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Abstract

The aim of this work was to perform quality control (QC) for six digital
fluoroscopy units used for cardiovascular and interventional radiology
procedures. Measurements were based on the QC protocol developed in the
framework of European Commission (EU) DIMOND |11 project.
Measurements made included: beam quality (half-value layer, HVL), peak
tube voltage (kVp) accuracy, automatic exposure control(AEC) and patient
dose in terms of entrance surface air kerma rate plus image intensifier input
air kerma rate. Dose measurements were made using Calibrated dose rate
meter. Field limitation and source to skin distant measurements in addition
to evaluation radiation protection tools for occupation exposure were
performed. Image quality was evaluated in terms of spatial resolution and
Contrast detail detectability. Patient dose measurements was performed
using polymethylmethacrylate (PMMA) patient equivalent phantom whereas
Image quality was assessed using Huettner Type 53 spatial frequency grating
and TO10 contrast detail phantom.

The results show that the measured HVL and peak tube voltage were within
the recommended limits of 10 % in four fluoroscopy units. Entrance surface
air kerma rate measured ranged from 6.1 to 250 mGy/min for fluoroscopy
units operated in pulsed, continuous and cine mode of operation. These
results were obtained using varying thicknesses of PMMA phantom. Most
values are in reasonable agreement with internationally established reference
levels with exception to one fluoroscopy unit where doses were remarkably
high. Field limitation and minimum source to skin distance were well within
the recommended limits of 30 cm for all fluoroscopy units. The limiting
resolution was ranged from1.0 to 2.2 LP /mm for image intensifier field
diameters between 7 and 23 cm. The results of present study can be used as
baseline for future quality assurance measurements.
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Chapter One

Introduction

Diagnostic and interventional radiology encompass indispensable tools in the modern health care.
Substantial dose and skin injuries were reported in the literature from digital and interventional
radiology procedures [1].

Quality control (QC) has been acknowledged as a powerful and effective tool in optimizing radiation
protection of the patients in diagnostic and interventional radiology (IR). Equipment performance
testing is necessary to meet the aims of diagnostic radiology, i.e. to obtain images adequate for the
clinical purpose with minimum radiation dose to patient. QC in conventional diagnostic radiology has
been well established. However, QC of modern digital radiology systems requires different approaches
owing to differences in image receptor, image display devices, image format and equipment
configuration. Available QC testing methods should be updated to encompass the developments in the
field and to include digital imaging systems. Recently, and as of the European Commission research
project DIMOND 111, a protocol has been developed for quality control of equipment used in digital
and interventional radiology [2] .The validity of the DIMONDIII protocol has been tested and
acceptable results were demonstrated [3].

QC measurements in the present study were performed based on DIMOND I11 protocol.



1-1-Objectives:

To perform QC measurements on fluoroscopy units used for cardiovascular and other interventional

radiology procedures.
To use QC measurements results for optimizing fluoroscopically guided procedures.

To measure patient dose and image quality using DIMOND |11 quality control protocol.

1-2-Literature review:

Digital fluoroscopy quality control measurements [4]:

In this work quality control (QC) was performed on three digital fluoroscopy systems used for
cardiovascular, digital subtraction angiography (DSA) and digital spot imaging (DSI). Measurements
were based on the QC protocol developed in the framework of European Commission (EU)
DIMONDIII project. For digital fluorography system used for DSI, measurements included were beam
quality (half-value layer, HVL), peak tube voltage (kVp) accuracy and reproducibility, tube-current
exposure-time product (mAs) linearity and automatic brightness control (ABC). Patient dose and image
quality were measured for the two digital fluoroscopy systems using a patient equivalent phantom.
Spatial resolution was measured using the Huettner Type 53 spatial frequency grating. A contrast detail
phantom CDRAD 2.0 was used to measure the threshold contrast detail performance.

The results obtained showed that the measured HVL and peak tube voltage were within the
recommended limits of 10 %. Maximum patient entrance surface dose (ESD) rate of 27.8 mGy/min,
46.5 mGy/min and 84.1 mGy/min were measured using a 20 cm thick polymethylmethacrylate
(PMMA) phantom at the cardiovascular unit operated in low, normal and high dose mode of operation,

respectively. ESD rate of 28 mGy/min and 42.2 mGy/ min were measured using a 20 cm thick PMMA
phantom at the DSA unit operated in pulsed and continuous mode of operation, respectively (lowest
value should be for pulsed mode). The results of this study were in reasonable agreement with
internationally established reference levels.

The median limiting resolution was 1.6 Lp/mm for image intensifier field diameters between 14 and 38

cm. Mean low contrast resolution expressed as image quality figure (IQF) was 107.



The results obtained by the authors for incident air kerma rate measured for digital fluoroscopy are
consistent with the recommended values when fluoroscopy is operated in pulsed mode. These values

were often exceeded with continuous and high dose rate mode.

Acceptance testing of fluoroscopy systems used for interventional purposes [5]:

In this work the authors performed acceptance testing on 18 fluoroscopy installations (interventional
I1/TV, interventional FPD, and mobile C-arm II/TV) in a number of Irish hospitals from 1999 to 2008.
Acceptance testing and routine quality assurance (QA) of X-ray systems are the requirements of the EU
Medical Exposures Directive (MED) and these requirements were subsequently implemented into Irish
legislation. The MED states that special consideration should be given to the QA and dose assessment
of high dose procedures such as interventional fluoroscopy.

QC tests performed include: Tube and generator performance, automatic exposure control (AEC)
entrance doses, image quality, electrical safety, mechanical safety, RP and equipment design.

The authors stated that, all systems were found to have failed one or more acceptance tests. Dose rate,
image quality and RP issues were identified on the majority of systems tested. About 50% of systems
tested were found to have significant issues requiring action by equipment suppliers prior to the system
going into clinical use.

A comparison of entrance doses from a new vascular interventional FPD system Vs. two conventional
vascular 11/TV was done. All three systems were from the same manufacturer. Entrance dose
measurements were performed in line with IPEM protocols. The results for doses in the fluoroscopy
mode showed that patient EDRs made with a 20 cm water phantom were similar for all three systems
(full field setting, normal flouro mode).

Detector EDR was highest on the FPD system. In the digital acquisition mode, the dose per frame at the
FPD entrance was greater than that at the majority of interventional systems and greater than both
conventional 11/TV systems (on the same default clinical ‘dose’ setting).

Results from subjective image quality tests using standard Leeds test objects were comparable between
the FPD and conventional 1I/TV fixed systems (noise, threshold contrast detail detectability and
limiting spatial resolution). Spatial resolution was observed to be slightly greater on the FPD system
(1.4 Lp/mm vs. 1.25 Lp/mm on both 11/TVs). The FPD has a full field size diagonal of 48 cm and the
[1/TV systems have a field diameter of 40 cm.



The authors highlight the importance of comprehensive acceptance testing for complex modern
fluoroscopy systems. The authors have found that it is beneficial to liaise with both the system
applications’ specialist and the clinical users prior to acceptance testing, to ascertain user’s
requirements and clinical settings. This will assist with the efficient testing of relevant modes of
operation. The default clinical ‘dose’ setting should be optimized to ensure that it is as low as
reasonably achievable. Comparative studies of new systems will assist the on-going development of

testing guidelines and the criteria of acceptability for modern fluoroscopy equipment.

Soft-Copy Quality Control of Digital Spot Images Obtained by Using X-ray Image
Intensifiers [6]:

In this work the authors have evaluated 12 X-ray image intensifier (XRI1) digital spot systems.

There were four objective tests performed to assess (XRII) digital spots: entrance exposure, patient
exposure, soft-copy gray scale, and pixel noise. Two additional tests were performed to assess high-
contrast limiting resolution and threshold contrast detection.

The authors results showed that the Digital spot (XRII) entrance exposures averaged 1 x 107 C/kg
(0.38 mR) for units with large fields of view (FOVSs), mean entrance exposure in a medium-size patient
was 1.25 x 10 C/kg (48 mR). Also luminance measurements of the table-side monitors provided a
mean of 473 just-noticeable differences in gray scale with the room lights off. Mean resolution with a
bar test pattern was measured as 1.5 line pairs per millimeter for systems with a 40-cm FOV. Measured
pixel noise (in relative units) was 6-25. Mean threshold contrast with the lights off was 0.85%.

The authors study concluded that once input exposure was normalized for FOV and image matrix size,
soft-copy assessment of limiting resolution with either low-contrast detection or, preferably, an off-line
noise metric (pixel SD) provides objective measurements of digital spot image quality. With the lights
on, 10 systems with room-light sensors had an 11% loss of gray scale. For systems without sensors, the

loss was 33%.

Survey on performance assessment of cardiac angiography systems [7]:

The aim of the authors study was to assess the performances of different cardiac angiographic systems.
A questionnaire was sent to centers participating in SENTINEL Project to collect dosimetry data
(typical entrance dose rate in fluoroscopy and imaging mode), image quality evaluations (low and high

contrast resolutions) and KAP (kerma area product) calibration factors. There results from that survey



could contribute to the explanation of patient dose variability in angiographic cardiac procedures and to
derive reference levels for cardiac angiographic equipment performance parameters. Tests included
measurement of air kerma dose rates in fluoroscopy and digital acquisition modes and a subjective
assessment of image quality using the Leeds test object (TOR 18FG). Dose rates were measured under
automatic exposure control in fluoroscopy and digital acquisition modes measured the entrance surface
air kerma rate with a phantom of 20 cm PMMA thickness to simulate a patient attenuation, and the
field of view (FOV) on the detector had been sited at 22 cm or nearest with a focus-entrance phantom
distance of 65 cm and the image detector positioned at 5 cm from the exit phantom surface. With the
purpose to use the KAP meter calibration factor to correct collected patient KAP values, the calibration
procedure was performed taking into account the attenuation determined by the patient table and
mattress. The calibration had been performed at 60-80-100 kV X-ray qualities with an ion chamber on
the axis of the X-ray beam placed at minimum 10 cm away from the patient table and the image
detector to avoid scatter. The different X-ray qualities were reached by inserting in the X-ray beam
between the ion chamber and the image detector, attenuating material (copper and/or aluminum)
simulating the patient attenuation with both kilo volt and added filtration use to typical clinical
conditions. Surface area was calculated from field dimensions measured with a radio-opaque ruler or an
equivalent method. KAP calibration factor was assumed as the mean value of the calibration factor
measured for the three X-ray qualities.

The authors survey on the cardiac angiographic units in a sample of European centers demonstrates
a large variability in entrance dose rates for fluoroscopy and image acquisition modes, image quality
performance and KAP calibration. As an outcome of the study, a preliminary set of reference levels for
the ESAK gquantity was proposed, which can be adopted by centers and maintenance engineers to set up
cardiac equipment at an acceptable dose performance level and by standardization bodies as an input to
introduce proper standards. SENTINEL consortium is finally recommended as a European action
directed to harmonize the level of performance of angiographic systems used in the daily cardiac

practice.

Threshold contrast detail detectability curve for fluoroscopy and digital acquisition
using modern image intensifier system [8]:

The authors study was to present updated TCDD curve for fluoroscopy and new curve for digital

acquisition. The images of this test were acquired under standard reproducible exposure conditions,



which allow the contrast of the details to be known and which facilitate consistency by using TO10 to
fluoroscopy and TO12 to acquisition contrast test object. The image reader scores the image by visually
assessing the lower contrast detail visible for each group of the same diameter. The image intensifier
input air kerma was measured using calibrated MDH 2025 electrometer with 60 cm? circular ionization
chamber and copper filtration.

The authors results showed that the generation of TCDD curves from images of standard test object is
simple procedure that allow analysis of image quality for a range of imaging modalities, including
image intensifier systems and comparing between the fluoroscopic systems in acceptance test or in

rotation quality control of image quality.

Subjective and objective measurements of image quality in digital fluoroscopy [9]:

The authors study was to compare between the physics and clinical assessment of image quality.
Physics assessments were based on IPEM protocols using Leeds test objects. Clinical assessment was
based on a questionnaire. A total of 15 systems in three European locations were assessed, covering a
range of image intensifier-TV digital fluoroscopy units. Analysis of 274 clinical questionnaires showed
that clinical and physics assessments did not place systems in the same order, based on a given image
quality parameter. In almost all the comparisons, low level correlation was measured for statistical
comparison of rank order (rs<0.3). However, broad agreement was observed between physics and
clinical assessments for image quality associated with contrast and noise. The authors emphasized the
importance of maintaining links with clinical assessment, when developing quality assurance metrics,
and measuring the mutual performance of clinical and physical assessments of image quality.

Clinical and physics assessments based on questionnaire and test object measurements, do not place
systems in the same order of merit based on a given image quality parameter. There was, however,
evidence for broad agreement between physics and clinical assessments for image quality associated
with contrast and noise. The results suggest that both groups judged the systems as operating well
(‘average to good’), but disagreed on the ordering within this category. The study reflects the
difficulties of image quality assessment and quality control in the field. It emphasizes the importance of
maintaining links with clinical assessment when developing quality assurance metrics and of measuring

the mutual performance of clinical and physical assessments of image quality.



Assessment of performance of new digital image intensifier fluoroscopy system[10]:

The authors work was to assess the physical parameters including image quality and patient dose rates
on a recently installed digital fluoroscopy unit. The Digital Fluoroscopy was new for Bulgaria and there
was a gap in the experience within the radiologists in exploring the advantages of this modality for
imaging. At the same time in Bulgaria, Quality Assurance protocols in Digital Fluoroscopy does not
exist and based on the findings obtained some initial recommendations are prepared. The purpose of
these efforts was to propose optimization strategies for digital fluoroscopy of maintaining good
diagnostic image quality at minimal patient doses. The modern fluoroscopy units are often automated
and software controlled. In the work various users defined and automated modes were examined on an
Axiom Icons R200 unit (Siemens, Germany) as respected image quality parameters and patient doses
were measured, low and high contrast resolution were assessed for different field sizes and fluoro
modes using Leeds type test objects. The Incident Dose rates were measured using standard 30x30 cm?
PMMA phantom with thickness varying between 16 and 30 cm at different available filtrations,
automatic brightness control curves, and pulsed fluoroscopy modes. The Incident Dose Rate (without
backscatter) measured on 20 cm PMAA and largest field of view were from 2.9 to 4.0 mGy/min for the
different dose modes available. The low contrast sensitivity varied from 1.3 to 1.8 %, as the limiting
spatial resolution was changing from 1.6 to 2.8 Lp/mm for the available magnification and dose modes.
The authors performance on systems showed a big potential for performance optimization in terms of
image quality and dose. It completely satisfies Quality Control requirements applicable for
conventional Image Intensifier systems. The results obtained can be used in two main directions -
development of better optimized local practice standards and development of a quality control
programmer relevant to digital fluoroscopy systems.

Quality control measurements for fluoroscopy systems in eight countries
participating in the SENTINEL EU coordinator action [11]:

In SENTINEL work package 1 on functional performance and standards it was decided to organize and
perform a trial on image quality and physical measurements. A survey on inventory of equipment and
equipment standards was organized to collect information on equipment available for measurements in
the trial, equipment available for toolkit to be used during the trial and protocols available for the

measurements. Eight participants responded to the questionnaire. Equipment for the toolkit could be



made available by three participants. Among the protocols available for quality control of (digital)
fluoroscopy systems the protocol developed by the Department of Medical Physics & Bioengineering,
Dublin, Ireland appeared to be the most suitable. In addition, monitors could be checked using a
software tool made available by the University of Leuven.

The SENTINEL toolkit containing equipment and instructions circulated among seven participants in
the period August 2006 to October 2006. Due to problems related to customs (Bulgaria is not yet a full

EU member state) the measurements in Bulgaria were made with local equipment.

1-3-Ionizing radiation:

lonizing radiation consists of subatomic particles or electromagnetic waves that are energetic enough to
detach electrons from atoms or molecules and thus ionizing them. The occurrence of ionization depends
on the energy of the impinging individual particles or waves, and not on their number. An intense flood
of particles or waves will not cause ionization if these particles or waves do not carry enough energy to
be ionizing. Roughly speaking, particles or photons with energies above a few electron volts (eV) are
ionizing. Examples of ionizing particles are energetic alpha particles, beta particles, and neutrons. The
ability of electromagnetic waves (photons) to ionize an atom or molecule depends on their wavelength.
Radiation on the short wavelength end of the electromagnetic spectrum of x-rays and gamma rays are
ionizing. lonizing radiation comes from radioactive materials, x-ray tubes, particle accelerators, and is
present in the environment. It has many practical uses in medicine, research, construction, and other
areas, but presents a health hazard if used improperly. Exposure to radiation causes microscopic
damage to living tissue, resulting in skin burns and radiation sickness at high doses. However cancer

tumors and genetic damage are also observed at low doses [12].

X-rays are a form of electromagnetic radiation. X-rays commonly used in medical application have a
wavelength in the range of 10 to 0.01 nanometers, corresponding to energies of 40kV to 150kV in
diagnostics procedures. They are shorter in wavelength than UV rays. In many languages, X-radiation
is called Rontgen radiation after its first investigator, Wilhelm Conrad Rontgen, who had originally

called them X-rays meaning an unknown type of radiation.

X-rays are primarily used for diagnostic radiography. As a result, the term X-ray is metonymically used
to refer to a radiographic image produced using this method, in addition to the method itself. X-rays are

a form of ionizing radiation and as such can be dangerous [12].
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1-4-Dosimetric quantities and units:

Spatial dosimetric quantities and units are used to specify the amount of dose received by patient during

diagnostic and interventional procedures, these units are:

1-4-1-kerma (K): is the quotient of dEtr by dm, where dEtr is the sum of the initial kinetic energies

of all the charged particles liberated by uncharged particles in a mass dm of material, thus:

K=dEtr/dm......................... (1-1)

The SI Unit is: J/kg, special name gray (Gy) [13].

1-4-2-kerma rate (k): is the quotient of dK by dt, where dK is the increment of kerma in the time

interval dt, thus:

ORI ¢ )

The SI Unit is: (J/kg)/s, or Gyl/s.

1-4-3-absorbed dose (D): can be used to quantify the deposition of energy by ionizing radiation. It

is defined as the quotient of de by dm, where de is the mean energy imparted to matter of mass dm,

thus:

d €

dm

e (1=3)

The SI Unit is: J/kg, special name gray (Gy).

1-4-4-absorbed dose rate (D): is defined as the quotient of dD by dt, where dD is the increment

of absorbed dose in the time interval dt, thus:



dD

PR pp— R L )

The SI Unitis: (J/kg)/s, or Gy/s [13].
1-4-5-exposure (X): is defined as the quotient of dQ by dm, where dQ is the absolute value of the

total charge of the ions of one sign produced in air when all the electrons and positrons liberated or
created by photons in air of mass dm are completely stopped in air, thus:

_4

dm

e (1=5)

The SI Unitis: C/kg [13].
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1-4-6-Incident air kerma:

The incident air kerma is the air kerma from the incident beam on the central x-ray beam axis at the
focal spot-to-surface distance desp, i.e., at the skin entrance plane (Figure 1-1). Only the primary
radiation incident on the patient or phantom and not the backscattered radiation, is included. We can
call it as K, ;. Unit: J/kg, special name: gray (Gy).

The incident air kerma is approximately related to the air-kerma free-in-air at any other distance, d,

from the tube focal spot, K, (d), by the inverse-square law. Thus:

Ky = k,(d) (i) e (1= 6)

dFSD

It is stated approximately because there are several small corrections due to attenuation in air, scatter in
air, and x-ray source structures. The incident air kerma can be easily calculated from the x-ray tube
output, Y (d), provided the dersp and the tube-current exposure-time product are known for the

specified radiation quality [13].
1-4-7-The incident air kerma rate k ;:

The incident air kerma rate( k 5 ) is the quotient of dK,; by dt, where dK, ; is the increment of incident

air kerma in the time interval dt, thus :

;o dka.i

The SI Unit is: J/(kg/s), or Gy/s[13].
1-4-8- X-ray tube output Y (d):

X-ray tube output Y (d)) is defined as the quotient of the air kerma at specified distant d from the x-ray

tube focus by the tube current-exposure time product Pit thus:

Y(d) = K(d)/Ppyoeeerene... (1-8)
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The SI Unit is J/kg.C , if the specific name gray is used, the unit of x-ray output is Gy/C or Gy/A.S.
The tube current —exposure time product, Py is also referred to as the tube loading [13].

1-4-9-Entrance-surface air kerma and entrance-surface air kerma rate:

The entrance-surface air kerma is the air kerma on the central x-ray beam axis at the point where the x-
ray beam enters the patient or phantom. The contribution of backscattered radiation is included. We can
call it as Kae. Unit: J/kg, special name: gray (Gy). The entrance-surface air kerma is related to the

incident air kerma by the backscatter factor, B. Thus:

Koo = KgeB oo (1= 9)

The backscatter factor depends on the x-ray spectrum, the x-ray field size, and the thickness and
composition of the patient or phantom.
The entrance-surface air-kerma rate, K 4, IS the quotient of dK, by dt, where dKa,e is the increment of

entrance surface air kerma in the time interval dt, thus :

o (1= 10)

The SI Unit is: J/(kg/s), or Gy/s[13].

1-4-10- Air kerma—area product and air kerma-area product rate:

The air kerma-—area product is the integral of the air kerma free-in-air over the area A of the x-ray beam
in a plane perpendicular to the beam axis. We can call it as Pxa. Thus:

Pea = JaK g(A)dA .o ceee e (1= 11)

The SI Unit is: J m?/kg/, or Gy m?
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If the air kerma free-in-air K;(A) is constant over the beam area, which is approximately valid for small

beam areas, then:
e (. U B )

The Pxa has the useful property of being approximately(when air attenuation and scatter and extra focal
irradiation can be neglected) invariant with distance from the x-ray tube focal spot, as long as the plane
of measurement or calculation is not so close to the patient or phantom as to receive a significant
contribution from backscattered radiation. Usually, the position of the plane does not need to be
specified.

The air kerma—area product rate, Pxa is the quotient of dPka by dt, where dPka is the increment of the

air kerma—area product in the time interval dt, thus:

dP
Pys = d’f‘ et (1= 13)

The SI Unit is: JIm?%/(kg s), or Gy m?/s[13].

1-5-Quality assurance and quality control programs:

A Quality Assurance (QA) program, which includes quality control tests, helps to ensure that high
quality diagnostic images are consistently produced while minimizing radiation exposure.

The QA program covers the entire x-ray system from machine, to processor, to view box.

This program will enable the facility to recognize when parameters are out of limits, which will result
in poor quality images and can increase the radiation exposure to patients. Simply performing the
quality control tests is not sufficient.

When quality control test results exceed established operating parameters, appropriate corrective action
must be taken immediately and documented.

This guide is intended to assist the facility in setting up their QA Program and performing the quality
control tests required to maintain high quality images and reduce patient exposure.

A fluoroscopy imaging system comprises an X-ray tube and generator with an image intensifier as the

image receptor.
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1-6-Fluoroscopy system:

The design of a fluoroscopy imaging system varies depending on the requirements and imaging
demands of various radiology examinations. Fluoroscopy systems are generally characterized by their
complexity and cost. Examinations carried out with a fluoroscopy system may be complex. In addition
to the image intensifier, different types of cameras following the intensifier output, as well as variety of
viewing monitors are required. This may all affect the over all performance of the fluoroscopy system
as a whole in terms of image quality and dose received by the patient.

Most equipment function is subject to automatic control. For example the generator factors, the
aperture between the image intensifier and TV camera, and the TV camera gain may all be
automatically controlled. If creation aspects of the system performance deteriorate, then the system will
automatically compensate, perhaps by increasing the image intensifier input dose or dose rate. Because
of the nature of automatic systems, the user may not be aware of any problem. It is for this reason that
it is essential to evaluate dose and dose rates with image quality of conventional and digital fluoroscopy
systems.

The X-ray tube generator should be checked before commencing any quality assurance assessment of
the fluoroscopy system. It is sensible first of all to check the beam quality of the X-ray tube and
generator. This is achieved with a non-invasive X-ray tube potential divider used to establish the
calibration of the fluoroscopic setting. The purpose of this measurement is to establish the nominal tube
potential settings corresponding to stated kVp energy. This is especially useful when assessing
performance and dose rates according to the manufacture specifications. The next stage is to assess the
operation of the automatic dose rate control system. Patient dose rates may be assessed as well as image
intensifier entrance doses. This measurement will involve the use of phantoms to simulate patients of
varying thickness. Image quality phantoms containing test piece inserts are then used to assess the
fluoroscopy unit. Initially the contrast and brightness setting on the monitor must be adjusted correctly.
Once correct monitor adjustment is assured, then limiting resolution, low contrast detectability, high
contrast detectability threshold contrast detectability and distortion may be checked along with the
video signal. When the system has other image recording capabilities, such as a 100 mm camera, it is
practice to test the camera at the same time as the fluoroscopy images are being assessed [14].
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Chapter two
Dosimetric and image quality measurements

2-1- Dosimetry for specific purposes:

2-1-1-Dosimetry for stochastic risk evaluation:

Dosimetry quantities able to measure the stochastic risk from body irradiation are: (a) the organ
equivalent dose to selected organs and tissues, (b) effective dose. These quantities represent convenient
indicators of overall exposure in the assessment of diagnostic practice and population exposure and
they estimate the risks to health from the stochastic effects of radiation.

The quantities are able to compare exposures from different types of procedures, irradiation geometries

and radiation type and quality [15].

2-1-2-Dosimetry for quality assurance:

Dosimetry for quality assurance is addressed to evaluate the optimization level of the radiological
practice, compare performance of equipment and operator skill or compare the practice among different
centers. Dose and technical factor quantities are useful indicators for fluoroscopy guided procedures:
(a) fluoroscopy time and/or number of acquired images, (b) total dose-area product, dose-area product
for image acquisition and dose-area product for the fluoroscopy part of the procedure. For such
quantities DIMOND has explored the possibility to introduce reference levels in interventional

radiology for selected and common procedures [15].

2-1-3-Dosimetry to prevent deterministic effects:

For intensive image procedures in complex interventions, the knowledge of the localized dose to skin is
important to assess the potential of deterministic effects of irradiation on the skin. Such quantity,
expressed in term of Maximum Entrance Surface Dose (MESD) or entrance surface dose(ESD), can be
assessed with different methodologies: (a) by direct calculation, with off or on-line techniques, (b)
direct measurements on the patient with point detectors (TLDs or other solid state detectors), (c) direct
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measurements on the patient with large area detectors (films and TLDs array), and (d) by portal
monitoring with area or point/area detectors (DAP, DAP+K)[15].

The dosimetric methods for the evaluation of stochastic effects and for the purposes of quality
assurance are well defined and, usually, simple to apply. They allow obtaining comparable results
among different institution. In the case of the assessment of localized skin dose, the methods are
complex and difficult to apply in the routine practice. Usually they are adopted for research purposes on
a reduced sample of patients and procedures. The development of on-line methods, based on
calculation of skin dose distribution on the patient’s skin, is in our opinion, the best solution to alert

practitioners when the localized skin dose is approaching the threshold for deterministic injuries [15].
2-2-Dose measurements techniques:
2-2-1-Measurement of ESD in Interventional Radiology:

Some confusion exists in the literature with regard to the definition of ESD. That is, whether the
definition should refer to absorbed dose to air or absorbed dose to tissue. The consensus definition
proposed by the NRPB will be adopted. Therefore, the ESD is taken as the absorbed dose to air
including backscatter at the point of incidence of the beam axis with the patient entrance surface. Many
different dosimetry approaches exist for the determination of ESD in IR. The following sections
describe approaches to measurement of ESD from DAP, tube output, TLD measurements and ‘Slow-

film dosimetry [16].
2-2-2-Measurement of ESD from DAP measurements:

Use of DAP to estimate ESD may be desirable in many cases, since many departments will not have
easy access to TLD’s, which are often used for this purpose. Mc Parkland has developed a method
utilizing DAP for the estimation of ESD (entrance skin dose; i.e. dose to tissue at the intersection of the
beam axis with the patient). It has been shown that this approach to the calculation of ESD from DAP
measurements can contribute an uncertainty of up to +40% to the measurement of ESD.

In this approach DAP measurements are used to estimate the ESD to the patient by means of estimates
of the field size at the entrance surface to the patient. If the beam size is sufficiently large then the

assumption may be made that the dose is approximately homogeneous across the extent of the beam
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area. Therefore the dose at the centre of the beam may be estimated by dividing the DAP by the beam
area at the entrance surface to the patient. This approach has been shown to be quite accurate in

practice. Thus the following equation can be used to calculate the ESD from DAP measurements:

DAP
y ) *C.F*BSF .o o v v (2 —1)

where:

 BSF is the back-scatter factor appropriate for any given beam kVp, field size, and HVL.

* DAP is the Dose Area Product recorded in any given instance.

« A is the beam area recorded in any given instance.

« C.F. is the calibration factor for the DAP meter estimated using a standard.

This beam area may then be corrected geometrically to the entrance surface of the patient if either:

(a) It can be assumed that the tube focus to patient entrance surface distance, FSD, and tube focus to
image intensifier entrance surface, FID, are determinable and practically the same for each projection in
a certain IR procedure, or:

(b) The FSD can be determined from existing recordings of FID and patient characteristics;

The following equations may be used respectively to correct the beam area to the entrance surface with

the patient in either case:

FSD\?
A(FSD) = AFID) (FID> e (2=2)
FID — W\?

where A (FSD) and A (FID) are the area of the beam at the entrance to the Il and the entrance to the
patient respectively, and W is the equivalent thickness of the patient. This equation may be used in
situations involving fixed systems where the Il is brought close to the exit surface with the patient to
eliminate scatter. The Finnish Radiation Protection Authority (STUK) have developed regression
models which describe the variation in weight with height, and corresponding variation in body

thickness with such parameters. The regression function takes the following form:
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y=ax+b...c...(2—4)

where: X is weight of the individual in kilograms, y is the width or thickness of the region concerned, a,
b are the regression parameters.

This is a procedure that can be used for both mobile and fixed fluoroscopy systems [16].
2-2-3-Measurement of ESD from Tube Output Measurements:

ESD may be calculated in practice by means of knowledge of the tube output. This is useful in
situations where the tube does not have a DAP facility. Tube output measurements are routinely
acquired during the QC performed on X-ray equipment. In such instances, the following equation may

be used:

ESD = 0/P (—1 )2 mA (10())2 2-5
/ 80 **\FsD 2=9

where:

« O/P is the tube output per mAs measured at a distance of 100cm from the tube focus along the beam
axis at 80 kVp.

* kVp is the beam kVp recorded for any given examination (in many cases the output is measured at 80
kVp, and therefore this appears in the equation as a quotient to convert the output into an estimate of
that which would be expected at the operational kVp). The value of ‘80° should be substituted with
whatever kVp the actual output is recorded at any given instance).

* mAs is the tube milli-Amp-current-time which is used at any given instance.

* FSD is the focus to entrance surface distance used at any given instance [16].
2-2-4-Estimation of ESD from TLD measurements:

TLDs are accepted as the best standards for estimation of entrance surface dose in practice. In
interventional radiology, they are commonly placed around and at the centre of the entrance surface to
the patient at points where the maximum exposure is anticipated to occur. This requires knowledge of
the procedure and exposure pattern that is to be employed by the clinician to be available prior to the
start of the procedure. TLDs are read in the standard manner and the maximum value read is used as an

estimate of the maximum ESD received by the patient. Frequently, many TLDs are spaced around the
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irradiated area on both the entrance and exit site to enable the determination of the most irradiated area
and maximum surface (or skin) dose. Again, there is a requirement that the location of the most
irradiated area is known prior to the start of the procedure so that the number of TLDs used per patient
is minimized. The advantage is that the measurement is the most accurate in-vivo estimate of skin dose
available [16].

2-2-5-Estimation of ESD using Slow Films:

The method for estimation of ESD using radiotherapy slow films was developed. These films are used
for the verification of patient doses and orientation in radiotherapy procedures. In IR procedures, the
film is placed underneath the patient and exposed throughout the normal IR protocol. The films are
calibrated by standard sensitometer, and read by densitometry. They have a linear range from 400mGy
to 2000 mGy for Co® energies, which makes them ideal for identifying whether deterministic levels for
skin have been exceeded. When used in conjunction with DAP and TLD measurements of ESD, it is
found that the measurements were within 5%-20%. The films can be used to estimate total ESD, total
DAP, or maximum ESD [16].

2-2-6-Radiochromic media:

Radiochromic dosimetry media (commonly referred to as “films”) can be handled in normal lighting
conditions, are self-developing, respond nearly immediately to exposure to radiation, and they require
no chemical processing. They are used to measure absorbed dose and to map radiation fields produced
by X-ray beams in a manner similar to that of portal film. As such, radiochromic media have the same
advantage of locally specific dose monitoring without error resulting from beam reorientation or
backscatter. And radiochromic film can be examined during a procedure if there is a need to obtain an
estimate of skin dose. Exposure to ionizing radiation causes radiochromic film to immediately change
color and darken. The degree of darkening is proportional to exposure and can be quantitatively
measured with a reflectance densitometer. There does exist a gradual darkening of the film with time
and darkening is usually maximum within 24 hours. However, the amount of darkening within the
period immediately following the initial exposure is not large and does not interfere with the ability to
use it for skin dose guidance during a procedure as long as this phenomena is understood and taken into

account.

20



A limited quantity of radiochromic films was distributed to the centers to be used nearly exclusively for
cardiac examinations. Some centers had their own films and used them for additional studies. For
cardiac work, films were placed on the table under the patient pad in such a way that the most heavily
exposed parts of the body were covered by the film. Necessary data, such as the beam orientation

(superior, inferior etc.), patient ID, date, and type of examination, were recorded on the film.

When used in the manner described, the film darkening includes backscatter, and beam reorientation
and field non-uniformities are recorded. The only correction factor necessary is the conversion from
entrance air kerma at the skin to absorbed dose in the skin. Merely multiplying the recorded entrance

air kerma at the skin by an f (E) of 1.06 renders estimated absorbed skin dose [17].
2-2-7-mesurement of effective dose (E) in interventional radiology:

Effective Dose (E) has been introduced as an estimator of the potential for detriment from exposures to
ionizing radiation. Recently many reports have been written on methods for the estimation of (E) in
Interventional Radiology. Various techniques have been employed which depend on procedure type,
methods of estimation of conversion coefficients, and quantity to be used as an estimator for (E). In IR,
coefficients for the estimation of (E) from DAP and ESD measurements have been developed. They
have been calculated from Rando phantom measurements and Monte Carlo simulations on photon
transport in mathematical phantoms. However, given that the fluoroscopy and radiography sequences
may vary significantly throughout a given procedure, it is difficult to characterize an IR procedure for
the purposes of calculation of (E). Consequently approaches to the calculation of (E) vary widely in
accuracy, where some employ a single conversion coefficient for the procedure as a whole, while others
calculate conversion factors which are specific to each radiography and fluoroscopy projection
throughout the procedure. Further still, automated systems which allow the calculation of (E) from any
number of defined exposure projections and conditions have been developed.

Indeed, there is a significant uncertainty in any calculation of (E) where deviations in exposure factors,
irradiation geometry and patient characteristics (from those for which the conversion factors have been
calculated) invariably exists. In many cases the size of this uncertainty is not known, but is thought to
have a minimal value of a factor of 2 surrounding the estimate. Consequently, (E) has significance as a

normalization of the detriment attributable to exposures of different individuals in IR, but the
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uncertainty in its calculation leads to the conclusion that DAP is a more appropriate estimator of the

stochastic detriment from exposures in IR[16].

2-3-Image quality measurements:

Image quality measurements are needed for several purposes, such as equipment design, performance
specification, acceptance and constancy testing in quality assurance and imaging technique
optimization. Most commonly the evaluation of image quality is based on a subjective assessment,
either from the images of actual patients or from those of suitable test phantoms. In addition to these
methods, there exist several objective measures that can be used to achieve more precise and portable

results.
2-3-1-Visual evaluation methods:

In medical imaging it is necessary to define image quality with respect to what is needed to be detected
in the image, i.e. as a task-based quantity. Therefore, it may be thought that the most useful way of
measuring image quality would be using actual patient images and radiologists. In principle, diagnostic
performance can be measured using the receiver operating characteristic (ROC) methodology, but in
practice this is too laborious for routine evaluation purposes. Clinical image quality criteria that are
based on the visibility of normal anatomy which have been suggested for quality assurance use and
imaging technique optimization tasks. Of course, both approaches are important and useful for many
purposes, but it is difficult to see how either of them could be considered as an actual measurement that
can be calibrated, repeated and compared with results obtained elsewhere. In addition to image quality,
the results depend on the patient material and the radiologist interpreting the images. In the case of
clinical quality criteria, the actual significance of the criteria for diagnostic performance is not always
guaranteed and the subjective nature of the evaluation will cause additional variability in the results. It
cannot be expected that other than exceptionally large changes in imaging performance will be reliably
noted by this method.

The imprecision caused by the variability in patients can be avoided by using test phantoms instead of
patients. This would improve the sensitivity and precision of the assessment and allow, at least partly,
the test to be repeated by others. Phantoms can be manufactured with a variable amount of anatomical

detail, but usually simple homogeneous phantoms that mimic the radiation attenuation and scattering
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properties of the human body will suffice. Common test details consist of disks of various contrasts and
diameters for measuring the low-contrast-detail detectability (contrast resolution) or contrast-detail
performance or lead bar patterns for measuring the limiting spatial resolution. The latter are most often
used without an attenuating phantom in order to measure the maximum spatial resolution of the
imaging system. In these tests, a numerical test result is obtained, which expresses the faintest or

smallest detail seen in the image [18].
2-3-2-Objective measurement methods:

In addition to the visual measurements, there exist objective measures related to large-area signal
transfer (K), image sharpness (MTF) and image noise (NPS). These can be combined to form the
quantity NEQ:

2« MTF?(fx, [ y)

NEQ([x,[y) = - NPS(f x, [ y)

e (2 6)

which can be interpreted to express the quantum fluency that the image is worth at various spatial
frequencies (fx, fy). NEQ can be compared with the actual fluency at the image receptor (Q). This
results in the DQE:

NEQ(J %] y)

DQE(f x,[y) = v (2=7)

which expresses the efficiency with which the imaging system uses the information carried by the
quanta impinging on it.

DQE measures the efficiency of the image receptor, it does not refer to the patient’s dose and neither
NEQ nor DQE take into account all factors that influence the detectability of the actual object detail,
such as the energy dependence of the radiation contrast. These image quality descriptors are therefore
not sufficient when, e.g. the imaging conditions are being optimized. They are intended for the
evaluation of only one component of the imaging system: the image receptor. If the noise in the image
is normally distributed and signal-independent, and the imaging system is linear and shift-invariant, the
best possible observer can detect a detail object (DS(fx, fy)) with the SNR:
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SNR? = [f(Kz*MTFZ(fx,fy)*AS([x,fy)z)/NPS(fx,Jy)]dfxdfy

_ gy
INPS(fx, [)]d fxd [y ™™™

(2= 8)

where the expected (noiseless) image of the detail has been denoted by Al (fx, fy). This SNR specifies
the ideal observer’s detection performance of the given detail completely. For example, the fraction of
correct answers the ideal observer achieves in multiple alternative forced-choice (MAFC) tests or its
whole ROC curve can be calculated from this quantity. The ideal observer’s SNR is the proper quantity
to use when the task-dependent image quality is considered; it takes into account all factors of
importance, including the subject contrast. If it is required to relate image quality to the patient’s dose,
one can evaluate the dose efficiency by calculating the quotient SNR%/D, where D is the patient dose
and can be either the entrance dose or the effective dose, whichever is more appropriate for the
evaluation. Image quality measurement in fluoroscopy differs only slightly from the above discussion
of static images. However, in this case the NPS and MTF are 3-D quantities: in addition to the two
spatial frequencies, they also depend on the temporal frequency.

The measurement of the spatial-temporal NPS is straightforward but we are aware of no practical
methods for the direct measurement of the spatial-temporal MTF. However, in most imaging systems it

may be possible to assume it to be of form:

MTF(]x,jy,Jt) =MTF((fx,Jy,)MTF(J t) e (2-9)

The SNR? of static imaging must be replaced by the accumulation rate of SNR?, which we denote as
SNR? rate. It describes the accumulation of information with the temporal length of the image
sequence. At first thought, it would appear that the measurement of SNR? rate in fluoroscopy would be
much more complicated than the measurement of SNR in static imaging. It is, in fact, the other way
round. Measurement in fluoroscopy is very easy because a large number of image samples can be
readily obtained. The measurement can be done either by analytical calculation, using equation (of
SNR?) applied to temporal averages of image sequences of reasonable lengths, or by constructing a

quasi-ideal observer and letting it observe image samples[18].
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Chapter three

Materials and methods:

Quality control measurements were performed for six digital fluoroscopy units. Materials and methods

used in this study are summarized in this chapter.

Technical parameters units are present in Table 3-1:

Table (3-1): Technical information for the fluoroscopy units

Hospital name  Configuration Manufacturer Generator: Tube:
mode, year model,

year

Ibn Cena C-arm DORNIER COMPULS DF-

(ISH) 1515B-T

Ahmed Gasiml C-arm TOSHIBA CAS-10A, DRX-

(AGH1) Des 2000 T7445GD
S
Nov2000

Ahmed Gasim2 C-arm ALLENGERLI B160H

(AGH2) FE, VARIAN Jan2007

Alshab C-arm SHIMADZO Il model:

(ASH) TH9438

Alneelen Center C-arm SIMENS 1170427X216 1184696

(ANC) 9

Open Heart C-arm PHILIPS 1998

Hospital (OHH)
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3-1-Dose measurement instruments and phantoms:

In the present study, entrance surface air kerma ESAK rate, kVp, HVL and image intensifier input air
kerma rate measurements were performed by using (Piranha) multimeter device (RTI Electronics AB,
Goteborgsvagen 97/50, SE-431 37 MdolIndal, Sweden). The (Piranha) was designed as a truly “self-
contained”, all-in-one, multi-function meter that fits in the palm of your hand. The standard detectors
are built-in. Communication is made very easy by built-in Bluetooth and USB. With its long-life
battery you can count on it to last even during the busiest day. It is small and light enough to slip into
your shirt pocket, and comes with a compact carrying case. The Piranha can do it all in one shot; kV,
time, dose, dose rate, HVL, and total filtration. With pulsed fluoroscopy you add pulse rate and
dose/pulse. It measures on Cine and Dental, panoramic and Intra-Oral, as well as traditional and slot
scanning mammography. There is even a Piranha that measures CT dose profiles. The Piranha assures
accurate results in a simple, fast, and smart way. Also Piranha can measure image intensifier input dose
rate by linking it with small external ion chamber.

To simulate patient size in different thicknesses polymethylimethacrylate (PMMA) material phantom

was used which was made of patient tissue equivalent matter.
3-2-Image quality measurement instruments:

For assessment of image quality, Huttner Type 53 line pair phantom has been used for measurement of
the spatial resolution. The contrast detail phantom (TOZ10) was used for determination of contrast detail

performance.
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3-3-Materials and methods:

3-3-1-Visual check:

All foot and hand switches designed to energize the fluoroscopic tube were tested to ensure that x-ray
production is terminated as soon as the switch is released. In case switches have multiple positions
(e.g. high level control) each position was be tested including: table, image intensifier, grid movement
(in, out), Bucky movement , lead drapes fixation around the tube and x-ray tube, to check smoothly

and freely without requiring excessive force.

3-3-2- Tube voltage accuracy:

Any users added or adjusted filtration in the x-ray beam was removed or set to the minimum value
before proceeding with the test if possible. The lead rubber sheet or PMMA thickness was placed on
the face of image intensifier to protect the input phosphor from the unattenuated primary x-ray beam.
Piranha multimeter was placed between the x-ray tube and the image receptor so that it faces the beam
focus. The measurement was done with standard focus-image intensifier distance of 1 meter and
fluoroscopic system operated at its normal operation conditions. A series of measurements were
obtained at a constant tube current (e.g. 1 mA) commencing with lowest available tube voltage (kVp)
and increasing in about 10 kVp steps until maximum available tube voltage was reached. In case
manual control of the fluoroscopic exposure factors is not available, a range of attenuators was used

like PMMA thickness at the image intensifier input to obtain different tube voltage (kVp) values [2].
3-3-3- Beam Quality (HVL):

Any users added or adjusted filtration in the x-ray beam was removed or set to the minimum value just
like the normally used, then any PMMA thickness was placed between the tube and image intensifier

to induce the radiation in any kVp value. Piranha multimeter was placed between the tube and image

intensifier and taking HVL value from one exposure or more HVL values.
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3-3-4- Automatic Exposure Control:

Different thicknesses of PMMA were used to simulate the patient on patient Table. In each PMMA
thickness the entrance surface air kerma rate was measured at the image intensifier input face by using
external ion chamber attached with (Piranha) to get a reading. Then deviations between kerma rate

readings were calculated.

3-3-5- X-ray field limitation and minimum source-to-skin distance:

The distance between the X-ray tube and the image intensifier was adjusted to the maximum, the
largest image intensifier field of view selected and fully open collimator. Plate of lead numbers was
used which was placed on the face of image intensifier to see the lead numbers on the TV monitor and
determine the limit of fields after taking exposure.

The table of the patient was moved to the minimum distance to focal spot position and this distance

was measured by using tape meter. This distance will actually be focal to skin distance.

3-3- 6-Threshold contrast detail detectability:

The common clinical mode of operation was used. i.e. pulse rate, dose level, total filtration, ...etc. The
phantom (TO10) was placed at the centre of the x-ray field close to the image receptor entrance plane.

The fluoroscopy unit was operated with AEC. 2 mm Cu placed close to the X-ray tube face. The
images were acquired as the soft copy on TV monitor. The image of the phantom was examined by
several observers (radiologist, physicists) and evaluated at threshold level visibility as seen by the

gropes of the (TO10) phantom. The TCDD curve was plotted on log-log scale between threshold

detection index (HT) as a function of the square root of the detail area v (A), thus:

HT(A) =

1
CT + VA er e e e e (1= 3)

where CT is threshold contrast (%), given by the manual of the object test (TO10). Then the assessment

of contrast can be easy by seeing to the curve and evaluating the result obtained.
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3-3-7- Limiting Resolution:

Huettner type 53 resolution grid test object was placed at the centre of the field, mounted directly on
the image intensifier input surface oriented at 45 degree to the television raster lines. A low kVp (40-
60) with low filter was used (0.5 cm of PMMA) to achieve the highest possible contrast and make an
exposure to obtain image of test object as a soft copy on TV monitor for all field sizes available.

Resolution of all field sizes was determined.

3-3-8- Patient entrance surface air kerma ESAK rate under automatic

exposure control:

The distance between the x-ray tube and the image intensifier was adjusted at about 1 meter. The
radiation detector (Piranha) was placed on the table before the attenuating material (PMMA) to
simulate the patient and the AEC operation mode was started. Then the entrance surface air kerma rate
measurements were taken with different modes of operation, field size and (PMMA) thicknesses.

3-3-9- Image intensifier input dose rate under automatic exposure control:

1m distance between the tube and image intensifier was taken, different thicknesses of (PMMA) were
placed on the face of the tube, and in case of no way, 2mm of Cu was used. Small ionization chamber
was attached to the image intensifier face which was connected with (Piranha). The measurements were

taken for all field sizes and modes under automatic exposure control.

3-3-10-Radiation protection devices for occupational exposure:

To the radiation protection to patients and staff were observed and recorded. The radiation protection

devices included the lead equivalent aprons, gloves, thyroid shield, ceiling mounted lead glass screens.
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Chapter four
Results and Discussion:

4-1-Results:

In this study measurements have been made for the quality control of six digital fluoroscopy units.
Table 4-1 presents results of the measurements made for various kVp and HVL values. kVp values

generally fall within the international recommended limits. All units were C-arm configuration.
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Table (4-1). Results for various peak tube voltage and half-value layer values.

Hospital kVpset KkVp kVp HVL / Minimum Unit use
measured Accuracy% mm HVL
required mm
ISH 85 97.8 15.1 IR
63 63.8 1.3
86 78.0 9.3
90 76.0 15.6 3 3.2
72 70.0 2.8
61 74.0 21.3
AGH1 95 88.9 6.4 Cardiology
53 77.4 46.2 3.0 1.9
84 94.7 12.8 53 3.0
97 105.5 8.8 5.9 35
123 117.9 4.1 6.6 4.5
AGH2 125 122.5 2 5.5 4.5 Cardiology
107 105.0 1.9 4.7 3.8
89 90.4 1.6 3.9 3.2
96 99.0 3.1 4.5 34
76 78.0 2.6 3.5 2.7
66 67.0 1.5 3.9 2.3
71 73.0 2.8 4 2.5
ASH 68 65.5 3.7 4.1 2.5 Cardiology
77 80.3 4.3 51 2.8
82 83.8 2.3 5.2 3.0
92 90.9 1.2 55 3.3
102 102.6 0.6 6.1 3.6
111 115.8 4.3 7.0 3.9
ANC 110 110.4 0.4 4.5 3.9 IR
106 107.0 0.9 4.3 3.7
83 87.3 5.1 3.2 3.0
63 68.0 7.9 2.4 2.3
OHH Cardiology
66 66.45 0.7 2.8 24
72 72.83 1.2 3.1 2.6
91 89.34 1.8 3.7 3.2
96 95.74 0.3 4.0 34
104 104.4 0.4 4.4 3.7
110 110.0 0.0 4.7 3.9
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Entrance surface air kerma rate ESAK rate was measured using (Piranha). Table 4-2 shows the
measurements of ESAK rate for six fluoroscopy units. The ESAK rate is within the established
international references dose levels with exception to few cases when fluoroscopy unites were operated

in cine mode.

Table (4-2). Entrance surface air kerma ESAK rate.

Hospital PMMA Field of mode ESAK Unit use
thickness view cm mGy/ min
cm
ISH 18 Floro pulsed 21.3 IR
22.1
23.4
Floro continuous 30.9
41.3
64.8
AGH1 22 23 Pulsed 30.7 Cardiology
18 20.4
12 6.8
20 23 6.1
18 10.8
12 21.7
18.5 23 8.8
18 9.6
12 13.3
16.5 23 8.3
18 8.4
12 9.4
16 23 Cine 11.5
18 741.6
12 956.4
18.5 12 840.0
22 12 744.0
AGH?2 18.5 12 Floro 25pps 52.6 Cardiology
16 34.9
22 16.9
12 Cine 12pps
16 264.5
22 177.2
20 12 Floro 25pps 177.2
16 59.9
22 38.9
12 Cine 12pps 342.0
16 250.2
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22 191.8
22 12 Floro 25pps 73.2
16 94.6
22 51.1
12 Cine 12pps 390.0
16 127.8
22 336.3
ASH 20 19 Floro 30pps 40.1 Cardiology
15 49.1
12 57.5
19 Floro 15pps 313
15 37.9
12 51.1
19 Floro 7.5pps 10.8
15 10.9
12 10.7
19 Floro continuous 36.5
15 34.5
12 52.6
19 Cine 30pps
12 Cine 15pps 12.9
15 Cine 15pps 7.7
15 Cine 7.5pps 7.3
15 Cine 30pps 8.7
*ANC 22 21 Floro continuous  31.6 IR
21 35.1
21*7 34.4
7 33.7
20 21 34.8
21*7 34.4
7 334
18.5 21 34.8
21*7 34.2
7 333
OHH 22 23 Normal 45.1 Cardiology
17 49.6
14 56.2
23 High 64.0
17 75.5
14 96.8
20 23 normal 40.5
17 50.1
14 47.1
23 high 59.9
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17
14

73.0
76.1

*In (ANC) field sizes were: 21*21cm” circle, 21*7cm? rectangular, and 7*7cm? square.

Table 4-3 shows image intensifier input air kerma rate. These results are high compared to international

recommendations. The results could be attributed to the use of grid with unknown grid factors.

Table (4-3). Image intensifier input air kerma rate.

Hospital PMMA Field of mode Image intensifier
Thickness cm view cm input air kerma
rate nGy/s

ISH 18.5 Small Floro continuous 1.9
Medium 15
Large 1.6
AGH1 22 12 Floro Pulse 41.1
20 56.2
18.5 70.4
16 80.6
AGH2 22 12 Floro 25pps 10.9
20 135
18.5 16.9
ASH 20 19 Floro 30 pps 9.8
Floro 15pps 1.7
Floro7.5pps 0.7
Floro continuous 2.6
ANC 6 21*7 Floro continuous 5.2
7 5.3
21 5.2
12 21 4.8
17 3.9
20 3.9

Image quality measurements in terms of limiting resolution were done by using (Hettner type 53

phantom test pattern). Table 4-4 shows the limiting resolution measurements in Lp/mm. The

measurements were obtained for all systems and the measured resolution was well within

recommended values.
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Table (4-4). Limiting resolution results.

Hospital Field of view cm Image intensifier Resolution Lp/mm
diameter cm
ISH Between 19 to 22 23 2.0
AGH1 23 26 2.2
AGH2 22 23 2.2
ASH 18.8 23 1.8
ANC 21 23 1.2
21*7 1.2
7 1.2
OHH 23 26 1.6
17 1.4
14 1.0

Table 4-5 shows the field size limitation and source to skin distance which were for all systems well
within recommendations. The measurement of field limitation was done by using conceding test tool of
radiography (square plate with pb numbers) by putting it in patient position and calculating the

magnification and finding the actual field size in image intensifier.

Table (4-5). Field size limitation and minimum source to skin distance.

Hospital Image intensifier = Maximum field of Minimum source to skin
diameter cm view measured cm distance measured cm

ISH 23 65

AGH1 26 23.0 70

AGH2 23 223 56

ASH 23 18.7

ANC 23 21.0 65

OHH 26 23.0 49

Automatic exposure control was checked for three fluoroscopy units. Table 4-6 shows the air kerma

rate at the image intensifier input surface.
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Table (4-6). Image intensifier input air kerma rate for different PMMA thicknesses at

three hospitals.

Hospital Thickness Mode Image intensifier Standard
cm input air kerma deviation%
rate nGy/s
AGH1 18.5 Floro 25pps 16.6 5.9
20 17.6 0.0
22 18.7 6.0
ANC 6 Floro continuous 5.2 17.5
12 4.8 7.6
17 3.9 12.1
20 3.9 12.8
OHH 6 Normal 9.7
12 5.2 18.1
17 6.2 24
20 6.9 8.7
22 7.1 11.8

Radiation protection in all units were in terms of lead apron. The aprons had thicknesses above of 0.25

mm lead which is as recommended. Protection In terms of gloves, screens and thyroid protection were

neglected in most units. Table 4- 7 shows the result of the survey.
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Table (4-7). Radiation protection devices survey.

Hospital Aprons Pb (mm) Thyroid Gloves No Protective
No equivalent protective screens
device
ISH 5 0.5 2 No No
AGH1 13 0.5 2 No No
AGHS 13 0.5 2 No No
ASH 8 0.35 No No No
ANC 2 0.5 No No No
OHH 9 0.5 No No No

Figures (4-1), (4-2),( 4-3),(4- 4),(4- 5), and (4-6) show the image quality curves in terms of threshold
contrast detail detectability TCDD which were done by using TO10 contrast test tool for all systems.
The curves were plotted between threshold detection index Vs square root detail area.

Figure 4-7 presents the comparison between the threshold contrast detectability curves for the systems.
The results show good agreement.

Note: in the figures 4-1, 4-2, 4-3, 4-4, 4-5, 4-6 and 4-7 field size refers to field of view.
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Figure (4-1). Threshold contrast detail detectability curve for (ISH) fluoroscopy unit.
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Figure (4-2). Threshold contrast detail detectability curve for (AGH1) fluoroscopy unit.
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Figure (4-3). Threshold contrast detail detectability curve for (AGH2) fluoroscopy unit.
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Figure (4-4). Threshold contrast detail detectability curve for (ASH) fluoroscopy unit.
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Figure (4-5). Threshold contrast detail detectability curve for (ANC) fluoroscopy unit.
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Figure (4-6). Threshold contrast detail detectability curve for (OHH) fluoroscopy unit.
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Figure (4-7). Threshold contrast detail detectability curves for six fluoroscopy units.
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4-2-Discussion:
4-2-1-kVp and HVL accuracy:

As show in Table 4-1, the kVp accuracy was not as proposed in international recommendations i.e. <
10% [2]. This is evident in (ISH) and (AGH1) where the deviation was about 21% and 19%,
respectively.

As presented in Table 4-1, the HVL was above the minimum value recommended in Ref.[19]. The
measured values of HVL and kVp were similar in all fluoroscopy units.

The measurements were compared to results of Ref. [3]. The kVp deviation in this study was larger
than the deviation reported in Ref. [3], except for fluoroscopy unit in hospital (OHH).

HVL measured in this study was better than that reported in Ref. [3]. This is not surprising since
different fluoroscopy units might be using different amount of filtration.

4-2-2-Image intensifier input dose rate:

All fluoroscopy systems were with fixed grid. The doses were high and exceeded the recommended
levels as shown in Table 4-3 by using different thicknesses of PMMA phantom and field sizes.

The calculation of dose was done without the knowledge of grids transmission factors.

All measurements of image intensifier input dose rate must be done with grid removed or knowing the

transmission factors of grid used and compared to the recommended levels [2].
4-2-3-Automatic exposure control (AEC):

Table 4-6 shows the automatic exposure control AEC measurement for three systems used in
cardiology and fluoroscopic study. The result was within acceptable level of deviation in dose values at
the image intensifier input surface. The variation in values was compared for three systems. The
fluoroscopy unit in (AGH1) was better than (ANC) and (OHH) units.
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4-2-4-Field limitation and source to skin distance:

The measurements were done for all systems. The results shown in Table 4-5, indicate that for all
systems the field limitations were inside the image intensifier area and the shifts were similar for
cardiology and IR systems.

Difference values of minimum source to skin distances were observed. All were well within the levels

recommended [2].
4-2-5-Patient dose:

The results from Table 4-2 show that incident air kerma rate measured for standard phantom size of
20*20 cm? and for different sizes of PMMA and different image intensifier fields of view (7cm to 23
cm) for all fluoroscopy systems were within the international established guidance levels (50mGy/min -
100mGy/min) [20] for pulsed and continuous mode. This is with exception of (AGH2) where ESAK
rates were larger. In the case of cine mode the doses were very high.

Consequently, the fluoroscopy units operators should avoid the cine and high pulsed and continuous
modes of operation as much as possible to be within acceptable dose levels to patient with regard to
image quality in the medical studies.

Comparison between doses obtained in this study with those reported in Ref [3], shows that the doses in

this study are higher.

4-2-6-Limiting Resolution:

The results of image quality measurements in terms of limiting resolution shown in Table 4-4 indicate
that for all systems the resolution was within recommended tolerance level [21].

The comparison between systems was done which showed that the resolution of cardiology systems is
better than the fluoroscopy system; however this is all right, because in cardiology systems the

resolution of system is more important than in fluoroscopy systems in the clinical applications.
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4-2-7-Threshold contrast detail detectability:

The threshold contrast detail detectability TCDD was measured using TO10 contrast test tool to obtain
the curves which were plotted as threshold detection index Vs square root area using fluoroscopy in
some modes of operation. The Figures 4-1, 4-2, 4-3, 4-4, 4-5, and 4-6 show the contrast detail curves
for fluoroscopy units in (ISH), (AGH1), (AGH2), (ANC), (OHH) and (ASH), respectively. These
curves were in the logarithmic scale. The field of view for the TCDT was better for (ANC) unit. Tested
fluoroscopy units have fields of view that vary from 19 to 23cm. Figure (4-7) indicated better contrast
for (ANC) fluoroscopy unit followed by (AGH2), (ISH), (AGH1), (OHH) and (ASH), respectively.

The contrast curves were compared with the study reported in Ref [8]. However, the curves were of

similar shapes and higher. The higher values of the curves indicate the contrast ability of the system.
4-2-8-Radiation protection:

Table 7 showed the numbers of the difference devices used in IR and fluoroscopic rooms the protect
staff from scatter radiation in work. We noted that the staff used only aprons. However, gloves, screens,
thyroid shield were not in use. Some of these centers protective aprons were very bad and corrupted but
the numbers of it were good, more than 13 lead aprons in one room.

In the new systems and rooms the protection was well and the use of the devices were good.
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Chapter five

Conclusion and recommendations

QC measurements were performed for six digital fluoroscopy systems. The results for incident air
kerma rate measured for digital fluoroscopy are consistent with the recommended values when
fluoroscopy is operated in pulsed mode. However, these values are often exceeded with continuous and
cine modes. Therefore, operating fluoroscopy system at high doses modes should be avoided unless
otherwise deemed necessary.

The kVp and HVL was well within the recommended values except in two systems that were affected
in tube output and dose consistency.

Results from subjective image quality tests using standard Leeds test objects were compared between
the systems (threshold contrast detail detectability and limiting spatial resolution). Spatial resolution
was similar approximately between systems (between 1Lp/mm to 2Lp/mm) for fields of view between
19to 23 cm.

The generation of TCDD curves from images of standard test objects is a simple procedure that allows
analysis of image quality for a range of imaging modalities, including image intensifier systems.
Threshold contrast data for a number of image intensifier systems have been presented for fluoroscopy
images.

The measurement for image quality in terms of threshold contrast and limiting resolution were the
first QC measurements of these systems. Because of this reason these TCDD curves can be used as the
reference to evaluate the contrast in future QC measurements.

As the recommendation, fluoroscopy units operators should avoid the cine and high pulsed and
continuous modes of operation as much as possible to be within acceptable dose levels to patient with

regard to image quality in the medical studies.
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