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##5174818830: MAJOR MEDICAL IMAGING

KEYWORDS: THERMOLUMINESCENT DOSIMETER / DOSE-AREA
PRODUCT/ENDOSCOPIC RETROGRADE CHOLANGIOPANCREATOGRAPHY
WACHIRAPONG SUWANBOONRIT: RADIATION DOSE TO PATIENTS
AND MEDICAL STAFF DURING ENDOSCOPIC RETROGRADE
CHOLANGIOPANCREATOGRAPHY (ERCP) PROCEDURE. THESIS
ADVISOR: ASSOC. PROF. ANCHALI KRISANACHINDA,
CO- ADVISOR: ASSOC. PROF. RANGSAN RERKNIMITR, 58 pp.

The objective of this study is to evaluate the radiation dose to patient at two

positions (prone and left lateral) and to medical staff during ERCP procedure using
- dose area product (DAP) meter and thermeluminescent dosimeter (TLD). Data were
recorded on 20 patients at prone position and 20 patients at left lateral position. The
radiographic-fluoroscopic system manufactiired by Siemens Model Polystar was used
for ERCP procedure at King Chulalongkorn Memorial Hospital. Dose Area Product
(DAP) manufactured by PTW Medel Diamentor E, a transmission 1omzat10n chamber
was attached to X-ray"collimater to record the dese-area (cGy. cm) in order to
determine the entrancessurface ‘air kbrma (ESAK, mGy) of the patients at two
positions (prone and left lateral) while the Kodak Portal Pack for locahzatlon imaging
was placed on the patignt’s.Couch to determme the exposed area (cm?) on the surface
of the patient. TLD was/attached at five positions, left eye, thyroid, left forearm,
lower abdomen and lefileg of the medlcil staff during ERCP procedure. The average
patient skin dose from DAP was higher at left lateral position of 124.06 (23.3-229.3)
mGy than 82.93 (39.76-174.74) mGy at prone position. The medical staff received the
maximum dose per procedure at'the left forearm of 244.02 (54.79-1628.66) pGy for
patient at left lateral position‘and 131.09 j_?ﬁ -382.81) pGy at prone position. The
average surface dose the patient received dﬁnng ERCP procedure at prone and lateral
positions were 82.93 and 124.06 mGy per procedure which were significantly
different. The medical staff also received higher dose at left lateral position than at
prone position, but'they were adequately protected from the risk of working with the
radiation. The relatiofi between medical staff and patiént doses was established. The
highest ratio between-average medical staff doses and dose-area product is the left
forearm and the lowestratio is the lower @abdomen of ERCP procedure. The hlghest
ratio is 111.66;uGyl/(10 Gy cm’(and) the-lowest ratio\is 7.53 uGy / 10 Gy.cm®. The
medical staff dose-Can.be @stimated fromthe patient dose using DAP method. This
will help the medical staff to avoid the excess dose during their work.

Field of study __ Medical Imaging
Academic Year
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CHAPTER |

INTRODUCTION

1.1 Background and rationale

Fluoroscopy is a type of x-ray real time image which allows radiologist to
view an area of interest as an x-ray beam pass through the body part being examined
and transmitted to a monitor. An intravenous injection of contrast material is used to
highlight the area, making it a very bright, white image on monitor. The fluoroscopy
is an imaging technique commonly used to.obtain the internal structures of a patient.
Fluoroscopic system consists of an x-ray setrce and fluorescent screen. However,
modern fluoroscopes couple the screen to an x=ray image intensifier (I1) and charge-
coupled device (CCD) video-eamera allowing the images to be recorded and played
on a monitor. Fluoroscopic.progedures: may produce high radiation doses to patient
depend on the «types of . pracedure  which  endoscopic  retrograde
cholangiopancreatography’ (ERGP) is one procedure in fluoroscopic study.

ERCP has been established. for .over 35 years. ERCP is a non-invasive
technique that combines the use'of endoscopy and fluoroscopy to diagnose and treat
certain problems of the biliary or pancreatic ductal systems. It is an x-ray examination
of the bile ducts which isjaided. by a video endoscope. ERCP is usually performed
with the patient in the prone or left lateral position. The supine position could be more
comfortable and may facilitate .airway management. ERCP is also used to diagnose
and treat gallstones, inflammatery strictures leaks and cancer. The use of x-rays and
endoscopy has been combined, which a leng, flexible, lighted tube has been used.
Advanced Endoscopie procedure utilizes fluoroscopy to obtain cholangiograms and/or
pancreatograms. As the procedure fakes about 20— 60 minutes, it may cause the
radiation risk to patieats and medical staff.

Previous studyat our department concerned the Tadiation dose to patients and
medical staff during ERCPx.The procedures.currently perform in prone position and
sometimes the left lateral position: As ourknowledge, there ‘s, no available report on
the radiation dose t0'the patients and medical 'staff-during ERCP from the left lateral
position. Therefore, the determination of radiation doses to the patients and medical
staff during ERCP.at beth-prone and left;lateralpositions should be performed.

1.2 Objectives

1.2.1 To evaluate the radiation dose to patient at two positions (prone and left
lateral) and medical staff during ERCP procedure using DAP meter and TLD.

1.2.2 To relate the patient dose and medical staff dose for two patient
positions, during ERCP procedure.


http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/X-ray_image_intensifier
http://en.wikipedia.org/wiki/Charge-coupled_device
http://en.wikipedia.org/wiki/Video_camera
http://en.wikipedia.org/wiki/Endoscopy
http://en.wikipedia.org/wiki/Fluoroscopy
http://en.wikipedia.org/wiki/Bile_duct
http://en.wikipedia.org/wiki/Pancreatic_duct
http://en.wikipedia.org/wiki/Gallstones

CHAPTER II

REVIEW OF RELATED LITERATURES

2.1 Introduction
2.1.1 Fluoroscopic Equipment

The simple type of fluoroscopic system consists of an under couch x-ray tube
and an over couch image intensifier system. The type of imaging equipment of
portable C-arm with a vascular package software is either floor or ceiling mounted C-
arms. The fixed units generally allow higher. definition imaging and more facile
movement of devices by allowing the operator.to control both the imaging unit and
bed position. However, regardiess of the speesfic_imaging system, the essentials of
fluoroscopy are unchanged-and-can be achieved-wiih-each system.

2.1.1.1 Basie'Punciples of Fluoroscopy.

Roentgen diseovery of x-rays related directly to fluoroscopy, because
fluorescence on the maierial in the room caused him to take note of the x-ray
properties. In 1896, Thomas A. Edison ereated the fluorescope, consisting of a zinc-
cadmium sulfide screen that was placed above the patient's body in the x-ray beam. In
first-generation units, the radiologist-stared directly at a faint yellow-green fluorescent
image through a sheet of lead to-prevent the x=ray beam from striking his or her eyes.
The exam room required complete darkness and the radiologist had to first wear red
goggles for up to 20 or 30 minutes to adapt,the eyes to darkness to see a faint
fluorescent image. —

The dynamic design of fluoroscopy enables real-time radiographic
imaging of moving anatomic structures. Generally, fluoréscopy procedures require a
radiologist to perforri-and-monitor-the-examination;-and to view the live study. A
continuous beam from an x-ray tube placed beneath the table passes through the
patient and falls onto a fluorescent screen. The x-ray beam from the tube beneath the
table passes through the patient to the film located above the patient. The x-ray tube
can locate over table so that'it can be used for conventional radiography as well.

Early 'generation fluorascopic images presented particularly difficult
viewing challenges for radiologists. The human Tretina contains 2 types of image
receptors. Cones are operating more effectively jn bright light, while rods are more
sensitive) to fowlight, ‘Because fods are also meore sensitive tocblue-green light, the
radiologists’ red' goggles' filtered ‘out-blue-green“wavelengths 1o allow the rods to
recover peak sensitivity before viewing fluoroscopic images.

The dimness of the early images and required use of rod vision resulted
in poor visual acuity and poor contrast distinction because rod vision does not lend
itself to distinguish between shades of gray. To allow radiologists to use cone vision
but minimize patient exposure, the industry developed the image-intensifier tube. The
image intensifier amplifies the faint light pattern emitted by the fluorescing screen and
the radiologist views the image on a monitor. Fluoroscopic imaging is very useful in
evaluating dynamic anatomic structures, such as gastrointestinal functions,
diaphragmatic movement of respiration and cardiac functions. Fluoroscopy is also
valuable in performing studies that require continuous imaging and monitoring.



2.1.1.2 Fluoroscopy Systems

While the x-ray tube rests under the patient table, the fluoroscopic
image intensifier is located above the table. Typical fluoroscopic x-ray tube currents
are 1 to 5 mA, compared to 50 to 500 mA for conventional radiographic tubes. The
table supporting the patient usually rotates to an upright position for certain
examinations and can be lowered to horizontal position for other procedures. These
technologies are available to record images created during fluoroscopic procedures.

2.1.1.3 Image Intensifier

The image intensifier plays a key role in increasing image brightness
without forcing increased radiation exposureby converting the transmitted x-rays into
a brightened, visible light image. The inteasifier input phosphor converts x-ray
photons to light photons;~which then are Converted to photoelectrons within a
photocathode. A series of electrodes strikes the output phosphor, accelerating and
focusing the electrons into lighi'photons that can be captured by a number of different
imaging devices.

Early gengration of image intensifier had small input size and a glass
vacuum case. The later medels come with large input field sizes up to 57 c¢cm in
diameter with little image distortion. The tubes now are encased in metal to protect
the glass vacuum envelopg: The outer most. component of the intensifier is the input
window, which is convex apd made<to-minimize x-ray absorption, scatter and cost.
Just behind the window lies the layer of input phosphor, cesium iodide (Csl), which
converts the x-ray energy into visible light. The Csl crystals are grown as tiny, tightly
packed needles that offer exgellent spatial resolution and little dispersion. Input layer
thickness is a compromise of ‘spatial resolution versus x-ray absorption efficiency.
The thicker phosphor layers offer higher x-ray absorption efficiency.

Bound to the input phosphor is the photocathode, the layer made up of
antimony-cesium. These compounds emit electrons when stimulated by light, a
process called photoemission. To maximize efficiency of conversion from light
photon to photoelectron, the light emitted from the input phosphor should match the
photocathode sensitivity spectrum. The photocathode accelerates photoelectrons to
the anode at the back of the intensifier. Thaose are focused down to the size of the
output phospher:by a senies-of-electrostatic-fogusing;electrades-that are very sensitive
to external electrical and magnetic fields. Therefore, possible external influences of
nearby magnetic resonance imaging units or unstable high voltages must be
monitored to prevent distortion of fluoroscopic image quality.

When ‘the high=energy electrons reach and interact with the output
phosphof, they produce a considerable amount of light. "Typically, the output
phosphor consists of a compound made of silver-activated zinc-cadmium sulfide
(ZnCdS:Aqg). The ratio of the number of light photons at the output phosphor to the
number of x-rays at the input phosphor is called the flux gain and is the reason for the
increased illumination. Image monitoring can help control brightness and depends
primarily on the anatomic structure under study. As with other imaging techniques,
operators can control kVp and mA, and these factors affect both image quality and
patient exposure. Generally, high kVp and low mA are preferred for fluoroscopy.



2.1.2 Thermoluminescent dosimetry (TLD) [1]

A radiation dosimeter is a device, instrument or system that measures or
evaluates, either directly or indirectly, the quantities exposure, kerma, absorbed dose
or equivalent dose, or their time derivatives (rates), or related quantities of ionizing
radiation. A dosimeter along with its reader is referred to as a dosimetry system.
Measurement of a dosimetric quantity is the process of finding the value of the
quantity experimentally using dosimetry systems. The result of a measurement is the
value of a dosimetric quantity expressed as the product of a numerical value and an
appropriate unit.

In recent years many applications of thermoluminescent dosimeter have been
reported in the literature. The small size, good energy dependence, good sensitivity
and large useful dose range of thermolumineseent dosimeter are key advantages, as
the direct measurement of dose is possible under eonditions in which other forms of
dosimetry are not practical; measurement of the.dese from the primary beam during
fluoroscopy is convenientsince the dosimeter does not interfere with the study.[2]

There are several solid-state systems available for the dosimetry of ionizing
radiation. However, none of the system provider absolute measurement-each needs
calibration in a known radiation field before it can be used for the determination of
absorbed dose. There™ arg’ two: types .of solid dosimeters: (a) integrating type
dosimeters (thermoluminéscent erystal, radiophotoluminescent glasses, optical density
type dosimeters such«as glass and film)f and (b) electrical conductivity dosimeters
(semiconductor junctiongdetectars, induced conduetivity in insulating materials). Of
these, the most widely used systems for the measurement of absorbed dose are the
thermoluminescent dosimeter; diode. and fi’lrp. .
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Figure 2.1 Block diagram of the thermoluminescence dose measurement.



Many crystalline materials exhibit the phenomenon of thermoluminescence
used in thermoluminescent dosimeter. When, such as 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 mean is known as
thermoluminescence.

The arrangement for measuring the thermoluminescence output is shown in
figure 2.1. The radiation material is placed in a heater cup or planchet, where it is
heated for a reproducible heating cycle. The emitted light is measured by
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 thermoluminescent phosphors available such as lithium
fluoride (LiF), lithium borate (Li;B407), @nd calcium fluoride (CaF;). Of these
phosphors, LiF is most extensively ~Studied and most frequently used
thermoluminescence for the photons. 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 thermoluminescenee phenomenon.

2.1.2.1Thermoluminescent dosimeter

The chemical and p‘hysicaT theory of thermoluminescent dosimeter is
not exactly known, but simplé models have been proposed to explain the phenomenon
qualitatively. Figure 2.2 shows an energy-level diagram of an inorganic crystal
exhibiting thermoluminesgenge by ionizing ”tad‘iation.
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Figure 2.2 A simplified energy-level diagram of thermoluminescence 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 “allow” energy bands
and the forbidden energy bands. In addition, the presence of impurities in the crystal
creates energy trap in the forbidden region, providing metastable states for the
electrons. When the material is irradiated, some of the electrons in the valance band



(ground state) receive sufficient energy to be raised to the conduction band. The
vacancy thus created in the valance band is called a positive hole. The electron and
the hole move independently through their respective bands until they recombine or
until they fall into a trap (metastable state).
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Figure 2.3 The glow curve of j-Iith"i':um fluoride (TLD-100).

A plot-of-thermoiluminescence against t€imperature is called a glow
curve (Figure2.3.). As the temperature of the thermoluminescence material exposed to
radiation is increased, the probability of releasing trapped electrons increases. The
light emitted first increases, reach a maximum value, and fall again to zero. Because
most phosphors_ contain a‘iumber _of traps-at various_energy._levels in the forbidden
band, the glow‘curve may consist of a.number 'af glow peaks as shown in figure 2.3.
The different peaks correspond to different “trapped” energy levels.

2.1.2.2 Lithium-flaoride

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 dose in the two media will be the same as the ratio of their mass
energy absorption coefficient. 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 power. The applicability of the Bragg-gray cavity theory to
thermoluminescent dosimeter has been discussed by several authors.



2.1.2.3 Practical considerations

The thermoluminescent dosemeter must be calibrated before use. The
response of the thermoluminescent dosimeter materials is affected by radiation
history and thermal history, the material must be suitably annealed to remove residual
effect. The standard pre-irradiation annealing procedure for LiF is 1 hour of heating at
400 °C and then 24 hour at 80 °C. The slow heating, namely 24 hour 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 post-irradiation annealing for 10 minute 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 mare stable and therefore predictable

The dose response curve fop TLD-100 is shown in figure 2.4. The
curve is generally linear up to 10° cGy but-beyond this it becomes supralinear. The
response curve, however, depends on many eonditions that have to be standardized to
achieve reasonable accuracy with thermoluminescent dosimeter. The calibration
should be done with the"same.inermoluminescent dosimeter reader, in approximately
the same quality beam andto.approximately the same absorbed dose level.

The thepmoluminescent dosimeter  response is defined as
thermoluminescence eutpuiper unit absorbed dose in the phosphor. Figure 2.6 gives
the energy response curve for LiF (T1:D-100) for photon energies below megavoltage
range. The studies of enefgy response for photons above ®°Co and high energy
electrons have yield somewhat conflieting results.
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Figure 2.4 An example of thermoluminescence versus absorbed dose curve for
TLD-100 powder.



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 dose 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 situation 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 eleetrons, IS dependent-on-the nuclear charge of the atom, the
atomic number (Z). Conséquently, radiation detectors with high atomic number show
a greatly enhanced response_at the low photon energies. The energy response of a
detector at the particulaiphoten energy may be defined as the response of the detector
at that photon energy relative o its response at some reference energy (usually 1-3
MeV) where the photoelectric’ absorption process 1s largely inoperative. The
dosimeter is said to have'a good energy response if its response per roentgen shows
little change with photon energy, the eneEQy,_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 engrgy response.. .
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Figure 2.5 Relation of half value layer 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 gamma-
ray emitter (for example, *¥'Cs) 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 dose the x-ray beam in question. Conversion from the measured half value
layer or effective energy (keV) can be made from figure 2.5. Effective energy (keV)
determine 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 ‘secend.half value layer as well as the
accelerating voltage and the-amount of ﬂltration.

There are two ways to determine energy response curves for
thermoluminescent phosphors-by-using experimentally determined value based on
calculated value from.avaiable absorption coefficients for the various photon
energies. Experimentally#measured values are usually more appropriate when
correcting for the energy gesponse in various experimental irradiations. Figure 2.6
shows energy responses’curve which were calculated by comparing the absorption
coefficient of the various thermolu,mines‘cfent phosphors with the energy deposited in
tissue. Energy response is usdally related to the exposure in air rather than to the dose
in tissue. ((1) CaSO4; (2) CaFz; (3) AIz’Qs;; (4) LiF; (5) CaCOs; (6) SiOz2; and (7)
Li2B40O7) ' o
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Figure 2.6 Theoretical sensitivity of thermoluminescence phosphors.
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2.1.2.5 Calibration of thermoluminescent dosimeter [3]

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 @oseg, the charge integral value (Q;) in
nanocoulomb (nC) of each-desimeter (i) is read-eut and recorded. Then the average
charge integral (Q) of all dosimeters is calculated and the element correction
coefficient (ECCi) for individual dosimeter 1 (1 = 1, 2, 3,..., n) is computed by
dividing the average charge iategral by the individual eharge (Q;) as:

FCohs Qi 2.1)

B) /Calibration of thermoluminescent dosimeter reader

A group of dosimeters 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
TLD reader. As (Q;) is the reading for the dosimeter i, the corrected charge integral
(Q,;) of the dosimeter is calculated by: -

Q. = Ui XECG; (2.2)

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

S

RCF = =% (2.3)

S|

Whenr Q istheraverage corrected charge integral and-calenlated by:

Qe =~ Q) (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 TLD reader. The calibration value of
element correction coefficient for individual dosimeter (ECCeci) is then calculated by:
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ECCei = (ch D) (2.5)

2.1.2.6 Determination of unknown radiation dose

The field dosimeters in 2.1.2.5 (C) are used to measure unknown
radiation dose. The unknown dose D in grays is calculated by using ECCci from the
equation:

_ (QiXECCci)
= RCF

D (2.6)

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

2.1.3 Dose area produet (DAP)

Dose-area product s«relatively easy to measure. DAP meters have been
around for many yearsy andswere actually used in the 1964 and 1970 U.S. X-ray
Exposure Studies. Advoeaies of 'DAP meters contend that the DAP is a better
indicator of risk than‘entrance/dose alone, since DAP incorporates the entrance dose
and field size. DAP has peen‘shown to correlate well with the total energy imparted to
the patient, which is related to the effective dose and therefore to overall cancer risk.

Dose-Area-Product (DAP) meters are large-area, transmission ionization
chambers and associated selectronics. In wuse, the ionization chamber is placed
perpendicular to the beam central axis and, in a location to completely intercept the
entire area of the x-ray beam. The DAP, in eombination with information on x-ray
field size can be used to determiné the average dose produced by the x-ray beam at
any distance downstream in the X-ray beam:from the location of the ionization
chamber. A recent modification of the ionization ehamber design used in a DAP
meter has resulted in an instrument that measures both- DAP and the dose delivered by
the x-ray beam. This design effectively combines data’ from a small ionization
chamber that is completely irradiated by the beam and independent of the collimator
adjustments with the cenventional DAP meter.

The dose-area preduct (DAP) meters are mostly installed in fluoroscopic and
radiographic systems. DAP metersiareused-toimeasure the radiation dose to air (cGy),
times the area of the X-ray: field (cm?), on exposed area. The relationship between
DAP and exposure-area product (EAP) is essentially a single conversion factor that
relates .dose-to-exposure.-EAR is, expressed .in ‘Gray-.cm? (Gy.cm?, usually read in
cGy.cni).

An ionization chamber larger than the area of the x-ray beam is placed just
beyond the x-ray collimators. The DAP ionization chamber must intercept the entire
x-ray field for an accurate reading, one proportional to the EAP. The reading from a
DAP meter can be changed by altering the x-ray technique factors (kVp, mA, or
time), varying the area of the field, or both. If the chamber area is larger than that of
the collimators, as the collimators are opened or closed the charge collected will also
increase or decrease in proportion to the area of the field. For example, a 5 x 5 cm? x-
ray field with an entrance dose of 1 mGy will yield a 25 mGy.cm? DAP value. If the
field is increased to 10 x 10 cm?, with the same entrance dose of 1 mGy the DAP
increases to 100 mGy.cm?, which is 4 times the DAP for the 5 x 5 cm? field.
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2.1.4 Dosmetric quantities [4]
2.1.4.1 The incident air kerma

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

2.1.4.2 Entrance surface dose (ESD)

The entrance surface dose is defined as the absorbed dose in air at the
point of intersection of the x-ray beam axis with the entrance surface of the patients,
Ke, including back-scattered radiation, B, and awell defined equation 2.7.

Ke =KiB (2.7
2.1.4.3 Airkerma-~area product (Dose area product)

The air-kerma-area product, Pka, is the integral of the air kerma over
the area of the X-ray beam ina plane pergendicular to the beam axis thus:

Prk= S K (x,y)dxdy 2.8)

Unit; J-kg-4-m? If the special name gray is used, the unit of air kerma—
area product is Gy-m?. The air kerma-area praduct (Dose area product) has the useful
property that it is approximately invariant with distance from the X ray tube focus
(when interactions in air and exirafocal radiation can be neglected), as long as the
planes of measurement and caleulation are not so close to_the patient or phantom that
there is a significani.eontribution from backscattered radiation.

2.1.5 Dosmetrie quantities related to stochastic and deterministic effects
2.1.5.1 Organ and tissue dose
The.mean absorbed dose in a specified tissue or organ is given the

symbol Dt in ICRU 51 [5]. It is equal to the ratio of the energy imparted, ér, to the
tissue or organ to the mass, my, of the tissue or organ, thus

Dr=— (2.9)

mr

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

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

and ICRU 51. For a single type of radiation, R, it is the product of a radiation
weighting factor, Wg, for radiation R and the organ dose, Dr, thus:
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HT = WRD T (210)

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

Table 2.1 Radiation weighting factor

Radiation Energy range Radiation weighting
factor (WR)

Gamma all 1
Beta alt 1
Neutrons <0 keV 5
10 keV — 100 ke 10

>100keV. - 2 MeV 20

>2 MeV - 20 MeV 10

>20 MeV 5

Proton > 2 MeV 5
Alpha particles all 20
Fission fragments all” 20
Heavy nuclei all 20

2.1.5.3 Effectivedose (ED)

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

The! tissue weighting factor, Wy, for organ or tissue T represents the
relative contribution of that organ or tissue to the total detriment arising from

stochastic effects for uniform irradiation of the whele body.

Unit: J/kg. ' The special"name for the unit of effective dose is sievert'(Sv). The sum
over all the organs and tissues of the body of the tissue weighting factors, W, is unity.
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Table 2.2 Wy — new recommendations from Impact of the new ICRP
recommendations on external radiation protection dosimetry. [6]

ORGAN ICRP26 ICRP60 ICRP103
Gonads 0.25 0.20 0.08
Bone marrow (red) 0.12 0.12 0.12
Lung 0.12 0.12 0.12
Breast 0.15 0.05 0.12
Thyroid 0.03 0.05 0.04
Bone surfaces 0.03 0.01 0.01
Remainder 0.30 0.05 0.12
Colon - 0.12 0.12
Stomach - 012 0.12
Bladder = 0.05 0.04
Liver < 0.05 0.04
Oesophagus - 0.05 0.04
Skin - 0.01 0.01
Salivary glands - - 0.01
Brain - N - 0.01

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

2.1.6 Uncertainty in measurement [4, 7]

The uncertainty is a parameter that describes the/dispersion of the measured
values of a quantity; it-is-evatuated by statistical-methods (type A) or by other
methods (type B), has no known sign and is usually assumed to be symmetrical.

The error of measurement is the difference between the measured value of a
quantity and the true value of that quantity.

e An error has both-a numerical value and a sign.

e Typically, the measurement errors are not known' exactly, but they are
estimated in theybest possible way, and, where possible, compensating corrections are
introduced.

o After application of-all-known corrections; the expectalionn value for errors
should be zero and-the only'quantities‘of concern are the uncertainties:

A type A evaluation will normally be used to obtain a value for the
repeatability or randomness of a measurement process. For some measurements, the
random component of uncertainty may not be significant in relation to other
contributions to uncertainty. It is nevertheless desirable for any measurement process
that the relative importance of random effects be established. When there is a
significant spread in a simple of measurement results, the arithmetic mean or average
of the results should be calculated. If there are n independent repeated values for a
quantity Q then the mean value § is give by
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7= (O q) = (212)

The spread in the results gives an indication of the repeatability of the
measurement process, which depends on various factors, including the apparatus
used, the method, and sometimes on the person making the measurement. A good
description of this spread of values is the standard deviation o of the n values that
comprise the sample, which is given by

o= 151 - 0 (2.13)

This expression yields the standard/deviation o of the particular set of values
sampled. However, these are not the only valuesthat could have been sampled. If the
process is repeated, another-set-of values, with-different values of g and o, will be
obtained.

For the large values'of.n, these mean values approach the central limit of a
distribution of all possible values: This probability distribution can often be assumed
to have the normal fromas

As it is impractical to'capiure-all values that are available, it is necessary to
make an estimate of .ithe walue of-o that would be obtained were this possible.
Similarly, the mean valug obtained is less likely to be the same as that which would
be obtained if a very large number of measurements could be taken, therefore as
estimate has to be made of the possible error from the “true” mean.

From the equation 2.6 gives the standard deviation for the sample actually
selected, rather than of the whole population of possible samples. However, from the
results of a single sample of mieastrements, an estimate, s(q;), can be made of the
standard deviation o of the whale population of pessible values of the measured from
the relation.

stap) = |80 ) - )2 .14

The mean walue ,g-will be, derived-Tfrom a finite~-number n of samples and
therefore its value will” not.be the ‘exact mean that would have been obtained if an
infinite numberff samples could have been taken. The mean value itself therefore has
uncertainty. This uncertainty is referred to as the=experimental standard deviation of
the mean. 1t/is obtamed from the estimated standard deviation of tfle papulation by the
expression.

s(q) = %) (2.15)

The standard uncertainty is then the standard deviation of the mean. This is
known as the standard uncertainty and is given the symbol u;(x).

ui(x) = s(q) (2.16)

Once the standard uncertainties x; and the sensitivity coefficients c; have been
evaluated, the uncertainties have to be combined in order to give a single value of
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uncertainty to be associated with the estimate y of the measurement Y. This is known
as the combined standard uncertainty and is given the symbol uc(y).

The combined standard uncertainty is calculated as follow:

uc(y) = |ZL; ctu?(x) = / it () (2.17)

The GUM recognizes the need for providing a high level of confidence -
referred to herein as coverage probability — associated with an uncertainty and uses
the term expanded uncertainty, U, which is obtained by multiplying the combined
standard uncertainty by a coverage factor. The coverage factor is given the symbol k,
thus the expanded uncertainty is given by

U = ku. () (2.18)

In accordance with-"generally accepted international practice, it is
recommended that a_geverage factor of k =2 is use to calculate the expanded
uncertainty. This value of*k will give a coverage probability of approximately 95%,
assuming a normal distribugion: 4

Note: A coverage factor of k = 2 actually provides a coverage probability of
95.45% for a normal disirtbution. For convenience this is approximated to 95% which
would relate to a coverage factor of k = 1.96. However, the difference is not generally
significant since, in practice, the coverage probability Is usually based on conservative
assumptions and approximations to the true probability distributions.

A4

2.2 Review of related literature

Larkin CJ etal [8] studied the radiation doses to-patients during ERCP. Dose
area product (DAP). measurements was used to estimate an effective dose (ED) to
patients undergoing ERCP. This measure allows radiation risk associated with such
procedures to be quantified. The aim of this study waste evaluate the ED to patients
undergoing ERCP. Average, effective dose.from 20 subjects and the mean ED were
estimated by wsing IDAP sreadings and) Monte | Carlo“camputer software to model
radiation exposure<conditions. | Average (DAP, was 18.5 Gy.cm? (6.8-23.9) for
diagnostic and 66.8 Gy.cm? (28.7-108.5) for therapeutic ERCP (p < 0.05). Average
fluoroscopy time was 2.3 minutes.(1.1-5,3) for.diagnostic.and.10.5"minutes (5.9-16.6)
for therapeutic ERCP(p < 0.05).. DAP showed a linear relationship with fluoroscopy
time (R%= 0.928). Mean number of diagnostic and therapeutic films was 2.8 and 3.7,
respectively. Fluoroscopic exposure represented 69% of the DAP for diagnostic
ERCP and 90% of the DAP for therapeutic ERCP. Average ED was 3.1 mSv for
diagnostic and 12.4 mSv for therapeutic ERCP. Therapeutic ERCP is associated with
significantly higher radiation exposure than diagnostic ERCP. ED in therapeutic
ERCP is a result largely of fluoroscopy time as opposed to number of films.

Ferreira LEVVC, Baron TH [9] studied the comparison of safety and efficacy
of ERCP performed with the patients in supine and prone positions. In a retrospective
study of 649 patients, (506 prone, 143 supine) undergoing ERCP by one endoscopist,
success and complication rates were similar for both supine and prone patients (90.2%
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and 11.2% for supine and 92.5% and 9.1% for prone, respectively), although the
degree of procedural difficulty was significantly higher in the supine group.

Sornjarod O et al. [10] studied the radiation dose to medical staff in
interventional radiology. The purposes of the study were to determine the dose to
medical staff in interventional radiology at different locations on the body measured
by thermoluminescent dosimeter (TLD) and to relate the medical staff dose to patient
dose measured by the dose-area product (DAP) meter. The study covered 42 patients
in three interventional radiology procedures with three x-ray machines. TLD were
stuck at eight positions on the radiologist’s skin during the procedure. In addition,
direct reading from the DAP meter placed in front of the collimator of the x-ray tube,
was recorded to estimate the patient radiation dose. The surface dose to the primary
radiologist showed maximum value at' the left forearm of 407 uGy. The ratios
between the maximum mterventlonal radiologist surface dose and patient dose were
12.88 pGy per 10 Gy.cm?®for transarterlal otly.ehemoembolization TOCE (Siemens
Polystar), 22.58 uGy per 10" Gy.cim? for transarterlal oily chemoembolization TOCE
(Siemens Neurostar), 14820 uGv.per 10 Gy.cm* for percutaneous transhepatic biliary
drainage PTBD (Siemens*Polysiar) and 100.46 pGy per 10 Gy.cm? for endoscopic
retrograde cholangiopanereatography. ERCP (GE Advantx). The interventional
radiologist surface dose capbefestimated from the mentioned ratio if the patient dose
is measured. This will help the radlologlsts t0 avoid receiving an excess dose during
their work. L 4
y

l. A. Tsalafoutas gt al. [11] studied the radiation dose to patients from
endoscopic retrograde cholanglopancreatography examinations and image quality
considerations. The purpose of -this investigation was to measure the dose-area
product (DAP) and the other televant dosimetric quantities in diagnostic and
therapeutic endoscopic retrograde cholangiopancreatography (ERCP). Furthermore,
the dependence of patient dese ‘and image quality on the tube potential was
investigated. A DAP meter was used for dose monitoring in seven diagnostic and 21
therapeutic ERCPs. For each ERCP the DAP meter feadings, fluoroscopy time,
number of radiographs and exposure data were recorded. From these data the
fluoroscopy and radiegraphy contributions to DAP, the entrance skin dose and the
effective dose for each examination were estimated. For the investigation of the effect
of tube potential @n patient dosesand rimage iquality;, acwater phantom containing
syringes filled with¢diluted: cantrast media was used. The average DAP was 13.7
Gy.cm? in diaghostic and 41.8 Gy.cm? in therapeutic ERCP whereas the average
fluoroscopy times were 3.1 and 6.0 min respectively, DAP was strongly correlated to
the flueroscapy time. ‘Measurements in the/phantom showed that'a good compromise
between image quality and patient dose is obtained for tube potentials around 80 kV.
Therapeutic ERCPs deliver on average higher doses to patients than diagnostic
ERCPs. However, for a difficult diagnostic ERCP more patient exposure may be
required than for a simple therapeutic ERCP.
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RESEARCH METHODOLOGY

3.1 Research design

This study is an observational research.

3.2 Research design model
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3.3 Conceptual framework

Radiographic-Fluoroscopic system

Patient body
mass index

Patient position

A 4

Experience of
Gastroenterologist

3.4 Research questions

v

Patients dose and

Medical staff dose

kVp

mA

) 4

Data analysis

3.4.1 Primary research guestion 4
What are the radiation dose in ERCP procedure to patients at two
positions (prone and left lateral) and to medical staff?

3.4.2 Secondary research question
What is the relationship between the patient doses for two patient

positions using DAP.meter and medical staff dose using. FLD?

3.5 Key words

Fhermolumineseent-dosimeter (LLD)

Dose area product (DAP) meter

Radjiation dose

A

Figureg 3.2 Conceptual framework

Fluoroscopic
time

Number of
frames

Endoscopic Retrograde Cholangiopancreatography (ERCP)

19



20

3.6 The sample

3.6.1 Target population
The patients and medical staff in ERCP procedure at Vascular and

Interventional Radiology Unit, King Chulalongkorn Memorial Hospital.

3.6.2 Sample population
Patients who underwent ERCP procedure at WVascular and

Interventional Radiology Unit, King Chulalongkorn Memorial Hospital on Monday to
Friday from period of July 2009 to January 2010, and met the eligible criteria.

3.6.3 Eligible criteria

3.6.3.1 Inclusion criteria
The.patient positions—are..prone/left lateral all over the
examination. '
3.6.3.2 ExelusioaCiteria
The patient who is not performed either prone or left lateral

position during ERCP progedure.

3.6.4 Sample sizedetgrmination - !
Samplesizesfor this study is calculated as two independent groups.

By formula:
n/gnoup = 2(Zy +Zﬂ)202/(Y1 — X2)?
Define of s el
B 3000 i
Zy2 = 1.96 (two tail)
Zﬁ = 1.28
X1 = Mean of patients dose in prone position during
ERCP procedure.
X2 = Mean of patients dose in left lateral position

during ERCP, procedure,
o’ Variance of doses in both data groups

(n — 1S +(n; —1)S5 /ng +ny, —2

n/group= 2(1.96+ 1.28)%(339.37)/(102.56 — 122.02)>
n/group = 18.82 = 20

Sample size (n) for 95% confidence interval = 20 patients per group (2 groups)
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3.7 Materials

3.7.1 Radiographic-Fluoroscopic System

The x-ray machine for ERCP procedure is manufactured by Siemens
Medical Solutions, model Polystar, installed in 1994.

Figure 3.4 Unfors model Xi for QC of X-ray machines
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3.7.3 Thermoluminescent dosimeter (TLD)

The TLD used in this study is lithium fluoride ( LiF ) crystal doped
with magnesium and titanium ( LiF:Mg, Ti ). It is known as TLD-100. The nominal
density of LiF is 2.64 g/cm® and effective atomic number (ze) of 8.2, the value closes
to tissue. Thermoluminescent dosimeter chip with the dimension of 3.2 mm x 3.2 mm
x 0.89 mm is shown in figure 3.5.

3.7.4 Automatic T
Y : g !
odel 5500 automatic thermoluminescent dosimeter
reader, is shown in figurg 3.6. It 1s g:_per_s'g'S al computer driven, table-top instrument
for TLD measurement. Thi eaﬂ;ﬁé_]fs“cap ble ef reading 50 diameters per loading and
accommodates TLD chips, rods and cubes in a variety of sizes. The reader uses
nitrogen gas heating with a closed loop ack system that produces linearly
thi

ramped temperatures.accurate within = 1° to 400°c: Nitrogen is routed through the
photomultiplier tube;?})amhemeumlwmﬁﬁﬁ! o
LJ: : _':.J
 — g

The Harsh

Figure 3.6 The Harshaw model 5500 automatic thermoluminescent dosimeter reader
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3.7.5 DAP meter

The transmission ionization chamber model PTW-Diamentor E, is
shown in figure 3.7. DAP meter is used to measure the dose in air (cGy), times the
area of the x-ray field (cm?). The relationship between DAP and exposure-area
product (EAP) is essentially a single conversion factor that relates dose to exposure.
EAP is expressed in roentgen-cm? (R.cm?) and DAP is expressed in gray-cm?
(Gy.cm?, usually read in cGy.cm?).

For recording the dose-area product, the flat transparent ionization
chamber is fixed to the light beam diaphragm of the x-ray tube. This chamber is light-
transparent and thus does not affect 'ih‘\ 17_| ine use of the x-ray equipment.

l‘i'J

3.7.6 Portal Film (Kodak’portal p‘d' ‘f r Iocall?tlon imaging)

The .np‘n screen ready pac g _e.ﬂi for the radiation area
verification. J il m
U
YWIN
9

-

ae

Figure 3.8 Film Kodak X — O Mat V

3.7.7 The patients

The patients underwent ERCP procedure at Vascular and
Interventional Radiology Unit, King Chulalongkorn Memorial Hospital.
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3.8 Methods

3.8.1 Perform the quality control of radiographic fluoroscopic system.

3.8.2 Calibrate DAP meter with ion chamber.

3.8.3 Calibrate thermoluminescent dosimeters (TLD).

3.8.4 Explain the procedure and rationale before place TLDs.

3.8.5 Place TLDs on medical staff at the left eye, under thyroid shield, left
forearm, left leg, and lower abdomen of gastroenterologist and fellow, as shown in
figure 3.9.

Left eye
Thyroid

Left forearm
Lower abdomet

Figure 3.9 TLDs placed on different sites on gastroenterologist.

3.8.6 Determine medical staff dose in ERCP procedure for each patient
position with TLDs.

3.8.7 Place DAP in front of the collimator of x=ray tube. Place verification
film on the couch at fldaroscopic area.

3.8.8 Exposed area will be determined by developed film.

3.8.9 At the end. of ERCP procedure, record dose area product values in
patient at two pesitions,(prone.and lateral).

3.8.10 Calculate average patient skin dose.

3.8.11 Relate patient dose (10 Gy.cm?) at each patient position to medical staff
dose (uGy).

3.9 Measurement
Independent variables = patient position, kVp, mA, fluoroscopic time,

number of frames, patient body mass index
Dependent variables = patient dose and medical staff dose

3.10 Data collection

After the TLDs have been irradiated, they were read on the Harshaw model
5500 automatic TLD reader for thermoluminescent dosimetry method. Patient dose
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was collected by DAP meter. Patient position, kVp, mA, fluoroscopic time, number of
frame, patient body mass index were recorded in case record forms.

3.11 Data analysis

3.11.1 Summarization of Data
Descriptive statistics : Mean, range and standard deviation (SD) of
dose value.
Evaluation and comparison of result on two patient positions and
medical staff in ERCP procedure.
Correlation between radiation doses of each patient position and

medical staff.

3.11.2 Data Presentation
The table, bar chart and line graph are presented.

3.12 Expected benefits

The radiation doses«to patients and medical staff obtained from two patient
positions were determined. Fhe collected radiation dose were compared to the Dose
Reference Level (DRL) fof skin/dnjury, in order to increase the awareness of radiation
hazard to the patients and medical staff. i addition, the relationship between the dose
received by medical staff'and patients were performed and established. The aim of
establishing such a relationship were able to identify the leading of higher personnel
dose from the medical staff’s technique and to provide suitable protective devices.
The suitable position for patients and medical staff dose and success examination was
obtained. =3/

b i A

3.13 Ethical consideration J
Since, the measurement of radiation dose of ERCP procedure was directly
performed in patients and medical staff at Vascular and Interventional Radiology
Unit, King Chulalongkorn Memorial Hospital. Therefore, the ethical approval by the
Ethic Committee of Faculty of Medicine, Chulalongkorn University was proceeded.



4.1 The quality control of Radiographic-Fluoroscopic System

CHAPTER IV

RESULTS

The Radiographic-fluoroscopic system was calibrated for the following topics.

Dose assessment

Automatic brightness control test
Table attenuation determination
Maximum dose rate assessment
Half value layer assessment
Image quality assessment

The results on quality.control. of Radiographic-Fluoroscopic system were

within acceptable range of IAEA CRP protocol (Appendix A)

4.2 The data of patiengStudies

This study was gecorded from: forty: patients who underwent ERCP procedures
in twenty patients at prone‘position (12 female and 8 male) and twenty patients at left
lateral position (8 female'and 12 male). The'average age was 64.25 (16-85) years, the
patient height and weight were 159.95 (141-178) em and 54.15 (30-78) kg at prone
position as shown in table 4.1. Their average age was 62.15 (23-88) years, the patient
height and weight were 165,05 (141-180) em and 64.58 (35-95) kg at left lateral
position as shown intable 4.2.

Table 4.1 Patient data at prone position.

Case | Height Weight  Sex Age Fluoro DAP ESD ESD
no. (cm.) (kg.) Time(min) (cGy.cm?) (mGy) (mGy/min)
1 161 57 M 67 135 1927 127.11 17.29
2 150 48 F 63 7.20 1582 70.02 9.73
3 151 45 F 83 6.58 1795 85.51 12.99
4 160 52 F 49 %44 2145 9355 10.12
5 173 16 Mo DT 5.34 1767 98.55 18.46
6 163 54 F 36 10.28 2109 99.09 9.64
7 154 38 F 16 3.37 710 39.76 11.80
8 165 66 M 63 5.15 1504 69.95 13.58
9 151 43 F 82 2.57 839 48.78 18.98
10 150 53 F 83 3.16 637 44.82 14.18
11 157 60 F 77 5.48 1356 57.42 10.48
12 171 78 M 85 9.02 1849 100.67 11.16
13 174 64 M 62 1.33 788 48.27 36.29
14 160 56 F 78 4.10 1176 67.79 16.53
15 159 62 F 59 14.27 3563 151.34 10.61




Table 4.1 Patient data at prone position. (Continued)
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Case no. | Height ~ Weight  Sex Age Fluoro DAP ESD ESD
(cm.) (kg.) Time(min)  (cGy.cm®) (mGy) (mGy/
min)
16 163 47 M 67 3.59 1632 84.81 23.62
17 160 45 M 38 5.37 1415 63.65 11.85
18 158 43 F 35 4,58 1570 6795 14.84
19 141 30 F 84 5.43 1181 62.80 11.57
20 178 66 M 81 18.28 4101 174,74  9.56
Average | 159.95 54.15 64.25 6.59 1682.30 82.93 14.66
Min 141 30 M=8 . 16 1.33 637 39.76  9.56
Max 178 78 F=12 85 18.28 4101 174,74  36.29
Table 4.2 Patient data at left lateral position.
Case no. | Height ~ Weight Sex Age Fluoro DAP ESD ESD
(cm.) (kg.) Time(min)  (cGy.cm?)  (mGy) (mGy/
min)
1 150 55 F 62 7.51 2487 122.74  16.34
2 178 95 M 74 4.57 2981 176.29  38.58
3 173 75 M Ty 2.24 820 52.33 23.36
4 178 83.5 M 23 3.06 1857 123.08  40.22
5 160 45 F 38 5.26 5367 22450 42.68
6 170 68 M 88 6.54 2245 105.12  16.07
7 165 58 M 73 2.58 923 60.02 23.26
8 160 44 M 58 1.00 343 23.30 23.30
9 141 35 F 84 5.56 823 50.41 9.07
10 173 60 M 85 20.00 4745 187.61 9.38
11 180 85 M 87 6.45 3018 134.00 20.78
12 162 70 M 80 18.02 5766 229.30 12.72
13 165 71 F Y 4.50 4201 168.53 37.45
14 173 81 M 51 2.49 2174 104.66  42.03
15 167 3 = 30 4411 1020 50.16 12.20
16 165 69 M 94 1:20 540 31.93 26.61
17 163 59 M 51 4.22 1187 68.43 16.22
18 161 65 F 35 350 1224 74.64 21.33
19 156 37 F 53 4.26 590 33.73 7.92
20 161 63 F 83 341 1396 67.20 19.71
Average | 165.05 64.58 62.15 5.52 2185.35 124.06 22.96
Min 141 35 M=12 23 1.00 343 23.30 7.92
Max 180 95 F=8 88 20.00 5766 229.30 42.68
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4.3 Thermoluminescent dosemeter calibration
4.3.1 Sensitivity of TLD-100 chips

The relative sensitivity of these TLD chips was determined and individual
calibration factors were calibrated. The sensitivity or the element correction
coefficient factors (ECC) of individual TLD chip ranged from 0.902 to 1.072 for the
TLD chips that were used in this study. Only the TLD chips which had the sensitivity
factor close to 1.0(0.99 to 1.01) was selected in the calibration of reader calibration
factor (RCF) by equation 2.3.

4.3.2 Linearity of TLD-100 chips

The linearity of TLD-100 chips response was studied by irradiated TLD-100
chips in air at absorbed dese of known dose ai-80 kVp and 100 kVp. The charge
corrected by the sensitivity was plotted with the absorbed dose range from 30 to 700
MGy. They are shown in‘figure4.1and 4.2 for 80 KVpand 100 kVp respectively. The
graph showed the linearrelationship between TLDs and absorbed dose responses with
the correlation coefficientof 0:995-0.9984.

R?=0.9984

Charge x ECC (nC)

0 100 200 300 400 500 600 700

Dose from~solid state detector(uGy)

Figure 4.1 Linearity of LiF TLD-100 when irradiated at various doses for 80 kVp.
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Figure 4.2 Linearity offLiETLD-100-when irradiated at various doses for 100 kVp.

4.3.3 Minimum degectable dose

The characteristic ‘of thermolum’ih-ésgent dosemeter including variation
coefficient (VC) of some dose values, background (BG) and minimum detectable
dose (MDD) are reported in table 4.3. The caleulated value of MDD was 14.8 uGy by
using equation 4.1.

MDD=3xVCxBG (4.1)

Table 4.3 Reading.values of background.

Z
o

Reading values (UGY)

28.5
20.4
24.2
19.7
33.7
29.0
29.7
30.7
22.6

O© 00 NO O~ WNPF

Mean 26.5
SD 49
VC=SD/BG 0.185
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4.4 Measurement of radiation dose in medical staff
4.4.1 Patients prone positions.
4.4.1.1 The radiation doses to the first medical staff
Table 4.4 shows the results from the dose received by the first medical
staff in ERCP procedure at patient prone position range from 0.62 to 382.81 uGy. The
lowest dose value, close to background, at the lower abdomen in lead apron is 0.62
uGy and the highest dose value at the left forearm of 382.81 uGy.

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

TLD location Sample-size Average (nGy) Range (nGy)
Left eye 20 58.85 8.25-178.62
Thyroid 20 . 68.39 2.52 - 244,95
Lower abdomen 20 16.45 0.62 - 75.49
Left forearm 20 : 131.09 29.90 - 382.81
Left leg 20 48.34 9.07 - 126.83

4.4.1.2 The radiation-doses to the second medical staff

Table.4.5 shows the results from TLD-100 in ERCP procedure at
patient prone position. The radiation doses to the second /medical staff range from
0.50 and 253.83 uGy. The lowest dose value, close to.background, at the lower
abdomen in lead apron is 0.50 uGy and the highest dose value at the left forearm is
253.83 uGy.

Table 4.5 The radiation dose! to ithe‘second medical ‘staff per ERCP procedure to
patients at prone pasitions, measured by TLD-100.

TLDlocation Sample size Average (uGy) Range (nGy)
Left eye 20 40.06 5.49 - 114.09
Thyroid 20 47.98 2.01-118.47
Lower abdomen 20 12.67 0.50 - 71.34
Left forearm 20 77.04 4.55 —253.83

Left leg 20 31.44 3.08 —101.06
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4.4.2 Patients left lateral positions.
4.4.2.1 The radiation doses to the first medical staff

Table 4.6 shows the results from TLD-100 in ERCP procedure to the
first medical staff range from 0.50 and 1628.66 uGy for patient left lateral position.
The lowest dose value, close to background, at the lower abdomen in lead apron is
0.50 uGy and the highest dose value at the left forearm is 1628.66 uGy.

Table 4.6 The radiation dose to the first medical staff per ERCP procedure at patient
left lateral position, measured by TLD-100.

TLD location Sample size Average (uGy) Range (nGy)
Left eye 20 84.14 32.20 - 180.82
Thyroid 20 [ Gl 12.39-172.44
Lower abdomen 20 48.37 0.50 -101.60
Left forearm 20 . 244.02 54.79 - 1628.66

Left leg 20 85.59 6.99 - 202.57

4.4.2.2 The radiation doses to the second medical staff

Table 4.7 shows.results from TLED-100 procedure at patient left lateral
position. The radiation dose to the second medical staff range from 2.40 and 389.74
uGy. The lowest dose value, close to background, at the lower abdomen in lead apron
is 2.40 uGy and the highest dose value at the left forearm-is.389.74 uGy.

Table 4.7 The radiation dose to the second medical staff at patient left lateral position,
measured by TLD-100:

TLD location Sample size Average (uGy) Range (nGy)
Left eye 20 79.15 20.84 - 188.99
Thyroid 20 87.33 9.51 - 194.96
Lower abdomen 20 41.80 2.40 - 100.08
Left forearm 20 124.26 13.75-389.74

Left leg 20 82.91 15.71 - 164.50
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Figure 4.4 The average doses (LGY) to the first and second medical staff at patient
left lateral position.
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These data were plotted to show the average dose at five locations of the first
and the second medical staff, as in figure 4.3 and 4.4. The bar charts show the
different dose between the first and the second medical staff of patient at two
positions (prone and left lateral). This is due to the fact that the first medical staff
stands at about 40-60 cm from the X-ray tube, whereas for the second medical staff
was about 80-120 cm. The average dose difference between the first and the second
medical staff is 41.23 % of patient prone position and 49.10% of patient left lateral
position.

The results of the average dose for the first and the second medical staff at
patient two positions (prone and left lateral) are shown in figure 4.5 and 4.6. The first
and the second medical staff received the maximum dose per procedure at the left
forearm of both positions. The average cose at left lateral position was higher than
prone position.

4.5 Measurement of dose-area product in patient

The results of dose=area product and the average dose to patient during ERCP
procedures at two positions«{prone and left lateral) are shown in table 4.1 and 4.2. The
average dose-area product Avas /1682:30(637-4101) cGy.cm® per procedure, the
average fluoroscopic time was 6.59 (1.33-18.28) minutes and the average skin dose
from DAP was 82.93(39:76-174.74).mGy, for prone position. The average dose-area
product was 2185.35(843-5766) cGy.cm’ per procedure, the average fluoroscopic
time was 5.52 (1.00-20.00) ‘minutes and the average skin dose from DAP was
124.06(23.730-229.30) mGy, for left lateral pesition.

From table 4.1 and 4.2 the patient dose between the prone and left lateral
position at 95% confidence inierval, this difference is considered to be very
statistically significant (p < 0.05).
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4.6 The Relationship between the patient dose and medical staff dose

The scatter plot shows the relationship between the patient dose (cGy.cm?) at
prone position and dose at left forearm of the first and second medical staff to the
most exposed per procedure from ERCP. The correlation between the patient dose at
prone position and dose at left forearm of the both medical staff are poor correlation
R=0.19 and R=0.38. These relationships are shown in figure 4.7 and 4.8, respectively.
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Figure 4.7 The relation betweer patient d cGy.cm?) at prone position and dose
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Figure 4.8 The relation between patient doses (cGy.cm?) at prone position and dose
to left forearm of the second medical staff (UGY)
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The scatter plot show the relationship between the patient dose (cGy.cm?) at
left lateral position and dose at left forearm of the first and second medical staff to the
most exposed per procedure from ERCP. The correlation between the patient dose at
left lateral position and dose at left forearm of the both medical staff are poor
correlation R=0.43 and R=0.35. These relationships are shown in figure 4.9 and 4.10,
respectively.

7000

6000

5000

4000

3000

2000

Patient dose(cGy.cm?)

1000

ot | WEAVEVITWENT s

Paﬂeﬂse(cGy cm?)
° 9
s
D
=S
D
-
2
ce

0.00 100.00 200.00 300.00 400.00 500.00

Dose of the first medical staff dose (uGy)

Figure 4.10 The relation between patient doses (cGy.cm?) at left lateral position and
dose to left forearm of the second medical staff (UGy)
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Table 4.8 The ratio of averaged values between occupational doses and dose-area
product in pGy / 10 Gy.cm? from TLD reading at five locations on medical staff and
from DAP.

Location ERCP (uGy / 10 Gy.cm?)
First medical staff Second medical staff

Prone position

Left eye 34.98 23.81
Thyroid 40.65 28.52
Lower abdomen 9.78 7.53
Left forearm 77.92 45.79
Left leg 281'(8 18.45

Left lateral position

Left eye 38.50 36.22
Thyroid 35.40 39.96
Lower abdomen 22.13 19.13
Left forearm 111.66 56.86
Left leg 39.16 37.94

The relation betweegn occupational.doses from TLD and patient doses
evaluated from the dose-area product was established and shown in table 4.8. For five
locations of the body (left eye, thyroid, lower abdomen, left forearm and left leg), the
highest ratio between average -occupational doses.and dose-area product is the left
forearm and the lowest ratio is the lower abdomen of ERCP procedure. The highest
ratio is 111.66 puGyf 10 Gy.cm* and the fowest fatio is 7.53 uGy / 10 Gy.cm®.
Considering the 2 techiniques, the ratio between average-occupational doses and dose-
area product of left lateral position show higher value than prone position.



CHAPTER YV

DISCUSSION AND CONCLUSION

5.1 Discussion

The sensitivity, linearity and minimum detectable dose of TLDs were
determined before the measurement of free air exposure the radiographic-fluoroscopic
system at 80 and 100 kVp. The sensitivity rage of TLD-100 was 0.901 to 1.072 which
agree with Phakamart T [12], et al with the sensitivity range from 0.924 to 1.072. The
minimum detectable dose was 0.016 pGy which mean that the doses lower than this
value could not be measured. The relation between TLDs response and dose at energy
of 80 and 100 kVp was shown at the good lingarity with the correlation coefficient at
0.998 and 0.995, respectively..So, any Jevel of absorbed doses could be measured by
this set of TLDs.

The DAP read outsshad been compared to DRL(diagnostic reference level)
values derived from data‘collected in the UK(United Kingdom).[13]

Table 5.1 DAP values from.this study and.DRL (UK).

Examinatioin DRL(UK) A 4 This study
Prone Prone Left lateral
ERCP 19.0 Gy.cm? 16:82 Gy.cm? 21.85 Gy.cm?

From table 5.1, the DAP read out from ERCP procedure was 16.82 Gy.cm? at
prone position and 21.85 Gy.cm? at left lateral position. DRL from UK, the DAP
value is 19 Gy.cm?,

The average surface dose the patient received at prone and left lateral positions
were 82.93 and 124.06 mGy per procedure and lewer than the skin injury level of 2
Gy. Theimedical staffiwas adequately protected from the risk<0f warking with the
radiation. The medical staff dose can‘be estimated from'the patient-dose using DAP
method. This will help the medical staff avoid the excess dose during their work.

The ratio between average occupational doses and dose-area product in the
ERCP procedure at the lower abdomen, left forearm and left leg are 9.78, 77.72 and
28.73 uSv/10 Gy.cm?, respectively. The results can be compared with Sornjarod O
[8], et al who derived the average value of the ratio between occupational doses and
dose-area product at the lower abdomen, left forearm and left leg of 1.26, 100.46 and
81.91 uSv/10 Gy.cm?, respectively.
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In this study DAP measurements during therapeutic ERCP values of 16.8
Gy.cm? from patient prone position and 21.9 Gy.cm? from patient left lateral position.
From table 5.2, the average DAP are lower than the corresponding values of 66.8 and

41.8 Gy.cm?by Larkin C.J.[8] and I. A. Tsalafoutas [11], respectively.

Table 5.2 Average DAP for therapeutic ERCP

ERCP / Country

Average DAP (Gy.cm?)

Northern Ireland
Greece

This study
-Prone

-Left lateral

66.8
41.8

16.8
21.9

From table 5.3 show-the annual dose the first medical staff received from
ERCP at the left forearm 0#*52.4 mSv per year from patient prone position and 97.6

mSv per year from patient left lateral position.

From table 5.4 show,the annual dose the second medical staff at the left
forearm of 52.4 mSv per year from patient prone position and 97.6 mSv per year from
patient left lateral position: ;

Table 5.3 Calculation of the first medical staff dose per year at different organs from

ERCP procedure.

Cases / Average Dose Dose / Dose /
Location year dose / limit . /Case/lyear Case/day
case (mSv) / (mSv) (uUSv)
(mSv) year

Prone position
Left eye 400 0.058 150 23.2 92.8
Thyroid 400 0.068 - 2.2 108.8
Lower abdomen 400 0.016 150 6.4 25.6
Left forearm 400 0.131 500 52.4 209.6
Left leg 400 0.048 500 19.2 76.8
Left lateral position
Left eye 400 0.084 150 33.6 134.4
Thyroid 400 0.077 - 30.8 123.2
Lower abdomen 400 0.048 150 19.2 76.8
Left forearm 400 0.244 500 97.6 390.4
Left leg 400 0.085 500 34.0 136.0
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Table 5.4 Calculation of the second medical staff dose per year at different organs
from ERCP procedure.

Cases/ Average Dose Dose / Dose /
Location year dose / limit  Caselyear Case/day
case (mSv) / (mSv) (USv)
(mSv) year

Prone position
Left eye 400 0.040 150 16.0 64.0
Thyroid 400 0.047 - 18.8 75.2
Lower abdomen 400 0.012 150 4.8 19.2
Left forearm 400 0.077 500 30.8 123.2
Left leg 400 0.031. 500 12.4 49.6
Left lateral position
Left eye 400 0.079 150 31.6 126.4
Thyroid 400 0.087 = 34.8 139.2
Lower abdomen 400 0.041 150 16.4 65.6
Left forearm 400 0.124 500 49.6 198.4

Left leg 400 0.082 500 32.8 131.2

Although this 1s lewer than the dose limit, but the relationship between the
dose relieved by medical siaffiand patients will also be performed and established.
The aim of establishing such'a relationship will be able to identify the leading of
higher personnel dose from the medical staff’s technique and to provide suitable
protective devices. ==

5.2 Conclusion

This study includes-forty-patients-who-underwent ERCP procedures in twenty
patients at prone position and twenty patients at left lateral position. The relationship
between the medical staff dose determined by TLD and the patient dose by DAP is
poor, while the first medical staff received the maximum dose per procedure at the
left forearm of 244.02 (54.79-1628.66) UGy for patient at left lateral position and
131.09 (29.90-382.:81) uGy at prone position.

In addition, the patient received the maximum dose per,procedure at left
lateral position-and-the: first imedical staff, received the radiation dase per procedure
higher than the second medicalstaff at patient both position (prane and left later
position).

5.3 Recommendation
In this study, the awareness of the medical staff of patient dose, optimize the

patient position and the dose settings of the x-ray units in this specialty are
recommended
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EQUIPMENT PERFORM/ OROSCOPY EQUIPMENT
Hospital : King Chulalongkorn Memorial Hosp
X-ray Unit : Siemens Polystar
Room : No.2 Narathip Building Ground

Report Number :

1.0

Date :

Mar 21, 2009

Test performed by :

Wachirapong Suwanboonrit

Antiscatter grid not removed

Single plane
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NGl 71177 5
RINNINANINGAY

44



45

DOSE ASSESSMENT
Focus-Intensifier detector (cm.) 100 cm.
Patient dose measurement: Focus-Patient distance 60 cm.
Entrance Image Intensifier dose measurement: Focus-lon chamber distance 45.6 cm.
Mode Submode/ Pulse rate Automatic Eielde"kV mA Added (Patient Image Patient Phantom
Image (pulses/s) added s_l_;ef’ 1 , Filtration entrance Intensifier entrance
quality filtration (cy/ E (mm-Cu) surface air entrance air | surface air
(mmCu) , » kerma) kerma kerma at 70
/ ST Copper filter | (mGy/min) cm
/ f |[— entrance air (including
/ | \') : kerma (uGy/s) backscatter)
id
Fluoro 1 Cont 2 40 8N 0aml T A0 46.77 2mm Cu
28 7904 9 NG 51.58
20 845 1. 0/250 75.06
14 = L35 117.00
Fluoro 2 AWamilT0T 108.00 2mm Cu
28 70 | 32 114.90
20 70 | 6 229.60
14 76 a5 275.70
Fluoro 3 40 71 | 1.9 196.70 2mm Cu
28 71 | 2.1 201.80
20 745 2.8 290.50
14 77 3.8 436.80

517
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DOSE ASSESSMENT
Mode Submode/ Pulse rate Automatic Field o kV | ‘mA / _JAdded (Patient Image Patient Phantom
Image (pulses/s) added size ~Filtration entrance Intensifier entrance
quality filtration (cimy) - (mm Cu) surface air entrance air | surface air
(mmCu) — ' kerma) kerma kerma at 70
/,,f"' ¥ , Copper filter | (mGy/min) cm
/ E entrance air (including
; » kerma backscatter)
/, /, 2 (LGy/s)
Turbo 15p/s 2 40 77 1,39 2.0 842.3 2mm Cu
28 7T 38 841.8
20  Tizl Badh 4 823.5
14 Tlwh S 819.3
Single shot 40 JF | SAM- 30 2364.0
Fluoro 1 28 B7:51" 39l 2715.0
20 875,] . 3,9l 6517.0
147 |'B7.5 | S0 10110.0

1%



AUTOMATIC BRIGHTNESS CONTROL TEST

47

FID 100 cm
Mode Submode/ Pulse rate Autc;ma Ulse with Dose rate KV mA
Image quality (pulses/s) . (nGy/s)
Fluoro 1 Normal mode Continuous 133.2 72 0.7
136.8 82 1.0
151.6 91 1.3
*Only one mode and field size is checked (about 20 cm)
TABLE ATTENUATION
Mode Submode/Image Quality, nable atot/gznuatlon Absorber
C-arm at 0° Normal D
2.08 2 mmCu
C-arm at 90° Normal % o
f{ﬁlslﬁ ﬂﬁ.ﬂlﬂﬂ

Measurement of doserate in fluoroscopy for the ane mode and fie I%Ilze
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MAXIMUM DOSERATE ASSESSMENT

Chamber to focus distance (cm.)  41.6 cm.

Mode Submode/ |~ Field size” Jp— mA Dose rate
Image quality™™_(cm) | - (mGy/min)
Fluoro 1 Normal 40 109.0 2.0 59.28
81 A 110.0 2.7 77.70
P8, <3[4\ 1100 4.0 122.04
14 | 110.0 4.0 123.06
Fluoro 2 Normal 40 \ & 920 4.8 104.22
28 ¥ 99.0 4.6 110.94
20 #4.410,0 4.0 122.04
14 4 110.0 4.0 121.32
Fluoro 3 Normal 40 — 920 4.8 65.40
<28 ~ 0900 45 70.98
=20 feedd0.0 4.0 78.30
, 14 110.0 40 76.74
Turbo Normal— 40 BB 4.0 120.36
- 28 110.0 40 119.64
20 110.0 | 4.0 116.40
14 110.0 4.0 116.94

*Measure dose rate for all modes and FOVs, dosimeter on the table and table at the [owest pasition Absorber: 2 mm of lead on the image
intensifier (or equivalent attenuation with a folded lead apron)

8y



HALF VALUE LAYER ASSESSMENT
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HVL

Al attenuator Submode/ Dose rate
(mm)
Image quality | (mGy/min)

0.0 Normal 90.12
2.0 56.91
3.0 48.86
4.0 41.15

31.28

6.0

,;-# 15 20 25 3.0 35 40 45 50 55 6.0 6.5

m Al mm

e Thoitsspy et < aﬁffﬁfﬁe?‘l"ﬁfwa’w{f”’rﬂﬁw
q RIAINTUURIINYINY

1%



IMAGE QUALITY ASSESSMENT

Resolution should be assessed in the usual illumination conditions and frotn the‘operator's position.

Leeds Test placed on Image flat-panel detector entrance surface with grid.

High contrast resolution should have strip pattern at aboui-45° in respect to rasterhines (no absorbers; kv: 40-60).
All modes (fluoroscopy and image acquisition) and image-gualities and FOVs.

Monitor Focus-Intensifier detector 200 cim. 3
Automatic PIER.Y
Submode/ added / /s_ -
Image filtration 7/ J $ 4
Mode quality Focus | (mm Cu) | Field siz kv-id mA ms Live image
(S/L) (gift) Jf e e _
4 Rooves |8 High contrast Low contrast
g i resolution,lp/mm % contrast
Fluorol | Continuous L 0.0 40 “+-63.0 | 04 0.63 0.049
28 =650 /Mt 0.80 0.075
y.420 69.0 0.6 [ 1.00 0.067
(T3 0——0T o 1.40 0.053
Single shot L 40 77.0 1.8 ! 0.80 0.045
28 77.0 2.1 1.00 0.032
20 770 4.3 1.40 0.032
14 77.0 1.3 1.80 0.032
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APPENDIX C

CASE RECORD FORM FOR ERCP PROCEDURE

Information remarks
Date (DIM/Y)
Patient No. XXX
Procedure ERCP
Height (cm) XX
Weight (kg) XX
Gender MIF._23
Portal film in place? yin==
Age A
Initial DAP setting .y
Start time XKXX
Tube voltage (kKVp) ok
SID (cm) XX
Tube current (mA) XX
Filtration (mmAl) —
FOV Mag1,2,3
Number of 'frame XX
(/s)
Fluoroscopy time XX XX
(min)
End time XX.XX
Position Prone/ Lt Lat
DAP meter reading XXXX
Area film (cm? XXX
Data collector XXXXX
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APPENDIX D

Report the radiation dose profile survey

Interventional Radiology Unit, Department of Radiologhy, Naratip Pongprapan
Building, Chulalongkorn Memorial Hospital

X-ray Manufacturer: Siemens Polystar Model N0.1148902 S/N 2107

Generator Model Polydoros SX 11 40x40 cm. Filter 0.1 mmCu.

The left lateral position

The left side of the patient was 94.3 .ﬁ__lehr at 0.6 meter from the x-ray tube
The left side of the patient was 229.3 pCyihr at 0.6 meter from the x-ray tube
The right side of the patient was 813.3 uGy/hr.at 0.5 meter from the x-ray tube
The right side of the-patient was 650 pGy/hrat. 0.6 meter from the x-ray tube
The table end was#4.8.4uGy/hr ajgl.3 meter from the x-ray tube

/.3 m 4)|
J r.l r r J.:
i

ok E

X-ray

monitor

Endoscopic
| monitor

Figure 1. Medical'staff positions at patient left lateral position
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The prone position

The left side of the patient was 1.0 mGy/hr at 0.6 meter from the x-ray tube
The left side of the patient was 1.0 mGy/hr at 0.6 meter from the x-ray tube
The right side of the patient was 374.3 uGy/hr at 0.5 meter from the x-ray tube
The table end was 40.3 pGy/hr at 1.3 meter from the x-ray tube

I-(—- 13m 4)'
&
Iﬂ.ﬂn

PowbhpE

X-ray
monitor

Figure I1. Medi prone lateral position

Conclusion: The radiatio dos‘fE“ nedical st ff was not exceed the dose limit
|
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RINNIUUNIININY



v v Tov A tﬂ' - - -
F18IUMNTINNTINMSUANTIaNNAIBI Radiographic Fluoroscopic system
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