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Abstract 

 

The primary objective of this study was to determine the patient and staff 

dose during cardiac catheterization procedures in Ahmed Gasim Hospital, 

Khartoum Bahry. 

A survey of patient and staff exposure was performed covered 2 Cath Lab 

units from 2 manufacturers. The measurements involved 50 operations. 

The medical staff was monitored using TLD chips  (LiF: Mg, Cu, P).  

The main operator who was closer to the patient and the X-ray tube, was 

monitored at six positions (forehead, neck, chest – over the lead apron, 

waist – under the lead apron, leg, and hand), while the exposure to the 

assistant was measured at two positions (chest – over the lead apron, and 

hand), where the technologist and the circulator were monitored at one 

position (chest – over the lead apron). Patient exposure was measured 

using the DAP meter.  

The main operator and the rest of the staff received 0.14, 0.01 

mSv/procedure, giving rise to an estimated annual effective dose of 

17.67, 6.3 mSv/y respectively. 

The estimated patient dose rate was found to be 125 mGy/min which 

considered higher than the recommended DRL for the continuous high 

mode fluoroscopy used in interventional radiology (100 mGy/min). 

The study concluded to the fact that the main operator received relatively 

high dose which is a direct result to the poor radiation protection in the 

department. 
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 الخالصة

انرعزظاخ اإلشعاعٛح نهًزظٗ ٔانعايهٍٛ تمظى لظطزج انمهة تًظرشفٗ ْذفد ْذِ انذراطح نمٛاص 

 .أحًذ لاطى تانخزطٕو تحز٘

. عًهٛح أجزٚد عهٗ جٓاسٍٚ نًصُعٍٛ يخرهفٍٛ 50ذى لٛاص انجزعاخ نهًزظٗ ٔانعايهٍٛ خالل 

ذى اطرخذاو يماٚٛض انٕيٛط انحزار٘ انًصُعح يٍ انهٛثٕٛو فهٕراٚذ انًشاب تانًاغُٛشٕٚو 

فٕق انًعطف  –انزأص، انعُك، انصذر )ٔلذ ٔسعد يٕاظع انمٛاص . ٔانفظفٕرٔانُحاص 

تكثافح أكثز ( ذحد انًعطف انزصاصٙ، انظاق انٛظزٖ، ٔانٛذ انًُٛٗ –انزصاصٙ، انخصز 

أيا انًظاعذ فمذ ذى لٛاص انجزعح نّ فٙ . نالخرصاصٙ َظثح نمزب انًظافح تُّٛ ٔتٍٛ انًزٚط

تمٛح انطالى انطثٙ لٛظد جزعاذٓى (. صاصٙ، ٔانٛذفٕق انًعطف انز –انصذر )يٕظعٍٛ 

ٔفًٛا ٚخص جزعح انًزظٗ (. فٕق انًعطف انزصاصٙ –انصذر )اإلشعاعٛح فٙ يٕظع ٔاحذ 

 .فمذ اطرخذو يمٛاص انجزعح فٙ انًظاحح

يهٙ  0.01ٔ  1.4ٔجذ أٌ انجزعح اإلشعاعٛح نالخرصاصٙ ٔتمٛح انطالى انطثٙ ْٙ 

انظُح عهٗ /يهٙ طٛفزخ 6.3ٔ  17.67جزعح انًؤثزج انظُٕٚح انعًهٛح، ُلّذرخ يُٓا ان/طٛفزخ

 .انرٕانٙ

انذلٛمح ٔانرٙ ذعرثز عانٛح َظثًٛا /يهٙ جزا٘ 125ذى أٚعا ذمذٚز يعذل انجزعح نهًزٚط ٔكاَد 

 .انذلٛمح/يهٙ جزا٘ 100تًمارَرٓا يع يظرٕٖ انرعزض انًزجعٙ انًٕصٙ تّ 

ح اإلشعاعٛح انًًٓح نرمهٛم انرعزظاخ خهصد انذراطح نٕجٕد َمص فٙ تعط أدٔاخ انٕلاٚ 

نالخرصاصٙ ٔانرٙ ذعرثز عانٛح َظثٛا كُرٛجح انًُٓٛح ٔانرٙ ظٓزخ يٍ خالل ذمٕٚى انجزعاخ 

 .يثاشزج نذنك
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1.1 Statement of the problem 

Interventional radiology, involves diagnostic and therapeutic procedures 

are becoming increasingly common, and therapeutic procedures are often 

the treatment of choice, resulting in increasingly lengthy and complex 

techniques. Thus, patients are being exposed to highly localized X-ray 

sources for extended periods of time long enough to cause possible skin 

injuries. 

Staff and patient dose during cardiologic procedures is considered to be 

high due to the existence of the operators beside the patient while X-ray 

procedures is undergoing, and the prolonged exposure time to the patient. 

Since, there is no enough assessments were made at the national level to 

estimate the significance of the radiation doses to the patient and staff, 

thus radiation dose measurements are required. 

In Sudan there have been many studies conducted regarding the 

dosimetry in the field of diagnostic and interventional radiology. A study 

of patient dose assessment, over 250 patients undergoing chest X-ray 

examination at 7 Sudanese hospitals in Khartoum state was made by 

Elkhawad (2001). DAP meter was used in this study to measure the 

patient dose. The author found that the mean DAP value was 0.44 Gy 

cm
2
. 

Suliman (2007) estimated the exposure to patients undergoing X-ray 

examinations. He has estimated the ESDs to patients from X-ray tube 

parameters in four hospitals in Khartoum state, comprising 8 X-ray units 

and sample of 346 radiographs. The estimated ESDs ranged from 0.17 – 

0.27 mGy for chest PA, 1.04 – 2.26 mGy for skull AP/PA, 0.83 – 1.32 

mGy for Lumber spine AP and 2.9 – 9.9 mGy for Lumber spine LAT. 

With the exception of chest PA examination at two hospitals, it was 
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found that the estimated mean ESDs were within the established 

international reference dose levels.  

El karim et al (2002) have measured the doses to patients from X-ray in 

Radiography Department in Khartoum State.  DAP meter was used in 

units of Gy.cm
2
. The work was performed in 7 hospitals and covered 250 

patients, 71.2% were males and 28.8% females, and chest radiography 

represents 42% of all investigations. In this study, exposure of the limbs 

carries the least radiation doses.  

Radiation doses to patients from some common pediatric X-ray 

examinations were studied in three hospitals in Khartoum State, by 

Suliman et al (2008). They have determined ESD from exposure settings 

using DosCal software. A total of 459 patients were included in this 

study. They found that the mean ESDs obtained from anteroposterior 

projection for chest, skull, abdomen and pelvis for neonates fall in the 

range of 52–100, 115–169, 145–183, 204–242 µGy, respectively. For a 1-

y-old infant, mean ESD range was 80–114, 153–202, 204–209, and 181–

264 µGy, respectively.  

During our search for the past national studies in the field of measuring 

staff dose measurement in interventional cardiology, only one study was 

conducted, Mutwakkil (2008). The staff exposure was measured using 

TLDs in three hospitals in Khartoum and compared with that received by 

workers at other medical practices (radiotherapy, nuclear medicine and 

diagnostic radiology) in the Institute of Nuclear Medicine and 

Technology (INMO) at El Gezira. It was found that the annual doses 

received by 14 cardiologists, 13 nurses and 9 technologists at the three 

cardiology centers were in the range: (0.84 – 4.77), (0.15 – 2.08), (0.32 – 

1.10) mSv, respectively. In the INMO the annual doses received by 7 
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doctors, 5 nurses and 14 technologists were in the range: (0.12 – 0.51), 

(0.11 – 0.65), (0.03 – 1.39) mSv, respectively. 

The results showed that the annual doses received by the workers do not 

exceed 20 mSv. The study also indicated that doses received by workers 

in interventional cardiology, in particular the cardiologists are high 

compared to that received at the other medical sections.  

It is quite obvious that the measurement of the patient and staff dose in 

the interventional radiology is poorly studied in Sudan. The current study 

is conducted in one hospital to measure the staff dose using TLD chips, 

and the patient dose using the DAP meter. 

1.2 Objectives of the study: 

The objectives of this study are to evaluate the level of radiation dose 

received by the patients in order to estimate local diagnostic reference 

levels, provide staff dose measurement during cardiologic procedures, 

and to estimate the risk for patient.  

1.3 Methodology: 

The study will be conducted at two cardiac laboratories in Ahmmad 

Gasim hospital. The two laboratories are equipped with C-arm x-ray 

image intensifier units. 

Workers at these laboratories will be provided with TLDs to be worn at 

six positions (forehead, neck, chest - outside the lead apron, waist - inside 

the lead apron, leg, and hand levels) by the main operator. At chest and 

hand levels by the assistant. The rest of the staff, technologist and 

circulator, will wear the dosimeters in only one position at the chest level. 

The doses recorded by the two dosimeters (neck and waist) will be used 
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to estimate the effective dose for the main operator, while the doses 

recorded by the chest dosimeter will be used to estimate the effective 

doses for others. 

During the radiographic procedure the TLDs will be kept in the required 

position and fixed in place with plaster. 

Patient organ dose will be evaluated from skin entrance exposure by 

means of the Monte Carlo program developed by NRPB [NRPB -SR262 

],which requires the following input data  KVp, source to image receptor 

distance(SID), and HVL .   

Monte Carlo program gives the doses of the following organs:  Lungs, 

thyroid, breast, bone marrow, skin, stomach, colon, liver, and testicles.    
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2.1 Background: 

2.1.1 Interactions of radiation with matter 

When radiation strikes matter, both the nature of the radiation and the 

composition of the matter affect what happens. The process begins with 

the transfer of radiation energy to the atoms and molecules, heating the 

matter or even modifying its structure.  If all the energy of a bombarding 

particle (alpha and beta particles) or photon (gamma rays and x-rays) is 

transferred, the radiation will appear to have been stopped within the 

irradiated matter. Conversely, if the energy is not completely deposited in 

the matter, the remaining energy will emerge as though the matter were 

transparent or at least translucent CBEIR (1980).  

2.1.1.1 Interaction of Photons with Matter 

As they pass through matter, photons interact with atoms. The type of 

interaction is a function of the energy of the photons and the atomic 

number (Z) of elements composing the matter CBEIR (1980). Photons 

interact with matter through three physical processes: photoelectric effect, 

Compton scattering and pair production. 

 In photoelectric effect, a gamma-ray of low energy, or one that has lost 

most of its energy through Compton interactions, may transfer its 

remaining energy to an orbital (generally inner-shell) electron. This 

process is called the photoelectric effect and the ejected electron is called 

a photoelectron. This electron leaves the atom with energy equal to the 

energy of the incident gamma-ray diminished by the binding energy of 

the electron. An outer-shell electron then fills the inner-shell vacancy and 

the excess energy is emitted as an x-ray CBEIR (1980). 

In Compton scattering the incident photon transfers part of its energy to 

an outer shell or essentially “free” electron, ejecting it from the atom. 
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Upon ejection, this electron is called a Compton electron. The photon is 

scattered at an angle that depends on the amount of energy transferred 

from the photon to the electron. The scattering angle can range from 

nearly 0◦ to 180◦ CBEIR (1980). 

If the energy of the photon is greater than 1.02 MeV, the photon may 

interact with matter through the mechanism of pair production. In this 

process, the photon interacts strongly with the electromagnetic field of an 

atomic nucleus and gives up all its energy in the process of creating a pair 

consisting of a negative electron (e-) and a positive electron (e+). Because 

the rest mass energy of the electron is equivalent to 0.51 MeV, a 

minimum energy of 1.02 MeV is required to create the pair of electrons. 

Thus the threshold energy for the pair production process is 1.02 MeV. 

The photon energy in excess of this threshold is shared between the 

particles as kinetic energy, Faiz Khan et al (2003). 

2.1.2 Radiation quantities and units 

Although most of the requirements of the standards are qualitative, the 

standards also establish quantitative limits, and guidance levels. For these 

purposes, the main physical quantities used in the standards are the rate of 

nuclear transformation of radionuclides (the activity) and the energy 

absorbed by a unit mass of a substance from the radiation to which it is 

exposed (the absorbed dose). The unit of activity is the reciprocal second, 

representing the number of nuclear transformations (or disintegrations) 

per second, which is termed the Becquerel (Bq). The unit of absorbed 

dose is the joule per kilogram, termed the gray (Gy). The absorbed dose 

is the basic physical dosimetric quantity of the standards. However, it is 

not entirely satisfactory for radiation protection purposes because 

effectiveness in damaging human tissue differs for different types of 

ionizing radiation. Consequently, the absorbed dose averaged over a 
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tissue or organ is multiplied by a radiation weighting factor to take 

account of the effectiveness of the given type of radiation in inducing 

health effects; the resulting quantity is termed the equivalent dose,
 
IAEA 

(1996).   

Mathematically, the equivalent dose HT can be expressed as:  

 
(2.1) 

 

Where, D: Absorbed dose, and WR: Radiation weighting factor 

 

The quantity equivalent dose is used when individual organs or tissues 

are irradiated, but the likelihood of injurious stochastic effects due to a 

given equivalent dose differs for different organs and tissues. 

Consequently, the equivalent dose to each organ and tissue is multiplied 

by a tissue weighting factor to take account of the organ's 

radiosensitivity. The sum total of such weighted equivalent doses for all 

exposed tissues in an individual is termed the effective dose (E),
 
IAEA 

(1996).  

 
(2.2) 

 

OR 

 
(2.3) 

 

Where, WT: Tissue weighting factor 

 

The unit of equivalent dose and of effective dose is the same as that of 

absorbed dose, namely joule per kilogram, but the name sievert (Sv) is 

used in order to avoid confusion with the unit of absorbed dose (Gy) 

IAEA (1996). 
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2.1.2.1   Catheterization procedures 

In the catheterization laboratory, the insertion area (usually the groin, 

neck, or forearm) is cleansed with a sterilizing solution, shaved, and 

covered with sterile drapes. A small-needle injection of a local anesthetic 

is used to numb the area.  

A small incision is made and a pencil-sized plastic tube, called a sheath, 

is inserted into the artery (e.g., femoral artery, carotid artery) or vein Fig 

2.1. A catheter, which is usually 2 to 3 mm in diameter, is passed via the 

sheath through the artery to the heart, and into a coronary artery 

(http://www.chardiologychannel.com/car/images/figures/cathetersm.gif).  

A contrast agent (dye) is injected into the catheter to show areas of 

blockage and angiograms of the artery are taken. The dye often causes a 

"hot-flash" sensation throughout the body that lasts for 10 to 15 seconds. 

In some cases, a catheter is passed through the sheath to the heart's left 

ventricle and dye injected to show how the left ventricle is functioning. 

 

 

 

Fig 2.1: Insertion of sheath into the artery 
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2.2  Previous international studies 

Optimization of the radiation protection in the interventional radiology 

mainly in catheterization is a research area where different results were 

determined and ideas were recommended to achieve the ALARA 

principle. Zorzetto et al
 
(1997) performed a detailed monitoring, on the 

basis of single procedures, to assess the patient exposure using dose-area 

product (DAP in Gy.cm
2
) and by the skin dose (mGy) at the level of 

thyroid, and the occupational doses received by the operators 

(cardiologist, technician, and nurse) during diagnostic coronary 

angiography (CAG) and Percutaneous Transluminal Coronary 

Angioplasty (PTCA) using TLD. They found that about 0.05 mGy mean 

neck dose per procedure for cardiologist, a reasonable level to comply 

with the recommendations of the International Commission on 

Radiological Protection (ICRP-60). They found also a relatively high 

radiation doses to the patient's lung with a significant ICRP-60 lifetime 

risk of about 10
-3

. The mean dose to the patients' was 55.9 Gy.cm
2
 for 

CAG and 91.8 Gy.cm
2
 for PTCA. Authors concluded that in PTCA the 

totals mean DAP was about 60% higher than in CAG procedures. 

The radiation dose to 9 cardiologists during 144 procedures (72 coronary 

angiographies and 70 PTCAs in two Greek hospitals was measured with 

TLD placed underneath and over the lead apron at the thyroid protective 

collar, Delichas et al (2003). The measured absorbed doses were used to 

calculate the effective dose using the Niklason method. The mean 

effective dose values were found to be in the range of 1.2-2.7 µSv, taking 

under consideration the laboratories' annual workload, the maximum 

annual dose was estimated to be 1.9 and 2.8 mSv in the two hospitals. 

TLDs were used in another study, Tsapaki et al (2004), to assess 

operators' extremity doses (left shoulder and left foot) during 20 CAs and 
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20 PTCAs in five European centers. The study considered the dose 

delivered to the patient in terms of mGy.cm
2
 so as to subsequently 

associate them with operator's dose. As a result a preliminary 

occupational dose constraint value was defined by calculating 

cardiologists' annual effective dose and found to be 0.6 mSv. Similar 

study to measure patient and staff doses during Hysterosalpingography 

(HSG), a radiological procedure to examine the female reproductive tract 

was conducted by Sulieman et al (2008). They have had estimation of the 

effective dose and radiation risk for HSG using digital fluoroscopic 

images. Their study used the TLD to measure entrance surface dose 

(ESD) for patients and staff during the procedure. The estimated mean 

ESD and thyroid surface dose of the patient were 3.60 and 0.17 mGy, 

respectively. On the other hand, their results regarding the mean ESD for 

the staff was 0.18 mGy per procedure. The patient overall risk for cancer 

and hereditary effects was determined as 24 x 10-6, while the risk for the 

staff is negligible.  

Partial-body dose measurements were performed with TLD to analyze the 

radiation exposure of medical staff from interventional x-ray procedures 

in 39 physicians and nine assistants conducting 73 interventional 

procedures of nine different types in 14 hospitals in Germany, Hausler et 

al (2009). The study found that the median (maximum) equivalent body 

dose per procedure was 16 (2,500) µSv for an unshielded person. The 

partial-body dose per procedure was 2.8 (240) µSv to the eye lens, 4.1 

(730) µSv to the thyroid, 44 (1,800) µSv to one of the feet and 75 

(13,000) µSv to one of the hands. They found that a weak correlation 

between fluoroscopy time or DAP and the mean TLD dose through their 

observations. Measurements during cardiac catheterization procedures 

using X-ray were performed by Talaat et al (2007). TLD badges were 
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used to determine the annual effective doses. They found that the 

cardiologist, nurse, technologists, and pressure technician's doses were 

4.68, 3.96, 2.64, and 2.04 mSv, respectively. The results indicated that 

annual effective dose by angiography cardiac Catheterization room may 

exceed the limits. 

Investigation study on radiation doses received during interventional 

cardiology procedures has gathered data across Ireland to determine the 

range of radiation doses for three common types of IC examinations: CA, 

PCI and pacemaker insertions (PPI), using DAP meters. D’Helft et al 

(2008). they found that  an individual patient DAP values ranged from 

136–23 101 cGy cm
2
, 475–41 038 cGy cm

2
 and 45–17 192 cGy cm

2
 for 

CA, PCI and PPI. Respectively. with third quartile values of 4654 cGy 

cm
2
, 10 650 cGy cm

2
 and 1686 cGy cm

2
.  

TLDs were used in another investigation of staff doses, while patient 

doses were measured using DAP meters, in the most frequent 

interventional cardiology procedures in Onassio, the largest Cardiac 

Centre in Greece. Data were collected from three digital X-ray systems 

for 212 CAs, 203 PTCA and 134 various electrophysiological studies. 

TLDs were placed on left arm, hand and foot. The results found was for 

median arm, hand and foot dose to the cardiologist were 12.6, 27 and 13 

mSv, respectively, per procedure, and for patient median dose area DAP 

ranged between 6.7 and 83.5 Gy.cm
2
, Tsapaki et al (2008). 

Survey on staff dosimetry methods and on the level of staff exposure in 

12 European cardiac centers using TLDs, has resulted in constraint 

annual effective dose of 1.4 mSv and Hp(0.07) over the protective apron 

of 14 mSv were proposed for the optimization the exposure of the most-

exposed operator, Foti et al (2008). 
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TLDs were used to determine the region of highest dose, investigate 

variations in dose distribution, and propose an effective method for dose 

monitoring. Doses have been measured using sets of up to 18 TLDs for 

183 single procedures. Whitby et al (2005). They were found that the 

Radiologists performing percutaneous procedures received the highest 

doses, because of the proximity of their hands to the X-ray tube. 

Monitoring was recommended for operators who may receive over 

50 mSv to their hands per year, and should be considered for operators 

carrying out therapeutic procedures involving patient DAP over 

500 Gy.cm
2
 per month. 

Pieri et al (2003) measured radiation dose on 67 patients undergoing 

percutaneous treatment of varicocele with transbrachial approach and 

retrograde sclerosis. Thirteen dosimeters with two TLD detectors were 

positioned on the patients' skin. They found that the mean effective dose 

during percutaneous treatment of varicocele was 18 mSv, whereas the 

dose for abdominal X-ray was 1.31 mSv and that for urography was 4.6 

mSv.  

High patient doses can translate into high staff doses owing to scattered 

radiation  Omorrish et al (2008) investigated patient doses by means of 

DAP meters installed in six rooms in two hospitals. DAP measurements 

in each room ranged from 28.0– 39.3 Gy.cm
2
 for CA and from 61.3–92.8 

Gy.cm
2
 for PTCA, with the mean effective doses calculated to range 

between 5.1–6.6 mSv and 11.2–17.0 mSv, respectively. DAP 

measurements were found to correlate strongly (correlation coefficient of 

79%) with patient weight.  

 

Personal dosimetry for employees was made using TLD's during 

hemodynamic procedures, Kisielewicz et al (2007). Every employee 

(physicians, nurses, technicians) has received three individual dosimeters. 
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The main dosimetry was done for whole body covered by lead gown (one 

dosimeter on a chest and additional on a belt). Remaining dosimeter was 

worn on the left arm (not covered by lead gown).  The result was found to 

be the yearly mean dose equivalent Hp(10) in mSv on chest 2.1, 3.44,2.04 

and on belt 2.55, 2.22, no, and on the arm was 11.73, 46.18, 3.48 for 

nurse, physician and technician, respectively. 

Trianni et al (2005(,
 
used DAP to measure the patient dose. They found 

that the mean effective dose (mSv per procedure) were 0.4, 0.6, 0.3, 0.9, 

0.2, 0.3,0.4 for CA, PTCA, pacemaker, Defibrillator insertion (ICD) , AV 

nodal tachycardia, WPW, and Atrial flutter, respectively. 

Viktorie et al (2004), 
 also assessed the effective dose to the patient 

during cardiac procedures, CA and PTCA. Their measurements were 

performed on 185 patients in four catheterization laboratories in three 

hospitals in Prague using the DAP meter. Calculations of surface and 

effective dose were performed with Monte-Carlo-based program 

PCXMC. They found that the mean DAP value per procedure determined 

in all workplaces ranged between 25.0 and 54.5 Gy.cm
2
 for CA and 43.0 

- 104.5 Gy.cm
2
 for PTCA. In three cases, the surface dose exceeded the 2 

Gy level for occurrence of transient erythematic. The mean effective dose 

per procedure in all workplaces was determined to be in the range of 2.7-

8.8 mSv for CA and 5.7-15.3 mSv for CA+PTCA combined.  

Estimation to the radiation exposure of children, during cardiac 

catheterizations for the diagnosis or treatment of congenital heart disease 

was performed by Papadopoulou et al (2005). TLDs were used to 

estimate the posterior entrance dose (DP), the lateral entrance dose 

(DLAT), the thyroid dose and the gonads dose. A dose-area product 

(DAP) meter was also attached externally to the tube of the angiographic 

system and gave a direct value in mGy.cm
2
 for each procedure. Posterior 

and lateral entrance dose values during cardiac catheterizations ranged 
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from 1 to 197 mGy and from 1.1 to 250.3 mGy, respectively. Radiation 

exposure to the thyroid and the gonads ranged from 0.3 to 8.4 mGy to 0.1 

and 0.7 mGy, respectively. Finally, the DAP meter values ranged 

between 360 and 33,200 mGy.cm
2
. Strong correlation was found between 

the DAP values and the entrance radiation dose measured with TLDs. 

 A recent study was performed by Ioannis et al (2008), was performed to 

estimate the ESD to the patient and the scattered dose (Ds) to the 

operating surgeon during various fluoroscopically guided surgical 

orthopaedic procedures. The procedure type, the fluoroscopy time and the 

highest tube potential and current values observed during fluoroscopy 

were recorded for 204 patients. For the most often performed procedures 

(intramedullary nailing of peritrochanteric fractures, open reduction and 

internal fixation of malleolar fractures and intramedullary nailing of 

diaphyseal fractures of the femur), the respective mean fluoroscopy times 

were 3.2, 1.5 and 6.3 min while the estimated mean ESDs were 183, 21 

and 331 mGy, respectively. The estimated dose rates for the hands, chest, 

thyroid, eyes, gonads and legs of the operating surgeon were on average: 

0.103, 0.023, 0.013, 0.012, 0.066 and 0.045 mGy min
-1

, respectively. 

Thyroid, sternum and hand radiation doses of radiologists who perform 

angiographies and angioplasties via the radial artery was determined by 

Goni et al (2005) for 21 cardiac interventional catheterizations staff using 

TLDs. For each procedure at the right and left wrist, at the sternum and 

the thyroid. DAP meter was also attached to give a direct value in  

Gy.cm
2
 for each procedure. Staff radiation doses varied between 34 and 

235 µGy per procedure at the left wrist, 28 and 172 µGy at the right 

wrist, 16 and 106 µGy at the level of the thyroid and 16 and 154 µGy at 

the level of the sternum. The DAP values varied between 25 and 167 

Gy.cm
2
. 
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Over a period of 12 months, Singh et al (2007) measured the exposure to 

radiation of the hands of a dedicated foot and ankle surgeon. TLD was 

used to measure the cumulative dose of radiation. Fluoroscopy was used 

in operations on the foot and ankle. The total screening time was 3028 s, 

with a mean time per procedure of 37.4 s (0.6 to 197). The total dose to 

the right TLD over the 12 months was 2.4 mSv.  

In Sweden a study performed by Jan Persliden et al (2005) on 

measurements of staff doses; Skin doses to the patients were also 

calculated where possible. They 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 cranial, neck and thorax, 

intestine and abdominal, uro/genital and pelvis and extremities 

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 were high as 200 mSv. 

Efstathios et al (2006) aimed to perform a comprehensive analysis of all 

aspects of patient and in-room personnel radiation dosimetry in 

interventional electrophysiology. The study was performed during 19 

diagnostic electrophysiology and 24 catheter ablations. Kerma-area 

product and exposure time values were found as 48.7 (6.4–230) Gy.cm
2
 

and 25.5 (4.4–79.2) min for ablation, and 12.5 (4.5–117.2) Gy.cm
2
 and 

4.5 (1.2–31) min for diagnostic studies, respectively. Patient effective 

doses were 15.2 (2.1–59.6) mSv for ablation and 3.2 (1.3–23.9) mSv for 

diagnostic procedures. The study also estimated the radiation risk to the 

patient and found that up to eight cases of fatal cancer in 10 000 

procedures. The risk of development of fatal cancer was less than 3x10
–6
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per procedure to the main operator, where the risk for the nurse and 

technician was much lower. The estimated dose per procedure from this 

study for the main operator was 7.1 µGy at the eyes, 0.79 µGy at the 

chest under the lead apron, 13.68 µGy at the chest over the apron, 

3.82 µGy at the thyroid, 17.76 µGy at the left hand, and 12.11 µGy at the 

left knee. The study concluded that as far as radiation exposure is 

concerned; electrophysiology studies followed by radiofrequency ablation 

are safe procedures for both patient and personnel when performed in 

catheterization laboratories with modern equipment, experienced 

operators, and standard safety precautions.  

Betsou et al (1998) determined the dose received by patients during 

cardiac procedures, CA, PTCA, and stent implantation. Calibrated TLDs 

were used for the measurement of the dose received at four anatomical 

locations on the patient's skin, while a DAP meter also used. They found 

that the mean values of effective dose for CA 5.6 mSv, for PTCA 6.9 

mSv, for CA and ad hoc PTCA 9.3 mSv, for PTCA followed by stent 

implantation and CA 9.0 mSv, and for ad hoc PTCA followed by stent 

implantation 13.0 mSv were estimated. 

TLDs with very high sensitivity were employed for dose evaluations also 

by Chonq et al (2000). They were taped to various parts of the body of the 

cardiologists during catheterization procedures. The study showed that 

the left wrist of the cardiologists received the highest radiation dose (338 

µSv/procedure) and the left lens received the second highest dose (149 

µSv/procedure) during the procedures. The dose to the knees was 

unexpectedly high (92 µSv/procedure), partly due to radiation leakage 

from the lead curtain shielding under the patient couch. On the average, 

the effective radiation dose per year was 37mSv/y for a cardiologist who 

performs 10 catheterization procedures per week. The estimated 

accumulated equivalent dose to the lens was 152mSv/y, which exceeded 
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the regulatory limit for occupational exposure 50 mSv/y. The study 

suggested for safe practice, the use of proper lead shielding and 

increasing the distance from the radiation source as good strategies for 

reducing the radiation dose in medical staff.  

Harrison et al (1998) have determined the effective dose to an average 

patient from coronary angiography, to estimate the associated radiation 

risk in terms of fatal malignancy, and to examine the ways in which the 

effective dose may be reduced. They used the DAP meter and found that 

the average effective dose was 3.4  1.3 mSv. The risk of fatal 

malignancy was estimated as 170 per million cases, or around one in 

6000. The average lung dose was 14.7 mSv, with the risk of fatal lung 

cancer estimated as 125 per million cases or one in 8000. They concluded 

that the lung was identified as the critical organ and the estimated risk of 

fatal cancer amounted to an increase of 0.017% above the normal 

incidence for the general population. 
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CHAPTER THREE 
Experimental techniques 
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3.1Staff dose measurements 

In the present study, staff dose measurements during cardiac 

catheterization were made using cylindrical (GR200A) TLD chips 

manufactured by FIMEL, France Fig. 3.1. TLDs made of Lithium 

Fluoride doped with Magnesium, Copper, and Phosphorus (LiF: Mg, 

Cu, P) with a linear response of 1 μGy – 12 Gy.  

 

 

Fig. 3.1: TLD chips used for staff dose monitoring during cardiac catheterization 

 

 

The phenomenon of Thermoluminescence of minerals was known early. 

It was in that time sir Robert Boyle how, upon warming a diamond in 

contact with his body in the dark, he saw a glimmering light. Wiedman 

and Schmidt are the first used the term "Thermoluminescence" in 

literature in 1895 for the observation of excess light emission over 

thermal background. Sulieman et al (2007). 

LiF: Mg, Cu, P is starting to replace LiF: Mg, Ti in a variety of personnel 

dosimetry applications. LiF: Mg, Cu, P has superior characteristics as 

compared to LiF: Mg, Ti including, higher sensitivity, improved energy 

response for photons, lack of supralinearity and insignificant fading. The 

use of LiF:Mg,Cu,P in large scale dosimetry programs is of particular 

interest due to the extreme sensitivity of this material to the maximum 
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readout temperature, and the variety of different dosimetry aspects and 

details that must be considered for a successful implementation in routine 

dosimetry. The United States Navy (USN) was the first user of this new 

material for routine applications. Until June 2002, the Navy used two 

types of thermoluminescent materials for personnel dosimetry, CaF2: Mn 

and LiF: Mg, Ti. A program to upgrade the system and to implement LiF: 

Mg, Cu, P, started in the mid 1990s and was recently concluded. In 2002, 

the new system replaced the LiF: Mg, Ti and is scheduled to start 

replacing the CaF2: Mn system in 2006. A pilot study to determine the 

dosimetric performance of the new LiF: Mg, Cu, P based dosimetry 

system was recently completed, and the results show the new system to 

be as good as or better than the current system in all areas tested. As a 

result, LiF: Mg, Cu, P is scheduled to become the primary personnel 

dosimeter for the entire US Navy, Moscovitch et al (2006). 

3.2 Operation principle of the Thermoluminescence 

Figure 3.2 shows a diagram of a LiF crystal. The X- or gamma rays 

interact by photoelectric effect with electrons in the valence band of the 

crystal. Electrons are raised to the conduction band, where they roam 

free. The vacancy left in the valence band is known as an electron-hole. 

The vacancy is soon filled by another electron from the same band, and 

this process repeats itself many times. The result is that, while electrons 

travel free in the conduction band, electron-holes travel free in the 

valence band. Soon, electrons in the conduction band fall into electron 

traps in the forbidden band, and holes rise to hole traps in the same band. 

Upon heating in a special instrument, electrons and holes in the forbidden 

band recombine, releasing energy in the form of visible light. 
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The intensity of the light released is measured with a photomultiplier tube 

(PMT) in a similar fashion as scintillations are measured in gamma 

cameras or other scintillation detectors, Max et al
 
(2006). 

 

Fig. 3.2: Diagram of a TLD crystal. 

3.3 TLD calibration 

The accuracy of the measurement was calculated using a known dose 

from a calibrated ionization chamber (Test dose). The total error was 

estimated to be not more than ±1%. 

General purpose X- ray machine was used for calibration of TLDs. The 

Machine is manufactured by Toshiba Company, Japan at January 2005, 

model DRX-1603B, with serial number 5038F, Max voltage 150 KV, 

focal spot 0/1.0 mm, and inherent filtration is 0.7 mm AL, at 75KV. 

The calibration was performed manually. A number of 100 TLD chip 

were calibrated using a Plexiglas phantom as shown in Fig 3.3. Each four 

chips were loaded together in one polyethylene plastic envelope Fig 3.4. 

These assemblies were irradiated using a beam quality of 90 kV, 50 mA, 

and 8 mAs using x-ray machine (Toshiba – ROTANODE). 
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Fig.3.3: Plexiglas with TLD/plastic sheath assembly 

 

 

Fig.3.4: TLDs envelope 

 TLDs positioned at 100 cm from the x-ray tube focal spot positioned to 

the central ray. This procedure has been repeated for the 25 envelops. By 

using the same setting as illustrated in Fig 3.5. a set of measurements 

were performed using (PTW -CONNY II) ionization chamber  Fig 3.6 

with dimensions of 180 x 100 x 45 mm, applicable to Cardiology, 

Radiology, Mammography, and Surgery. The measured doses were 601, 

612, and 610 mGy respectively 
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Fig.3.5: Calibration setting 

 

 

Fig. 3.6: CONNY ІІ ionization chamber with electrometer from PTW. 

The irradiated chips were read out using automatic TLD reader FIMEL 

PCL3 resulted in 100 signals. The average signal (TLm) was calculated 

using the Microsoft Excel's Function.  Then, the ECF for each TLD chip 

was determined using the following formula: 

                  (3- 1) 
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Where: TLs: TLD signal in nano Colum for individual TLD. 

TLm: the mean value of the signals.   

 

The process was repeated three times to reduce the effect of statistical 

variations and to determine the stability and reproducibility of the signal. 

Therefore, 

          (3-2) 

After completing the calibration process, any element exceeds the 15% 

error was excluded (10 chips) and the remaining chips were used to carry 

out the study measurements (90 chips). All ECFs illustrated in appendix. 
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3.4 Materials and Methods 

In the present study two C-arm machines, from different manufacture 

were used 

3.4.1 C-arm machine -1(Theatre room- 1) 

TOSHIBA Model: CAS-10A, Serial No: D0622192, Date of Mfr: 

DECEMBER 2000, and the total filtration 2.6 mm AL as shown in 

Fig.3.7. 

 

Fig.3.7 : C- arm machine-1 

3.4.2 C-arm machine -2 (Theatre room- 2) 

ALLENGERSLIFE, C-arm X ray machine, Serial No: 2K809003-CA as 

shown in Fig.3.8. 

 

Fig. 3.8 : C- arm machine- 2 
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3.4.3 TLD annealing oven 

A programmable annealing oven (TLDO) manufactured by PTW- was 

used Fig 3.9. It is designed for very precise and reproducible temperature 

treatment of TLD material. Before irradiating, the TL detectors were 

heated according to the 7 segment annealing program, and before reading 

they were heated according to the 5 segment preheating program. During 

the heating cycle, the hot air stream was circulated by a built-in fan to 

ensure equal temperature distribution throughout the oven volume. Even 

the cooling phase is temperature controlled. A digital display shows the 

actual temperature, and built-in lamps indicate the program progress. The 

standard oven was supplied with an RS232 interface. The optional 

THELDO software makes it possible to program any temperature profile 

based on both basic temperature cycles. 

For annealing the TLDs were put on copper trays. This can be placed at 

three different levels. All TLDs were annealed in annealing oven (TLDO, 

PTW, Freiburg, Germany) at 240ºc for 10 min, followed by fast cooling 

by opening the oven door. 

The annealing process removes any residual signal from previous 

radiation exposure. And sets the sensitivity of all chips in a uniform level. 

 

Fig. 3.9: An annealing oven manufactured by PTW. 
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3.4.4 TLD reader 

PCL is an automatic reader, developed for reading thermoluminescent 

products in a pulverulent form (powder) or solid form Fig 3.10. The 

dosimeters were placed in metal containers (cupels) stored in a loading 

magazine (80 cupels). They were then moved from one position to the 

next (preheating, reading) then moved to an unloading magazine. The 80 

dosimeters were automatically read without any intervention.  

TLDs signals were detected by TLD reader system which basically 

consists of photo- multiplayer tub (PMT), two access for loading holders 

and other electrical circuits.  The used TLD reader in this study was 

PLC3 which is manufactured by FIMEL in France. The irradiated TLDs 

were picked by an electrical vacuum placer and placed in a small blank 

steal cupells taking into account the numerical arrangement of the TLDs, 

and then the cupells were recognized inside PCL3 loading Holder. Five 

cupells were left empty as recommended by the manufacturer in order 

achieve the PMTs stability, and then by an automatically slow movement 

the cupells fill the holder. The loaded holder. and the unloaded one were 

placed inside the PLC3 TLD reader. 

 

Fig. 3.10: TLD reader 

http://www.fimel.fr/FimelEn/PCL.htm#Cupels
http://www.fimel.fr/FimelEn/PCL.htm#Cupels
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3.4.5 Measuring cycle: 

Between the loaded and unloaded holders Fig 3.11, inside the TLD reader 

there are circular halls where the TLDs are released from the loaded 

holder and stay inside it one by one for 60 seconds on 155° C as a pre-

heating temperature and 260° C as post- heating. After that, the TLDs 

complete their rotation reaching a photo- multiplayer tube (PMT) which 

is supplied by 850V. The signals were detected after passing through one 

or more filtration processes. The output light from the TLDs is 

proportional to the quantity of the absorbed dose. All this procedure takes 

about 130 second.  

 

Fig. 3.11: PCL3 loading and unloading holders 

3.4.6 TLD handling accessories 

Vacuum tweezers: 

Vacuum Tweezers pick up objects without damaging them, and without 

contaminating them. Vacuum tweezers can pick up most lightweight 

items Fig 3.12. 
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Fig. 3.12: Vacuum Tweezer. 

Couples:  

A metal container able to hold all types of dosimeters in powder form or 

with a size lower than 5 mm. They are used with the PCL reader to move 

TL products Fig 3.13. 

 

 

 Fig 3.13: TLD couples (metal container) 

 

Other handling accessories include: Meter, Plastic envelopes, Marker, 

Solitabe, and Plaster (surgical tab). 
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3.4 .7 Dose measurement 

Radiation doses to the staff of cardiac catheter lab were measured by 

using the calibrated TLD chips in the plastic sheath assemblies.  A total 

of 90 TLD chips were packed in plastic bags for protection from any 

contamination in three numbered positions, where the fourth position was 

left empty and numbered also to keep the calibration order as shown in 

Fig 3.4. These plastic bags were attached with surgical tape to six sites of 

the body of the main operator, Figure 3.14. The forehead dosimeter 

utilized for measuring the dose to the eye lens, the neck dosimeter 

measures the dose to the thyroid with collar, at the chest dosimeter 

measures the dose over lead apron, while under the lead apron the dose 

was measured at the waist level estimates the dose to the organs shielded 

by the apron, hand dosimeter measures the dose to the upper extremities, 

and leg dosimeters estimates the dose to the lower extremities. While for 

the assistant, two sites were monitored, at the chest and the hand. For the 

technologist and the circulator monitoring site was chest only.  

 

Fig. 3.14: monitored sites on the main operator. 
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In this study Dap meter was used for measuring patient's doses. 

DIAMENTOR M4 (PTW, Germany) is a state-of-the-art dose area 

product meter (DAP) as shown in Fig. 3.15. The dual channel device 

measures the total diagnostic DAP during radiography and fluoroscopy 

according to international regulations. Its digital display can 

simultaneously show the readings from both channels. In addition, 

exposure time during fluoroscopy is measured without the need of any 

connection to an X-ray generator. The RS232 interface enables data 

transfer to a computer.  

Features of dual channel device for single plane and bi-plane fluoroscopic 

and radiographic X-ray units: 

 Complies with international standard IEC 60580. 

 Displays the selectable DAP units (µGycm², cGycm², Gycm², and 

Rcm²).  

 Measures fluoroscopy exposure time from beam analysis. 

 Displays DAP rate during fluoroscopy, switches automatically over 

to DAP after the examination.  

NRPB (1994) is software, which includes files for conversion 

coefficients, providing estimates of organ doses and effective doses to 

patients undergoing x- ray procedures. It contains the results of Monte 

Carlo calculations modeling the conditions of exposure relevant to 68 

common radiographic views on a mathematical phantom representing and 

an average adult patient (with a mass of 67kg, height of 162 cm, and body 

mass index of 25kg/m
2
). 
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However, as specific projections were not available for cardiac catheter 

procedures, organ doses were obtained from the average value of the 

conversion factors for the most similar posterior, left lateral, and right 

lateral cardiac catheterization. These projections were selected because 

they simulate the exposed area within the patient, with the same exposure 

factors, average KV was 70, and the total filtration was 2.6 mm Al.  

3.4.8 dose calculation 

A total of 84 TLDs were exposed to a series of doses (D) in clinical 

range. The rest of TLDs (6) were exposed to known doses and selected to 

represent the standard dose (DS) to be used for unknown dose 

calculations and the test dose to check the accuracy of the dose 

measurements. Background value was ignored for its insignificant value. 

The radiation dose was determined according to the following equation: 

         (3-3) 

Where, D: Dose in mGy. 

TL:  TLD signal. 

BGR: back ground signal. 

ECF: element correction factor. 

TLms: mean signal from TLDs irradiated to standard dose. 

Ds: standard dose. 

 

3.4.9 Assessment of Effective Dose from individual monitoring Data 

Individual dose monitoring assessed by measuring entrance surface dose 

has been converted into effective dose using the algorithm proposed by 

Niklason et al (1994). When an apron and thyroid collar protective shield 

are used, and two dosimeters, one worn over lead apron at the neck level 
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and under the apron at the waist level, the effective dose (E) would be 

given by formula: 

E = 0.02 (Hos -HU) + HU       (3-4) 

Where, Hos: measured dose at the neck level 

HU: measured dose under the apron at the waist level 

Other algorithms require the use of a single dosimeter, worn over the 

apron at the neck level. In this case HU is often assumed to be equal to 

0.01HOS, and the effective dose can be approximated as: 

E = 0.03 Hos                   (3-5) 

In this study, the effective dose for the assistant, technologist, and 

circulator were derived from a single dosimeter at chest level 

 

3.4.10 patient cancer risk estimation 

The risk of developing cancer in a particular organ following cardiac 

catheterization, or genetic effects in future generations after irradiation 

was estimated by multiplying the mean organ equivalent dose with the 

risk coefficients obtained from ICRP -60
 
(1991). 

                (3-6) 

Where, CB: cancer probability. 

Dm: mean organ equivalent dose. 

Rf: risk factor. 

 It is well known that radiation induced cancers cannot be distinguished 

from those produced by other possible carcinogenic agents because of the 

high natural incidence and the long latent period. 

Therefore, cancer risk estimation depends on the observation of a number 

of cancers of different kinds that arise in irradiated groups. 
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Cardiac catheterizations have contributed greatly to the treatment of heart 

diseases. However the radiation exposure to the patient is significantly 

higher compared with other radiological examinations. Dose monitoring 

during catheterization procedures and re-evaluation of equipment and 

techniques used, if necessary, are mandatory to keep patients radiation 

risk as law as reasonable achievable. As previously mentioned, the aim of 

this study was to estimate the risk for patients and staff. And to provide 

staff dose measurement during cardiologic catheterizations. Dosimetry 

was performed with TLD chips and with a DAP meter. 

 

Table 4.1: Clinical indications 

Clinical Indication 
Diagnostic Therapeutic 

Male Female Male Female 

CA 

 
13 12 1 1 

M.I  2 0 0 0 

VSD 0 0 1 1 

ACS  0 2 0 0 

Pacemaker 0 0 2 1 

diagnostic catheterization 

for renal transportation 
3 0 0 0 

PCI 0 0 2 1 

 ASD 0 1 0 0 

PTMC 0 0 0 1 

PTPC 0 0 0 1 

C.C.S 1 0 0 0 

 

 



 

47 

 

Table 4.2: The mean values and (the range) for patient biodata 

Group No Age (years) Height(cm) Weight (Kg) BMI(Kg/m
2
) 

procedure 

duration 

(min) 

No. of 

radiographs 

Screening 

time(min) 

All  50 
47.48 

(11 - 77) 

162.23 

(140 - 180) 

67.24 

(27 - 110) 

25.27 

(13.78 – 41.26) 

26.32 

(10 - 70) 

07.37 

(2 - 14) 

06.83 

(0.07 – 20.34) 

Diagnostic 40 
53.55 

(14 -77) 

163.75 

(148 - 180) 

75.08 

(48 - 110) 

28.03 

(17.30 – 41.26) 

14.13 

(10 - 24) 

08.73 

(04 - 14) 

01.06 

(0.07 – 20.34) 

Therapeutic 10 
41.40 

(11 - 76) 

160.70 

(140 - 176) 

59.40 

(27 - 88) 

22.50 

(13.78 – 30.09) 

38.50 

(10 - 70) 

06.00 

(2 - 10) 

12.59 

(3.43 – 19.31) 
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Table 4.3: Exposure parameters 

 Parameter Fluoroscopy 

mean(min -max) 

Sine 

mean(min -max) 

MAX 

kV 111.3 

(68 - 125) 

96.28 

(65 - 125) 

mA 240.7 

(56 - 500) 

433.3 

(24 - 817) 

Time 5.96 

(5 – 6.30) 

12.62 

(5.91 - 73) 

MIN 

kV 76.73 

(52 - 117) 

70.18 

(55 - 96) 

mA 239.6 

(56 - 500) 

493.9 

(250 - 811) 

Time 5.98 

(5 – 8.90) 

9.84 

(6.84 - 73) 

 

 

 

Table 4.4: The statistical summary of the Patients radiation dose 

measurements using DAP meter. 

Group 

DAP Values  

mean(min -max) 

Screening time 

(min) 

mean(min -max) 

kV 

mean(min -max) 

BMI 

Kg /m
2
 

mean(min -max) 
 

mGy 

 

µGy.m
2
 

All 563.96 

(76.29 – 6352.40) 

4642.07 

(1151.40 - 18470) 

6.83 

(0.07 – 20.34) 

86.37 

(52 - 125) 

25.27 

(13.78 – 41.26) 

Diagnostic 732.92 

(122.98 – 6352.40) 

4695.61 

(1258.49 - 18470) 

1.06 

(0.07 – 20.34) 

89.99 

(53 - 125) 

28.03 

(17.30 – 41.26) 

Therapeutic 395.00 

(76.29 – 680.57) 

4588.53  

(1151.40 – 7332.90) 

12.59 

(3.43 – 19.31) 

82.75 

(52 - 125) 

22.50 

(13.78 – 30.09) 
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Table 4.5: Patient risk estimation 

 

Organ 

Dose 

(mGy) 

Organ equivalent  

dose(mSv) 

Risk factor 

(10
-4

Sv
-1

) 

Cancer probability 

(10
-6

) 

Skin 4.61 4.61 1000 461 

Breast  5.38  5.38  112 60 

Stomach  5.12 5.12 79 40 

colon 0.17 0.17 65 01 

Liver  9.29 9.29 30 27 

Lungs  21.06 21.06 114 240 

Testicles 1.77 1.77 20 03 

Thyroid 0.15 0.15 33 05 

Bone marrow  3.21 3.21 42 13 

Effective Dose 5.49 mSv 5.5 549 

 

Table 4.6: The statistical summary of main operator radiation dose 

values (mGy) 

Organ   Min  Median Mean  3
rd

 quartile Max  

Forehead 
Diagnostic 0.11 0.15 0.16 0.19 0.58 

Therapeutic 0.11 0.15 0.16 0.20 0.27 

Thyroid  
Diagnostic 0.12 0.15 0.19 0.23 0.98 

Therapeutic 0.13 0.15 0.18 0.25 0.39 

Chest  
Diagnostic 0.12 0.15 0.19 0.27 0.73 

Therapeutic 0.14 0.17 0.20 0.31 0.56 

Waist  
Diagnostic 0.08 0.13 0.14 0.17 0.24 

Therapeutic 0.11 0.14 0.14 0.16 0.21 

Leg  
Diagnostic 0.13 0.23 0.29 0.40 0.88 

Therapeutic 0.15 0.22 0.35 0.73 1.72 

Hand 
Diagnostic 0.10 0.14 0.16 0.20 0.43 

Therapeutic 0.13 0.18 0.20 0.28 0.48 

Effective dose 

Diagnostic 0.14 mSv 

Therapeutic 0.14 mSv 

ALL 0.14 mSv 
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Table 4.7: The statistical summary of assistant radiation dose values 

(mGy) 

Organ   Min  Median Mean  3
rd

 quartile Max  

Chest  
Diagnostic 0.06 0.14 0.14 0.16 0.21 

Therapeutic 0.13 0.13 0.17 0.21 0.31 

Hand 
Diagnostic 0.07 0.13 0.13 0.14 0.19 

Therapeutic 0.12 0.12 0.15 0.17 0.19 

Effective dose 

Diagnostic 0.004 mSv 

Therapeutic 0.01 mSv 

All  0.01 mSv 

 

Table 4.8: The statistical summary of technologist radiation dose 

values (mGy) 

Organ   Min  Median Mean  3
rd

 quartile Max  

Chest  
Diagnostic 0.07 0.14 0.13 0.14 0.17 

Therapeutic 0.10 0.10 0.14 0.16 0.18 

Effective dose 

Diagnostic 0.003 mSv 

Therapeutic 0.004 mSv 

All  0.01 mSv 

 

Table 4.9: The statistical summary of circulator radiation dose values 

(mGy) 

Organ   Min  Median Mean  3
rd

 quartile Max  

Chest  
Diagnostic 0.09 0.14 0.15 0.22 0.57 

Therapeutic 0.12 0.12 0.14 0.14 0.17 

Effective dose 

Diagnostic 0.005 mSv 

Therapeutic 0.004 mSv 

All  0.01 mSv 
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A total of 50 procedures were monitored over 4 months (January 2009 to 

May 2009). Fig 5.1 presents the clinical indications which show that 54% 

of the performed procedures were coronary angiography (CA). 

 

Fig 5.1: procedures and their frequencies 

 

Patient's biodata (age, height, weight, body mass index (BMI), procedure 

duration, and number of radiographs) are presented in Table 4.2. 

The investigation of age distribution revealed that 36% were (10 - 49 y) 

old, therefore, radiation dose optimization for this group (A) is crucial 

due to their radio sensitivity and long life span expectation. The rest were 

(50 - 77 y) old (Group B).  The probability of radiation risk may be 

significant for the age group (A). With regard to the BMI, the overall 

mean value was estimated to be 25.27 kg/m
2
.  It's obvious that, from Fig 

5.2and 5.3, there is no correlation between BMI and radiation doses, nor 

kV, as indicated by R
2
 values.  
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Fig 5.2: Body mass index and patient absorbed dose 
 

 

 

 

 
 

Fig 5.3: Kilovoltage and patient absorbed dose 
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Also, a remarkable difference between the therapeutic and the diagnostic 

doses was observed. This can be attributed to the prolonged exposure 

times in therapeutic procedures. 

The study involved two equipment TOSHIBA/fixed C-arm, and 

ALLENGERS LIFE/Mobile C-arm, the mean (min - max) kV 86 (52-

125). This value fall within the same range of Viktorie et al (2004), who 

carried out study on four catheterization equipment.  

The mean ESD was found to be 4642.07 µGy.m
2
 for the total patients, 

while the third quartile was found to be 5770.96 µGy.m
2
, this values are 

very small compared with those reported by similar studies, this may due 

to that the current study results were obtained from 11 procedure types 

with different exposure ranges, while the majority of previous studies 

were performed only for CA and PTCA which are known as high 

exposure procedures, Roza et al (2006). 

The mean organ equivalent dose was assessed from ESD using Monte 

Carlo simulation and given in Table 4.5 together with cancer 

probabilities.  A significant difference between lung dose (21.06 mSv) 

and thyroid dose (0.17 mSv) was observed. This is  because the thyroid is 

away from the field of view - FOV where as the lungs were always in the 

FOV, which is in consistence with zorzetto et al  (1997). Cancer 

probability (CP) to the skin was significantly high, 461×10
-6

. Also, the 

lung risk was found in consistence with zorzetto et al (1997), very high 

value. The rest of the organs have a different CPs as illustrated by Fig 

5.4. 
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Fig 5.4: patient risk estimation 

Patient effective dose was found to be 5.49 mSv which is in the range of 

Morrish et al (2008) and Viktorie et al (2004), the patient overall risk for 

cancer was determined as 549x10
-6

. 

The estimated patient dose rate was found to be 125 mGy/min which 

considered higher than the recommended reference dose level for the 

continuous high mode fluoroscopy used in interventional radiology (100 

mGy/min), IAEA (1996). 

The staff doses measurement and estimation illustrated that, the highest 

mean dose-equivalent values were obtained from the main operator lower 

extremity (leg) 0.32 mSv for all procedures. The median was 0.23 mSv 

which fall within the range of the values reported by Hausler et al (2008). 

The reason for this result is that the leg position, which is the closer part 

to the x-ray tube (under table tube), and no lower body protection (lead 

strips) to absorb radiation underneath the table and shields the lower 

extremities of the examiner this clearly demonstrates the significant role 

played by these protectors in the reduction of the dose. The higher mean 

value for waist on the dosimeter under the apron was 0.13 mSv, where 



 

56 

 

the maximum was 0.23 mSv, which found to be in the range of previous 

study, papadopoulou et al (2005)
. 
 

The mean value for chest over the apron was 0.16 mSv and the maximum 

was 0.65 mSv for all procedures, representing the dose without shielding. 

Waist and chest dosimeters used to evaluate the significance of the use of 

lead aprons as a protection tool, and also to estimate the effective dose. 

The mean (maximum) equivalent dose to the eyes was 0.16 (0.58) mSv, 

which agree with that reported in the previous studies [Hauser et al 

(2008), and Efstathios et al (2006)], where as for the hand it was 0.18 

(0.27) mSv. The radiation dose to the thyroid (0.18 mSv) was higher than 

the eye lens dose (0.16 mSv) because the thyroid is located near to the 

field of scatter radiation. 

Under couch X- ray machines provide additional protection to the staff, 

also to limit the probability of introducing the operator's hands to the 

primary beam. More- over, the under couch tube position reduces the 

dose rates to the operators' eye lens. It saves a factor of 3 or more in dose 

reduction in comparison with over couch tube position. On the other 

hand, this will result in the access in patient dose, Niklason et al (1994). 

The effective dose for the main operator was found to be 0.14 mSv per 

procedure. Each main operator performs about 3 operations per day, four 

times a month on once a week basis, considering the annual leave, the 

national holidays, any malfunctioning of the equipment, and lack of 

supplies, consequently, the main operator may perform about 126 

operations a year , resulted on annual effective dose  of 17.64 mSv. This 

value approximately equal to the annual limit for the effective dose of 

occupationally exposed personnel, which is 20 mSv, ICRP-60 (1991). 

Because of the high work load, the estimated value considered high 
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compared with the literature, except the results of Chonq et al (2000) 

where 10 procedures were performed weekly by the main operator.  The 

value estimated in this study is not acceptable from radiation protection 

point of view. It is a fact that catheter labs are often operated by physician 

with no formal training on the physics of fluoroscopy and on radiation 

protection issues. The surgeons and the rest of the medical staff should be 

made aware of the associated radiation risks and the radiation protection 

requirements. 

Staff monitoring results presented odd values. This is due to the 

differences in the level of experience and the staff positions during the 

procedures. Also, there is a lack of approved hospital radiation protection 

procedures for each operation. 

In the current study the estimated effective dose per procedure was 0.01 

mSv for assistant, technologist, and the circulator. The assistant received 

the same dose as the technologist and the circulator, because the main 

operator acts as a barrier between the assistant and the scatter radiation 

according to their positions during the operation. 

The doses for the assistant, technologist and circulator were estimated on 

the fact that the same team participates in 630 operations per year, 

considering annual leave and the holidays as mentioned before. A dose of 

6.3 mSv was received per year as a result of the continuous participation 

of the team on a daily basis.  
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5.1 Conclusion: 

Patient and staff dose reduction is of a prime importance and practitioners 

should optimize the radiation dose for further dose reduction without 

compromising the diagnostic and therapeutic findings. The annual 

effective doses received by cardiologists (main operators) during cardiac 

catheterization procedures are relatively high, with 0.14 mSv per 

procedure. The nurses, X-ray Technicians, and circulator are exposed to 

0.01 mSv per procedure. 

The monitoring of radiation workers is not established properly. It is 

obvious that high patient and staff exposure is due to the lack of 

experience and protective equipments. Interventional procedures remain 

operator dependent; therefore, continuous training is crucial.  

Additional studies need to be conducted in order to establish reference 

dose levels for patients, for each clinical indication individually, and 

effective dose estimation for staff. 

 

5.2 Recommendation 

In order to achieve an optimized radiation protection, we recommended 

that the radiation workers and specialists through their management shall 

adopt the following recommendations 

 Establish a well defined radiation protection program including a 

monitoring plan for workers and work places. 

 Organize regular training activities to improve the performance 

which will contribute in exposure time reduction, optimize patient 

doses and consequently staff exposure. 
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 Place more emphasis on justification of the patient exposure 

requirements. 

 Provide the vital protection tools such as DAP meters for patient 

dose optimization, screen and goggles, lead or lead equivalent 

curtains (lead strips).  
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Appendix 1: Element Corrections Factors (ECF) 

 
Number Symbol ECF 

1 A1 0.9879 

2 A3 1.1767 

3 A4 0.9562 

4 A5 1.1223 

5 A6 0.9440 

6 A7 0.8780 

7 A8 1.0208 

8 A9 1.0554 

9 A10 1.0794 

10 B1 1.1070 

11 B2 0.9867 

12 B4 1.0483 

13 B5 1.0824 

14 B6 1.0740 

15 B7 1.0750 

16 B8 0.9082 

17 B9 1.0615 

18 B10 1.0359 

19 C1 0.9877 

20 C2 0.9212 

21 C3 0.9683 

22 C4 0.9538 

23 C5 0.9691 

24 C6 1.0889 

25 C7 1.0485 

26 C8 0.9798 

27 C9 0.9943 

28 C10 0.9110 

29 D1 1.0375 

30 D2 1.0613 

31 D3 0.9378 

32 D5 1.0380 

33 D6 1.0061 

34 D7 0.9136 

35 D8 1.1390 

36 D9 1.0430 

37 E1 1.0939 

38 E2 0.9440 

39 E3 1.1067 

40 E4 1.0240 

41 E5 1.0628 

42 E6 1.1382 

43 E7 1.0536 

44 E8 1.0320 

45 E9 0.9584 
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46 E10 1.0475 

47 F1 1.0635 

48 F2 0.9281 

49 F3 1.0918 

50 F4 1.0442 

51 F6 1.0660 

52 F7 1.1092 

53 F8 1.0862 

54 F10 1.1515 

55 G1 0.9958 

56 G2 1.0398 

57 G3 1.0256 

58 G5 1.0232 

59 G6 0.9927 

60 G7 0.9741 

61 G8 0.9865 

62 G9 0.9634 

63 G10 1.0025 

64 H1 0.9303 

65 H2 1.1050 

66 H4 0.9092 

67 H5 1.1150 

68 H6 1.1531 

69 H7 1.0455 

70 H8 0.9010 

71 H10 1.0098 

72 I1 1.0851 

73 I2 1.0521 

74 I3 1.0504 

75 I4 0.9068 

76 I5 0.9958 

77 I6 1.0430 

78 I7 1.0178 

79 I8 0.9321 

80 I9 0.9583 

81 I10 0.8958 

82 J1 1.0887 

83 J2 1.0444 

84 J3 0.9628 

85 J4 0.9941 

86 J5 0.9846 

87 J6 0.9791 

88 J7 1.0081 

89 J8 0.8725 

90 J10 1.0697 
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 Appendix 2: DATA SHEET 

Date: 

Room No: 

Start: End: 

 

patient 

ID: No:               

Age:  Weight: Height: Sex: 

Clinical indication: 

   

TLD 

Main 

operator 

 

forehead Thyroid Chest 

waist Leg hand 

  

 Assistant   

Chest: Hand: 

   

Technologist  

 Chest: 

  

Circulator:  

 Chest: 
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Fluoroscopy 

 
Radiography 

Max KV: Max mA: Max time: Max KV: Max mA: Max time: 

Min KV: Min mA: Min time: Min KV: Min mA: Min time: 

Number of radiographic films: 

  

 

DAP values 

 µGy m
2
 

 mGy 

 min 

 

Comments: 

 

 

 

 

 

 

 

 

 

 


