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CHAPTER I 

 
BACKGROUND AND RATIONALE 

 
An increasing number of invasive procedures, primarily therapeutic in nature 

and involving use of devices under fluoroscopic guidance, are becoming accepted 
medical practice. Examples of such procedures in this study are Percutaneous 
Transluminal Coronary Angioplasty / Stent (PTCA), neurointerventional radiology 
and catheter-based hepatobiliary interventional procedures include Transarterial Oily 
Chemoembolization (TOCE) and Percutaneous Transhepatic Biliary Drainage 
(PTBD). These procedures are performed by variety of medical specialists and may 
provide significant advantages over alternative therapies in terms of improved clinical 
outcome and reduced overall patient risk. However, physicians performed these 
procedures should be aware of the potential for serious radiation-induced skin injury 
caused by long periods of fluoroscopy occurring with some of these procedures. Such 
injuries have recently been reported as a result of radiation exposure during some of 
these procedures due to long fluoroscopic exposure times, high dose rates or both. 
 
  The radiochromic film known as Gafchromic film in this study was long 
widely used as a patient radiation dose detector [1]. It was applied to determine the 
dose in radiation therapy for many regions of the body i.e. breast [2]. The Gafchromic 
film was used in some study to measure the dose distribution in water in comparison 
to a solid phantom [3]. Some study showed the sensitivity of the Gafchromic film [4]. 
They showed how to apply the gafchromic film in many ways but mostly used in 
radiation therapy. The Gafchromic film used in this study was the new type that 
developed for low dose detection for diagnostic purpose. There were very few reports 
in this field; therefore this study was the first one for patient dose measurement in 
cardiac catheterization and interventional procedures at King Chulalongkorn 
Memorial Hospital. 
  

In September 1994, the Food and Drug Administration (FDA) of the United 
States issued a public health advisory entitled Avoidance of Serious X-Ray Induced 
Skin Injuries to Patients during Fluoroscopy-Guided Procedures [5]. The advisory 
recommended, among several items, that information be recorded in the patient's 
record which permits estimation of absorbed dose to the skin. In September 1995, the 
FDA issued a follow-up advisory entitled Recording Information in the Patients 
Record that Identify the Potential of Serious X-ray Induced Skin Injuries Following 
Fluoroscopically Guided Procedures [6] which clarified some of the earlier 
recommendations. As stated in the September 1995 advisory, the purpose of the 
recommendation (the 1994 advisory) is to encourage identification of those areas of 
the skin which are irradiated at levels of absorbed dose that approach or exceed a 
threshold for injury [7]. 

 
The typical table top exposure rate measurements in the cardiac catheterization 

lab is vary between 1.29x 10-4Ckg-1 min-1 to 2.58 x 10-3Ckg-1 min-1(0.5 Rmin-1-10 
Rmin-1)[6]. Also, many of the current imaging systems produce a high dose rate mode 
of operation. The exposure rate may be as high as 5.16 x 10-3 C kg-1 min-1 (20 Rmin-1) 
for the equipment manufactured after 1995 and even higher for older equipments. 
Also, the output during cineradiography (cine) may be 10-30 times higher than the 
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standard fluoroscopy output. Some complicated cases may have a fluoroscopy "beam 
on-time" from 1-3 hours, including several minutes of cine. 
 

Although the FDA encourages identification of those areas of the skin which 
are irradiated above a threshold dose, currently there is no practical system which 
would allow a physician or medical physicist to accurately determine the exposure 
dose to a specific area of the patient's skin [6]. Determination of the localized skin 
dose from a fluoroscopically guided interventional cardiac procedure is a significant 
challenge. It is a dynamic process that involves varying beam orientations and 
changing x-ray tube operating parameters throughout the procedure. The McMahon 
Medical Skin Dose Monitor is one device that allows for the measurement of dose on 
various parts of the body, but there are a finite number of detectors that can be taped 
to a patient's body surface. There are systems, such as the Patient Exposure 
Management Network (PEMNET), which measure the total exposure, exposure rate, 
and/or total radiation "on-time", but it doses not track beam orientations and thus not 
permit mapping of the spatial dose distribution. Multiple thermoluminescent 
dosimeters (TLDs) may be positioned on a patient, but much like the Medical Skin 
Dose Monitor, there are a finite number of TLDs which can be taped on a patient's 
body surface, but the readout and dose mapping are tedious. 

 
Various silver halide photographic films had been tested as dosimetric devices. 

Single sheet of film can be easily positioned in the areas exposed to radiation in 
comparison to the tedious task of positioning multiple TLDs. Films are often used in 
the radiation therapy environment where the photon energies are higher than 
diagnostic x-ray energy. Most silver halide films are too sensitive at diagnostic x-ray 
energies for the dose range of interest in this work. Also, silver halide films are very 
sensitive to room light and require wet chemical processing [8]. In addition to 
problems with energy response in the 10 keV to 200 keV energy range, the film has a 
limited dose range. The sensitivity of the film allows for the measurement of dose up 
to approximately 2.0 Gy [9] which is not high enough for doses encountered in some 
interventional procedures. 

 
A new radiochromic film, gafchromic XR type R "Interventional" X-ray 

Dosimetry Film, was tested to determine its potential for patient skin dose monitoring 
in the cardiac catheterization laboratory. The film has been designed to measure doses 
up to 10 Gy or more for diagnostic x-ray energies that range from approximately 20 
keV to 150 keV.  

 
The other method for patient dose assessment is the use of a Dose Area 

Product (DAP) meter, where the detector will be placed on the housing of the x-ray 
tube. The read out data from DAP meter in cGy.cm2 and the radiation area in cm2 
from the verification film placed on the couch under the patient, were calculated to 
determine the patient’s skin dose (cGy). The clinical research will be conducted at 
cardiac center and the section of vascular & interventional radiology at King 
Chulalongkorn Memorial Hospital where the clinical service on cardiac 
catheterization such as Percutaneous Transluminal Coronary Angioplasty / Stent 
(PTCA), neurointerventional radiology and catheter-based hepatobiliary 
interventional procedures include transarterial oily chemoembolization (TOCE) and 
percutaneous transhepatic biliary drainage (PTBD) are routinely performed 
employing fluoroscopy.  
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In this study both Gafchromic film and DAP meter, were used to determine 
the radiation dose in different procedures. 

 
1. Gafchromic film was used to determine the maximum entrance dose. 
2. DAP method was used to determine the total radiation dose of each 

procedure. 
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CHAPTER II 

 

RESEARCH QUESTION AND RESEARCH OBJECTIVE 
 
2.1 Research Objective  
 

2.1.1 To determine the maximum patient skin dose using the Gafchromic film 
for various interventional radiology procedures.  

 
2.1.2 To compare the results on maximum skin dose using Gafchromic film 

with radiation dose measurements by the DAP method. 
 
2.1.3 To correlate the maximum patient skin dose with fluoroscopic time. 
 

 2.1.4 To report and establish the patient skin dose in order to protect the 
patient from the skin injury and increase the operational awareness. 
 
2.2 Research Question 
 
 2.2.1 Primary Research Question 
 
 What is the maximum patient skin dose measured by Gafchromic film in 
various interventional procedures? 
 
 2.2.2 Secondary Research Question 
 
 What is the relationship between the measured patient skin dose by 
Gafchromic film and the calculated skin dose from dose area product (DAP) method? 
 
2.3 Hypothesis 
 

2.3.1 The maximum patient skin dose measured from Gafchromic film is 3 Gy 
and not exceed this limit threshold dose for skin injury.(see index I) 

 
2.3.2 The agreement on measured skin dose by Gafchromic film and DAP 

meter method. 
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CHAPTER III 
 

RESEARCH METHODOLOGY 
 

3.1 Research Design 
 
 This study is a descriptive prospective cross sectional study. 
 
3.2 Research Design Model 

 

DAP Meter Calibration Gafchromic Film Calibration 
- Attenuation coefficient of 
the couch 

- Dose response test 
- Time dependent test 

Figure 1: The research design model 
 

3.3 Keywords 
 
 Dose Area Product (DAP) Meter, Gafchromic Film, Patient Skin Dose 

Patient Skin Dose 
- Maximum skin dose 
- Total radiation dose 

Data Management 
- Comparison of the data 

Calculated Dose from 
Gafchromic film 

Calculated Dose 
from DAP meter 

Data Collection From 
Fluoroscopy Procedures 

- Fluoroscopy Time 
- Patient Size 
- Procedure type 
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3.4 Sample 
 
 3.4.1 Target Population 
 

The patients who underwent interventional radiology and cardiac 
catheterization procedures at King Chulalongkorn Memorial hospital. 
  

3.4.2 Consent Form 
   

Informed consent from every patient was obtained before the procedure. (see 
appendix V) 
 
 3.4.3 Sample 
 
 The data was recorded on 64 patients who underwent the interventional 
radiology procedures , 21 cases for transarterial  oily  chemoembolization ( TOCE ), 5 
cases for percutaneous  transhepatic  biliary  drainage ( PTBD ), 22 cases for 
neurovascular interventional radiology procedure and 16 cases for percutaneous 
transluminal coronary angioplasty / stent (PTCA) at King Chulalongkorn Memorial 
hospital. 
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CHAPTER IV 
 

MATHERIALS AND METHOD 
 

4.1 Equipment and Accessories 
 
 4.1.1 Gafchromic XR Type R Film (Model 37-046) 
 

Gafchromic XR Type R is a self-developing radiochromic film. The film has 
white opaque at one side and yellow on the other side. The color of the yellow side 
will be change to a green color and darker proportional to the amount of radiation 
dose ranged of 0.2 - 15 Gy. The film is energy independent between 60 keV - 120 
keV, outstanding uniformity, dose rate and fractionation independent. This film type 
is designed and can be used to improve fluoroscopic technique and patient safety.  
 

A d h e s iv e  la y e r  ~ 1 5  m ic r o n s

A c t iv e  la y e r   ~ 1 8  m ic r o n s

Y e l lo w  p o ly e s t e r  ~ 9 7  m ic r o n s

O p a q u e  w h i t e  p o ly e s t e r  ~ 9 7  m ic r o n s
 

 
Figure 2: Configuration of Gafchromic XR Type R film 

 
4.1.2 Dose Area Product (DAP) Meter (MODEL PTW-Diamentor E) 
 
Dose-Area-Product (DAP) meter is large-area, transmission ionization 

chambers and associated electronics. In use, the ionization chamber is placed 
perpendicular to the beam central axis and in a location to completely intercept the 
entire area of the x-ray beam. The DAP, in combination with information on x-ray 
field size (FOV) can be used to determine the average dose produced by the x-ray 
beam at any distance downstream in the x-ray beam from the location of the 
ionization chamber.  

 
DAP meter is used to measure the absorbed dose (cGy), times the area of the 

x-ray field (cm2), on patient skin. The relationship between DAP and exposure-area 
product (EAP) is essentially a single conversion factor that relates dose to exposure. 
EAP is expressed in roentgen-cm2 (R-cm2) and DAP is expressed in gray-cm2 (Gy-
cm2, usually read in cGy-cm2). 

 
A DAP ionization chamber which size is larger than the area of the x-ray beam 

is placed over the x-ray collimator. The chamber must intercept the entire x-ray field 
for an accurate reading, one proportional to the EAP. The reading from a DAP meter 
is affected by the exposure factors (kVp, mA, or time), the area of the field (FOV), or 
both. The chamber area must be larger than the maximum collimation, as the 
collimation blades are opened or closed the charge collected will also increase or 
decrease in proportion to the area of the field.  
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For example, a 5 x 5 cm2 x-ray field with an entrance dose of 1 mGy will yield 
a 25 mGy-cm2 DAP value. If the field is increased to 10 x 10 cm2, with the same 
entrance dose of 1 mGy the DAP value increases to 100 mGy-cm2, which is 4 times 
the DAP value for the 5 x 5 cm2 field. 

 
Figure 3:   DAP meter and the Chamber 

 
4.1.3 Digital Ionization Chamber 

 
The digital ionization chamber (Victoreen model 4000M+) was used for the x-

ray system half value layer (HVL) and the table attenuation coefficient (k) 
measurements.  

 
Figure 4: Digital ionization chamber (Victoreen model 4000M+) 

 
4.1.4 Portal Film (Verification Film) Kodak X-OmatV 

 
The non screen ready packed film was used to verify the radiation area. 

 
4.1.5 Radiographic/Fluoroscopic System 

 
 The following x-ray machines were used for each interventional radiology and 
cardiac catheterization procedures. 
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Table 1: the x-ray machines used for each procedure. 
 

 

Procedures Manufacturer Model 
Abdominal Interventional Radiology   
1. Transarterial Oily Chemoembolization 
( TOCE ) 
2. Percutaneous Transhepatic Biliary 
Drainage   ( PTBD ) 

Siemens Polystar 

Neurovascular Interventional Radiology Siemens Neurostar 

Siemens Coroskop Percutaneous Transluminal Coronary 
Angioplasty / Stent (PTCA) Siemens Axiom 

4.1.6 Flatbed Scanner 
 
 The flatbed scanner (EPSON STYLUS CX 5300) was used for scanning the 
Gafchromic film. 

 
Figure 5: Flatbed scanner 

 
4.2 Methods 
 
      The study was carried on as the following steps. 
 

1. The evaluation of radiographic-fluoroscopic equipment performance. 
2. The calibration of Gafchromic film and DAP meter. 
3. The patient data collection using Gafchromic film and DAP meter methods. 
4. The analysis of the data. 
5. The evaluation of the patient skin dose. 
 

 
4.3 The evaluation of radiographic-fluoroscopic equipment performance. 
 

The performance of the radiographic-fluoroscopic equipment performance 
was evaluated prior the test of the Gafchromic-XR type R "Interventional" x-ray 
dosimetry Film. Those evaluations include the radiation output, x-ray field size, beam 
quality (HVL), and peak kilovoltage (kVp). The measured values should fall within 
the limits recommendated by AAPM standard. 
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4.4 Calibration of Gafchromic Film and DAP Meter 
 
4.4.1 Gafchromic Film Calibration 
 
Gafchromic film was calibrated at different exposure values. An electronic 

dosimeter Victoreen 4000M was firstly used to measure the exposure rate in air on the 
table, then Gafchromic film was later exposed at various exposure time and dose 
levels. 
 

First, a dose response curve between color changed of the Gafchromic film 
and the radiation dose was generated. The Victoreen 4000M electronic dosimeter was 
placed on the tabletop (Source-to-Chamber Distance = 60 cm; Source-to-image 
Intensifier = 100 cm). The peak potential, current, and magnification mode were 
manually adjusted to 100 kVp and normal magnification mode respectively. The 
exposure rate at the tabletop is measured in five locations. The Gafchromic XR type R 
film was cut in to 5 cm x 5 cm sections sheets. The background density of each film 
was measured with a flatbed scanner and process with MatLab routine program. The 
cutting film was placed in the same location as the previously recorded exposure rates. 
From the measured exposure rates, an irradiation time were calculated for the dose to 
the film of 0.5, 0.7, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 3.0, 4.0 and 5.0 Gy respectively. The 
film density was subsequently measured 24 hours after exposure. The dose response 
curve was created and the measured net density was compared to that specified by the 
film manufacturer. 

 
The time dependence of density measurements was tested. All of the films 

from the previous section were monitored in one hour increment up to 8 hours. The 
color density changed on each film was also measured at time 12, 24, 96, 144 and 288 
hours respectively. 
 

4.4.2 DAP Meter Calibration 
 

The purpose of the DAP meter calibration is to correct for 
 
  4.4.2.1 Energy Dependence of the Transmission Chamber. 

 
  In interventional radiology, the only important problem, deserving 
specific attention for DAP calibration, is the energy dependence of the transmission 
chamber, especially when the equipment includes copper filters, which substantially 
harden the X ray spectrum. This effect together with the kV variation can change the 
calibration factor by as much as 20 % or even more. 

 
In certain radiological equipment and for some modes of operation, the copper 

filters are automatically inserted or changed. If a built-in DAP meter is available, the 
software in certain equipment design automatically corrects the values displayed by 
the built-in DAP meter for the energy dependence every time the filter is inserted or 
changed. 
  

This automatic correction does not affect external DAP meters. Since filters are 
inserted or changed during the procedure, it is impracticable to keep track of these 
changes. For this reason, the only solution for external DAP meters is to choose a mid-
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value for the calibration factor and give the range associated to it. For example, if the 
range is about 20%, a central value can be chosen and an uncertainty ± 10% can be 
associated to the DAP measurements on patients. The range can be obtained by measuring 
without copper filter and with the maximum copper filter. Once the range is known, the 
mean value of the two calibration factors can be chosen. 
 

 4.4.2.2 Calibration Procedure of DAP Meter 
 

 The following calibration procedure accounts for the energy dependence of 
the DAP meters. It is suggested to choose two modes of operation (which involve the 
maximum copper filter and no copper filter) and two different kV values representing the 
range of kV usually encountered in practice. If the x-ray system is not equipped with the 
copper filters, then the calibration procedure can be simplified accordingly. 

 
The calibration factor or the attenuation factor by the couch is the ratio between the 

dose rate for the radiation which actually measured while the couch is against the x-ray 
beam and dose rate without the couch between the ionization chamber and the x-ray tube. 

 
k =  Dose Rate with the couch/Dose rate without the couch 

 
k  is the calibration factor to be applied to the transmission chamber to obtain the 

correct patient's DAP readout. 
 

The setup is illustrated in the figure 6A, 6B. The copper absorber is needed to 
protect the image intensifier from direct irradiation and to drive the automatic exposure 
control to the kV values required. The distance from the tube to the tabletop should be 
similar to the one used in practice for an average patient size. The distance of the image 
intensifier to the reference chamber should be sufficient to minimize the backscatter from 
the copper absorber to the reference chamber.  
 

 
Figure 6A: The setting of the devices to calibrate DAP meter with attenuator. 

1 

2 

 

3 

4 

5 

FCD = 60 cm. 

7 

6 
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Figure 6B:The setting of the devices to calibrate DAP meter without attenuator. 

 
 

1. Image intensifier 
2. Copper absorber 
3. Digital ionization chamber 
4. Couch and mattress 
5. Collimator 
6. X-Ray tube 
7. Distance from focal spot to chamber 
 

Figure 6A and 6B show the settings of the devices to calibrate DAP meter, the 
dose rate is measured while the x-ray is and is not attenuated by the couch and 
without the couch. 
 
 The values of the measurements were recorded in a table. Every dose 
measurement was performed three times and the average was taken. See 
recommended table below: 
 

Table 2: Determination of k factor for all radiographic/fluoroscopic systems. 
 

Mode 
Submode/ 

Image 
quality 

Dose rate Table 
attenuation Absorber 

    (mGy/min) %   

C-arm at 0°     

C-arm at 90°       
 

1 2 

3 

4 
5 

FCD = 60 cm. 7 

6 
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4.5 Data Collection 
 
Clinical measurements were performed on 64 patients undergoing 

interventional radiology and cardiac catheterization procedures using fluoroscopy at 
King Chulalongkorn Memorial hospital. 

 
Those were undertaken on 21 cases of transarterial oily chemoembolization 

(TOCE) and 5 cases of percutaneous transhepatic biliary drainage (PTBD), 22 cases 
of neurovascular intervention and 16 cases of cardiac catheterization including both 
diagnostic and therapeutic procedures. 

 
The setting of the device for data collection is shown by the followings.  

 
1. DAP chamber was placed on the housing of the x-ray tube. 
 
2. The portal film and Gafchromic film were placed on the couch under the 

patient, face the yellow side against the entrance x-ray beam, except the 
neurovascular intervention, the film was wrapped around the patient’s 
head. 

 
3. The data was recorded in the form shown in table 7 (see Appendix IV). 
 

 
1. Image Intensifier 

1

2. Object (Patient) 
3. Verification Film (Portal Film) 
4. Gafchromic Film(the yellow one) 
5. Couch and Mattress 
6. DAP Chamber 
7. X-Ray Collimator 
8. X-Ray tube 

Figure 7: Setting of the devices for patient dose determination. 

2
3
4

5

6
7

8
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4.6 Measurement 
 

 Independent variables   = Procedure types, kVp, mA, fluoroscopic time, size 
         of patient. 
 Dependent variables    = (patient skin dose) the reading from DAP meter,  
         accumulation dose, the color changed on Gafchromic 
         film. 
 
 
4.7 Data Analysis 

   
1. For Gafchromic film, once exposed, it was delayed for 24 hours to get 

accurate dose estimate. The density grew to the maximum by 24 hours 
which was generally less than 10% density growth between 1 to 24 hours 
after exposure.  

 
2. Quantitative measurement on film was performed with a flatbed scanner, 

in reflection mode. An image of the film in 24 bit /pixel was acquired and 
scanned with 300 dpi in resolution. Images were saved in TIF format 
(attention to scan the relevant exposed area of the film only.)  

 
3. The TIF image was processed with MatLab program: 
 

• Create a dose calibration curve which each color density changed was 
converted to dose. 

 
4. Developed the portal film to determine the radiation area (cm2) to calculate 

the absorbed dose (cGy) from the data from the DAP meter reading 
(cGy.cm2). 

 
5. The data from the DAP meter in cGy.cm2 was divided by the area from 

portal film in cm2 in order to determine the absorbed dose in cGy and 
corrected for attenuation factor (k). 
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CHAPTER V 
 

RESULTS AND DISCUSSION 
 
5.1 The Equipment Calibration 
 

5.1.1 The Radiographic-Fluoroscopic (R-F) System Performance Test 
 

The performance of the radiographic-fluoroscopic equipment performance 
was evaluated; those include the radiation output, x-ray field size, beam quality 
(HVL), and peak kilovoltage (kVp). The measured values are shown in table 3. 
 

Table 3: The evaluation of the R-F system performance. 
 

STUDIES 
 

Neurostar 
 

Polystar 
 

AXIOM 
 

Max Absorbed Dose Rate (mGy/min) 70.9 
 

52.0 
 

87.9 
 

Pulse Rate (f/s) 
 

30 Sub mode 3 
 

30 

FOV (cm) 
 

14 16 
 

16 

Table Attenuation (%) 
 

2.0 
 

6.4 
 

2.8 
 

HVL (mm) 
 

6.9 
 

3.7 
 

7.1 
 

Fluoro- Image quality (lp/mm) 
 

2.2 
 

1.7 
 

2.8 
 

 
  

5.1.2 T he Gafchromic Film Calibration 
 

Figure 8 shows the result for measured color intensity on the film with 
different exposed radiation dose. The x-axis represents the absorbed dose in cGy, the 
y-axis shows the measured red color intensity recorded on the Gafchromic film 
detected by analyzing the scanned TIFF image from flatbed scanner with MATLAB 
program. 
 
 There is a general decrease in measured red color intensity with increased 
radiation dose. The curve shows the great changes in intensity of the red color at the 
dose less than 500 cGy. This calibration curve was used for the conversion of the red 
color intensity to the absorbed dose. 
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Figure 8: The calibration curve of Gafchromic film 

 
Figure 9 shows the results of the time dependent calibration on Gafchromic 

film after exposure. The graph shows the post-exposure density changed on the 
Gafchromic XR type R radiochromic dosimetry film from 12 to 24 hours after 
exposure for various delivered doses and normalized to 1 (show in percentage on the 
graph) at 24 hours. This also reveals that post-exposure density changed, relative to 
the density at 24 hours, is essentially independent of the exposure dose and time. The 
density changes by about 8% between 12 hours and 24 hours after exposure, but the 
rate of the density change was less than 2% over the next 288 hours.  
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Figure 9: The time dependent curve of the Gafchromic film. 
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 5.1.3 The Results of DAP Meter Calibration 
 

Table 4 shows the result of the DAP calibration of the radiographic-
fluoroscopic (R-F) system used for this study. The percentage of table attenuation 
shows in the last column represents the percent of radiation dose decreased when 
impinge on the patient couch. Siemens polystar couch absorbed largest radiation of 
6.4 percent when compared to Siemens Neurostar of 2 percent and Siemens AXIOM 
of 2.8 percent. 

 
Table 4: The table attenuation of each fluoroscopic machine. 

  

 

Manufacture 
 
 

Model 
 
 

Submode/
Image 
quality 

Dose rate 
C-arm at 0°

 

Dose rate 
C-arm at 90° 

 

Absorber 
 

Table 
attenuation

   (mGy/min) (mGy/min)  (%) 

Siemens Axiom Normal 17.2 17.7 2mm Cu 2.8 

Siemens Neurostar Normal 4.4 4.5 2mm Cu 2.0 

Siemens Polystar Normal 10.2 10.9 2mm Cu 6.4 

      
  
  

  
      

As the table attenuation directly affects patient skin dose determination, the 
patient entrance dose decreases by this factor. The correction was applied to the 
readout from DAP meter in all cases. 
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5.2. The Results of the Clinical Trial  
 

Table 5: The results of the study 
Skin Dose 
from GF 

(cGy) 

Radiation 
Area  
(cm2) 

Flu Time 
(min) 

 

DAP 
(cGy.cm2) 

 

Studies 
 
 

x-ray 
tube 
 

No. 
 
 

Age 
(years) 
 

Max Max Min Max Min 
 

Max 
 

Min 

TOCE  21 36-72 365 431 52 48 2.4 38,168 2,433
PTBD  5 17-87 183 186 82 15.03 1.51 5,972 520

A   165 260 153 46 3.7 26,378 2,689
B   165 285 153 21  16,825 1,176

 
Neuro 
 Total 22 17-61 180 285 153 46 3.7 36,221 3,865
PTCA  16 42-79 294 135 36 17.2 0.8 20,000 3,050
   

64 
  

365 
 

431 
 

36 
 
48 

 
0.8 38,168 520
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Figure 10: The maximum skin dose of each procedure. 

 
 The results of the study shows as the data in the table 5 and figure 10 
performed on 64 patients, the maximum skin dose recorded from the TOCE procedure 
as 365 cGy. 294 cGy, quite high skin dose was measured from the PTCA procedure. 
The longest of fluoroscopic time, 48 minutes was recorded from the TOCE procedure 
also.  
 
 The results of each recorded procedure are shown in the following. 
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5.2.1 The Result from Neurovascular Interventional Radiology Procedure 
 
Figure 11 shows the results for maximum skin dose measured on the film in 

radiation field A (x-ray tube A, PA axis tube). The x-axis represents the estimated 
dose from DAP in cGy. The y-axis shows the maximum dose measured from the 
Gafchromic film. A definite trend is seen where the measured peak dose increases as 
the estimated dose from DAP increases. 
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Figure 11: The maximum skin dose (cGy) in field A (PA axis) of neurovascular 

procedure measured by Gafchromic film compared to estimated dose from 
DAP meter (cGy). 
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Figure 12: The maximum skin dose (cGy) in field B (lateral axis) of neurovascular 

procedure measured by Gafchromic film compared to estimated dose from 
DAP meter (cGy). 
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Figure 12 shows the results for maximum dose measured on the film in 
radiation field B (x-ray tube B, Lateral axis tube). The x-axis represents the estimated 
dose from DAP in cGy. The y-axis shows the maximum dose measured from the 
Gafchromic film. A definite trend is seen where the measured maximum dose 
increases as the estimated dose from DAP increases. 

 
Figure 13 shows the results for the comparison of the maximum dose 

measured from Gafchromic film in cGy and fluoroscopic time in minute. The trend 
line is seen the maximum dose increase as the fluoroscopic time increase. 
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Figure 13: The relation of the maximum dose (cGy) and fluoroscopic time (minute) in 

neurovascular procedure. 
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Figure 14: The relation between DAP (cGy.cm2) and fluoroscopic time (minute). 
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Figure 14 shows the results for the relation between the DAP in cGy.cm2 and 
fluoroscopic time in minute. The line shows the DAP increases as the fluoroscopic 
time increases but the data is scattered. DAP is the cumulative dose from all the path 
of the patient. In these case, the neurovascular interventional procedure used bi-plane 
fluoroscopic machine and DAP is the cumulative value from both of the x-ray tube. 
DAP’s ability to estimate stochastic risk is degraded because of the lack of dose 
distribution information within the patient. The best way to assume an average 
weighting factor for all the tissues at risk. This may lead to an over or under estimate 
of risk in certain cases. As an example, it does not account for the differential risk of 
these neurovascular procedures from an AP or a lateral projection. 
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Figure 15: The relation between maximum skin dose from Gafchromic film (cGy) and 

estimated dose from DAP meter (cGy). 
 

Figure 15 shows the results for the comparison of the maximum estimated 
dose from DAP meter and maximum dose from Gafchromic film. The x-axis shows 
the maximum dose measured from the Gafchromic film in cGy. The y-axis represents 
the dose from DAP meter in cGy. The maximum skin dose from Gafchromic film is 
180 cGy and maximum estimated dose from DAP is 79 cGy. The curve shows the 
linear relation between maximum skin dose and estimated dose. 
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5.2.1 The Result from Percutaneous Transluminal Coronary 
Angioplasty/Stent (PTCA) Procedure 
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Figure 16: The relation between maximum skin dose measured by Gafchromic film 

and the DAP readout (cGy.cm2) 
 

 Figure 16 shows the relation between the dose area product (DAP) and 
maximum dose from Gafchromic film. The x-axis shows the maximum dose 
measured from the Gafchromic film in cGy. The y-axis represents the DAP in 
cGy.cm2.  A trend line is seen where the maximum dose on Gafchromic film increase 
when the DAP readout increases. 
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5.2.3 The Result from Percutaneuos Transhepatic Biliary Drainage (PTBD) Procedure 
 

Comparison of the Estimated Dose from DAP and Gafchromic Film

R2 = 0.8505

0

10

20

30

40

50

60

70

80

0 20 40 60 80 100 120 140 160 180 200

Maximum Skin Dose from GF(cGy)

Es
tim

at
ed

 D
os

e 
fr

om
 D

A
P 

M
et

er
 (c

G
y)

 
Figure 17: The relation between maximum skin dose (cGy) from Gafchromic film and 

estimated dose from DAP meter (cGy). 
 

Figure 17 shows the results for the comparison of the estimated dose from 
DAP meter and maximum dose from Gafchromic film. The x-axis shows the 
maximum dose measured from the Gafchromic film in cGy. The y-axis represents the 
dose from DAP in cGy. A linear relation is seen where the maximum dose is 183 cGy 
on Gafchromic film and estimated dose from DAP is 66 cGy. 
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5.2.4 The Result from the Transarterial Oily Chemoembolization (TOCE) Procedure 
 

Figure 18 shows the relation between the estimated dose from DAP meter and 
maximum dose from Gafchromic film. The x-axis shows the maximum dose 
measured from the Gafchromic film in cGy. The y-axis represents the dose from DAP 
in cGy. The maximum skin dose from Gafchromic film is 365 cGy and maximum 
estimated dose from DAP is 175 cGy. A trend line is seen where the maximum dose 
increases as the dose from DAP increases. 
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Figure 18: The relation between maximum skin dose (cGy) from Gafchromic film and 

estimated dose from DAP meter (cGy). 
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5.3 Discussion 
 
 The result shows the linear correlation between the estimated dose from DAP 
meter and the maximum skin dose from Gafchromic film. There are several 
factors affected the dose estimation by the DAP meter such as the variation of the 
radiation field, the angle of the x-ray tube, fluoroscopic mode, field sizes during 
fluoroscopy, those made uncertain area for dose estimation. 
 

The maximum skin dose determined by Gafchromic film of each procedure is 
certainly higher than the estimated dose from DAP meter. Because the DAP is the 
cumulative dose from every exposures at many parts of the patient, so the dose 
could be estimated from the averaged radiation areas, while maximum dose 
measured at one point on exposed skin. Both results compliment to each other and 
benefit the patients except the maximum exceeds the threshold level of skin injury. 
 
 Interventional radiology and cardiac catheterization procedures described in 
this study may also increase the risk for late effects such as radiation-induced skin 
injuries. The potential for such late effects should not be disregarded in 
risk/benefit considerations, especially for individuals with many decades of 
expected life remaining, such as pediatric and young adult patients, or for 
procedures involving absorbed dose to radiosensitive tissues such as the breast 
and gonads. These interventional procedures can also result in increased 
occupational exposure to physicians and staff, and efforts to reduce the exposure 
to patients will result in reductions in the exposure to those conducting the 
procedures. 
 

Complicating the assessment of the magnitude of the problem of injuries from 
fluoroscopy is the fact that the injuries are not immediately apparent. Typical 
times to onset or appearance of the effect are given in Table 6 (see appendix I). 
Other than the mildest symptoms, such as transient erythema, the effects of the 
radiation may not appear until weeks following the exposure. Physician 
performing these procedures may not be in direct contact with the patients 
following the procedure and may not observe the symptoms when they occur. 
Missing the milder symptoms in some patients can lead to surprise at the 
magnitude of the absorbed doses delivered to the skin of other patients when more 
serious symptoms appear. For this reason, it is recommended that patient skin 
dose should be recorded in the patient's record. Consideration should be given to 
counseling such patients on the possible symptoms and risks from those 
procedures.  
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5.4 Conclusion  
 
 The Gafchromic film detector has adequately measured maximum skin dose 
during fluoroscopic procedure for interventional radiology procedures and cardiac 
catheterization. It can provide information for point dose assessment or profile 
measurements of dose if required. Even though the dose measurement is simple 
and accurate but the high cost of the film may prevent its regular use for 
monitoring skin dose directly. 
  
 The DAP meter is convenience for radiation dose estimation and it should be 
installed in every radiographic-fluoroscopic system for dose assessment. The 
readings can over or underestimate dose risk due to many factors, as e.g. the 
difficultly to correlate the exposure with skin area on the patient. 
 
 There was only one incident on TOCE procedure where maximum skin dose, 
365 cGy exceeded the threshold dose for temporary epilation, 300 cGy [11] (see 
appendix I). 
 
 The determination of the radiation dose in interventional radiology and cardiac 
catheterization is a benefit for radiation injury prevention and also increase the 
awareness of the radiologist and cardiologist in using the radiation for 
interventional procedures. 
 
 The result can be used as a guideline for studying the dose range of each 
procedure (see table 5) in order to optimize exposure technique and the radiation 
dose for the benefit of the patient in interventional radiology and cardiac 
catheterization procedures. 
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APPENDIX I 

 
Table 6: Shows the radiation induced skin injuries 

 
Radiation-Induced Skin Injuries 

 
Hours of Fluoroscopic  

"On Time" 
to Reach Threshold+ at: 

 

Effect 
 

Typical 
Threshold 
Absorbed 

Dose (Gy)*
 Usual Fluoro. 

Dose Rate 
of 0.02 Gy/min 

(2 rad/min) 
 

High-Level 
Dose Rate 

of 0.2 Gy/min 
(20 rad/min) 

 

Time to 
Onset of
Effect++

 

Early transient 
erythema 
 

2 1.7 0.17 Hours 

Temporary epilation 
 

3 2.5 0.25 3 wk 

Main erythema 
 

6 5.0 0.50 10 d 

Permanent epilation 
 

7 5.8 0.58 3 wk 

Dry desquamation 
 

10 8.3 0.83 4 wk 

Invasive fibrosis 
 

10 8.3 0.83  

Dermal atrophy 
 

11 9.2 0.92 >14 wk 

Telangiectasis 
 

12 10.0 1.00 >52 wk 

Moist desquamation 
 

15 12.5 1.25 4 wk 

Late erythema 
 

15 12.5 1.25 6-10 wk 

Dermal necrosis 
 

18 15.0 1.50 >10 wk 

Secondary ulceration 
 

20 16.7 1.67 >6 wk 

 
* The unit for absorbed dose is the gray (Gy) in the International System of units. One 

Gy is equivalent to 100 rad in the traditional system of radiation units. 
+ Time required to deliver the typical threshold dose at the specified dose rate. 
++ Time after single irradiation to observation of effect. 
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APPENDIX II 

 

 
A = Unexposed area 

B = Exposed area 
Figure 19: Shown the exposed Gafchromic XR type R film 

 

 
Figure 20: MatLab program, the analyzing window 
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APPENDIX III 

 

 
 

Figure 21: The Gafchromic dose reference strip. 
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APPENDIX IV 

 
Table 7: CASE RECORD FORM 

Clinical data collection sheet for interventional dose project 
Facility identification     
Equipment ID     
Plane for bi-plane system, if applicable     
Procedure     
Initial DAP setting     
Initial cumulative fluoroscopy time     
Patient name     
Patient ID     
Patient height     
Patient weight     
Patient gender     
Patient Age     
Portal or Gafchromic film in place?     
Superior position mark on film?     
Patient left marked on film     
Start time     
Fluoroscopy dose mode setting initially and 
at 10 minute intervals     
End time     
DAP readout at end     
Cumulative fluoroscopy time at end     
DA or digital fluorography frames     
DA or digital fluorography frame rate     
Dose mode setting for DA and 
fluorography     
Typical kV, mAs for DA and DF     
DSA frames(number)     
Dose mode setting for DSA      
Typical kV, mAs for DSA      
Cine frames rate     
Cine frames (number)     
Equipment setting for Cine     
Number of Cine runoffs     
Typical kV, mAs for Cine     
Gafchromic film ID     
Calculated patient skin dose     
Cardiologist / Radiologist      
Cardiologist / Radiologist  exposure / case  
(Pocket Dosimeter)     
Data Collector     
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APPENDIX V 
  

PATIENT CONSENT FORM 
 

ขอมูลสําหรับผูเขารวมวิจัย 
 
การศึกษา : ปริมาณรังสีที่ผิวหนังของผูปวย จากการวัดโดยเรดิโอโครมิคฟลมและแดพมิเตอร ในผูปวยที่ทําการ
ตรวจสวนหัวใจและรังสีรวมรักษา 
 
เรียน     ผูเขารวมวิจัยทุกทาน 
 
 ทานเปนผูไดรับเชิญจากผูวิจัยใหเขารวมการศึกษาเพื่อวัดปริมาณรังสีที่ผิวหนังของผูปวยในการตรวจ
สวนหัวใจและรังสีรวมรักษา  โดยใชเรดิโอโครมิคฟลมและแดพมิเตอร กอนที่ทานตกลงเขารวมการศึกษา
ดังกลาว  ขอเรียนใหทานทราบถึงเหตุผลและรายละเอียดของการศึกษาวิจัย  ในครั้งนี้ 
 

ผูปวยที่เขารับการตรวจสวนหัวใจและรังสีรวมรักษาโดยใชการฉายรังสีแบบตอเนื่อง(Fluoroscopy) เปน
เครื่องมือในการนําตรวจนั้น จะมีความเสี่ยงที่จะไดรับปริมาณรังสีสูงกวาการตรวจวินิจฉัยทั่วไป และปริมาณที่
ไดรับจะมีระดับอยูในเกณฑที่สามารถยอมรับไดหรือไมนั้นเปนสิ่งที่นาศึกษา 
 
 ดังนั้นการศึกษาวิจัยในครั้งนี้  มีวัตถุประสงคเพื่อ  วัดปริมาณรังสีที่ผิวหนังของผูปวยตอการตรวจหรือ
การรักษาแตละครั้งวาเปนปริมาณเทาไร  และมีวิธีการลดปริมาณรังสีที่ผูปวยไดรับอยางไร  เพื่อไมใหเกินปริมาณ
รังสีสูงสุดที่ผูปวยสามารถรับได 
 
 ในการวัดปริมาณรังสีนั้น จะใชเรดิโอโครมิคฟลม(Radiochromic film) ซึ่งจะมีลักษณะเปนแผนฟลมสี
เหลืองดานหนึ่งอีกดานหนึ่งสีขาว ขนาด  14 x17 นิ้ว และแดพมิเตอร (DAP meter) ซึ่งเปนเครื่องมือที่ใชวัดปริมาณ
รังสีที่ออกมาจากหลอดเอกซเรยโดยตรง ในการวัดเรดิโอโครมิคฟลมนั้นจะวางอยูใตตัวผูปวย บนเตียงเอกซเรย
ตรงบริเวณที่รังสีผานตัวผูปวย และสําหรับแดพมิเตอรนั้น สวนหัววัดจะติดอยูที่หลอดเอกซเรย โดยเครื่องอานคา
จะแยกออกมาตางหาก ซึ่งอุปกรณทั้งสองชนิดนี้จะไมรบกวนหรือเปนอุปสรรค ทั้งผูปวยและเจาหนาที่ในขณะ
ปฏิบัติงาน 
 
 หากทานตกลงที่จะเขารวมการศึกษาวิจัยนี้  จะมีขอปฏิบัติรวมดังตอไปนี้ 

1. ทานไมตองเสียคาใชจายใดๆ เพื่อการวัดคาปริมาณรังสีดังกลาว 
2. กอนเริ่มการตรวจในแตละครั้ง  ผูวิจัยจะติดเครื่องมือคือ แดพมิเตอรที่หลอดเอกซเรยและเรดิโอ

โครมิคฟลมวางบนเตียงใตตัวผูปวย สําหรับการตรวจ neurointerventional radiology ซึ่งเปนการ
ตรวจรักษาบริเวณศีรษะ เรดิโอโครมิคฟลมจะวางอยูดานหลังและดานขางของศีรษะ โดยจะไมทํา
ใหเกิดการระคายเคืองใดๆตอผูปวย 
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3. หลังจากที่แพทยและเจาหนาที่ทําการตรวจหรือการรักษาเสร็จในแตละการตรวจ  ผูวิจัยจะทําการ
เก็บเรดิโอโครมิคฟลมและนําคาที่ไดจากแดพมิเตอรไปคํานวณหาปริมาณรังสีที่ผูปวยไดรับในการ
ตรวจครั้งนั้นๆ 

 
 การเขารวมการศึกษาวิจัยนี้  เปนไปโดยสมัครใจทานอาจจะปฏิเสธที่จะเขารวม  หรือถอนตัวจากการ
ศึกษาวิจัยนี้ไดทุกเมื่อ 
 
 ประการสําคัญที่ทานควรทราบ  คือ  ผลของการศึกษาวิจัยนี้  จะใชสําหรับวัตถุประสงคทางวิชาการ
เทานั้น  โดยขอมูลตางๆ  จะไมมีการแพรงพรายสูสาธารณชน  ขอรับรองวาจะไมมีการเปดเผยชื่อของทานตาม
กฎหมาย 
 
 หากทานมีปญหา  หรือขอสงสัยประการใด  กรุณาติดตอ  นายชูชีพ คําเครือ  โทร   - 063230956  
ซึ่งยินดีใหคําตอบแกทานทุกเมื่อ 

ขอขอบคุณในความรวมมือของทานมา  ณ  ที่นี้ 
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ใบยินยอมเขารวมการวิจัย  (Consent form) 

 
 การวิจัย  เรื่อง  ปริมาณรังสีที่ผิวหนังของผูปวย จากการวัดโดยเรดิโอโครมิคฟลมและแดพมิเตอร ใน
ผูปวยที่ทําการตรวจสวนหัวใจและรังสีรวมรักษา 
 
 วันใหคํายินยอม  วันที่.........................เดือน.................................พ.ศ. ............................... 
 
 กอนที่จะลงนามในใบยินยอมใหทําการวิจัยนี้  ขาพเจาไดรับการอธิบายจากผูวิจัยถึงวัตถุประสงคของ
การทําวิจัย  วิธีการวิจัย  อันตรายหรืออาการที่อาจเกิดขึ้นจากการทําวิจัย  รวมทั้งประโยชนที่จะเกิดขึ้นจากการทํา
วิจัยอยางละเอียดและมีความเขาใจดีแลว 
 
 ผูวิจัยรับรองวาจะตอบคําถามตางๆ  ที่ขาพเจาสงสัยดวยความเต็มใจไมปดบังซอนเรนจนขาพเจาพอใจ 
 
 ขาพเจามีสิทธิที่จะบอกเลิกการเขารวมในโครงการวิจัยนี้เมื่อใดก็ได  และเขารวมโครงการวิจัยนี้โดย
สมัครใจ  และการบอกเลิกการเขารวมการวิจัยนี้  จะไมมีผลใดๆ  ตอขาพเจา 
 
 ผูวิจัยรับรองวาจะเก็บขอมูลเฉพาะเกี่ยวกับตัวขาพเจาเปนความลับ  และจะเปดเผยไดเฉพาะในรูปที่เปน
สรุปผลการวิจัย  การเปดเผยขอมูลเกี่ยวกับตัวขาพเจาตอหนวยงานตางๆ  ที่เกี่ยวของกระทําไดเฉพาะกรณีที่จําเปน  
ดวยเหตุผลทางวิชาการเทานั้น 
 
  
 ขาพเจาไดอานขอความขางตนแลว  และมีความเขาใจดีทุกประการ  และไดลงนามในใบยินยอมนี้ดวย
ความเต็มใจ 
 
 

   ลงนาม.....................................................................................ผูยินยอม 
 

     (...................................................................................) 
 
 

   ลงนาม.....................................................................................พยาน 
 

     (...................................................................................) 
 
 

   ลงนาม......................................................................................ผูทําวิจัย 
 

     (...................................................................................) 
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