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For routine clinical service at Section of Interventional Radiology, Department of Radiology, King
Chulalongkorn Memorial Hospital (KCMH), TACE procedure has been one of the high exposure procedures, which
result in increasing eye lens dose in interventional radiologists. Thus, radiation dose should be evaluated in
interventional radiology staff who may receive high eye lens dose. Currently, there is insufficient information to

comply with the ICRP dose limit on the occupation exposure to the eye lens.

One of the factors affecting the eye lens dose is the variation in tube directions in the interventional
radiology (IR) laboratories. A preliminary study about tube angulations influence radiation exposure to the eye
lens has been conducted. The objectives of this study are to determine the average annual equivalent doses
and the parameters influence equivalent doses to the eye lens of the interventional radiologists in TACE

procedures at King Chulalongkorn Memorial Hospital.

In order to determine the average annual eye lens dose of an interventional radiologist and three
fellows, four nanoDot (OSL) dosimeters were taped on the left and right sides of the inside and outside of lead

glass eyewear and measured monthly. The annual eye lens doses were then estimated.

The influence of tube angulation to the eye lens dose had been studied using Toshiba digital flat-
panel angiographic system (Infinix-I 8000C) and nanoDot dosimeters taped on the lead glass eyewear which

applied to the rando phantom to simulate the interventional radiologist under TACE procedure.

The results show the average annual eye lens dose measured from an interventional radiologist and
three fellows at left side was 7.64 mSv and at the right side was 6.21 mSv when the lead glass eyewear was
applied. The maximum estimated annual dose at the left and right eyes without lead glasses were 31.96 and
24.23 mSv respectively. Tube direction under LAO combined with caudal angle delivered the highest eye lens

dose of 9.20 mSv/procedure at the left eye when protective equipment was not utilized.

The eye lens dose at the right side inside the lead glass eyewear was higher than outside in two
fellows as some scattered radiation can reach the right nanoDot inside lead glasses without reaching the outside
dosimeter. Radiation exposure from LAO series was high due to the shorter distance between the source of

scattered radiation and the phantom than the other tube directions.

The annual eye lens dose of the interventional radiologist has the potential to exceed the new ICRP

dose limit of 20 mSv/year if radiation protective tools are not properly used.
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CHAPTER |
INTRODUCTION

1.1 Background and rationale

Interventional radiology (IR) involves the minimally-invasive medical procedures which

the updated imaging technologies have been used to help guiding procedures for diagnosing and

treating some types of medical conditions. IR has been an essential part of modern patient
treatment procedure for more than 10 years. It has been shown that interventional radiologists
may potentially receive high radiation doses if the radiation protection tools had not been used
properly. This raises serious concerns considering the effects of ionizing radiation on occupational
exposures.

Since the reduction of the annual dose limit for the eye lens from 150 mSv to 20 mSv
has been recommended by the international commission on radiological protection (ICRP) in
2011 (1), the interest has been focused on the occupational dose to the eye lens. It is known
that ionizing radiation is associated with posterior sub-capsular cataract (PSC) and a significant
increase in posterior lens opacities in the eyes of interventional cardiology and radiology staff (2).
Consequently, radiation protection and dose evaluation should be studied in those staff who
may receive high scattered radiation dose to the eye lens.

IR offers the treatment options for many parts of the human body especially in the
unresectable hepatocellular carcinoma (HCC). IR procedure of primary tumor at the liver is called
transarterial chemoembolization (TACE). Resulting from a variety of image-guided under
fluoroscopic; thus, the images are seen in real time which becomes the key step in successful
treatment (3).

This procedure is performed by putting a catheter into the common femoral artery at the
right groin and passing a catheter through the abdominal aorta, through the celiac axis and
common hepatic artery, into the transarterial route to block arteries supplying the tumors, and at
the same time delivers a high dose of chemotherapy drugs to HCC (4). TACE has been proven to
be convenient in local tumor control, to prevent tumor progression, prolong patients’ life and
control patient symptoms (5).

Although TACE is useful for decreasing stage of the disease, improving survival and quality
of life, it delivers high radiation dose to both patients and staff. In routine clinical service at King
Chulalongkorn Memorial Hospital (KCMH) (6), TACE is a procedure with the highest exposures
among others to patient skin (7) resulting in increasing of radiation-associated posterior lens
opacities.

The effect on the eye lens caused by radiation exposure leads to the formation of lens

opacities at the posterior sub capsule then developed the loss of the eye lens function and



cataract. Over the last decade, there were reports on the evidence of radiation-induced cataract
of workers in interventional radiology, especially when the protective tool had not been utilized.

The occupational cataracts and lens opacities in interventional cardiology (2) study
revealed 17% of posterior subcapsular lens opacities among 106 interventional cardiologists and
5% among 99 unexposed nonmedical workers.

Olivera Ciraj-Bjelac et al. (8) demonstrated a significantly increased risk of posterior lens

opacities for interventional cardiologists and nurses when the radiation protection tools were not
used, the individual’s prevalence of posterior lens changes was 52%  for interventional
cardiologists, 45% for nurses, and 9% for controls.

Junk et al. (9) observed 59 volunteer participants (radiologists and cardiologists) and found
37.3% of participants having small dot-like opacities in the posterior subcapsular regions of the
lens, consistent with early signs of radiation damage and 8% had diagnosis of cataracts.

More than 20 years, since 1991, an equivalent occupational dose limit to the eye lens was
recommended by ICRP report no. 60 (10) to be 150 mSv per year, threshold doses for vision-
impairing cataracts were 5 Gy for acute exposures, and more than 8 Gy for chronic exposures.

Until April 2011, the ICRP published a statement on tissue reactions recommending an

equivalent dose limit to the eye lens to 20 mSv per year averaged over 5 consecutive years, with

no single year exceeding 50 mSv while the dose threshold was 0.5 Gy (1) as shown in Table 1.1.

Table 1.1 Threshold dose and occupational dose limit for eye lens recommended by ICRP

ICRP report no. 60 (1991) ICRP report no. 118 (2011)
Threshold in absorbed | Detectable opacities Detectable opacities
dose ¢ 0.5-2 Gy (acute exposures) | ¢ 0.5 Gy (acute and chronic exposures)
* 5 Gy (chronic exposures) Cataracts
Cataracts * 0.5 Gy (acute and chronic exposures)

* 5 Gy (acute exposures)

* >8 Gy (chronic exposures)

Occupational 150 mSv/y 20 mSv/y
equivalent dose averaged over 5 consecutive years,
limit and 50 mSv in any single year

The influence on the ICRP recommendation raised from some epidemiological studies
based on atomic bomb survivors and Chernobyl cleanup workers had shown radiation-induced

cataract observed in lower dose threshold than the previous considered by ICRP 60.

The reduction of the dose limit to the eye lens has grown attention among the medical radiation
community especially in the field of IR procedures. The interventional radiologists who stand

nearest the x-ray source have opportunity to expose to high radiation dose and risk of exceeding




the dose limit is significant. The measurement of the eye lens dose becomes more important in
medical staff work at a busy IR unit because their eye doses could receive higher scattered
radiation than other radiation workers.

At present, the eye lens dose to the staff in Thailand is rarely measured. In 2015,
Krisanachinda et al. (11) measured eye lens dose in interventional cardiologists using optical
stimulated luminescence (OSL) dosimeters at KCMH, Thailand. They reported on the
interventional cardiologists’ left eye lens doses at above the new dose limit and demonstrated
significantly elevated incidence of radiation-associated lens changes in interventional cardiology
workers when the radiation protection was inappropriate.

Because of a lack of study on personal dose equivalent of the eye lens, Hy(3) of the
interventional radiology staff at KCMH, the measurement of the eye lens doses of the

interventional radiologists should be carried out to estimate the annual eye lens doses in order

to comply with the ICRP dose limit.

1.2 Research objectives

1. To determine the annual dose to the eye lens of interventional radiologists perform
TACE procedures using OSLDs.
2. To study parameters influencing the interventional radiologists eye lens dose in TACE

procedures.



CHAPTER Il

REVIEW OF RELATED LITERATURE
2.1 Theory

2.1.1 Fluoroscopic system

Fluoroscopy refers to the use of continuous X-ray exposure and suitable image
receptor to produce images in real time, allowing evaluation of dynamic biological
processes and guiding interventions. This system has been in clinical use shortly after
Roentgen’ s discovery of X-rays. Before the late 1950s, fluoroscopic system was
performed in a darkened room with an intensifying screen that was viewed directly by
the radiologist. However, direct view systems produced dim images that required the
radiologist’ s eyes to be dark adapted and frequently resulted in high doses to both
patient and radiologist. In modern systems, image intensifiers (Ills) coupled to digital
video systems or flat panel digital detectors as image receptors are used. Digital video
systems are usually employed to record the image. An image intensifier greatly improves
image quality by amplifying x-ray beams and converts an x-ray image into a light image

that can be displayed on a TV monitor through an image processor.

_ Shielding
> Fluorescent screen
v

X-ray tube _ Protective glass screen
~ 4

Control
unit
X-)
o0 o/

oco/

Figure 2.1 Early fluoroscopy. The image was viewed directly by the radiologist (12).

Fluoroscopy has undergone much technological advancement in recent years.
The Il has increased in size from the early 15-cm diameter field of view (FOV) systems to
40-cm systems available today. Analog television (TV) cameras have been replaced with
high-resolution, low noise, digital charge-coupled device (CCD) or complementary metal-

oxide semiconductor (CMOS) cameras. Flat panel detector technology has led to larger
rectangular FOV systems (48 cm) with high spatial resolution and improved image fidelity

and will gradually replace Il detectors.



Fluoroscopic imaging trades the high signal to noise ratio (SNR) of radiography
for high temporal resolution, as factors that maintain patient dose at an acceptable level
must be used (13).

2.1.2 Digital fluoroscopy system

Conventional fluoroscopy evolved into a digital fluoroscopy with the addition of
two components analog to digital converter (ADC) and computer. Early version of digital

fluoroscopy used an imaged-intensifies fluoroscopic chain but added an ADC and a

computer between the TV camera and the monitor. An ADC is a device that digitizes the
video (analog) signal and convert it into a binary number which computer can
understand. Later, the association of CCD into this step further improved digital
fluoroscopy, The CCD is more light sensitive (higher detective of quantum efficiency DQE)

and exhibits less noise and no spatial distortion. It also has higher spatial resolution and
requires less radiation in the system, reducing patient dose. A more recent advance in
digital fluoroscopy is the introduction of a flat panel detector in place of an image
intensifier (14).

Figure 2.2 Component of analog (A.) and digital fluoroscopy system (B.) (15)

The x-ray image from the output of the image intensifier is transformed into an

electrical (analog video) signal by a television camera. Then the analog video signal
values from each television frame are sent to the ADC which converts it to digital signal
values according to the bit depth of the ADC. The number of bits that the signal is
divided into determines the contrast resolution (number of gray shades) of the system.

An 8-bit ADC will convert the video signal to a maximum of 256 different values.

Improved representation of the analog video signal will occur as the bit depth of the
ADC is increased and the sampling frequency of the discrete time points increases (16,
17).

Postprocessing manipulation of the image is possible because the image is on
digital format (subtraction is an especially useful processing technique, whereby bone
and soft tissue are removed from the image) and image processing in digital fluoroscopy

occurs in real time.



2.1.3 Digital subtraction angiography (DSA) system

Digital subtraction angiography (DSA) was introduced in the 1980s as a method
for intravenous injection of contrast for imaging the arterial system. It s
a fluoroscopy technique used in interventional radiology to clearly visualize blood
vessels in a bony or dense soft tissue environment. The sequential ‘fill’ images that
include a contrast agent are subtracted from a ‘mask’ image that includes only the
anatomical background. This subtraction reduces anatomical noise and increases the
contrast of the blood vessels in the subtracted images. The final result is an image in
which the signal in the contrast filled vessels depends only on the amount of contrast in

the vessel, and not on the background.

A B. C.

Figure 2.3 Image from angiography procedure using DSA technique. A. Mask image, B. Contrast

image and C. subtracted image

First, fluoroscopic x-ray exposure is obtained, digitized, and stored as a mask.
After the mask is obtained, contrast media is injected into the blood vessel. A
continuous fluoroscopic image in each frame is obtained and digitized by the computer.

Each frame is subtracted pixel by pixel digitally in real time from the stored mask,

converted back to analog format, and the resultant image displayed on the television
monitor. If no contrast is injected and if there is no motion of soft tissues between the
mask and the subsequent images, the subtracted picture will be blank with cancellation
of all bone and soft tissue signals. However, if contrast media are injected after the mask
is obtained, the subtracted image will yield an image of the iodinated vascular structures
which is not obscured by overlying soft tissues and hones. One important benefit of
digital angiography is the ability to reprocess the image after the study is performed.
During postprocessing, the image is reconverted from videotape storage into a digital
format. The contrast and brightness of the image can be manipulated, or a new mask

can be chosen to help improve the quality of the image (18-20).



DSA has become an imaging standard for evaluation of vascular anatomy. First
introduced in 1970s, it is highly effective in contrasting arterial structures with their

surrounding bone and soft tissue.

2.1.4 Transarterial chemoembolization (TACE)

Hepatocellular carcinoma (HCC) is one of the most common malignant diseases
worldwide and is the most frequent type of malignant liver tumor in Thailand. The high
incidence rate of HCC in Thai population reflects from chronic HBV infection in this
endemic area (21).

The curative therapies for this disease include of resection, liver transplantation
and radiofrequency ablation (RFA). Whereas transcatheter arterial chemoembolization
(TACE) has been recognized as an effective palliative treatment option for patients with
advanced HCC and as a role in delaying the progression of HCC unit when a donor liver
becomes available.

Transarterial chemoembolization (TACE) is one of interventional radiology
procedures which performed in the angiography suite by interventional radiologists using
fluoroscopy guidance for injecting chemotherapeutic drugs directly into the target tumors
and blockages the tumor blood vessels induce ischemia and hypoxia in tumors. The
principle of TACE is to deliver a toxic dose of drug to the HCC and deliver embolic agent
causes ischemia and necrosis of the tumor and slows anticancer drug washout. TACE is

the most common mode of treatment in Thailand because of advanced stage, available

health center and acceptable cost of treatment.

The history of this procedure started when a French radiologist, Dominique
Doyon, who was the first to use gelatin as the embolization agent to treat patients with
HCC in 1974. The reason for this was that HCC received most of their blood supply from
the hepatic artery and the hepatic artery could be occluded without causing complete
necrosis of the organ as it continued to be supplied by the portal venous system (22).
Though TACE has been used to treat HCC since it was first reported in 1974, the use of
TACE to treat HCC really widely began after Lipiodol was introduced as a drug carrier and
an embolic agent in the early 1980s by the Japanese surgeon Konno (23). While the use
of anticancer drugs followed with gelatin sponge (Gelfoam) was introduced by Yamada
et al,, in the late 1970s (5).

TACE involves percutaneous access to the hepatic artery usually by puncturing
the common femoral artery at the right groin and passing a catheter through the
abdominal aorta, the celiac axis, and common hepatic artery, into the feeding arteries

supplying the tumors. Chemotherapeutic dose is directed to the tumor following

embolization for ischemic effect of the HCC. This advantage of the selective arterial

obstruction is not only inducing ischemic tumor necrosis but also minimizing damage to

the liver tissue. The blood supply to the liver tissue is still maintained by dominant



blood flow from the portal vein minimizing damage to the liver. In addition,
chemotherapeutic agents concomitantly administered remain in a tumor for a longer
period at a higher concentration. TACE has been proven to be convenient in local tumor
control, to prevent tumor progression, prolong patients’ life and control patient

symptoms.

Figure 2.4 Image from TACE procedure using DSA technique. The red circle indicates HCC of the

liver.

At department of radiology, KCMH, TACE normally carried out by fellow under
supervision of interventional radiologists who stand along the right side of the patient as shown
in Figure 2.5.A. However, if the procedure is too complicate the interventional radiologist will
carry out the procedure instead of fellow whereas the fellow will stand beside the interventional
radiologist (Figure 2.5.B). Due to the position of the staff, the left eye is closer to the x-ray source

then received higher radiation dose than the right.

S -

A B.
Figure 2.5 A. The position of the fellow when performs TACE procedure, B. When the procedure

is complex, the interventional radiologist performs TACE procedure with the fellow stands beside

him.



2.1.5 Radiation-induced cataracts

The eye lens has been known as the most radiosensitive tissue among eye
tissues (24) A cataract or lens opacity is referred as the clouding of the lens that affects
vision, so light not properly focuses on the retina. It is one of the most common causes
of blindness worldwide (25) and may be classified according to anatomic location into
nuclear, cortical, posterior subcapsular, or mixed types (26). Although cataracts often
develop with age, trauma, steroid treatment, and diabetes, the development of
posterior subscapular cataracts (PSC) are characteristic of radiation exposure. It is
commonly seen in interventional radiologists who have operated IR procedure for many
years.

Radiation-induced cataract has been considered a deterministic effect and
appeared only if a dose exceeds the threshold limit. Both radiation cataract severity and
latency are related to radiation dose.

The mechanism of radiation induced cataract formation is not fully
understood but the cause of cataract is genomic damage rather than cell killing, thus
the injury of lens epithelial cells is the first step of the opacification process which
leads to formation of abnormal lens fibers at the posterior capsule cause small dots
at the back of the lens and then, many years later, develop to form larger opacities
at late stage of disease development (1).

Over the last decade, there were reported on the evidence of radiation-induced
cataract of workers in interventional radiology, especially when the protective tool had
not been utilized (2, 8, 9).

2.1.6 New recommendations from the ICRP

An equivalent occupational dose limit to the eye lens was recommended by
ICRP report no. 60 to be 150 mSv per year, threshold doses for vision-impairing cataracts
were 5 Gy for acute exposures and more than 8 Gy for chronic exposures (10).

Until, Aprit 2011, The ICRP published a statement on tissue reactions
recommending an equivalent dose limit to the eye lens to 20 mSv per year averaged over
5 consecutive years, with no single year exceeding 50 mSv while the dose threshold was
0.5 Gy (1).

This arises from some studies that show radiation-induced cataract observed in
lower dose than the previous considered by ICRP no. 60 which influenced the ICRP
recommendation, such as studies of dose threshold significantly lower than 2 Gy from
atomic bomb survivors, Chernobyl cleanup workers, residents of contaminated buildings,

astronauts, interventional radiologists and interventional cardiologists.
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At relatively high exposures (>1 Gy), lens opacities may occur within a few years;

however, at lower doses and dose rates, similar to occupational practice, cataracts may

OCCuUr over many years.

The reduction of the dose limit to the eye lens has grown attention among the
medical radiation community especially in the field of IR procedures. The interventional
radiologists who position nearest the x-ray source have opportunity to expose to high

radiation dose and risk of exceeding the dose limit is significant.

2.1.7 The optical stimulated luminescence, OSL dosimeter (nanoDot)

Optical stimulated luminescence (OSL) has been known for more than 60 years.

The first use of OSL as a detector was from Huntley et al., in 1985, they used the green
light from an Argon laser for dating of sediments (27) The OSL has now been used as a

method for both monitoring occupational radiation dose and radiation protection for
millions of healthcare occupations around the globe. A small-type OSL dosimeter, named
nanoDot, is made commercially available by Landauer. The detector is a small round OSL
crystal with 0.2 mm layer and 5 mm diameter seals in thin polyester and mounted inside

a light-tight plastic container with dimensions 10x10 mm? and 2 mm thick (28).

|I|I||||I IIII||II| I||I|||I|
CcMm 1 2 3

A B.
Figure 2.6 A. Front of nanoDot carrier with alphanumeric sensitivity code and serial number. B. Back

of open nanoDot carrier with 2D barcode that includes sensitivity code and serial number (29).

The detector of OSL is aluminum oxide crystal that dopes with carbon (Al;03:C)
(Z = 11.2) as a contamination which creates imperfections of the crystal. These
imperfections play important role as an electron trap or hole.

The irradiation of Al, O3 stimulates some free electron to an excited state at
conduction band and creates hole at valence band, then free electron is trapped at

electron trap so the energy from exposure is stored; thus, the stored energy can be read

by stimulating the crystal with light. Energy of electron traps is high enough to hold charge
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at room temperature for long period of time and low enough so that the charge can be
released by illumination with light laser.

During processing, green light laser (532 nm) stimulates the trapped electrons
back to an excited state again then return them to ground state which result in only some
fraction of electron—hole pair recombination with the result of blue light (400-420 nm)
that can be detected with a PMT tube whereas most of electrons still remain in the traps
This means that the dosimeter can be reread many times without a significant loss of
signal. The amount of radiation is proportional to the intensity of light which releases
from the crystal and remains unchanged after reading. Thus, an integral of the
luminescence intensity over the stimulation period is a function of the initial absorbed
dose (30, 31).

NanoDots have many desirable properties as a dosimeter for diagnostic radiology
applications such as high sensitivity, fast reading, good homogeneity, good reproducibility,
good linearity in the diagnostic energy range, and can be reread several times.

The OSL signal is approximately linear at low doses, but at greater doses it
exhibits supralinearity. Al-sen et al. (32) reported a linear response for nanoDOts exposed
to low doses, 2-40 mGy, using diagnostic X-ray beam.

However, nanoDOts have the disadvantages of being discharged by exposure to
visible light, high angular dependence in low kVp techniques and energy dependence
need to be concerned.

Al,O3 is not tissue equivalent, and thus exhibit a sensitivity dependence on the
type and energy of the irradiating beam.

With an effective atomic number of 11.2, Al, Oz dosimeters demonstrate an
increased sensitivity for lower energy beams, consistent with an increasing contribution
from the photoelectric effect.

With decreasing energy, the energy dependence becomes even more
pronounced. The measured sensitivity varied by a factor of 2 between the 250 and 125
peak kilovoltage (kVp) beams from an orthovoltage radiotherapy unit was reported by Reft
et al, (33) The observed sensitivity also varied by a factor of 2 by varying the tube
potential from 50 to 120 kVp and using variable filtration to modify the half-value layer
from 2.0 to 9.8 mm Al on a radiographic unit Thus, for more accurate dose
measurements, the nanoDots should be calibrated for the particular beam used during
imaging.

The angular dependence becomes more pronounced at lower beam energies.
The nanoDot sensitivity was also dependent on which edge was facing the beam, with the
lowest response observed when the upper edge around which the label was facing the
beam source.

Al-Senan et al. (32) investigated the angular dependence of nanoDots exposed

using a 25 kVp mammography beam, 80 and 120 kVp beams from a general radiography



12

unit, and 80 and 120 kVp beams from a computed tomography (CT) scanner. The angular
dependence was the strongest for the mammography beam with a maximum reduction of
70% for on-edge irradiation and the maximum reduction for the 80 kVp beam from the
radiography unit was 40%. For exposure to CT beams, the maximum reduction was 10%.
The angular dependence, especially at the lowest diagnostic energies, would need to be

considered when positioning the detectors.

2.1.8 The personal dose equivalent H,(d)

He(d), is an operational quantity. It is the equivalent dose in ICRU soft tissue
material at an appropriate depth d (mm) of the human body below the point which the
individual dosimeter is worn. The unit of personal dose equivalent is joule per kilogram
(J/kg) and its special unit is sievert (Sv).

For measuring equivalent eye lens dose, Hy(3) is recommended by the ICRP and

the ICRU. As the eye lens is located behind the cornea and anterior chamber in a total

depth of about 3 mm. In addition, for assessment of the effective dose and equivalent
dose to the skin Hp(10) and Hy(0.07) are used respectively.

The best estimate of eye lens dose can be carried out by calculating conversion
coefficients Hy(3) from dosimeter that calibrated for Hy(3) on a slab, or on a new cylindrical
phantom (34).

2.2 Review of related literature

In 2015, Krisanachinda et al. (10) measured annual eye lens dose in interventional
cardiologist using OSL dosimeters at KCMH, Thailand. They reported on the cardiologist’s left eye

lens doses at above the new dose limit and demonstrated significantly elevated incidence of
radiation-associated lens changes in interventional cardiology workers when the radiation

protection was inappropriate. They found the maximum left eye dose when lead glass eyewear

was not apply was 32.45 mSv as shown in Table 2.1.

Table 2.1 Annual eye lens doses (mSv) using 4 nanoDots place at outside/inside lead glass

eyewear on left and right sides.

Left eye (MSv) Right eye (mSv)
Outside Inside Outside Inside
Average 8.06 3.91 3.55 2.44
Minimum 0.17 0.05 0.06 0.06
Maximum 32.45 14.26 8.04 6.24
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O’Connor U et al. (35) used TLDs measured eye lens dose from 4 radiologists over a 3-

month period and monitored 354 interventional procedures. They found one interventional

radiologist and one fellow received annual eye lens dose higher than the dose limit of 20

mSv/year as shown in Table 2.2.

Table 2.2 Annual doses (mSv) to lens of eye estimate for four interventional radiologists

Staff Right/\eft eye Annual equivalent dose to
the lens of eye (mSv)

Left 44.90
Radiologist Fellow -

Right 29.00

Left 30.90
Interventional radiologist 1 -

Right 14.50

Left 7.10
Interventional radiologist 2

Right 4.10

Left 16.00
Interventional radiologist 3 ;

Right 10.70

Yokoyama et al. (36) simulated an interventional cardiologist and patient using 2 torso
phantoms. The face of the phantom for a cardiologist was turned between -30° and 60 °. The

eye lens dose was measured using nanoDOt OSLD. They found that radiation dose measured at

the left eye of the phantom was almost equal to the dose measured on the left side of the face

when the phantom faced forward as shown in Table 2.3.

Table 2.3 Equivalent Dose (mSv) measured at the left eye and left side of the face (eye position)

of the phantom using OSLD

Face direction Equivalent dose (mSv)
L-Face L-Eye L-Face/L-Eye
-30° 0.84 0.97 0.86
0° 0.87 0.93 0.94
30° 0.83 0.82 1.00
60° 0.70 0.22 3.33

They measured eye lens dose of 2 cardiologists for 2 days and found that the estimated
maximum dose for the eye lens for one-day monitoring was 0.16 mSv. The estimated annual
dose for the eye lens would be 20 mSv. Thus, the eye-lens doses for cardiologists were under

the new ICRP dose limit.
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CHAPTER IlI
RESEARCH METHODOLOGY

3.1 Research design

This study is an observational descriptive design in the type of prospective.

3.2 Conceptual framework

Source-to-detector The use of radiation protection
and source-to-skin devices. / \
distance .
-Fluoroscopic
parameters
-Tube potential (kVp)
Position of the . . -Tube current (mA)
int. radiologist Annual interventional o
) . . -Fluoroscopic-time
radiologist eye lens dose
-Pulse rate
A -Frame rate
Experience \ /
of the int.
radiologist ]
X-ray tube Patient Collimation and
angulation size (BMI) magnification

3.3 Research design model

The study was divided into two parts. The first part was the phantom study and the

second part was the interventional radiologist eye lens dose measurement.

3.3.1 Phantom measurement

Quality control of digital Measure eye lens dose
radiographic - fluoroscopic using OSLD and Rando
equipment phantom

\ 4

Calculate eye lens dose
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3.3.2 Interventional radiologist eye lens dose measurement

QC of digital

Measure eye lens dose using OSLD
R/F equipment

\4

\ 4 Calculate annual interventional radiologist eye

Collect IR lens dose
procedures data

Determine Compare int. radiologist Study factors affecting
transmission factor of eye lens dose to the int. radiologist eye lens
lead glass eyewear new ICRP dose limit dose

3.4 Research question

What are the average annual equivalent doses to the eye lens of the interventional

radiologists received from TACE procedures using OSLD?

3.5 Research objectives

1. To determine the average annual equivalent doses to the eye lens of the
interventional radiologists in TACE procedures.

2. To study parameters influencing equivalent doses to the eye lens of the
interventional radiologists in TACE procedures.

3.6 Sample
3.6.1 Target population

One interventional radiologist and three fellows who performed TACE

procedures at Section of Interventional Radiology, Department of Radiology, King

Chulalongkorn Memorial Hospital from April 2017 to February 2018.
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3.6.2 Sample population

This research is descriptive study. The data was collected from interventional
radiologist and fellows who performed TACE procedures at Section of Interventional

Radiology, Department of Radiology, King Chulalongkorn Memorial Hospital.

3.6.3 Eligibility criteria

3.6.3.1 Inclusion criteria

Only interventional radiologist and fellow who applied lead glass eyewear when
performed TACE procedures using digital Flat-panel system (Toshiba, Infinix-I INFX-8000C)

at Section of Interventional Radiology, Department of Radiology, King Chulalongkorn

Memorial Hospital, on Monday to Friday from April 2017 to February 2018 consecutively.

3.6.3.2 Exclusion criteria

Interventional radiologist and fellow who did not apply lead glass eyewear

during performed TACE procedures.

3.7 Materials
3.7.1 Quality control materials

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

represent patient and drive kVp during QC of fluoroscopy system as shown in Figure 3.1

Figure 3.1 Copper sheets.
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3.7.1.1 R/F dosimeter
A small solid state multi-parameter named Accu-gold (AGMS-D+ ) is

manufactured by Radcal has been used for single exposure and fluoroscopy. It measures

dose, dose-rate, time, kVp, half value layer (HVL), and beam filtration (Figure 3.2). Radcal

Accu-gold Digitizer module is shown in Table 3.1

Figure 3.2 The solid state dosimeter (model AGMS-D+) manufacturer by Radcal (37).

Table 3.1 Radcal Accu-gold Digitizer module.

Solid State and lon chamber Multiple solutions for your measurement needs,
sensors no compromising
Simultaneous measurements Up to 16 user selectable parameters viewable

from each measurement

Customizable view screens Create data display profile either before or after

the exposure

Plug and Play sensors Truly Interchangeable Accu-Gold+ Multisensors

with other Rapid-Gold+ and Accu-Gold+ meters

Real time waveforms Real time simultaneous dose rate, kV, and mA
waveforms
Data recall Entire measurement sessions can be quickly

recalled and added to at any time

Matrix display Use Matrix display to view measurement results

from the control room

Auxiliary port Provision for future sensors

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

measurement values in detail

Export data Export data to Excel, user templates or clipboard
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3.7.1.3 The test object phantom manufacturer CIRS model 903
The test object is manufactured from Polymethyl Methacrylate (PMMA)

equivalent epoxy that offers the same X-ray attenuation properties as PMMA with

significantly greater durability (Figure 3.3).

The overall phantom of 25.4 cm wide x 25.4 cm long x 20.7 cm high consists of
three attenuation plates, one test object plate and a detachable stand. Test objects
include high-resolution copper mesh targets from 12-80 lines per inch, two separate

contrast-detail test objects.

Figure 3.3 Test object (model 903) manufacturer by CIRS phantom (38)

3.7.2 Research equipment

3.7.2.1 Digital R/F system
The digital flat-panel radiographic-fluoroscopic system (Infinix-I 8000C FPD 30*40
cm), as shown in Figure 3.4, is manufactured by Toshiba Medical System and installed at

interventional radiology unit, King Chulalongkorn Memorial Hospital in 2015.

Figure 3.4 R/F and CT systems manufacturer Toshiba
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The system comprises a KAP meter, air kerma product.

The parameters presented on the operator console are:
e Cumulative fluoroscopic time
« Cumulative air kerma product (KAP)
« Cumulative air kerma (AK)
e Total number of frames

. kV, mAs

3.7.2.2 Optical Stimulates Luminescence Dosimeter (OSLD)
The OSLDs- nanoDots, provided by Nagase Landauer (Japan), Inc., is shown in

Figure. 3.5

1 2 3 4

Figure 3.5 NanoDot dosimeter (29)

NanoDOt is composed of a black lightproof plastic housing with dimensions
10x10 mm?® and 2 mm thick. The detector material is comprised of AlOs:C (Zes = 11.28)
disk with 5 mm diameter and approximately 0.2 mm thick. The housing can be opened

automatically during the reading process. The supply, calibration, and readout of the

nanoDots have been provided by Thailand Institute on Nuclear Technology, Bangkok,

Thailand.

3.7.2.3 The Alderson Rando phantom
The phantom as shown in Figure 3.6 is made from tissue-equivalent materials
that imitated human anatomy, which consists of natural human. Therefore, the X-ray

absorption and scattering by the phantom are equivalent to those in human.
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Figure 3.6 Male and female Rando phantoms (39)

3.7.2.4 Lead glass eyewear
Lead glass eyewear (Figure 3.7) provided by Philips Medical System with lead

equivalent thickness of 0.07 mm was used in the part of phantom study.

Figure 3.7 Lead glass eyewear (40)

3.7.2.5 The interventional radiologists

One interventional radiologist and three fellows perform TACE procedures at
Section of interventional radiology, Department of Radiology King Chulalongkorn

University.

3.7.2.6 Case consent forms
The case consent forms were completed by interventional radiologists and

fellows before the measurement.
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3.8.1. Perform QC in digital Flat-panel Radiographic-Fluoroscopic system

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

Dose assessment

Automatic brightness control test
Maximum dose rate assessment
Table attenuation

Image size assessment

Half value layer (HVL)

Image quality assessment

3.8.2 Dosimetric procedure

3.8.2.1 Phantom study

Two Alderson Rando anthropomorphic phantoms were used to simulate an

interventional radiologist and a patient. Both lead apron and thyroid shield at 0.25-mm

lead equivalent with the lead glasses at 0.07-mm lead equivalent are used.

First phantom was positioned right next to the second phantom that placed on

the couch to represent a patient (Figure 3.8)

and right ends of the lead glass eyewear at the outside and inside of it.

Figure 3.8 Body IR procedure with two phantoms and Toshiba Infinix R/F system

2 mm Cu, 10 exposures/sec). The average kVp of the X-ray tube was 70.9.

To measure the eye lens doses, Hy(3), four nanoDots were taped on the left

All measurements were carried out with normal fluoroscopy mode (filtration of
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X -ray tube directions were selected similar to clinical TACE procedure as shown
in Table 3.2 in terms of each tube direction, fluoroscopic time and cine acquisition time

were 45 and 5 minutes respectively.

Table 3.2 X-ray tube directions as TACE procedure condition

No. | X-ray tube directions
AP

CAU 20°

CRA 20°

LAO 20°

LAO 20° CAU 20°
LAO 20° CRA 20°
RAO 20°

RAO 20° CAU 20°
RAO 20° CRA 20

O |0 [N Oy | [ AW N |[+—

3.8.2.2 Interventional radiologist eye lens dose measurement

The eye lens doses of one interventional radiologist and three fellows were
measured by taping 4 nanoDots at lead glass eyewear as mentioned in section 3.8.2.1.

The eye lens doses were determined monthly from April 2017 to February 2018 (11
months) then converted 6 months values into annual values.

Transmission factor of lead glass eyewear was calculated using equation (1)

Dose recorded inside lead glasses X 1 0 0 (1)

wtransmission =
’ Dose recorede outside lead glasses

3.9 Variables measurement

- Independent variable : Exposure techniques

Acquisition protocols

- Dependent variable : Interventional radiologist eye lens dose (mSv)

3.10 Statistical analysis

This study is descriptive statistics for continuous data to determine:
- Range (minimum-maximum)
- Average

- Median
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3.11 Data analysis

Data was reported as mean, standard deviation, and range (min-max) presented in table.

3.12 Outcome measurement

Average annual eye lens doses of the interventional radiologists performed TACE

procedures.

3.13 Expected benefit

- Average annual eye lens doses for Interventional radiologist from TACE procedures.
- Parameters influence the eye lens dose of interventional radiologists in TACE

procedures.

3.14 Limitation

Only eye lens doses of the interventional radiologist and fellow who performed TACE

procedures were measured.

3.15 Ethical consideration

This study was performed in the interventional radiologists exposed by the digital
radiography-fluoroscopic system. The interventional radiologist radiation doses were collected
from the dosimeters. The research proposal was submitted to the Ethics Committee Faculty of
Medicine Chulalongkorn University.

A consent form was given to the interventional radiologist who participated before
conducting the study.

Information presented to enable the participant to voluntarily decide whether or not to
participate as research subjects. The participants were informed about procedures undertaken,
potential risks and benefits of this study. The participants were able to ask any questions they
may have about this research. The principle investigator was available to answer any queries
until the participates have a clear and thorough understanding of the subject. The participant can

decide whether they want to participate or not.
Add Belmont

- Respect for persons

Respect for free and informed consent: The interventional radiologist who participated in
this research made an informed decision about whether or not to enroll in a study or to continue

participation after obtaining the sufficient information.
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Respect for confidential: The interventional radiologist data was used for academic
objective  only and concealed to the public. The interventional  radiologist
name was not appeared in any oral or written reports resulting from the reports the research
according to the ethics.

- Beneficence

The interventional radiologist participated in this research was informed the annual
equivalent eye lens dose from TACE procedures after completed of the research.

- Justice

Selection of subjects for this research had obviously, inclusion and exclusion criteria,

non-bias.



CHAPTER IV

RESULTS

4.1 Quality control of the DSA equipment:

The quality control of DSA R/F system was performed by following AAPM protocol. The
performance study includes the test of electro-mechanical component, dose assessment,

automatic brightness control, maximum dose rate, table attenuation, image size, half value layer

and image quality.

The results are shown in Appendix D.

performance test was illustrated in Table 4.1 and Table 4.2.

Table 4.1 Report of DSA R/F system performance

Hospital King Chulalongkorn Memorial
Hospital

Room DSA 1

Date February 2017

X-ray unit Toshiba IVR-CT

Test performed by Mananchaya Vimolnoch

Table 4.2 Automatic Brightness Control test

The summarized report of DSA system

1.5 mm Pb

Mode Submode/ | Pulse rate Automatic Field kV mA Added Patient
Image (pulse/s) added size absorber entrance
quality filtration (inch) (mm Cu) surface air

(mmCu) kerma
(uGy/s)
Normal DSA 3f/s 10.0 2.0 16.0 70 55 CIRS 390 0.563
88 198 Add L3 6.115
mmCu
Add 1.5
120 132 mm Cu + 9.148
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4.2 Phantom study

4.2.1 Effect of tube directions on eye lens dose

Equivalent eye lens doses (mSv) outside and inside the eyewear measured using
nanoDots under 9 tube directions exposing with radiation for 50 minutes are shown in Figure 4.1
The average equivalent dose measured from 9 tube directions at left outside, left inside,

right outside, and right inside the eyewear were 3.76, 0.79, 0.93, and 0.29 mSv respectively (Table

4.4). The percent transmission of the left eye was 20% and right eye was 32% as in Table 4.5.
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Table 4.4 The average and range of equivalent dose (mSv) measured by using OSLD from 9 tube

directions at left and right, inside, and outside lead glass eyewear.

Location of the OSLD | Average | Range (min-max) Percent transmission
Outside 3.76 0.24 - 9.20 20%
Left side )
Inside 0.73 0.05 - 1.83 (0.73/3.76)
Outside 0.93 0.20 - 1.77 32%
Right side )
Inside 0.29 0.06 - 0.54 (0.29/0.93)

4.3 Interventional radiologist eye lens dose measurement

During April 2017 to February 2018, at the Department of Radiology, King Chulalongkorn

Memorial Hospital, TACE procedures normally are performed by five fellows under supervision of

two interventional radiologists.

Two fellows and one interventional radiologist did not apply lead glass eyewear were

excluded from this study.

The results of equivalent eye lens dose measured monthly are shown in Table 4.6 The

value was converted into annual value as in Table 4.7. The average estimated annual eye lens

dose and percent transmission of lead glass eyewear at the left and right sides are shown in

Table 4.8.
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Table 4.6 Average equivalent eye lens dose (mSv) per month and estimated annual eye lens

dose (mSv) at left and right eye of interventional radiologist and fellows.

Average eye lens dose | Estimated annual eye
(mSv) per month lens dose (MSv)
Outside 1.22 14.65
Lt. Side -
Interventional Inside 0.55 6.66
radiologist Outside 0.89 10.67
Rt. Side
Inside 0.09 1.04
Outside 2.66 31.96
Lt. Side -
Inside 1.45 17.36
Fellow A
Outside 2.02 24.23
Rt. side -
Inside 0.81 9.74
Outside 1.25 15.02
Lt. Side -
Inside 0.40 4.82
Fellow B
Outside 0.26 3.12
Rt. side A
Inside 0.80 9.60
Outside 0.43 5.16
Lt. Side ;
Inside 0.15 1.80
Fellow C
Outside 0.13 1.56
Rt. side :
Inside 0.37 4.44

Table 4.7 Average estimated annual eye lens dose (mSv) and percent transmission at left and

right eye for all interventional radiologists performed TACE procedure.

Location of the OSLD | Average annual eye lens Percent
doses (mSv) transmission
. Outside 16.68 46%
Leftside I Gide 7.64 (7.64/16.68)
Outside 9.90 63%
Rightside | ngide 6.21 (6.21/9.90)
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CHAPTER V

DISCUSSION AND CONCLUSION
5.1 Phantom study

5.1.1 Influence of the tube angulation on eye lens dose

Equivalent dose to the left eye without protection tools was highest in each tube
direction due to the short distance from left eye to the main scattered sources and therefore
absorb a large amount of radiation.

Without protection tools, the three maximum left eye lens doses were 9.20, 8.14 and 4.1
mSv at LAO20°CAU20°, LAO20°, and LAO20° CRA20° views respectively. Whereas the three lowest
were 0.24, 0.38 and 1.39 mSv respectively at RAO20°CAU20°, RAO20°, and RAO20°CRA20° views

respectively as shown in Figure 5.1

9.20
8.14 M Radiation dose (mSv) to left eye without leadglasses eyewear
4.10
3.61 3.57
3

1.39
l 0.38 0.24
| —

.20
LAO20° LAO20° LAO20° CAU20° CRA20° AP RAO20° RAO20° RAO20°
CAU20° CRA20° CRA20° CAU20°

=
o

Equivalent dose (mSv)
O R, N W H U1 OO N 0 O

Tube direction

Figure 5.1 Equivalent dose to left eye (mSv) without protection tool at various views using Rando

phantom from highest to lowest dose.

The results demonstrated that the lateral imaging directions influence the equivalent
dose to left eye which was closer to radiation source than caudal or cranial view.

When tube direction was LAO series, the x-ray tube was much closer to the phantom’s
eye than other tube directions result in high radiation dose at the left eye whereas the RAO
series, the tube was moved away from the phantom result in lower dose (Figure 5.2). Our results
agree well with other studies.

Kuon et al. (41) studied the equivalent dose rate (uSv/hr) to interventional cardiologist
without radiation protection tools for all tube angulations technically feasible in invasive
cardiology using Rando phantom. They found that LAO tube angulations were most radiation
intensive for the operator (Figure 5.3) while the lowest dose was deliver under RAO tube

angulation.
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LAO RAO

A. B.
Figure 5.2 Tube directions when A.is LAO view and B. is RAO view

300
260

240
250 B Mean Operator Radiation Exposure (uSv/h)

200

180
150 150
150 130
110 100
100 80
50
0

LAO20° LAO20° LAO20° CRA20° RAO20° CAU20° RAO20° AP RAO20°
CAU20° CRA20° CRA20° CAU20°

Sv/h

Tube directions

Figure 5.3 Average equivalent dose rate (uSv/h) at a Rando phantom simulated operator sorted

by highest to lowest radiation dose from Kuon et. al. (41)

Yokoyama et.al (42) measured radiation dose at left side of the head at Rando phantom
under simulated radiology procedure using many x-ray tube directions. They found that the
maximum and the minimum radiation dose were around 12 pSv and 1 uSv at LAO30°CAU30° and
RAO30°CAU20°

Van et.al (43) demonstrated that increasing LAO angulation results in more scatter
radiation dosage for the operator and this effect worse than RAO angulation when the operator
was standing to the right of the patient. Thus, the greatest radiation exposure is observed when
the x-ray tube is on the same side of the operator.
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Equivalent doses to right eye without protection tools were lower than the left eye in all
tube angulations. The maximum radiation dose received by the right eye was 1.77 mSv under
LAO20°CRA20° view.

However, the common tube directions used in TACE procedures at KCMH are RAO 10° to
30°. As the liver is located in the right upper quadrant of the abdomen, when use these tube
directions the detector is closer to the liver result in clear images of intrahepatic arterial branches
and appropriate chemoembolization. Furthermore, in this RAO series, very low scattered radiation
could reach both left and right eyes of the interventional radiologist.

Even though, tube directions which used in IR procedures vary extensively due to the
patient pathology and experienced of the interventional radiologist, this preliminary study
provided valuable data for the interventional radiologist to be aware of the tube direction which
delivers the maximum dose to their eye lens.

Percent transmission of lead glass eyewear at the right side (32%) was higher than the
left side (20%) which corresponds well with Yokoyama et.al. They measured the eye lens doses
at the Rando phantom and demonstrated that the dose to the left eye inside the glasses was
decreased to 30% of that outside the glasses and the dose to the right eye was only 70% of the
dose outside the glasses. This is because of some radiation leak through the leaded glass without
penetrating it to the right eye.

However, in terms of absolute dose, the right eye doses were lower than the left. The
left eye received higher than twice of the right eye due to the shorter distance to the source of

scattered radiation.

5.2 Interventional radiologist eye lens dose measurement

Fellow A received the estimated annual eye lens doses on both left and right eye above
the dose limit of 20 mSv per year when protective equipment was not applied. His right eye
received 24.23 mSv while the left received 31.96 mSv which was the maximum estimated annual

eye lens doses among three fellows. However, his annual eye lens doses were within the dose
limit as the lead glass eyewear absorbed the scattered radiation from patient.
The results were compared with other studies as shown in Table 5.1. Our study shows

the third highest average annual eye lens dose of 16.68 mSv.

The percent transmission of lead glass eyewear at the left side was 46% which similarly
to previous studies such as Haga et al. (44) was 49%, L. Alejo et al. (45) and Krisanachinda et al. (46)
was 48% Thus, the study reveals that lead glass eyewear can effectively reduce radiation
exposure to the eye more than 40%

For the right side, percent transmission of lead glass eyewear was 63% higher than the

left. Krisanachinda et al. (46) measured annual left and right eye lens doses at interventional
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cardiology unit, KCMH, Thailand. They showed the percent transmission on right side of 69%
higher than the left of 48%. These results agree well with our results.

Nevertheless, the information of equivalent dose on the right eye was limited because
most of studies reported the equivalent dose on left eye especially outside lead glasses of the
annual eye lens doses above the dose limit.

We found that the equivalent dose at right inside of lead glass eyewear of fellow B and
C were higher than at outside, causing the larger of percent transmission of the right side
according to the design of lead glass eyewear. During this study, fellow B and C used the same
type of lead glass eyewear whereas the interventional radiologist and fellow A used another type
of eyewear as shown in Figure 5.4.

Figure 5.4 Different models of lead slass eyewear. Left is lead glass eyewear of fellow B and

fellow C. Right is lead glass eyewear of the interventional radiologist and fellow A.

The scattered radiation can reach the inner right nanoDot dosimeter without reaching
the outside dosimeter as the result of a gap between lead glass eyewear and the face of the
fellow and the scattered radiation was absorbed by the lead g¢lasses and made larger
transmission.

5.3 Conclusion

The three maximum radiation doses at left outside lead glass eyewear were 9.20, 8.14,
and 4.10 mSv at LAO20°CAU20°, LAO20° and LAO20°CRA20° views respectively.

The three minimum radiation doses at left outside lead glass eyewear were 1.39, 0.38,
and 0.24 mSv at RAO20°CRA20°, RAO20° and RAO20°CAU20° views respectively.

Tube angulation of LAO series delivers high radiation dose to interventional radiologist
left eye. Avoid performing LAO directions and shorten cine mode whenever possible are
recommended.

The average estimated annual eye lens doses without lead glass eyewear was 16.68 mSv
on the left eye and 9.90 mSv on the right eye. When the eyewear was utilized, doses at the left

and the right eye were 7.64 and 6.21 mSv respectively. The lead glass eyewear can reduce

radiation around 40%.
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The annual eye lens doses of interventional radiologist performs TACE procedure has
the potential to reach new ICRP dose limit of 20 mSv/year if radiation protective tools are not
utilized.

The monitoring of the eye lens dose become more important in medical staff work at a

busy IR unit because their eye doses could be higher than that of other radiation workers. Lead

glass eyewear and ceiling suspended shield should be used to protect workers from scattered

radiation when carrying out interventional procedures especially for TACE procedures.
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APPENDIX
APPENDIX A

Case record form

Table i Data collection sheet for phantom study

Radiation dose from nanoDot (uSv)

Projection Inside lead glasses Outside lead glasses
direction Lt. side Rt. side Lt. side Rt. side
1 AP (1%)
2 AP (2')
3 AP (3)
Mean + SD

Table ii Interventional radiologist eye lens dose record form
Radiologist No.:

O Interventional radiologist O Fellow interventional radiologist

Aug Sep Oct Nov Dec Jan

MONTHS
2017 2017 2017 2017 2017 2018
Left eye
Inside lead glasses
Right eye
Left eye
Outside lead glasses -
Right eye
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APPENDIX B
Information sheet
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APPENDIX C

Consent form
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APPENDIX D

Equipment performance for DSA system

Table iii Report of DSA R/F system performance

Hospital King Chulalongkorn Memorial
Hospital
Room DSA 1
Date February 2017
X-ray unit Toshiba IVR-CT

Test performed by

Mananchaya Vimolnoch

Table Attenuation

Table
Submode/Image Dose rate .
Mode / attenuation Absorber
quality (UGy/s)
(%)
C-arm without table Normal 585.8 - 1.5 mm Cu
C-arm with table Normal 630.3 ‘

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

Half Value Layer Assessment

Submode/Image

Al attenuator (mm) ) Dose rate (UGy/s) HVL (mm)
quality
0.0 Normal 213
2.0 163.3 5.93
4.0 130.8 HVL = 6
6.0 105.7

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



Dose rate (uGy/s)

Resolution should be assessed

HALF VALUE LAYER ASSESSMENT

1.0 2.0

3.0

4.0

Al Thickness (mm)

5.0

Image Quality Assessment

6.0 7.0

51

in the wusual illumination condition and from the

operator’s position. Leads test placed on Image-Intensifier detector entrance surface with grid. All
modes (fluoroscopy and image acquisition) and image quality should be assessed.

Focus-Image Intensifier distance 100 cm.

Live image
Automatic Field High
Submode/Image . . No. Low
Mode ) added filtration size kv mA | No.of | contrast
quality . . of contrast
(mm Cu) (inch) ground | resolution |
disc | (%contrast)
(lp/mm)
Normal DSA 3 f/s 2.00 16 70.00 | 127 4 0.71 4 10.90
12 70.00 | 137 5 0.80 [ 10.90
8 70.00 | 181 6 0.90 4 10.90
70.00 | 200 7 1.00 [ 10.90




52

APPENDIX E

NanoDOt OSL dosimeters calibration

In this study, nanoDot was calibrated by Thailand Institute of Nuclear Technology (TINT)
Personal Radiation Monitoring Services laboratory. The calibration procedure consists of two
processes, the eye lens dose assessment using nanoDot dosimeters and calculation of H,(3)/Kair
conversion coefficient from Monte Carlo simulation.

To assess the eye lens dose, nanoDot dosimeters and the cylindrical phantom were
used. The cylindrical phantom is made of PMMA 40 slice rings (16 cm in diameter and 0.5 cm
slice thickness) which was designed at Meikai University. There are 10 holes at the depth of 3 mm
from the surface of the slice rings. Three nanoDot dosimeters were inserted into the cylindrical

phantom holes representing left and right eyes (FIG I).

- ——r———
————
—— e S

:
%

Figure | The nanoDot dosimeters were placed in the cylindrical phantom at the depth of 3 mm.

Then, the phantom was irradiated with X-ray beam of N-series radiation qualities, N-40,
N-60, N80, N-100, and N120 at Secondary Standard Dosimetry Laboratory (SSDL) Office of Atoms
for Peace, Thailand.

For each beam quality, the radiation was delivered at 0.5, 1 and 2 mSv at an angle of 40°
on the cylinder phantom vertical central axis. The angle of 40 (FIG Il) was selected as close to the
real phenomena when radiation interacted to the patient and scattered to medical worker head

for interventional radiology application.
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z 40°

Figure Il Schematic view of beam incidence at 40 degree to the cylindrical phantom axis.

Measurements were read out using a microStar mobile reader (Landauer Inc., USA) by
the luminescence process where the irradiated dosimeters were stimulated by a quantum of

visible green light from the light emitting diode (LED) as shown in Figure IIl.

Figure Ill Microstar reader

The eye lens doses were calculated from the average counts readings multiplied by the
calibration factor which varied with radiation qualities and angle of incidence.

H,(3)/Kair conversion coefficient was calculated using Monte Carlo N-Particle Transport
code named MCNPX, developed by Los Alamos National Laboratory. It was applied to simulate
the conversion coefficients from air kerma to H,(3).

The Hy(3) was simulated at each beam incident of X-ray with N-40, N-60, N80, N-100 and
N120 beam qualities. The X-ray beam interacts to the phantom at an angle of 40° to the cylinder
vertical central axis, as illustrated in FIG Il
Then the delivered doses, Hy(3) using conversion coefficients from MCNPX Monte Carlo were
compared with the eye lens dose assessment using nanoDot dosimeters varied with radiation

qualities at 40° on the cylindrical axis.
TINT concluded that the percentage difference between H,(3) delivered dose by MCNPX and

Hp(3) evaluated from the measurement by nanoDot did not exceed +10%.
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