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THAI ABST RACT 

สายวรุณ เทียนเครือ : การวดัปริมาณรังสีของผูป่้วยในการตรวจรักษาตบัโดยวิธีทีเอซีอี (TACE) และ
การตรวจรักษาทางเดินน ้ าดีโดยวิธีพีทีบีดี (PTBD) โดยใชเ้คร่ือง มิดชอฟ ในการตรวจวดั (Patient 

Dose Measurement in TACE and PTBD Procedures Using Scintillation with Optical Fiber 

Dosimeter) อ.ท่ีปรึกษาวิทยานิพนธ์หลกั: รศ. ดร. อญัชลี กฤษณจินดา, อ.ท่ีปรึกษาวิทยานิพนธ์ร่วม: 

ศ. ดร. มาซาโยริ อิชิกาวา{, 97 หนา้. 

การวดัปริมาณรังสีท่ีผิวหนงัโดยใชเ้คร่ืองมิดซอฟ (MIDSOF) ท่ีเป็นซินทิลเลเตอร์  มีความเหมาะสม
และสะดวก  ผูป่้วยท่ีรับการตรวจรักษาตบัโดยวธีิทีเอซีอี (TACE) และ การตรวจรักษาทางเดินน ้ าดีโดยวธีิพีทีบีดี 

(PTBD) ซ่ึงเป็นการตรวจทางดา้นรังสีร่วมรักษาโดยใชรั้งสีแบบต่อเน่ือง (Fluoroscopy) นั้น  จะมีความเส่ียงท่ีจะ
ไดรั้บปริมาณรังสีท่ีผิวหนังสูงกว่าการตรวจวินิจฉัยอ่ืนๆ  งานวิจยัน้ีท าการศึกษาปริมาณรังสีท่ีผิวหนังท่ีผูป่้วย
ไดรั้บวา่อยูใ่นระดบัท่ีปลอดภยัหรือไม่ 

วตัถุประสงค์หลกัจากการศึกษาน้ีคือวดัปริมาณรังสีท่ีผิวหนังของผูป่้วยต่อการตรวจและเพ่ือศึกษา
ปัจจยัท่ีมีผลต่อปริมาณรังสีท่ีผิวหนงัของผูป่้วยไดรั้บโดยใชเ้คร่ืองมิดซอฟ (MIDSOF) ท่ีเป็นซินทิลเลเตอร์และ
แคพมิเตอร์ (KAP meter) ท าการวดัในผูป่้วยทั้งหมด 62 ราย   ผูป่้วย 54 รายไดรั้บการตรวจทีเอซีอีและ 8 รายท่ี
ไดรั้บการตรวจพีทีบีดี ในหน่วยงานรังสีร่วมรักษา  โรงพยาบาลจุฬาลงกรณ์ สภากาชาดไทย ผลการศึกษาการ
ตรวจรักษาตบัโดยวธีิทีเอซีอี ปริมาณรังสีเฉล่ียท่ีผิวหนงัของผูป่้วยท่ีวดัดว้ยเคร่ืองมิดซอฟมีค่า 1.71 ± 1.14 (0.023 

– 5.48) เกรย ์และผลจากการค านวณปริมาณรังสีสมมูลยเ์ฉล่ียของการตรวจดว้ยเคร่ืองเอกซเรยร์ะบบฟลูออโรส
โคปี  (Fluoroscopy) มีค่า 70.86 (15.57-188.55) มิลลิซีเวิร์ท   ปริมาณรังสีสมมูลย์เฉล่ียของการตรวจด้วย
เคร่ืองเอกซเรยค์อมพิวเตอร์ (CT) มีค่า 6.93  (3.19 - 20.47) มิลลิซีเวิร์ท จากกการศึกษาความสัมพนัธ์ระหว่าง
ปริมาณรังสีเฉล่ียท่ีผิวหนงัของผูป่้วยท่ีวดัไดก้ารเคร่ืองมิดซอฟ จะมีความสัมพนัธ์กบัค่าท่ีไดจ้ากแคพมิเตอร์สูง ท่ี
ค่า r เท่ากบั 0.76  และพบว่าผูป่้วยจ านวน 12 รายจากการตรวจทีเอซีอีท่ีไดรั้บปริมาณรังสีท่ีผิวหนงัเกิน 2 เกรย์
อนัมีผลใหเ้กิดผิวหนงัเป็นผื่นแดงและผิวลอก ผลการศึกษาการตรวจรักษาทางเดินน ้ าดีโดยวธีิพีทีบีดี ปริมาณรังสี
เฉล่ียท่ีผิวหนังของผูป่้วยไดรั้บ 0.14 ± 0.21 (0.004 - 0.7) เกรยแ์ละผลจากการค านวณหาปริมาณรังสีสมมูลย์
เฉล่ียมีค่า 5.69 ±7.01 (0.43– 22.6) มิลลิซีเวร์ิท  

ประโยชน์จากการศึกษาน้ีเป็นการรายงานถึงปริมาณรังสีท่ีผิวหนังของผูป่้วยและปริมาณรังสียงัผล
เฉล่ียท่ีผูป่้วยไดรั้บในการตรวจรักษา เพ่ือเป็นการสร้างความตระหนกัให้แพทยแ์ละผูท่ี้เก่ียวขอ้งค านึงถึงปริมาณ
รังสีท่ีผูป่้วยไดรั้บและปัจจยัท่ีมีผลต่อปริมาณรังสี เพ่ือป้องกนัอนัตรายท่ีจะก่อใหเ้กิดอนัตรายจากรังสีแก่ผูป่้วยใน
การตรวจทีเอซีอี และพีทีบีดี  
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KEYWORDS: PATIENT SKIN DOSE / TRANSARTERIAL CHEMOEMBOLIZATION (TACE) / 

PERCUTANEOUS TRANSHEPATIC BILIARY DRAINAGE (PTBD) / MINIATURE INVISIBLE DOSIMETER 

USING SCINTILLATOR WITH OPTICAL FIBER (MIDSOF) 

SAIWAROON TEANKUAE: Patient Dose Measurement in TACE and PTBD Procedures Using 

Scintillation with Optical Fiber Dosimeter. ADVISOR: ASSOC. PROF. ANCHALI 

KRISANACHINDA, Ph.D., CO-ADVISOR: PROF. MASAYORI ISHIKAWA, Ph.D. {, 97 pp. 

The scintillation dosimeter is most suitable for skin dose measurement for its small size of detector, 

easily use and there was no need to estimate the surface area exposure. However, scintillation detector could identify 

the result in limited area because of the small size of detector. During the procedure to identify the selected vascular 

supply tumor, the CT was scanned in patients which increasing the surface dose. TransArterial ChemoEmbolization 

(TACE) procedure and Percutaneous Transhepatic Biliary Drainage (PTBD) are the procedures producing high dose 

to both patients and staff. Radiation skin injury to patient was reported by these interventional procedures. The 

objective of this study is to determine patient skin dose measured by the scintillation detector, MIDSOF. 

TACE procedure using Angiographic and CT systems, PTBD procedure using Angiographic system, 

manufactured by Toshiba Medical System Corporation at Interventional Radiology Unit, King Chulalongkorn 

Memorial Hospital, the patient skin dose was measured by MIDSOF dosimeter. The patient data, the air kerma area 

product (KAP) and DLP had been recorded. The equivalent dose was calculated from DLP (mGy.cm) values 

displayed on CT console and from KAP (Gy.cm2) displayed on fluoroscopic procedures. 

TACE procedure included fifty-four consecutive patients (11 female and 43 male) during the period of 

July 2016 to February 2017. The mean ± SD of age, height, weight and BMI were 63.3±9.9 years, 164±8.4 cm, 

65.7±10.1 kg and 24.4±3.4 kg/m2 respectively. The mean ± SD of fluoroscopic time, total number of radiographic 

frames were 33 ± 15 min and 220 ± 194 respectively. The mean ± SD of patient skin dose was 1.71 ± 1.14 (0.023 – 

5.48) Gy. The mean ± SD of patient dose determined by KAP was 379.88 ± 147.78 (59.9 – 725.2) Gycm2. The 

correlation, r between the air kerma area product, KAP (Gycm2) and patient skin dose determined by MIDSOF (Gy) 

was 0.76. The mean equivalent dose with range of fluoroscopic and CT procedures were 70.86 (15.57-188.55) and 

6.93 (3.19 - 20.47) mSv respectively. 

PTBD procedure included eight consecutive patients (2 female and 6 male). The mean ± SD of KAP 

values were 21.9 ± 26.9 (1.67 – 87) Gy.cm2. The mean ± SD of the equivalent dose and range was 5.69 ±7.01 (0.43– 

22.6) mSv. The mean ± SD of patient absorbed dose and range were 0.14 ± 0.21 (0.004 - 0.7) Gy. In this study, 12 

patients from TACE procedure received the skin dose exceed 2 Gv for erythema and epilation at prompt and early 

exposures. 
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CHAPTER I 

 INTRODUCTION 

 

1.1 Background and rationale 

Interventional radiology has been an essential part of modern patient treatment 

using fluoroscopically guided interventional radiological procedure for more than 10 

years. Radiation-induced skin injury has also been increasingly reported in the literature 

and received growing attention among the medical community. Therefore; it is 

important to estimate the patient skin dose and try to reduce it. 

 

Interventional radiology involves in the treatment of various diseases for several 

decades. Transarterial chemoembolization (TACE) has been used extensively in non-

operative treatment of hepatocellular carcinoma (HCC) patient. TACE has a role in 

delaying the progression of HCC unit when a donor liver becomes available. TACE is 

an interventional radiology procedure, involves percutaneous access to the hepatic 

artery usually by puncturing the common femoral artery at the right groin and passing 

a catheter through the abdominal aorta, through the celiac axis and common hepatic 

artery, into the feeding arteries supplying the tumors. Chemotherapeutic dose is directed 

to the tumor following embolization for ischemic effect of the tumors. TACE is the 

high exposure procedure for both patients and staff in routine clinical service at King 

Chulalongkorn Memorial Hospital (KCMH). Radiation skin injuries to patient can be 

caused by this interventional procedure. Therefore, the avoidance of skin injuries during 

the procedure is needed. 

 

Two types of radiation effect may occur are deterministic and stochastic effects.  

1. Deterministic effects 

 

            Based on a large number of experiments involving animals and other 

researches, further supplemented by theoretical studies, it was discovered that 

severity of certain effect on human being would increase with increasing dose. 

There exists a certain level, the threshold, below which the effect is not 

observed. This kind of effect is called deterministic effects such as cataract, 

erythema, infertility etc. 

 

The characteristics of deterministic effects are shown as the followings: 

1. Damage depends on absorbed dose. 

2. The existence of the threshold dose.     
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                       2. Stochastic effects    

  

         The severity of stochastic effects does not depend on the absorbed dose.    

Under certain exposure conditions, the effects may or may not occur. There is 

no threshold and the probability of having the effect is proportional to the dose 

absorbed such as radiation induced cancer and genetic effects. 

 

The characteristics of stochastic effects are shown as the followings: 

1. Severity is independent of absorbed dose. 

2. The non - existence of the threshold dose. 

3. The probability of occurrence depends on  

        absorbed dose. [1] 

 

Angiography is a medical imaging technique used to visualize the blood vessels 

and organs of the body, with particular interest in the arteries, veins, and the heart 

chambers. This is traditionally done by injecting a contrast agent into the blood vessel 

and imaging using X-ray fluoroscopy based techniques. Digital Subtraction 

Angiography (DSA) is type of fluoroscopic technique to clearly visualize blood vessels 

and has been the “gold standard” for many vascular and cerebrovascular imaging 

studies. Images are produced using contrast media by subtracting pre-contrast image 

(mask) from contrast images. [2] 

 

Computed tomography (CT) is a method which X-rays and computers produce 

the medical images for analyses. Beams of x-rays pass from tube through patient's body 

at different angles to the detectors, and then the images are reconstructed by the 

computer software. CT Angiography (CTA) is a combined CT scan with injection of 

contrast media through the venous vessel produce image of blood vessels and tissues. 

[2] 

 

The most convenient and widely used method for indirect radiation dose 

monitoring in DSA is the air kerma area product (KAP) meter. The KAP measurements 

using a flat x-ray transmission ionization chamber have been accepted as a suitable 

dosimetric technique for angiographic examination. KAP measurements are commonly 

used to assess the effective dose for evaluation of stochastic risk. Modern devices 

design for the simultaneous measurement of KAP and air kerma diagnostic radiology 

during fluoroscopy and exposure. KAP has the advantage of being constant at any 

distance from the tube focus, so wherever KAP is measured; it reflects the air kerma 

radiation field size at the patient’s skin. The KAP is also useful in estimating the 

effective dose via calculation of the total energy imparted to the patient, which can be 

used to calculate the stochastic risk. [3] 
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Requirement of Individual dosimeter for patients 

 

Recently, monitoring of skin dose is desired at clinical sites to reduce skin 

injuries by excessive x-ray exposure during the interventional radiology (IR) 

procedures. International Commission on Radiation Protection, ICRP recommended 

that the absorbed dose excess of 1 Gy in patient must be recorded. There are several 

types of dosimeter to monitor the patient dose but there are limitations in using those 

dosimeters such as the conventional ionization chamber for diagnostic x-rays. The 

detector size is not small enough due to less efficiency. Semiconductor dosimeter is not 

suitable for fluoroscopy because it has metal cable, clearly displayed on fluoroscopy 

image.  

 

Journal of Radiation Research reported on development of ultra miniature  

invisible  dosimeter using scintillator with optical fiber for diagnostic X-ray dosimetry  

(MIDSOF dosimeter)[4]. MIDSOF dosimeter is commercially available skin 

dosimeters. The new SOF dosimeter dedicated for diagnostic X-ray dosimeter is not 

only invisible on fluoroscopic image, but also having good properties concerning to 

dose dependency, dose rate dependency and energy dependency. [4] 
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Table 1. 1 Various dosimeters with their problems in clinical use. 

 

Dosimeters Problems in clinical use 

Skin dose monitor (SDM) 
 

 Cadmium used in probe 

Shadow Free chamber (SFC) 

Patient Skin Dosimeter (PSD) 

 

 Detector or metal cables are 

clearly appeared on 

fluoroscopy image. 

Area dosimeter 

 

 Accumulating entire area 

dose during treatment. 

 Difficult to monitor skin 

dose for specific area. 

Thermoluminescent dosimeter (TLD) 

Optically stimulated luminescence(OSL)    

 

Radiographic dosimeter 

 

 Post -operation required, not 

real-time monitoring. 

 Difficult to prevent overdose 

to the skin. 

Radiochromic  dosimeter 

 

 Color changes indicate 

accumulated dose. 

 Difficult to monitor the 

color change at under-tube 

condition. 

  

 

 

 

1.2 Research objective  

1.  To determine the patient radiation dose from TACE and PTBD 

procedures using SOF dosimeter. 

 

2. To identify parameters influence the patient skin dose in TACE and 

PTBD procedures. 
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CHAPTER II 

REVIEW OF RELATED LITERATURE 

2.1 Theory 

2.1.1 Introduction of digital subtraction angiography (DSA) system [5] 

 

Diagnostic cerebral and peripheral angiography utilizes modified techniques 

that are extensions of those used in the coronary arterial system. Visualization of a 

vascular bed is made possible under fluoroscopy by injecting radio opaque contrast into 

the proximal vessel. These images allow two dimensional visual assessment if 

orthogonal views are taken. Characteristics of contrast flow through a vessel and 

pressure measurements allow acquisition of hemodynamic data that represent 

functional competence of an artery. DSA has become an imaging standard for 

evaluation of vascular anatomy. First introduced in 1970s, it is highly effective in 

contrasting arterial structures with their surrounding bone and soft tissue. DSA was 

firstly used in humans in 1978 and was made commercially available in 1980.  

 

 Digital fluoroscopy [6] 

 

Digital fluoroscopy is most commonly configured as a conventional 

fluoroscopy system (tube, table, image intensifier, video system) in which the analog 

video signal has been digitized with an Analog to Digital Converter (ADC). 

Alternatively, digitization may be accomplished with a digital video camera (such as a 

charge-coupled device) or via direct capture of x-rays with a flat panel detector. For 

digital fluoroscopy system in which the analog video signal is digitized with an ADC, 

the resolution is limited by the resolution of the video camera, which is typically 1–2 

line pairs per millimeter.  

For the typical system, the ADC samples the analog video signal at discrete time 

points and converts the value of the signal to a binary number for storage. The 

maximum and minimum analog video signal values will be scaled to the maximum and 

minimum digital values according to the bit depth of the ADC. An 8-bit ADC will 

convert the video signal to a maximum of 256 different values. Improved representation 

of the analog video signal will occur as the bit depth of the ADC is increased and the 

sampling frequency of the discrete time points increases.   

The digital image data from digital fluoroscopy may be processed by using 

many useful image processing techniques. These techniques may serve to decrease 

radiation exposure to the patient and medical imaging staff or improve visualization of 

anatomy. Processing options include last image hold, gray-scale processing, temporal 

frame averaging, and edge enhancement. Additional processing is available when 

digital fluoroscopy data are used to perform DSA. 
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DSA acquisition [6] 

 

The acquisition of digital fluoroscopic images can be combined with injection 

of contrast material and real-time subtraction of pre and post-contrast images to perform 

examinations that are generally referred to as digital subtraction angiography (Figure 

2.1).    

 

Figure 2. 1 Subtraction images. 

 

A pre-contrast mask image (showing a distracting background structure and the 

tip of a catheter,) is subtracted from a post-contrast image obtained at the same location 

(showing contrast material–filled vessels). The result is an image of only the contrast 

material–filled vessels. During the actual imaging sequence, the subtraction process 

may begin slightly prior to contrast material injection, with each frame capturing a 

different phase of the injection. The sequence of subtracted frames can then be reviewed 

in cine mode or as still frames. The unsubtracted original digital fluoroscopic images 

are generally not reviewed.  

 

 

2.1.2 Flat panel detector (FPD) fluoroscopy systems [6] 

 

FPD fluoroscopy systems have begun to dominate angiography and cardiac 

catheterization laboratory. The smaller size of the FPD imaging chain allows for more 

flexible movement during patient examinations. Moreover, FPD systems do not require 

a television camera to produce an electronic signal for the display monitor. 

FPD produces a digital electronic signal, which represents the intensity of the 

x-rays that impinge on each detector element (DEL) in the solid-state FPD array. 

Moreover, the entire process is digital, which reduces image noise caused by electronic 

components.   
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The FPD consists of an array of individual DELs (Figure 2.2a). The typical size 

of those in fluoroscopy systems ranges from 140 μm to about 220 μm per side, 

depending on the manufacturer and model. The size of the entire array ranges from 25 

× 25 cm2 to 40 × 40 cm2. However, some manufacturers specify the size of the FPD by 

providing a diagonal measurement, and others quote the edge dimension. A FPD may 

contain 1.5–5.0 million individual DELs to make a uniform array of DELs.    

 

 

 
 

Figure 2. 2 Construction of an FPD array. (a) Drawing shows a section of the FPD and 

many individual DELs. A - 14-bit A/Ds, IC - integrated circuit. (b) 

Drawing shows one DEL in the FPD array. A - CsI needle scintillator 

layer, B - photodiode and transistor layer.   

 

 

 Currently, most FPD arrays are indirect solid-state systems, meaning that the x-

ray energy is firstly converted to light and then to an electronic signal. An individual 

DEL consists of a scintillation layer, which composes of thallium-activated CsI (Figure 

2.2b). The scintillation layer attenuates the incident x-rays and produces light. The CsI 

scintillation layer is composed of many needle-like crystals, which are grouped together 

to cover the surface of the DEL. These needle-like structures help direct light toward 

the photodiode located below. The amount of light produced is directly related to the 

amount of x-ray flux that is incident on the DEL. When light hits the surface of the low 

noise photodiode and transistor below, it acts like a switch, allowing the diode to 

conduct electricity. In the absence of light on its surface, the photodiode acts like an 

insulator, preventing the flow of electrons.   

Each DEL is able to quantify the amount of x-ray radiation incident upon its 

surface. First, an electronic switch is closed and the capacitor is charged. Next, the 

electronic switch is opened. Because no light is incident upon the surface of the DEL, 

the charge remains on the capacitor, which stores the initial charge, similar to the way 

bank stores money. The interaction of x-rays with the scintillator produces light in 
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proportion to the x-ray flux. This light causes the photodiode to conduct to different 

degrees, depending on the intensity of the light. As more light is produced, more charge 

is drained from the capacitor, like a bank withdrawal of money. Finally, another 

electronic switch is closed and the remnant charge is withdrawn from the storage 

capacitor and sent to the display system. The loss in charge is related to the amount of 

x-ray radiation incident upon the DEL. By reading each DEL in the FPD array row by 

row, an electronic image of the distribution of x-rays that are incident upon the FPD 

can be formed. In this way, an FPD array is used to create an image without the use of 

a television camera.  

 

 

2.1.3 Air kerma area product (KAP) [7] 

  

Air kerma area product (KAP) is defined as the air KERMA multiplied by the 

area of the X-ray beam in the plane perpendicular to the beam axis. It is usually 

measured in Gy.cm2 and radiation back-scattered from the patient is excluded. Provided 

that the cross sectional area of the beam lies completely with the detector, it may be 

shown by simple application of the inverse square law that the reading will not vary 

with the distance from the tube focus. Thus the KAP can measure at any point between 

the diaphragm housing on the X-ray tube and the patient, but not so close to the patient 

that there is significant backscattered radiation.  

KAP meters consist of flat, large area parallel plate ionization chambers 

connected to suitable electrometers which respond to the total charge collected over the 

whole area of the chamber. The meter is mounted close to the tube focus where the area 

of the X-ray beam is relatively small and dose rates are high. It is normally mounted on 

the diaphragm housing where it does not interfere with the examination and is usually 

transparent so that when fitted to an over-couch X-ray tube the light beam diaphragm 

device can still be used.  

KAP measures of total energy fluence incident on the patient and related to the 

energy absorbed in the patient. Some studies for which KAP meters should be used 

include barium enemas, barium meals, micturatingcystograms, cardiac investigations 

and interventional techniques in neuroradiology and biliary procedures. 

 

 

2.1.4 The Computed tomography (CT) [8] 

 

CT is an imaging technique that produces cross-sectional images, representing 

in each pixel the local X-ray attenuation properties of the body. The first experimental 

set-up of Hounsfield in 1970 worked with the translation/rotation principle. A thin beam 

of X-rays was generated through the use of a collimator and a single detector element 

to measure the attenuated intensity. By translating this set-up, different positions were 
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measured. After an entire set of parallel measurements had been acquired, the set-up 

was rotated to acquire the next parallel projection. This principle is the first generation 

of CT scanner.   

The second generation of CT scanners differed only slightly from that initial 

design in that a small number of measurement values could be obtained simultaneously. 

In Hounsfield’s first scanner a total of 180 projections were obtained in steps of 1° with 

160 measurement values each. The acquisition of those 28,800 measurement values 

took five minutes. From that data an image of 80 × 80 pixels was reconstructed. With 

such a scanner, a head examination requiring six slices took about half an hour. 

Therefore, physicists were aiming at shortening the acquisition time. This was achieved 

with the introduction of the third generation CT scanners: a 1D array of detector 

elements positioned on an arc covers the entire measurement field and acquires a 

complete ‘fan-beam’ projection. This not only avoided the slow translation movements, 

but also improved the efficiency of using the output of the X-ray tube.   

The third generation CT scanner consisted of a donut-shaped gantry with a big 

bore. Head, body, arms or legs were in the middle of the gantry to make a cross-

sectional image. The patient is moved in and out on a motor-controlled table. The slice 

thickness is usually 0.5 to several mm and the spatial resolution, in the cross section, is 

roughly 1 mm at 512 × 512 pixels per slice.   

Within the gantry of the CT scanner, an X-ray tube is placed opposite a detector 

array with up to 1200 detecting elements receiving the photons that passing through the 

patient. If one measurement has been done this way, the source and detector rotate over 

a small angle (roughly 1°) and a new measurement is taken. The scanner repeats this 

procedure until a rotation of 180° has been reached. Then all thousands of 

measurements for reconstructing one slice have been done. The table on which the 

patient lies can then move a little further through the gantry for measuring a new slice.  

Fourth generation followed with stationary detectors fully encircling the patient 

so that only the x-ray tube rotated. Rotatory systems were quickly accepted, and 

translation–rotation systems meanwhile disappeared completely. The third generation 

has prevailed and constitutes the standard approach in clinical scanners today.    

 

Computed tomography angiography (CTA) definition [9] 

 

CTA is a combined CT scan with injection of contrast media through the venous 

vessel in arm to produce image of blood vessels and tissues. CTA is primarily 

performed for assessing the heart, arteries, or veins. It requires at a minimum a thin 

section helical (spiral) CT acquisition coupled with a power injection of intravenous 

iodinated contrast medium. Three-dimensional rendering and multi-planar reformations 

(MPR) are important components of many CTA examinations.   
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2.1.5 Ionizing radiation and patient dose [9] 

 

Doses from CT examinations are generally significantly higher than those from 

conventional X-rays, although a CT scan provides more diagnostic information. Recent 

UK surveys reported conventional X-ray examinations with average doses of 0.04 mSv 

for head examinations, 0.02 mSv for chest and 0.7 mSv for abdomen examinations. A 

similar survey for CT examinations gave values of 1.5, 5, and 6 mSv respectively for 

the head, chest and abdomen regions. These figures represent average values from the 

use of a wide range of operational parameters, such as tube current and voltage, 

however they can be used as a guide.   

The standard reference parameters used to describe dose in CT are the volume 

computed tomography dose index (CTDIvol) and the dose length product (DLP). The 

CTDIvol is calculated from measurements, made with a 100 mm long pencil ion 

chamber, in standard sized polymethyl methacrylate (PMMA) head and body phantoms 

which have been irradiated at the halfway position, along the length, with a single beam 

rotation. However, as a dose descriptor, it is important to think of the CTDIvol as 

representing the average dose in a slice of tissue, halfway along a 100 mm irradiated 

length.   

The DLP represents the total amount of irradiation given, and as such gives an 

indicator of risk (without taking into account the radiosensitivity of particular organs). 

The CTDIvol is a very useful dose descriptor for comparing dose from different 

protocols or different scanners. However, comparisons should only be done for scans 

undertaken on standard size patients. The CTDIvol and DLP values are displayed on 

the scanner console. It is always invaluable to look at these figures when reviewing 

patient images for an assessment of the image quality and dose performance of a 

scanner. Both the CTDIvol and the DLP are used when comparing with dose reference 

levels (DRLs). Multiple detector computed tomography or (MDCT) scanners have the 

potential to give higher radiation doses compared to single slice scanners. Their 

flexibility in scanning lengths with high mAs values, and the ease with which they 

perform dual and even triple-phase contrast studies, can lead to high patient doses. In 

addition, there are some intrinsic features of current MDCT design which can give rise 

to slightly higher doses. 
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2.1.6 Effective dose [10]  

 

The concept behind effective dose and its predecessor, effective dose 

equivalent, was proposed in 1975. The aim was to define a quantity that could be related 

to the probability of health detriment due to stochastic effects from exposure to low 

doses of ionizing radiation. Effective dose is a sum of the equivalent doses in tissues 

and organs of the body that are considered to be sensitive to radiation damage, weighted 

according to the risk of aggregated.  

Health detriment. The weighting factors that are used for individual tissues are 

based predominantly on a statistical analysis of the increase in the long-term incidence 

and mortality for cancer determined from a life span study (LSS) of the survivors 

exposed to radiation when the atomic bombs were exploded over Japan, although 

account is taken of data from other groups of workers and patients who have received 

high radiation exposures, and of the possibility of hereditary effects.   

The application of effective dose in its present form was recommended by the 

International Commission on Radiological Protection (ICRP) which stated that it was 

intended for use in radiation protection, including the assessment of risks in general 

terms. However, effective dose has been applied extensively to medical exposures, 

often to specific individuals of known gender and age. Effective dose can be used in 

both the generic justification and the optimization of medical exposures, but should not 

be used to predict absolute risk levels. Values have been derived for a variety of 

diagnostic procedures in radiology and nuclear medicine in order to provide a relative 

index of harm that can be considered in justification of medical exposures.   

For medical exposures, conversion coefficients have been derived that allow 

values for effective dose to be calculated from measurable dose quantities, such as 

entrance surface dose (ESD) or KAP for radiology examinations and administered 

activity for nuclear medicine procedures.   

 

Effective dose conversion coefficients  

 

The coefficients have been established from computer simulations for the 

exposure of anthropomorphic phantoms. The coefficients are quoted to two or three 

significant figures, but the uncertainties in these and in the tissue weighting factors are 

seldom considered. The conversion coefficients are derived from mathematical 

phantoms, which represent idealized anatomical forms in terms of size, shape and 

position of each tissue. Coefficients used currently for the assessment of effective dose 

have been based on a variety of models with differences in the positions and sizes of 

the tissues, although the geometry for a standard human body anthropomorphic 

phantom has now been specified, on which future computational phantoms should be 

based. 
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2.1.7 Transarterial chemoembolization (TACE) [11] 

 

Transarterial chemoembolization (TACE) has been used extensively in the 

palliative treatment of unrespectable hepatocellular carcinoma (HCC), one of the most 

common malignancies worldwide. 

The most common causes are alcoholic and viral hepatitis (C). The standard 

treatment for HCC is surgical resection, which has a 60% 5 year survival. In case of 

unrespectable tumor or marginal liver function, the current treatment of choice is 

orthotopic liver transplantation. Due to the scarcity of organ donors and to the multiple 

carcinomas these patients have, many die while on the transplant list. TACE has a role 

in delaying the progression of HCC until a donor liver becomes available. 

 

The lifespan for a patient with unresectable HCC could reasonably be extended 

for 1-2 years with continuing TACE (through the exact benefit would depend heavily 

on the patient’s medical condition) 

 

 
      A       B 

 

Figure 2. 3 Images from Transarterial Chemoembolization (TACE) procedures, 

(A)Multi nodular tumors stain in right hepatic lobe of the patient in 

TACE procedure, (B)The patient with large HCC supplied by multiple 

extrahepatic collaterals and accessory left gastric and hepatic calciform 

arteries from the left hepatic artery. 

 

TACE is an interventional radiology procedure involves gaining percutaneous 

access to the hepatic artery, usually by puncturing the common femoral artery in the 

right groin and passing a catheter through the abdominal aorta, (which supplies the 

liver). The interventional radiologist performs an arteriogram to identify the branches 

of the hepatic artery supplying the tumors and threads smaller catheters into these 

branches. This is done to maximize the amount of the chemotherapeutic dose directed 

to the tumor (Figure 2.3). When a blood vessel supplying tumor has been selected, 

alternating aliquots of the chemotherapy dose and of embolic particles are injected 
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through the catheter. The total chemotherapeutic dose may be given in one vessel 

distribution, or it may be divided among several vessels supplying the tumors. 

 

 
   A      B 

Figure 2. 4 Transarterial chemoembolization (TACE) procedure, (A) The smaller 

catheters into these branches the hepatic artery supplying the tumor, (B) 

Simple radiography taken after chemoembolization shows satisfactory 

lipiodol retention in the main portal tumor thrombi (arrow). 

 

 

 2.1.8 Percutaneous transhepatic biliary drainage (PTBD)  

Percutaneous transhepatic biliary drainage is performed in patients with obstruction 

jaundice in whom endoscopic drainage is unsuccessful or who have complex hilar 

lesions show in figure 2.5. The commonest indication is in malignant disease of bile 

duct or pancreas. 

 
 

 Figure 2. 5 Percutaneous transhepatic biliary drainage (PTBD) 

 

 

2.1.9 Development of ultra miniature invisible dosimeter using scintillator with 

optical fiber (MIDSOF) for diagnostic X-ray dosimetry. [4] 

 

A novel plastic scintillator based dosimeter (“SOF dosimeter”) had been 

developed  which probe is composed only organic material, tissue equivalent and its 

physical density is about 1 g/cm3 , thus the probe cannot be recognized in fluoroscopic 

image .SOF probe applied optical fiber is flexible and higher efficiency than ionization 

chamber and adequate for skin dosimetry during IR. However, original SOF probe is 

dedicated for Ir-192 brachytherapy, not a small energy dependency.SOF dosimeter for 

brachytherapy applies ordinary organic scintillator because photon production is 
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proportional to absorbed dose. However, the photon production is not proportional to 

absorbed dose for diagnostic X-ray, SOF probe, a monomer - based scintillator which 

has less energy dependency for diagnostic X-ray of tube voltage from 40 to 60 kV than 

organic scintillator to achieve better energy dependency. 

The energy dependency of SOF probe is improved by mixing monomer-based 

scintillator and Zn2SiO4 scintillator. 

 

 
 

Figure 2. 6 Energy dependency at tube voltage from 40-160 for conventional and 

improved probes 

 

 

Energy dependency 

 

 The energy dependency of conventional probe normalized at 80 kV varies from 

(40 kV) at 0.82 to 1.02 at (110 kV). 

 By mixing the two different scintillators, sensitivity at lower energy was 

recovered, then the energy dependency of improved probe was achieved ranging from 

0.93 at (40 kV) to 1.02 at (120 kV). Moreover, the energy dependency from 50 to 150 

kV was with ± 3%, acceptably small energy dependency was achieved. 

 Improved SOF probe has the smallest energy dependency among other 

commercial skin dosimeters. (Figure 2.6) 

 

 

Dose and dose rate dependency 

 

 Good dose linearity ranging from 4 to 2,800 mGy and no limit to maximum 

dose under adequate dose rate condition because it is counting-type detector. 

 Good dose rate linearity ranging from 5 to 1,700 mGy/min was reported, 

however, fluctuation was observed at over 1,200 mGy/min. (Figure 2.7) 
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Figure 2. 7 Dose rate (mGy/min) dependency at 40, 70 and 110 kV between SOF 

dosimeter and ionization chamber  

 

 

Angular dependency  

 

The very small radial angular dependency was confirmed. It seem to be 

reasonable because the structure of probe is identical to X-ray incidence. 

Low sensitivities at ≤40 deg and ≥140 deg were caused by decreasing back 

scattered X-rays (Figure 2.8). 

 

 

Figure 2. 8 Angular dependency 

 

For the axial angular dependency, the lowest sensitivity was observed at 

perpendicular irradiation, not a small angular dependency was observed. 

 

The new SOF dosimeter dedicated for diagnostic X-ray dosimetry is not only 

invisible in fluoroscopic image, but also having good properties concerning to dose 

dependency, dose rate dependency and energy dependency. 
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Although the very small radial angular dependency was confirmed, not a small 

axial angular dependency was observed. 

Combination of two different scintillators made the energy dependency much 

smaller. Further improvement of energy dependency can be expected by mixing 

additional scintillators. 

Since the improved SOF probe has the smallest energy dependency among 

commercial skin dosimeters and transparent to diagnostic X-ray, The SOF dosimeter 

will contribute not only for skin dosimetry but also quality assurance of X-ray devices. 

 

 

 

 2.2 Review of Related Literature 

 Ishikawa, M. [4] reported in Journal of Radiation Research on Development of 

ultra miniature invisible  dosimeter using scintillator with optical fiber for diagnostic 

X-ray dosimetry  (MIDSOF dosimeter).  They have developed a novel plastic 

scintillator based dosimeter which probe is composed only organic material or skin 

dosimetry. 

 

 

Figure 2. 9 Schematic diagram of SOF dosimeter system 

 

 The SOF dosimeter is made up of a small plastic scintillator, a plastic optical 

fiber, a photon counting unit and data acquisition system connected to a personal 

computer via Universal serial bus (USB). 

 

Three skin dosimeters  

 

1. Skin dose monitor (SDM)Model 104-101, McMahon Medical(Fig 2.10A) 

2. Patient skin dosimeter (PSD),Unfors RaySafe (Fig 2.10B) 

3. Miniature invisible dosimeter using scintillator with optical fiber 

(MIDSOF), Acrobio (Fig 2.10C) 
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A:SDM                    B:PSD               C:MIDSOF 

Figure 2. 10 Three dosimeters dedicated for skin dose 

 

 
 

Figure 2. 11 SOF probe is invisible on fluoroscopic image in comparison to SDM & 

PSD 

 

The new SOF dosimeter dedicated for diagnostic X-ray dosimeter is not only 

invisible on fluoroscopic image, but also having good properties concerning to dose 

dependency, dose rate dependency and energy dependency 

Although the very small radial angular dependency was confirmed, the axial 

angular dependency is smaller than 20%. However, MIDSOF probe has acceptable 

efficiency for wide angle compared to PSD probe. 

Combination of two different scintillators made the energy dependency much 

smaller.  

The improved SOF probe has the smallest energy dependency among 

commercial skin dosimeters and transparent to diagnostic X-ray, the SOF dosimeter 

will contribute not only for skin dosimetry but also quality assurance of X-ray devices. 
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Sitthiphan, P. [11]studied the determination of patient effective dose in 

transarterial oily chemo embolization (TOCE) procedure using digital flat–panel 

system. 

The system is equipped with the air kerma area product (KAP) and used to 

determine the average entrance surface dose for each procedure. The peak ESD were 

evaluated by the solid state dosimeter ; Unfors Patient skin dosimeter (PSD)  placed on 

patient back at three regions at left, middle and right portion of liver.   

 

 

Figure 2. 12 The entrance surface dose is determined by Unfors PSD methods in 

 TOCE procedures. 

 

 

The entrance surface dose determined by Unfors PSD methods in TOCE 

procedures. 

The average of peak ESD determined by Unfors PSD was 968.66 mGy at left 

lobe of liver, the middle lobe was 848.41 mGy and the right lobe of liver was 572.14 

mGy. 

 

 

Figure 2. 13 Maximum entrance surface dose, ESD on left, middle and right lobes 

of liver 
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From this study, the left lobe of liver received the highest dose in comparison 

to the middle and right lobes of the liver. The left lobe received 41%, the middle lobe 

35% and the right 24% respectively. The highest dose results in the superimpose of the 

spine and the abdominal aorta which is the area identify the selected vascular tumor. 

Therefore, the high density organ affected the radiation dose to the skin. 

 

 

Kumkrua, C. [12] studied the patient skin dose by using radiochromic film and  

air kerma area product (KAP) meter methods in cardiac catheterization and 

interventional radiology.  

 The dose measurement was carried out from 64 patients who underwent the IR 

procedures, 21 cases for TOCE, 5 cases for PTBD, 22 cases for neurovascular 

interventional radiology procedure and 16 cases for PTCA.   

 

 

Figure 2. 14 Maximum skin dose, cGy from neurointervention, PTBD, PTCA and 

TOCE studies 

 

 

The results showed the maximum skin dose from TOCE procedure as 365 cGy 

(3.65 Gy) and PTCA   294 cGy (2.94 Gy). 

The result showed maximum entrance skin dose at 3.65 Gy, exceeded the 

threshold dose of temporary epilation of 3 Gy. The DAP meter readout maximum dose 

was 38,168 cGycm2. 

The maximum skin dose assessment from radiochromic film was greater than 

KAP values, because the calculated dose from KAP was the accumulated skin dose at 

different area and it was not the point entrance area of the patient.   
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CHAPTER ΙΙΙ 

RESEARCH METHODOLOGY 

 

3.1 Research design 

This study is an observational descriptive design (prospective study). 

 

3.2 Research design model    
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3.3 Conceptual framework 

Radiographic – fluoroscopic  
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3.4 Research question   

What are patient radiation dose received from TACE and PTBD procedures 

measured by SOF dosimeter?   

 

What are parameters influence the patient skin dose in TACE and PTBD 

procedures? 

 

 

3.5 Sample  

3.5.1 Target population  

The patients who underwent TACE (Transarterial Chemoembolization) 

and PTBD (Percutaneous transhepatic biliary drainage) interventional 

procedures at King Chulalongkorn Memorial Hospital. 

 

3.5.2 Sample population  

This research was cross sectional descriptive study. The data was 

collected from the patients who underwent in TACE and PTBD procedures at 

Department of Radiology, King Chulalongkorn Memorial Hospital. 

 

3.5.3 Eligible criteria  

3.5.3.1 Inclusion criteria  

The Hepatocellular carcinoma, HCC patients who  underwent TACE 

procedures PTBD procedures  performed in patients with obstructive 

jaundice using digital Flat-panel system at Interventional Radiology unit, King   

Chulalongkorn   Memorial Hospital, on Monday to Friday from September 2016 

to February 2017 consecutively. 

 

3.5.3.2 Exclusion criteria  

 Patients age < 18 years old 

 Unconscious patients 
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3.5.4 Sample size determination  

The sample population is independent, prospective data. So the sample size 

determined by formula,    

 

         N    =   (Zα/2)
2σ2/d2 

                          =   (1.96)2(1.6)2/ (0.4)2 

                =   61.46 

      N   =   62  

   

 By α = 0.05 

 Zα/2 = 1.96    

 d  = 0.4  Acceptable error   

 σ2 = Variance 1.6 

  

The sample size (N) for 95% confidence interval is 62 patients.   

 

 

3.6 Materials   

3.6.1 Research Equipment  

The Digital flat-panel radiographic- fluoroscopic system, as shown in 

figure 3.1 is manufactured Toshiba Medical System and installed at 

interventional Radiology unit, King Chulalongkorn Memorial Hospital  

 

Radiographic –fluoroscopic system and Computed Tomography 

   For Angiography system (Infinix-I 8000C FPD 12*16 inch).  

For CT system using a 16 slice (Aquilion LB) was used. 

 

 

Figure 3. 1 Toshiba IVR-CT 
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The system comprises a KAP meter, air kerma product.  

The parameters presented on the operator console are: 

 Cumulative fluoroscopic time 

 Cumulative air kerma product (KAP) 

 Cumulative air kerma (AK) 

 Total number of frames 

 kV, mAs 

Air kerma area product meter (KAP) 

 KAP meter will be used to measure the air kerma (mGy), times the area 

of the X-ray field (cm2), on patient skin. KAP is sometimes displayed in 

mGy.cm2. In this study the KAP meter is installed on the collimator of the x-

ray tube as shown in figure 3.2.  

 

Figure 3. 2 Left: KAP meter installed on collimator of the X-ray tube. 

                    Right: The operator console for KAP readout value. 

 

3.6.2 Quality control materials 

  3.6.2.1 PMMA Phantom   

 

The CT phantom is manufactured to comply with the FDA performance 

standard for diagnostic x-ray systems. The cylindrical phantom of two 14 cm 

lengths is made of solid Polymethyl Methacrylate (PMMA) disks measuring 16 

cm (head) diameter as shown in figure 3.3 and 32 cm (body) in diameter.    

              

Figure 3. 3 Cylindrical PMMA phantom of 16 cm diameter. 
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There are 5 holes with acrylic rods to plug the holes for the phantoms 

when not in use. Through holes are 1.31 cm in diameter and 14 cm length to 

accommodate standard CT probes. One is at center and four are around the 

perimeter, 90º apart and 1 cm hole center to the outside edge of each phantom. 

 

3.6.2.2 Copper sheets  

 

Copper sheets; 0.5 mm (4 sheets) and 1 mm (2 sheets) thickness were 

used to drive kVp during QC of fluoroscopy system. 

 

 
 

Figure 3. 4 Copper sheets. 

 

3.6.2.3 The chamber for computed tomography dose index (CTDI). 

 

The 10X6-3CT is a Computed tomography dose index (CTDI) and   dose 

length product (DLP) Chamber. Although designed specifically for CT X-ray 

beam measurements, either free-in-air or mounted in a head or body phantom, 

it can be used for DWP and DLP applications such as Dental x-ray 

measurements, due to the chambers excellent energy and partial volume 

response as well as uniformity along its entire 10 cm active length is shown in 

Figure 3.5.  

                     

 

Figure 3. 5 The 10X6-3CT Detector 10 cm length of the pencil-type ionization. 
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Table 3. 1 Radcal Accu-gold Digitizer module. 

 

Solid State and Ion chamber sensors Multiple solutions for your measurement 

needs, no compromising 

Simultaneous measurements Up to 16 user selectable parameters viewable 

from each measurement 

Customizable view screens Create data display profile either before or 

after the exposure 

Plug and Play sensors Truly Interchangeable Accu-Gold+ 

Multisensors with other Rapid-Gold+ and 

Accu-Gold+ meters 

Real time waveforms Real time simultaneous dose rate, kV, and 

mA waveforms 

Data recall Entire measurement sessions can be quickly 

recalled and added to at any time 

Matrix display Use Matrix display to view measurement 

results from the control room 

Auxiliary port Provision for future sensors 

Scope type waveform analysis Analyze kV, dose, and mA waveform 

measurement values in detail 

Export data Export data to Excel, user templates or 

clipboard 

 

 

3.6.2.4 R/F dosimeter  

 

The AGMS-D+ is a solid state kV/dose multisensor for diagnostic range 

measurements. A small solid state multi-parameter sensor used for single 

exposure and fluoroscopy. It measures dose, dose-rate, time, kVp, Half value 

layer (HVL), and beam filtration. It features Flash correction of dose for beam 

quality. (Figure 3.6)  

 

Figure 3. 6 The AGMS-D+ is a Solid State. 
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3.6.2.5 The CIRS Model 903 phantom 

 

The CIRS Model 903 is manufactured from Polymethyl 

Methacrylateyeate (PMMA) equivalent epoxy that offers the same X-ray 

attenuation properties as PMMA with significantly greater durability. 

The overall phantom measures 25.4 cm wide x 25.4 cm long x 20.7 cm 

high and consists of three attenuation plates, one test object plate and a 

detachable stand for easy, reproducible set-up.  Test objects include high-

resolution copper mesh targets from 12 – 80 lines per inch, two separate 

contrast-detail test objects. 

 

 
 

Figure 3. 7 CIRS Model 903 phantom 

 

  

  3.6.2.6 The Catphan Phantom 

 

The Catphan 600 builds on the capabilities of the 500 model to enable 

maximum performance characterization of multi-slice CT’s and the enhanced 

sensitometry measurements required for radiation therapy. The Catphan® 

600 has enhanced measurement capabilities for precise measurement of thin 

slices and higher resolutions found in multi-slice scanners. 

 

 
 

Figure 3. 8 Catphan Phantom 

 

https://www.phantomlab.com/catphan-600
https://www.phantomlab.com/catphan-600
https://www.phantomlab.com/catphan-600
https://www.phantomlab.com/catphan-600
https://www.phantomlab.com/catphan-600
https://www.phantomlab.com/catphan-600
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3.6.3 Miniature invisible dosimeter using scintillator with optical fiber  

(MIDSOF) is shown in figure 3.9 

 

 

 

 

 

 

 

Figure 3. 9 MIDSOF and display system 

 

 

3.6.4 The patients  

Sixty-two patients underwent TACE and PTBD procedures will be examined 

by the digital flat-panel system at Interventional Radiology unit, King 

Chulalongkorn Memorial Hospital.  

 

3.6.5 Data recording, complexity index and case consent forms  

The patient consent (Appendix C) will be accessed before procedure. Record 

the patient data in data record form. The complexity indexes (Appendix D) of 

procedure will be accessed by interventional radiologist at the end of the procedure. 

 

 

 3.7 Methods 

3.7.1. Perform QC in digital Flat-panel Radiographic –Fluoroscopic system 

according to AAPM Report No. 58, the tests consist of: 

 Dose assessment  

 Automatic brightness control test 

 Maximum dose rate  assessment 

 Table attenuation  

 Image size assessment 

 Half value layer (HVL) 

 Image quality assessment 

3.7.2 Perform the quality control of CT  

 The quality control of CT scanner was performed following the AAPM 

report No.39 (1993).[13]  
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3.7.3 Calibrate Miniature Invisible Dosimeter using Scintillator with Optical 

Fiber (MIDSOF) with calibrated ion chamber 

3.7.4. Data Collection 

3.7.4.1. The patient consent form (Appendix C) 

3.7.4.2. Record the patient data: body weight, height, age, gender, kVp, 

mAs, fluoroscopic time, fluoroscopic mode, frame rate, KAP (Gycm2) 

and total DLP (mGycm) the case record form. 

 

3.7.5. Dosimetric procedure 

Place MIDSOF on patient’s back over the liver as shown in figure 3.10 

 

 
 

Figure 3. 10 MIDSOF placed on patient’s back at a point over the liver 

 

Left lobe      :  T-12 

       Middle lobe : place MIDSOF 2 inch away from left lobe to the right 

 However, fluoroscopic guide must be performed to confirm the 

MIDSOF position. 

 

 3.7.6 Record patient doses from MIDSOF and KAP meter in case record form. 

 

3.7.7 Study the relationship between cumulative skin dose and exposure 

parameters and the relationship between cumulative skin dose from SOF 

dosimeter and KAP values. 

 

3.7.8 Effective dose calculation  

Calculate the effective dose by using equations;  

 Effective dose (mSv) from CT = DLP (mGy.cm) × k-factor 

(mSv/mGy.cm) [3] ; k-factor (Conversion factors) is 0.015 

mSv/mGy.cm for CT abdomen. [14]  
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 Effective dose (mSv) from DSA = KAP (Gy.cm2) × Dose conversion 

coefficient (DCCE; mSv/Gy.cm2); DCCE is 0.26 mSv/Gy.cm2 for 

Chemoembolization. [15] 

MS excel was using for recorded the data and analyzed the mean, 

standard deviation, minimum and maximum of skin dose.   

 

3.8 Variables measurement  

Measure independent and dependent variables;  

 

3.8.1 Independent variables: Interventional radiology procedures, Exposure 

techniques, Acquisition protocols  

3.8.2 Dependent variables: KAP (Gy.cm2), patient skin dose (mGy)  

 

3.9 Statistical analysis 

 

3.9.1 This study is Descriptive statistics for continuous data to determine as 

following 

Range (minimum-maximum) 

Average 

Median 

Standard deviation (SD) 

3.9.2 Correlation coefficient between the patient skin dose by MIDSOF and 

KAP method 

3.9.3 Correlation coefficient between the patient skin dose and patient 

characteristics and protocols of fluoroscopic study was determined by 

Spearman correlation.  

 

3.10 Data analysis   

Data from patients will be reported as mean, standard deviation, minimum, 

maximum and range presented in form of table.   

 

3.11 Outcomes  

The patient skin dose in TACE procedure.  The patient effective dose in TACE 

will be calculated by using the DLP from CT examination and KAP from Fluoroscopic 

study in each patient. The patient effective dose in PTBD is calculated by using the 

KAP values from Fluoroscopic study. 
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3.12 Expected benefits   

3.12.1 The range of patient skin doses in TACE procedures. 

 3.12.2 Parameters influenced the patient skin dose in TACE procedures. 

 3.12.3 Optimization of TACE and PTBD interventional radiology procedures 

to obtain the correlation of patient skin dose and affecting factors. 

3.12.4 The effective doses from CT and Fluoroscopic examinations are 

expected from this study.  

These would be beneficial to the patients and the radiologists in order to justify 

requesting the examination or further investigations. The patient dose reduction should 

be considered for the radiation safety for the patients.  

 

 

3.13 Limitation           

Only one detector of MIDSOF or SOF dosimeter is available. 

 

3.14 Ethical consideration 

This study is performed in patients exposed by the 

radiography/fluoroscopic system. Patient radiation doses will be collected from 

the monitor of the system or PACS. 

 The research proposal will be submitted to the Ethic Committee, 

Faculty of Medicine Chulalongkorn University. 

Add Belmont 

Respect for persons 

 Respect for free and informed consent: the patient who 

participates in this research can decide after obtain the information. 

 Respect for confidential: the patient data will be for academic 

objective only, conceal to the public and no patient’s name reveal according to 

the law. 

 

Beneficence 

 The patient participated in this research will be informed the skin 

dose from TACE procedures.  The patient effective dose in TACE and PTBD 

is obtained after completion of the research. 

 

Justice  

 Selection of subjects for this research has obviously inclusion 

and exclusion criteria, non-bias. 



 

 

36 

CHAPTER IV 

RESULT 

 

4.1 Quality control of the DSA equipment: Toshiba, Infinix-I FPD 12*16 inch 

 

The performance of the digital subtraction angiography equipment was 

evaluated including the test of electromechanical component, dose assessment, 

automatic brightness control test, maximum dose rate assessment, table attenuation, 

image size assessment, half value layer assessment and image quality assessment. The 

results are shown in Appendix E (page 85).   

 

4.2 Quality control of the CT scanner: Toshiba, Aquilion LB 16 slide  

 

The quality control of CT scanner was performed following AAPM report 

No.39 [20]. It includes the test of electromechanical component, image quality and 

radiation dose. The detail of quality control of CT scanner is shown with the 

summarized report of CT scanner performance test in Appendix E (page 88).  

 

4.3 The transarterial chemoembolization (TACE) procedures patient studies. 

 

 Our study included fifty-four consecutive patients (11 women and 43 men) who 

underwent TACE procedure during the period July 2016 to February 2017 as shown in 

table 4.1. The mean age±SD, and range were 63.31±9.91 (46-92) years, the patient 

height and weight were 164.02±8.41 (143-180) cm. and 65.7±10.12 (45.6-90.0) kg, the 

BMI 24.43±3.48 (17.28-37.18) kg/m2 respectively. Those are summarized in Table 4.2. 

All patients completed the consent form. 
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Table 4. 1 The 54 patient data underwent TACE procedure. 

 

Patient Sex  Age Height Weight BMI 

No. (M/F) (Years) (cm) (kg) (kg/m2) 

      

1 F 68 150 59.9 26.62 

2 F 66 159 64.9 25.67 

3 M 

F 

M 

69 

71 

54 

158 

152 

165 

58.8 

85.9 

66 

23.55 

37.18 

24.24 

4 

5 

6 F 55 160 54 21.09 

7 M 74 168 66.9 23.70 

8 M 60 167 81.8 29.33 

9 M 62 163 62.3 23.45 

10 F 80 164 71.8 26.70 

11 F 92 148 45.6 20.82 

12 M 64 167 69.5 24.92 

13 M 60 165 65.9 24.21 

14 M 60 175 59 19.27 

15 M 56 164 46.5 17.29 

16 M 59 170 65 22.49 

17 F 87 151 56 24.56 

18 M 46 170 74 25.61 

19 M 66 170 66 22.84 

20 M 60 160 53 20.70 

21 M 70 172 70 23.66 

22 M 71 156 60.4 24.82 

23 M 60 177 83.3 26.59 

24 M 74 155 66 27.47 

25 M 50 178 60.3 19.03 

26 M 63 175 54 17.63 

27 M 74 161.5 72.4 27.76 
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Table 4.1 The 54 patient data underwent TACE procedure. (cont.) 

 

Patient Sex Age Height Weight BMI 

No. (M/F) (Years) (cm) (kg) (kg/m2) 

      

28 M 62 163 71.1 26.76 

29 M 51 178 78.8 24.87 

30 F 70 156 52 21.37 

31 M 60 172 63 21.30 

32 M 63 156 63.4 26.05 

33 M 61 168 59.2 20.98 

34 M 56 165 65 23.88 

35 M 66 180 79 24.38 

36 M 52 161 58 22.38 

37 M 69 157 62 25.15 

38 M 65 165 80 29.38 

39 F 69 143 52.6 25.72 

40 M 59 170 80 27.68 

41 M 46 178 78.8 31.14 

42 M 46 170 90 31.14 

43 M 74 162 55 20.96 

44 F 58 152 53 22.94 

45 F 73 153 65.3 27.90 

46 M 72 165 79.9 29.35 

47 M 47 175 69.1 22.56 

48 M 60 162 62 23.62 

49 M 80 159 64.9 25.67 

50 M 56 162 55.7 21.22 

51 M 52 166 62.8 22.79 

52 M 60 164 80 29.74 

53 M 69 175 67 21.88 

54 M 52 160 61 23.83 
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Table 4. 2 The summary of patient data underwent TACE procedure. 

 

 

patient data Mean ± SD Range 

Age (years) 63.31±9.91 46-92 

   

Height (cm) 164.02±8.41 143-180 

   

Weight (kg) 65.7±10.12 45.6-90 

   

BMI (kg/m2) 24.4±3.5 17.3-37.2 

 

 

4.4 Average values of technical parameters. 

 

Average values of the technical parameters used to perform the fluoroscopy part 

of TACE procedure are given in table 4.3  

 

Table 4. 3 Mean values of technical parameters. 

  

TACE Procedure Mean ± SD range 

kVp 71 ± 10 70-120 

mA 109 ± 55 32-200 

ms 7.7 ± 2.1 4.7-12 

FOV  6" -16"  

mode Normal  

Frame rate (Exp/s) 10  

Filter Cu 0.3 mm  
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4.5 Procedure performed with a Flat-panel system (Toshiba) 

 

The parameters in TACE procedure such as fluoroscopic time, number of 

frames, number of procedures and frame rate. Those factors are shown in table 4.4 

The average fluoroscopic time was 2000 ± 905 second with the range of 554-

4257 second.  The average total acquisition time was 93.84 ± 33.74 s. The average 

number of frames was 200.3 ± 84.4, and the range was 87-584 frames. The number of 

procedures was 2.1 ± 1.9 range 1-10 procedures.  

The procedures were performed by four experienced radiologists using standard 

techniques. Every case was attended by a physician training. The average experience 

of interventional radiologists from 54 cases was 4.7 ± 0.7 years with the range was 3-5 

years. From all samples that has been taken, only one case that was diagnostic type of 

procedure as shown in table 4.5   

 

Table 4. 4 The patient data performed with a digital flat-panel system (Infinix-I 8000C 

FPD 12*16 inch) in TACE procedure. 

 

Patient 

No. 

 

Total 

Fluoroscopic 

Time (s) 

Total 

Acquisition 

Time (s) 

Total 

Number 

of  Frames 

Number 

of 

procedure 

(time) 

Experience 

of 

radiologist 

(year) 

      

1 1455 71.92 156 10 5 

2 2006 74.86 161 1 5 

3 2284 50.09 104 1 5 

4 1004 61.41 124 3 5 

5 2373 178.94 584 2 5 

6 1777 104.20 227 2 5 

7 1698 59.63 124 2 5 

8 832 83.59 174 2 5 

9 2283 64.02 139 2 5 

10 3574 61.75 131 1 5 
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Table 4.4 The patient data performed with a Digital Flat-Panel system (Infinix-I 8000C 

FPD 12*16 inch) in TACE procedure. (cont.) 

 

Patient 

No. 

Total 

Fluoroscopic 

Time (s) 

Total 

Acquisition 

Time (s) 

Total 

Number 

of   

Frames 

Number  

of 

procedure 

(time) 

Experience 

of 

radiologist 

(year) 

      

11 2701 116.39 278 2 5 

12 1157 75.65 164 1 5 

13 4066 102.67 206 3 5 

14 1404 90.00 194 3 5 

15 1347 73.58 155 7 5 

16 2509 82.74 174 2 5 

17 2321 87.50 165 1 5 

18 1311 90.52 187 1 5 

19 1840 115.75 219 1 5 

20 3261 98.51 189 1 5 

21 1848 65.11 131 3 5 

22 2898 75.98 155 2 5 

23 3053 171.44 361 6 3 

24 1128 50.70 112 2 3 

25 1196 84.83 181 3 5 

26 1487 60.20 129 1 5 

27 2443 111.26 222 1 5 

28 2728 141.27 307 6 3 

29 1170 86.17 187 1 5 

30 4257 108.86 232 1 5 

31 1093 67.50 151 3 5 

32 2897 128.63 262 2 5 

33 1942 80.79 168 1 3 

34 1440 136.63 287 4 3 

35 1531 81.35 171 3 5 

 

*number of procedure - mean number of patients repeated the procedure 
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Table 4.4 The procedures performed with a Digital Flat-Panel system (Infinix-I 8000C 

FPD 12*16 inch) in TACE procedure. (cont.)  

 

Patient 

No. 

Total 

Fluoroscopic 

Time (s) 

Total 

Acquisition 

Time (s) 

Total 

Number 

of 

  Frames 

Number 

of 

procedure 

(time) 

Experience 

of 

radiologist 

(year) 

      

36 1275 63.84 140 1 5 

37 1590 59.67 127 5 5 

38 1923 126.72 275 6 3 

39 1975 104.41 208 4 5 

40 1456 114.41 262 1 5 

41 1104 62.86 136 1 5 

42 970 65.32 144 1 3 

43 738 102.43 210 1 5 

44 554 49.01 106 2 5 

45 1725 93.42 188 2 5 

46 2181 148.96 332 2 5 

47 1984 39.65 87 2 5 

48 3198 104.13 218 1 3 

49 1445 101.69 207 1 5 

50 3277 85.77 174 2 5 

51 2812 152.16 312 6 5 

52 4175 152.52 304 2 5 

53 652 69.67 146 1 5 

54 2702 176.46 358 2 5 

 

 

Table 4. 5 The factors affecting patient dose in TACE procedure. 

 

Factors affecting  Mean ± SD Range 

Total Fluoro Time (s) 2000 ± 905 554-4257 

Total Acquisition Time (s) 93.84 ± 33.74 39.6-178.9 

Total Number of  Frames 200 ± 84 87-584 

Number of procedures 2 ±2 1-10 

Experience of radiologist (Years) 5 ± 1 3-5 
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4.6 The total air kerma product (Gycm2) and patient skin dose determined by MIDSOF 

(Gy) of TACE procedure shown in table 4.6. 

 The total average dose air kerma product from KAP meter readout was 379.88 

± 147.78 Gycm2 and the range was 59.9 – 725.2 Gycm2 

 The average patient skin dose determined by MIDSOF was 1.71 ± 1.14 Gy and 

the range was 0.023 – 5.48 Gy. 

 

Table 4. 6 The total dose air kerma product (Gycm2) and patient skin dose determined 

by MIDSOF (Gy) and system detector on TACE procedure. 

 

Patient 

No. 

Total 

dose 

air 

kerma 

Product 

(Gycm2) 

Total 

fluoro 

dose air 

kerma 

product 

(Gycm2) 

 

Total 

acquisition 

dose 

air kerma 

product 

(Gycm2) 

 

Total 

dose 

(Gy) 

 

Dose from 

MIDSOF 

(Gy) 

 

      

1 206 125 80 1.18 1.88 

2 233 100 64 2.16 2.78 

3 114.1 86.5 27.8 0.65 1.47 

4 193 105 88 0.81 1.91 

5 365 143 222 2.41 2.48 

6 78.1 37 40 0.42 0.68 

7 371 240 130 2.72 1.75 

8 205 98 107 0.88 1.33 

9 267 219 47 2.11 1.60 

10 703 591 111 5.52 5.48 

11 156 105.1 51 1.35 1.58 

12 179 82 96 0.75 1.38 

13 471 352 118 5.03 5.44 

14 152 68 83 0.61 1.63 

15 110 57 52 0.47 1.06 

16 470 350 120 3.66 2.33 

17 163 106.6 56 1.99 1.06 

18 238 134 104 2.03 1.83 

19 385.5 223 162 2.92 2.51 

20 220 162 58 1.69 2.38 
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Table 4.6 The total dose air kerma product (Gycm2) and patient skin dose determined 

by MIDSOF (Gy) and system detector on TACE procedure. (cont.) 

 

 

Patient 

No. 

Total 

dose 

air 

kerma 

product 

(Gycm2) 

Total 

fluoro 

dose air 

kerma 

product 

(Gycm2) 

Total 

acquisition 

dose 

air kerma 

product 

(Gycm2) 

Total 

dose 

(Gy) 

 

Dose from 

MIDSOF 

(Gy) 

 

      

21 278.0 187.0 91.2 2.14 0.58 

22 303.9 244.0 59.1 2.81 1.95 

23 451.5 287.2 164.3 2.43 1.89 

24 157.8 98.4 59.3 1.01 0.14 

25 103.0 53.0 49.8 0.64 0.02 

26 113.4 69.0 43.4 0.86 1.13 

27 347.4 240.0 106.6 2.67 4.69 

28 327.4 198.3 129.0 2.41 1.77 

29 157.0 91.0 66.0 1.07 1.31 

30 336.9 259.0 77.4 2.26 2.61 

31 156.0 88.1 68.6 0.84 0.56 

32 333.0 230.0 103.0 2.28 1.19 

33 142.8 82.0 60.7 0.84 0.76 

34 280.0 127.0 153.0 1.88 1.30 

35 336.0 234.0 101.0 3.11 1.39 

36 133.9 81.0 52.6 1.08 0.63 

37 166.0 113.0 53.7 1.23 1.80 

38 418.8 216.9 201.0 2.62 1.59 

39 239.7 149.7 89.9 1.98 1.58 

40 431.9 194.6 237.3 1.87 0.74 

41 176.6 91.5 85.0 1.66 0.42 

42 321.2 151.2 169.9 1.60 1.46 

43 186.1 60.3 125.0 1.03 0.99 

44 59.9 24.2 35.7 0.33 0.60 

45 312.7 201.7 111.1 2.56 1.27 

46 637.7 326.3 311.3 4.11 1.92 

47 149.4 111.1 38.3 1.03 1.49 

48 370.5 280.0 90.1 3.06 2.71 

49 208.9 121.0 87.9 1.04 1.13 

50 214.0 168.2 463.9 2.59 0.83 
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Table 4.6 The total dose air kerma product (Gycm2) and patient skin dose determined 

by MIDSOF (Gy) and system detector on TACE procedure. (cont.) 

 

 

Patient 

No. 

Total 

dose 

air 

kerma 

product 

(Gycm2) 

Total 

fluoro 

dose air 

kerma 

product 

(Gycm2) 

Total 

acquisition 

dose 

air kerma 

product 

(Gycm2) 

Total 

dose 

(Gy) 

Dose from 

MIDSOF 

(Gy) 

 

 

     

51 257.9 147 110.4 2.07 1.61 

52 725.2 493.8 231.4 5.76 3.22 

53 153.3 66 87.3 1.17 0.43 

54 451.1 248.9 202.1 2.61 4.00 

      

 

 

4.7 The effective dose was determined by KAP method in TACE procedures during the 

procedure to identify the selected vascular supply tumor. The effective dose determined 

by DLP from CT is shown in table 4.7. 

 

After collecting patient data and scanning parameters, the effective dose from 

fluoroscopic procedures was calculated by using KAP (Gy.cm2) × Dose conversion 

coefficient (0.26 mSv/Gy.cm2). [15] 

The effective dose of CT was calculated using DLP (mGy.cm) × k-factor 

(mSv/mGy.cm).  For CT abdomen, k-factor was 0.015 mSv/mGy.cm.[14] 

The average dose length product (DLP) of CT system was 462.56 ± 204 

mGy.cm. The range was 212 – 1,364 mGy.cm. 
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Table 4. 7 The effective dose determined by KAP method and the effective dose   

determined by DLP in TACE procedure. 

 

Patient  
KAP 

meter 
Conversion Effective DLP Effective 

No. readout coefficient dose total dose 

 (Gycm2) (mSv/Gy.cm2) (mSv) (mGy.cm) (mSv) 

      

1 206 0.26 53.6 333.6 5.0 

2 233 0.26 60.6 381.1 5.7 

3 114 0.26 29.7 614.4 9.2 

4 193 0.26 50.2 490.2 7.4 

5 365 0.26 94.9 676.8 10.2 

6 78 0.26 20.3 435.5 6.5 

7 371 0.26 96.5 614.4 9.2 

8 205 0.26 53.3 1144 17.2 

9 267 0.26 69.4 523.9 7.9 

10 703 0.26 182.8 400 6.0 

11 156 0.26 40.6 295.8 4.4 

12 179 0.26 46.5 402.3 6.0 

13 471 0.26 122.5 490.2 7.4 

14 152 0.26 39.5 452.7 6.8 

15 110 0.26 28.6 316.9 4.8 

16 470 0.26 122.2 561 8.4 

17 163 0.26 42.4 303.3 4.5 

18 238 0.26 61.9 532.6 8.0 

19 386 0.26 100.2 370.4 5.6 

20 220 0.26 57.2 354 5.3 

21 278 0.26 72.3 357.9 5.4 

22 304 0.26 79.0 354 5.3 

23 452 0.26 117.4 716.3 10.7 

24 158 0.26 41.0 593.9 8.9 

25 103 0.26 26.8 315.6 4.7 

26 113 0.26 29.5 221.6 3.3 

27 347 0.26 90.3 825.6 12.4 

28 327 0.26 85.1 390.1 5.9 

29 157 0.26 40.8 411.6 6.2 

30 337 0.26 87.6 566.9 8.5 
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Table 4.7 The effective dose determined by KAP method and the effective dose 

determined by DLP in TACE procedure. (cont.) 

 

Patient 
KAP 

meter 
Conversion Effective DLP Effective 

No. readout coefficient dose total dose 

 (Gycm2) (mSv/Gy.cm2) (mSv) (mGy.cm) (mSv) 

      

   31     40.6 0.26 10.5 228.9 3.4 

32 86.6 0.26 22.5 554.3 8.3 

33 37.1 0.26 9.7 357.8 5.4 

34 72.8 0.26 18.9 524.2 7.9 

35 87.4 0.26 22.7 478.7 7.2 

36 34.8 0.26 9.1 304.2 4.6 

37 43.2 0.26 11.2 212.9 3.2 

38 108.9 0.26 28.3 368.3 5.5 

39 62.3 0.26 16.2 333.3 5.0 

40 112.3 0.26 29.2 368.3 5.5 

41 45.9 0.26 11.9 357.7 5.4 

42 83.5 0.26 21.7 552.2 8.3 

43 48.4 0.26 12.6 427.8 6.4 

44 15.6 0.26 4.0 287.3 4.3 

45 81.3 0.26 21.1 365.1 5.5 

46 165.8 0.26 43.1 1364.9 20.5 

47 38.8 0.26 10.1 418.5 6.3 

48 96.3 0.26 25.0 484.4 7.3 

49 54.3 0.26 14.1 364.3 5.5 

50 55.6 0.26 14.5 373.8 5.6 

51 67.1 0.26 17.4 428.7 6.4 

52 188.6 0.26 49.0 725.1 10.9 

53 39.9 0.26 10.4 392.8 5.9 

54 117.3 0.26 30.5 258.2 3.9 
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The average effective dose of fluoroscopic system was 70.86 mSv. The range 

was 15.57-188.55 mSv. The average effective dose from CT was 6.93 mSv and the 

range was 3.19 - 20.47 mSv. The effective dose from both systems of each patient was 

plotted as shown in figure 4.1 

 

 

 

Figure 4. 1 The effective dose in TACE patients using fluoroscope and CT procedures 

 

 

4.8 The Complexity index 

The complexity index of each procedure from fifty-four cases was recorded by 

the interventional radiologist. The data of complexity index was shown in APPENDIX 

D (page 79) 

 

 

4.9 The correlation between the dose air kerma product, KAP (Gycm2) and patient skin 

dose determined by MIDSOF (Gy) of TACE procedure. 

 

The correlation between the dose air kerma product, KAP (Gycm2) and patient 

skin dose determined by MIDSOF (Gy) of TACE procedure is displayed in figure 4.2. 
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Figure 4. 2 The correlation between the dose air kerma product, KAP (Gycm2) and 

patient skin dose determined by MIDSOF (Gy)  from 54 cases in TACE 

procedure with r = 0.76. 

 

 

4.10 The relation between patient skin dose determined by MIDSOF (Gy) and the 

affecting factor in TACE procedure. 

 

 The scatter diagrams show the relation between the patient skin dose determined 

by MIDSOF (Gy) and the fluoroscopic time as in figure 4.3 the relation between patient 

skin dose determined by MIDSOF (Gy) and total number of radiographic frames is 

shown in figure 4.4 

 

4.10.1 The relation between the patient skin dose determined by MIDSOF (Gy) 

and the fluoroscopic time. 

 

 

Figure 4. 3 The relation between the patient skin dose determined by MIDSOF (Gy)  

and the fluoroscopic time in second. 
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4.10.2 The relation between the patient skin dose determined by MIDSOF (Gy) 

and total number of radiographic frames. 

 

 
 

Figure 4. 4 The relation between the patient skin dose determined by MIDSOF (Gy) 

and total number of radiographic frames. 

 

 

4.10.3 The relation between the patient skin dose determined by MIDSOF (Gy) 

and the patient BMI (kg/m2). 

 

 
 

Figure 4. 5 The relation between the patient skin dose determined by MIDSOF (Gy) 

and the patient BMI (kg/m2). 
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4.10.4 The relation between the patient skin dose determined by MIDSOF (Gy) 

and the experience of interventional radiologists. 

 

 
 

Figure 4. 6 The relation between the patient skin dose determined by MIDSOF (Gy) 

and the experience of interventional radiologists. 

 

 

4.11 The percutaneous transhepatic biliary drainage (PTBD) patient studies. 

Our study included eight consecutive patients (2 women and 6 men) who 

underwent PTBD procedure during the period July 2016 to February 2017 as shown in 

table 4.8. The mean age was 63 ± 12 (38-80) years.  

 

The average fluoroscopic time was 305 ± 272 second with the range of 13 -926 

second.  The average total Acquisition Time was 3.35± 1.6 second with the range of 

1.38 – 7.5 second. The average number of frames was 4 ± 1 frames with the range of 2 

– 5. 

 

The total average dose air kerma product from KAP meter readout was 21.9 ± 

26.9 Gycm2 and the range was 1.67 - 87 Gycm2. The average effective dose was 5.69 

±7.01 mSv and the range was 0.43– 22.6 mSv. The average patient dose was 0.14 ± 

0.21 Gy and the range was 0.004 - 0.7 Gy. 

 

 

 

 

0.000

1.000

2.000

3.000

4.000

5.000

6.000

0 1 2 3 4 5 6

D
o
se

  
b

y
 M

ID
S

O
F

 (
G

y
) 

Experience of  interventional radiologists (years).

Relation between the by MIDSOF (Gy) and the experience of 

radiologists.

R = 0.1 



 

 

52 

Table 4. 8 The patient data underwent PTBD procedure from 8 patients. 

 

Patient 

No. 

 

 

Total 

fluoro 

time (s) 

Total 

number 

of 

frames 

Total 

dose air 

kerma product 

(Gycm2) 

Total 

dose 

(mGy) 

Effective 

dose 

(mSv) 

      

1 129 4 8.68 42.90 2.26 

2 926 3 87.14 708.70 22.66 

3 362 5 9.27 90.50 2.41 

4 216 5 5.75 41.00 1.50 

5 457 5 27.67 95.23 7.19 

6 13 2 1.84 4.86 0.48 

7 65 4 1.67 13.51 0.43 

8 276 4 33.3 135.90 8.66 

 

 

4.12 The relation between patient skin dose determined by MIDSOF (Gy) and the 

affecting factor in PTBD procedures. 

 

4.12.1 The scatter diagrams show the relation between the patient skin dose 

(Gy) and the air kerma area product, KAP (Gycm2) as in figure 4.7 the relation between 

patient dose (Gy) and the fluoroscopic time is shown in figure 4.8 

 

 
 

Figure 4. 7 The correlation between the dose air kerma product, KAP (Gycm2) and 

patient dose (mGy) from 8 cases in PTBD procedure with r = 0.8. 
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Figure 4. 8 The relation between the patient skin dose (mGy) and the fluoroscopic time 

in second. 

 

 

 

4.12.2 The relation between the patient skin dose (mGy) and total number of 

radiographic frames. 

 

 
 

Figure 4. 9 The relation between the patient skin dose (mGy) and total number of 

frames. 
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4.12.3 The effective dose from 8 cases in PTBD procedures. The average 

effective dose was 5.69 ±7.01 mSv and the range was 0.43– 22.6 mSv. 

 

 
 

Figure 4. 10 The effective dose underwent PTBD procedure from 8 patients 
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CHAPTER V  

DISCUSSION AND CONCLUSION 

5.1 Discussion 

5.1.1. The patients 

Transarterial chemoembolization (TACE) procedures. 

Our study included fifty-four consecutive patients (11 women and 43 

men) who underwent TACE procedures. The mean age, +SD and range were 

63.31±9.91 (46-92) years, the patient height and weight were 164.02±8.41 (143-

180) cm. and 65.7±10.12 (45.6-90) kg, the BMI 24.43±3.48 (17.28-37.18) 

kg/m2 respectively. 

The patient who received the highest skin dose was 80 year old female. 

This procedure was her second TACE procedures. The CT procedure was 

performed to identify the selected vascular. 

The cumulative fluoroscopic time was 60 min. The number of frames 

for fluoroscopy was 131 frames.The KAP meter readout was 703 Gycm2. The 

effective dose for Angio-CT was 188.78 mSv. 

 

Percutaneous transhepatic biliary drainage (PTBD) procedures. 

Our study included eight consecutive patients (2 women and 6 men) who 

underwent PTBD procedures. The mean age and range were 63 ± 12 (38-80) 

years. 

The patient who received the highest skin dose at 0.7 Gy, the cumulative 

fluoroscopic time was 15 min, the KAP meter readout was 87 Gycm2, the 

number of frames was 3 frames and the effective dose was 22.6 mSv. 

In TACE procedure , twelve from fifty four patients received the skin 

dose exceed the  level for transient erythema (2 Gy) measured by MIDSOF as 

in table 5.1. 
 

Table 5. 1 The patients who received the skin dose exceed the transient erythema. 
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Table 5. 1 The patients who received the skin dose exceed the transient erythema 

(cont.) 

 
 

 

Table 5. 2 Tissue reaction from single-delivery radiation dose to skin 

 

 
 

(source Balter et al. Fluoroscopically   Guided Interventional Procedures:   A Review 

of Radiation Effects on Patients’ Skin and Hair. Radiology: Volume 254: Number 2 

February 2010)  
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Table 5. 3 Five bands of patient skin dose measured by MIDSOF and by system 

detector (Gy) 
 

 
 

From MIDSOF record, 42 patients received skin dose less than 2 Gy, 10 

patients received skin dose between 2 and 5 Gy and 2 patients received skin 

dose between 5 and 10 Gy. Twelve patients had the risk of epilation an erythema 

at early stage. From the monitor record, 30 patients received the skin dose less 

than 2 Gy. 22 patients received the skin dose between 2 and 5 Gy, 2 patients 

received the skin dose between 5 to 10 Gy.  

 

International Commission on Radiation Protection, ICRP recommended 

that the patient absorbed dose exceed 1 Gy must be recorded. 41 from 62 

patients received the skin dose higher the ICRP recommendation. 

 

5.1.2. Comparison of the result with other studies 

The result was compared with previous studies as shown in table 5.4. 

Our study shows the  second highest fluoroscopic time of 70 minutes  while the 

KAP was   third highest of 725 Gycm2 after Svetlana S et al. of 855 Gycm2  and  

E.Vano et al. of 830 Gycm2 . 

 

Table 5. 4 Comparison of KAP readouts with other studies during TACE procedure. 
 

Author year country Detector No. of  

Fluoroscopic time 

(min) KAP (Gycm2) 

      system patient Mean Range Mean Range 

Kumkrue [12] 2004 Thailand II 21 NA 2.4-4.8 NA 24.3-381.6 

B Sapiin  [16] 2004 Malaysia NA 6 29.7±4.6 19.6-45.9 127 30-237.9 

BOR D  [17] 2004 Turkey II 5 3.2 1-4.7 52 3-167 

S Suzuki  [18] 2005 Japan FPD 25 17.9 NA 73 36.9-133.3 

Eliseo Vano [19] 2009 Spain NA 151 19.8±1.1 2.8-80 216±176 27.4-830 

E.papageorgiou 

[20] 2010 Greece FPD 25 10.5± 8.4 1.3-29.4 136± 83 15-341 

Svetlana Set [21] 2010 Russia FPD 49 2 ± 2.1 0.2-9.8 233±221 16-855 

Sitthiphan, P. [11] 2010 Thailand FPD 69 16 3.38-59.1 222± 114 22.5-537.4 

This study 2016 Thailand FPD 54 33.3 ± 15  10.0 -70 379± 147  59.9 -725.2  

II Image intensifier detector, FPD; Flat-panel detector system 
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5.1.3. Factors affecting radiation dose 

Transarterial chemoembolization (TACE) procedures. 

 

5.1.3.1 Air Kerma Area Product (KAP)  

 

The patient skin dose is increasing as the KAP increases for each 

procedure.  Table 4.6 and figures 4.2 showed KAP meter readout and 

the correlation with the average patient skin dose for TACE procedures. 

The average KAP ± SD and range were 379.88 ± 147.78 (59.9 – 725.2) 

Gycm2. 

 

The result shows the linear correlation between the estimated 

dose from KAP and the skin dose from MIDSOF with good correlation 

of 0.76. The KAP is estimated from the average radiation area, and the 

patient skin dose was measured on real exposed in air.  

 

  5.1.3.2 The fluoroscopic time 

 

The patient skin dose is increasing as the fluoroscopic time 

increases for each procedure as in table 4.4 and 4.5.  Figures 4.3 shows 

fluoroscopic time and the correlation with the average patient skin dose 

for TACE procedures. The average, SD and range of fluoroscopic time 

were 33.3 ± 15 (10- 70) min. The correlation between patient skin dose 

and fluoroscopic time is r = 0.64. 

 

5.1.3.3 Patient BMI 

 

The body mass index (BMI) of patient undergoing TACE 

procedures is shown in Table 4.1 and 4.2. The patient skin dose increases 

with increasing BMI for TACE procedures. 

The average, ±SD and range of BMI were 24.43±3.48 (17.28 - 

37.18) kg/m2. Figure 4.5 show the correlation between patient skin dose 

and patient BMI was poor correlation at r = 0.22. The maximum BMI 

was found in TACE procedure of 37.18 kg/m2. The body mass index of 

a patient is also weakly related to the risk for high skin dose in the TACE 

procedures in this study. This mean that the size of a patient is less 

important predictor of the dose delivered than other factors. 
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5.1.3.4 The number of frames 

 

The number of frames in this study was shown in Table 4.4 and 

4.5. Figure 4.4 showed the correlation between patient skin dose and the 

number of frames. The patient skin dose and the number of frames was 

poor correlation (r = 0.26). 

 

  5.1.3.5 The experience of the radiologist 

 

The mean experience the radiologist was 4.7 ± 0.7 years with the 

range of 3-5 years as shown in Table 4.4. Figure 4.6 the correlation 

between the average patient skin dose and the experience of the 

radiologist was poor (r = 0.1). 

The experience of the radiologist is a major factor in dose 

management but showing poor correlation with the patient skin dose. 

Fellow training in interventional procedures could cause a significant 

increase in patient exposure during fluoroscopy according the lack of 

experience in performing the procedure. Exposure could be further 

reduced by limiting the number of procedures performed by 

interventional radiology fellows. It would be important to decide if an 

interventional radiology fellow should receive enough practical training.   

 

 

Percutaneous transhepatic biliary drainage (PTBD). 

 

  5.1.3.6 Air kerma area product (KAP)  

 

The patient skin dose is increasing as the KAP increases as in 

figures 4.7. The result shows the correlation between KAP and patient 

dose with good correlation of 0.8. 

  

  5.1.3.7 The fluoroscopic time 

 

 The patient skin dose is increasing as the fluoroscopic time 

increases as in figures 4.8 showed the fluoroscopic time and the 

correlation with the patient skin dose. The mean fluoroscopic time was 

305 ± 272 second with the range of 13- 926 second. The correlation 

between patient skin dose and fluoroscopic time is r = 0.7. 
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5.1.3.8 The number of frames 

 

The range of frames was 2-5, the range of skin dose was 0.1-0.7 

Gy. Figure 4.9 showed the correlation between the number of frames 

and patient was poor as r = 0.2. 

 

5.1.4 The patient skin dose determined by MIDSOF and System FPD 

MIDSOF is useful for measuring skin radiation in real time. However, 

the measurement of the skin dose is at only a single point on the surface for its 

small size of detector. Therefore, to be effective, the detector of MIDSOF must 

be placed in the field of maximum X-ray exposure; however, it is impossible to 

predict the site of maximum X-ray exposure before intervention procedure 

commences. 

As MIDSOF dosimeter is  easily use and there was no need to estimate 

the surface area expose as in KAP method, KAP meter shows all exposures 

readout, some exposure is sometime not at the target organ.   

The x-ray tube moves during the procedure resulting in the inaccuracy 

of the exposed area as well as inaccuracy of the average skin dose. However, 

MIDSOF detector could identify the result in limited and fix area because of the 

small size of detector. 

When we compare the MIDSOFT readout with the system detector, the 

mean and range were 1.71+1.14(0.02-5.48) and 1.96+1.21(0.33-5.76). The 

percent difference between both readouts was 12.75. MIDSOF readout was 

lower than the monitor as the detector size is smaller.  

 

5.1.5 The relationship between KAP method and MIDSOF. 

The result shows the correlation between the estimated dose from KAP 

meter and the skin dose from MIDSOF with r = 0.76. As the KAP is the 

cumulative dose from every exposure to parts of the patient, so the dose could 

be estimated from the average radiation areas, while MIDSOF measured on real 

exposed skin. 
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5.1.6 The relationship between dose from MIDSOF and dose from monitor. 

 
 

The result shows the correlation between the estimated dose from 

monitor and the skin dose from MIDSOF with r = 0.7. 

 

 

 

5.1.7 The effective dose  

In this study, the effective dose was calculated by using conversion 

coefficient 0.015 mSv/mGy.cm for CT multiplies  DLP value (mGy.cm) [15].   

The effective dose was calculated by using conversion coefficient 0.26 

mSv/Gy.cm2 for fluoroscopic multiplied KAP (Gy.cm2) [16]. 

 

5.1.7.1 Patient effective dose from fluoroscopic examination  

 

Sixty-two patients who underwent intervention procedures 

consists of 54 cases for TACE and 8 cases for PTBD. The mean+SD 

(range) of the effective dose of  fluoroscpic system of TACE was 70.86 

(15.57-188.55) mSv.. The mean+SD of the effective dose of PTBD was 

5.69±7.01 (0.43– 22.6) mSv. KAP readout was the major factors 

affecting effective dose.   
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5.1.7.2 Patient effective dose from CT examination  

 

The mean+SD of the effective dose from CT of TACE was 6.93  

(3.19 - 20.47) mSv. The key factors that affecting to high dose in CT 

were scan length, tube voltage and mAs.  

 

The mean effective dose and range was 83.12 (19.88 – 357.8) 

mSv. The effective dose for fluoroscopic of TACE was approximately 

10 times of the CT.  

 

 

 

5.2 Conclusion  

TACE procedure 

The mean KAP was 379.88 Gycm2, the fluoroscopic time was 33 min. 

The mean patient skin dose determined by MIDSOF was 1.71 Gy. 

The mean effective dose of fluoroscopic system was 70.86 mSv.  

 

PTBD procedure 

The mean KAP was 21.9 Gycm2.  

The mean effective dose was 5.69 mSv.  

The mean patient dose was 0.14 Gy. 

 

Factors affecting radiation dose 

Good relation between skin dose  and 

  - Air kerma area product (KAP)  

   - fluoroscopic time  

Weak relation between skin  dose and  

  - patient characteristics  

  - experience of radiologist  

  - The number of frames 
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Summary 

 

The patient skin dose is very important during the intervention procedures. 

Radiologist and staff should be aware of several parameters influencing dose, therefore 

the case record form should be conducted. In case of over exposure leading to skin 

injury, the radiologist should inform the clinician to follow up for such the late effects. 

Both patient and staff are at risk of radiation injury, appropriate equipment and training 

are needed to minimize the risk.  

 

Recommendations 

 

The correlation factor should be posted for the staff awareness such as 

fluoroscopic time by keep beam-on time to a minimum,keep tube current (mAs) as low 

as possible and tube potential (kVp) as high as applicable, keep x-ray tube at maximum 

and the FPD at minimum distance from patient . 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

REFERENCES 

 

1. Saenchon, P., The determination of average patient skin dose and its factors 

affecting in cardiac catheterization procedures. Thesis (M.Sc) Chulalongkorn 

University. , 2006. 

 

2. Mahesh, M., Patient radiation exposure issues. . RadioGraphics. , Jul-Aug2001. 

1033-45. 

 

3. Shrimpton PC, W.B., Jones DG, Fisher ES. , The measurement of energy 

imparted to patients during diagnostic x-ray examinations using the Diamentor 

exposure-area product meter. Physics in Medicine and Biology. , 1984. 

29(10):1199. 

 

4. Ishikawa, M., Development of a wavelength-separated type scintillator with 

optical fiber (SOF) dosimeter to compensate for the cerenkov radiation effect. 

Journal of Radiation Research, 2015. 56: p. 372-381. 

 

5. Htyte N, J.J., Diagnostic Cerebral and Peripheral Angiography. . 2014: p. 1-55. 

 

6. Nickoloff, E., Survey of Modern Fluoroscopy Imaging: Flat-Panel Detectors 

versus Image Intensifiers and More. RadioGraphics., 2011. 31: p. 591-602. 

 

7. Dendy, P.H., B Physics for diagnostic radiology Philadelphia: Institute of 

Physics publication, 1990: p. 145. 

 

8. Kalender, W., X-ray computed tomography. Physics in Medicine and Biology., 

2006. 51(13)R29-43. 

 

9. ACR–ASNR, Practice guideline for the performance and interpretation of 

Cervicocerebralcomputed tomography angiography (CTA). 

Availablefromhttp://www.asnr.org/sites/default/files/guidelines/Cervicocerebr

alAngio. pdf. 

 

10. Martin, C., Effective dose: how should it be applied to medical exposures. The 

British journal of radiology, 2007. 80(956):639-47. 

 

11. Sitthiphan, P., The determination of patient effective dose in transarterial oily 

chemoembolization (TOCE) procedure using  digital flat–panel system. . 

Master Degree, Thesis (M.Sc) Chulalongkorn University., 2009. 

 

12. Kumkrue, C., Patient skin dose measurement in cardiac catheterization and 

interventional radiology. Master Degree, Thesis (M.Sc) Chulalongkorn 

University., 2004. 

 

13. American Association of Physicist in Medicine. Specification and acceptance 

testing of computed tomography scanners,report 39 (May 1993). 

 

http://www.asnr.org/sites/default/files/guidelines/CervicocerebralAngio
http://www.asnr.org/sites/default/files/guidelines/CervicocerebralAngio


 

 

65 

 

14. American Association of Physicists in Medicine REPORT NO. 96, 2008(13). 

 

15. Ionizing Radiation Exposure of the Population of the United States National 

Council on Radiation Protection and Measurements (NCRP) Report No. 160 

https://rpop.iaea.org/RPOP/RPoP/Content/InformationFor/HealthProfessionals

/4_InterventionalRadiology/patient-staff-dose fluoroscopy.htm, 2009. 

 

16. Sapiin, B.K., Ng.  Abdulah, BJJ, Radiation dose to patients Underdoing 

Interventional Radiological Procedure in Selected Hospitals in Malaysia: 

Retrospective Study. J HK coll Radiol 7 2004: p. 129-136. 

 

17. BOR, D., Comparison  effective dose obtained from dose-area product and air 

kerma measurement in interventional radiology. The British Journal of 

radiology 77, 2004: p. 315-322. 

 

18. Shigeru Suzuki, S.F., lkuo Kobayashi Yamauchi, et al Radiation Dose in 

patients and Radiologists During Transcatherter Arterial 

Embolization:Comparison of a Digital Flat-panel system and Conventional 

Unit. American Journal of Roentgenology 185, 2005: p. 855-859. 

 

19. Eliseo Vano, R.S., J, M. Fernandez, J. J. Gallego, J. F. Verdu and M. Gonzalez 

de Garray. , Patient Dose Reference Levels for Interventional Radiology. A 

National Approach. Cardiovasc Intervent Radiol 32 2009: p. 19-24. 

 

20. E. Papageorgiou E, V.T., I. A. Tsalafoutas, E. Maurikou, et al, Comparision of 

patient dose in interventional radiology procedures performed in two large 

hospital in Greece. Radiation Protection Dosimetry 124 2007: p. 97-102. 

 

21. Svetlana Sarycheva, V.G.a.S.K., Studies of patient dose in interventional 

radiological examinations. Radiation Protection Dosimetry, 2010: p. 97-102. 

 

https://rpop.iaea.org/RPOP/RPoP/Content/InformationFor/HealthProfessionals/4_InterventionalRadiology/patient-staff-dose
https://rpop.iaea.org/RPOP/RPoP/Content/InformationFor/HealthProfessionals/4_InterventionalRadiology/patient-staff-dose


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

67 

APPENDIX A 

Case Record Form 

Table I: Clinical data collection sheet for TACE procedure 

Clinical data collection sheet for TACE procedure in 

 interventional radiology unit 

Facility identification   

Equipment ID  

Initial KAP setting 

 

  

Initial cumulative fluoroscopy time   

Date    

Patient Study Number   

Height   

Weight   

Gender   

Age   

MIDSOF in place   

start time   

Fluoroscopy mode   

End time   

KAP readout at end   

Cumulative fluoroscopy time at end   

Number of frames   

Frame rate   

kVp   

mAs   

FOV   

Filter   

Dose from MIDSOF   
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Table II: Clinical data collection sheet for PTBD procedure 

 

Clinical data collection sheet for PTBD procedure in 

interventional radiology unit 
 

Facility identification  

Equipment ID  

Initial KAP setting 
 

  

Initial cumulative fluoroscopy time  

Date   

Patient Study Number  

Height  

Weight  

Gender  

Age  

MIDSOF in place  

start time  

Fluoroscopy mode  

End time  

KAP readout at end  

Cumulative fluoroscopy time at end  

Number of frames  

Frame rate  

kVp  

mAs  

FOV  

Filter  

Dose from MIDSOF  
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Table III: Clinical data collection sheet for CT procedure 

 

Date   

Patient study number 
  

Gender (M/F) 
  

Age (year) 
  

Height (cm) 
  

Weight (kg) 
  

kVp  
  

Total mAs 
  

Total DLP (mGycm) 
  

Skin dose from MIDSOF 
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Table IV: Complexity index of TACE procedure 

 

Patient Study Number   

Date (D/M/Y)   

Gender (M/F)   

Age (years)   

Height (cm.)   

Weight (kg)   

Disease    

TACE No   

Procedure Elective/Emergency   

No. of tumor     ○ single 

      ○  2 or 3 

      ○ multiple  

Location     ○  Right 

      ○  Left 

      ○ Both lobes 

Hepatic segment(s) segment 1 to 8   

Maximum tumor diameter (cm.)   

Branching   

0 : no side branch    

1 : bifurcation   

 2 : trifurcation   

Embolic material    

Anticancer drug   

Complication during procedure   

Operators  experience  in interventional   

            Radiologist    

            Assistant   

Complexity index 

 ○ Easy 

 ○ Moderate 

 ○ Difficult 

               ○ Extremely Difficult 
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APPENDIX B 

Patient Information Sheet 

 

เอกสารขอ้มูลค าอธิบายส าหรับผูป่้วยท่ีเขา้ร่วมการวจิยั 

 

ช่ือโครงการวจัิย  การวัดปริมาณรังสีของผู ้ป่วยในการตรวจรักษาตับโดยวิ ธี ที เอซี

อี (TACE) และการตรวจรักษาทางเดินน ้ าดีโดยวิธีพีทีบีดี (PTBD) โดยใช้เคร่ือง มิดชอฟ ในการ

ตรวจวดั 
 

ผู้วจัิยหลกั 
ช่ือ      นางสาวสายวรุณ   เทียนเครือ 
ท่ีอยูท่ี่ท  างานหรือสถานศึกษาของผูว้จิยั ภาควชิารังสีวทิยา คณะแพทยศาสตร์ 1873 

ถนนพระราม 4  ปทุมวนั กรุงเทพมหานคร 
10330 

เบอร์โทรศพัทติ์ดต่อ 24 ชัว่โมง   085-1803091 
 
ผู้วจัิยร่วม 
ช่ือ      รองศาสตราจารยด์ร. อญัชลี กฤษณจิดา 
ท่ีอยูท่ี่ท  างานหรือสถานศึกษาของผูว้จิยั ภาควชิารังสีวทิยา คณะแพทยศาสตร์ 1873 

ถนนพระราม 4  ปทุมวนั   กรุงเทพมหานคร 
10330 

เบอร์โทรศพัท ์     081-6305890 
 
แหล่งทุน           ไม่มี 
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เรียน ผู้เข้าร่วมโครงการวจัิยทุกท่าน 
 ท่านไดรั้บเชิญให้เขา้ร่วมในโครงการวิจยัน้ีเน่ืองจากท่านเป็นผูป่้วยท่ีไดรั้บการตรวจรักษา
โดยวธีิทีเอซีอี (TACE) และการตรวจรักษาทางเดินน ้าดีโดยวธีิพีทีบีดี (PTBD) ก่อนท่ีท่านจะ
ตดัสินใจเขา้ร่วมในการศึกษาวจิยัดงักล่าว ขอใหท้่านอ่านเอกสารฉบบัน้ีอยา่งถ่ีถว้น เพื่อใหท้่านได้
ทราบถึงเหตุผลและรายละเอียดของการศึกษาวจิยัในคร้ังน้ี หากท่านมีขอ้สงสัยใดๆ เพิ่มเติม กรุณา
ซกัถามจากผูท้  าวจิยั ซ่ึงจะเป็นผูส้ามารถตอบค าถามและใหค้วามกระจ่างแก่ท่านได ้
 ท่านสามารถขอค าแนะน าในการเขา้ร่วมโครงการวจิยัน้ีจากครอบครัว เพื่อน หรือแพทย์
ประจ าตวัของท่านได ้ท่านมีเวลาอยา่งเพียงพอในการตดัสินใจโดยอิสระ ถา้ท่านตดัสินใจแลว้วา่จะ
เขา้ร่วมในโครงการวิจยัน้ี ขอใหท้่านลงนามในเอกสารแสดงความยนิยอมของโครงการวจิยัน้ี 
 
เหตุผลความเป็นมา 
 ผูป่้วยท่ีเขา้รับการตรวจรักษาตบัโดยวิธีทีเอซีอี (TACE) และ การตรวจรักษาทางเดินน ้ าดี

โดยวิ ธีพี ที บี ดี (PTBD) ซ่ึง เป็นการตรวจทางด้านรังสี ร่วมรักษาโดยใช้รังสีแบบต่อเ น่ือง 

(Fluoroscopy) นั้น  จะมีความเส่ียงท่ีจะได้รับปริมาณรังสีสูงกว่า  การตรวจวินิจฉัยอ่ืนๆ  และ

ปริมาณท่ีไดรั้บจะอยูใ่นระดบัเกณฑท่ี์สามรถยอมรับไดห้รือไม่นั้นเป็นส่ิงท่ีน่าศึกษาอยา่งยิง่ 

 

วตัถุประสงค์ของการศึกษา 

วตัถุประสงคห์ลกัจากการศึกษาในคร้ังน้ีคือวดัปริมาณรังสีท่ีผวิหนงัของผูป่้วยต่อการตรวจ

หรือรักษาแต่ละคร้ังวา่มีปริมาณเท่าไร เพื่อไม่ใหเ้กินปริมาณรังสีสูงสุดท่ีผูป่้วยสามรถรับไดแ้ละมี

วธีิการลดปริมาณรังสีผูป่้วยไดรั้บอยา่งไรในการตรวจแต่ละคร้ัง  เพื่อศึกษาพารามิเตอร์ท่ีมีผลต่อ

ปริมาณรังสีท่ีผวิหนงัของผูป่้วยไดรั้บจากการตรวจรักษาตบัโดยวธีิทีเอซีอี (TACE) และการตรวจ

รักษาทางเดินน ้าดีโดยวธีิพีทีบีดี (PTBD) โดยใชเ้คร่ืองมิดซอฟ (MIDSOF) ท่ีเป็นซินทิเลเตอร์และ

แดพมิเตอร์  

 

วธีิการทีเ่กี่ยวข้องกบัการวจัิย 
หลงัจากท่านใหค้วามยินยอมท่ีจะเขา้ร่วมในโครงการวจิยัน้ี ผูว้จิยัจะขอเก็บขอ้มูลในการวดั

ปริมาณรังสีนั้นจะใช้เคร่ืองวดัรังสีชนิดท่ีเป็นซินทิลเลเตอร์  มิดซอฟ (MIDSOF) ซ่ึงมีขนาดของ
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หวัวดั 1 มม. มีสายต่อเขา้เคร่ืองอ่านโดยตรงและสามารถอ่านค่าไดท้นัที  ในการวดัโดยใชเ้คร่ืองวดั 

มิดซอฟ (MIDSOF) นั้นจะใชว้ดัรังสีติดท่ีต าแหน่งดา้นหลงัของผูป่้วยให้ตรงกบัต าแหน่งตรงกลาง

ตบั   ส าหรับการวดัโดยใชแ้คพมิเตอร์ (KAP meter) ซ่ึงเป็นเคร่ืองมือท่ีใชว้ดัปริมาณรังสีท่ีออกจาก

หลอดเอกซเรยโ์ดยตรง  

 ส่วนหัววดัจะติดอยู่ท่ีหลอดเอกซเรยโ์ดยเคร่ืองอ่านค่าจะแยกออกมาต่างหาก ซ่ึงอุปกรณ์

ทั้ง 2 ชนิดน้ีจะไม่รบกวนหรือเป็นอุปสรรค ทั้งผูป่้วยและเจา้หนา้ท่ีในขณะปฎิบติังาน 

 

 ประชากรท่ีศึกษา : การศึกษาน้ีเป็นการศึกษาในผูป่้วยท่ีเขา้รับการตรวจรักษาตบัโดยวธีิที

เอซีอี TACE  (Transarterial Chemoembolization) จ านวน 52 คน และตรวจรักษาทางเดิน

น ้าดีโดยวธีิพีทีบีดี PTBD (Percutaneous  Transhepatic  Biliary Drainage) จ านวน 10 คน ท่ี

โรงพยาบาลจุฬาลงกรณ์ สภากาชาดไทย ตั้งแต่เดือนกรกฎาคม ปีพ.ศ. 2559 โดยผูป่้วย

จะตอ้งอายไุม่นอ้ยกวา่ 18 ปีบริบูรณ์และตอ้งรู้สึกตวั 

 
ความรับผดิชอบของอาสาสมัครผู้เข้าร่วมในโครงการวจัิย 
 เพื่อใหง้านวิจยัน้ีประสบความส าเร็จ ผูท้  าวจิยัใคร่ขอความความร่วมมือจากท่าน  โดยจะ
ขอใหท้่านปฏิบติัตามค าแนะน าของผูท้  าวิจยั รวมทั้งแจง้อาการผดิปกติต่าง ๆ ท่ีเกิดข้ึนกบัท่าน
ระหวา่งท่ีท่านเขา้ร่วมในโครงการวจิยัใหผู้ท้  าวจิยัไดรั้บทราบ 
 
ความเส่ียงทีอ่าจได้รับ 
 ท่านอาจเกิดการระคายเคืองจากเคร่ืองมือและอุปกรณ์ท่ีใช้ในการติดบริเวณแผ่นหลงัเพื่อ
ตรวจวดัรังสีเพียงเล็กนอ้ย   กรุณาแจง้ผูท้  าวิจยัในกรณีท่ีพบอาการดงักล่าวขา้งตน้ หรืออาการอ่ืน ๆ 
ท่ีพบร่วมดว้ย ระหวา่งท่ีอยูใ่นโครงการวจิยั  
 
ประโยชน์ทีอ่าจได้รับ 
 ผูป่้วยสามารถทราบปริมาณรังสีท่ีผวิหนงัท่ีผูป่้วยไดรั้บในการตรวจคร้ังน้ี  หลงัจากท่ีแพทย์
และเจา้หนา้ท่ีท่ีท าการตรวจหรือรักษาเสร็จในแต่ละการตรวจ ผูว้จิยัจะท าการเก็บและอ่านขอ้มูล
ของเคร่ืองมือวดัและน าค่าท่ีไดจ้ากแคพมิเตอร์และเคร่ืองมือมิดซอฟมาท าการค านวณหาปริมาณ
รังสีท่ีผูป่้วยไดรั้บในการตรวจคร้ังนั้นๆ 
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ข้อปฏิบัติของท่านขณะทีร่่วมในโครงการวจัิย 
จะมีขอ้มูลและขอ้ปฏิบติัร่วมกนัดงัน้ี 

1. ในการท าการวจิยัในคร้ังน้ีจะท าการวจิยัในอาสาสมคัร 62 คน 

2. ท่านไม่ตอ้งเสียค่าใชจ่้ายใดๆ เพื่อการวดัค่าปริมาณรังสีดงักล่าว 

3. ก่อนเร่ิมตรวจในแต่ละคร้ัง ผูว้ิจยัจะติดเคร่ืองมือคือ เคร่ืองตรวจมิดซอฟ บริเวณหลงัผูป่้วย 1 

จุด 

4. ท่านอาจเกิดการระคายเคืองจากเคร่ืองมือและอุปกรณ์ท่ีใช้ในการติดบริเวณแผ่นหลงัเพื่อ

ตรวจวดัรังสีเพียงเล็กนอ้ย 

5. หากเกิดอนัตรายใดๆ จากการวจิยัดงักล่าว ผูว้จิยัจะไดรั้บการพยาบาลโดยไม่เสียค่าใชจ่้าย 

6. หลงัจากท่ีแพทยแ์ละเจา้หน้าท่ีท่ีท าการตรวจหรือรักษาเสร็จในแต่ละการตรวจ ผูว้ิจยัจะท า

การเก็บและอ่านขอ้มูลของเคร่ืองมือวดัและน าค่าท่ีไดจ้ากแคพมิเตอร์และเคร่ืองมือมิดซอฟ

มาท าการค านวณหาปริมาณรังสีท่ีผูป่้วยไดรั้บในการตรวจคร้ังนั้นๆ 

7. การเขา้ร่วมการศึกษาวิจยัคร้ังน้ี  เป็นไปโดยสมคัรใจ ท่านอาจปฎิเสธท่ีจะเขา้ร่วมการวิจยั 

หรือถอนตวัจากการวจิยัน้ีไดทุ้กเม่ือโดยไม่จ  าเป็นตอ้งแจง้เหตุผล 

8. ผูว้ิจยัรับรองว่าจะเก็บข้อมูลเฉพาะเก่ียวกบัตวัผูเ้ขา้ร่วมวิจยัเป็นความลบัโดยจะไม่มีการ

เปิดเผยช่ือของท่านตามกฎหมาย และจะเปิดเผยไดเ้ม่ือไดรั้บการยินยอมจากผูเ้ขา้ร่วมการวจิยั

เท่านั้น  บุคคลอ่ืนในนามของผูส้นบัสนุนการวิจยั คณะกรรมการพิจารณาจริยธรรมการวิจยั

ในคน อาจจะไดรั้บอนุญาตให้เขา้มาตรวจและประมวลขอ้มูลส่วนตวัของผูเ้ขา้ร่วมวิจยั ทั้งน้ี

จะตอ้งกระท าไปเพื่อตรวจสอบความถูกตอ้งของขอ้มูลเท่านั้นและจะตอ้งไดรั้บค ายินยอมท่ี

จะใหมี้การตรวจสอบขอ้มูลจากผูเ้ขา้ร่วมวจิยัเท่านั้น 
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ระยะเวลาท่ีอาสาสมคัรแต่ละคนตอ้งอยูใ่นโครงการ (Duration of participation for each 

volunteer) 

เวลาท่ีผูป่้วยไดรั้บจากการตรวจรักษาตบัโดยวธีิทีเอซีอี TACE และการตรวจรักษาทางเดิน

น ้าดีโดยวธีิพีทีบีดี PTBD ทางดา้นรังสีร่วมรักษาโดยการใชรั้งสีแบบต่อเน่ือง 

(Fluoroscopy)    2-3 ชัว่โมง 

 

อนัตรายทีอ่าจเกดิขึน้จากการเข้าร่วมในโครงการวจัิยและความรับผดิชอบของผู้ท าวจัิย 
 หากพบอนัตรายท่ีเกิดข้ึนจากการเขา้ร่วมการวิจยั ท่านจะไดรั้บการรักษาอย่างเหมาะสม
ทนัที  หากท่านปฏิบติัตามค าแนะน าของทีมผูท้  าวิจยัแลว้ ผูท้  าวิจยัยินดีจะรับผิดชอบค่าใช้จ่ายใน
การรักษาพยาบาลของท่าน 
 ในกรณีท่ีท่านไดรั้บอนัตรายใด ๆ หรือตอ้งการขอ้มูลเพิ่มเติมท่ีเก่ียวขอ้งกบัโครงการวิจยั 
ท่านสามารถติดต่อกบัผูท้  าวิจยัคือ นางสาวสายวรุณ เทียนเครือ 085-1803091 ซ่ึงยินดีให้ค  าตอบแก่
ท่านทุกเม่ือไดต้ลอด 24 ชัว่โมง 
 
ค่าใช้จ่ายของท่านในการเข้าร่วมการวจัิย 

ท่านไม่ตอ้งเสียค่าใชจ่้ายใดๆ เพื่อการวดัค่าปริมาณรังสีดงักล่าว 

 
ค่าตอบแทนส าหรับผู้เข้าร่วมวจัิย  
 ท่านจะไม่ไดรั้บเงินค่าตอบแทนจากการเขา้ร่วมในการวจิยัคร้ังน้ี    ท่านจะไม่ไดรั้บเงิน
ค่าตอบแทนในเร่ืองค่าชดเชย  ค่าเดินทาง   ค่าเสียเวลา ความไม่สะดวกสบาย   
 
การเข้าร่วมและการส้ินสุดการเข้าร่วมโครงการวจัิย 
 การเขา้ร่วมในโครงการวจิยัคร้ังน้ีเป็นไปโดยความสมคัรใจ หากท่านไม่สมคัรใจจะเขา้ร่วม
การศึกษาแลว้ ท่านสามารถถอนตวัไดต้ลอดเวลา การขอถอนตวัออกจากโครงการวจิยัโดยไม่
จ  าเป็นตอ้งแจง้เหตุผล การขอถอนตวัออกจากโครงการวิจยัจะไม่มีผลต่อการดูแลรักษาโรคของท่าน
แต่อยา่งใด อาสาสมคัรสามารถส่งบนัทึกขอยกเลิกความยนิยอมทางไปรษณียไ์ด ้ ท่ีนางสาวสายวรุณ   
เทียนเครือ ท่ีอยูห่รือสถานศึกษาของผูว้จิยั ภาควชิารังสีวทิยา คณะแพทยศาสตร์ 1873 ถนนพระราม 
4  ปทุมวนั กรุงเทพมหานคร 10330 
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การปกป้องรักษาข้อมูลความลบัของอาสาสมัคร 
 ขอ้มูลท่ีอาจน าไปสู่การเปิดเผยตวัท่าน จะไดรั้บการปกปิดและจะไม่เปิดเผยแก่สาธารณชน 
ในกรณีท่ีผลการวิจยัไดรั้บการตีพิมพ ์ ช่ือและท่ีอยูข่องท่านจะตอ้งไดรั้บการปกปิดอยูเ่สมอ โดยจะ
ใชเ้ฉพาะรหสัประจ าโครงการวจิยัของท่าน 
 จากการลงนามยนิยอมของท่าน ผูท้  าวจิยั คณะกรรมการจริยธรรมการวจิยั ผูต้รวจสอบการ
วจิยั และหน่วยงานควบคุมระเบียบกฎหมาย สามารถเขา้ไปตรวจสอบบนัทึกขอ้มูลทางการแพทย์
ของท่านไดแ้มจ้ะส้ินสุดโครงการวจิยัแลว้ก็ตาม โดยไม่ละเมิดสิทธิของท่านในการรักษาความลบั
เกินขอบเขตท่ีกฎหมายและระเบียบกฎหมายอนุญาตไว ้ 
 
สิทธ์ิของผู้เข้าร่วมในโครงการวจัิย 
 ในฐานะท่ีท่านเป็นผูเ้ขา้ร่วมในโครงการวิจยั ท่านจะมีสิทธ์ิดงัต่อไปน้ี 

1. ท่านจะไดรั้บทราบถึงลกัษณะและวตัถุประสงคข์องการวิจยัในคร้ังน้ี 

2. ท่านจะไดรั้บการอธิบายเก่ียวกบัระเบียบวธีิการของการวจิยั รวมทั้งอุปกรณ์ท่ีใชใ้นการวจิยั

คร้ังน้ี 

3. ท่านจะไดรั้บการอธิบายถึงความเส่ียงและความไม่สบายท่ีจะไดรั้บจากการวจิยั 

4. ท่านจะไดรั้บการอธิบายถึงประโยชน์ท่ีท่านอาจจะไดรั้บจากการวจิยั 

5.  ท่านจะมีโอกาสไดซ้กัถามเก่ียวกบังานวจิยัหรือขั้นตอนท่ีเก่ียวขอ้งกบังานวจิยั 

6. ท่านจะไดรั้บทราบวา่การยนิยอมเขา้ร่วมในโครงการวจิยัน้ี ท่านสามารถขอถอนตวัจาก

โครงการเม่ือไรก็ได ้โดยผูเ้ขา้ร่วมในโครงการวจิยัสามารถขอถอนตวัจากโครงการโดย

ไม่ไดรั้บผลกระทบใด ๆ ทั้งส้ิน 

7. ท่านจะไดรั้บเอกสารขอ้มูลค าอธิบายส าหรับผูเ้ขา้ร่วมในโครงการวิจยัและส าเนาเอกสาร

ใบยนิยอมท่ีมีทั้งลายเซ็นและวนัท่ี 

8. ท่านมีสิทธ์ิในการตดัสินใจวา่จะเขา้ร่วมในโครงการวิจยัหรือไม่ก็ได ้โดยปราศจากการใช้

อิทธิพลบงัคบัข่มขู่ หรือการหลอกลวง 
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หากท่านไม่ไดรั้บการชดเชยอนัควรต่อการบาดเจบ็หรือเจ็บป่วยท่ีเกิดข้ึนโดยตรงจากการ
วจิยั หรือท่านไม่ไดรั้บการปฏิบติัตามท่ีปรากฎในเอกสารขอ้มูลค าอธิบายส าหรับผูเ้ขา้ร่วมในการ
วจิยั ท่านสามารถร้องเรียนไดท่ี้ ส านกังานคณะกรรมการจริยธรรมการวจิยั คณะแพทยศาสตร์ 
จุฬาลงกรณ์มหาวทิยาลยั  ตึกอานนัทมหิดลชั้น 3  โรงพยาบาลจุฬาลงกรณ์ ถนนพระราม 4 ปทุมวนั 
กรุงเทพฯ 10330  โทร 0-2256-4493 ในเวลาราชการ 
 
การลงนามในเอกสารใหค้วามยนิยอม ไม่ไดห้มายความวา่ท่านไดส้ละสิทธ์ิทางกฎหมายตามปกติท่ี

ท่านพึงมี ขอขอบคุณในการใหค้วามร่วมมือของท่านมา ณ ท่ีน้ี 
 

.................................................................................. 
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APPENDIX C 

Consent form 

ใบยนิยอมเขา้ร่วมการวจิยั  
 
การวจิยั    เร่ือง    การวดัปริมาณรังสีของผูป่้วยในการตรวจรักษาตบัโดยวธีิทีเอซีอี (TACE) และการ

ตรวจรักษาทางเดินน ้าดีโดยวธีิพีทีบีดี (PTBD) โดยใชเ้คร่ือง มิดชอฟ ในการตรวจวดั 

 วนัใหค้  ายนิยอม  วนัท่ี.................เดือน..................................................พ.ศ......................... 

 ขา้พเจา้ นาย/นาง/นางสาว...................................................................................................... 
 ท่ีอยู.่...........................................................................................................................................…….
ได้อ่านรายละเอียดจากเอกสารข้อมูลส าหรับผูเ้ข้าร่วมโครงการวิจัยวิจัยท่ีแนบมาฉบับวนัท่ี
.................................... และขา้พเจา้ยนิยอมเขา้ร่วมโครงการวจิยัโดยสมคัรใจ 
            ขา้พเจา้ไดรั้บส าเนาเอกสารแสดงความยนิยอมเขา้ร่วมในโครงการวิจยัท่ีขา้พเจา้ไดล้งนาม 
และ วนัท่ี พร้อมดว้ยเอกสารขอ้มูลส าหรับผูเ้ขา้ร่วมโครงการวจิยั ทั้งน้ีก่อนท่ีจะลงนามในใบยนิยอม
ใหท้ าการวจิยัน้ี ขา้พเจา้ไดรั้บการอธิบายจากผูว้จิยัถึงวตัถุประสงคข์องการวิจยั ระยะเวลาของการท า
วจิยั วธีิการวจิยั อนัตราย หรืออาการท่ีอาจเกิดข้ึนจากการวจิยั หรือจากยาท่ีใช ้รวมทั้งประโยชน์ท่ีจะ
เกิดข้ึนจากการวจิยั และแนวทางรักษาโดยวธีิอ่ืนอยา่งละเอียด ขา้พเจา้มีเวลาและโอกาสเพียงพอใน
การซกัถามขอ้สงสัยจนมีความเขา้ใจอยา่งดีแลว้ โดยผูว้จิยัไดต้อบค าถามต่าง ๆ ดว้ยความเตม็ใจไม่
ปิดบงัซ่อนเร้นจนขา้พเจา้พอใจ 
 ขา้พเจา้รับทราบจากผูว้ิจยัวา่หากเกิดอนัตรายใด ๆ จากการวจิยัดงักล่าว ขา้พเจา้จะไดรั้บ
การรักษาพยาบาลโดยไม่เสียค่าใชจ่้าย  
 ข้าพเจ้ามีสิทธิท่ีจะบอกเลิกเข้าร่วมในโครงการวิจยัเม่ือใดก็ได้ โดยไม่จ  าเป็นต้องแจ้ง
เหตุผล และการบอกเลิกการเขา้ร่วมการวิจยัน้ี จะไม่มีผลต่อการรักษาโรคหรือสิทธิอ่ืน ๆ ท่ีขา้พเจา้
จะพึงไดรั้บต่อไป 
 ผูว้ิจยัรับรองวา่จะเก็บขอ้มูลส่วนตวัของขา้พเจา้เป็นความลบั และจะเปิดเผยไดเ้ฉพาะเม่ือ
ได้รับการยินยอมจากขา้พเจ้าเท่านั้น คณะกรรมการพิจารณาจริยธรรมการวิจยัในคนอาจได้รับ
อนุญาตใหเ้ขา้มาตรวจและประมวลขอ้มูลของ  
 ขา้พเจ้า ทั้งน้ีจะต้องกระท าไปเพื่อวตัถุประสงค์เพื่อตรวจสอบความถูกต้องของข้อมูล
เท่านั้น โดยการตกลงท่ีจะเขา้ร่วมการศึกษาน้ีขา้พเจา้ไดใ้ห้ค  ายินยอมท่ีจะให้มีการตรวจสอบขอ้มูล
ประวติัทางการแพทยข์องขา้พเจา้ได ้
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 ผูว้ิจยัรับรองวา่จะไม่มีการเก็บขอ้มูลใด ๆ เพิ่มเติม หลงัจากท่ีขา้พเจา้ขอยกเลิกการเขา้ร่วม
โครงการวิจยัและตอ้งการให้ท าลายเอกสารและ/หรือ ตวัอย่างท่ีใช้ตรวจสอบทั้งหมดท่ีสามารถ
สืบคน้ถึงตวัขา้พเจา้ได ้
 ขา้พเจา้เขา้ใจว่า  ขา้พเจา้มีสิทธ์ิท่ีจะตรวจสอบหรือแกไ้ขขอ้มูลส่วนตวัของขา้พเจา้และ
สามารถยกเลิกการใหสิ้ทธิในการใชข้อ้มูลส่วนตวัของขา้พเจา้ได ้โดยตอ้งแจง้ใหผู้ว้จิยัรับทราบ 
 ขา้พเจา้ไดต้ระหนกัว่าขอ้มูลในการวิจยัรวมถึงขอ้มูลทางการแพทยข์องขา้พเจา้ท่ีไม่มีการ
เปิดเผยช่ือ จะผ่านกระบวนการต่าง ๆ เช่น การเก็บขอ้มูล การบนัทึกขอ้มูลในแบบบนัทึกและใน
คอมพิวเตอร์ การตรวจสอบ การวิเคราะห์ และการรายงานขอ้มูลเพื่อวตัถุประสงค์ทางวิชาการ 
รวมทั้งการใชข้อ้มูลทางการแพทยใ์นอนาคตหรือการวจิยัทางดา้นเภสัชภณัฑ ์เท่านั้น  
 ขา้พเจา้ไดอ่้านขอ้ความขา้งตน้และมีความเขา้ใจดีทุกประการแลว้ ยินดีเขา้ร่วมในการวิจยั
ดว้ยความเตม็ใจ จึงไดล้งนามในเอกสารแสดงความยนิยอมน้ี  
 

  ......................................................ลงนามผูใ้หค้วามยนิยอม 
  (.......................................................) ช่ือผูย้นิยอมตวับรรจง 

  วนัท่ี .................เดือน......................................พ.ศ............ 
  
ขา้พเจา้ไดอ้ธิบายถึงวตัถุประสงค์ของการวิจยั วิธีการวิจยั อนัตราย หรืออาการไม่พึงประสงคห์รือ
ความเส่ียงท่ีอาจเกิดข้ึนจากการวิจยั หรือจากยาท่ีใช ้ รวมทั้งประโยชน์ท่ีจะเกิดข้ึนจากการวจิยัอยา่ง
ละเอียด ให้ผูเ้ขา้ร่วมในโครงการวจิยัตามนามขา้งตน้ไดท้ราบและมีความเขา้ใจดีแลว้ พร้อมลงนาม
ลงในเอกสารแสดงความยนิยอมดว้ยความเตม็ใจ 
 

  .....................................................................ลงนามผูท้  าวจิยั 
  (.......................................................) ช่ือผูท้  าวิจยั ตวับรรจง 

  วนัท่ี ................เดือน....................................พ.ศ............ 
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APPENDIX D  

       Complexity Index 
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Complexity Index  
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Complexity Index 
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Complexity Index  
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Complexity Index 
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Complexity Index 
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APPENDIX E 

Equipment performance for DSA system 

 

Report of DSA system performance 

 

Hospital King Chulalongkorn Memorial Hospital 

Room DSA 1 

Date February 2017 

X-ray unit Toshiba  IVR-CT 

Test performed by Saiwaroon Teankaeu 

 

 

 

Dose Assessment 
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Automatic Brightness Control Test 

 

 
 

 

 

 

Table Attenuation 

 

 
 

Note: Measurement of dose rate in fluoroscopy for the same mode and field size 

 
 

 

 

 

Half Value Layer Assessment 

 

 
 

Note: Measurement of dose rate in fluoroscopy for the same mode and field size, add 

attenuator (copper sheets) on II. to drive kV to 70 kV 
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Image Quality Assessment 

 

Resolution should be assessed in the usual illumination condition and from the 

operator’s position. Leeds Test placed on Image-Intensifier detector entrance surface 

with grid. All mode (fluoroscopy and image acquisition) and image qualities. 

 

Focus-Image Intensifier distance 100 cm. 
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APPENDIX E 

 

Equipment performance for CT system 

 
Position Dependence of CT Numbers 

 
Method:  Position the water phantom centered in the gantry. Using 8 cm 

slice thickness, obtain one scan using typical head technique. 

Select a circular region of interest of approximately 400 sq. mm. 

and then record the mean C.T. number and standard deviation 

for each of the positions 1 through 5.   

 

Technique: 120 kVp, 200 mA, 1 sec, slice collimation 8 mm. 400 mm FOV.   

 

Tolerance: The coefficient of variation of mean CT numbers of the four scans 

should be less than 0.2.  
 

Results: 

Position Mean C.T. S.D. C.V. 

1 89.20 10.01 0.112 

2 88.86 9.87 0.111 

3 87.84 10.40 0.118 

4 88.83 10.64 0.120 

5 89.33 11.42 0.128 

 

Note: CV = Standard deviation/mean CT number 

 

 
Figure I Position of ROI for CT number measurement. 

 

Comment: Pass 
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Linearity of CT Numbers 

 

Method:  Set up the catphan phantom as described in beam alignment. 

Select the section containing the test objects of different CT 

numbers. Select the head technique and perform a single 

transverse scan. Select a region of interest (ROI) of sufficient 

size to cover the test objects. Place the ROI in the middle of each 

test object and record the mean CT number.     

 

Technique: 120 kVp, 320 mA, 1 sec, slice collimation 5 mm. 200 mm FOV.   

 

Tolerance: R-square between measured CT number and linear attenuation  

coefficient (μ) more than 0.9  

 

Results: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Expected CT numbers are either the predicted ones  

or the ones obtained during the previous annual measurement. 

 

Comment: Pass 

 

 
 
Figure II Linearity of CT number 

 

R² = 0.9961
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Material Expected CT  

Measured 

CT μ(cm-1)  

  no. (HU)   no. (HU)    

        

Air(inferior) -1000  -1.013 0 

Air(superior) -1000  -1014 0 

Acrylic  120  120.67 0.184 

Polystyrene -35  -36 0.162 

LDPE -100  103.91 0.151 

PMP -200  -192 0.136 

Delrin  340  321 0.217 

Teflon 990  905 0.305 
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Accuracy of Distance Measurement 

Purpose: To test accuracy of Distance Measurement and for circular  

symmetry of the CT image.   

 

Method:  Set up the catphan phantom as described in beam alignment. 

Select the section containing the test accuracy of distance 

measurement. Select the head technique and perform a single 

transverse scan. Measured object in x and y axes. 

 

 

 
 

Figure III Accuracy measurement.  

 

 

Results:   

 

Position Indicate (mm) Measured (mm) Different (mm)  

1 50 49.3 0.7 

2 50 49.3 0.7 

3 50 49.1 0.9 

4 50 49.2 0.8 

 

Comment: Pass  
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Image uniformity 

 

Method:  Set up the catphan phantom as described in beam alignment. 

Select the section containing the image uniformity module. 

Select the head technique. Perform a single transverse scan. 

Measure the mean value and the corresponding standard 

deviations in CT numbers within a region of interest (ROI). 

These measurements are taken from different locations within 

the scan field.  

 

Technique:  120 kVp, 300 mA, 1.0 sec, 200 mm FOV. 

 

 

 
 

Figure IV Image Uniformity.  

 

 

Tolerance: 5 HU.  

 

Results: 

 

 

Note: Different = |CT number center – CT number peripheral|  

 

Comment: Pass 

Position CT number  SD  Different   

  (HU)   (HU) 

        

Center 3.44 10.60 0 

 3 o’clock 3.45 8.81 0.01 

6 o’clock 4.03 8.12 0.59 

9 o’clock 3.77 8.3 0.33 

12 o’clock  4.94 9.16 1.5 
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High Contrast Resolution 

 

Method:  Set up the catphan phantom as described in beam alignment. 

Select the section containing the high resolution test objects. 

Select the head technique. Perform a single transverse scan. 

Select the area containing the high resolution test objects and 

zoom as necessary. Select appropriate window and level for the 

best visualization of the test objects. Record the smallest test 

object visualized on the film.   

 

Technique: 120 kVp, 300 mA, 1.0 sec, 200 mm FOV.    

 

 
     Figure V High contrast resolution. 

 

Results: 

 

Slice Thickness in mm Resolution 

5 11 lp/cm (0.045 mm) 

 

 

Comment: Pass 
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Low Contrast Detectability 

 

Method:  Select the section containing the low resolution test objects in 

the mini phantom. Perform a single transverse scan utilizing the 

same technique as high resolution.   

 

Technique:  120 kVp, 320 mA, 1.0 sec, 200 mm FOV, slice collimation 5 

mm. 

 

 
 

 

 

 

Figure VI Low contrast detectability.  

 

Results:  

 

 
 

Comment: Pass 
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Verification of Computed Tomography Dose Index (CTDI) 

 

Purpose: To verify CTDI of scanner to the measured DLP from dosimeter.     

 

Method: Recorded the CTDI using head protocol and scan parameter 

were 100 mA tube current, 1 sec scan time and kilovoltage 

setting of 80, 100, 120 and 135 kVp. The displayed CTDI on CT 

monitor were recorded to compare percentage difference with 

the CTDI measured values by dosimeter for each kVP.  

 

Technique: 120 kVp, 100 mA, 1.0 sec.  

 

Tolerance: The percent difference between the displayed CTDI on CT 

monitor and CTDI from measured should less the than 10%.  

 

 

Results: 

 

kVp      CTDI (mGy)  

  Displayed  Measured % difference 

80  4.91 5.7 9.7 

100  9.83 10.45 5.9 

120  16.22 16.94 4.3 

135   24.12 24.32 0.8 

 

 

Comment: Pass 
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Verification of Dose Length Product (DLP) 

 

Purpose: To verify displayed DLP of scanner to the measured DLP from 

dosimeter.   

 

Method: The DLP in head phantom was determined by using a 100 mm 

pencil ionization chamber and 16 cm diameter PMMA phantom 

placed at the isocenter of the CT bore. The scan parameters were 

100 mA, 1 sec scan time, 200 mm FOV and 10x1 mm 

collimation setting for all measurements at each kVp setting of 

80, 100, 120 and 135. The displayed DLP on CT monitor were 

recorded to compare percentage difference with the DLP 

measured values by dosimeter for each kVP.  

 

Technique: 120 kVp, 100 mA, 1.0 sec, 10 mm collimation.  

 

Tolerance: The percent difference between the displayed DLP on CT 

monitor and measured DLP should less the than 10%. 

 

Results: 

 

kVp      DLP  

  Displayed  Measured % difference 

80  9.4 9.8 4.08 

100  18.9 19.5 3.08 

120  31.1 32.0 2.81 

135   46.3 46.6 0.64 

 

 

Comment: Pass 
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