25 for CA and r = 0,50 for PTCA). The conclusion that it
is not possible to estimate MSD from DAP measurements is in accordance with previous



studies [12,14]. This is expected since IC examinations vary in field sizes, field orientations
and focus to skin distances used.

Correlation of film and TLD dose measurements was very good (r = 0,96). The large skin area
covered by film  (film size = 35cm x 43cm) reduces the possibility of missing the most
heavily irradiated region. On the contrary, it is difficult to determine in advance the exact
position of TLDs in order to assess MSD unless a significant number of TLDs is used [21].
Thus, 82%, 86% and 71 % of the patients had their MSD value assessed using only films
during CA, PTCA and RF ablation respectively, value that otherwise would have been
missed. It seems that seven (7) TLD chips is a very limited number so as to measure MSD
even for RF ablation, a procedure where beam projection has small variations. 

However, the capabilities of Kodak X-Omat-V film are limited since doses assessed cannot
exceed 0,8 to 0,9 Gy when processed automatically [18] and the whole procedure is strongly
influenced by exposing, and processing conditions [11]. Moreover, errors range from 10% to
30% depending on whether one calculates doses from the linear part of the curve or at the
curve shoulder respectively. In our experience, since 42% of PTCA films and 51% of RF
ablation films (Table 3) had optical densities at the curve shoulder, doses could not be
accurately measured.  The situation was better in CAs because of the greater number of
projections used (only 25% of films had OD corresponding to doses > 0.5 Gy) (Table 3).  

MSD assessment from the clinical protocol and air kerma measurements is a very
cumbersome method since it requires the manipulation of a great deal of data (beam
projections, field sizes, focus to skin distances, focus to image intensifier distances, patient
thickness).

CONCLUSIONS
 Although TLDs are currently the most accurate method to measure MSD delivered to  patient
during IC procedures, the high number of TLD chips and the staff / equipment required to
assess them, makes them not suitable as a routine method. Furthermore, TLDs do not provide
a direct measurement that would help to preview and avoid patient’s skin radiation damage.

Film dosimetry is a cheap, easy to use and accurate method for measuring MSD provided a
proper calibration curve is obtained. It should be noted though, that the currently available
film for routine use, Kodak X-Omat-V, is too sensitive to be used in lengthy IC procedures
and too highly dependable on processing conditions (temperature, time, concentration of
chemicals). Since doses exceeding 1 Gy should be measured so as to investigate the
possibility and severity of deterministic skin injuries, film dosimetry using Kodak X-Omat-V
film is not suitable. Kodak EDR-2 films extend dose range to more than 2 Gy but this has to
be verified by a future investigation [22].
 
Estimation of MSD using DAP readings has also been proved to be not suitable, however
establishing of local threshold DAP value per procedure type might prove useful identifying
patients in risk [1]. 



Scintillation detectors, which were proposed in the literature [1], were not investigated in this
study. However their small size presents the same problem with TLDs, which is the skin area
with MSD is most probably missed.It could be concluded that film dosimetry is the method of
choice for the routine assessment of MSD provided that film companies improve film
characteristics. 

At present, post calculation of skin dose by using air kerma measurements and the clinical
protocol followed seems to be the best but cumbersome method for MSD assessment [16].

Table 1. Patient measurements for all procedures. All values are in terms of mean and
standard deviation.

Procedure FT
(min)

Number of
frames

DAP
(Gycm2)

Sample

CA 8,0±5,6 1781±665 39,9±30,5 36
PTCA 14,7±10,7 1861±770 56,8±17,5 26

RF ablation 22,2±18,0 550±305 27,2±12,5 24

Table 2. Range of Entrance Skin Doses (ESD) measured.
 

Procedure ESD using film 
(mGy)

ESD using TLDs
 (mGy)

ESD calculated using air kerma
and clinical protocol

(mGy)

CA 1,3 - 799 1,4 - 1120 0,4 - 1520
PTCA 1,3 - 630 1,0 - 1095 1,1 - 1790

RF ablation 1,0 - 860 1,2 - 2020 1,2 - 2060

Table 3. Percentages of film measurements according to dose intervals.

Procedure >200 mGy >500 mGy >700 mGy

CA 33 % 25 % 18 %
PTCA 71 % 42 % 20 %

RF ablation 82 % 51 % 25 %
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