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CHAPTER |

INTRODUCTION

1.1 Background and rationale

Interventional radiology has been an essential part of modern patient treatment
using fluoroscopically guided interventional radiological procedures 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 [1-2]
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 oily cheme .embolization, TOCE, has been used
extensively in the non operative treatment of-hepatocellular carcinoma (HCC) patient.
TOCE has a role in delaymng the progression of HCC until a donor liver becomes
available. TOCE is an _interventional radiology procedure, involves percutaneous
access to the hepatic arterytsually 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, finto -the ‘feeding arteries supplying the tumors.
Chemotherapeutic dose'is directed to-the tumor following embolization for ischemic
effect of the tumors. TOCE /is the high dose procedure for both patients and staff.
Radiation skin injuriesito patients can be caused by this interventional procedure.
Therefore, the avoidance 0t skin ‘injuries during the procedure is needed. Type of
radiation effect which occurred is deterministic effects such as cataract, erythema,
infertility and etc. The characteristics of deterministic effects were shown as the
followings: p

1. The tissue Or organ damage dependé c;n the absorbed dose.
2. The existenée-ot thethreshold dose:

Nowadays, the new digital flat-panel system for angiographic imaging in
interventional radiology has been installed at King Chulalongkorn Memorial Hospital
in 2008. The usefulness ‘©f flat-panel .radiography has_been evaluated in several
literatures [3-5]. It has-evolved as-a new system ta deliver high-resolution imaging
with high dosey efficiency. Digital flat-panel detector offers good image quality,
increases sensitivity to X-rays, reduce motion blurring and radiation dose. The patient
skin daseméter (PSD) is‘a solid;state" detector 'and tsed'to ‘measure patient entrance
skin dose In" real“time’ during fluoréscopy procedures.-PSD is"a-new generation,
multifunction, intelligent X-ray meter. It is renowned for its pocket-sized and easy to
use meter that improves productivity. The PSD can measure on both continuous or
pulsed fluoroscopy and exposures with different waveforms. The human skin can be
irradiated with a dose of approximately 2 Gy (200 R) before deterministic effects can
occur.

In this study both PSD and DAP methods were used to determine the radiation
dose at different purpose. The PSD was used to determine the peak skin dose while
the DAP meter was used to determine the average skin dose. Both PSD and DAP
meter had been used to determine the effective dose.



1.2 Hypothesis

The range of patient skin dose from TOCE procedure in intervention radiology
using digital flat-panel system is less than from the conventional system and threshold
level for radiation skin injury.

1.3 Objectives

1 To determine patient effective dose during TOCE for Hepatocellular Carcinoma
(HCC) using a new angiographic unit with a digital flat-panel system.

2 To determine the relationship between the effective doses determined by PSD
Unfors and the dose area product (DAP) methods,

1.4 Definitions [6]

Dose, absorbed

The amount of energy.deposited in any substance by ionizing radiation per unit mass
of the substance. It is expressed numerically in rads (traditional units) or grays (SI
units). y

Dose, equivalent ;

The product of absorbed dose in tissue multiplied by a quality factor, and then
sometimes multiplied by j/other, necessary, modifying factors, to account for the
potential for a biologicaleffect resulting from the absorbed dose. It is expressed
numerically in rems (traditional units) or sieverts (SI units).

Effective dose equivalent T
The committed dose.equivalent for a given organ multiplied by a weighting factor
(see the definition of Weighting Factor)

Deterministic effect

Health effects, the severity of which varies with the dese and for which a threshold
exist. Deterministic effegts.generally result;from the receipt of a relatively high dose
over a short time (period. Skin jerythema «(reddening) and ‘radiation-induced cataract
formation is an example of a' deterministic effect.(formerlyccalled a nonstochastic
effect).

Stochastic efects

Effects that occur by chance and which may occur without a threshold level of dose,
whose probability is proportional to the dose and whose severity is independent of the
dose. In the context of radiation protection, the main stochastic effect is cancer.

Gray

The international system (SI) unit of radiation dose expressed in terms of absorbed
energy per unit mass of tissue. The gray is the unit of absorbed dose and has replaced
the rad. 1 Gray= 1 joule/kilogram and also equals 100 rad.



Sievert (Sv)
The international system (SI) unit for dose equivalent equal to 1 Joule/kilogram. The
sievert has replaced the rem. One sievert is equivalent to 100 rem.

Weighting factor (WT)

A multiplier that is used for converting the equivalent dose to a specific organ or
tissue into what is called the “effective dose.” The goal of this process was to develop
a method for expressing the dose to a portion of the body in terms of an equivalent
dose to the whole body that would carry with it an equivalent risk in terms of the
associated fatal cancer probability. It applies only to the stochastic effects of radiation.

Scattered radiation

Radiation that, during its passage through a.substance, has been changed in direction.
It may also have been modified by a decreasein.energy. It is one form of secondary
radiation.



CHAPTER I
REVIEW OF RELATED LITERATURES

2.1 Theory
2.1.1 Transarterial oily chemo embolization (TOCE)

Transarterial oily chemo embolization (TOCE) has been used extensively in
the palliative treatment of unrespectable HCC (hepatocellular carcinoma), one of the
most common malignancies worldwide.

[
In the west, the most common cauises are an alcoholic and viral hepatitis (C).
The standard treatment for HCC is surgleégﬁection, which has a 60% 5 year
survival. In case of unresectable tumor “or=marginal liver function, the current
treatment of choice is orthotopic Iiver‘fransplantatioh. Due to the scarcity of organ
donors and to the multiplé careir mas these patients have, many die while on the
transplant list. TOCE hm{oﬂm dela "ng the progression of HCC until a donor liver
becomes available. y&

The lifespan fog'a patie ¢ with unresectable HCC could reasonably be

CQ _ginﬁ_ingé\;r OCE (although the exact benefit would
il

depend heavily on the patient’s medical ci’itlon)

‘I

]

Figure 2.1 Images from Transarterial oily chemo embolization (TOCE) procedures,
(A) Multi nodular tumors stain in right hepatic lobe of the patient in TOCE procedure.
(B) The patient with large HCC supplied by multiple extrahepatic collaterals and
accessory left gastric and hepatic falciform arteries from the left hepatic artery.



2.1.1.1 Transarterial oily chemo embolization (TOCE) Procedure

TOCE is an interventional radiology procedure. The 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,
through the celiac axis and common hepatic artery, into the proper hepatic artery
(which supplies the liver). The interventional radiologist performs an arteriogram to
identify the branches of the hepatic artery supplying the tumor(s) and threads smaller
catheters into these branches. This is done to maximize the amount of the
chemotherapeutic dose directed to the tumor (Figure 2.2). When a blood vessel
supplying tumor has been selected, alternating aliquots of the chemotherapy dose and
of embolic particles are injected through the catheter. The total chemotherapeutic dose
may be given in one vessel's distribution, 0§l }zmay be divided among several vessels
supplying the tumor(s). ; j__,

TOCE derives its benefnual effect by two methods. Since most tumors are
supplied by the hepatic arteryyaiterial embolization interrupts their blood supply and
postpones growth untilweplaged. by neo\i/ascularity. Secondly, focused administration
of chemotherapy allows.@ higher ‘dose to the tissue while simultaneously reducing
systemic exposure, ich™is" typically: the dose limiting factor. This effect is
potentiated by the fact that/the chemotherapeutic drug. is not washed out from the
tumor bed after embolization.

i

A B

Figure~2.2 cTransarterial-oily: echemo embolization; (TOCE) procedures, (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 tumour thrombi (arrow).

2.1.1.2 Risk and complications

The goal of the interventional radiology procedure is to kill tumor but a risk of
hemorrhage and/or damage to blood vessels could occur. The resulting necrotic
material releases cytokines and other inflammatory chemicals into the blood stream,
and patients are routinely kept in a hospital for several days following the procedure.
A concerning complication of TOCE is the development of an abscess within the
necrotic tissue. This is a potentially fatal event.



From the biological effects of radiation on human body, radiation effects are
generally divided into two categories: "Deterministic effects" and "Stochastic effects".
A non-stochastic or deterministic health effect has a severity that is dependent on dose
and is believed to have a threshold level for which below the level, no effect is seen.
Stochastic health effects occur by chance, without a threshold level of dose. The
probability is proportional to the dose and the severity is independent of the dose,
such as cancer and genetic effects.

2.1.1.3 Deterministic effects

Based on a large number of experiments involving animals, it was discovered
that severity of certain effects on human beings will increase with increasing doses.
There exists a certain level, the “threshold’s; below which the effect will be absent.
This kind of effects is called “deterministic efiects™
Characteristics of deterministie effects:

o Damage depends on absoibed dose
e Threshold exists

Example: cataract, erythema, iafertility etc.
Deterministic effects and dose relationship

Severity of deterministic effects depends on dose. However, thresholds exist,
only above which the feffects will oecur. The International Commission on
Radiological Protection (ICRP) cansiders that.if the annual radiation doses to the lens
of the eyes of radiation workers'are restricted to' 150 mSv (equivalent to 150 mGy for
X-ray), cataract is unlikely to occur during hisfher life assuming a working period of
50 years. For other major organs, the annual dose limits for preventing deterministic
effects are as follows:

Table 2.1 Threshold for deterministic effects (Sv)

Threshold for deterministic effects (Sv)

Exposed Organ Effects One'single Prolong absorption
absorption (Sv)  (Sv-year)
testis permanent-infertility g 3.5+-,6:0 2
ovary permanent infertility 2.5~ 6:0 >0.2
Lens of éyes milky of lens 05-20 >0.1
cataract 5.0 >0.15
Bone marrow Blood forming 0.5 >0.4
deficiency

(Source: 1990 Recommendations of the International Commission on Radiological
Protection (ICRP Publication No. 60)) [7]
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Figure 2.3 The threshold«or deterministic effects (Kenny S. Crump ICF-Kaiser,
Ruston, LA)

2.1.1.4 Stoehastic effects

The severity offstoghastic effects 1s independent of the absorbed dose. Under
certain exposure conditions, the ‘effects may or may net occur. There is no threshold
and the probability of having the effects is proportlonal to the dose absorbed.
Characteristics of stochastic effects:

e Severity is independent of absorbedldés,e_
e Threshold does not exist
o Probability of occurrence depends on absorbed dose

Example: radiation induced cancer; genetic effect

As stochastic effects of radiation have no thresholds and can cause cancers or genetic
modifications, of which the curing rates are rather low to date, they become a major
subject of researeh.in radiation.protection.

2.1.2 Fluoroscopy

Fluoroscopy.is an imaging technique commonly used hy‘adiglogists to obtain
real-time moving images of the“internal structures of a ‘patient‘through the use of a
fluoroscope. In its simplest form, a fluoroscope consists of an x-ray source and
fluorescent screen between which a patient is placed. However, modern fluoroscopes
couple the screen to an x-ray image intensifier and CCD video camera allowing the
images to be played and recorded on a monitor.

The use of x-rays, a form of ionizing radiation, requires that the potential risks
from a procedure be carefully balanced with the benefits of the procedure to the
patient. While radiologists try to use low dose rates during fluoroscopic procedures,
the length of a typical procedure often results in a relatively high absorbed dose to the
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patient. Recent advances include the digitization of the images captured and flat-panel
detector systems can reduce the radiation dose to the patient.

Because fluoroscopy involves the use of x rays, all fluoroscopic procedures
pose a potential health risk to the patient. Radiation doses to the patient depend
greatly on the size of the patient as well as length of the procedure, with typical skin
dose rates as 20-50 mGy/min. Exposure times vary on the procedure being performed,
and the time up to 75 minutes have been documented. Because of the length of some
procedures, in addition to standard cancer-inducing stochastic radiation effects,
deterministic radiation effects have also been observed from mild erythema,
equivalent of a sun burn, to more serious burns.

A study has been performed by the Food and Drug Administration (FDA)
entitled Radiation-induced Skin Injuries ‘from_Eluoroscopy [8] with an additional
publication to minimize further fluoroscopy-inaueed injuries, Public Health Advisory
on Avoidance of Serious..X-Ray-induced  skin Injuries to patients during
Fluoroscopically-Guided Progedures. [1]

2.1.2.1 Fluorescopic equipment

The first fluoroscope consisted of an x-ray source and fluorescent screen
between which the patient'would be placed. As the x rays pass through the patient,
they are attenuated by warying amotints as they Interact with the different internal
structures of the body, casting a,shadow of. the structures on the fluorescent screen.
Images on the screen are produced, as the unattenuated x- rays interact with atoms in
the screen through the photoelectric-effect; giving their energy to the electrons. While
much of the energy given to the'electrons is disSipated as heat, a fraction of it is given
off as visible light, producing the images. Early radiologists would adapt their eyes to
view the dim fluoroscopic images by sitting in darkened-rooms, or by wearing red
adaptation goggles.

2.1.2.2 Image intensifier

The invention ofgx-ray image intensifiers in the 1950s allowed the image on
the screen to pe visible lunder normal lighting, cenditions; as; well as providing the
option of recording'..thet images 'witht a ‘conventionalt camera. Subsequent
improvements included the coupling of, at first, video cameras and, later, CCD
cameras.to.permit recording of.moving images.and.electronic.storage.of still images.

Modern image intensifiers no longer use a separate fluorescent screen. Instead,
a cesium iodide phosphor is deposited directly on the photocathode of the intensifier
tube. On a typical general purpose system, the output image is approximately 10°
times brighter than the input image. This brightness gain comprises a flux gain
(amplification of photon number) and minification gain (concentration of photons
from a large input screen onto a small output screen) each of approximately 100. This
level of gain is sufficient that quantum noise, due to the limited number of x-ray
photons, is a significant factor limiting image quality. Image intensifiers are available
with input diameters of up to 45 cm, and resolution of approximately 2-3 line pairs

mm™*
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2.1.2.3 Flat-panel detector

The introduction of flat-panel detectors allows for the replacement of the
image intensifier in fluoroscope design. Flat panel detectors offer increased sensitivity
to X-rays, and therefore have the potential to reduce patient radiation dose. Temporal
resolution is also improved over image intensifiers, reducing motion blurring.
Contrast ratio is also improved over image intensifiers: flat-panel detectors are linear
over very wide latitude, whereas image intensifiers have a maximum contrast ratio of
about 35:1. Spatial resolution is approximately equal, although an image intensifier
operating in 'magnification' mode may be slightly better than a flat panel.

Flat panel detectors are considerably more expensive to purchase and repair
than image intensifiers, so their uptake 1s prumarily in specialties that require high-
speed imaging, e.g., vascular.imaging and cardiac.eatheterization.

- |
2.1.3. Basic principle of flat panel imaging detectors

The principle ofithe flat-panel detector is illustrated in figure 2.4.
i

X-Ray Phgtons' f i = SN How TtWorks
£/ =

- e | ﬁi’"" indide scintillator absorbs X-Ray
m W otons, converts them to light photons,

I channels them to photodiode array.

Lavg-}ngise photodiode array absorbs light

PO IR B EREES | photons and converts them into an
(Photodiode/Transistor Array) // electronic/charge... Each photodiode

represents a pixel or picture element.

taf s

Electrons
' Tl LB

‘ ; | Charge at each pixel isf';qad out by low-
—lOlse SlEctronics and t_gufed into digital
data sent to an image processor.

Digital Data

Figure 2.4 The-principle;ofthe, digital indirect-conversion.detector (Principle of the
GE Revolution™ Digital Flat Panel Detector)

The cesium iodide (Csl) scintillator abserbs x-ray photohs, converting their
energynto light photens emission, This light ‘is then channeled toeward the amorphous
silicon photodiode array where it'causes the ‘charge of each photodiode to be depleted
in proportion to the light it receives. Each of these photodiodes is a picture element
(pixel); the spatial sampling of the image, which is the first step in image digitization,
is thus performed exactly where the image is formed, whereas it is realized almost at
the end of the chain in an Image Intensifier. The electronic charge required to
recharge each photodiode is then read by ultra-low-noise proprietary electronics and
converted into digital data that are then sent to a real-time image processor. In the
cardiac system, over 30 million pixels per second are read out, processed, and
displayed in real time. The flat panel digital detector consists of a two-dimensional
array of amorphous silicon photodiodes and thin-film transistors (TFTs), all deposited
on a single substrate.
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Utilizing thin film technology similar to that used in the fabrication of
integrated circuits, layers of amorphous silicon and various metals and insulators are
deposited on a glass substrate to form the photodiodes and TFTs matrix, as well as the
interconnections, and the contacts on the edges of the panel.

2.1.4 Direct versus indirect conversion

Electronic x-ray detectors can be divided into two classes—direct methods and
indirect methods (Figure2.5). Direct-conversion detectors have an x-ray
photoconductor, such as amorphous selenium, that directly converts x-ray photons
into an electric charge. Indirect-conversion detectors have a two-step process for x-ray
detection; a scintillator is the primary material for x-ray interaction. When x rays
strike the scintillator, the x-ray energy is converted into visible light, and that light is
then converted into an electric charge by means of photodetectors such as amorphous
silicon photodiode arrays or CCDs.

In both direct- and iadireci-conversion detectors, the electric charge pattern

that remains after x-rayw€xposure is sensed by an electronic readout mechanism, and
analog-to-digital conversion 1s'performed to produce the digital image.

Electronicalt); readable detectors

Diregt Conversion 4 | Indirect Conversion
(Xrays) f -_; (X rays) (X rays)
X-ray interaction = Scintillator Scintillator

- " {Optical
X-ray Photo- #}}} ; {Wigible 1ighl]\¢// coupling
X [ ~ conductor S R 8 S to CCD)
C ; = (a-Selenium) -

onversion t(j Photoditde

electric charge (a-Silicon)
. _ _ _ _ _ . - CCD

Charge readout THI|Array TET Array

Figure2.5 Direct.versus Indirect conversion (Chatas, H. G: et al.|Radiology 1999)

Direct-readout electronic x-ray detectors use either a direct technique or an
indirect technique for converting x- rays into an electric charge as in figure 2.5.
Direct-conversion detectors have an x-ray photoconductor, such as amorphous
selenium, that converts x-ray photons into an electric charge directly, with no
intermediate stage. Indirect-conversion devices have a scintillator that first converts x
rays into visible light.

That light is then converted into an electric charge by using an amorphous
silicon photodiode array or a CCD. Thin-film transistor (TFT) arrays may be used in
both direct- and indirect-conversion detectors.
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2.1.5 Detective quantum efficiency, DQE

The DQE allows the comparison of imaging detectors which may use
fundamentally different technology on an absolute basis. DQE is becoming the
accepted "figure-of-merit” for scientific and commercial purposes. There is still much
debate as how to standardize the measurement protocols for measuring the various
types of digital x-ray detectors now available.

The measurements, currently performed, only deal with the detector
performance and do not account for the complex image processing or display
manipulations of an imaging system.

It is, therefore important to appreciate.that a system with a higher DQE will
not necessarily produce better images and DQE stiongly depends on the measurement
conditions employed. Currently, DQE measurements generally only deal with the x-
ray image detector under set experimental conditions and do not account for image
processing or display stages.

A higher DQE deiector dogs not necessarily guarantee better image quality, as
the detector is only one component.of madern cardiac and vascular imaging systems.

DQE definition

~ SNRAOUT,;

DQE = SNR? IN 2.1

The simplest definition 6f detective guantum efficiency can be stated in the
formula 2.1. It shows that the DQE s the ratio.ef the output SNR squared to the input
SNR squared. il

DQE graph

(—— Perfect system

Hybrid Flat-pane

with aval@pthe gain
=1 /2% ¥ 30 UR
48 K@ 0T pR

— Indirect flat-pane

@ 30 pR
= | nclirect T|3t-paﬁé|
.:l.:l L. | 1. 1 ' @ ':I"’ ‘U:R
0.0 05 1.0 15 20 25

Spatial frequency (mme’)

Figure 2.6 DQE comparison of prototype hybrid system and conventional flat panel
(indirect) detector systems at low (0.1 pR) and high (30 puR) incident exposures are
plotted (data extracted from references [9, 10])
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2.1.6 Dosmetric quantities [11]
2.1.6.1The incident air kerma

The incident air kerma, Ki, is the kerma to air from an incident X- ray beam
measured on the central beam axis at the position of the patient surface. Only the
radiation incident on the patient or phantom and not the backscattered radiation is
included. Unit: J/kg. The name for the unit of kerma is gray (Gy).

2.1.6.2 Entrance surface dose (ESD)

The entrance surface dose, Ki, Is defined as the absorbed dose in air at the
point of intersection of the x-ray beam axisawith the entrance surface of the patients,
Ke, including back-scattered radiation, B, and.a well defined equation 2.2

Ke = KiB 2.2
2.1.6.3 Air.kerma=area product (Dose area product)

The air kerma=areaproduct, Pxa,is the integral of the air kerma over the area
of the X ray beam in a plane perpendicular to the beam axis thus:

Patth K (, y)dxdy 23

Unit: J-kg—1-m?. If the special name gray is used, the unit of air kerma-area
product is Gy-m?. The air kerma—area product (Dose area product) has the useful
property that it is approximately invariant with distance from the X ray tube focus
(when interactions in air and extrafocal radiation can be neglected), as long as the
planes of measurement and calculation are not so clese to.the patient or phantom that
there is a significant.contribution from backscattered radiation.

2.1.7 Dosmetric quantities related to stochastic and deterministic effects
2.1.7.10rgansand tissue dose

The mean absorbed dose in.a specified tissue or'organds given the symbol Dt
in ICRU 51 [12]. It is equal to the ratio of the energy imparted, ¢ 1, to the tissue or
organ to.the.mass, m r,,0f the tissue or.organ, thus

ET
Dr=—o 2.4

mT

The mean absorbed dose in a specified tissue or organ is sometimes simply
referred to as the organ dose.

2.1.7.2 Equivalent dose
The equivalent dose, Hr, to an organ or tissue, T, is defined in ICRP 60 and

ICRU 51. For a single type of radiation, R, it is the product of a radiation weighting
factor, Wk, for radiation R and the organ dose, Dr, thus:
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HT = WRDT 2.5

Unit: J/kg. The special name for the unit of equivalent dose is sievert (Sv).
The radiation weighting factor, W, allows for differences in the relative biological
effectiveness of the incident radiation in producing stochastic effects at low doses in
tissue or organ, T. For X-ray energies used in diagnostic radiology, Wr is taken to be
unity.

2.1.7.3 Effective dose (ED)

The effective dose, E, is defined in ICRP 60 and ICRU 51. It is the sum over
all the organs and tissues of the body of the product of the equivalent dose, Hr, to the
organ or tissue and a tissue weighting factor, VW, for that organ or tissue, thus:

ED=-3; WrHy
2.6
The tissue weighting facter, W+, for organ or tissue T represents the relative
contribution of that organ or tissue to the total detriment arising from stochastic
effects for uniform irradiation.of.the whole body.

Unit: J/kg. The special mame for the un[t"of effective dose is sievert (Sv).The sum
over all the organs and tissues 0f the body of the tissue weighting factors, Wr, is unity.

Table 2.2 Wr - new, recommendations: from Impact of the new ICRP
recommendations on externalradiation protection dosimetry. [13]

ORGAN ICRP26 ~ |CRP60 ICRP103
Gonads 0.25 " 020 0.08
Bone marrow (red) 0.12 0.12 0.12
Lung 0.12 0.12 0.12
Breast 0.15 0.05 0.12
Thyroid 0.03 0.05 0.04
Bone surfaces 0.03 0.01 0.01
Remainder 0.30 0.05 0.12
Colon - 042 0.12
Stomach - 0.12 0.12
Bladder - 0:05 0.04
Liver - 005 0.04
Oesophagus - 0.05 0.04
Skin - 0.01 0.01
Salivary glands - - 0.01
Brain - - 0.01

(Source: 2007 Recommendations of the International Commission on Radiological
Protection (ICRP Publication No. 103), Centre for Radiation, Chemical and
Environmental Hazards, Health Protection Agency (HPA))
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2.1.8 Dosimetric equipment

Doses from diagnostic radiological examinations are small and usually do not
approach thresholds for deterministic effects. Exceptions are found for interventional
procedures in radiology and cardiology that may involve high doses to the patient’s
skin. Severe skin injuries have been documented. Even ignoring the high doses found
for interventional procedures, it needs to be realized that the greatest source of
exposure of the population to artificial ionizing radiation is from diagnostic radiology.

The doses delivered in diagnostic radiological procedures should therefore be
accurately determined in order to maintain a reasonable balance between image
quality and patient exposure. Dosimetric . methods should be used to ensure
appropriate levels of accuracy and long termiStability.

2.1.8.1 Solid state detector

Dosimeters with  thermeluminescence and semiconductor detectors are
considered here. Real.#ime _imeasurements may be conveniently accomplished with
semiconductor dosimetegs; the small size of thermoluminescence dosimeters (TLDs)
allows their application for'conducting measurements on patients. Traditionally, the
main disadvantage of these/devices has been their energy dependence of response
which differs considerablyfrom that of ionization chambers. These types of dosimeter
have found many applications in postal audits or in routine clinical measurements in
hospitals. They are not'used for calibrations of other dosimeters in SSDLs.

2.1.8.2 Patient skin dosimeter (PSD)

Unfors PSD s a solid state detector and-used to measure patient entrance skin
dose in real time during fluoroscopy procedures.

Specifications general of Unfors PSD

The Unfors PSD sensors have been specially designed to meet the needs of
real-time dose measurements on patients., Sensor characteristics give accurate
information torthetuser'onwwheninjury: risk-istimmiinent as 'shown in table 2.3.and the
energy dependent as'shownn figure 2.7.

Table 2.3 Specifications general of Unfars PSD

Specifications General

Dose range 1 uGy - 9999 Gy

100 uR - 9999 R
Start trig level 10 uGy/s, 60 mR/min
Stop trig level: 5 uGy/s, 30 mR/min
Maximum dose rate: 100 mGy/s, 600 R/min

Reproducibility: 1%
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MeasmedTiue

eNCE for Unfors PSD (www.unfors.com
\\\ ( )
The sensor is | a Dose) at 90 kVp in Gy and the

- ;p \
energy dependence is < § x\\ 60-110 kVp (<15% for energy
range 40-140 kVp) at i atig ‘ \ \. wn table 2.4.

Figure 2.7

Sensor characteristi

Table 2.4 Sensor character

Expanded uncertairys - 6 % a ‘ n point 90 kVp
Angular dependence~ e

+ 10 % for 7 e
Bandwidth

et 1 uniiine

+ 15 %.(40 - 150 kVp),at,6 mm Al

lfé?fuﬂm"mﬂﬂ‘im HWGged 1818 B

Slze(H W xL) 4 x 15 x 15 mm,0.15 x 0.60 x 0.60 in
Cable length 2.25m, 90 in

The Angular dependence as shown in figure 2.8 ,the Unfors PSD Entrance
Skin Dose response at 70 kVp, 100 cm FSD and 30 x 30 cm field size. The sensor was
mounted on an ISO body phantom which is radially and axially rotated in the
radiation field. The cable end of the detector is at 90°.

Unfors PSD sensors have a small footprint and are easy to position on several
places on the patient’s body.
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Figure 2.8 Angular dependence and small sensors.of Unfors PSD (www.unfors.com)

The patient’s skin desg was measured by Unfors patient skin dosimeters
(PSD) behind the left, mideie; and right portions of the liver for the new digital flat-
panel angiographic imagingsystem during: TOCE for HCC.

2.1.8.3 Dosgarea product (DAZJ—E?)

DAP is the transmission ionization ehambers measuring the dose area during
fluoroscopy. The irradiation‘geometry (field__'rﬁzlf;, focus skin distance, projection) and
irradiation time vary individually from patient to patient. If the detector mounted on
the tube housing is ‘transparent’ to- X rays, then both focal and extra focal radiation
will pass through its sensitive volume. I attenuation in.the air can be neglected, those
X-rays transmitted through-the-detector-will-pass-every ptane perpendicularly to the
beam central axis downstream of the beam. If the integration of air kerma over beam
area is extended over the entire plane, the dose—area product will be invariant with
distance from the X-ray tube provided the beam is contained by the DAP meter. In
this situation, the dose~area product offets’ a convenient quantity for monitoring
patient exposure.

The tranSmission ionization,chamber generally consists of layers of PMMA
coated.with conduetivermaterial.«Graphitepaicommonly,used.coatingsmaterial, is close
to air equivalent and introduces low: energy dependence for air kerma measurements.
Graphite'icoating is, however, inconvenient in transmission chambers since it is non-
transparent to light. Light transparent materials are therefore mostly used.

These materials contain elements of high atomic number such as indium and
tin, giving rise to relatively strong energy dependence compared to graphite coated
chambers.

In this study, the quantity of interest is the dose—area product so a term DAP
meter is used throughout. Requirements on performance of this equipment are set in
IEC 60580 [14].
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2.2 Review of related literature

Shigeru Suzuki et al [15], studied the radiation dose to patients and
radiologists during transcatheter arterial embolization: comparison of a digital flat-
panel system and conventional unit in the year 2005. The patients’ skin doses were
evaluated with thermoluminescent dosimeters (TLD) at behind the left, middle, and
right portions of the liver.

The new digital flat-panel system for angiographic imaging can reduce the
radiation dose to patients’ skin during TAE for HCC as compared with the
conventional system. The maximal skin dose to the patients was significantly lower
with the new unit than with the conventional unit.

R Ruiz Cruces et al [16], studied the estimation of effective dose in some
digital angiographic and interventional procedures: The objective of this study was to
provide dose data for some.digital angiographic and interventional procedures.
Abdominal angiography, arterography of lower limbs, biliary drainage, embolization
of spermatic vein and.nephrestomy have been investigated. All the procedures were
performed using digital egliipment. Value of DAP. and effective dose were 30 Gycm?
and 6.2 mSv for artefiography 0f lower dimbs and 150 Gycm? and 38.2 mSv for
biliary drainage as in table 2.5. *

Table 2.5 The average of effecirve doses in some digital angiographic and
interventional procedures. [16]

E(mSy) E/film E/min
Procedure R FI Total (mSvf-1) (mSvmin-1)
Abdominal angiography 317 51 e 0.1 0.8
Arteriography of fewertimbs 3.8 2.4 5.2 0.1 0.6
Drainage biliary 1.8 364 382 0.5 1.1
Embolization of spermatic vain. 0.4 16.9  17.3 0.1 0.7
Nephrostomy 09 127 13.6 0.3 1.0

E, effective dose; Effime, effective'dose per-film; E/min, effective dose per minute; R,
radiography; FI, fluoroscopy

In September 1994, the Foed @nd Drug Administration (FDA) of the United
States issued a public health advisory entitled “Avoidance of Serious x-ray Induced
Skin Injuries to Patients During Fluoroscopy-Guided Procedures” [8].

The advisory recommended,among several items, that information be recorded
in the patient record which permits estimation of absorbed dose to the skin. The
purpose of the recommendation is to encourage identification of the skin irradiated at
levels of absorbed dose that approach or exceed a threshold for injury [16].

A threshold level of concern is 2 Gy for the onset of transient erythema and
3Gy for hair loss as in Table 2.6.
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Table 2.6 Radiation induced skin injuries adapted from L.K. Wagner et al [16]

Injury Thresold Dose to skin(Gy) Weeks to Onset
Early transient erythema 2 <<1
Temporary epilation 3 3
Main erythema 6 1.5
Permanent epilation 7 3
Dry desquamation 4
Invasive fibrosis

Dermal atrophy >14
Telangiectasis >52
Moist desquamation 4
Late erythema 6-10
Dermal necrosis >10
Secondary ulceration >6

AULINENTNEINS
RINNIUUNIININY



3.1 Research design

This research is an observational descriptive design study to determine patient
effective dose from Transarterial oily chemo embolization procedure in interventional

CHAPTER 111

RESEARCH METHODOLOGY

radiology. The procedures are as the following steps as in figure 3.1.

3.2. Research design model

Radiographic=fluorescopic system, PSD and DAP meter calibrations

E

£l

TOCE procedure using flat-panel

Dose from PSD

U

Data analysis

1

Effective dose

T

=Fluoroscopic time
5 mA -

- kVp
-Number of Frames
-Patients BMI
- Complexity index

gL

Dose from DAP

U

Data analysis

U

Effective dose

L

Correlation,of data

el

Figure 3.1 Research design model
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3.3 Conceptual framework

There are eight parameters influencing the patient effective dose from
Angiographic fluoroscopic system with digital flat-panel detector. The factor affecting
of patient dose are kVp, mA, fluoroscopic time, number of frames, patient body mass
index (BMI), number of procedure, experience of the interventional radiologist and
complexity index. The conceptual framework of this study is shown in figure 3.2.

Digital flat-panel detectors
kVp = — mA
\ 4
Ratient effective dose -
Number of F N N ) Fluoroscopic
frames time
A
Experience of | | Patient body
interventional L mass index
radiologist (BMI)
NUurnber-of-procedure Complexity index

Figure 3.2 Conceptual framework
3.4 Researchrquestion

3:4.1 Primary research question:

What is the patient effective dose during TOCE for HCC using the new
digital flat-panel system?

3.4.2 Secondary research question:

What is the relationship between effective doses determined by PSD
Unfors and the dose area product (DAP) methods?
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3.5 Key words

Patient effective dose

TOCE Procedure

Dose area product meter (DAP)
Patient skin dose meter PSD

3.6 The sample

3.6.1. Target population: The 69 patients who underwent TOCE procedure at
King Chulalongkorn Memorial Hospital on Monday to Friday from period of July to
November 2009.

3.6.2. Sample population: The 69 paticnts who underwent TOCE procedure at
King Chulalongkorn Memerial Hospital on Monaay to Friday from period of July to
November 2009, and met the eligible criteria.

3.6.3. Eligible criteria;

3.6.3.1. Inclusion eriteria: TheHepatocellular carcinoma or HCC patients
who underwent FOCE for both diagnostic and therapeutic procedures using
digital Flat-panel system:at Vascular and Interventional radiology unit, King
Chulalongkorn Memarial Hospital.:

3.6.3.2. Exclusion/criteria; Undd_hééious patients.

3.6.4 Sample size determination

Sample sizes for this study is calculated from cantinuous data estimating the
population mean based on the formula and construct 95 % confidence interval(Cl) for
mean of the population:

m 2 | 25)6° [3.1]
dZ
n.=. (1.96)% (127)°
30¢
n = 68.8457

a is0.05

Z,2 is1.96 (two tails)

o° s variance of data = 127 [1]

d is value of variable data =30 [1]

The sample size (n) for 95% confidence interval is 69 patients.
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3.7 Materials
3.7.1. Radiographic-fluoroscopic system

The Digital flat-panel radiographic fluoroscopic system as shown in figure 3.3 is
manufactured by Philips, Model Allura Xper FD 20 and installed at Vascular and
Interventional Radiology unit, King Chulalongkorn Memorial Hospital in 2008 used
for TOCE procedures.

Figure8.3:D ﬁal RF systerms with Flatfgl/nel Detector

e A A DA WELNZ, 1 o

interventional Cardio and Vascular,;procedure with a ceiling suspended C-arm stand
and di mm Pm w OWE’; Iat el detector the
spemfﬁ moﬁ 0'19"2 ﬂ ET

3.7.1.1 X-ray generator and X-ray tube

The Voltage range: 40 kVp to 125 kVp, Max current: 125 mA at 100 kV and
anode heat storage capacity: 24 MHU.

3.7.1.2 Automatic wedge filter

Automatic wedge filter: one or two semi-transparent wedge- shaped filters,
automatically or manually adjust to the projection.
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3.7.1.3 Image chain

Flat detector size 3040 cm (12x16 inch): six modes subsystem:

= 8 input fields with the field of view sizes are:

- 48 .cm (19 inch)
- 42.cm (17 inch)
- 37.cm (15 inch)
- 31cm (12 inch)
- 27 cm (11 inch)
- 22cm (9 inch)

- 19cm (7.5 inch)
- 15cm (6 inch)

Pixel size : 154x154 ym

Detective Quantum Efficiency (DQE)>73% at low spatial frequencies.
Output digital video: 2078%2043, 14 bit

Acquisition speed: 0.5t0-6 frames per second standard and 15 to 30 frames
per second optional.

= Fluoroscopy speed: 3.75,/7.5, 15.and 30 frames per second at 1024x1024.

3.7.1.4 Filtration .
The minimum iaherent filtration (ht 75 k\/p) of the x-ray tube/collimators is
2.5 mmAl. Besides a wedge filter of 1 'mm brass (CuzZn 37 r -019;22 mmAl
equivalent at 75 kv), an additional filier .can be set depending on beam limiting
device(BLD) that has the following values: -~ =
Table 3.1 Number of filter used. i Aflura X-per. FD 20

No Filter Filtration in mm Al-eq (at 75 kVp)
1 0.1 mm Cu+1.0 mmAl 4.0
2 0.4 mm Cu+1.0 mmAl 11.0
3 0.9 mm Cu+1.0 mmAl 215

With Allura<Xper FD 20! unit, the high heam filter used was 0.1 mm Cu+1.0
mmAl, 0.4 mm-Cu+1.0 mmAl, or.0.9 mm Cu+1.0 mmAl and was automatically
selected. by .the. system. The.system_ comprises.-a DAP. meter.. Air kerma and the
following parameters present on the operator console

Cumulative fluoroscopic time
Cumulative Dose area product (DAP)
Cumulated Air kerma (AK)

Total number of frames

Total fluoroscopy time

KV, mAs

The DAP meter was also calibrated according to the same protocol [17]. The unit has
cine digital imaging with CD archiving and it is connected to the PACS workstation
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Table 3.2 Technical characteristics of the flat-panel digital X-ray systems at
Chulalongkorn Memorial Hospital

Technical characteristic Philips Allura FD 20
Field of view (cm) 48 42, 37, 31, 27, 22, 19, 15
HVL* (mmAl) 6.2
Last image hold Yes
Fluoroscopy modes Low, Normal, High
Digital subtraction angiography modes Low, Normal, High
Image matrix format 1024X1024
Image storage Monitors, PACS** workstation
The Voltage range(kVp) 40 - 125
Max current (mA) 125 at 100 kv
Flat detector size (em) 30x40

*HVL is half value layer; **PACS is picture archiving and communications system.
3.7.2. Patient skin dosemeter (PSD)

Patient Skin Dosemeter (PSD) as show in figure 3.4 is manufactured by
Unfors, model Unfors PSD/Serial No. 144174. Unfors PSD is a solid state detector
and used to measure patient entrance skin dose in real time during fluoroscopy
procedures. The UnforsdPSD can measure on both continuous or pulsed fluoroscopy
and exposures with different waveforms. The Unfors PSD consists of several small
sensors on cables connected to a display unit. The dimension of small three detectors
sensors (H x W x L) are 98/x 82 x 21 mm .In this study PSD Unfors were be placed
on the skin of patients and display unit. \When' ‘the sensor and display unit have been
positioned and the instrument turned on, dose i Jis accumulated and alarms (audible and
visual) are triggered-when selected dosé limits are exceeded. The Unfors PSD can be
delivered with one, two,-three-sensors-depending-on-the application. There are four
different factory alarm levels set to 25, 50, 75 and 100" % of 2 Gy which is the
documented deterministic biological injury level.” Accumulated dose can be read in
the display units are gray (Gy) or sieverrt (Sv).

Figure 3.4 A solid state detector systems with 3 detectors (www.unfors.com)
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3.7.3 Radiation dose meter system

The Radiation dose meter system as show in figure 3.5 is manufactured by
Unfors, model XI. Unfors XI was used to calibrate the radiography - fluoroscopic
system for kVp, dose, dose rate, HVL, pulse, pulse rate, dose/frame, mA, mAs, time
and waveforms. These measured values of kVp and dose are automatically corrected,
utilizing Active Compensation, to provide with an accurate and corrected value.

Unfors model Xl is a solid state detector were be used for the determination of
the table attenuation coefficient, the beam quality half value layer (HVL) and the
equipment quality control.

] =

DA
Figure 3.5 The solid state détedié’f_systemsﬂﬂ'i‘ionization chamber for QC
(www.unfors.com) = == _

‘.-'?.'-"I -
S

3.7.4 Dose area product meter (DAP) -
w i o
DAP meter is used to measure the absorbed dose in air (cGy), times the area of
the x-ray field (cm?), enh patient skin. The relationship-between DAP and exposure-
area-product (EAP) is essentially a single ,conversion factor that relates dose to
expressed in rogntgen em(R:chm?) andiDAR: is) expressed«in gray-cm.DAP is usually
read in mGy.cm?.In+this.study the DAP meter lis.alpart of the Allura Xper FD 20 unit
as shown in figure 3.6, The total amount of exposure determines the absorbed dose in
the irradiated volume of the patient’s body,

The absorbed dose depends on the radiation exposure and the irradiation area.
Therefore, the estimation of the patient’s absorbed dose from the dose area product is
easily made than from the factors. The DAP meter of Allura Xper FD 20 unit measure
the dose-area product in the unit Gycm? of the quantity air kerma times during
radiography and fluoroscopy.

For recording the dose-area product the Allura Xper FD 20 system comprises
a DAP meter and fixed to the light beam diaphragm of the x-ray tube. The presented
on the operator console, the display units are mGycm?.
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Figure 3.6 DAP meter of Allmia..z(per FD [ g operator console for readout

value. - .
3.7.5 Portal film )0 film) Kodak XzOmat V
; | \

S used fdr—thg radiation area verification.

digital Flat-panel system' a \;ﬂasc%larﬂ tional Radiology unit, King

Sixty-nine pati underwév T E procedure were examined by the
“Inter
Chulalongkorn Memoria

3.7.7 Data recording, co'f*npiexﬁy rﬁnd case consent forms (Appendix)

b TN
The patient, cansent form (app(-fndlx I) were accessed before procedure and
record the patient data-in-data-recording—(appendix-I1). The complexity indexes

(appendix 111) of proce
the procedure. J -

al radiologist at the end of

3.8 Methods

This study Ia_fy/ﬂ ’a n ﬂhﬂg w EJ f] ﬂ ‘j
ARTANT LAV Wi ies (va @i b ek

Dose assessment
Automatic brightness control test
Maximum dose rate assessment
Table attenuation
Image size assessment
Half value layer (HVL)
e Image quality assessment
The results should fall within the limits recommended by IAEA
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3.8.2 Calibrate Unfors PSD and DAP meter with solid state detectors.

In this study we calibrated the Unfors PSD, DAP meter with solid state
detector as shown in figure 3.7 to obtain calibration factors.

Couch

Solid state detec

the DAP calibration factor

3.8.3. The patient conser!l;ﬁzrm (s@ndix I-11).

i

nder, kVp, mA, fluoroscopic
fo@.
3.8.5. Dosimetricipracedure.

right) to %uﬂp@ y]p&‘l nﬁ ) b ’lﬂ Rever (left, middle,

llowing while patient explratlon as show in flgubs 8.

AR R T Db bas) 1 B

= Middle lobe : place PSD 2 inch away from left lobe to the right
side of patient.

atient’s welght
time and numbé]of fra

= Rightlobe : place PSD 2 inch away from middle lobe with
30° downward

However, fluoroscopic guide must be performed to confirm the PSD position.

3.8.5.2 Place verification film on the couch at fluoroscopic region.
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Left lobe

Middle lobe

Right lobe

2&!@/ s back at three point of liver.

Figure 3.8 Position of

3.8.6 Record _|’ nd DAP meter in the case

Patient Skin Dosemeter (PSD
te peak skin dose (3.10.1).

by Dose area product meter
se (3.10.2)

dose from both methods

- atient

I Couch

NS NEaaY

DAP meter

Figure 3.9 Setting of the devices for patient skin dose determination.
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Figure 3.10 Place PS
subtraction PSD is not in

over liver area (a). After

-
-

Patient weight.

Ehsm, i E]

- kVp, mA,
- Fluoroscopic time

- R TN
UL AN e o=

3.9.4The average skin dose was recorded from Dose area product meter (DAP)
in case record form.

3.9.5The complexity indexes of procedures were reported by interventional
radiologist for the difficulty of procedure after ended procedure.
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3.10 Data analysis

3.10.1 Peak skin dose (maximum entrance surface dose)

The peak skin dose calculation is calculated from equation [3.2]
ESD (mGy) = dose from PSD x Calibration factor of PSD [3.2]

ESD is Entrance surface dose (mGy)

Calibration factors from PSD. (appendix 1)

3.10.2 Average skindose (average entrance surface dose)
The average skin dose is.eaiculaied fromequation [3.3]

ESD(mGy)=Patient dosefrom DAP (mGycm?)*BSFxtable attenuation factor [3.3]

Expased afea (cnt)
ESD is Entrance surface dase (mGy)

BSF is back scatter factor 2

Table attenuation factor is measured during QC,;procedure

Exposed area is measured from portal film

3.10.3 Effective/dose (ED)

The effective, dose,-E, .is, defined in-ICRP_.60 [5].and-ICRU 51[11]. It is the
sum over all the organs and.tissues-of the body of the praduct of the equivalent dose,
Hr, to the organ or tissue and a tissue weighting factor, Wr, for that organ or tissue,
thus:

BD = WrHy [3.4]

The tissue weighting factor, W+, for organ or tissue T represents the relative
contribution of that organ or tissue to the total detriment arising from stochastic
effects for uniform irradiation of the whole body. W+ is shown in Table 2.2

Unit: J/kg. The special name for the unit of effective dose is sievert (Sv). The
sum over all the organs and tissues of the body of the tissue weighting factors, Wr, is
unity.
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3.11 Statistical analysis

This study is Descriptive statistics for continuous data to determine as
following
Range (minimum-maximum)
Average
Median
Standard deviations (SD)
95% confidence interval (Cl)

This determination was analyzed using SPSS for windows evaluation version.
3.11.1 Outcome
The Patient effective dose in TOCE procedure
3.11.2 Outcome measurement

This study involves the correlation of the data from independent variables and
dependent variable. The measurement ofthis study consist of 2 types of variables

- Dependent variable: Patient Effective dose.
- Independent variables: fluoroscopic time, kVp, mA, patient size (BMI),
number of frames, complexity index.

Correlate relationship between efiective doses determined by PSD Unfors and the
dose area product (DAP) methods. 2

3.12 Data presentation
The table, bar chart and scatter diagram are presenied.
3.13 Limitations
3.13.1 DAP measurement is the accumulation’of the ‘dose area product which
integrate all irradiated-skin“dose at-target‘and non-target ‘'organs. The average skin
dose will be obtained would be inaccurate. Unfors PSD measured dose at a point at

target organsandthe-peak.dose-could be ebtained,

3.13.2 The accuracy of the skin exposed area, because the FOV and the tube
angulations were variable during TOCE procedure.

3.14 Ethical considerations

The data was collected after the approval of the Ethics Committee of Faculty
of Medicine, Chulalongkorn University. The ethical principle in research involving
human subjects was considered: and approved in May 2009.
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3.14.1 Respect for persons

Respect for free and informed consent: the patient who participates in
this research can decide after obtain the information; can withdraw from
this research at any time.

Respect for confidential: the patient data was used for academic
objective only, conceal to the public and no patient’s name reveal
according to the law.

3.14.2 Beneficence or non-maleficence

The patient who participates in this research was informed the effective
dose from TOCE procedure after the complete of the research.

The result from.this research was the reference data for other patient in
the future.

The small-doesemeier was taped by the researcher on patient skin at three
position acgerding the liver

3.14.3 Justice

Selection ofsubjects ‘for this research has obviously inclusion and
exclusion.eriteria,/non bias.

3.15. Expected benefits

3.15.1. Optimization of patient ski_rj; dose in TOCE interventional radiology,
the patient effective dose is very important for. interventional radiologists to optimize
the patient dose using the correfation between patient effective doses and affecting

factors.

3.15.2. Reducion.of the Staff dose during TOCE pracedure using digital flat-
panel system.
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RESULTS

4.1 The equipment calibration.

The Radiographic/Fluoroscopic system was calibrated for the following
topics.
Dose assessment
Automatic brightness control test
Maximum dose rate assessment
Table attenuation
Image size assessment
Half value-layer (HVL)

e Image quality assessment

The results of equipment ealibration values are shown in APPENDIX D.

4.2 Table attenuation determination.

The percentage’of table attenuation which is directly affecting the average
patient skin dose is shown in Table 4.1; The correction factor was applied to the
readout from DAP meter inall data collection.

Table 4.1 The results of table atienuation.determined by Unfors XI. (solid state
detector)

Mode Sub modefirage = Dose rate . Table attenuation  Absorber
Quality (mGy/min) %
C-arm at 0° Normal 49.3
5.9 2 mmCu
C-arm at 90° Normal 52.4

** Measurement of dose rate in fluoroscopy for the same mode and field size.
4.3 Thexpatient studies.

Our study included sixty-nine consecutive patients (15 women and 54 men)
who underwent TOCE procedures during the period July to November 2009 as shown
in table 4.2. The mean age was 59.64+10.58 years (range, 36-82 years),the patient
height and weight were 164.13+ 9.28 cm (range, 145-182 cm) and 62.46 + 13.85 kg
(range, 37-120 kg), the BMI and patient thickness were 23.13+ 4.35 kg/m® (range
13.7-37.87 kg/m®) and 21.88+ 2.13 cm(17.38-29.31 cm) respectively. Those are
summarized Table 4.3. All patients gave informed consent.
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Table 4.2 The patient data underwent TOCE procedure from 69 patients.

No of Sex Age Height Weight BMI Thickness

procedure  (M/F)  (Years) (cm) (kg) (kg/m?) (cm)
1 M 67 169 74 25.91 23.62
2 M 63 170 70 24.22 22.90
3 F 54 151 66 28.95 23.60
4 M 79 166 72 26.13 23.51
5 M 53 156 43 17.67 18.74
6 M 49 168 68 24.09 22.71
7 M 55 160 43 16.80 18.50
8 M 53 168 69 24.45 22.87
9 M 60 160 %o 29.30 24.44
10 M 40 168 78 27.64 24.32
11 M 68 152 49 21.21 20.26
12 M 4T 153 69 29.48 23.97
13 M 68 165 46.3 17.01 18.91
14 M 29 170 67 23.18 22.41
15 M o8 170 56 19.38 20.48
16 F 63 108 & 81.2 34.46 25.96
17 M 54 180 92 28.40 25.52
18 M 56 182 70 21.13 22.13
19 M 53 167 65 23.31 22.27
20 F 62 150 61 27.11 22.76
21 M 70 156 N 37 15.20 17.38
22 M 49 173 41 13.70 17.38
23 M 68 173 87 29.07 25.31
24 M 59 165 74 27.18 23.90
25 M 65 162 61.6 23.47 22.01
26 M 51 165 65 23.88 22.40
27 E 59 152 58 25.10 22.05
28 F 66 163 59.9 22.55 21.64
29 M 54 170 65 2249 22.07
30 M 78 170 61 24,11 21.38
31 M 53 180 79 24.38 23.65
32 F 72 145 57 27.11 22.38
33 M 52 156 53 21.78 20.80
34 M 52 165 44.5 16.35 18.54
35 M 54 168 73 25.86 23.53
36 F 66 150 51 22.67 20.81
37 M 78 170 53 18.34 19.93
38 F 66 158 70 28.04 23.76
39 M 70 174 70 23.12 22.64
40 M 65 175 72 23.51 22.89
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Table 4.2 The patient data underwent TOCE procedure from 69 patients. (Continue)

Number of Sex Age Height Weight BMI Thickness

procedure  (M/F)  (Years) (cm) (kg) (kg/m?) (cm)
41 M 61 175 78.2 25.53 23.86
42 M 55 178 78 24.62 23.63
43 M 52 156 52 21.37 20.61
44 M 46 170 58 20.07 20.85
45 M 70 169 59 20.66 21.09
46 M 63 (] % 74 25.01 23.41
47 M 62 178 83 26.20 24.37
48 M 58 150 40 17.78 18.43
49 F 59 153 54 23.07 21.20
50 M 45 162 63 24.01 22.26
51 M A 164 592 22.01 21.44
52 M 54 165 62 22.77 21.88
53 M 38 1674 Q8 19.72 20.48
54 F 76 145 45 21.40 19.88
55 F 56 1™ 64 22.95 22.10
56 M 61 176, 4 64 20.43 21.46
57 M 55 169 52 18.21 19.80
58 M 78 158 55 22.03 21.06
59 M 46 170 56.7 19.62 20.61
60 M 76 164 .. 61 22.68 21.77
61 F 71 145 57 27.11 22.38
62 M 56 167.5 48 17.11 19.11
63 M 82 170 52 17.99 19.74
64 F 79 165 56 20.57 20.79
65 F 59 150 65 28.89 23.50
66 M 37 160 53.2 20.78 20.58
67 M 40 178 120 37.87 29.31
68 F 36 156 43 176 18.7
69 M 69 156 36 23,01 21.38
Average M=54 59.64 164.13 62.46 23.13 21.88
Min F=15 36.00 145.00 37.00 13.70 17.38
Max - 82.00 182.00 120.00 37.87 29.31

SD - 10.58 9.28 13.85 4.35 2.13
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Table 4.3 The patient data underwent TOCE procedure.

patient data Mean + SD Range
Age (Years) 59.64+10.58 36-82
Height(cm) 164.13+ 9.28 145-182
Weight(kg) 62.46 + 13.85 37-120
BMI (kg/m?) 23.13+ 4.35 13.7-37.87
Thickness(cm) 21.88+ 2.13 17.38-29.31

4.4 Average values of the technical parameters.

Average values of the technical parameters used to perform the fluoroscopy
part and corresponding”values for the radiography part of the TOCE procedure are
given in table 4.4

Table4.4 Average valugs of the technical parameters.

TOCE Procedure Fluoroscopy Radiography (DSA)

Average(SD) range Average(SD)  Range

kVp 97+13 75-120 80+0.34 80-81
mA - - 23+14 11-53
FOV (cm) e 1548 31+12 8-66
Frame rate(f/s) NA NA 3fls 1-3
No of frames (frames) NA NA 200.19+176  75-1413
Filter 0.00 mmAl - 0.01 mmAl -
Mode normal - normal -

4.5 Procedures performed with'a Flat-panel'system(Philip Allura FD 20)

The ProceduresiPerformed, with atFlat-panel System«(PhitipAllura FD 20) in
TOCE procedure such'asifluoroseopic time, iInumber of frames, number of procedures
and frame rate. Those factors are shown in table 4.5

The average fluoroscopic time was 16.06+ 11.26 min with the range of 3.38-
59.13 min average number of frame was 200.19+176.77 frames, and the range was
75-1413 frames, number of procedure was 2.24 + 1.28 time range 1-6 times. The
procedures were performed by seven experienced radiologists using standard
techniques. Every case was attended by a physician training. The average experience
of interventional radiologist from 69 cases was 3.8+4.1 years; range was 1-23 years.
From the all sample that has been taken, only one case that was diagnostic type of
procedure. (Table 4.6)
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Table 4.5 The procedures performed with a Digital Flat-Panel System (Philips Allura
x-per 20) in TOCE procedure.

Procedure Total Total Number of  Number of Frame Experience
No. Fluoroscopic Frames procedure  rate of
Time (min) DSA  x-per CT (time) (f/s)  radiologist
(years)

1 26.18 230 0 1 3fls 3

2 3.55 75 0 * 3f/s 3

3 39.12 189 0 5 2fls 3

4 15.56 282 0 5 3f/s 15

5 11.18 104 0 2 3fls 3

6 9.52 136 0 1 3f/s 3

7 14.19 Ml 0 2 3fls 3

8 17.54 441 0 3 2fls 23

9 15.05 308 0 3 3f/s 3
10 4.04 36 0 - 3f/s 1
11 28.14 36 0 2 3f/s 3
12 13.52 164 0 1 3fls 3
13 27.34 137 0 3 3f/s 3
14 7.59 143 0 3 3f/s 3
15 18.38 196 0 4 6 3fls 3
16 11.24 121 0 2 3fls 3
17 8.35 129 0 3 3fls 3
18 24 213 0 * 3fls 15
19 23.2 214 0 4 3fls 3
20 59,13 154 224 4 3fls 3
21 7.09 81 0 2 3f/s 3
22 7.43 111 0 r 3f/s 3
23 6.42 93 0 3 3f/s 3
24 16.06 87 0 2 3f/s 3
25 27.09 300 1114 2 3f/s 3
26 17.48 202 0 3 3f/s 3
27 10.52 224 0 1 3fls 3
28 20.28 207 0 1 3f/s 3
29 13.47 119 0 1 3f/s 3
30 16.29 214 0 2 3f/s 3
31 5.06 137 0 1 3f/s 3
32 15.23 192 0 2 3f/s 3
33 14.08 87 0 3 3f/s 3
34 15.23 161 0 1 3f/s 3
35 10.21 208 0 1 3f/s 3
36 4.45 121 0 2 3f/s 3
37 12.17 166 0 3 3f/s 3
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Table 4.5 The procedures performed with a Digital Flat-Panel System (Philips Allura
x-per 20) in TOCE procedure. (Continue)

Procedure Total Number of  Frame  Experie
No. Fluoroscopic  Total Number of procedure rate nce of
Time (min) Frames radiolog
DSA  x-per CT Ist
38 9.51 131 0 2 3f/s 3
39 8.19 103 0 1 3f/s 3
40 9.14 149 0 2 3fls 1
41 174 170 0 3 3fls 3
42 10.27 205 0 2 3fls 15
43 8.27 259 0 4 3fls 3
44 4.52 119 0 1 3fls 3
45 3.56 75 0 3 3fls 3
46 5.54 L7 0 1 3fls 1
47 6.44 123 0 .. 3fls 1
48 10.22 148 0 4 3fls 3
49 13.15 198 0 2 3fls 1
50 15.56 139 0 3 3fls 1
51 16.44 127 0 1 3fls 1
52 17.21 264 0 3 3f/s 3
53 23.22 294 B 4 1 3fls 3
54 52.55 301 0 5 3fls 3
55 17.09 248 0 3 3fls 3
56 3.38 96 0 1 3fls 3
57 7.26 118 0. 1 3fls 3
58 18.16 185 0 gr 3fls 15
59 1148 106 0 2 3fls 3
60 1458 166 0 1 3fls 1
61 16.03 228 0 1 3fls 1
62 29.5 404 0 4 3fls 3
63 12.27 97 0 1 3fls 1
64 20.59 361 0 1 3fls 3
65 27.58 170 0 2 3fls 1
66 55.49 618 0 1 3fls 3
67 1l 119 o) 2 3fls 3
68 22.43 230 0 2 3fls 15
69 19.01 113 0 5 3fls 1
Average 16.06 200.19 19.39 2.24 3f/s=68 3.81
Min 3.38 75.00 0.00 1.00 2f/s=1 1
Max 59.13 1413.0  1114.0 6.00 - 23
SD 11.26 176.77  136.40 1.28 - 4.06

*number of procedure mean number of patients repeated the procedure
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Table 4.6 The factors affecting patient ESD in TOCE procedure

Factors affecting of ESD Mean + SD Range
Fluoroscopic time (min) 16.06+ 11.26 3.38-59.13
Number of frames(DSA) 200.19+176.77 75-1413
Number of procedures 2.24+1.28 1-6
Experience of radiologist (years) 3.8+4.1 1-23

4.6 The entrance surface dose (ESD) and’effective dose (ED) determined by DAP
method in TOCE procedures. (Table 4.7)

4. 6.1 The average.entrance surface dose (average ESD).

The average entranee surface dose (ESD) from DAP meter readout (Gycm?)
was 222.60 + 114.62 Gycmand the range was 22.58-537.43 Gycm?. The 3 Quartile
was 294.43 Gycm?.

The average entrance surface dose (ESD) measurement from dose area
product (DAP) meter with verification area film included the backscatter factors was
968.66+527.08 mGy, the range was 114.28-2865.74 mGy. The 3" Quartile was
1263.9 mGy. -4

4.6.2 The average effective dose (EI3:)'.'

The effective doses, ED were evaluated by the equation:
ED = YrWrHr
Where, Wr is the tissue weighting factor (ICRP 103)
Hr-=Br:Wr

Where Dy : Organ dose = 0.01 (ICRP 103),
Wgr . Radiation weighting factor = 1 for x=ray

The average effective dose (ED) was 9.7 +5.27 mSv and therange was 1.11-
23.66 mSv. The 3" Quartile was 17.69 mSv.

The average ESD and average ED were shown in table 4.9
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Table 4.7 The entrance surface dose (ESD) and effective dose (ED) determined by
DAP method in TOCE procedure.

Case DAP meter Corrected DAP* ESD** ED
number  readout values (Gycm?) (mGy) (mSv)
(Gycm?) DAP (Gycm?®) x BSF x  DAP (mGycm?)/Ena
TF (%) (cm?) x BSF x TF (%)
1 247.37 321.23 803.08 8.03
2 73.24 95.10 205.85 2.06
3 296.47 384.99 874.98 8.75
4 296.28 384.75 961.87 9.62
5 40.73 52.89 172.84 1.73
6 188.94 245.35 613.38 6.13
7 110.94 144406 389.36 3.89
8 367.20 476.84 1149.01 11.49
9 537.43 697.89 2365.74 23.66
10 120.26 156117 332.28 3.32
11 188.46 244 3 1182.29 11.82
12 223.78 290.60° 1068.38 10.68
13 162.95 211.60 717.30 7.17
14 142.08 184.50 % 663.68 6.64
15 135.97 176.57 573.29 5.73
16 252.21 2735 889.98 8.90
17 231.63 300.79 919.85 9.20
18 215.59 279.96 ) 1171.40 11.71
19 220.02 285.72 936.77 9.37
20 388.37 504,329 2017.30 20.17
21 32.58 42.31 171.99 1.72
22 32.56 42.29 111.28 1.11
23 196.75 255.49 594.16 5.94
24 229.53 298.06 726.97 7.27
25 458.59 595.52 1815.60 18.16
26 302:09 392:29 1569.16 15.69
27 22.58 29.32 127.47 1.27
28 288.05 374.06 1294.32 12.94
29 245.67 319.02 883.71 8.84
30 29444 382.35 1323.01 13.23
31 228.21 296.35 1025.42 10.25
32 207.33 269.23 1196.58 11.97
33 117.36 152.39 527.32 5.27
34 223.36 290.05 1160.18 11.60
35 368.84 478.96 1915.85 19.16
36 101.78 132.17 457.33 4.57
37 160.77 208.77 722.37 7.22
38 188.71 245.05 847.93 8.48
39 144.97 188.25 651.38 6.51

40 295.04 383.14 1325.73 13.26
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Table 4.7 The entrance surface dose (ESD) and effective dose (ED) determined by
DAP method in TOCE procedure. (Continue)

Case DAP meter  Corrected DAP* ESD** ED

number readout (Gycm?) (MmGy) (mSv)
values DAP (mGycm®) x  DAP (mGycm®)/Ea
(Gycm?) BSF x TF (%)  (cm?) x BSF x TF (%)

41 393.75 511.32 1769.28 17.69
42 277.90 360.87 1248.69 12.49
43 137.90 179.07 619.62 6.20
44 117.84 19812 529.49 5.29
45 103.56 134.438 465.33 4.65
46 199.32 258.83 895.59 8.96
a7 429.27 55744 1928.85 19.29
48 75.99 98.67 341.43 3.41
49 304.58 395.52 1368.56 13.69
50 200.61 260351 901.40 9.01
51 114.79 149.06 515.78 5.16
52 401.04 52019 1802.02 18.02
53 283.05 367.56 1271.85 12.72
54 281.29 3652 4 1263.93 12.64
55 195.74 254.19 879.55 8.80
56 87.94 114208 395.14 3.95
57 116.20 150.90 522.15 5.22
58 479.89 623.18 / 2156.33 21.56
59 121.32 o5 545.14 5.45
60 233.97 303,855 = 1051.32 10.51
61 201.29 261.39 904.48 9.04
62 238:07 309.15 1069.71 10.70
63 120.16 156.04 539.94 5.40
64 303.78 394.49 1365.00 13.65
65 240.10 311.79 1078.84 10.79
66 303. 41 39440 1.364.69 13.65
67 473.50 614.88 2127.62 21.28
68 168.234 218.47 755.94 7.56
69 175.583 228.01 788.96 7.89
Average 222.60 289.07 969.90 9.70
Min 22.58 29.32 111.28 1.11
Max 537.43 697.89 2365.74 23.66
SD 114.62 148.85 527.08 5.27
3" Quartile 294.436 382.35 1263.9 17.69

*Corrected DAP (Gycm?), determined included back-scatter factor (BSF) and Table
attenuation factor (TF),

** Entrance surface dose, ESD (mGy), determined from verification exposure area
(Ea) included back-scatter factor (BSF) and Table attenuation factor (TF),
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4.7 The entrance surface dose (ESD) and the effective dose (ED) determined by
Unfors PSD methods in TOCE procedures. (Table 4.8)

4. 7.1 The peak entrance surface dose (peak ESD)
The average of peak ESD determined by Unfors PSD was 968.66 mGy at left
lobe of liver, the range was 175.18-3145.29 mGy, the middle lobe was 848.41mGy,

the range was 120.97-2877.66 mGy and the right lobe of liver was 572.14 mGy which
the range was 64.49-1631.73 mGy. (Figure 4.1)

The average of peak ESD from three points above the liver was
1004.2+565.11; the range was 192.62-3145.29 mGy. The 3™ Quartile was 1263.9
mGy as in Table 4.8.

4.7.2 The peak effectiverdose (Peak ED).

The effective doses, ED were evaluated by the equation: 3.4
ED = 3 Wy Hy
Where, Wr is the tissue aweighting factor a't_s-.l-<in (0.01) (1ICRP 103)
Hr is HT :DT._S;/S/_F;-
Where D+: Organ dose (skin) =0.0% (ICRP 103')

Wkg: Radiation weighting facter =1 for x-ray ..

The averagepeak ED determined by Unfors PSD was 9.68+ 5.50 mSv at left
lobe of liver, the range was 1.75-31.45 mSy, the middle lobe was 8.48 mSy, the range
was 1.20 -28.77 mSv and the skin dose at right lobe of tiver was 5.72 mSv which the
range was 6.4-16.31 mSv.{kigure 4.2)

The average*of-peak ED frem three points'above 'the liver was 10.04+5.65
mSv, the range Was 1.93-31.45 mSv,- The 3" Quartile was 13.83 mSy.

The summarize.of peak ESD and peak ED were shown intable 4.10.
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Table 4.8 The entrance surface dose (ESD) and effective dose (ED) determined by

Unfors PSD methods in TOCE procedures.

Case no Entrance surface dose, ESD (mGy) peak Effective
ESD dose ,
Left portion  Middle portion Right portion ~ (MGy)  ED (mSv)
of liver of liver of liver

1 1817.8 1155.39 1328.2 1817.82 18.18
2 263.15 250.46 197.36 263.15 2.63
3 1382.8 1226.41 427.99 1382.82 13.83
4 262.90 250.26 197.32 262.90 2.63
5 192.62 120.97 95.12 192.62 1.93
6 497.90 669.82 640.68 669.82 6.70
7 506.76 556.61 448.54 556.61 5.57
8 1432.5 881.56 1286.5 1432.52 14.33
9 1340.8 2164.24 TOO b 2164.24 21.64
10 427.04 38560 156:35 427.04 4.27
11 1322.4 886.39 274,44 1322.47 13.22
12 939.36 907.68 721.75 939.36 9.39
13 872.62 395.59 600.75 872.62 8.73
14 629.74 556.61 496.31 629.74 6.30
15 680.86 583.64 508.39 680.86 6.81
16 1384.1 1281,41 1005.1 1384.17 13.84
17 1285.3 1160:57 ¥788.91 1285.31 12.85
18 1563.4 111746 . 376.37 1563.45 15.63
19 1204.6 1020.78 1 746.35 1204.62 12.05
20 3145.2 28766 1551.1 3145.29 31.45
21 175.22 ¥77.26 ~200.62 200.62 2.01
22 175.18 177.21 200.58 200.58 2.01
23 767.89 597.21 385.82 767.89 7.68
24 789.50 674.70 495.73 789.50 7.89
25 2132.0 1470.21 1054.4 2132.09 21.32
26 1249.3 1237.02 1077.6 1249.39 12.49
27 968.80 468:02 227.40 968.80 9.69
28 1051.9 650.89 605.36 1051.95 10.52
29 784.96 648.51 593.29 784.96 7.85
30 13653 12417.56 924.09 1365.37 13.65
31 921.86 822.52 669.63 921..86 9.22
32 1044.4 625.15 305.99 1044.42 10.44
33 494.02 469.17 414.52 494.02 4,94
34 984.43 821.36 500.33 984.43 9.84
35 1666.4 1488.51 939.60 1666.45 16.66
36 429.51 401.74 308.56 429.51 4.30
37 706.00 720.40 448.06 720.40 7.20
38 1095.9 913.46 506.43 1095.90 10.96
39 502.86 463.02 309.38 502.86 5.03
40 1098.9 1482.84 792.68 1482.84 14.83
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Table 4.8 The entrance surface dose (ESD) and effective dose (ED) determined by
Unfors PSD methods in TOCE procedures. (Continue)

Case Entrance surface dose, ESD (mGy) Maximal Effective
no ESD* dose
Left Middle Right (mGy)  ED (mSv)
portion of portion portion
liver of liver of liver
41 1695.13 1809.26 1073.48 1809.26 18.09
42 1089.74 853.94 305.02 1089.74 10.90
43 532.17 466.77 229.84 532.17 5.32
44 376.85 330.51 223.91 376.85 3.77
45 438.47 326.59 64.49 438.47 4.38
46 536.42 783.34 480.76 783.34 7.83
47 1351.36 1255.04 940.71 1351.36 13.51
48 456.50 444,78 211.70 456.50 4.56
49 130078 1193.45 623.68 1300.78 13.01
50 588.71 1095:51 903.46 1095.51 10.96
51 439.30 421:99 4 334.61 439.30 4.39
52 1390:50 1331.36. 1034.24 1390.50 13.91
53 1358.57 1830.30 # 964.45 1358.57 13.59
54 1650:06 1256.104 399.25 1650.06 16.50
55 1289.56 8irh /14484 850125 1289.56 12.90
56 270.07 P3R5 A4 192.30 270.07 2.70
57 415.71 425,70 ., 337.14 425.70 4.26
58 1567.66 124656 " 688.52 1567.66 15.68
59 406.23 359.02 +5-194.12 406.23 4.06
60 885.80 529.15 403.70 885.80 8.86
61 453:20 201.08 231.29 453.20 4,53
62 1175.23 1072.72 807.19 1175.23 11.75
63 42848 327.54 229.67 428.48 4.28
64 1342.09 1393.90 506.92 1393.90 13.94
65 1464.66 1310.16 512.88 1464.66 14.65
66 1773.66 1613:32 1200.89 1773.66 17.74
67 1427.58 1106.64 500.25 1427.58 14.28
68 586.07 614.59 502.68 614.59 6.15
69 589.98 554.49 390.37 589.98 5.90
Average 968.66 848.41 572.14 1004.20 10.04
Min 175.18 120.97 64.49 192.62 1.93
Max 3145.29 2877.66 1631.73 3145.29 31.45
SD 550.66 513.48 355.43 565.11 5.65
3" Quartile 1351.36 1217.56 788.91 1382.82 13.83

*Maximum ESD measured by UNFORS PSD that the highest from three point at the
skin above the liver.



Table 4.9 The entrance surface dose (ESD) and effective dose (ED) determined by DAP methods.
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Entrance surface.dose , ESD(mGy)
DAP meter -

ESD, ED

Maximal ED (mSv)

readout values (Gycm?) DAP (Gyem) ESD (mGy)

Average 222.60 289,07 969.90 9.70
Min 22.58 29432 ' 111.28 1.11
Max 537.43 697.9 ' 2365.74 23.66
SD 114.62 148.85 { 527.08 5.27

3" Quartiles 294.44 38285 7 1263.9 17.69
Table 4.10 The entrance surface dose (ESD) and effective dose (ED) determ;];ﬂ-ad_j_by Unfors PSD methods.
ESD, ED Entrance surface dose, ESD (mGy) Maximal ESD dose Maximal ED
Left portion of liver _ Middle portion of liver _ Right portion of liver (mGy) (mSv)

Average 968.66 848.41 572714 1004.20 10.04
Min 175.18 120.97 64.49 192.62 1.93
Max 3145.29 2877 66 163173 3145.29 31.45
SD 550.66 513.48 355.43 565.11 5.65

3" Quartiles 1351.36 1217:56 788.91 1382.82 13.83

517
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4.8 The entrance surface dose and the effective dose from fluoroscopic and the Digital
Subtraction Angiography DSA (Table 4.11)

Table 4.11 The entrance surface dose from fluoroscopic time and the Digital
Subtraction Angiography DSA.

Fluoroscopic Digital subtraction angiography DSA

ESD(mGy) ED (mSv) ESD(mGy) ED (mSv)
Maximum*  321.06 3.21 501.78 5.01
Average**  221.59 221 [/ /4 43052 4.30

i

* Maximum, determined by-Unfors PSD
** Average, determined by DAP fethods

4.9 The Complexity index:™ - .1
The complexit/ of each progedure from sixty-nine cases was recorded

by the interventional y&ﬁbgist. 'The*_géta of complexity index was shown in
APPENDIX E. £l '5 4

4.10 The correlation betwej( q\?e_rag(g ESlj:-gng peak ESD.

The correlation between -the ave?a@g_patient entrance surface dose (ESD)
determined by DAP meter 5nd{thé-peak entrance surface dose determined by Unfors

PSD of TOCE procedure is displa_y?d in fig@f4.3.
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Figure 4.3 The correlation between the average doses determined by DAP meter and
peak skin dose determined by Unfors PSD from 69 cases in TOCE procedure.
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4.11 The relation between entrance surface dose and the affecting factors in TOCE
procedure.

The scatter diagrams show the relation between the average entrance surface
dose and the fluoroscopic time as in figure 4.4 the relation between DAP, Gycm?, and
fluoroscopic time in minute is shown in figure 4.5.

4.11.1 The relation between the peak ESD determined by Unfors PSD and
fluoroscopic time.

Relation between ESD and fluoroscopic time
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Figure 4.5 The relation between the average DAP and fluoroscopic time in minute.
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4.11.3 The relation between the peak ESD determined by Unfors PSD and the

number of frames.
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Figure 4.7 The relation between the average DAP and number of frames.
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4.11.5 The relation between the peak ESD determined by Unfors PSD (mGy)
and the patient BMI (kg/m?)

Relation between peak ESD and patient BMI
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Figure 4.9 The relation between the average DAP and the patient BMI.
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4.11.7 The relation between the peak ESD determined by Unfors PSD (mGy)
and the experience of interventional radiologist.
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Figure4.11 The relation between the average DAP and the experience of
interventional radiologist.



CHAPTER V

DISCUSSION AND CONCLUSION

5.1 Discussion
5.1.1 Performance of digital flat-panel system.

From the dose assessment of digital flat-panel system, the low mode can
reduce the ESAK of 79.4 % of the same field size as compare with normal mode and
81.9 % as compare with high mode, otherwise, the dose increase only 11.8% as
compare between normal mode and high mogde.

The magnifications.of each field size'increase radiation dose as 16.11% in low
mode, 15.01% in normal'mode and 13.99% in high mode. Thus, low mode should be
selected for small size patient with.optimized parameters to reduce the radiation dose.

The automatic brightness: contral test (ABC), the field size assessment and
maximum dose rate assessmentvvere within acceptable limit

The table attenuation factor was 5.9 % and the HVL was 6.2 mmAl at 80 kV,
the value was used to determine the entrance surface dose.

5.1.2 The patients

The patient who received the highest entrance surface dose (ESD) at 3.14 Gy
was a 62 year old female. This procedure was her fourth time with TOCE procedure
without success as the high complexity index as the previous time. The X-per CT
procedure was performed to identify the selected vascular.

In this study, the accumulative fluoroscopic time-was 59 minutes. The number
of frames using for DSA were 134 frames and 244 frames for X-per CT resulting in
378 frames in total. The average ESD was 2.37 Gy and the maximum ESD was 3.14
Gy, thus, the .complexity.-index and.the-fluoroscopic time.are the major factors
affecting the patients ESD. (What about number of frames as mentioned?)

During the procedure to identify the selected vascular supply tumor, the X-per
CT was used in two patients which increasing the surface ‘doses The radiation dose
increases, because; ‘the 'detector “rotates” around” the ‘patient*body and exposed
radiography. The exposure was 60 frames per second. The filters used were;

= Selected Exposure Pre Filter 9.00mmCu+0.00 mmAl
= Selected Fluo Pre Filter 0.40 mmCu+1.00 mmAl

Three from sixty-nine patients received repeated studies. The accumulated
dose should be determined to ensure that the ESD does not exceed the threshold level
for skin injury (Table 5.1).The dose rate from TOCE procedure was 13.86
Gycm?/min.
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Table 5.1 The ESD of the patients with repeated TOCE procedure

No  Study Date Flu ESD (mGy) ED (mSv)
number d/mly time Peak Average Peak Average

(min) (PSD) (DAP) (PSD) (DAP)

1st 14/8/2009  10.52 968.8 127.47 9.69 1.27

1 2nd 9/10/2009  13.15 1300.78  1368.56 13.01 13.69
Total 23.67  2269.58  1496.03 22.70 14.96

1st 21/8/2009  14.08 494.02 527.32 4,94 5.27

2 2nd 2/10/2009  8.27 582417 619.62 5.32 6.20
Total 283 102619 1146.94 10.26 11.47

1st 6/10/20094.52 376.85 529.49 3.77 5.29

3 2nd 16/11/2009~ 1148 406.23 545.14 4.06 5.45
Total 16 783.08 1074.63 7.83 10.74

5.1.3 The ESD.detepmined by DAP;_meter.

The determination of the average entrance surface dose (ESD) by DAP meter
during TOCE procedure the'average DAP readout was 222.6Gycm? the range was
22.58-537.43 Gycm?, the 3'Jguartile was 294. 43 Gyem® The average ESD determined
by DAP meter included the back-scatter factor was 969.90mGy with the range of
111.28-2365.74 mGy and the 3% quartile. was 1263.9 mGy .The ESD is the
accumulation of irradiated skin dose where the.average dose could be obtained. The
accuracy on the skin exposed area is limited as the FOV and the tube angulations are
variable during TOCE procedure: -

In this study, four from Sixty-nine patients received the skin dose exceed the
threshold level for skin injury. The results were compared with other 11 studies as
shown in table 5.2. Qur study shows the second highest fluoroscopic time of 59.1
minute while the DAP was the 5" of 537.4 Gy.cm’. The average DAP was 222.6
Gy.cm? which was,second highest after Svetlana S. study.of 233 Gycm?. The average
fluoroscopic time was 16 minUtes  which was ‘the 4" shartest from all study. The
therapeutic typeiof TOCE study resulted in the highest entrance surface dose (ESD).

The results-were compared with/the DAP readouts| between digital flat-panel
and conyentional ‘system from TOCE “procedures at ‘interventional~radiology unit,
King Chulalongkorn Memorial Hospital [18] and other institutes. Our study shows the
range of fluoroscopic time and DAP meter readouts from TOCE procedures during
digital flat-panel system of 3.38-59.1 minutes and 22.5-537.5 Gycm?,and from Image
intensifier system the range was 2.40-48 minutes , DAP readouts was 24.3-381.6
Gycm? . The maximal skin dose was higher in Philips FD 20 of digital flat-panel
detector than with Siemens Polytar of conventional system as the result of R.Ruiz-
Crucess.et al, [19] as in Table 5.2. Although, the result showed that the Flat-panel
cannot reduce the radiation dose when compare the conventional system, there were
many parameters such as the acquisition mode, dose rate, FOV, the exposure
technique, the complexity, that affected the result.



Table 5.2 Comparison of DAP readouts with other studies during TOCE procedure.

Author Year  Country Detector Type Nowof _ Fluoroscopic time (min) DAP (Gy.cm?)
system patients Mean Range Mean Range or upper
limit
Kumkrue et al,[18] 2004  Thailand i Therapeutic 21 NA 2.4-48 NA 24.3-381.6
This study 2010  Thailand FED Thepapeutic 69 16.0 3.38-59.1  222+114 22.5-537.4
S Suzuki et al,[15] 2005 Japan FPD Bbth— = \ 25 17.9 NA 73 36.9-133.3
R.Ruiz-Crucess.et al,[19] 1997 Spain f Both—+ 9 15.2+5.11 NA 73.6+17.6 97.89-47.46
FPD Both 10 9.845.35 NA 88.3+17.3 51.23-93.80
B Sapiin et al,[20] 2004  Malaysia NA Diagnostic “% 6 29.7+4.6  19.6-45.9 127 30.0-237.9
NA Therapeutic—* “7 17.2+12 4.3-53.2 88 49.3-125.5
Williams J R [21] 1997  Malaysia NA Diagnostic, ./ 41 NA NA 97.9 297.4
NA  FTherapeutic. =27 NA NA 105 NA
BJMc et al, [22] 1998 Saudi I Diagnostic——"( 12.1 3.6-41.8 136 17.6-267
Arabia I Therapeutic-'+/<-16 18.4 6.6-58.8 168 42-609
BOR D et al, [23] 2004 Turkey 1 Diagnostic 5 3.2 1-4.7 52 3-167
il Therapeutic 14 77 1.8-13 77 16.6-240
Svetlana S et al [24] 2010 Russia FRD Diagnostic 49 2+2.1 0.2-9.8 106+88 11-335
FPD  Therapeutic 44 14.8+16.2 0.2-9.8 2334221 16-855
E. Papageorgiou et al, [25] 2010 Greece FPD Therapeutic 25 10.5+8.4 1.3-29.4 136+83 15-341
EliseoVano et al, [26] 2009 Spain NA Therapeutic 151 19.8+11 2.8-80 216+176 27.4-830

I1; Image intensifier detector (Conventional system), FPD; Flat-panel detector system

vS
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5.1.4 The ESD determined by Unfors PSD

The determination of patient entrance surface dose (ESD) by solid state
detectors Unfors PSD during TOCE procedure from digital flat-panel system, (Philips
Allura FD 20) the maximum of peak skin dose from three points above the liver was
1004.2; the range was 192.62-3145.29 mGy. The left portion of liver, the peak skin
dose was 968.66mGy, the range was 175.18 - 3145.29 mGy, the right portion of liver,
the peak skin dose was 572.14mGy the range was 64.49 - 1631.73 mGy and the
middle portion of liver, the peak skin dose was 848.41mGy the range was 120.97 -
2877.66 mGy. From this study the left lobe of the liver received the dose higher than
the middle and right lobe of the liver. The left received 42 %, the middle lobe 35 %
and the right 24 %. The highest dose resulis in the superimpose of the spine and the
abdominal aorta which is the area to identify the selected vascular supply tumor.
Therefore, the high density organ affected the-radiation dose to the skin. In this study
3 from 69 patients received the ESD exceed the-threshold for skin injury.

5.1.5 The effective dose (ED)

The effective dose at.the skin.over the liver was calculated by applying the
tissue weighting factor from LCRP 103 as shown in APPENDIX A. The conversion
factors for the effective dose@nd the DAP was 0.043 mSv.Gy*cm™.

The solid states dosemeter “is” most suitable for entrance surface dose
measurement for its small size .of detector, easily use and there was no need to
estimate the surface area exposed .as-in DAP method. As DAP meter shows all
exposures readout, some exposure is sometimes not at the target organ. Furthermore,
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, solid state detector
could identify the result in-limitéd area because of the.small size of detector. Thus, the
radiochromic film (Gafchromic film) should be added inta this procedure to confirm
the peak skin dose the/patient received.

5.1.6 The relatienship between DAP method and-solid state detectors.

The result shows) the dinear: correlation, between the estimated dose
from DAP meter and the peak skin.dase from Unfors PSD with good correlation of
r=0.82. The peak skin dose is higher.than the estimated dose from DAP meter. As the
DAP is.the cumulative.dose from, every, exposure-to.parts of.the-patient, so the dose
could e estimated ‘fram the average radiation areas, while PSD measured at three
points on the real exposed skin. Both results compliment to each other and benefit the
patient, especially the maximum exceeds the threshold level of skin injury. Table 5.5
shows the Pearson correlation coefficient (r) between the peak ESD (Unfors PSD),
average ESD and factors affecting in TOCE procedure.
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The relationship, between the patients ESD (peak, average) and the
fluoroscopic time are 0.63 and 0.76, the relationship between the patient ESD (peak,
average) and the number of frames are 0.56 and 0.43, the relationship between the
patients ESD (peak, average) and the patient BMI are 0.39 and 0.48, the relationship
between the patients ESD (peak, average) and the experience of interventional
radiologist are 0.07 and 0.41 respectively. Thus, the patient BMI and the experience
of interventional radiologist are poor correlation.

Table 5.3 Pearson correlation coefficient (r) between the peak ESD (Unfors PSD),
average ESD (DAP) and factors affecting in TOCE procedure

Influenced Pearson correlation coefficient (r) Range for true
Peak ESD* Average' 58D 95%CI  population mean

Fluoroscopic

time (min) 0.76 0.63 + 2.66 13.04-18.72
Number of

frames (frames) 0.56 0.43 +22.32  158.49-203.13
Patient BMI

(kg/m?) 0.89 10.48 +1.03 22.1-24.16
Experience of :

interventional 007 0.41 +0.96 2.85-4.77

radiologist(years)

*Peak ESD determined by Unfors PSD
**Average ESD determined by DAP meter

5.2 Conclusions

Among sixty=nine patients, the average effective dose at the skin over the liver
during TOCE for Hepatocellular Carcinoma (HCC) using a new angiographic unit with a
digital flat-panel system as determined by DAP meter and PSD methods were 6.96 and
10.04 mSv respectively: The third quartile of the effective dose represents the dose
reference level (DRL) for TOCE studied at King Chulalongkorn Memorial Hospital
was 12.63 and-13:82 mSv:+. Seventeen, patients received-the-entrance surface dose
exceeding the DRL.«Two from sixty-nine patients received| the entrance surface dose
exceeding the threshold for radiation skin injuries determined by PSD and DAP
methods.. The follow-up patients aré recommended:

The relationship between the effective doSe determined by PSD Unfors and
the dose area product (DAP) methods is good correlation of r = 0.82., while the
relation between ESD and fluoroscopic time is 0.76 (PSD) and 0.63 (DAP). Even
though the correlation between the peak ESD and radiologist experience was 0.07 as
in figure 4.10, the peak ESD was highest examined by the radiologist of 3 year
experience and become low with high experience radiologist of 23 years. This also
confirms by the DAP data in figure 4.11. The conversion factors for the effective dose
and the DAP was 0.043 mSv.Gy‘cm™.
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5.3 Recommendations

The serious radiation skin injuries to patients caused by interventional
procedures should be avoided. Acute radiation doses to patients cause erythema at 2
Gy, temporary epilation at 3 Gy, permanent epilation at 7 Gy, and dermal necrosis at
18 Gy [17]. Methods of reducing skin doses include the followings:

Limiting the number of acquired images, fluoroscopy time, and dose rate;

= Increasing tube potential and tube filtration

= Minimizing the distance between the image intensifier and the patient

= Maximizing the distance between the X-ray tube and the patient

= Collimating the radiation field as much as possible

= Using pulsed fluoroscopy and last image hold.

= |n addition, different beam Incidences should be considered if the procedure is
unexpectedly prolonged.[25]

In this study, the awareness of the interventional radiologist of patient dose,
optimize the clinical procedurés and the dose settings of the x-ray units in this
specialty are recommended.

The radiologists arg'reecommended. for the awareness the radiation skin injury
to patients caused by the TOCE ‘procedure. The ESD should be recorded in every
studies and the ED could/be determined using the conversion factor apply to DAP
values when the PSD is ot available.
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Table I. Wt — new recommendations from Impact of the new ICRP recommendations

on external radiation protection dosimetry

ORGAN ICRP26 ICRP60 ICRP103
Gonads 0.25 0.20 0.08
Bone marrow (red) 0.12 0.12 0.12
Lung 0.12 0.12 0.12
Breast ’,ﬂ/ .05 0.12
Thyroid / )& 0.04
Bone surfaces / 0.01
Remainder 0.12
Colon 0.12
Stomach 0.12
Bladder 0.04
Liver 0.04
Oesophagus LA 0.04
Skin 3 0.01
Salivary glands o Y - 0.01
s AUYINYNTNYING oo
L 1|

RN TUNAINY A Y
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APPENDIX B

Case Record Form

TABLE |1 Clinical data collection sheet for TOCE procedure in vascular and
intervention radiology unit

Clinical data collection sheet for TOCE procedure in vascular and intervention radiology unit

Facility identification

Equipment ID

Initial DAP setting

Initial cumulative fluoroscopy time

Date

Patient Study Number

height

weight

gender

Age

Portal film in place?

PSD in place

Start time

Fluoroscopy mode

End time

DAP readout at end

Cumulative fluoroscopy tirme at end

Number of frame

Frame rate

Kvp

mA

FOV

Filter

Dose from PSD
1. Right lobe
2. Left lobe
3. Middle lobe

Calculated patient skin dose

Data Collection
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TABLE Il Clinical Data Collection for TOCE Procedure

i)
—

Age | Gender | DATE Pt Dose from | dost
(M/F) BMI PSD (Gy

kVp | mA | Flu mode Frame FOV | Filter
rate/no of
frame

e
o

O O N O 01| | WIN| -

— (o,
£

b
]
p |
g
al)
o
EZ‘)
9..‘1
e
I
al)
o
|,
e

G9



TABLE IV Complexity index of TOCE procedure
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Complexity index of TOCE procedure

Pt No.

Date (D/M/Y)

Age : M/F

Wi(kg) : Ht(cm)

Cooperation/Breath hold/Movement (y/n)

Disease TYPE A-E

Procedure Elective/Emergency

No. of tumor

No. of bleeder 3

Tumor Diameter(cm)

Hepatic segment(s) segment 1 io 8

Angulations <45/45-90/>90 \

Branching ey
0:no side branch 1: bifur€ation 2 itrifurcation

Tortuosity ; v
mild 0-1curves moderate 2-8 severe :more
than 3 wy 234

Invasion (0-3) s
O:normal  1:2™ tributary *2:1¥tributary - 3: 4
main T

.

Portal vein : AP shunt - (y/n)

No of catheter used| =

Conventional/Micro = -

No of guide wire used.

Embolic material

Anticancer drug

Complication during procedure

Operators Experience in interventional, yrs.

visual

Total index
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APPENDIX C

Patient Information Sheet
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EQUIPMENT PERFO FOR
Hospital King Chulale e'o‘,ﬂ__,- ra
X-ray unit Philips AlluraXperFD 1‘\
Room Vascular and i ‘juu. Radiology Uni
Report umber 1 * LI nWe
Date 21 Mar 2009 /| ' N
Test performed by Pimnuttha Sit Jj'm .

Single plane

Rotating Anode, Pulse Fluoroscopy 3.75, 7.5, 15/30/p/s
Small focal spot: 0.4 Large focal spot: 0.7
Anode heat storage capacity 2.4 MHU
Filter ImmAl, .0.2, 0.5, 1.0 mmCu
Rectangular Collimator

Cesium lodine Scintilator use Amorphous silicon array max 3cm
Carbon fiber table minimum height adjust 28 cm minimum weight 225 kg
Table at 0 position, minimum distance from Foﬁ to tablé' 52:cm and table t6.’

anufctre Jauary 2008 21k ] EJ NINEQ3
AR ANNINRING

Image intensifier

A . _ 3
lonization chamker Focus-intensifier distance (em):

X-ray tube

0.
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DOSE ASSESSMENT
Focus —flat-panel detector (cm) set Measure Error
90-120 87-117 3.3%
Patient dose measurement: Focus-Patient Dist /0 cm
Entrance Il dose measurement: Focus-lon ch. Dist 3l /cm
]
Mode Submode/ Pulse rate Automatie Field | KV | ‘mA Added (Patient Patient Phantom
Image (pulses/s) added size, Filtration entrance entrance
quality filtration (em) / (mm Cu) surface air surface air
(mmCu) oyl kerma) kerma at 70
. Copper filter cm
- entrance air (including
22 kerma (uGy/s) | backscatter)
£} e (nGy/s)
Flu 1 low 15/s 2% 48 | 70 | 3.4 35.57 49.798 Cu
P 42 #2——3.9 53.18 74.452
37 73 e . 63.46 88.844
o RpR——r 0 58.83 82.362
27 75 | 5.1 70.42 98.588
22 77 1 5.9 88.78 124.292
19 79 .| 6.6 104.6 146.44
15 81 | 7.3 128.9 180.46

L.
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DOSE ASSESSMENT
Mode Submode/ Pulse rate Automatic Field | kV=mA Added (Patient Patient Phantom
Image (pulses/s) added size Y Filtration entrance entrance
quality filtration (Cim) (mm Cu) surface air surface air
(mmCu) |, kerma) kerma at 70
/ \ Copper filter cm
v entrance air | (including
/’ ; . kerma backscatter)
5 (ol 4 (1Gy/s) (1Gy/s)
Flu 2 15/s W 18 viv07 | 8.1 207.4 290.36 Cu
y 42,7 169,1491 248.0 347.2
r 37..1.69,[94 268.0 375.2
J  aC R 1012 303.7 425.18
V| AT T O 346.6 485.24
227 1 A 4 439.2 614.88
: 19T 767 13.4 491.8 688.52
= 15 80 _+ 151 = 623.0 872.2
Flu 3 30/s w2 48 69 | 8.3 ! 237.2 332.08 Cu
Il 42 70 | 9.3 284.0 397.6
. 37 71 | 102 | 306.1 428.54
31 7204 11.0 346.3 484.82
27 74y 111.8 399.9 559.86
22 76| 13.1 483.6 677.04
19 78 | 144 564.5 790.3
15 820171479 685.3 959.42

cl
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Mode Submode/ Pulse rate Added (Patient Patient Phantom
Image (pulses/s) | Filtration entrance entrance
quality N \ (mm Cu) surface air surface air

_ N kerma) kerma at 70
- \ Copper filter cm
entrance air (including
kerma backscatter)
(uGy/s)
Single shot 28.28 39.592 Cu
Abdomen 13.19 18.466
Flu 1 15.58 21.812
18.18 25.452
23.32 32.648
31.22 43.708
44.41 62.174
52.38 73.332
Flu 2 9.08 12.712 Cu

AUEINENINYINT

AMIANIUNNIINYIAY
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/
Percent increases-dose ( -size (cm)

(Patient entrance surface air kerma
Copper filter entrance air kerma
(nGy’s) =
se incfeases 2 Dose increases % (1/3) | Dose increases % (2/3)
(Fka&- '” 2) (Flul, Flu 3) (Flu2, Flu 3)
Field size FLU2 FLU2 FLU3 Terred
(cm) :
48 35.57 207.4 237.2 85.00 12.56
42 53.18 248 284 81.27 12.68
37 63.46 268 306.1 79.27 12.45
31 58.83 303.7 34@ 83.01 12.30
27 70.42 346.6 39 _ 82.39 13.33
22 88.78 439.2 483.6~ | 81.64 9.18
19 104.6 491.8 564.5- 81.47 12.88
15 128.9 623 685.3 « 79 3lgu 81.19 9.09

ﬂUﬂ’mEm‘ﬁWEﬂﬂi
’Q‘W’mﬂﬂim UAIINYA Y

v.
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TROL TEST

l\\
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FID 100 cm / :
/ ..\.\
Mode | Submode/ Pulse rate | Automatic.added ? - ~"?‘=§ - Dose rate kV mA Phantom
Image quality (pulses/s) f||trat| \\ /s)
Flu 2 Normal mode 15 0.4+ dﬂﬁ@ ’\\\\\ 77 13,5 3mmCu
15 ] . ; n\\ 71 10.1 2 mm Cu
15 = 63 5.1 1 mm Cu

*Only one mode and field size is checked (about :*&;:::7

ﬂUEJ’J‘VIEWl‘iWEJ’lﬂi
Q‘imﬂﬂﬂ‘ml UA1AINYAY

G/



SID 100 cm 3.2 mmaAl

MAXIMUM DWV}/}SESSMENT

Chamber to focus distance 60 crﬂ'\._

76

Mode Submode/ Pulse rate mA Doserate Phantom

Image quality (pulses/s) (mGyl/s)

Flul low 15/s 8.2 0.569 Pb 1.5
8.3 0.535
8.5 0.602
8.9 0.746
9.4 0.974
9.1 1.066
9.1 1.110
9.1 1.110

Flu 2 normal 15/s 12.0 1.563 Pb 1.5
11.5 1.622
11.0 1.698
10.1 2.088
. 10.1 2.158
' AR AR 22 add 0 10.1 2.185
r ) 119 V[l 1200 10.1 | 2.202
q ) - 15 | 1200 10 1] 2203

QRININTNS

BIANYIAY

9.



SID 100 cm 3.2 mmaAl

MAXIMUM DOSERATE ASSESSMENT

Chamber to focus distance 60 cm

77

w
Mode Submode/ Pulse rate Automaiic Field size kV mA Doserate Phantom
Image quality (pulses/s) wsa0ded | (cm) (mGyl/s)
filtration \
(mmCu) |
Flu 3 normal 15/s /’ 2 :4'8 106.0 110! 1788 |Pbl15
\42 113.0 10.6 1.908
r . 37 120.0 10.1] 2.125
34 4 120.0 10.1 2.148
r 21, 120.0 10.1 2.165
, 22 . | 1200 10.1| 2.195
: 9= 120.0 10.3| 2.172
A 15 | 1200 10.3] 2.207
Flu 1l normal 15/s \ 2 48 1207 8.8 1.066 Pb 2
= 42 2071 89| 1.069
37 120~ 9.0 1.092
o 120 9.0 1.107
27 120 9.1 1.113
22 120 9.1 1.108
19 120 9.1 1.126
15 120 9.1 -

**Measure dose rate for all modes and FOVs, dosimeter on the table and table at theslowest position.Absorber: 2 mm of lead on the image

intensifier (or equivalent attenuation with a Toided lead-apron)

VA



SID 100 cm, Focus to Table 52 cm, Table to FD 48 c/

78

Mode Submode/ Field size iz
Image quality (cm - AC
N E
Flu 2 15/s 48 '.ufa;z.
42 T
37 K/ -%
i P
27 = ';-"'.l:ﬁf,-}__# 2
15

=
Vertical size Measure % dev
(cm)

28.9 47.2 1.67

28.0 40.17 4.4

25.4 35.99 2.7

22.5 31.19 0.6

18.50 26.23 2.8

) 15.30 21.7 1.32
13.00 18.45 2.86

i 10.90 15.41 2.7

* make measurements of field size for all th@vuﬂ ﬁgmiﬁin %Jw EJ ’] ﬂ ‘j

AN TUNNINGA Y
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IMAGE QUALITY ASSESSMENT

79

Resolution should be assesed in the usual illumination conditions and from the operator's position. Leeds Test placed on Image flat-panel
detector entrance surface with grid. High contrast resolution should have strip-paitern at about 45° in respect to raster lines (no absorbers; kv: 40-
60).All modes (fluoroscopy and image acquisition) and image qualities a_rld FOWVS.

Monitor Focus-Flat-panel detector 100°cm
Mode Submode/ Focus Automatic Figld size KV mA | (Group) Live image low contrast
Image quality F/L added filtration : High contrast resolution , % contrast
< Ip/mm
Flu Flu 2 L 0.0 48 610 4\ 8.3 6.5 0.80 0.032

FD 4.8 42 1610. | .39 6.5 1.0 0.039
37 628" 41 9.0 1.3 0.032
<y 62.@’4’?& 4.6 9.0 1.3 0.032
27 630 51 11.0 1.6 0.039
22 gl 65.0_:1;__5.8 14.0 2.2 0.035
19 65.0 O/ 15.0 2.5 0.039

\[Zr0 15 66.0 6.8 |1.A5.0 2.5
Flu Flu 2 S 0.0 48 85.0 30 1 50 0.8 0.052

FD 4.8 - 42 85.0 2.0 7.0 1.00 0.022
37 85.0 2.0 9.0 1.25 0.017
31 85.0 2.0 12,0 1.80 0.017
27 85.0 3.0 14.0 2.24 0.017
22 85.0 4.0 14.0 2.24 0.017
19 85.0 4.0 14.0 2.24 0.017
15 85.0 4.0 16.0 2.8

6.



80

& Seriest

Expon. (Series1)

Al Submode/ Doserate
attenuator | Image quality | (mGy/min)
(mm)
0.0
22.93
3
15.88
4 >
13.96 TS
6 y=2251"" B 4
11.05
8
8.89 : : : ,
10 6.0 8.0 10.0
7.23

12.0

‘a W
Make measurement in fluoroscopy mode; ad@tuﬂogcmﬂngo“ﬂln g to 80 kV

AMIANIUNNIINYIAY

08
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AR
Mode Submode/Image Quality 7/' at Table attenuation Absorber
/‘ v/min %
C-arm at 0° Normal 19 £
- 5.9 2 mmCu
C-arm at 90° Normal I ‘ |

Measurement of dose rate in fluoroscopy for the same mode a -—----‘;

ﬂUEJ’JVIEmﬁWEJ’Iﬂi
ammmmummmaﬂ
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APPENDIXE
COMPLEXITY INDEX IN TOCE PROCEDURES
Pt No. 1 2 S 4\ 5 6 7 8 9 10
Date (D/M/Y) 6/5/2009 | 6/5/2009 | 7/5/2009 12/5/2009 13/5/2009 14/5/2009 14/5/2009 | 19/5/2009 | 19/5/2009 20/5/2009
Age : M/F M/67 M/63 F/54 M/79 M/53 M/49 M/55 M/53 M/60 M/40
Wi(kg) : Ht(cm) 74/169 70/170 66/151, 72/1663 #j) Y\ '43/156 68/168 43/160 69/168 75/160 78/168
Cooperation/Breath hold/Movement (y/n) no no no fo no no no no no no
Disease TYPE A-E HCC HCC HEC HEC AASC HCC HCC HCC HCC HCC
Procedure Elective/Emergency Elective Elective Elective Elective Elective Elective Elective Elective Elective Elective
No. of tumor 1 1 10 >10
No. of bleeder 0 0 0 0
Tumor Diameter(cm) 8cm 6 cm 1-7 cm 1-8cm
Hepatic segment(s) segment 1 to 8 seg 7,8 seg 5,6,7,8 both both lobe
Angulations <45/45-90/>90 45-90 45-90 45-90 45-90 45-90 >90 >90 >90 45-90 <90
Branching
0:no side branch 1: bifurcation 2 :trifurcation 2 2 2 2 =2 2 1 2 2 2
Tortuosity
mild 0-1 curves moderate 2-3 severe :
more than 3 mild mild mild mild mild mild moderate mild mild mild
Invasion (0-3)
O:normal  1:2" tributary 2:1% tributary
3: main 0 0 0 0 0 1 1 0 1
Portal vein : AP shunt  (y/n) no no no, no no ne yes no no no AV shunt
No of catheter used 1 1 1 1 1 1 1 3 3 2
Conventional/Micro micro4 micro4 micro4 micro4 micro4 no no micro micro conven
No of guide wire used 1 1 1 1 1 1 1 1 1 1
Embolic material Gelfoam Gelfoam Gelfoam Gelfoam Gelfoam Gelfoam Gelfoam Gelfoam Gelfoam
Anticancer drug MM@G,5FU | MMC5FU|, MMC,5FU | MMC,5FU /|| MMC,5FU MMC,5FU MMC,5FU | MMC,5FU | MMC,5FU MMC,5FU
Complication during procedure no no no no no no no no no no
Operators Experience in interventional, yrs. 3 3 3 15 3 3 3 23 3 1

8




COMPLEXITY INDEX IN TOCE PROCEDURES
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Pt No. 11 12 13 14 o 16 17 18 19 20
Date (D/M/Y) 20/5/2009 | 21/5/2009 | 21/5/2009{22/5/2009 | 25/5/2009 | 25/5/2009 | 26/5/2009 | 26/5/2009 | 27/5/2009 29/5/2009
Age : M/IF M/68 M/47 M/68 M/59 M/58 F/63 M/54 M/56 M/53 M/62
Wi(kg) : Ht(cm) 49/ 152 | 69/153 | 46.3/165 67/170 56/170 81.2/153.5 92/180 70/182 65/167 61/150
Cooperation/Breath hold/Movement (y/n) Y N Y Y e Y Y Y Y Y
Disease TYPE A-E HCC HCC HCC HCC HCC HCC HCC HCC HCC HCC
Procedure Elective/Emergency Elective | Elective | Elective Elective Elective Elective Elective Elective Elective Elective
No. of tumor 2 multiple ' 1 1 1 3 1
No. of bleeder no 0 no no no no no no
Tumor Diameter(cm) 1.5cm 2.Lm '\ lcm 1.5-4 cm. 2cm
Hepatic segment(s) segment 1 to 8 4 8(2,3) L 6 5 6,8 2
Angulations <45/45-90/>90 45-90 45-90 45-90 i >90 45-90 45-90 45-90 45-90 45-90
Branching
0:no side branch 1: bifurcation 2 :trifurcation 1 2 y) 2 1 2 1 1 1 2
Tortuosity
mild 0-1curves moderate 2-3 severe : :
more than 3 mild mild mild mild mild mild mild moderate severe
Invasion (0-3)
O:normal  1:2" tributary 2:1% tributary
3: main 0 0 0 0 0 0 0 0 0 0
Portal vein : AP shunt  (y/n) no no no no no no no no no no
No of catheter used 2 2 1 2 2 1 1 1 2 3
Conventional/Micro micro2 micro2 micro4 micro micro micro micro micro micro micro
No of guide wire used 2 2 1 1 1 1 1 1 1 2
Embolic material no no Gelfoam no no no no Gelfoam no Gelfoam
Anticancer drug MMC,5FU | MMC,5FU | MMC,5FU | MMC,5FU MMG,5FU MMC,5FU MMC,5FU | MMC,5FU | MMC,5FU MMC,5FU
Complication during procedure no no no no no no no no no no
Operators Experience in interventional, yrs. 3 3 3 3 3 3 3 15 3 3

€8



COMPLEXITY INDEX IN TOCE PROCEDURES
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Pt No. 21 22 23 24 F 26 27 28 29 30
Date (D/M/Y) 29/5/2009| 1/6/2009 | 8/6/2009 | 9/6/2009 | 10/6/2009 6/8/2009 14/8/2009 | 14/8/2009 | 17/8/2009 20/8/2009
Age : M/F M/70 M/49 M/68 M/59 M/65 M/51 F/59 F/66 M/54 M/78
Wt(kg) : Ht(cm) 37/156 41/173 87/173 74/165 61.6/162 65/165 58/152 59.9/163 65/170 61/170
Cooperation/Breath hold/Movement (y/n)
Disease TYPE A-E HCC HCC HCC HCC HCC HCC HCC HCC HCC HCC
Procedure Elective/Emergency Elective | Elective .4 Elective Elective Elective Elective Elective Elective Elective Elective
No. of tumor >10 2 2 it multiple 1 1 1 1
No. of bleeder no no no no no no no no no
Tumor Diameter(cm) multiple 1cm 1.5.cm ¥ A58n multiple 13X20 mm 10.3x10.5 cm
Hepatic segment(s) segment 1 to 8 2,8 6,7 7,8 4b RL 2 5,8 LL 6,7
Angulations <45/45-90/>90 45-90 45-90 45-90 45-90 145-90 >90 45-90 45-90 45-90 45-90
Branching
0:no side branch 1: bifurcation 2 :trifurcation 1 1 if 1 2 1 2 1 1 2
Tortuosity
mild 0-1 curves moderate 2-3 severe :
more than 3 mild mild mild moderate severe mild severe severe mild moderate
Invasion (0-3)
O:normal - 1:2" tributary 2:1% tributary
3: main 0 0 0 0 0 no 1 1 0 2
Portal vein : AP shunt  (y/n) no no no y y no no no no y
No of catheter used 1 3 1 2 2 2 1 1 1 1
Conventional/Micro no micro no ne micro micro micro micro micro micro
No of guide wire used 1 2 1 1 1 1 1 1 1 1
Embolic material Gelfoam | Gelfoam | Gelfoam no Gelfoam no Gelfoam Gelfoam Gelfoam Gelfoam
Anticancer drug MMC,5FU | MMC,5FU | MMC,5FU | MMC,5FU MMC;5FU MMC,5FU MMC,5FU | MMC,5FU | MMC,5FU MMC,5FU
Complication during procedure no. no no no no no no no no no
Operators Experience in interventional, yrs. 3 3 3 3 3 3 3 3 3 3

v8



COMPLEXITY INDEX IN TOCE PROCEDURES
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Pt No. 31 32 33 34 ' 36 37 38 39 40
Date (D/M/Y) 20/8/2009| 20/8/2009 | 21/8/2009 | 24/8/2009 | 24/8/2008 | 12/10/2009 | 7/8/2009 | 10/9/2009 | 14/9/2009 15/9/2009
Age : M/F M/53 F/72 M/52 M/52 M/54 F/66 M/78 M/66 M/70 M/65
Wt(kg) : Ht(cm) 79/180 57/145 53/156 44.5/165 73/168 51/150 53/170 70/158 70/174 72/175
Cooperation/Breath hold/Movement  (y/n) y
Disease TYPE A-E HCC HCC HCC HCC HCC HCC HCC HCC HCC HCC
Procedure Elective/Emergency Elective | Elective «|" Elegtive Elective Elective Elective Elective Elective Elective Elective
No. of tumor 1 5 1 1 1 2 1 3
No. of bleeder no no 2 feeder [/ 1 fedden |4 2 feeder no no no no
Tumor Diameter(cm) 1-5cm [14,6x11°cm| 8%x13:5x6:5, | 10.4x9.6.cm 3,2.5cm 8.9, 3.9 cm
Hepatic segment(s) segment 1 to 8 6 2,4,5,6 7.8 |2 6,7 S$558 7 58
Angulations <45/45-90/>90 45-90 45-90 45-90 45-90 14590 45-90 >90 45-90 45-90 45-90
Branching
0:no side branch 1: bifurcation 2 :trifurcation 1 2 1 Z 2,1 1 2 2 1 1
Tortuosity '
mild 0-1curves moderate 2-3 severe : I'=
more than 3 mild moderatey| moderate severe mild,mode mild severe severe severe mild
Invasion (0-3)
O:normal ~ 1:2" tributary 2:1% tributary
3: main normal | tributary | | normal normal normal normal normal normal normal normal
Portal vein : AP shunt  (y/n) no no no no no no yes no no no
No of catheter used 1 2 2 3 2 2 2 1 1 1
Conventional/Micro micro micro 2 micro micro micro micro micro micro micro no
No of guide wire used 1 2 1 1 1 1 1 1 1 1
Embolic material Gelfoam | Gelfoam | Gelfoam Gelfoam Gelfoam Gelfoam Gelfoam Gelfoam Gelfoam Gelfoam
Anticancer drug MMG,5FU 4.MMC,5FU |,MMC,5FU. |.-MMGC;5EU,, |, MMC,5FU MMG,5FU MMC,5FU | MMC,5FU | MMC,5FU MMC,5FU
Complication during procedure pain pain pain no no no no no no no
Operators Experience in interventional, yrs. 3 3 3 3 3 3 3 3 3 1

g8



COMPLEXITY INDEX IN TOCE PROCEDURES
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Pt No. 41 42 43 44 g 46 47 48 49 50
Date (D/M/Y) 20/8/2009 | 20/8/2009 | 21/8/2009 | 24/8/2009 24/8/2008 12/10/2009 7/8/2009 | 10/9/2009 | 14/9/2009 15/9/2009
Age : M/F M/53 M/72 M/52 M/52 M/54 M/66 M/78 M/66 M/70 M/65
Wit(kg) : Ht(cm) 79/180 57/145 53/156 44.5/165 73/168 51/150 53/170 70/158 70/174 72/175
Cooperation/Breath hold/Movement (y/n)
Disease TYPE A-E HCC HCC HeC HCC HCC HCC HCC HCC HCC HCC
Procedure Elective/Emergency Elective Elective Elective Elective- . |4 Elective Elective Elective Elective Elective Elective
No. of tumor 1 1 iy 1 2
No. of bleeder no no no no no no no no no no
Tumor Diameter(cm) 1.5¢cm 14cm | 12X10 cm lcm 1-2cm
Hepatic segment(s) segment 1 to 8 4 S4 It lobe 4 5
Angulations <45/45-90/>90 45-90 45-90 45-90 45-90 45-90 45-90 45-90 45-90 45-90
Branching
0:no side branch 1: bifurcation 2 :trifurcation 1 1 1 1 i 1 1 1 1 1
Tortuosity
mild 0-1curves moderate 2-3 severe : -
more than 3 moderate | moderate |, moderate mild mild mild mild mild mild mild
Invasion (0-3)
O:normal  1:2" tributary 2:1% tributary
3: main
Portal vein : AP shunt  (y/n) no no no no no no no no no no
No of catheter used 2 2 1 1 1 1 1 1 1 1
Conventional/Micro micro no no no no no no micro no micro
No of guide wire used 1 1 1 1 1 1 1 1 1 1
Embolic material Gelfoam | Gelfoam | Gelfoam Gelfoam Gelfoam Gelfoam Gelfoam Gelfoam Gelfoam Gelfoam
Anticancer drug MMC5FU.[-MMC,5FU | MME;5FU} MMC 5FU . MMC,5FU MME,5EU «f. MMC,5FU | MMC,5FU | MMC,5FU MMC,5FU
Complication during procedure no no no no no no no no no no
Operators Experience in interventional, yrs. 3 15 3 3 3 1 1 3 1 1
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Pt No. 51 52 53 54 o 56 57 58 59 60
Date (D/M/Y) 6/11/2009| 6/11/2009 | 6/11/2009 | 10/11/20009 | 11/11/2009 | 12/11/2009 |12/11/2009(13/11/2009|16/11/2009| 17/11/2009
Age : M/F M/38 M/54 M/38 F/76 F/56 M/61 M/55 M/78 M/46 M/76
Wi(kg) : Ht(cm) 55/167 62/165 55/16Z 45/145 64/167 64/177 52/169 55/158 56.7/170 61/164
Cooperation/Breath hold/Movement (y/n) no no
Disease TYPE A-E HCC HCC HEC HCC HOS HCC HCC HCC HCC HCC
Procedure Elective/Emergency Elective | Elective |« Elective Elective . | Elective | Elective/DIAG| Elective Elective Elective Elective
No. of tumor 3 ) 0 1 1 1 N3%18
No. of bleeder no no no no no no no
Tumor Diameter(cm) 0.771.8: 1/ 1,2.5 cn no 8.5x9.2cm| 10cm 11.8 A3EAE
Hepatic segment(s) segment 1 to 8 7 8 no 7 Rt. Lobe 4 rt lobe
Angulations <45/45-90/>90 45-90 45-90 45:90 90 ' 45-90 45-90 <45,45-90 45-90 >90
Branching
0:no side branch 1: bifurcation 2 :trifurcation 1 2 2 2 1 1 1 2 1 2
Tortuosity
mild 0-1curves moderate 2-3 severe : ;
more than 3 moderate | moderate™|, moderate severe moderate mild severe severe moderate severe
Invasion (0-3)
O:normal - 1:2" tributary 2:1% tributary
3: main
Portal vein : AP shunt  (y/n) no no no no no no no no no
No of catheter used 1 1 1 2 1 1 1 2 1 3
Conventional/Micro no micro micro micro2 micro no no micro no micro
No of guide wire used 1 1 1 1 1 1 1 1 1 1
Embolic material Gelfoam | Gelfoam | Gelfoam no Gelfoam no Gelfoam Gelfoam Gelfoam Gelfoam
Anticancer drug MMC,5FU_[ MMC,5FU | MMC,5FU | MMC,5FU MMC,5FU no MMC,5FU | MMC,5FU | MMC,5FU MMC,5FU
Complication during procedure no no no no no no no no no
Operators Experience in interventional, yrs. 1 3 3 3 3 3 3 15 3 15
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Pt No. 61 62 63 Ol 65 66 67 68 69
Date (D/M/Y) 17/11/2009 | 17/11/2009 | 48/11/2009 | 19/11/2009 | 20/11/2009 | 23/11/2009 | 23/11/2009 | 24/11/2009 | 26/11/2009
Age : M/F FI71 M/56 M/82 F/79 F/59 M/57 M/40 F/36 M/69
Wt(kg) : Ht(cm) 57/145 | 48/167 5| #52/170 56/165 65/150 | 53.2/160 | 120/178 43/156 56/156
Cooperation/Breath hold/Movement (y/n) no
Disease TYPE A-E HCC HEE HCC HCC HCC HCC HCC HCC HCC
Procedure Elective/Emergency Elective Elective Elective. |. Elective Elective Elective Elective Elective Elective
No. of tumor 1 muitiple 2 R 4 multiple multiple
No. of bleeder no no. no no no no no no no
Tumor Diameter(cm) 1 1-2icm 8 cm 2,3.cm 1,2,7,9 cm 6,3 cm
Hepatic segment(s) segment 1 to 8 7 RL LLoMLE 3% 5,8 6 Rt lobe
Angulations <45/45-90/>90 45-90 45-90 45-90 45-90 >90 45-90 45-90
Branching
0:no side branch 1: bifurcation 2 :trifurcation 1 2 1 2 2 2 2 2 1(Rt lobe)
Tortuosity
mild 0-1 curves moderate 2-3 severe : :
more than 3 moderate |“moderate mild moderate mild severe moderate | moderate | moderate
Invasion (0-3)
O:normal ~ 1:2™ tributary 2:1% tributary
3: main
Portal vein : AP shunt  (y/n) no no no no no no yes no
No of catheter used 1 1 1 1 1 3 1 2 1
Conventional/Micro no micro micro ficro micro micro no micro micro
No of guide wire used 1 1 1 1 1 1 1 1 1
Embolic material no Gelfoam Gelfoam no no PVA no Gelfoam Gelfoam
Anticancer drug MMC,5FU.| MMC,5FU. [ MMC,5FU [ MMC,5FU.| MMC,5FU_[[MMC,5FU | MMC,5FU | MMC,5FU | MMC,5FU
Complication during procedure no no ho no no no no no no
Operators Experience in interventional, yrs. 1 3 1 3 1 3 3 15 1
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