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Nuerointerventional radiology has recently been spread quickly used and
achieved successfully in the treatment of vascular diseases. This procedure is complex
and uses long fluoroscopy time that the patients and staff receiving high radiation dose
and the increased risk of radiation skin injury, such as epilation and cataract. The purpose
of this study is to measure radiation dose to show the regional distributions of the
entrance skin doses (ESD) and the region of maximum ESD to the patients and staff. The
correlation of patient dose and staff dose is determined.

The ESD on 22 patients during dural arteriovenous fistula (DAVF) procedure
using thermoluminescent dosimeter (TLD) 100 chips were recorded. TLD chips were
placed on patient’s head and the body of staff who performed DAVF procedure.

The results showed that the maximum ESD for 22 patients of DAVF procedures
occurred in the right temporal region, it ranged from 0.36 to 4.46 Gy, the average
maximum ESD was 1.08 Gy. The other area received average dose of 0.23 Gy. Three
cases of patients showed the effect of epilation on right temporal area with the maximum
ESD of 2.25-4.46 Gy after 3 weeks. For the staff, the left upper arm was higher than the
other regions, the average ESD was 1.11 mGy, and most of the other areas ESDs were
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the dose limit. The ESD of patient correlated on total number of digital subtraction
angiographic frames and fluoroscopic time but more pronounced on number of
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protection devices, training program, and standard devices.
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CHAPTER I
INTRODUCTION

1.1 Background and rationale

Interventional radiology (IR) has recently been spread quickly and achieved
successfully in the treatment of various diseases, IR reduces the need for many traditional
interventions, particularly surgery, so reducing discomfort and risks for patients. Levels
of doses to patients and staff in IR are large and poor correlation between patient and
staff dose. Radiation skin injuries in patients have been reported due to high skin dose of
some procedure. Radiological risk to the staff is also a major concern. The common
radiation protection principles with regard to time, distance, and shielding are difficult for
operators to fully implement in interventional procedures due to examination complexity.
Increases in interventional procedure difficulty, volumes and workload for each
radiologist contribute to the high radiation levels.

Neurointerventional radiology is the type of interventional radiology where
dedicated fluoroscopic equipment should be used. This procedure is employed in the
treatment of vascular lesion such as dural arteriovenous fistula (DAVF) embolization.
This complex procedure which is long duration can result in relatively high patients and
staff dose. The increase risk of radiation skin injuries to patients presented with depilation
or skin reaction.

The level of dose to patients and staff in neurointerventional radiology vary
enormously as a function of procedure, fluoroscopic time, number of images acquired
and equipment performance. The occurrence of deterministic effects in patients is
peculiar aspect of neurointerventional radiology, owing to the potentially high skin doses
given in procedures such as Guglielmi detachable coil (GDC) embolization,
arteriovenous fistula glue injection and embolization. Deterministic effects to staff, such
as eye lens injuries resulting from the prolonged use of non-dedicated fluoroscopic
equipment, the poor level of individual protection devices, personnel dosimetry and
radiation protection knowledge [1].

All these considerations have persuaded international bodies and national bodies
and scientific societies to publish recommendations and requirements for the optimization
of IR practices. These requirements include the use of dedicated radiological equipment,
suitable protective devices and quality assurance programmer that include quality control,
the assessment of patient and staff doses, and advanced training.

This work aim to study the dose to the patient and staff in DAVF procedure by
measurement with TLD, the relationship between patient and staff dose will be observed.



1.2 Research objectives

1.2.1 To measure the patient and staff doses in dural arteriovenous fistula (DAVF)
neurointerventional procedure using thermoluminescence dosimeter (TLD).
1.2.2 To correlate staff dose to patient dose.



CHAPTER 11
REVIEW OF RELATED LITERATURES
2.1 Theory
2.1.1 Dural Arteriovenous Fistula (DAVF) [2]

DAVF is a site of abnormal connectivity between arteries and veins, where the
abnormal connection or fistula lies exclusively in the leathery covering of the brain or
spinal cord known as the dura. Sometimes there may be one or more fistula in the same
patient, the plural of fistula being fistulae. DAVF can occur in the brain or in the spinal
cord: the former is referred to as a cranial DAVF; the latter is referred to as a spinal
DAVF.

A Cranial DAVF is supplied by branches of the carotid artery (external and
internal carotid arteries) and possibly also by branches of the vertebral artery before these
arteries penetrates the dura. The fistula usually resides in the convexity dura overlying the
brain hemisphere or in the tentorial dura between the forebrain and hindbrain. Rarely, it
lies in a deep region of the brain known as the cavernous sinus. There is usually a
prominent "draining vein" that can be large and curving or tortuous leaving the fistula
site. There may be dilatations in this vein known as varices (single is varix) that can look
like "venous aneurysms"”. Frequently the blood flow in a DAVF is very high, and it may
cause blood to flow in the opposite direction to normal over the brain's surface, an event
comprising abnormal cortical venous drainage, this is a worrisome finding on a cerebral
angiogram.

A cranial DAVF diagram is shown in figure 2.1.

Figure 2.1 A cranial DAVF as seen on a side-on or lateral view of a cerebral
angiogram. The small fistulae are in the dura (in circles).



DAVF is the high dose procedure for both patients and staff, fluoroscopic timing
are long duration. Radiation skin injuries to patients may be caused by this
neurointerventional procedure. Therefore, the avoidance of skin injuries during the
procedure is needed.

Any of the symptoms and signs mentioned above may lead to investigation of
patient. For a cranial DAVF, regular CT scanning is not very helpful in diagnosing a
fistula, but it may show a hemorrhage from a fistula. CT angiography (CT arteriography
+ CT venography) is helpful in defining a cranial fistula, as are MRI techniques including
MR angiography and MR venography. However, the gold-standard for detection and
characterization of a DAVF is cerebral angiography. Here, a DAVF often appears as a
complex vascular abnormality made up of abnormally large and tortuous dural arteries,
and a large serpentine draining vein. There may be cortical venous drainage, and a
thrombosed dural venous sinus may also be seen.

At present, the two main ways of treating a DAVF are through open surgery or
endovascular surgery. The need for treatment becomes more pressing if cortical venous
drainage is seen on the cerebral angiogram or if a patient has experienced rupture or other
significant neurological effects of the DAVF.

1. Open surgery: The goal of surgery is to physically disconnect the fistula in the
dura, with particular attention to obliterating the draining vein. A craniotomy is required
for surgical disconnection of a cranial DAVF and a laminectomy or laminotomy is
required for surgical disconnection of a spinal DAVF. Open surgery for a DAVF
typically has a very high success rate.

2. Endovascular surgery: This involves a catheter-based technique for "squirting"
of a "glue" (or a similar particle-composite or resin) into the lumen of arteries feeding the
DAVF, or directly into the vein draining the DAVF. This process is known as
embolization. Sometimes, embolization is used alone to obliterate the fistula, or it may be
used as a helpful additional option prior to open surgery, to help shut down as much of
the fistula as possible prior to the operation.

2.1.2 Thermoluminescent Dosimetry (TLD) [3]

There are several solid state systems available for the dosimetry of ionizing
radiation. However, none of the systems provider absolute measurement-each needs
calibration in a known radiation field before it can be used for the determination of
absorbed dose. There are two types of solid state dosimeters: (a) integrating type
dosimeters (thermoluminescent crystals, radiophotoluminescent glasses, optical density
type dosimeters such as glass and film), and (b) electrical conductivity dosimeters
(semiconductor junction detectors, induced conductivity in insulating materials). Of
these, the most widely used systems for the measurement of absorbed dose are the
thermoluminescent dosimeter because it is small size and easy to place at patient lesion.



In recent years many applications of thermoluminescent dosimeter have been
reported in the literature, and many more applications have gone unreported. There are
hundreds of thermoluminescent dosimeter readers in operation in various laboratories
around the word. Many of dosimetry problems arising in radiation dosimetry can be
resolved by using thermoluminescent dosimeter. The small size, good energy
dependence, good sensitivity and large useful dose range of thermoluminescent
dosimeters are key advantages, as the direct measurement of doses is possible under
conditions in which other forms of dosimetry are not practical, measurement of the dose
from the primary beam during fluoroscopy is convenient since the dosimeters do not
interfere with the study.[12]

Figure 2.2 Schematic diagram showing apparatus for dose measurement using
Thermoluminescence.

Many crystalline materials exhibit the phenomenon of thermoluminescence used
in thermoluminescent dosimeters. When such a crystal is irradiated, a very minute
fraction of the absorbed energy is stored in the crystal lattice. Some of this energy can be
recovered later as visible light if the material is heated. This phenomenon of release of
visible photons by thermal means is known as thermoluminescence.

The arrangement for measuring the thermoluminescence output is shown
schematically in figure 2.2. The irradiated material is placed in a heater cup or planchet,
where it is heated for a reproducible heating cycle. The emitted light is measured by a
photomultiplier tube (PMT) which converts light into an electrical current. The current is
then amplified and measured by a recorder or a counter.

There are several thermoluminescence phosphors available but the most
noteworthy are lithium fluoride (LiF), lithium borate (Li,B.O), and calcium fluoride
(CaF,). Of these phosphors, LiF is most extensively studied and most frequently used for
clinical dosimetry. LiF in its purest form exhibits relatively little thermoluminescence.
But the presence of a trace amount of impurities (e.g., magnesium) provides the
radiation-induced thermoluminescence. These impurities give rise to imperfections in the



lattice structure of LiF and appear to be necessary for the appearance of the
thermoluminescence phenomenon.

2.1.2.1 Simplified theory of thermoluminescent dosimetry

The chemical and physical theory of thermoluminescent dosimeter is not exactly
known, but simple models have been proposed to explain the phenomenon qualitatively.
An energy-level diagram of an inorganic crystal exhibiting thermoluminescence by
ionizing radiation is shown in figure 2.3.

Figure 2.3 A simplified energy-level diagram to illustrate thermoluminescent process.

In an individual atom, electron occupies discrete energy levels. In a crystal lattice,
on the other hand, electronic energy levels are perturbed by mutual interactions between
atoms and give rise to energy bands the “allowed” energy bands and the forbidden energy
bands. In addition, the presence of impurities in the crystal creates energy traps in the
forbidden region, providing metastable states for the electrons. When the material is
irradiated, some of the electrons in the valence band (ground state) receive sufficient
energy to be raised to the conduction band. The vacancy thus created in the valence band
is called a positive hole. The electron and the hole move independently through their
respective bands until they recombine (electron returning to the ground state) or until
they fall into a trap (metastable state).

If there is instantaneous emission of light owing to these transitions, the
phenomenon is called fluorescence. If an electron in the trap requires energy to get out of
the trap and fall to the valence band, the emission of light in this case is called
phosphorescence (delayed fluorescence). If phosphorescence at room temperature is very
slow, but can be speeded up significantly with a moderate amount of heating (~300-c),
the phenomenon is called thermoluminescence.



Figure 2.4 An example of glow curve of LiF (TLD-100) after phosphor has been
annealed at 400-c for 1 hour and read immediately after irradiation to 100 R.

A plot of thermoluminescence against temperature is called a glow curve. As the
temperature of the thermoluminescence material exposed to radiation is increased, the
probability of releasing trapped electrons increases. The light emitted first increases,
reaches a maximum value, and fall again to zero. Because most phosphors contain a
number of traps at various energy levels in the forbidden band, the glow curve may
consist of a number of glow peaks is shown in figure 2.4. The different peaks correspond
to different ‘trapped” energy levels.

2.1.2.2 Lithium fluoride

Lithium fluoride has an effective atomic number of 8.2 compared with 7.4 for
soft-tissue. This makes this material very suitable for clinical dosimetry. The dose
absorbed in LiF can be converted to dose in muscle by considerations similar to those
discussed earlier. For example, under electronic equilibrium conditions, the ratio of
absorbed doses in the two media will be the same as the ratio of their mass energy
absorption coefficients. If the dimensions of the dosimeter are smaller than the ranges of
the electron crossing the dosimeter, then the Bragg-Gray relationship can also be used.
The ratio of absorbed doses in the two media will be the same as the ratio of mass
stopping powers. The applicability of the Bragg-gray cavity theory to thermoluminescent
dosimeter has been discussed by several authors.

2.1.2.3 Practical consideration

As stated previously, the thermoluminescent dosimeter must be calibrated before
it can be used for measuring an unknown dose. Because the response of the
thermoluminescent dosimeter materials is affected by their previous radiation history and
thermal history, the material must be suitably annealed to remove residual effects. The



standard preirradiation annealing procedure for LiF is 1 hour of heating at 400-c and then
24 hour at 80-c. The slow heating, namely 24 hours at 80°c, remove peak 1 and 2 of the
glow curve by decreasing the “trapping efficiency”. Peak 1 and 2 can also be eliminated
by postirradiation annealing for 10 minutes at 100-c. The need for eliminating peak 1 and
2 arise from the fact that the magnitude of these peaks decreases relatively fast with time
after irradiation. By removing these peaks by annealing, the glow curve becomes more
stable and therefore predictable.

The dose response curve for TLD-100 is shown in figure 2.5. The curve is
generally linear up to 10° cGy but beyond this it becomes supralinear. The response
curve, however, depends on many conditions that have to be standardized to achieve
reasonable accuracy with thermoluminescent dosimeter. The calibration should be done
with the same themoluminescent dosimeter reader, in approximately the same quality
beam and to approximately the same absorbed dose level.

The thermoluminescent dosimeter response is defined as thermoluminescence
output per unit absorbed dose in the phosphor. Figure 8.14 gives the energy response
curve for LiF (TLD-100) for photon energies below megavoltage range. The studies of
energy response for photons above e0Co and high energy electrons have yielded
somewhat conflicting results.

TL (Arbitrary Units)

| | |
10 10° 10° 10* 10°

Absorbed Dose (rad)

Figure 2.5 An example of thermoluminescence versus absorbed dose curve for TLD-
100 powder (schematic).

When considerable care is used, precision of approximately 3 % may be obtained
using thermoluminescent dosimeter powder or extruded material. Although not as precise
as the ion chamber, thermoluminescent dosimeter’s main advantage is in measuring doses
in regions where ion chamber cannot be used. For example, thermoluminescent dosimeter
is extremely useful for patient dosimetry by direct insertion into tissue or body cavities.
Since thermoluminescent dosimeter material is available in many forms and sizes, it can
be used for special dosimetry situations such as for measuring dose distribution in the
build-up region, around brachytherapy source, and for personal dose monitoring.



2.1.2.4 Energy response

The photoelectric absorption process is usually the predominant absorption
process at low (< 100 keV) photon energies. This interaction, which involves the
innermost electrons, is dependent on the nuclear charge of the atom, the atomic number
(Z2). Consequently, radiation detectors with high atomic numbers show a greatly
enhanced response at the low photon energies. The energy response of a detector at a
particular photon energy may be defined as the response of the detector at that photon
energy relative to its response at some reference energy (usually 1-3 MeV) where the
photoelectric absorption process is largely inoperative. The dosimeter is said to have a
good energy response if its response per roentgen shows little change with photon energy,
the energy response is poor if this charge is charge. Detectors with an effective atomic
number approximately that of air (Z = 7.64) show a good energy response while those
with an effective atomic number much different from 7.64 show a poor energy response.

Figure 2.6 Relation of half value layer (HVL) to effective energy.

One recurring problem in dealing with energy response is the precise statement of
x-ray beam quality. If the radiation source is a monoenergetic gammaray emitter (for
example, 137Cs) then the beam quality can be expressed simply and accurately as the
monoenergetic photon energy (662 keV). On the other hand, if the radiation source used
IS an x-ray generator that produces a spectrum of photon energies up to the maximum
accelerating voltage, then specification of the beam quality is much more difficult. Beam
quality may be expressed in terms of ‘effective keV’ defined as that monoenergetic
photon energy which has the same half value layer as does the x-ray beam in question.
Conversion from the measured half value layer to effective energy (keV) is shown in
figure 2.6. Effective energy (keV) determined in this manner is not a highly precise
statement of quality for example, two x-ray beams generated at different accelerating
voltages and with different filtrations can have identical half value layer (and
consequently the same effective energy). It is often valuable to specify the first and
second half value layer as well as the accelerating voltage and the amount of filtration.
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There are two ways to determine energy response curves for thermoluminescence
phosphors by using experimentally determined values based on effective energy for
various x-ray and gamma-ray sources or by using theoretically calculated values from
available absorption coefficients for the various photon energies. Experimentally
measured values are usually more appropriate when correcting for the energy responses
in various experimental irradiations. The energy response curve was calculated by
comparing the absorption coefficients of the various thermoluminescence phosphors with
the energy deposited in tissue which is shown figure 2.7. Energy response is usually
related to the exposure in air rather than to the dose in tissue.

Figure 2.7 Theoretical sensitivity of thermoluminescence phosphors: (1) CaSO.;
(2) CaF;; (3) ALO;; (4) LiF; (5) CaCO;; (6) SiO,; and (7) Li,B.O..

2.1.2.5 Calibration of thermoluminescent dosimeter [13]

The purpose of calibrating a thermoluminescent dosimeter instrument is to
produce consistent and accurate reading in dosimetrically meaningful units. The
calibration process involves the following 3 steps.

a) Generate calibration dosimeter

In this process, an element correction coefficient (ECC) is generated by using a
set of dosimeters, typically 1 - 2 % of the total population to be calibration dosimeters.
They are identified and segregated from the field dosimeters.

All dosimeters are annealed to clear them all residual exposure. Duration time
between annealing and exposing should be the same for all dosimeters. After being
exposed to the known radiation dose, the charge integral value (Q;) in nanocoulomb (nC)
of each dosimeter (i) is read out and recorded. Then the average charge integral (Q) of all
dosimeters is calculated and the element correction coefficient (ECCi) for individual
dosimeter i (i = 1, 2, 3... n) is computed by dividing the average charge integral by the
individual charge (Q;) as:
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Q
ECC, =~ 2.1
e .

b) Calibration of thermoluminescent dosimeter reader

A group of dosimeter about 1 - 2 % of dosimeters in (a) which have ECCi value
close to 1 are chosen to be calibration dosimeters. The calibration dosimeters are exposed
to known amount of radiation dose (D) in grays and read by thermoluminescent
dosimeter reader. As Qi is the reading for the dosimeter I, the corrected charge integral
(Qci) of the dosimeter is calculated by :

Q. =Q xECC; (2.2)

Then the reader calibration factor (RCF) is calculated from the equation:

_Qc
RCF == (2.3)

When ¢ Q is the average corrected charge integral and calculated by:
_ 1 N
Qc = H( i1 Qg ) (2.4)

c¢) Calibration of dosimeter

The rest of the dosimeter [number of the dosimeters in (a) - number of dosimeters
in (b)] is used as field dosimeters. They are exposed by the known radiation dose of L
grays and read by thermoluminescent dosimeter reader. The calibration value of element
correction coefficient for individual dosimeter (ECCeci) is then calculated by:

ECC. = w (2.5)

ci
i

2.1.2.6 Determination of unknown radiation dose

The field dosimeters in 3.3.4 (c) are used to measure unknown radiation dose. The
unknown dose D in grays is calculated by using ECCci from the equation:

D= (Q x ECCy)

RCF
When Q i is the reading of the individual field dosimeter i of any user defined
length.

(2.6)
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2.2 Review of related literatures

Moritake T. et al [4] studied the radiation dose by measuring the entrance skin
dose (ESD) on both patients and operators during neurointerventional procedure using
photoluminescence glass dosimeter (PLD). The maximum ESDs of patients are on the
right temporo-occipital region and for operators are on the left upper extremity. Two
patients with left dural AVF embolization, procedure time is 2 hours 35 minutes,
maximum ESD is 5.37 Gy. Three weeks after the procedure, the patient presented with a
square depilation on his right temporal area that the dose exceeds 3 Gy. The example of
the radiation reaction is shown in figure 2.8.

Figure 2.8 Depilation on his right temporal area.

L. D’Ercole, et al [5], measured the skin dose of radiation received by patients
during interventional neuroradiologic procedures performed under fluoroscopic guidance.
Twenty-one patients undergoing embolization of cerebral aneurysms were included in the
measurement. The maximum skin dose (MSD) was measured using Gafchromic XR type
R films. The coefficient of the interpolation line between the skin dose and the DAP was
determined, the value was 0.0029 cm™.The mean MSD was found to be 1.16 Gy (range,
0.23-3.20 Gy).

Roshan S. et al [6], evaluated radiation risk to patients during cerebral
interventions and the contribution to this risk from work practices. Thirty nine patients
undergoing cerebral interventions in a digital subtraction angiography suit were included
in this study. Patients who underwent cerebral interventions were categorized into two
groups according to the number of cerebral interventions performed on them, and their
effective doses were calculated. The effective dose for patients undergoing a single
cerebral intervention (group A) varied from 1.55 to 15.9 mSv and for multiple cerebral
interventions (group B) varied from 16.52 to 43.52 mSv. Two patients who underwent
multiple cerebral intervention had alopecia of the irradiate scalp.



CHAPTER Il1
RESEARCH METHODOLOGY

3.1 Research design

The study is an observational descriptive design.

3.2 Research design model
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3.3 Conceptual framework

DSA equipment

4

Patient and staff doses in DAVF
neurointerventional procedure

T T ¢ 5

Fluoroscopic No. of
time frames

kv mA No. of series

3.4 Key words
Entrance Skin Dose (ESD)
Thermoluminescent dosimeters (TLD)
Dural Arteriovenous Fistular (DAVF)
Interventional Radiology

Neuroembolization

3.5 Research questions
3.5.1 Primary question

What are the patient and staff dose in dural arteriovenous fistula (DAVF)
neurointerventional procedure using thermoluminescence dosimeter (TLD)?

3.5.2 Secondary question

What are the relationship between patient dose and staff dose?
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3.6 The sample

3.6.1 Target population

The patients and medical staff in DAVF Neuroembolizational procedure at
Neurointerventional radiology unit, Department of Radiology, Faculty of medicine,
Ramathibodi Hospital on Monday to Friday from period of September 2010 to January
2011.

3.6.2 Sample population

The patients who underwent DAVF neuroembolizational procedure at
Neurointerventional radiology unit, Department of Radiology, Faculty of medicine,
Ramathibodi Hospital.

3.6.3 Eligible criteria
3.6.3.1 Inclusion criteria

The patients and staff who underwent DAVF neuroembolizational
procedure using DSA equipment system.

3.6.3.2 Exclusion criteria
The patient who underwent other procedure.
3.6.4 Sample size determination

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

Zy» = 1.96 (two tail)

G = Standard deviation (SD) [4]

o? = Variance of data [4]

d? = Value of variation data (error at 10%)
n = (Zy)old

N o= (L96)%(1.3)%/(1.84)

n = 22 cases
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3.7 Materials
3.7.1 Radiographic-Fluoroscopic System

Digital Subtraction radiographic system is the DSA Vascular system: Infinix VB-i
(Toshiba Medical System, Japan) with Bi-plane installed at Department of radiology,
Ramathibodi Hospital. The device incorporates 2 x-ray tubes (Frontal arm and Lateral
arm) which enable staff to view patients from various angles. The tube voltage is
controlled by an automatic brightness control system so that the value changes with time,
ranging between almost 50 and 110 kV for neurointerventional procedure. For
fluoroscopic, 3 different types of additional filter are available: low mode, normal mode,
and high mode. The normal mode is selected for DAVF procedure. For the operator and
staff’s protection, the unit equipped with a lead glass board, which is connected to a
flexible arm so that staff can move the board to a suitable position.

The fluoroscopic examination was performed in a continuous mode with a normal
mode. DSA was performed at a rate of 3 frames per second without an additional filter.
All the examinations were performed with the patients in a supine position, and for lateral
view examinations, the x-ray tube on the lateral type arm was placed to the right side of
the patient. The staff performed all the fluoroscopic procedures standing on the right side
of the patient. Because the staff moved out of the fluoroscopic room during the x-ray
exposure of DSA to avoid unnecessary exposure, the ESDs of the staff were measured
only in the fluoroscopic procedure, whereas those of patients were measured in both the
fluoroscopic and DSA procedures.

The system is shown in figure 3.1.

Figure 3.1 DSA equipment systems with bi-plane.
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3.7.2 Thermoluminescent dosimeter (TLD)

Thermoluminescent dosimeter (TLD 100) was the lithium fluoride (LiF)
crystal doped with magnesium and titanium (LiF:Mg, Ti). TLD chips with the dimension
of 3.2x3.2x0.89 mm?®, a nominal density of 2.64 g/lcm® and effective atomic number (Zes)
of 8.2, a value close to tissue. The TLD 100 is shown in figure 3.2.

a b

Figure 3.2 Thermoluminescent dosimeter (TLD 100) was the lithium fluoride (LiF)
crystal doped with magnesium and titanium (LiF:Mg,Ti). (a) TLD chips with the
dimension of 3.2x3.2x0.89 mm?®and (b) tube of TLD chips.

3.7.3 The Harshaw model 5500 automatic thermoluminescent dosimeter
reader [7]

The Harshaw model 5500 automatic thermoluminescent dosimeter reader
is shown in figure 3.3. It is a personal computer driven, table-top instrument for
thermoluminescent dosimeter measurement. It has been designed to economically
provide both high performance and high reliability and complies with the latest
International Standard Organization (1SO) requirement. This reader is capable of reading
50 dosimeters per loading and accommodates thermoluminescent chips, rods, and cubes
in a variety of sizes. The flexible design of the controlling software enables the user to
configure the workstation for different applications. The software provides real-time
monitoring of the instrument’s operating conditions and display of the glow curves and
response values. The reader uses hot nitrogen gas heating with a closed loop feedback
system that produces linearly ramped temperatures accurate within £1°c to 400°c. The
time temperature profile (TTP) is user-defined in three segments: preheat, acquire, and
anneal, each with independent times and temperatures. Any number of different time
temperature profiles may be defined and calibrated. The photomultiplier tube assembly is
cooled to a constant temperature maintain consistent performance of the photomultiplier
tube. Nitrogen is routed through the photomultiplier tube (PMT) chamber to eliminate
condensation.
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Figure 3.3 The Harshaw model 5500 automatic thermoluminescent dosimeter
reader.

3.7.4 The patients and Staff

Twenty two patients and staff who undergo DAVF neurointerventional procedure
are examined at Ramathibodi Hospital.

3.7.5 Cobalt-60 teletherapy machine [6]

The *Co source is produced by irradiating ordinary stable *Co with neutrons in a
reactor. The nuclear reaction can be represented by *Co (n,y)*Co.

The ®Co source, usually in the form of a solid cylinder, discs, or pallets, is
contained inside a stainless-steel capsule and sealed by welding. The capsule is placed
into another steel capsule which is again sealed by welding. The double-welded seal is
necessary to prevent any leakage of the radioactive material. The Theratron Elite80
cobalt-60 teletherapy machine is shown in figure 3.4.

The *Co source decays to ®Ni with the emission of beta particles (Emax = 0.32
MeV) and two photons per disintegration of energies 1.17 and 1.33 MeV. These gamma
rays constitute the useful treatment beam. The beta particles are absorbed in the cobalt
metal and stainless-steel capsules.

Because of the constant emission of the radiation, *Co is used for
thermoluminescent dosimeter sensitivity determination.
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Figure 3.4 Theratron Elite80 cobalt-60 teletherapy machine.
3.8 Methods

3.8.1 The quality control of Radiographic-Fluoroscopic System and
measurement of HVL [8]

The quality control of radiographic-fluoroscopic system was performed
for the following topics.

e Dose assessment

e Automatic brightness control test

e Table attenuation determination

e Maximum dose rate assessment

e Half value layer (HVL) assessment
¢ Image quality assessment

The term of half value layer is the thickness of an absorber of specified
composition required to attenuate the intensity of the beam to half its original value.
Although all beams can be described in terms of their half value layer, the quality of a
gamma ray beam is usually stated in terms of the energy of the gamma rays or its nuclide
of origin which has known emission spectrum.

In the case of low energy x-ray beams (below megavoltage range), it is customary
to describe quality in term of half value layer.

The measurement was performed to find the half value layer of DSA equipment
with the kVp changed from 60, 70 and 80. For constant kV and mAs, measurements
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should be made with no added aluminum, then with enough aluminum to reduce the
intensity to a little less than one half, and finally with enough to reduce it to a little more
than one half. The half value layer can be obtained by interpolation.

3.8.2 Thermoluminescent dosimeter preparation [9]
3.8.2.1 Sensitivity and dose calibration

Thermoluminescent  dosimeters, TLD-100 chips with the automatic
thermoluminescent reader of the Harshaw Model 5500 were used to measure the
radiation doses at various points on the patient and staff. Before using thermoluminescent
dosimeters for dose measurement, all thermoluminescent dosimeters were annealing and
irradiating with *Co gamma-ray for ten times.

The TLDs were separated into two sets of high dose for patient and low dose for
staff. Then the sensitivity of each dosimeter was determined by irradiating 99 and 111
dosimeters with ®*Co gamma-ray of 5 cGy for staff dose and 100 cGy for patient,
respectively, the charge integral value of each dosimeter was read and the element
correction coefficient (ECC) was calculated according to equation 2.1. The dosimeters
that have the element correction coefficient values between 0.9 and 1.01 were selected
for using in this study. In addition the dosimeters of element correction coefficient values
varied by £ 1 % (0.99 to 1.01) were chosen for dose calibration. The radiation beam of
DSA equipment with the exposure parameter of 70 kV were measured with 6 cc
chamber and ACCU-PRO dosemeter (Radcal corporation, CA, USA), the average value
of charge integral reading of TLD with the same dose was used as a factor to convert
charge collected by TLD to dose. This is a reader calibration factor (RCF) value;
according to equation 2.3. The calibration was separated in to two parts: low dose and
high dose TLD sets.

3.8.2.2 Linearity

The 6 cc chamber and ACCU-PRO dosemeter (Radcal corporation, CA, USA)
was used to measure the exposures from the Toshiba DSA equipment to determine the
linearity of thermoluminescent dosimeter. For low dose set TLD, the air kerma dose
varied from 0.02 to 0.56 mGy, for high dose set, the air kerma dose varied from 0.06 to
5.26 mGy.

3.8.2.3 Dose measurement

The ESDs of the patients were measured with a small TLD chip system. This chip
is square with the dimension of 3.2 mm x 3.2 mm x 0.89 mm, respectively. The ESDs,
which included tissue backscatter, were measured throughout the procedures by using
TLDs placed in 23 points on the surface of the patient’s head and neck (Figure 3.5). We
used a swimming cap, which had small pockets for TLDs, to place the TLDs at suitable
locations with high reproducibility (Figure 3.6). At each point of ESD measurement, 3
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TLD chips were applied (72 TLD chips in total per case), and the readout results were
averaged.

For the measurement of ESDs to the two staff, the first staff stood about 100 cm
from the tube and the second staff stood next from the first, 7 points was selected for each
staff which is shown in Figure 3.7. Some of dosimeters were placed under a body lead
apron or a thyroid shielding. Three TLD were applied at each point (21 TLD chips per
personal or 42 TLD chip per case), and the readout results were averaged.

Figure 3.5 The TLD points for patients. The number in each point represents the position
number for the TLD placement: anterior, posterior, vertex, right and left lateral views.

Figure 3.6 The swimming cap, which has small pockets for TLDs to place at suitable
locations with high reproducibility.
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Figure 3.7 The TLD points for staff. The number in each point represents the position
number for the TLD placement.

3.9 Measurement

Independent fluoroscopic time, number of frames,

kVp, mA

Dependent variables patient and staff dose

3.10 Data collection

After the TLDs have been irradiated, they were read on the Harshow model 5500
automatic TLD reader for thermoluminescent dosimeter method. Fluoroscopic time,
number of frames, kVp and mA were recorded in case record forms.



CHAPTER IV
RESULTS

4.1 The quality control of Radiographic-Fluoroscopic System

The results on quality control of Radiographic-fluoroscopic system were within
acceptable range of IAEA CRP protocol. They are shown in Appendix.

The half value layer in term of millimeter of aluminium for Infinix-VBi
Intervention x-ray unit measured with 6 cc ionization chamber and ACCU-PRO
dosemeter (Radcal Corporation, CA, USA) are shown in table 4.1.

Table 4.1 The measured HVL as the kVp is increased from 60 to 80 kVp for x-ray
imaging system.

kVp Frontal arm (AP Tube) Lateral arm (Lateral Tube)
(mmAl) (mmAl)
60 2.27 2.06
70 2.91 2.53
80 3.38 2.91

4.2 Thermoluminescent dosimeter characteristics
4.2.1 Sensitivity and dose calibration

The relative sensitivity of these TLD chips was determined and calibration factors
were investigated for both high dose and low dose TLD sets. The sensitivity or the
element correction coefficient factor (ECC) of individual TLD chip ranged from 0.991 to
1.090 for high dose set and 0.955 to 1.015 for low dose set. Only the TLD chips which
had the sensitivity factor close to 1.0 (0.99 to 1.01) were selected in the calibration of
reader calibration factor (RCF) by equation 2.3. The calibration factors were 2.33 nC/cGy
for high dose set and 0.36 nC/mGy for low dose set.
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4.2.3 Linearity

The linearity of TLD-100 chips response were studied by irradiated TLD-100 in
air at known air kerma dose of 0.02, 0.04, 0.09, 0.12, 0.17, 0.22, 0.25, 0.39, 0.50, 0.56
mGy for low dose set and 0.06, 0.13, 0.19, 0.34, 0.53, 0.73, 0.91, 1.77, 3.50, 5.26 mGy
for high dose set. The charge corrected by the sensitivity at 70 kVp was plotted with the
air kerma dose, they are shown in figure 4.1 for high dose set and figure 4.2 for low dose
set. The graph showed the linear relationship between TLDs and air kerma dose

responses with the good correlation (r>=0.9998 for high dose set and r’=0.9993 for low
dose set).

N
o

[uny
(O3}

R2=0.9998 //

chargexECC (nC)

Air kerma dose (mGy)

Figure 4.1 High Dose set, Linearity of LiF TLD-100 when irradiated at various air kerma
dose for 70 kVp 2.9 mmAl.
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Figure 4.2 Low Dose set, Linearity of LiF TLD-100 when irradiated at various air kerma
dose for 70 kVp 2.9 mmAl.
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4.3 The patient entrance skin dose

This study was recorded from twenty two patients who underwent DAVF
procedures (12 female and 10 male). The average age was 48.5 years (range 17 to 77
years). The ESD of the patient depended on total fluoroscopic time and total number of
digital subtraction angiographic frames, the average values were 40 = 26.8 minutes
(range 5.5 to 96.5 minutes) and 620 + 367 frames (range 195 to 1393 frames),
respectively. The average ESD of high dose zone were 0.81 Gy (range 0.16 to 2.1 Gy).
The data is shown in table 4.2. The geometric distribution of the average ESDs for 22
DAVF Neurointerventional radiology patients are shown in figure 4.3, The maximum
ESD occurred in the right temporal region at point number 6, they ranged from 0.36 to
4.46 Gy, the average maximum ESD was 1.08 + 1.01 Gy. The other area (point number 1
to 23 except number 6) received average dose of 0.23 £ 0.2 Gy with the range of 0.05 to
0.86 Gy.

Table 4.2 Patient data in DAVF cases.

Case Sex Age Flu.Time | Number High dose zone
no. (min.) of Average ESD
frames (Gy)
1 M 51 27.7 423 0.41
2 F 21 21.6 426 0.28
3 F 17 5.5 195 0.2
4 M 27 11.2 414 0.26
5 F 60 9.2 202 0.47
6 F 51 29.1 314 0.43
7 M 53 59.1 421 0.81
8 F 55 6.8 303 0.31
9 F 77 7.8 195 0.25
10 M 53 43.7 265 0.41
11 M 49 66.1 822 1.51
12 F 65 22.9 711 0.61
13 F 51 96.5 1158 1.98
14 F 74 321 644 0.69
15 M 42 61.5 822 1.02
16 M 22 66.4 1112 1.12
17 F 55 55.9 529 0.35
18 F 21 10.8 304 0.16
19 M 62 60.2 949 1.21
20 M 55 66.1 822 1.71
21 F 54 62 1393 2.1
22 M 33 60.4 1214 1.54
Average 48.5 40.12 620.36 0.81
Min M=10 17 55 195 0.16
Max F=12 77 96.5 1393 2.1
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Figure 4.3 Geometric distribution of the average ESDs per procedure of 22
interventional radiology patients. The number in each circle represents the position
number for TLD placement that shown high dose zone and low dose zone.

The irradiated area could be formed into 2 groups, high dose zone (Right side)
and low dose zone (Left side). High dose zone and low dose zone were point number 1 to
11 and 12 to 23, respectively. The average ESD on high dose zone were 0.81 £ 0.61 Gy
(range 0.16 to 2.10 Gy), low dose zone; average ESD were 0.05 = 0.03 (range 0.01 to
0.13 Gy). The doses at various anatomical sites: right temporal, vertex, right eye, left eye
and frontal are shown in table 4.3.

Table 4.3 Average ESDs to the patients at various points

Table 4.3 : Average ESDs to the patients for 22 procedure
Point No. | Area Average (Gy ; mean £ SD) Range (Gy)
(figure 4.3)
6 Right 1.08£1.01 0.36 — 4.46
temporal
3 Vertex 0.26 £ 0.15 0.01-0.40
22 Right eye 0.06 + 0.05 0.009 - 0.26
23 Left eye 0.04 £ 0.03 0.03-0.19
21 Frontal 0.03+£0.01 0.01-0.12
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The correlation between the average ESD of high dose zone and angiographic
parameters: the average ESD and total exposure time is shown in figure 4.4. The
regression line of the average ESD of high dose zone and total fluoroscopic time was
shown linearity with r = 0.8432.
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Figure 4.4 Correlations between the average ESD of high dose zone and total
exposure time (r = 0.8432). Line on the graphs indicates linear regressions.

The correlation between the average ESD of high dose zone and angiographic
parameters: the average ESD and total number of frame is shown in figure 4.5. The
regression line of the average ESD of high dose zone and total number of frame was
shown linearity with r = 0.8944.
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Figure 4.5 Correlation between the average ESD of high dose zone and Total
Number of DSA: frames (r = 0.8944). Line on the graphs indicates linear
regressions.

4.4 The staff entrance skin dose
4.4.1 The radiation doses to the first medical staff

The average dose received by the first staff who was about 100 cm from the x-ray
tube in 22 DAVF procedure ranged from 0.12 to 1.11 mGy, it is shown in table 4.4. The
diagram of measurement location is shown in figure 4.6. The average lowest dose value
occurred at the gonad area under lead apron, it was 0.01 mGy and the highest dose value
existed at the left upper arm, it was 3.82 mGy. The average ESD at the left upper arm
was 1.11 £ 0.74 mGy, most of the other area ESDs were less than 1 mGy.

Table 4.4 The radiation dose to the first medical staff, measured by TLD-100.

TLD location Average (mGy) Range (mGy)
Left upper arm 1.11 0.23-3.82
Thyroid area 0.21 0.04-0.61
Chest 0.12 0.03-0.45
Gonad area 0.13 0.01-0.40
Right eye 0.22 0.04-0.56
Left eye 0.88 0.08-2.65
Left femur 0.15 0.03-0.68
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4.4.2 The radiation doses to the second medical staff

The average dose received by the second staff in 22 DAVF procedures who stood
next to the first staff ranged from 0.12 to 0.50 mGy, it is shown in table 4.5. The lowest
dose value occurred at the chest and right eye, it was 0.004 mGy and the highest dose
value existed at the left upper arm, it was 1.63 mGy.

Table 4.5 The radiation dose to the second medical staff, measured by TLD-100

TLD location Average (mGy) Range (mGy)
Left upper arm 0.50 0.01-1.63
Thyroid area 0.12 0.01-0.45
Chest 0.14 0.004-0.56
Gonad area 0.13 0.02-0.64
Right eye 0.17 0.004-0.57
Left eye 0.44 0.01-1.60
Left femur 0.14 0.03-0.46

Figure 4.6 The average dose at seven locations of the first and
the second medical staff.

The data were plotted to show the average doses at seven locations of the first and
the second medical staff, it is shown in figure 4.7. The first and the second staff received
the maximum dose per procedure at the left upper arm. The average dose at the first staff
was higher than the second staff, especially for the left arm and left eye. For the area of
low doses, both staff obtained comparable dose.



1.2
1 -
- 0.8 A
>
Q
£ 06 -
)]
i
0.4 A
0.2 1 w Staffl
0 - W Staff2
Ltarm thyroid thorax gonad Lt eye Rteye Ltfemur
Position of TLD

Figure 4.7 The average ESD (mGy) of first and second radiologist at various

positions.

The correlation between the average ESD of the first staff and total fluoroscopic
time is shown in figure 4.8. The regression line showed poor linearity with r = 0.3842.
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This result indicated that the fluoroscopic time was not correlated directly to the
radiation dose to the staff. There were some factors that influenced the radiation reaching

to the staff.
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Figure 4.8 Correlation between the average
fluoroscopic time (r = 0.3842).

ESD of the staff and total



31

4.5 The correlation of staff dose to patient dose

The correlation between the average maximum ESD of the first staff and high
dose zone of the patient is shown in figure 4.9. The regression line showed poor linearity
with r = 0.4538. The staff moved from the room during digital angiography, so the doses
depended mainly on the fluoroscopic time, while the patient dose related on both total
fluoroscopic time and total number of frames.
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Figure 4.9 Correlation between the average ESD of the staff and total
fluoroscopic time (r = 4538).

Case lllustration

Two women of 54 and 51 years old who received both transarterial and
transvenous embolization, with the procedure time of about 2 hours 30 minutes and 2
hours 15 minutes, total number of frames were 1393, 1158 and total fluoroscopic time
were 62, 96.5 minute delivered 4.46 and 2.33 Gy to maximum ESD, respectively. About
2-3 weeks after the interventional radiology procedure, patient presented with an
epilation on their right temporal area that the dose exceeded 2 Gy (point No. 5 and 6 in
figure 4.3).

A man of 22 year old, the procedure time was 2 hours 15 minutes, number of
frames was 1112 and total fluoroscopic time was 66.4 minute delivered 2.25 Gy of
maximum ESD. About 3 weeks after the interventional radiology procedure, patient
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presented with slightly epilation on his right temporal area that the dose exceeded 2 Gy.
An epilation on right temporal area is shown in figure 4.10.

Figure 4.10 The comparison of slightly epilation on the right temporal area due to
high radiation dose (2.25 Gy) and the left temporal area with low dose (0.04 Gy).



CHAPTER V
DISCUSSION AND CONCLUSION

5.1 Discussion

The International Commission on Radiologic Protection (ICRP) advised that the
ESD should be carefully observed when the maximum cumulative skin dose is expected
to be > 2 Gy [10]. The angiographic parameters cannot show the distribution of the ESD.
Thus, this study tried to clarify the regional distribution of the ESD by using a large
number of TLDs to perform the measurement.

5.1.1 TLD calibration

TLD was calibrated with the x-ray beam of 70 kVp from frontal arm tube. The
HVL of the frontal arm and lateral arm were 2.91 and 2.53 mmAl, respectively. The
variation of TLD response over these HVL was less so the calibration was performed
only single HVL. The uncertainty of TLD was +10 % for both high and low dose sets.

5.1.2 The patient entrance skin dose

The results demonstrated that the average ESD on the right temporal area was
considerably higher than on the frontal area, they were 1.08 + 1.01 Gy at the right
temporal area and 0.03 + 0.01 Gy at the frontal area. This is because the x-ray tube was
placed on the right side of the patient during a lateral view examination. The sensitive eye
lens acquired 0.05 £ 0.04 Gy.

T. Moritake et al [4] reported that the average maximum ESD for 32 patients was
estimated to be 1.8 Gy of neuroembolization by using the photoluminescence glass
dosimeter (PLD), which was higher than the average maximum ESD of 1.08 Gy
demonstrated in this study using TLD chips.

A single fraction of 2 Gy to the eye is associated with a high probability of
cataract induction [11]. But Klein et al [12] suggested that lens opacification can result
from exposure to dose as low as 0.2 Gy. This study demonstrated that the average ESD to
the eyes were 0.05 Gy which was lower than the cataract limitation dose.

The good statistically correlations were observed between the patient average
ESD and parameters: the total number of DSA frames and total fluoroscopic time. These
results attributed from the selection of only DAVF disease which all the operations
techniques were in the same trend. However, the patient average ESD showed more good
correlation with the number of DSA frames than fluoroscopic time. The graph in figure
4.4 illustrated the more patient ESD variation of 0.35 to 2.1 Gy at fluoroscopy time of 60
to 66 minutes, this was due to the variation of number of DSA frames of 421 to 1393. So
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the patient average ESD should be considered on both the number of DSA frames and the
fluoroscopic time.

5.1.3 The staff entrance skin dose

For the staff, the average ESD to the left upper arm was higher than the other
areas, it was 1.11+ 0.74 mGy which the dose was relatively high. This result was in
agreement with T. Moritake et al, who demonstrated that the dose to the left upper arm
was higher than those to other regions because the staff usually stands on the right side of
the patient with the closer distance from the x-ray tube.

The average ESD to the left eye of the staff was 0.88 mGy per procedure. The
ICRP [10] recommended a dose limit of 150 mSv per year for exposure in the staff to
minimize the incidence of cataract development. For the staff who worked under the
same conditions and performing 100 procedures per year, the dose delivered was 88 mSv
which did not exceed the ICRP dose limit.

The second staff received half dose of the first staff at the left arm and left eye.
For the other sites where TLDs situated under the protective cloth, no significant dose
difference between two staff.

The staff average ESD showed poor correlation with the fluoroscopic time as
shown in figure 4.8 especially at the short fluoroscopic time, the more dose variation was
observed. The simple type of DAVF classification employed the short fluoroscopic time,
but some staff performed hand injection while taking DSA image on the patient resulted
in dose increasing at the short fluoroscopy time.

5.1.4 The correlation between the staff dose and the patient dose

The poor correlation between the average ESD of the first staff and the patient
was observed which agreed with the other study [1]. The main cause was from the staff
who left from the room during digital angiography. Dose of the staff was mainly due to
fluoroscopic time which depended on the procedure complexity and experience of the
staff. Dose to the patients related both to fluoroscopic time and the DSA frames.

5.2 Conclusion

We measured the ESDs of 22 patients and the staff in DAVF interventional
radiology procedure by using TLD chips. The results indicated that high dose occurred at
the right temporal region of the patient’s head, the average maximum ESD was 1.08 +
1.01 Gy. For the staff, the left upper arm was higher than the other region, the average
ESD was 1.11+ 0.74 mGy. We can reduce the cumulative exposure and skin injury on
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both patients and staff in neurointerventional procedure by reducing the x-ray exposure as
much as possible. These requirements include the use of dedicated radiological
equipment, suitable protective devices and quality assurance programmer that include
quality control, the assessment of patient and staff doses, and advanced training.
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APPENDIX C

CASE RECORD FORM

Clinical data collection sheet for DAVF procedure

D/IM/Y

Patient study number

Gender

Age

Start time - End time

Total time (min)

Fluoroscopic mode

Name feeding artery

Series No.

Tube No.

No of frame

kv

mA

Sec

Pulse rate

Cine rate

FOV

Angulation

- LAO/RAO
- CRA/CAU

SID (cm)

Frame rate

Dose area (Gy.cm?)

Entrance dose (mGy)

Interventional
radiologist




Name:

Sex:
NATIONALITY
Date of birth:
Place of birth:

Home Address:

Qualification:

Job experiences:

VITAE
Miss Surapee Amto
Female
Thai
September 25, 1978
Nakornpathom, Thailand

1541/112 Soi. Charunsanitwong 40, Aroonammarin road,
Bangyeekhan, Bangplad, Bangkok, Thailand 10700

Tel. 02-8831090 # 1613

Diploma of Science (Radiological Technology)
Mahidol University, 1996

Bachelor of Science (Radiological Technology)

Ramkhamhaeng University, 2002

Radiologic technologist of Department of Radiology, Faculty of
medicine, Ramathibodi Hospital for 10 years.
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