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Abstract 

In interventional cardiac procedures, staff operates near the patient in a 

non-uniformly scattered radiation field. Consequently, workers may 

receive, over a period of time, relatively high radiation doses. The 

measurement of individual doses to personnel becomes critical due to the 

use of protective devices and, as a consequence of the large number of 

methods proposed to assess the effective dose, In this study, staff doses 

were measured in  two cardiac centers: Ahmed  Gasim Hospital and 

Cardiac Center, Khartoum. The objective was to measure personal dose 

equivalent and accordingly estimate the effective dose which is received by 

staff in interventional cardiology. Measurements were performed using 

electronic personal dosimeters (EPDs) worn over lead apron during the 

examination and were read immediately following each examination. A 

total number of 40 radiation workers were monitored for a period of two 

weeks. The highest doses were received by the cardiologist followed by 

nurses and then X-ray technicians. Staff received mean effective doses that 

ranged from 24 to 110 µSv estimated for four weeks. Recommendations on 

how to reduce staff doses in interventional cardiology are presented.  
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Chapter One 

Introduction  

 In assessing total  exposures of the population in terms of the collective effective dose or per 

caput effective dose , it is important to include exposures received by a rather small section of 

the population, namely by individuals who are exposed to radiation in the course of their work. 

The number of these individuals, often referred to as radiation workers, is much smaller than 

the number of patients. In developed countries radiation workers may represent about 10% of 

the total population. With respect to radiation exposures, radiation workers differ from other 

members of the general public: (a) they are aware that they may receive additional doses at 

work, (b) they are trained in radiation protection, (c) they are under stricter medical 

surveillance than most workers in other fields, (d) there are monitored and various protection 

measures are implemented to keep their exposures to the lowest possible levels and not 

exceeding certain limits.[1] 

The doses received by radiation workers are regulatory measured for the purposes of 

controlling doses to individuals and demonstrating compliance with adopted exposure limits. 

The radiation protection procedures and regulations in various countries may differ slightly, but 

in general most countries follow internationally accepted recommendations proposed by such 

commissions or organizations as International Commission of Radiation Protection (ICRP), 

International Atomic Energy Agency (IAEA), and world Health Organization (WHO). 

Although there may be some differences in the monitoring and reporting of occupational 

exposures from different countries, the collected data on these exposures are a good basis for 

the estimation of their contribution to the total population exposures. [1] 

There are many professions where workers use radiation sources or come into contact with 

radiation while performing their normal daily duties. In most cases the doses received are very 

low or they are received only occasionally, but there are also occupations where workers 

acquire small doses during their routine jobs  (e.g.,  radiologist, radiographers, cardiologists   

etc.). in all these occupations every effort is made to reduce the radiation levels; nevertheless, 

these is always some radiation remaining which exceeds the level of the natural background.[1] 
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1.1. Biological effects of ionizing radiation  

 

1.1.1. Introduction  

 

Radiological protection in the low dose range is primarily concerned with protection against 

radiation-induced cancer and heritable diseases. These diseases are termed stochastic effects, as 

they are probabilistic in nature. It is assumed that any exposure is capable of causing an effect, 

with no threshold. As a consequence it is not possible to prevent stochastic risks and dose limits 

are set to limit their occurrence and thus to prevent unacceptable levels of risk. As indicated 

above, International Commission of Radiation Protection (ICRP) has developed the quantity 

effective dose to allow doses from external and internal exposure to be assessed. X-ray may 

interact with matter by various processes, the most important interaction processes in 

diagnostic applications of X-ray are the Compton effect, photoelectric effect and coherent 

(Raleigh) scattering. The Compton effect and photoelectric effect involve energy transfer to an 

electron and result in the ionization of the atom. Coherent scattering result in a change of the 

direction of the photon without loss of energy. The relative contributions of these interaction 

processes depend on the energy of the X-rays and the atomic composition of the exposed 

material. After the transfer of energy of the X-ray photon to an electron, this electron usually 

interacts with other electrons, thereby leading up to a cascade-reaction in which excited atoms, 

ions and "free" electrons will be produced. The process of ionization changes chemical and 

physical properties of atoms and molecules, and thus may modify and damage cells or parts of 

cells in exposed biological tissues. If cellular damage occurs and biological repair mechanisms 

fail, this may result in modification of the genetic code, loss of cell function and even cell 

death. If loss of cell function or cell killing occurs on a large scale, this lead to loss of tissue 

function and to early death of the exposed individual. [2] 

The biological effects are classified as deterministic or as stochastic effects: 
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1.1.2. Deterministic effects 

Deterministic effects comprise somatic effects introduced by loss of cell function and/or cell 

killing. These effects become manifest only in exposed persons. Consequently, deterministic 

effects are classified as somatic effects. Deterministic effects do not occur below certain 

threshold dose levels. A threshold dose generally denotes the amount of radiation that is 

required to cause a specific effect in at least one to five percent of the exposed persons. 

Threshold doses depend on the type of effect considered and the exposure conditions. [2] 

1.1.3. Stochastic effects  

The term stochastic effects refers to effects which result from the proliferation of a cell with 

modified genetic material in its nucleus . if this cell is part of a body tissue, a somatic stochastic 

effect may become manifest, if the function of this cell is associated with propagation, a 

hereditary effect may become manifest. Stochastic effects are considered to behave with an all-

or-none response. If a stochastic effect becomes manifest, differentiation into severity is not 

relevant, since in general its severity increases in time with early death as a possible 

outcome.[2]   

1.2. System of radiological protection 

 In the 1990 Recommendations, the Commission gave principles of protection for practices 

separately from intervention situations. The Commission continues to regard these principles as 

fundamental for the system of protection, and has now formulated a single set of principles that 

apply to planned, emergency, and existing exposure situations. In these Recommendations, the 

Commission also clarifies how the fundamental principles apply to radiation sources and to the 

individual, as well as how the source-related principles apply to all controllable situations. [2] 

 

1.2.1. Justification 

No practice or source within a practice should be authorized unless the practice produces 

sufficient benefit to the exposed individuals or to society to offset the radiation harm that it 

might cause; that is: unless the practice is justified, taking into account social, economic and 

other relevant factors. [2] 
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1.2.2. Optimization of protection   

In relation to exposures from any particular source within a practice, except for therapeutic 

medical exposures, protection and safety shall be optimized in order that the magnitude of 

individual doses, the number of people exposed and the likelihood of incurring exposures all be 

kept as low as reasonably achievable, economic and social factors being taken into account, 

within the restriction that the doses to individuals delivered by the source be subject to dose 

constraints. [2] 

 

  1.2.3 Dose limits 

The normal exposure of individuals shall be restricted so that neither the total effective dose 

nor the total equivalent dose to relevant organs or tissues, caused by the possible combination 

of exposures from authorized practices, exceeds any relevant dose limit specified by ICRP. 

Dose limits shall not apply to patients undergoing medical exposures from authorized 

practices.[2] 

 

1.3. Objective 

- The objective of this study was to investigate the staff doses in the most frequent 

interventional cardiology (IC) procedures performed in Ahmed Gasim and Cardiac Centre,  

Khartoum. 

 

1.5. Thesis outline 

Thesis contains six chapters. Chapter one includes general introduction in addition to 

introduction to the biological effects and principles of radiological protection of the patient. 

Chapter two includes the literature review about staff dosimetry in interventional cardiology. 

Types of ionizing radiation, basic dose quantity  on radiation, radiation protection quantities, 

operational quantities, staff dosimetry and dosimetry  algorism are presented in Chapter three. 

Chapter four includes materials and methods . Results and discussion are presented in chapter 

five . lastly conclusions and   recommendations are presented in chapter six .    
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Chapter Two 

 

Literature Review 

 

Comparison of radiation dose to patient and staff for two interventional 

cardiology units: a phantom study [3] 

 

The author  purpose of this study to measure the patient and staff dose during routine 

interventional cardiology procedures for an image intensifier-based and a flat detector system 

using a water phantom. The Integris BH3000 image intensifier-based (Philips) and the Axiom 

Arties flat detector-based (Siemens) angiography units were used in this study. The accuracy of 

tubes potential and irradiation timers and also internal dosimeters were verified and confirmed. 

A water phantom with a thickness of 18 cm was used for patient and staff dose measurements. 

For the Philips system, phantom entrance dose rates were 2.77 and 38.97 µGym 2  s 1  during 

fluoroscopy and cineangiography. The respective dose rates for the Siemens were 1.98 and 

13.46 µGym 2  s 1  . Phantom entrance dose rate was 28.5 and 65% higher for the Philips 

system during fluoroscopy and cineangiography, respectively. Comparing the scattered dose 

rates at the operator location showed that the flat detector-based Siemens system delivers five 

times lower dose to the operator in comparison with the image intensifier-based Philips unit. 

The results suggest that the decrease in received dose of the patient and staff is achievable 

using the flat detector system. In addition, application of lead curtain and glass is recommended 

to lower the cardiologist dose especially for the image intensifier-based Philips system.  

 

Occupational radiation doses to operators performing cardiac 

catheterization procedures [4] 

 

The  authors presented investigation were to provide a systematic comprehensive summary of 
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the reported radiation doses received by operators due to diagnostic or interventional 

fluoroscopically-guided procedures, to identify the primary factors influencing operator 

radiation dose, and to evaluate whether there have been temporal changes in the radiation doses 

received by operators performing these procedures. Using PubMed, they identified all English-

language journal articles and other published data reporting radiation exposures to operators 

from diagnostic or interventional fluoroscopically-guided cardiovascular procedures from the 

early 1970's through the present. They abstracted the reported radiation doses, dose 

measurement methods, fluoroscopy system used, operational features, radiation protection 

features, and other relevant data. They calculated effective doses to operators in each study to 

facilitate comparisons. The effective doses ranged from 0.02-38.0 μSv for DC (diagnostic 

catheterizations), 0.17-31.2 microSv for PCI (percutaneous coronary interventions), 0.24-

9.6μSv for ablations, and 0.29-17.4 μSv for pacemaker or intracardiac defibrillator 

implantations. The ratios of doses between various anatomic sites and the thyroid, measured 

over protective shields, were 0.9 +/- 1.0 for the eye, 1.0 +/- 1.5 for the trunk, and 1.3 +/- 2.0 for 

the hand. Generally, radiation dose is higher on the left side of an operator's body, because the 

operator's left side is closer to the primary beam when standing at the patient's right side. 

Modest operator dose reductions over time were observed for DC and ablation, primarily due to 

reduction in patient doses due to decreased fluoroscopy/cineradiography time and dose rate by 

technology improvement. Doses were not reduced over time for PCI. The increased complexity 

of medical procedures appears to have offset dose reductions due to improvements in 

technology. The large variation in operator doses observed for the same type of procedure 

suggests that optimizing procedure protocols and implementing general use of the most 

effective types of protective devices and shields may reduce occupational radiation doses to 

operators. They had considerable difficulty in comparing reported dosimetry results because of 

significant differences in dosimetric methods used in each study and multiple factors 

influencing the actual doses received. Better standardization of dosimetric methods will 

facilitate future analyses aimed at determining how well medical radiation workers are being 

protected. 
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Effective dose to staff from interventional procedures: estimations from 

single and double dosimeter [5] 

The authors exposed about 11 physicians performing interventional procedures were measured 

by means of two personal dosimeters. One personal dosimeter was worn outside the lead apron 

and an additional under the lead apron. The study was set up in order to determine the added 

value of a dosimeter worn under the lead apron. With the doses measured, the effective doses 

of the physicians were estimated using an algorithm for single dosimeter and two algorithms 

for double dosimeter. The effective doses calculated with the single dosimeter algorithm ranged 

from 0.11 to 0.85 mSv in 4 weeks. With the double dosimeter algorithms, the effective doses 

ranged from 0.02 mSv to 0.47 mSv. The statistical analysis revealed no significant differences 

in the accuracy of the effective doses calculated with single or double dosimeter algorithms. It 

was concluded that the effective dose cannot be considered a more accurate estimate when two 

dosimeters are used instead of one. 

Patient and staff doses in interventional X-ray procedures in Sweden [6] 

In this study the authors sent a questionnaire to all radiology departments in Sweden showed 

that 11,350 procedures were performed annually 1996–1997. In a follow-up study, data from 

patient procedures were recorded. Type of procedure, dose–area product (DAP) values, 

fluoroscopy times, number of radiography series and patient data were recorded. For some 

procedures, staff doses were measured. Skin doses to the patients were also calculated where 

possible. Results: A total of 380 interventional procedures were described. The procedures 

were grouped into cranial, neck and thorax, intestine and abdominal, uro/genital and pelvis and 

extremities. DAP and fluoroscopy times (mean values) were 200 Gy cm 2  for 57 min, 57 Gy 

cm 2  for 16 min, 270 Gy cm 2  for 35 min, 212 Gy cm 2  for 37 min, 67 Gy cm 2  for 21 min, 

respectively, for the named procedures. Maximum patient skin doses exceeded threshold values 

for erythema (2 Gy) in cranial, neck/thorax and intestine/abdominal procedures. Effective doses 

to the patients could be high, 200 mSv. Conclusion:  It was found that patient doses could 

exceed threshold values for skin erythema (2 Gy) and temporary epilation (3 Gy). Hence, the 

procedures require immediate improvement 
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An investigation into patient and staff doses from X-ray angiography during 

coronary interventional procedures [7] 

  

In this study the authors investigated patient doses by means of dose–area product (DAP) 

meters installed in six rooms in two hospitals. DAP measurements in each room ranged from 

28.0– 39.3 Gy cm 2  for coronary angiography and from 61.3–92.8 Gy cm 2  for percutaneous 

transluminal coronary angioplasty, with the mean effective doses calculated to range between 

5.1–6.6 mSv and 11.2–17.0 mSv, respectively. These values are comparable with those found 

in recent literature. DAP measurements were found to correlate strongly (correlation coefficient 

of 79%) with patient weight. The non-uniform scatter radiation fields surrounding the irradiated 

area during coronary angiography were also investigated using a tissue equivalent phantom and 

an ionization chamber. Exposure rates of scattered radiation from digital acquisition were 

found to be around 16 times higher than those generated from fluoroscopy, and oblique-angled 

imaging led to greater amounts of scatter owing to the increase in related exposure factors. The 

distribution of scatter from oblique projections confirms that X-ray photons in the diagnostic 

energy range are preferentially scattered backwards, toward the X-ray tube. These concepts are 

a major consideration when training individuals working in the angiography suite in order to 

keep doses „„as low as reasonably practicable‟‟. 

Radiation exposure to medical staff in interventional and cardiac 

radiology[8] 

In this the authors worked to determine typical occupational dose levels
 
in interventional 

radiology and cardiology installations and to relate
 
doses to patient and occupational dosimetry 

through the dose-area product.
 
An experimental correlation between environmental dosimetric 

records and
 
dose-area products in the centres studied was established. The study

 
covered a 

sample of 83 procedures performed by 10 specialists in six
 
laboratories. The radiologists and 

cardiologists monitored wore nine
 
thermoluminescent chips next to eyes, forehead, neck, hands, 

left shoulder,
 
left forearm and left arm during each single procedure. In addition, direct

 
reading 

electronic devices for environmental dosimetry were placed in the
 
C-arm of the X-ray system, 

to estimate roughly the occupational radiation
 
risk level. Typical shoulder doses derived from 

electronic dosimetry range
 
between 300 and 500 μSv per procedure, assuming no lead 



 9 

protective screens
 

were used. Using these values and patient dose-area data from two
 

laboratories, averaged ratios of 84 and 120 μSv per 1000 cGy cm 2  are
 
obtained for cardiology 

procedures. Finally, occupational dose reductions
 
of approximately 20% when using highly 

filtered X-ray beams with automatic
 
tube potential (kV) reduction (available in some facilities), 

and by a
 
factor of about three when using ceiling mounted screens, have been found.  

  

Staff dosimetry in interventional cardiology:survey on methods and level of 

exposure[9] 

 

In this study the authors investigated the methods for measuring doses received by the staff 

employed in interventional cardiac laboratories and the algorithms used for estimating E. For 

this purpose, a questionnaire was sent in 2005 to more than 20 centres participating in the 

SENTINEL project. The questionnaire asked for general and technical information about type 

of personal and area dosimeters, dose quantity measured, dose calculation methods and 

monitoring programme details. A second questionnaire sent to SENTINEL partners was 

intended to collect staff exposure data. Radiation dose measurements performed in 12 

European countries have been collected. Data were gathered over a period of at least 2 y for 

two to four cardiologists in each centre. E is calculated using the Niklason algorithm(10) when 

two measurements, one over apron-collar (Ho) and one under waist (Hu). Finally, The 

SENTINEL survey on staff dosimetry in a sample of European centres has evidenced a large 

variety of dosimetry methodologies adopted and a wide range of exposure experienced by 

intervention lists in different centres. 
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Chapter Three 

 

Radiation Protection Dosimetry 

 

3.1  Types of ionizing radiation 

Ionizing radiation consists of subatomic particles or electromagnetic waves that are energetic 

enough to detach electrons from atoms or molecules and thus ionizing them. . Ionizing 

radiations generally characterized by their ability to excite and ionize atoms of matter with 

which they interact. Since the energy needed to cause a valence electron to escape an atom is of 

the order of 4-25 eV, radiations must carry kinetic or quantum energies in excess of this 

magnitude to be called "ionizing " . The important types of radiations to be considered are 

given beloe: [10] 

 

3.1.1 Alpha particles  

As previously stated, one of the most strongly bound structures is the helium nucleus H4

2 . It is 

emitted as alpha particles by a number of nuclei with high atomic numbers (>80), and it was 

first observed by H. Becquerel and described by E. Rutherford around 1900. Alpha particles 

they are commonly emitted in the radioactive decay of the heaviest radioactive elements such 

as uranium and radium as well as by some manmade elements. Alpha particles lose energy 

rapidly in matter and do not penetrate very far; however, they can cause damage over their 

short path through tissue. These particles are usually completely absorbed by the outer dead 

layer of the human skin and, so, alpha emitting radioisotopes are not a hazard outside the body. 

However, they can be very harmful if they are ingested or inhaled. Alpha particles can be 

stopped completely by a sheet of paper.[11] 

 

3.1.2 Beta particles 

β  : can be observed when neutrons are in excess in the nucleus. The following process occurs 

through weak interactions where a neutron becomes a proton with the release of a negative 



 11 

electron (negatron) and of an electronic antineutrino (no electric charge and rest mass <15 

eV/c 2 ). Generally, the transition energy is equally shared between the electron (β   particle) 

and the neutrino, according to probabilities leading to a continuous energy spectrum, even 

though the transition energies are discrete. The energy transmitted to the nucleus is 

negligible.[11] 

β  : decay can be observed when protons are in excess in the nucleus. The same type of 

process as shown above. The β   particles do not permanently exist, and they initially behave 

like the β   particles with respect to interactions with matter. Eventually, when they have 

almost reached rest energy, a recombination of the positron and a negatron of the matter takes 

place. . [11] 

 

 3.1.3 Gamma rays 

gamma-ray is really nuclear isomerism. A nucleus is artificially elevated to an excited energy 

state, and it then returns to the fundamental state through well defined gamma emissions. 

photon emission is often observed during radioactive transformations as the daughter nucleus is 

formed in an excited, metastable state. The g photons, first observed by Villard in 1900, 

directly result from the return of the daughter nucleus to ground energy state, and they are 

produced according to the discrete energies available, corresponding to characteristic lines in 

the energy spectrum. As a result, a large number of radionuclides with different decay schemes 

include g emissions in the resulting emission spectrum. When the nuclear transition energy 

available is sufficiently high, the return to ground energy level may require several steps with 

cascades of g-rays [11] 

 

3.1.4.X-Rays  

 The first type of x-ray is appear when the energy of the emitted fluorescence photons is closely 

related to the mechanism of their production. This energy is therefore characteristic of the 

energy structure of the atoms and molecules involved in the production process and the emitted 

photons are called characteristic x-rays. The fluorescence spectrum is made up of lines 

allowing the characteristic radiation to be identified and associated with a specific atom. 

Fluorescence emission is usually described according to the destination of the cascading 
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electron, as, for instance, K characteristic radiation, or K fluorescence. Both gamma rays and 

X-rays have a long range in air and hence, present an external hazard. Their ability to penetrate 

the human body is one of the reason for their utility in medical diagnosis. But, since they can 

penetrate wood and concrete, shielding with a high density material is required. Normally, lead 

is used as an absorber either in the form of a lead "pig" container, lead brick or thin lead sheets. 

[11] 

 

 3.1.5 Neutrons 

Neutrons, which are indirectly ionising, interact with nuclei of biological tissues through elastic 

and inelastic scattering, nuclear reactions and neutron capture. Neutrons are frequently used 

projectiles for nuclear reactions. Since they do not carry a positive charge, they do not 

experience Coulomb repulsion, and even low-energy (thermal and slow) neutrons can easily 

enter the target nuclei. Neutrons with energies of the order of 1 to 10 eV (resonance neutrons) 

exhibit relatively high absorption maxima. Furthermore, neutrons are available in large 

quantities in nuclear reactors with fluxes of the order of about 10
10

 to 10
16

 cm
2
 s

1
. [11] 

 

3.2  Dosimetric quantities and units 

Radiation dosimetry deals with methods for a quantitative determination of energy deposited in 

a given medium by directly or indirectly ionizing radiations, the official units used in health 

physics and dosimetry are those agreed upon by the international commission. A number of 

quantities and units have been defined for describing the radiation beam, and the most 

commonly used dosimetric quantities and their units are defined below.[12]   
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3.2.1 Fluence (Φ) 

The fluence, Φ, is the quotient of dN by da, where dN is the number of particles incident on a 

sphere of cross-sectional area da. 

    

da

dN
                  (3.1) 

 

The Unit of fluence is : m 2 [2] 

 

3.2.2 kerma (K) 

 The 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: 

dm

dE
K tr                        (3.2) 

  

 

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

 

3.2.4. Absorbed dose (D) 

The absorbed dose is defined as the mean energy ε imparted by ionizing radiation to matter of 

mass m in a finite volume V by: 

 

dm

d
D


                                (3.3) 

 

where ε is the mean energy imparted to the matter of mass dm.[2] 
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3.2.6 Exposure (X) 

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: 

dm

dQ
X                           (3.4) 

The SI Unit is: C/kg [13] 

 In the SI system of units, roentgen is no longer used and the unit of exposure is simply 2.58 × 

10 4 C/kg of air. 

 

3.3 Radiation protection quantities 

  The International Commission on Radiological Protection (ICRP) for more than 50 years 

supports a system for radiological protection, based on concepts, quantities, and basic 

recommendations. The most recent set of protection quantities recommended in ICRP60 

includes the organ or tissue equivalent doses HT and the effective dose E. These quantities are 

not measurable but can be calculated if the exposure conditions are known. The quantity to be 

limited in radiation protection of occupationally exposed persons and members of the public is 

the effective dose E which is the weighted mean of equivalent doses of several organs and 

tissues of the body that are considered to be most sensitive. The present system of quantities is 

summarized in the following. 

 

3.3.1 Organ dose 

The organ absorbed dose is defined as the mean dose DT in a specified tissue or organ T of the 

human body, given by: 

 
T

T
T

m
D




                                 (3.6) 

  mT:    is the mass of the organ or tissue under consideration; 

εT :   is the total energy imparted by radiation to that tissue or organ.[14] 
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3.3.2 Equivalent dose  

The equivalent dose HT is defined as: 

 

R

R

RTT WDH  ,                       (3.7) 

    

Where 

DT,R is the absorbed dose delivered by radiation type R averaged over a tissue 

or organ T;      wR is the radiation weighting factor for radiation type R.[15] 

 

3.3.3 Radiation weighting factors 

 For external irradiation, the values of the radiation weighting factors wR are given by the 

parameters of the external radiation field only (type and energy distribution of the radiation 

incident on the body). This means that wR is a body-averaged value representing a mean value 

for the relative biological effectiveness of all tissues of the body and any local variation of the 

radiation quality in the human body which may result from the generation of secondary 

radiation of different types in the body, is not explicitly considered. This effect is mainly 

important in the case of incident neutrons where at low energies secondary photons strongly 

contribute to the absorbed doses of various organs.[2] 

The wR values for various types of radiation are specified in ICRP  and are presented in table 

3.1, for photons, electrons and mounts of all energies a value of one is fixed with the exception 

of Auger electrons emitted from nuclei bound to DNA. For this case there exists no ICRP 

recommendation until now.[2]. 
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Table 3.1  Radiation weighting factors 

Type and energy range²              Radiation weighting  factors
1

   wR 

 

Photons, all energies               1 

1 Electrons and mouns, all energies³ 

Neutrons:                                    

energy < 10 keV         

 

5 

10   keV to 100 keV  

 

10 

> 100 keV to 2 MeV 20 

> 2 MeV to 20 MeV 10 

> 20 MeV 5 

Protons, other than recoil protons, energy>2 MeV 5 

Alpha particles, fission fragments, heavy nuclei 20 

 

1
 All values relate to the radiation incident on the body or, for internal sources, emitted from the source. 

²  The choice of values for other radiations is discussed in paragraph A14 in ICRP (1991b). 

³  Excluding Auger electrons emitted from nuclei bound to DNA (see paragraph A13 in ICRP 1991b). 

 

 

 

The radiation weighting factor for incident external protons with energies above 2 MeV has 

been set to 5 wT. It is, however, questioned if this value is appropriate for protons of all 

energies above 2 MeV. There exists a general opinion that a weighting factor of about 2 seems 

to be more realistic for high energy protons above about 5 to 10 MeV. External protons of 

lower energies have a small range in tissue and contribute to the skin dose only. [15] 
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3.3.4 Effective dose  

The effective dose, E, is the sum of weighted equivalent doses in all the tissues and organs of 

the body. It is given by the expression: 

 

 

 T

T

TWHE                                ( 3.8) 

 

 

Where H T  is equivalent dose in tissue or organ T and  wT  is the weighting factor for 

tissueT.[2] 

 

3.3.5Tissue Weighting Factors 

 The definition of effective dose takes care of the different radiosensitivity of the various 

organs and tissues in the human body with respect to cancer induction and mortality by 

introducing tissue weighting factors are presented in table 3.2. Twelve tissues and organs are 

specified with individual weighting factors wT. [2] 

 

       Table 3.2  Recommended tissue weighting factors. 

    Organ/Tissue Tissue weighting  

    Factor, wT 

Sum wT 

Bone-marrow (red), Colon, Lung, Stomach, 

Breast, Remainder tissues 

0.12 0.72 

              Gonads 0.08 0.08 

Bladder, Oesophagus, Liver, Thyroid 0.04 0.16 

Bone surface, Brain, Salivary glands, Skin 0.01 0.04 

   

 Total 1.00 
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3.3.6 Committed dose 

When radionuclides are taken into the body, the resulting dose is received throughout the 

period of time during which they remain in the body. The total dose delivered during this 

period of time is referred to as the committed dose and is calculated as a specified time integral 

of the rate of receipt of the dose. Any relevant dose restriction is applied to the committed dose 

from the intake. The committed dose may refer to the committed effective dose and the 

committed equivalent. [14] 

 

 

 

3.4 Operational quantities 

The organ dose DT, equivalent dose H and effective dose E are not directly measurable and 

there are no laboratory standards to obtain traceable calibrations for the radiation monitors 

using these quantities. For this reason, the ICRU has defined a set of measurable operational 

quantities for protection purposes: the ambient dose equivalent, directional dose equivalent and 

personal dose equivalent; the latter is used for comparing with regulatory requirements such as 

dose limits.[16] 

 

3.4.1 Ambient dose equivalent 

The ambient dose equivalent at a point in a radiation field H*(d) is defined as the dose 

equivalent that would be produced by the corresponding aligned and expanded field in the 

ICRU sphere at a depth d on the radius opposing the direction of the aligned field. The ICRU 

sphere is a 30 cm diameter tissue equivalent sphere with a composition of 76.2% oxygen, 

11.1% carbon, 10.1% hydrogen and 2.6% nitrogen. A depth d = 10 mm is recommended for 

strongly penetrating radiation.[16] 
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3.4.2 Directional dose equivalent 

The directional dose equivalent at a point in a radiation field H‘(d, Ω) is defined as the dose 

equivalent that would be produced by the corresponding expanded field in the ICRU sphere at 

depth d on a radius in a specified direction Ω. A depth d = 0.07 mm is recommended for 

weakly penetrating radiation. Angle Ω is the angle between the beam direction and the radius 

of the ICRU sphere on which the depth d is defined.[16] 

 

3.4.3 Personal dose equivalent 

The personal dose equivalent Hp(d) is defined for both strongly and weakly penetrating 

radiations as the equivalent dose in soft tissue below a specified point on the body at an 

appropriate depth d. The relevant depth is generally d = 10 mm for penetrating radiations 

(photon energies above 15 keV), while depths d = 0.07 mm and d = 3 mm are used for weakly 

penetrating radiations (photon energies below 15 keV and b radiations) in skin and the eye lens, 

respectively.[16] 

The personal dose equivalent from exposure to penetrating radiation during the year is the 

radiation quantity to be compared with the annual dose limits (for effective dose) and to 

demonstrate compliance with the BSSrecommendations as indicated below.[16] 

 

3.5 Staff dosimetry  

Individual monitoring is the measurement of the radiation doses received by individuals 

working with radiation. Personnel dosimeters consist of film badges which contain 

photographic film or thermoluminescent dosimeters (TLDs) to measure the radiation dose 

received by persons over a period of time, usually a month or a quarter.For short-term 

monitoring of work, a pocket ion chamber dosimeter is worn or an electronic dosimeter. 

Electronic dosimeters can be useful for this purpose because they can be set to indicate an alert 

or warning level of exposure.[17] 
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3.5.1 Film badge 

Film badges continue to be used in personnel monitoring because they are relatively 

inexpensive, the processed film provides a permanent record, and they provide sufficient 

accuracy to meet accreditation requirements, especially for x-rays and gamma radiation. Film 

badges use dental x-ray film shielded in places (called windows) by thin absorbers to 

distinguish beta rays from gamma radiation. An unshielded area (the “open window”) gives the 

total dose from beta and gamma rays and this can be apportioned by the amount of film density 

behind the shielded strip.Double emulsion film is used for high sensitivity (in the mR range); 

and conversely high-range film is made with a single emulsion. Film can also be used to 

measure neutrons if the film is impregnated or covered with a material such as lithium or boron 

which readily absorbs neutrons. The response of film is independent of energy above 200 keV 

or so; however, at low photon energies, the film may over respond by as much as a factor of 

20–40. With proper calibration and appropriate corrections for low-energy response, the film 

badge can report doses from about 0.1 mSv (10 mrem) to about 10 Sv(1000 rem).[17] 

 

3.5.2 Thermoluminescence dosimetry badge 

The phenomenon of thermoluminescence (TL) was rediscovered in the 1960s and was 

perfected as a dosimetry technique in the 1970s when was found that the chemical makeup of 

lithium fluoride (LiF) or calcium fluoride (CaF 2 ) phosphors could be made uniform by good 

quality control. 

exposure of a TLDs to radiation causes electrons to be excited to the conduction band from 

which they can fall into one of the isolated levels provided by impurities in the crystal and be 

“trapped”; they will remain so until energy is supplied (usually by heat) to free it.Heating the 

crystal elevates the trapped electrons back to the conduction band, and when they return to a 

valence “hole,” a photon of visible light is emitted. The total light emitted is a measure of the 

number of trapped electrons and therefore of the total absorbed radiation even after months of 

storage. TLDs are aptly named because thermal heating (thermo-) produces luminescence 

emitted by the crystal. TLDs are generally more accurate than film badges, are less subject to 

fading, are usable over a much larger range of radiation levels, can be used over and over, and 
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processing does not require film development but can be done by a one-step electronic 

reader.[17] 

 

3.5.3 Pocket Dosimeters 

The pocket dosimeter, often used in conjunction with a TLD or film badge, is a small 

electroscope, about the size and shape of a fountain pen. The dosimeter is usually fitted with an 

eyepiece and a calibrated scale so that an individual user can read the amount of exposure 

received. The dosimeter is charged before use and exposure to radiation causes it to lose charge 

proportional to the radiation exposure received. Since any leakage of charge produces a 

reading, good insulation of the electrode is needed. The response of the dosimeter is seldom 

linear, except in the region of the calibrated scale; therefore, exposures should not be estimated 

if the device reads slightly above the full-scale reading. When reading the dosimeter the fiber 

image should be vertical to reduce the geotropic effect, the tendency to give a reading that 

depends on the orientation of the device.[17] 

 

3.6 Dosimetry algorithms 

 

3.6.1 Double dosimetry algorithms 

 

 The literature search on double dosimetry covered altogether about 140 publications, 

describing a total of 14 different algorithms. The 11 most recent ones are summarized in Table 

3. The estimated over- or underestimations of effective dose by these algorithms.[18] 

From table 3 the early double dosimetry algorithms given by Gill et al.(9), Webster(10) and 

Balter et al.(11) were based on the determination of „effective dose equivalent‟ (EDE) as 

defined in ICRP. The effect of thyroid shield was not considered. In 1991, ICRP  issued a new 

set of weighting factors and in addition, the name „EDE‟ was replaced by the term „effective 

dose‟ (E). 

Faulkner and Marshall  used new weighting factors in their study of the staff exposure and 

concluded that no single dosemeter can accurately monitor effective dose for all irradiation 

conditions in fluoroscopy. The algorithm introduced by Wambersie and Delhove
 
 was based on 
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the two dosemeters and was fully conservative. Rosenstein and Webster used the experimental 

data from Faulkner and Marshall
 
for their new algorithm. Huyskens et al

. 
defined two 

correction factors, divider (D) and multiplier (M). The divider is the number by which the over 

apron reading should be divided to yield effective dose and the multiplier is the number by 

which the under apron reading should be multiplied to yield effective dose. For fluoroscopic 

interventional practice, they recommended D = 5 and M = 3 (Table 3). They also emphasized 

that single badge monitoring is often not sufficient when occupational doses may reach 

recommended dose limits. Based on the analysis of the papers published until 1993, NCRP 

recommended a divider D = 21 for a single personal dosemeter worn on the neck above apron, 

and for double dosimetry the formula given by Rosenstein and Webster
.
 [18] 

Niklason et al. concluded that the algorithms by Gill et al and Webster would result in 

substantial errors because of different weighting factors associated with EDE and because the 

use of thyroid shields were not considered. Further, they noted the possibility of large errors 

when using a single dosemeter
 
They proposed a new [18]. algorithm, which was independent of 

lead apron thickness and also accounted for the use of a thyroid shield. The accuracy of the 

Rosenstein–Webster and Niklason algorithms was checked experimentally by Mateya and 

Claycamp
 
and by Monte Carlo (MC) calculations by Kicken et alTheir  results did not support 

the Rosenstein–Webster algorithm but found a better agreement with Niklason et al. Padovani  

et al. concluded that the Niklason algorithm performs within the recommended uncertainty 

range given in NCRP, which accepts an overestimation of  E by a factor of  3 when a single 

dosemeter is worn and a factor of 2 when two personal monitors are used.[18] 
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Table  3. Algorithms for the calculations of effective dose (E) 

 

                    Authors    Algorism place of   

Dosimeters                                 

     Remarks 

 

1  Wambersie  an 

d  Delhove 

01.0 HHE u   Hu: chest 

H o :neck or Shoulders 

 

Based on Faulkner and 

Marshall 

2  rosenstein and 

 Webster  

ou HHE 025.05.0 
 H u : waist   

  H o : neck     

 

3  NCRP Repoet 

No.122 

 

Single: 
21oHE 

  

Double: same as No.2  

 

H o : neck   
Based on data published  

until (including) 1993 

  

  4Huyskens et al.             Single:
DHE o

 or     

MHE o                                                    

 D=5  and M=3 for 

fluoroscopic 

interventional practice    

5   Niklason et al.                

 

(a) Without TS, double: 

uuos HHHE  )(06.0  

Single*:E=0.07H os  

(b)  With TS, double: 

E=0.02(H os - H u  )+ H u  

Single*: E= 0.03H os    

H u :waist  

 H os :collar           

*Recommended by 

Padovani etal.; assuming 

H u os     

Tested by Mateya and 

Claycamp and Kicken et 

al. 

 

6   Swiss ordinance 
H P (10)=H u  +αH o      

 α= 0.1 without TS   

α=0.05 with TS    

  H p ( 0.07)=H u +H o                

Not defined Without TS same as No.4. 

7    Mcewan  double: 

E=0.71H u +0.05H o  

 Single: (a)E=0.08H o ;(b)  

 E=2H u  

H u : trunk   

H o  :collar  

Without thyroid shield. 

Based on 
)10(pHE

 

ratios for AP 

exposures published by 

NRPB              
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8   Franken  and  

Huyskens 

 

 

 

 

 

Single:E≤
5oH

  

(a) Double without TS:  

 E≤ 
10oH

  

(b) Double without TS:     

  E≤ H u + 30oH    

                                                      

H o : mid front  

   (1) 

H u : mid front                    

   (2) 

H o  : mid front      

lead apron: at least 0.25 

mm lead   

 (1) at collar or a chest 

level   

 (2) at waist level    

 (3) at collar level        

 

 

9 sherbini and 

  DeCicco 
E=1.0H u +H0.07H o                  H u : waist 

 H o : neck 

 

10  von Boetticher 

 et al.      

 

 

(a) Double without TS:  

E=0.65H u +0.07H o    

 (b) Double with TS: 

 E= 0.65H u +0.01H o                  

H u : anterior 

Thorax 

H 0 : neck 

 

11  Cerinx et al                       
E=1.64H u +0.07H o  H u : thorax   

H o : neck     

Estimation without a 10%  

underestimation margin 

Symbols: H u : under apron dose, H o : over apron dose, E: effective dose
13

, H os : overcollar shallow dose, i.e. 

H P (10), TS: Thyroid shield 

 

 

 

3.6.2 Further development 

A Swiss ordinance on personal dosimetry
( 

requires the use of double dosimetry for work 

involving high doses and introduces an algorithm for effective dose calculation. McEwan
 

derived algorithms for two dosemeters worn at collar and trunk (under apron) and also for a 

single dosemeter. McEwan assumed no thyroid shielding and that H collar is a good measure of 

thyroid dose. Franken and Huyskens performed model calculations for a variety of practical 

situations, with and without a lead apron, and for many apron models, fits and lead thickness. 

They concluded that the apron model and fit are often more important than the lead thickness. 

Their simple expressions in Table 1 were constructed in such a way that effective dose is 
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estimated as accurately as possible, but never underestimated.[18] 

Sherbini and DeCicco used MC dose calculations in an anthropomorphic mathematical 

phantom to estimate EDE, E and Hp under a variety of irradiation conditions. Their algorithms 

were adjusted from Webster and Rosenstein– Webster. von Boetticher et al. and Lachmund 

based their algorithms on measurements of the occupational radiation exposures at the relevant 

places in diagnostic radiography. Schultz and Zoetelief carried out dose calculations by MC. 

[18] 

method in mathematical phantoms for cardiologist and patient, for cardiac catheterization 

procedure and applied the results to various published algorithms. They concluded that almost 

all algorithms overestimate the effective dose and there was no firm indication on the 

preference of the double dosimetry over single dosimetry. However, they emphasized that the 

results cannot be generalized. Siiskonen et al. carried out similar type of MC simulations for 

eight cardiac and two cerebral exposure conditions. Their results revealed that the effective 

dose varied significantly with irradiation conditions and with the location of the dosemeter. 

They concluded that the data were not sufficient to establish a generally applicable accurate 

relationship between the dosemeter reading(s) and E. Clerinx et al.
 
also performed MC 

simulations for typical scatter field geometries of interventional radiology procedures.[18] 

Their results showed that the dosemeter reading at the neck level and under apron at thorax 

level gives the best correlation with effective dose, and single dosemeter algorithms in certain 

cases could result in unacceptable underestimation of E.[18] 

 

 



 26 

Chapter Four 

 

Material and Method 

This study was carried out in two hospitals, Ahmed Gasim hospital and National Center for 

Cardiology to investigate the level of staff doses due to interventional cardiac procedures. 

Staff‟s were provided with a EPDs to be worn over apron during each cardiac procedure 

and read immediately after the examination. Doses were monitored for a period of two 

weeks.  EPDs used were calibrated to measure radiation protection operational quantity, 

personal dose equivalent Hp(10). For radiation risk estimation the measured Hp(10) were 

used to estimate the radiation protection quantity effective dose.  

In these hospitals, procedures were performed by a cardiologist and assisted by total of two 

nurses (assistant and circulatory), and the operator of fluoroscopic device (technician). Staff 

dose was measured using EPDs operated in dose mode. EPDs used were of type RAD-60 

(Energy compensated Si-Diode), which it has dose measurement range between (1 μSv - 

9.99 Sv) (Rados, Finland). Four EPDs were used with serial numbers 

(210001,210004,210005 and 210007).  The EPDs were worn in the chest over lead apron. 

The types of procedures which it preformed in catheterization room, the common 

procedures ( diagnostic and therapeutic) in interventional cardiology (IC) ( coronary 

angiography, percutaneous transluminal coronary angiography (PTCA), and in lower 

extremity arteriography, iliac arteriography, angioplasty and other typical procedures in 

vascular radiology (VR). Before any procedure we were adjusted the (EPDs) at dose mode, 

and reset it at zero. And after the procedure doses were recorded which were measured by 

electronic personal dosimeters (EPDs) for any personnel as measured through all the time 

of a procedure. 

The fluoroscopy device which it use in Cardiac Center Hospital is specified by is c-arm 

type from PHILIPS company, and the fluoroscopy in  Ahmed Gasim Hospital is a c-arm 

type from TOSHIBA company as we see in Table 4.1. In each hospital in catheterization 

room it has a digital system before any procedure they recoded patient identification such 

as weight, length, age, thickness, and gender, in the panel of fluoroscopic system and the 
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system it adjusted itself all the tube factors automatically, therefore, useful the operator to 

take good image which it help him through any procedure.        

 

 Table 4.1 Technical information for the fluoroscopy units 

Hospital name Configuration Manufacturer Generator: 

mode, year  

Tube: 

model, year 

Ahmed Gasim 

(AGH) 

C-arm TOSHIBA CAS-10A DRX-

T7445GDS 

Nov2000 

Open Heart 

Hospital (OHH) 

C-arm PHILIPS RTP9211J-G11 1998 

 

 

4.1 Calculation of effective dose  

Effective dose E is calculated using the dosimetry algorithms of Huyskens et al,[18] using 

the equation (4.1). 

D
H

E o            (4.1) 

Where  H O : personal dose equivalent (overestimation) 

 The equation has two parameters, divider (D) and multiplier (M). The divider is the 

number by which the over apron reading should be divided to yield effective dose and the 

multiplier is the number by which the under apron reading should be multiplied to yield 

effective dose. For fluoroscopic interventional practice, as in our study in the case of  

overestimation (over apron)  D = 5.  
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Chapter Five 

Results and Discussion 

5.1 Results 

The quantity personal dose equivalent )10(H P was measured using electronic personal 

dosimeters (EPDs). The results of measurement in addition to the estimated effective received 

by staff for a period four weeks are presented in Table 5.1.  The radiation protection quantity 

effective dose was calculated using equation 4.1. The mean )10(H P  received by a cardiologist 

for a period of four weeks ranged from 48.4 to 110 μSv. As it can be seen from Table 5.1, The 

results of the measured mean )10(H P  and consequently, the estimated effective doses were 

higher among cardiologist followed by assistant nurses, circulatory nurses and then the 

technicians.  

Figures 5.1 and 5.2 show the Hp(10) received by cardiologist and technician during four weeks, 

respectively. It can be seen that the )10(H P  received by a cardiologist is approximately double 

that received by the technician as expected.  This due to the fact that the cardiologist  stand 

close to patient and therefore close to primary x-ray beam where technician stand in the 

operation room behind protection barriers.  

Figures 5.3 and 5.4 show the Hp(10) received by the assistant nurse and circulatory nurse at a 

period of four weeks, at Ahmed  Gasim hospital. The doses for this category of radiation 

workers are comparable. here the assistant nurse is received doses is not great to that the doses 

which it received by the circulatory nurse, here the assistant nurse is received doses is not greet 

to that the doses which it received by the circulatory nurse, 

Figures 5.5 and 5.6 show the Hp(10)  received by cardiologists and technicians during 4 weeks 

. The differences between the doses of two staff categories are remarkable.  

Figures 7 and 8 its show the Hp(10) received by the assistant and circulatory nurses  during 

four weeks at Cardiac Center. The figures present doses that are comparable.   
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Table 5.1 . Distribution of equivalent and effective  staff  doses  in two cardiac  

centers (μSv) 

Hospital Staff 

Category 

n Mean  

Hp(10)/4 wk 

Maximum 

Hp(10)/4 

wk 

Mean   

Effective 

dose/4wk 

Maximum 

effective 

dose /4wk 

Ahmed 

Gasim 

Hospital 

Cardiologist 8 144 242 29 48 

Technologist 2 87 160 17 32 

Assistant 

nurse 

6 

45 124 9 25 

Circulatory 

nurse 

4 

38 122 8 24 

Cardiac 

Center 

Hospital 

Cardiologist 7 181 550 36 110 

Technologist 2 32 80 6 80 

Assistant 

nurse 

5 

55 172 11 34 

Circulatory 

nurse 

6 

42 108 8 108 
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Fig. 5.1  Received Hp(10) for cardiologist in Ahmed  Gasim hospital. 

 

 

 

Fig. 5.2  Received Hp(10) for  technician, in Ahmed  Gasim hospital. 
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Fig. 5.3 Received Hp(10) for assistant nurse , in Ahmed  Gasim hospital. 

 

 

 

Fig. 5.4 Received Hp(10) for circulatory nurse in Ahmed  Gasim hospital. 
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Fig. 5.5 Received Hp(10) for cardiologist in Cardiac Center  hospital . 

 

 

 

Fig. 5.6  Received Hp(10) for cardiologist  in Cardiac Center  hospital. 
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Fig. 5.7 Received Hp(10) for assistant nurse in Cardiac Center  hospital 

 

 

 

Fig. 5.8 Received Hp(10) for  circulatory nurse in Cardiac Center  hospital 
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5.2 Discussion 

As it can be seen from Figures 1-2, the staff doses measured in this study in both hospitals were 

highest for the cardiologists followed by the nurses (both assistant and circulatory) then 

technicians as expected. This fact is clearly depicted in Figures 1-8. The cardiologist is exposed 

to high proportion of the scattering X-ray from the patient and the protection system for this 

category depends only on the worn protection closes. However, the technicians are protected by 

the protection closes in addition to protection barriers. The distance from the X-ray tube has 

also a major role.  

As presented in Figures 5.3-5.4 the assistant nurse received the amount of doses  approximately 

equal to that which was received by circulatory nurse, over lead apron (overestimation) during 

the procedures  and this increased effective dose which appeared in the graphs. This equality of 

the amount of doses mean that  the assistant nurse is covered by the cardiologist body and his 

protection closes , and the circulatory nurse is staying away from the X-ray equipment. This is 

for  Ahmed  Gasim hospital. As presented in Figures 5-6, the Hp(10) values received by 

cardiologists are significantly higher compared to that received by technicians as expected. The 

technicians usually stand at a distance from the X-ray equipment, and are normally subject to 

protection measures. For the cardiologist the protection depends only on the protection of lead 

aprons worn during the examination. It is worth to mention that the cardiologists at Ahmed 

Gasim hospital were using thyroid protection shields as additional protection measures.  

Regardless  of the ratio between cardiologist working in the two  hospitals and as we know  this  

depends on the distance between the X-ray tube and cardiologist which is only when one stands 

close to patient. For others personnel's the effective dose decreases  as we move away from the 

X-ray tube.  The staff in interventional cardiology is not directly exposed to the X-ray beam but 

to a considerable amount of scatter radiation reflected from the patient (primary) and to a lesser 

extent from the walls of the cardiology room (secondary). The scatter radiation levels are 

highest at the X-ray tube side where the beam enters the patient. According to the inverse 

square law the personnel‟s distance from the patient‟s skin entrance site is crucial. This law 

states that the level of scatter radiation is inversely proportional to the distance squared. 

Therefore, the operator‟s position and body height have major impact on the amount of scatter 

radiation.  
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The manufacture of the device also has effect to decrease doses received by staff [3]. It is 

recommended for the fluoroscopy system use that it has facilities leading reduction of 

scattering radiation from X-ray tube [3] [8]. 

There were some papers that try to identify the primary  factors  influencing  operator radiation  

doses. They found that the large variation in operator doses observed for the same type of 

procedure suggests that optimizing procedure protocols and implementing general use of the 

most effective types of protective devices and shields may reduce occupational radiation doses 

to operators [4]. 

The single dosimeter method is more accurate estimate of effective dose than double dosimeter 

method [5].   
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Chapter Six 

Conclusion and Recommendations 

6.1 Conclusion 

The results emphasize that many variables, such as procedure type and complexity, equipment 

performance, and the distance of a personnel from the x-ray equipment. An optimized radiation 

protection practice, including staff dose monitoring, prevents high occupational exposure that, 

in cardiac interventional procedures, can be maintained well below the annual effective dose 

limit of 20 mSv. Moreover, effective dose per procedure is a useful quantity for staff exposure 

comparison and can be adopted for the assessment of the constraint dose values in the process 

of staff exposure optimization. 

 

6.2Recommendations 

Apply the “as low as reasonably achievable” (ALARA) principle in emergency cases after 

gaining sufficient reperfusion. Measures to improve radiation protection of the staff. Maintain 

distance from the primary beam and the patient‟s skin entrance site. Keep image intensifier as 

close to patients as possible. Use appropriate lead shielding material (lead apron, thyroid shield, 

ceiling suspended screen, glasses, and side table drapes). Be aware that scatter radiation is 

higher at the side of the X-ray tube and less important at the side of the image intensifier during 

lateral projections. Collimation of the radiation field (and generally all other factors reducing 

patient dose) decreases the level of scattered dose. Wear two dosimeter badges (one under the 

lead apron at waist level and one outside lead shields at collar level) and consider use of a ring 

dosimeter (since hand protection may be a critical issue). Conduct periodic inspections and 

testing of X-ray unit and lead shields. In any department of interventional cardiology should be 

found radiation protection officer (RPO). The personnel works inside cardiology room should 

be followed the instructions of radiation protection from the (RPO)   
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