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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.cm?) 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/m? 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) Gycm?. The
correlation, r between the air kerma area product, KAP (Gycm?) 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.cm?. 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.



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]



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]



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) = Detector or metal cables are
Patient Skin Dosimeter (PSD) clearly appeared on
fluoroscopy image.

= Accumulating entire area

Area dosimeter dose during treatment.

= Difficult to monitor skin
dose for specific area.

Thermoluminescent dosimeter (TLD) . .
= Post -operation required, not

Optically stimulated luminescence(OSL) real-time monitoring.
_ ) ) = Difficult to prevent overdose
Radiographic dosimeter to the skin.

= Color changes indicate
accumulated dose.
Difficult to monitor the
color change at under-tube
condition.

Radiochromic dosimeter 5

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.



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).

Post-contrast Pre-contrast Subtracted

N 0B
ol
B0-B

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
materialfilled 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 um to about 220 pum per side,
depending on the manufacturer and model. The size of the entire array ranges from 25
x 25 cm? to 40 x 40 cm?. 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 DELSs to make a uniform array of DELSs.

A e
B | -

| :;.:l
| AT L J

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 - Csl 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 Csl (Figure
2.2b). The scintillation layer attenuates the incident x-rays and produces light. The Csl
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.cm? 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 x 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 x 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 isacombined 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 lonizing 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
CTDlvol 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)

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/cm?, 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.
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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.

Plastic scintillator. eflector
(BC490)

Photon Counting Unit
(H7155) -

Photo-multiplier tube =
Pre-amplifier 10""49"9"‘1\ !
Plastic optical fiber Polyethylene
Discriminator (MH4001, 1mm$) shield
30 nsec
TIL pulse
60 MHz [ _| USB
Counter Driver

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)

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

3. Miniature invisible dosimeter using scintillator with optical fiber
(MIDSOF), Acrobio (Fig 2.10C)

N
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Figure 2. 10 Three dosimeters dedicated for skin dose
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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.

Left lobe

/——— Middle lobe

N

Right lobe

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.

Maximum ESD above the liver Patient ESD at three point above the
liver

963.66
§48.41
1000

200 - 572.14

600 -

400 -

200
0 -

Left Midle Right

Patient ESD (mGy)

Portions of liver

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.

Maximum Skin Dose of Each Procedure
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3 200 180 183
©
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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 cGycm?.

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.



CHAPTER III

RESEARCH METHODOLOGY

3.1 Research design

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

3.2 Research design model

Quality control of fluoroscopic and CT equipment
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3.3 Conceptual framework
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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

e Patients age < 18 years old
e 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 = (Zu2)’c?d?
= (1.96)%(1.6)%/ (0.4)?
= 61.46
N = 62
By a=0.05
Zynr=1.96

d =0.4 Acceptable error
o% = 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-1 8000C FPD 12*16 inch).
For CT system using a 16 slice (Aquilion LB) was used.

2 ) 13/ : L\i\\ i LS
/ g | 1 :
p—— [ L -
7/.

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:
e Cumulative fluoroscopic time
e Cumulative air kerma product (KAP)
e Cumulative air kerma (AK)
e Total number of frames
e 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 (cm?), on patient skin. KAP is sometimes displayed in
mGy.cm?. 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, 90° 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.

f

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 lon 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 k\V/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:

e Dose assessment

e Automatic brightness control test

e Maximum dose rate assessment

e Table attenuation

e Image size assessment

o Half value layer (HVL)

e 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 (Gycm?)
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

place MIDSOF 2 inch away from
left lobe to the right

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;
e Effective dose (mSv) from CT = DLP (mGy.cm) x k-factor
(mSv/ImGy.cm) [3] ; k-factor (Conversion factors) is 0.015
mSv/mGy.cm for CT abdomen. [14]
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e Effective dose (mSv) from DSA = KAP (Gy.cm?) x Dose conversion
coefficient (DCCE; mSv/Gy.cm?); DCCE is 0.26 mSv/Gy.cm? 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.cm?), 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.
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CHAPTER IV

RESULT

4.1 Quality control of the DSA equipment: Toshiba, Infinix-1 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
No0.39 [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.



Table 4. 1 The 54 patient data underwent TACE procedure.

Patient Sex Age Height Weight BMI
No. (M/F) (YYears) (cm) (kg) (kg/m?)
1 F 68 150 59.9 26.62
2 F 66 159 64.9 25.67
3 M 69 158 58.8 23.55
4 F 71 152 85.9 37.18
5 M 54 165 66 24.24
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 5 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/m?)
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/m?) 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+£21 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-1 8000C
FPD 12*16 inch) in TACE procedure.

Number Experience

Patient Total Total Total of of
No. Fluoroscopic  Acquisition Number procedure  radiologist
Time (s) Time (s) of Frames (time) (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-1 8000C
FPD 12*16 inch) in TACE procedure. (cont.)

Total Number  Experience
Total Total Number of of
Patient  Fluoroscopic Acquisition of procedure  radiologist

No. Time (s) Time (s) Frames (time) (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-1 8000C
FPD 12*16 inch) in TACE procedure. (cont.)

Total Number  Experience
Total Total Number of of
Patient  Fluoroscopic  Acquisition of procedure  radiologist

No. Time (S) Time (S) Frames (time) (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 212 1-10

Experience of radiologist (Years) 51 3-5
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4.6 The total air kerma product (Gycm?) 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 Gycm? and the range was 59.9 — 725.2 Gycm?

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 (Gycm?) and patient skin dose determined
by MIDSOF (Gy) and system detector on TACE procedure.

Total Total Total
dose dfcl)gsr;ir acq(l;(ljssl(;uon Total Dose from
Patient air i air kerma dose MIDSOF
No. kerma product product (©y) ()
Product G 2 G >
(GycmZ) ( ycm ) ( ycm )
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 (Gycm?) and patient skin dose determined
by MIDSOF (Gy) and system detector on TACE procedure. (cont.)

Total Total Total
dose fluoro acquisition  Total Dose from
) air dose air dose dose MIDSOF
Patient .
No. kerma kerma air kerma (Gy) (Gy)
product product product
(Gycm?) (Gycm?) (Gycm?)
21 278.0 187.0 91.2 2.14 0.58
22 303.9 244.0 59.1 2.81 1.95
23 4515 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 3274 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
46 637.7 326.3 311.3 411 1.92
47 149.4 111.1 38.3 1.03 1.49
48 3705 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 (Gycm?) and patient skin dose determined
by MIDSOF (Gy) and system detector on TACE procedure. (cont.)

Total Total Total Total Dose from
dose fluoro acquisition dose MIDSOF
Patient air dose air _dose (Gy) (Gy)
No. kerma kerma air kerma
product product product
(Gyem?) (Gyem?) (Gyem?)
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.cm?) x Dose conversion
coefficient (0.26 mSv/Gy.cm?). [15]

The effective dose of CT was calculated using DLP (mGy.cm) x 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 Conversion Effective DLP Effective
meter
No. readout coefficient dose total dose

(Gycm?) (mSv/Gy.cm?)  (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 0.26 395 452.7 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 Conversion Effective DLP Effective
meter
No. readout coefficient dose total dose

(Gycm?)  (mSv/Gy.cm?)  (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 2.7 552.2 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 0.26 211 365.1 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 0.26 145 373.8 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

Relation between effective dose in fluoroscopic and CT
200

150
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Total Effective dose (mSv)

0 ullllIIllull-loluu-Il--|ul.l-ll-.uullulllulln
1357 911131517192123252729313335373941434547495153

Patient number
Effective dose of flu (mSv) Effective dose of CT (mSv)

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 (Gycm?) and patient skin
dose determined by MIDSOF (Gy) of TACE procedure.

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

Relation betweem total fluoro time (s) and dose from

MIDSOF (Gy)
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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.

Relation between number of frames and dose from

MIDSOF (Gy)
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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/m?).

Relation betweem BMI (kg/m?) and dose by MIDSOF (Gy)
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Figure 4. 5 The relation between the patient skin dose determined by MIDSOF (Gy)
and the patient BMI (kg/m?).
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4.10.4 The relation between the patient skin dose determined by MIDSOF (Gy)
and the experience of interventional radiologists.

Relation between the by MIDSOF (Gy) and the experience of
radiologists.
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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 Gycm? and the range was 1.67 - 87 Gycm?. 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.
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Table 4. 8 The patient data underwent PTBD procedure from 8 patients.

Patient Total Total Total_ Total Effective
No. number dose air
fluoro dose dose
time (s) of kerma product (mGy) (mSV)
frames (Gycm?)
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 (Gycm?) as in figure 4.7 the relation between
patient dose (Gy) and the fluoroscopic time is shown in figure 4.8
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Relation between KAP and total dose

r=0.8

20 40 60 80 100
Air kerma area product (Gycm?)

Figure 4. 7 The correlation between the dose air kerma product, KAP (Gycm?) and
patient dose (mGy) from 8 cases in PTBD procedure with r =0.8.
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Relation betweem total fluoro time (s) and dose (mGy)
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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.

Relation betweem total number of frames (s) and Dose (MGy)

800
700
600
500
400
300
200
100

0
0 1 2 3 4 5 6

Total number of frames

Dose (mGy)

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.

The effective dose underwent PTBD procedure
25

20
15

10

5
, --I__
3

Number of procedure

Effective dose (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/m? 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 Gycm?. 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 Gycm?, 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.

Dose from Dose from

Date N MIDSOF (Gv) monitor (Gy)
21/7/2559 | 9930/59 5.48 5.51
25/7/2550 | 30544/58 5.40 5.00
9/8/2559 | 57333/39 460 3.00
14/2/2560 | 54000/48 400 2.70
722560 | 5843/50 330 5.70
7/7/2550 | 15343/36 278 216
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Table 5. 1 The patients who received the skin dose exceed the transient erythema

(cont.)

Dts | M | meor g | menkerta
3/2/2360 8604/57 271 3.06
18/10/2350 | B2248/30 261 226
28/7/2550 82315/38 252 202
11/7/2559 1324/59 2.48 241
28/7/2559 21184/538 230 2.00
26/7/2350 49040/58 234 3.66

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

tissue Reactions from Single-Delivery Radiation Dose to skin of the neck, Torso, Pelvis, Buttocks, or Arms

Single-sitz Aeute  NCI Skin Reaction Approximate Time of Onsat of Effacts
Band  Skin-Dose Range(Gy)* Grade Prompt Early Midterm Long Term
Al 0-2 NA No observable effects No observable effects ~ No observable effects No observable effects
expected expected expectad expectad
A2 25 1 Transient erythema Epilation Recovery from hair loss No observable effects
expectad
B 3-10 1-2 Transient erythema Erythema, epilation Recovery; at high doses, Recovery; at higher dosas
prolonged erythema, dermal atrophy or
permanent partial epilation  induration
C 10-15 2-3 Transient erythema Erythema, epilation; prolongad erythema; Telandiectasia; dermal
possible dry ormoist  permanent epilation atrophy or induration;
desquamation; recovery possible late skin
from desquamation breakdown; wound might
D >13 34 Transient erythema; after Erythema, epilation; Dermal atrophy; dary  be persistent and progre:

very high doses, edema
and acute ulczration; long-
term surgical intervention
likely to be raquired

moist desquamation

ulceration due to failure of
moist desquamation to
heal; surgical interventional
likely to be required;

at higher dosas, dermal
necrosis, surgical
intervention likely to be
requirsd

into a deeper lesion;
surgical intervention likely
to be required

Note - Applicable to normal range of patient radiosensitivities in absence of mitizating or azzravating physical or clinical factors. Data do not apply to the skin of the scalp Dose

and time bands are not rigid b

Signs and sy

ars exg

ted to appear sarlier as skin dose incraases. Prompt 15 < 2 weeks; sarly, 2-8 weeles; midterm, 6-32 wasks;

long term, > 40 wesks. *Skin doss rafers to actual skin doss (backscatter). This quantity is not the refarence point air kerma dascribed by Food and Drug Administration (21 CFR.

1020.32[2008]) or International Electrotechnical C

NCT = National Cancer Institute

(source Balter et al. Fluoroscopically Guided Interventional Procedures:

(37). Skin dosi

ztry is valikaly to be mors acevrate than + 50% NA = not applicabls

Fafars to radiation- indeead. Talangiectasia associated with area of initial moist desquamation or healing of uleeration may be prasent sarlier.

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)
Single-site Acute NCT Skin Reaction Dase from Number of patient Dase from Nuinber of patient
Band Skin-Dose Range(Gy)* Grade MIDSOF (Gy) recetved the skin dose  monitor (Gy) | received the shn dose
Al 0-2 NA 0-2 42 0-2 30
Al 2-5 1 2-5 10 2-5 2
r
B 5-10 12 5-10 2 5-10 2
C 10-15 23 10-15 - 10-15
D >13 i4 =13 - =13

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 Gycm? after Svetlana S et al. of 855 Gycm? and
E.Vano et al. of 830 Gycm? .

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

Fluoroscopic time

Author year  country  Detector No. of (min) KAP (Gycm?)
system  patient Mean Range Mean Range
Kumkrue [12] 2004 Thailand I 21 NA 2.4-48 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 1 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 25 105+ 8.4 1.3-29.4 136+ 83 15-341
Svetlana Set [21] 2010  Russia FPD 49 2+21 0.2-9.8 233221 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

Il 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)
Gycm?,

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/m?. 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/m?. 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 isr =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.

Relation between the dose by MIDSOF (Gy) and the
dose from monitor (Gy)

Dose from monitor (Gy)
D

0.0 1.0 2.0 3.0 4.0 5.0 6.0

Dose from MIDSOF (Gy)

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.cm? for fluoroscopic multiplied KAP (Gy.cm?) [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 Gycm?, 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 Gycm?.
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 .
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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

67



Table I1: 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 I11: 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

69



Table IVV: 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 o single
o 2or3
o multiple

Location o Right
o Left

o 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
o Easy
Complexity index o Moderate
o Difficult

o Extremely Difficult
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APPENDIX C

Consent form
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APPENDIX D

Complexity Index

jragniaweng [ yragniweng [ wognfauemg | wopnfauemg | ropnfaueng | nopnfasasg | oy ieses] | oyl fesemsg | oy feueng | nay ey |
nayn e inayn g i Ay ey inagn inayn g
IEIPOY BRI} ERIZpO}] RI3pO)) R I3P0}Y IEIPOY EIpO)Y ERI3po} 2RI3pO)) R13P0} Hapu fime|duoy
fize] fise] fise] fise3 fiseg figeg fiseg fise] fise3 fiseg
W 7 ‘Woge B0 Mo 7 ‘uioyesBlad piuow 7 wiaestuod iuow 7 “wioyesBun |uow 7 wioyesBo 4 Jauow 7 wioiesbuog Muow 7 waesiuo puaw 7 woiesiuad uow 7 woiestuag Muow 7 wiaestuoy WSy
seafg eyaey | seadgeudep | sieadgeymey | seadg teyoiey | sweafgmyoey | smafceycey | sesfqeyuey | seadgeydey | seads ey | sieads eyoey wifiojoipey
[EUDRUENIENIL BaUacks SlaElad))
oy oy oy oy oy oy ay oy oy oy ainpaanid Buihp ued)duo]
145 Tl 145 Tl ERp 145 Dl 145kl 145l 145 Tl ERp 145l 145l Brup ieoueLy
wiyag wioyag) Wi wioyee) wioyjeg wijaq Wiy wiojag) winjee) Wiy [euEiRWogw3
OIETNJ 7
UGIEDINY|
14 z Z ! ! L i ! ! ! aURIQ apis QUL )
Bunjaueig
E3 [§:233 1 EL 9157 e {1L0] JEAEIp o) WhLKe|
I8 1A il Ll In 01| uawas [spuawoas peday
5300|410 = 5300|40g = 5300|40g = saq0|yeg = ErE EXE saqq|yeg 30| 4iog = sago|yig e sago|yeg =
e IS W e I - IR e ke el iEL
] v i v Wby » 1yfiq » 1 v iy v 1yfiq = iy v iy = g = Uoleao)
ERTE e a2 adiu ER T Ay A e A 2 EETE s
R cio7 o ciog o cig e cio7 o ciog e cig e cleg e ciy o L7 o
gfs v abus 2 gz v s e afius v aus = abus 2 aius v gjfs = 3 e Iowri a-af)
a3 81123 EOTECT ET] EOTE] Bl EOTeCT] EOTEET BNl EOTE] fiauabiaLy/an e Inpaaly
: 14 14 7 4 4 £ b b 0 NIWL
JH JH JH JH JH JH JH JH JH JH aseas]
Bl o] 418 699 #5 e £S5 485 42 BES (Ey) gy
il £l 19 9 09 S 2 Ba £S5 05 () yudy
it} ] M 22 55 b5 H £ # 4 (smed) ey
E W [ [ El K El [ El El (4 puag]
BSSZILE BS5714I5L BS571L5L BS5TILIEL BSS7ILIHL BS5EILI BS571L13 BS57ILE BR57ILIL BSSZ 4L (AT #ieg
i 3 4 ! 8 5 L £ Z } gy fprug Wl




81

Complexity Index

Ay sy | oy dawaney | yeagpgdpwans] | grogigfaweng | gnaggdewaey | ogpaygfawane] | oy dewa | oypagngdewan] | ecg] fpwaneg | gnagn fjwang _
o gty | | ran igltiy| o gty gy |
ARIEPIY ARIBPIY SRR FEIBPOp FEIBPOp FEIPO aIRIEPO)Y ARIBPIY SEIEPIL SEIBPO Hapul fimadwon)
fise] fise] fise] fise] fise3 fise3 fiseq . fise] fise] fise]
o 7 ‘wingesfiun 4 juow 7 ‘winesfion 4 fauow 2 ‘wioyesfiun g bpoow 2 ‘ueyesiun g uow 7 ‘uiayesfoog ppuow 7 woyesbun puow 7 ‘wiogesuog fpuow 7 ‘wosesfion g Loow 7 wioyesfun 4 oo 7 wiyesoo e
sEa g EYE sEBG EYEN siEaf G EYEN S G EYNEN A G EYEN sieai g EYDE] sEA G EYIEY sEBAG EYEN sSEa G EYEN S8 G BYEN ssibinjoipEy
[euonUEAISI U aousedia si0jEed])
anpaaoid BUNhp UoiEo)dwo;]
N4-5"J4M M4-5"J4M M4-5 Dl M4-G"Jl 1145 D 45"l N4-5"JM M4-5"J4M M4-5 Dk M35 Tl Brup Eouegiuy
wizyjag) wiayjag) wiyjEg winyjag wigjjag) wigjjzg) wizyjag) wiayjag) wiayjg) wiyjag) [EUEW ogw3
UOLEIn 7
ORIy |
z Z Z L L L i ! L L \AuRIg 3pisou g
Bunyourig
Bl I0.9% 1£93 pP £24¢ [ LR 10U We)
1A 1A 1A 1A A A 00| Juawbas [s)uswbas Jieday
4PN 2 sag0|yog e SEpHE] 2 SEQRE] 2 SEpHE] 2 5300|40g « 5300/ 0g sago|yiag = sago|uag = saq0|yiag =
=Rl ICalE] ICaE] ICalE] IEa =Rkl ICaE] ICalE] IEa Y @
by« Wby = W - i » e » iy = Wby = e » el » il v ualEao]
ERTE LT EGIGTE R EGIETE EEI ERD LT EIGITE EGIGTE
R L7 e claz s cioz e cloz e cliag e Loz e L7 e Lz e cloz e
3z » 3B s » E (U = &b s » s » s » Jowr o oy
T ETTETE] ETEETR EXTEETH T ETTECTE T ETTETE] ETTECTH ECTEETR fauabIaWgenna| ] ainpadoly
L4 b b b b Z L £ b Z NIWL
JH JH JH IH JH JH JH JH JH JH BsRas]
£5 9 bl 95 59 S £S 659 59 95p () amp
08t il 0l 15 0L L ral S5 8 Bl ((um) iRy
09 9 g L8 £S 95 09 03 ] 7 (sreed) 2y
W il 1 E Il il W il [ E () 3puag
B55EILIEE B557ILIBT BSSEILILE BSSEILILE B5S7ILISE 5521452 5521452 £557/L52 BSSEILIEE BSSEILITE (AW =Eg
I £l gl i g 4 il £l ! 1 J3qUIng fpnig Wl




82

Complexity Index

o fusiy | oy fewsng | nognipwen | oygfeusig | oy feusg | noggipwaiy | noygfausg | ey ieueng | noggieuaig [ noggiaueeg | [
iy i g iy g I iy oy I iy
HEIEpY aEiEpay iRy SRy EiEpay AEiEpal HRiERay aEiEpay SRRy BRIy Hapul fynE|dwa)
fise] fisE] fise] fise] fige] fE] L i8] L fiseg fise] fise]
WSy
o wiyesBu ] puow p ‘weyesBun pow g woyesBuog [ yuowzEy  puow 7 weyesBu] bpiaw 7 weyesBung pdow 7 wieyesBuag [ yiuow Fedy Yo el oW 2 ‘woyesbus wbojaipey
sieafg ‘eydel | seadg eydEN sieat 7 ‘Fuap sieafg eydel) | seadg EydEn | sESAG ‘EyTEN siean 7 ‘fuap sieaf 7 ‘Guap sIEaG Eyley | sE8AC EydIEN [eUGhUBRIZI Y BoUsuadka Sl0iRlad))
alnpaaoid Buunp uoies)dwo
(14-5'Jhld (14-5"Juld (145 Dl (14-5'Jhld 14-5"Jull (145 Dl (14-5'Jhld (14-5"Jk (145 Dl (14-5'Jhld Brup auecyuy
wiojjag [ENEEW joquy
LOEIN 7
uaEDIngg ;|
} } } } i } { } : { HoUEIGERIEOL ]
Buyaueig
L8 5 £ il 17 0L01 [1Lo] BIEUE KT, e
[T A i f I 00| Jualwbas s)uawbes jeday
5800 Yog = s8g0|y0gd o 5800)40g 7 58q0|L0g 5800 Yiog » saga|yog e 5800 Yo @ 5800|4i0g 7 saga|yog e 5800 Yo @
y e ¥ = e y e ¥ = ok y e ik e e
iy v Wy Wy = iy s iy = Wy = iy v 1y v Wy = iy s uoieae]
w2 ELTE dijw = Ay e EETD i e adyw = ELTE i e adyw =
piog s Loz e cioze piog s piog s fize piog s pioge fize piog s
afus e afuis 5 gfus s ajbus = afuis 5 gfus s afus v afus gfus s afus v oy 0 ap
anag a3 EITET anag a3 EET anag a3 EIECET anag fiaUaDIBWL 303 AIrpaani]
| L 5 | L £ Z g g £ R ENE
JH JH IH JH JH IH JH JH 83
bl b5 £ | £l 08 0L £5 et bL (24) ey
5191 &l Bl e dl Ec il 0 IS o () iy
0 I3 i b £ 05 b 09 K I (saeek) ey
4 W bl bl W bl bl W ! bl (4] s2puEg
BaaZINeL BEaZIUEL BaaZIOLEL Baa7IA Baa!ElE BaaZIals bl BRaZ!EIE Baazlan BaaZILIE (AT #e0
0t EC 8 Lz 5 5 be £ i I LEqur Aprig Watieq




83

Complexity Index

Iy fpwaikg

Jnai flpwansg

o] fwansg

T EENTE

Jnain flpwansg

Inai] fwansg

Jnai flpwansg

Ina] fwansg

(EIEE

Ir2gd nagg nagd 240 nagg nad L nagg naga r2gid
HRIPAY aeIpay - EIBPY HRIPAY aeIpay - BRBPA RI3payy EIBPY BEBpa HRIPAY Hapul | dar)
fisg3 fiseg fige] fisg3 fis] fige] fis] * fis] fise3 i8]
EsIESY
o p'efly  MIOW fuioesfiung Juow b wiosesbung iuow b wosEsBuo 4 Muow b uoyesBuod Muow pUunyesiung | Low pEll4 o el uow pEily  Midow p ‘wioesfiuag wibojopey
sieaf BynEy | seadgeymEy | sesds eydEp sEai 7 ‘fuap sl BydE) | siea g EyEN skeait 7 ‘fuap sieai 7 ‘Buap sieafi 'Byney | siead g eydEy [EUGiUSNEIIL aduBads sI0ieiad))
2lhpaa0.d bulnp Lagea)dwo?)
(14-5 M (145 145 Tl (14-5 T (145 (45 Dl (14-5 T (145 Dl 145 Dl (14-5 T Birup laadeanuy
wieyaq) wioyea) winysn) wieyeq) wioyea) winyan) wieyeq) wioyea) winyan) wieysq) FUSiEW Djoquy
UGEIN 7
uoiEaIyg: |
YOUEIG BRI U )
Z ! | ! ! Z ! ! ! fuljoueig
59 bl a7 W) J23WEIp JOWN] WL}
A I I 00 JBlDas [sjuabas Jeday
saqo|yieg = saq0yiog = saqo|yiog e saqo|yiog saqo|yieg = saq0|yiog e saqo|yiog saqo|yiog = saqo|yiog @ saqo|yieg =
Yo yse e y e Yo yae Ik Yo e y e
Wby = Wbl = Wb = Wby Wbty * 144 = Wbl = Wbl = Wby v Wbl = UoNEan]
Adnw e A = e ELI B = i e i e = B e e
LIz o floy o £io7 LIz o [y s Loz s LIz o Loy s Loz s Loz o
3fus = affuis » s 5 3fus = affuis o affuis o 3fus = iz o affuis o 3fus = Jaing o oy
annasg EIEETE] ETIEETE] annzag EIEETE] anaag 3z EIEETE] a2 &Nz fousbIaW eno8] SInpadnig
Z b § 5 ! £ b b Z £ B
JH JH JH JH JH JH JH JH JH JH !
02 85 aa i B EL 5 ZES bEq £ (24) A
o el 5 4 ) o 5 ) g4l all () ey
BS ] et B9 i et 8 19 £ I (seed) ey
bl El W W bl W W bl W W (4l 12pu2g
09521ie 0352iEL 035gilieL 0952iliz 035zl 0352l B5RZIZLI0Z ESREIZI0Z ESSEILL BSZI0LEL (Al #1e
0 BE i LE 8 5 bE £E i 1 B fprig Wi




84

Complexity Index

g iwansg | S flewansg e ETL N jroynipwsnsg |
=y oo =y g o g
BEIBPO}Y BEIBRC) BP0 IR0 IO - BEIBRO} BB} IR0 IO - BEIBRO} Hapul | dwer
fisg] fise] fise] 58] fisg] fise] fise] . 58] fisg] fise]
eSSy
juail el juaw pefly juaw pefly juow pedly Lol el juaw pefily juaw pefly juow pedly [T juow p ‘woyesfuay ysibojoipey
sleafic ByoEl | seadgeyoey | sieafgeumen | seangeydep | sesfg EydEp | seed eymey | oseadg euyoey | siead g reymE sieaf 7 “Busp SIESA G ELDEN [euCUBRIEUIL BauBladee sijElady)
ainpaacud buunp uanea)dwo?)
(145 Dl (14-5 Tl -5 Dl 146"l (145 Dl (14-5 Tl -5 Dl 146"l M14-5 Dl (14-5 Tl Brup 20ueauy
wiofac) wiojjac wioyEg) wioyjac wiofac) wiojjac wioyEg) wioyjac wiojac wiojjac [EZEwW 20qw]
UOHEDIN ;7
uoiESInyg |
YOI Bpis Ol )
L Z L Z L Z Z L Z L Bunaue.g
Lo LLET E0.21 bE H £l 050 bESE (/W2 ISIEUEP IO WNWIKE|
A i A AR ACEA f Bl i 4l B aDas uaubas aedsy
saga|yiog = saga|yiog = £3q0|\og = saqa|yiog = saga|yiog e saga|yiog e s3q0| g« saqa|yiog e saga|yiog = saga|yiog =
Y = Y = y = Y = Y = Y = Y e Y = Y = Y =
by . by Wby « Wiy« wfiy = wfiy = Wby = by = by . 1By [Ty
a(dijriu = adijrw = a(dijru = a(dijnu = a(dijriu e i e a(dijru e EGTT a(dijriu = adijru =
Loz o Loz o flozge Loz o Loz o Loz o flozge Loz o cioge Loz o
3|bus » afuz afiuz » 3|bus » 3|bus = 3| = 3z = a(buiz = 3|bus = 3|6uis e Iy Jo oy
A a3 ETEET oA A a3 ETEET oA A a3 RUBDIBLSAN8[] 2INPS0I
g ! ! Z g Z Z ! | ! 361
JH JH JH IH JH JH JH IH JH JH aseas]
L85 Etd 9 FEq EEL £5 £5 55 e BaL (2) gl
i | Ba 29 5l 5 £s 5 i | o Bl () gy
85 02 03 L il EL 85 bl g g (smed) 2y
W b b b W El El b E b (4l 12pHE9
09521219 03521213 0952128 09521217 09521212 035212 0952121 095212 0952Ihe 03521bZ (AT g
{5 Ep g L gr 5P bp Ep i) 1) B UI AprIg Ak




Complexity Index

85

Complication during procedure

Operatars experience ininterventional

Matcha, Syears

Matcha, Syears

Matcha, Svears

Patient Study Mumber 51 52 53 54
Oate (O Bi212560 TI2I2560 1af2f2560 1422560
Gender [MIF] M | M M
Age (vears) 52 [=11] B3 52
Height {em.) 166 164 175 160
Weight (ke) B8 g0 BT E1
Dizeaze HCC HCC HCC HCC
TACE Mo G 2 1 2
Procedure Elective!lEmergency
Mo, of tumor = single & zingle = zingle ® single

s 2ord = 2or3 = 2or3 = 2ord

= multiple = multiple s multiple = multiple
Location # Right # Right = Right & Right

= Left = Left = Left = Left

= Both lobes = Both lobes » Both lobes = Both labes

Hepatic segmentiz] segment 1ta 5 I I\ W W
Mawimum tumor diameter [om.] 2820 5.6 0T 13112
Branching 1 z2 1 1
0 no side branch
1: bifurcation
2 : trifurcation
Embclic material Gelfarm Gelfarm Gelfarm Gelfarm
Anticancer drug MMC,5-FU MMC,5-FU MMC.5-FU MMC.5-FLI

Matcha, Syears

Eutremely Difficult

Entremely Difficult

Eutremely Difficult

Radiclogist Piya,d manth Piya,d month Piya,d4 month Piya,d manth
Bzsistant
Eazy Easy Easy Eazy
Complesity index v Moderate Y Moderate Y Moderate v Moderate
Difficuile Diifficele Diifficole Difficuile

Eutremely Difficult
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APPENDIX E

Equipment performance for DSA system

Report of DSA system performance
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Automatic Brightness Control Test
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i Patient
Submode/ Automatic . entrance
Pulse rate added Field added absorber . .
Mode Image » : - . kV maA surface air
il (pulses/s) | filtration size (mm Cu)
quality (mm Cu) kerm;_a
(mR/min)
Normal DSA 3f/s 10.0 2.0 16.0 CIRS 70 55 0.563
add 1.5 mm Cu i 108 6115
add 1.5 mm Cu
+ 1.5 mm lead 120 132 0.148
add 1.5 mm Cu
+ 1.5 mm lead 120 132 18.740
Table Attenuation
Submode/ Daose rate Table attenuation
Maode Image quality (uGy/s) (%) Absorber
C-arm without table MNormal 585.8 A 1.5 mm Cu
C-arm with table Mormal 630.3

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

Half VValue Layer Assessment

Al aftenuator Submode B HVL
(mm) Image quality Dose rate (uGy/s) (mm)
0.0 Normal 213
2.0 163.3 5.93
40 130.8 HVL=46
6.0 105.7

Note: Measurement of dose rate in fluoroscopy for the same mode and field size, add
attenuator (copper sheets) on Il. to drive kV to 70 kV
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HALF VALUE LAYER ASSESSMENT

Dose rate (uGy/s)

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Al Thickness (mm)

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.

Submeode/ | Automatic Field Live image
Mode | Image added 1€ i
quality | filration | oo, | &V mA | High
(mm Cu) (inch) No.of | contrast No. of Low contrast
ground | Resolution ‘;‘52 (% contrast)
(Ip/mm)
16.0 70.0 127.0 40 0.71
Normal | DSA3fs | 2.0 4.0 10.20
120 | 700 | 1370 | 50 08 10 10.00
80 | 700 | 1810 | 60 00 40 10.00
6.0 72.0 200.0 7.0 1.0 40 10.00
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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 sg. 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

" i

Figure I Position of ROI for CT number measurement.

Comment: Pass



90

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 (u) more than 0.9

Results:
Measured
Material Expected CT CT p(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

Note: Expected CT numbers are either the predicted ones
or the ones obtained during the previous annual measurement.

Comment: Pass

Sensitometry (CT number linerity)
0.4

03 R?=0.9961

0.2
0.1

£

S

1 O

-1500  -1000 500 4 O 500 1000 1500
CT No. (HU)

Figure Il Linearity of CT number
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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.

il _1- -
b Ea— \
3 Iz |
" I ' .,'I
4
Figure 111 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



Method:

Technique:
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Image uniformity

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.

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

Figure IV Image Uniformity.

Tolerance: 5 HU.

Results:
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 15

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

Comment: Pass
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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 Ip/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 FQV, slice collimation 5
mm.

Figure VI Low contrast detectability.

Results:
Supra-slice Nominal target contrast levels | Hole %Contrast
0.30% ] 1.5
0.50% 8 1.5
1% @ 2
Sub-slice Nominal target contrast levels | Hole %aContrast
3 mm Length 4 3
3 mm Length 4 3
7 mm Length 4 7

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
80 491 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



96

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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