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1 ABSTRACT  
 

Interventional radiological procedures often require long fluoroscopic 

exposure times and high levels of radiation exposure to patients, which often are 

higher than most radiological examinations except for computed tomography (CT) 

whose effective doses can be higher, and in addition to having radiation risks that are 

higher for both patient and medical staff. Therefore it is important to monitor and map 

the radiation entrance exposure to the patients, to minimize the probability of skin 

injury, and to detect areas of overlapping radiation fields. The aim of this thesis is to 

evaluate patient doses in interventional radiology procedures using a new 

GAFCHROMIC-XR TYPE R DOSIMETER MEDIA X-ray Dosimetry film, which 

allows mapping of the skin dose distribution, when placed closer to the skin. These 

radiochromic films can be characterized by a power response dose function when 

plotting pixel value versus air kerma and have been calibrated up to 5 Gy when using 

a flatbed scanner. Image analysis was performed using the red channel component of 

standard the RGB (Red, Green, and Blue) color space image. The association between 

the Maximum Entrance Skin Doses (MESD) and Dose Area Product (DAP) values for 

two interventional procedures; coronary angiography (CA), and percutaneous 

transluminal coronary angiography (PTCA) is investigated. 
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 2 INTRODUCTION 
 

Interventional radiology procedures represent tremendous advantage over 

invasive surgical procedures, because of the small incisions performed, which allows 

a shorter recovery time compared to surgical procedures and reduces the risk of 

infection. Interventional radiology uses ionizing radiation to guide catheters through 

blood vessels or arteries. Due to the nature of interventional radiology procedures 

where long fluoroscopic times and many angiographic image acquisitions are often 

made to evaluate visualized pathology, high radiation doses can be received in small 

areas of the skin which could cause the induction for deterministic effects such as skin 

erythema and temporary epilation (Huda et al, 1994). 

Since the risk of skin injury in interventional procedures depends on the 

amount of dose received on the patients skin which is a factor of radiation field 

size and location, specifics of the procedures, etc, it is important to monitor which 

part of the skin that receives the highest dose (Wanger et al. 1994). 

 Numerous incidents of radiation –induced skin injuries have been reported in 

the literature describing both acute radiation effects (Stone et al. 1998; Vano et al. 

1998) as well as cases of chronic radiation effects (Lichtenstein et al. 1996).  

 
Most modern X-ray systems designed for interventional radiology procedures 

have a build in dosimeter allowing measurements and recording the dose-area product 

(DAP). DAP is a large-area transmission ionization chamber attached to the exit of 

the X-ray tube and placed perpendicular to the beam central axis and in a location that 

intercept the entire area of the X-ray beam ( Balter et al, 2001). 
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Several methods have been described in the literature for monitoring the 

maximum skin entrance dose during interventional radiology procedures: There are 

some techniques based on thermoluminescent dosimeters (Hansson  et al 2000; Vano  

et al. 1995), Dose Area Product (DAP) (McPorland 1998), combination of TLD and 

film (Guibelalde et al 2003), combination of TLD and DAP (Hansson et al.  2000; 

Van de Putte S et al. 2000), and combination of film and DAP (Karambatsakidou  et 

al. 2005). All of these methods have problems associated with them, that can be 

summarized as follows: 

Thermoluminescent Dosimeter (TLD): Entrance skin dose is often 

measured using thermoluminescent dosimeters (TLD’s). Because it is not an easy task 

to determine the location of the highest dose that was delivered, it is very difficult to 

determine the optimal TLD position. To be able to get accurate information about the 

dose distribution on the patient’s skin, TLD’s need to be calibrated and group based 

on dose response and thus the process can be long and tedious. 

Semiconductor Detector:  The semiconductors (diodes) have a several 

unique properties that are not available with other types of detectors; they have 

precise positioning measurements with high readout speed; direct availability of 

signals in electronic form; the simultaneous precise measurement of energy and 

position; and the possibility of integrating detectors and readout electronic on a 

common substrate (Lutz, 1999). 

The use of diodes for real time estimation of maximum entrance skin dose is 

not easy to position, and they appear on the image, and hence overlain the anatomy. 

Dose-Area Product (DAP): The total Dose-Area-Product (DAP) per 

procedure gives only an approximate indication of the skin dose and cannot be used as 
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an indicator for local overexposure (Karambatsakidou et al, 2005; Vano et al, 2001). 

Since we have different beam projections and different irradiation geometries, any 

changes in the focal spot -to- skin distance (FSD), will affect the dose to the skin but 

not the DAP value. Therefore DAP values are independent on the irradiation 

geometry; and any increase in the radiation field area will cause an increase in the 

DAP. 

Radiographic Film: They were successfully used to measure the patient 

entrance skin doses, but it cannot be used in areas where high radiation dose is 

expected, due to saturation of the optical density as shown in Figure 1. Radiographic 

films are very sensitive to room light and require wet chemical processing. 

Radiographic films are also highly sensitive to processing conditions, especially 

developer concentration, and temperature (Fajardo et al.  1995). 
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Figure 1: Sensitometric response of Kodak EDR2 film using a Densitometer 

(X-Rite, Model 301) 
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3 PROJECT OBJECTIVES 
 

The aim of this study is to assess the radiation dose received by adult patients 

when undergoing interventional radiology procedures, thus identifying the procedures 

that deliver the highest doses. The collected data will establish reference dose levels 

in the Kingdom of Saudi Arabia which is not currently available. 

 

3.1 Methodology 
 

At the King Faisal Specialist Hospital and Research Centre (Riyadh, Saudi 

Arabia), there are four (4) cardiac catheterization suites. The Coronary Angiography 

(CA) and Percutaneous Transluminal Coronary Angiography (PTCA) Procedures for 

adult patients were assessed. Patient dosimetry measurements were performed using: 

DAP values, radiochromic film. Correlation between the estimated MESD values and 

DAP will be assessed.  

 

3.2 Outcome 
 

This study will help establish the reference dose level for adult patients 

undergoing interventional procedure Coronary Angiography (CA) and Percutaneous 

Transluminal Coronary Angiography (PTCA) Procedures being performed in our 

institution, and as well, it will allow us to formulate recommendations on how to 

reduce dose on selected procedures that have been identified to deliver patient dose 

values near the ICRP threshold value. 
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4 MATERIALS AND METHODS 
 
 The dosimetry medium used in this study, a  new GafChromic XR Type R. 

Radiochromic dosimetry film shown in Figure 2, has been developed  to specifically 

measure the absorbed dose of low energy photons < 200 keV (ISP GafChromic). The 

principal goal in development of GafChromic type R is to provide dosimetry film 

media that can be used to measure patient skin dose during fluoroscopically guided 

medical procedures. For this reason, the product is designed to have a minimal 

dependence on photon energy between about 60keV and 120keV (ISP GafChromic). 

Dosimetric studies have been conducted in various forms over a period of 

several years (Norman et al. 1997; Niroomand-Rad A et al 1998; Butson et al. 

2002). All tests support the conclusion that this dosimetric technique can be 

used to identify skin regions at risk from high X-ray doses. 

The active layer of GafChromic Type R dosimetry film is approximately 15 

μm. It is sandwiched between two sheets of polyester , one transparent film substrate 

with a  thickness of  3.8 mils (96.5 μm) and one with 3.8 mils (96.5 μm)  opaque 

white film substrate. 

 

 
Figure 2: Physical structure of ISP GafChromic XR type R dosimetry film 

Source: (http://www.ispcorp.com/products/dosimetry/index.html)
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 This thickness may vary from batch-to-batch in order to provide the products 

with reproducible sensitometric response; a new calibration should be done when 

different lot number or batch is intended to be used. The transparent polyester 

substrate contains a yellow dye that has dual purposes: to enhance the visual contrast 

of the chromatic changes that occur when the film is exposed to radiation, and to 

protect the active layer against exposure by UV and blue light and thereby enable the 

film to be even more tolerant of being handled in the light (ISP GafChromic). The 

active layer contains a proper microcrystalline radiation sensitive monomer dispersed 

in a gelatin matrix (ISP GafChromic). This dye has a major absorbance peak at 675 

nm and a minor absorbance peak at 615 nm as shown in figure 3 (ISP GafChromic). 

 
Figure 3: Characteristic absorption spectrum of GafChromic film 

  

 GafChromic dosimetry media films are found to be useful for measuring large 

radiation doses, energy independent, high reproducibility, and offer ease of handling. 

The GafChromic dosimetry allows precise mapping of the skin dose distribution, when 

placed close to the skin. Radiochromic reactions are direct coloration of a media 

resulting from absorption of radiation. Radiochromic films are self-developed and do 

not require the use of a film processor (Giles and Murphy, 2002).  
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Some of the advantages of using GafChromic Radiochromic films are: the 

film is not sensitive to visible light nor does it require chemical film processing and 

thus has easy handling. It is pre-cut into 43 x 35.5 cm2 single films which have 

sufficient coverage to use in interventional procedures like CathLab and 

Angiography. The change in yellow/green hue color makes it easy to see dose 

accumulation (human eye is very sensitive to these colors) and dose distribution. 

Unlike common x-ray film, it does not require wet film processing and thus is not 

prone to film artifacts that can often occur during development: The dose response 

curve of radiochromic film does not have the saturation characteristic curve problems 

of common x-ray film (toe and shoulder regions of H&D curve) and thus, has a better 

relationship of film exposure and pixel value (or film density)  and reading the film 

with a standard 10 or 12 bit flatbed scanner makes it easy to read and make analysis 

and does not have the limitations of x-ray film digitizers (cost, physical size, 

maximum film optical density measurable values).   

Some of the disadvantages of using GafChromic Radiochromic films are: film 

response to radiation exposures less than 50 mGy is not noticeable and the flatbed 

scanner cannot pick up the small changes in film color, thus making the utilization of 

this type of film in common angiography procedures difficult. The film needs to be 

calibrated every time a new box (lot number) is opened (not as easy to use as an 

ionization chamber), the calibration process can be quit lengthy in time to complete 

(recall to achieve high exposure values multiple single exposures must be taken); this 

is primarily due to excessive x-ray tube heat loading that is achieved and time must be 

given for sufficient cooling to take place between successive exposures. 
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4.1 Calibration of GAFCHROMIC– XR type R Dosimetry Films 
 
  The manufacturer recommends calibrating film from only the same batch and 

allowing 24 hours for the radiochromic dye to stabilize before reading the film (ISP 

GafChromic). 

Precautionary measures in handling of radiochromic film outlined in TG-55 

(Niroomand-Rad et al. 1998) were used. The films were kept in temperatures of 22 oC 

± 2 oC during experiment, storage and analysis. The film is only removed from a light 

tight envelope during irradiation and when it was placed on the flatbed scanner to be 

digitized in scanner reflection mode.  

The sensitivity to absorbed dose of radiochromic film was measured using a 

HP Scan Jet 5370C flatbed color scanner in reflection mode. A program developed 

specially for this kind of work based on Math lab software (Chantziantoniou, 2006), 

was used to calibrate the X-ray exposed GafChromic film using the acquired red 

channel pixel value components.  

When the film was scanned, it was acquired in the standard RGB color space 

were each pixel on the image has a red, green and blue component. That is, each pixel 

has three distinct pixel values depending on the color component that is displayed. As 

is shown on Figure 4, the pixel value red channel component has maximum sensitivity 

to dose response and thus was used for calibration (Alva et al. 2002). The error bars in 

Figure 4, indicate the standard deviation over the region of interest used to measure the 

mean pixel value.  
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Figure 4: The dose response of GafChromic XR type R (Lot No. 35076-007) 
in different color components which shows that the sensitivity is maximized 
when the red channel component was used. The error bars indicate that the 
standard deviation over the region of interest used to measure the mean pixel 
value 
 

GAFCHROMIC–XR Type R Dosimetry Film (Lot No. 35076-007) was precut 

to 5 x 5 cm2 sections and then irradiated to different  air kerma, with 120 kVp (HVL= 

5.3 mmAl)  X-ray photons using Philips Allura Xper FD20 Angiography Suite.  
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4.2 HP Scan Jet 5370C performance and reproducibility  
 
 

To test the performance and the reproducibility of the scanner, a radiographic 

machine (GE XRDII) was used to create the image of Aluminum step-wedge (a 

maximum thickness of 3.5 cm divided into 11 steps) on a Radiochromic film. The 

film was exposed to unknown air kerma as shown in Figure 5. The film was scanned 

six consecutive times in one day post exposure. The scanned images were analyzed by 

taking the mean and the standard deviation of the region-of-interest (ROI) of six steps 

of the step wedge.  

 

 

Figure 5: The image of the aluminum step-wedge in RGB mode and its red 
color channel 
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4.3 Calibration Setup 
 

The X-ray equipment used in calibration was a Philips Allura Xper FD20 

Angiography Suite.  

A quality control (QC) evaluation of the X-ray unit was completed prior to testing of 

the GAFCHROMIC– XR type R Dosimetry Film. The QC evaluation included 

measurements of the radiation output, X-ray field size, half-value layer (HVL), and 

peak kilovoltage (kVp). The half value layer at 85 kVp was measured to be 3.8 

mmAl. The measured values were within the X-ray manufacturer specifications and 

international tolerances such as FDA regulations 21 CFR Part 1020 

(http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=1

020). All exposure data were measured using a RadCal 9010 series dose meter, with 6 

cc ionization chamber (Radcal, Monrovia, California).  

In order to ensure that all film exposures were attained with the same X-ray 

beam geometry and reproducibility, a polymethyl methacrylate (PMMA) phantom 

was constructed 

 

 

Figure 6: Setup Tool. 
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The C-arm was oriented with the X-ray tube under-the-table, as shown in 

Figure 7. The table was positioned at the minimum height and the source image 

distance was set to the maximum position. The mattress was also removed.  

 

Figure 7: Calibration setup  
 

To minimize the exposure time and to maximize the dose rate on film, a 2 mm 

sheet of lead was placed on top of the setup tool, which increased the X-ray tube 

current (mA) and kVp to its maximum setting values while protecting the digital 

Image Intensifier from exposure saturation. The kVp during the measurement was 120 

kVp (HVL= 5.3 mmAl). The film was positioned on the table top position.  

The ionization chamber is entirely within the area of the radiation field at 16.5 

cm from the table to eliminate the backscatter from the chamber onto the film. The 

focal spot-table (Film) distance was 51.5 cm, and focal spot-image intensifier distance 

120cm.  The dose to the film was measured and corrected by inverse square law for 

the distance. The GAFCHROMIC– XR type R Dosimetry Films were scanned 24 

hours after irradiation. 
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4.4 Energy and dose fractionation dependency 
 

Energy, and dose fractionation dependency measurements were performed 

using a digital radiographic machine (GE XRDII) at X-ray photon energies of 65, 90 

and 110 kVp respectively, and the corresponding half value layers were 2.7, 3.8 and 

4.6 mmAl respectively. 

A quality control (QC) evaluation of the X-ray unit was completed prior to 

testing of the GAFCHROMIC– XR type R Dosimetry Film. An Unfors Mult-O-

Meter, Model 5171L, was used to measure the air kerma. From the measured 

exposure rates, a multiple exposure times were calculated that would produce a 

different dose range to the film. The inverse square law was checked by putting the 

chamber in the film location, and hence the measured values were within the ±1% 

from the calculated one. 

 

4.5 Patient Dose Study 
 

At the King Faisal Specialist Hospital and Research Center (Riyadh, Saudi 

Arabia), there are four cardiac catheterization suites, where a large number of 

interventional procedures are performed. Cathlab room 2 and 3 were used for this 

study. The two X-ray equipments used were Siemens biplane X-ray systems. Tube 

settings such as peak voltage and current are controlled by the automatic exposure 

control (AEC). Quality control (QC) evaluations of the x-ray units were completed. 

The DAP meter of the machines are annually checked by comparing its measured 

values to a reference DAP meter (PTW Freiburg, Germany) calibrated according to 

German standard DIN 6819, which was found to be within ± 5%. 
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4.5.1 Film Positioning 

  
The films were placed on the table underneath the patient for an under table 

tube position. The films were centered to the area of the patients one expects to 

be the most irradiated. The film size is 43 x 35.5 cm2 which makes it possible to 

cover a large area of the field dose distribution. If the intervention implies lateral 

projections, extra films are employed surrounding the sides of the patient. 

 

4.5.2 Procedure Selection  
 

The interventional procedures for adult patient for this study were divided into 

two groups: a diagnostic procedure Coronary Angiography (CA); and Interventional 

Procedure Percutaneous Transluminal Coronary Angiography (PTCA).  

 

4.5.3 Patient Selection  
 
  Adult patient demographic data are presented in table 1.The total number of 

patients 11, 9 male and 2 female patients. 

 
Table 1: Patient demographic data 

 Height [cm] Weight [kg] Age [years] 

Average 161.3 75.1 56.3 

Maximum 170 125 67 

Minimum 145 56.8 46 
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5 RESULTS AND DISCUSSION 

5.1 The performance and reproducibility of the HP Scan Jet 5370C 
 

Figure 8 shows the relative response of the scanner using an Aluminum step 

wedge. The scanner exhibited a linear and reproducible response with step number, 

and the percentage standard deviation range for time dependence was found to 

between 1.2% and 1.9%, when using 6 distinct measurements taken approximately 4 

hours apart after waiting for 24 hours post exposure. This also shows that there is no 

optical density growth on the film during the first 48 hours post exposure. 
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Figure 8: Mean pixel values and the standard deviation of images of the 

stepwedge measurements acquired over a 24 hour time period 
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5.2 Dose Response 
 
 The sensitometric response for GafChromic film exposed directly to X-ray 

radiation is presented in Figure 9.  Due to the X-ray tube heat load capacity and total 

time required to attain the net exposure, the maximum dose value measured was 

around 5 Gy. This data was fitted using the software ''Table Curve 2D V4'' (Table 

curve 2D is a powerful and simple automated curve fitting and equation discovery 

program), and the correlation coefficient parameter (R2) was found to be 0.998. The 

analytical form of the curve fit was found to be: 

y = a + b xc

where 

 a =    -837.474285,   b =   4.26683e+07,   c =   -1.97649960   

are the fitting parameters which  may differ from batch to batch. 

This fitting equation allows the estimation of doses at different points of 

the different irradiated areas.   The estimation of doses at the most irradiated areas 

could be easily identified especially when the dose maps are drawn.  

 
Figure 9: The dose response of GafChromic XR Type R (Lot No. 35076-007) 
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5.3 Energy, and Dose fractionation studies 
 

Figure 10 shows the dose response of the GAFCHROMIC– XR Type R 

dosimetry film to X-rays. The air kerma delivered to each film were in fractions with 

three different X-ray energies 65, 90, and 110 kVp, but at 120 kVp the films were 

exposed to a continuous radiation (no fractionations). The response of the film is 

shown to be mean energy (or HVL) and dose fractionation independent, and thus the 

same calibration curve can be used to analyses skin doses for different patients which 

inherently produce different beam qualities. 
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Figure 10:  Energy and dose fractionation dependence of the Radiochromic 
XR type R. the dose was delivered in multiple exposure times and different 
energy for different sets of films from the same patch.  
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5.4 Patient Data Analysis 
 
 

Table 2 summarizes the Maximum Entrance Skin Doses (MESD) and DAP 

values for 11 cathlab patients, who underwent one of the interventional procedures 

under investigation, the procedures comprised 6 CA, and 5 PTCA.  All PTCA 

procedures done in this study are combined with CA procedures, the CA procedure is 

first done, and when the patient situation acquires an interventional, the PTCA 

procedure started and continued afterwards. All measurements include table attenuation 

and patient backscatter. The DAP readings include exposures from both fluoroscopy 

and cine. The highest dose per procedure was found at the right lateral and middle 

posterior positions. MESD measured values were found to be between 210 mGy and 

994 mGy for CA, and 655 mGy and 2579 mGy for PTCA. The data indicates that the 

MESD is higher in PTCA than in CA procedures. It should be noted that the data 

below, for both procedures, apply to cases where different persons and thus some 

variability could be due to operator experience. In table 2 as shown in the last two 

columns, is the area where the overlapping radiation fields and the MESD is uniformly 

distributed, and its standard divination. 

 

Table 2: Dosimetric Parameters for Monitored Procedures 

Procedure 
No. Procedure Fluoroscopy 

Time [min] 
Time 
Cine 
[min] 

Acc. 
Fluoroscopy 

Time[min] 

Total 
DAP 

[Gycm2] 
MESD[mGy] Sdv. Area 

[cm2]

1 CA 3.9 2.6 6.5 57.6 653.0 50 6.5 
2 CA 2.0 0.6 2.7 27.6 210.0 34 8.8 
3 CA 11.2 1.9 13.1 157.9 994.0 68 5.8 
4 CA 11.4 2.4 13.8 104.8 852.0 57 13.1 
5 CA 5.7 1.4 7.1 50.9 376.0 49 18.5 
6 CA 11.4 1.3 12.7 71.4 380.0 45 2.0 
7 CA+PTCA 19.0 3.6 22.6 50.5 665.4 51 23.0 
8 CA+PTCA 54.7 3.1 57.8 104.0 1400.0 45 3.4 
9 CA+PTCA 47.1 2.8 49.9 100.7 2579.0 45 3.2 

10 CA+PTCA 17.2 2.0 19.2 86.0 995.0 43 12.0 
11 CA+PTCA 17.8 3.3 21.1 101.2 907.0 49 12.5 
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Table 3 and table 4 show that the mean DAP value per procedure for CA was 

78.4 ± 46.5 Gy cm2,  the exposure time was 7.6 ± 4.2 min (81.7% of total) for 

fluoroscopy time and 1.7 ± 0.7 min (18.3% of total) for cine time. Accordingly, the 

mean DAP value per PTCA procedure was 88.5 ± 22.3 Gy cm2, the exposure time 

was 31.2 ± 18.2 min (91.3% of total) for fluoroscopy time and 3 ± 0.6 min (8.7% of 

total) for cine time.  

In CA procedures the cardiologist searches for stenotic lesions and uses many 

projections. Therefore, although PTCA is more complicated than CA, the 

corresponding DAP values are comparable as shown in Table 3. 

 

 
Table 3: DAP and time measurements.  

  

Mean DAP 
[Gy.cm2] 

Mean MESD 
[mGy] 

Mean Cine 
Time [min]] 

Mean 
Fluoroscopy 
Time [min] 

Mean Total 
Fluoroscopy 
Time [min] 

CA 78.4 ± 46.5 577.5 ± 306.0 1.7 ± 0.7 7.6 ± 4.2 9.3 ± 4.2 
CA+PTCA 88.5 ± 22.3 1301.7 ± 742.0 3 ± 0.6 31.2 ± 18.2 34.1 ± 18.2 

 
 
 
 

Table 4: Percentage contribution to a total fluoroscopic time  

  

% Contribution 
from Fluoroscopy 

Time 

% Contribution 
from Cine 

Time 
CA 81.7 18.3 

CA+PTCA 91.3 8.7 
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Table 5 shows the comparison of the mean DAP value of this study with other 

studies for CA and PTCA procedures. Therefore the corresponding DAP values are 

comparable. 

 

Table 5: Comparison of This Study with Literature in CA and PTCA 
Mean DAP Values[Gy cm2] 

 CA PTCA 
Vano et al, 1995 66.5 87.5 
Van de Putte et al, 2000 60.6 115.3 
Karambatskidou et al, 2005 49.0 40.0 
Padovani et al, 1998 55.9 101.9 
This study 78.4 ± 46.5 88.5 ± 22.3 

 
 

In Table 2, procedure No. 3 is 5 times longer than procedure No. 2 in 

fluoroscopy time and total DAP.  The contribution to total DAP values from cine for 

the two procedures is comparable (67.9% for procedure No. 2 and 54.4% for 

procedure No. 3) that occupies only 22 % for procedure No 2 and 15% for procedure 

No 3 of the accumulated fluoroscopy time. On the other hand, the PTCA procedure 

No.10 the contribution of Cine is 43% to total DAP that occupies only 10% of the 

accumulated fluoroscopy time. Therefore, the cine contribution to DAP is the higher 

in the CA procedures than PTCA procedures, because in PTCA procedures extensive 

fluoroscopy is used when difficulties are encountered in maneuvering the guide wire 

and balloon catheter into position.  
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Even though the procedure and the protocol are the same, coronary angiography 

procedures No.4 and No.6 show a similar fluoroscopy time, but cine time in procedure 

No.4 is higher than procedure No.6 approximately by a factor of 2.  The difference in 

DAP values is 32%. And the MESD is higher approximately by a factor of 2, and this is 

due to that the contribution from cine is higher in procedure No 4 than in No 6. 

Therefore, even small changes in cine time have a significant effect on the radiation 

dose received by the patient.  

The size and weight of the patient is an important factor of variation in the 

skin dose, even though the procedure and the protocol are the same. CA procedure No. 

3 has fluoroscopy and cine time shorter than procedure No. 4, but the DAP values and 

the MESD is higher in procedure No. 3 than procedure No. 4. Therefore, subjects of 

large body thickness require higher entrance doses in order to obtain enough image 

quality with similar levels of contrast and resolution, and hence DAP will increase. 

Figure 12 shows an example of the dose distribution obtained after 

percutaneous transluminal coronary angioplasty (PTCA) procedure. Dose distribution 

and maximum entrance skin dose are identified easily. The overlapping fields are 

seen clearly on film, due to fewer projection angles used in this type of procedures.  

The complexity of the PTCA procedures is different between patients. A good 

example is presented in Figure 12 compared to Figure 11.  The PTCA procedures 

No. 8 has a longer fluoroscopic time and higher DAP values compared to the 

PTCA procedure No. 9, but the MESD is 70% higher in PTCA procedure No.8 

than in No.9. This shows how different irradiation geometry and absence of 

significant field overlapping have a great influence in lowering the dose to patient 

skin. And this depends on the location of the lesion, the severity of the situation, 

the number of stenotic lesions and skills of the operator and cardiologist experience. 
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The relationship between the DAP and MESD values for different 

procedures are independent quantities. The CA procedure No.5 and PTCA No.7 

show approximately similar DAP values, but the MESD does not show a similar 

correlation. 

Comparing procedure No.9 and No.11, the DAP values almost are the 

same, but the MESD in procedure No. 9 is higher than in No.11, even though the 

contribution from cine is lower than for procedure No. 11. This shows that the 

correlations between the DAP values and MESD in PTCA procedures is poor. 

Figure 13 shows a significant correlation (R2= 0.8) between the MESD and 

DAP values for the CA procedure, while Figure 14 shows less significant 

correlation for the PTCA procedures (R2= 0.29), but when excluding procedure 

No. 9 from the data set (This is a failed procedure, and does not represent the 

general patient situation. This special case was a big patient with too much pain 

and always moving, complaining, and can not stay still on the table), the 

correlation become (R2= 0.59) more significant as shown in Figure 15.  

Figure 16 and  Figure 17  show poor correlation between the MESD and 

accumulated fluoroscopy time (R2= 0.35, R2=0.42) for the CA and PTCA procedures 

respectively,  but when joining the procedures together as show in Figure 18, the 

correlation between the MESD and the accumulated fluoroscopy time becomes 

significant  (R2=0.67). 
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 Since the fluoro time is the only single real time value available in the biplane 

X-ray systems, which can be used as an indicator for local over exposure, and since 

there is an alarm every five minutes of fluoro irradiation, so that the operator could 

have a feeling that he is approaching the limit where he may reached the skin dose 

threshold or not. Therefore it is probable that a high-skin dose may occur for 

fluoroscopy times greater than 50 minutes.  
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(b) 
Figure 11: Entrance skin dose distribution form PTCA procedure No.9. Total 
DAP=10067uGym2. (A) The original dose distribution image from pa projection in 
RGB mode and its red color channel (B) Right lateral projection and its red color 
channel. 
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 (b) 

 

 
(c) 

 
Figure 12: Entrance skin dose distribution form PTCA procedure No.8. Total 
DAP=10404uGym2. (A) The Original dose distribution image from pa 
projection in RGB mode and its red color channel (B) Right lateral projection 
and its red color channel (C) Left lateral projection and its red color channel. 
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Figure 13: Correlation between Dose-Area-Product and Maximum-Entrance-Skin-
Dose for the CA. 
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Figure 14: Correlation between Dose-Area-Product and Maximum-Entrance-Skin-
Dose for the PTCA. 
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Figure 15: Correlation between Dose-Area-Product and Maximum-Entrance-Skin-
Dose for the PTCA, excluding procedure No 9 due to extremely high MESD value, 
because of the patient situation with a very complex and complicated case.   
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Figure 16: Correlation between Accumulated Fluoroscopy time and 
Maximum-Entrance-Skin-Dose for the CA  
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Figure 17: Correlation between Accumulated Fluoroscopy time and 
Maximum-Entrance-Skin-Dose for the PTCA 
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Figure 18: Correlation between Accumulated Fluoroscopy time and 
Maximum-Entrance-Skin-Dose for the CA and PTCA 
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6 CONCLUSION 
 
 Skin entrance dose can be easily measured when radiochromic films are 

used. Radiochromic film is a perfect tool on identifying both the entrance dose to the 

critical areas of the skin and the maximum entrance skin dose (MESD).  

With a flatbed scanner, the GafChromic XR Type R film has a usable range 

from 0.05 Gy to about 5 Gy. This demonstrated upper limits as reached when the 

instrument was set to respond to the most sensitive spectral component of the film 

(Thomas et al, 2003 and Alva et al, 2002). The dynamic range might be extended by 

measuring the green color component instead.  

 The variation in DAP values for similar procedures could arise from: 

• Longer fluoroscopic time, 

• Variation in cine time, 

• Operators skills,  

• Severity of the case treated,   

• Number of the lesions, and  

• Filed size 

 

The mean DAP values of this study for CA and PTCA procedures are 

comparable with mean DAP values from other studies. 

In the PTCA procedures the contribution of fluoroscopy dose to DAP was 

higher than CA procedures, whereas, in the CA procedures the contribution of cine to 

DAP values was greater than in PTCA procedures 
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The total irradiation time for PTCA procedures is higher than CA procedures. 

In CA procedures many projections are often required; including cine fluoroscopy 

which dominating. Therefore, although PTCA procedures are more complicated than 

CA procedures, the corresponding DAP values are comparable, and this is due to the 

contribution from cine dose to DAP, because even small changes in cine time have a 

substantial effect to DAP values, whereas similar changes in fluoroscopy time have a 

minimum lower effect. 

The cine contribution to DAP is the higher in the CA procedures than in the 

PTCA procedures, because in PTCA procedures extensive fluoroscopy is used when 

difficulties are encountered in maneuvering the guide wire and balloon catheter into 

position.  

 When x-ray radiation is passing through a large object or patient, low energy 

photons are removed from the beam and thus to maintain the same image quality, the 

fluoroscopic systems’ automatic brightness control (ABC) sub-system increases the 

tube current and/or kVp output, which in turn increases the skin entrance dose to the 

patient.  

There is a significant correlation (R2= 0.8) between the MESD and DAP 

values for the CA procedure, while the correlation (R2= 0.59) in PTCA procedures 

is less significant. 

The correlation between the MESD and accumulated fluoroscopy time (R2= 

0.35, R2=0.42) for the CA and PTCA procedures respectively is poor, but when the 

two producers are joined together, the correlation between the MESD and the 

accumulated fluoroscopy time become significant (R2=0.67).  It is probable that a 

high- skin dose may occur in fluoroscopy time greater than 50 minutes. 
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7 RECOMMEDATION 

 7.1 Dose Reduction 
 

Even though it is not possible to reduce MSD below 2 Gy due to patient 

factors, anatomic variation, disease complexity, and type of procedure may combine 

so that a prolonged procedure with high radiation dose is unavoidable. 

This is not necessarily a contradiction to performing or continuing the 

procedure. It is also does not indicate a poor technique on the part of the operator. 

 Dose reduction requires attention to several basic principles: 

• Control of fluoroscopy time: 

- This is the direct responsibility of the operator 

- It can be minimized by means of judicious use of intermittent       

fluoroscopy 

• Control of the number of images obtained during the procedure 

- Requires awareness and planning 

- Minimizing number of images while ensuring that no 

important information is lost 

• Dose can be minimized through optimization of technical factors: 

some of these factor are under the operator's direct control 

- Maximizing source- to – skin distance 

- Minimizing the air gap between the patient and the image 

intensifier 

- Limiting the use of electronic collimation 

- Beam filtration 

- Grid removal 
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• Pulsed fluoroscopy: The operator should use it when ever it is 

possible  

• Out dated equipment should be replaced with new fluoroscopic 

unit that incorporate current dose reduction technology, patient 

protection should not be sacrificed in the interest of economy. 

 

7.2 Reduction of the Maximum Entrance Skin Dose (MESD): 
 

Measures that reduce total radiation dose will also reduce the MESD. Two simple 

basic techniques can be used to reduce the MESD: 

I- Changing the position of the radiation field of the patient's skin by using : 

a. Gantry angulations 

b. Table movement 

 

The purpose of these techniques is to spread the skin dose over a large area, 

because spreading the administered dose over a large area accomplishes two things: 

- Reducing the  MESD 

- Reducing the area of skin subjected to MESD. 

 

II- Reducing the size of the radiation field by using collimation: 

Collimation of the irradiated field is as important as dose spreading, 

because irradiation fields can overlap on the skin surface, the overlap area 

receives a higher dose. Optimal collimation may prevent overlapping specially 

with the use of biplane fluoroscopy units. 
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