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Abstract

Interventional cardiac procedures result in substantial patient radiation dose due to
prolonged fluoroscopy time and radiographic exposure. Patient dose measurement is
performed in two catheterization laboratories in Square Hospital Ltd, Dhaka. A total of
50 patients of Square Hospital is included in this study. TLDs are used for the
measurement of the dose received by patients during interventional cardiology at
Square Hospital, Dhaka. Patients, who underwent CAG, PTCA, and (CAG with PTCA)
have average effective dose 3.30 mSv with a range from 0.96 to 9.12 mSv, 24.14 mSv
with a range from 7.56 mSv to 56.81 mSv and 25.56 mSv with a range from 1.21 mSv
to 95 mSyv respectively. Our results correspond well with those obtained by authors in
other countries of the world. This study would be useful to establish a database of the
patient’s dose for CAG and PTCA. This may lead cardiologists and scientists to adopt
necessary safety measures for reducing exposure to patients and occupational workers.
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Introduction

Radiation protection for patients and staff is one of the main issues in Interventional
Radiology (IR). United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR), International Commission on Radiation Protection (ICRP) and
International Atomic Energy Agency (IAEA) have devoted significant time over the last
years to improve radiation safety in IR. To improve radiation protection in IR, assessment
of exposure situation is essential which necessitates patient dose measurement. The
introduction of cardiac catheterization has brought about advances in diagnostic
radiology and its use has been increasing rapidly. The medical use of ionizing radiation,
while offering great benefit to patients, also contributes significantly to radiation
exposure of individuals and populations (UNSCEAR 1993 and 2000 and EURATOM
1997). Use of radiation for medical examinations and tests is the largest artificial source
of radiation exposure. According to the results published by the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR), interventional procedures
contribute only 1% to the frequency of radiation use on the medical field whereas their
contribution to collective dose is 10% (NRPB 1990). When complex procedures are
performed or procedures are repeated for the same patient, high radiation dose levels can
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occur because procedures often require long fluoroscopy time and a large number of
images. According to UNSCEAR from 1992 t01995 in the USA, there were 26 reports to
the Food and Drug Administration (FDA), of radiation induced skin injuries from
fluoroscopy. By 1999, the FDA documented some 50 cases of radiation induced burns,
many involving cardiac procedures. Reports (Sovik ef al. 1996) from the FDA’s
voluntary registry and other worldwide studies are continuing to detect more incidents of
skin burn following Interventional Cardiology(IC).

Justification and optimization in IR are highly required by the international standards.
Special attention should be given to the quality assurance programs (EURATOM 1997)
including quality control measures and patient-dose assessment in IR.

Radiation in the catheterization lab is generated using two different modes: fluoroscopy
and cine angiography (cine). Fluoroscopy is used for catheter placement and it involves
95% of the total x-ray operation time but only causes 40% of the total radiation exposure
to staff and patients. Cine is used to acquire diagnostic images and to generate a
permanent record of the procedure. Although it is representing only 5% of the total x-ray
tube operation time, 60% of the total radiation exposure to staff and patients occur during
cine.

The aim of the present study is to monitor the effective dose of the patients during
diagnostic and interventional cardiology procedures mainly CAG and PTCA and to
compare with published literature on patient dosimetry in IC, discuss discrepancies of
results and comment on risks to patients and strategies to minimize patient radiation
doses.

Materials and Methods

In two catheterization laboratories in Square Hospital, Dhaka, patients’ effective dose has
been collected. Thirty four patients who underwent CAG, four patients who underwent
PTCA and ten patients who underwent CAG plus PTCA are enrolled in this study.
Another two patients who underwent different cardiac treatment (PTMC, PPC) are also
enrolled in this study. Thus a total of 50 patients is included in this study.

Effective dose to patients was measured using calibrated Harshaw TLD cards. The
Harshaw Thermoluminescent dosimeters (TLD) reader (Model 4500) in Health physics
division (HPD), Atomic Energy Center (AEC) at Dhaka has been used for reading out the
TLD cards.

Results and Discussion

Statistical analysis of height, weight and age of the patients for the procedures are
presented in Table 1. The number of female patients was observed to be less in all the
cases. In Square Hospital average height of patients who underwent CAG and PTCA was
162.12 cm and 158.75 cm respectively.
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Table 1. Patient information and their dose distribution during different cardiac procedure.

Patient’s Name of the cardiac procedure
information
CAG PTCA CAG and PTCA
Average | Min | Max | Average | Min | Max | Average | Min | Max

Height (cm) 162.12 146 176 158.75 150 167 163.9 154 172

Weight (kg)  66.50 39 99 59.00 58 6l 66.95 59 92
Age (yrs) 56.21 40 71 60.25 55 66 56.7 40 70

Those who went CAG and PTCA simultaneously had average height of 163.9 cm. Their
average weights were 66.50 kg, 59.00 kg and 66.95 kg respectively and average age were
56.21, 60.25 and 56.70 years respectively. Total number of male patients who had
undergone CAG and PTCA were 25 and 3 respectively and number of female patients in
CAG and PTCA were 9 and 1 respectively.

The distribution of patients at different effective dose range is shown in Figs.1 and 2
which show that 6 patients who had undergone CAG were in the dose range of 0 to 1
mSyv, 8 patients were in the dose range of 1 to 2 mSv, 4 patients were in the dose range of
2 to 3 mSv and 8 patients were in the dose range of 3 to 5 mSv. Thus it is seen that most
of the patients were in lower dose range. But patients who had undergone PTCA and
(CAG + PTCA) were mostly in the high dose range, i.e., in the range of 6 to 95 mSv.
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Fig.1. Effective dose distribution for CAG, PTCA and CAG plus PTCA.
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Fig.2. Statistical analysis of effective dose of patients.

The mean effective dose to patients in CAG is 3.3 mSv, where maximum and minimum
values were 9.12 and 0.96 mSv respectively. It is also found that median, 1% and 3"
quartile values for CAG are 2.72, 1.49 and 4.24 mSv respectively. For PTCA the mean
effective dose was 24.14 mSv, where maximum and minimum values were 56.81 and
7.56 mSv respectively. The median, 1% and 3™ quartile values for PTCA were 16.1, 7.6
and 32.65 mSv respectively. There were some patients who had undergone CAG and
PTCA simultaneously. For such cases the mean effective dose was 25.56 mSv, where
maximum and minimum values were 95 mSv and 1.21 mSv respectively. The median, 1*
and 3" quartile values in this cases were 12.27, 4.78 and 26.68 mSv respectively.

Effective dose values found for patients in Bangladesh in this study are reasonable
compared to those found in other countries in the world which lies in the range from 3 to
22 mSv in CAG, from 10 to 31 mSv for PTCA and from 5 to 41 mSv for CAG with
PTCA (Table 2).

It has been found that patients who have coronary angioplasty were involved with high
effective dose than those who have coronary angiography due to long fluoroscopy time
and a large number of images.

In this study it is observed that most of the patients were in low effective dose region
from 0 to 6 mSv. But a small but not negligible amount of patients were in high dose
region. This exposure to high radiation doses can lead to severe skin and lesion injuries in
the long run.

Another important observation is that mean values of the occupational doses in
catheterization laboratories could provide an incorrect estimate of the real radiological
risk.
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Another very significant observation is that most of the patients went through cardiac
procedure having height, weight and age within the range 160-170 cm, 60-70 kg, 50-60
year respectively.

Table 2. Studies reporting effective dose of diagnostic and interventional cardiac procedures.

. . Mean effective dose ( mSv)
Previous Studies Year Group CAG | PTCA | (CAG + PTCA)
Karppinen et al. 1995 .. S . 10.6
Leung and Martin 1996 e 3.1 . .
Room A 9.4 14.2
Broadhead ef al. 1997 Room B 46 102 o
Betsou et al. 1998 . 5.6 6.9 9.3
Harrison et al. 1998 . 34 S R
Neofotistou et al. 1998 . 4.6-15.8 S 54-41.0
Katritsis et al. 2000 e 5.0 6.6 13.6
Lobotessi et al. 2001 .. 13.2 .
. Hospital A 22.7 30.5
Delichas et al. 2003 Hospital B 17.9 14.7 o
Efstathopoulos et al. 2003 e 5.0 o 14.8
Hunold et al. 2003 e 23
Femoral 6.8 . 8.6
Sandborg et al. 2004 Radial 92 o 135
Workplace Al 88
Viktorie Stisova. 2004 Workplace A2 3.6 e 9.7
Workplace B 7.9 e 15.3
Workplace C 2.7 e 5.7
Vijayalakshmi et al. 2007 e 4.4 - -
Present study 2011 ... 3.30 24.14 25.56

Our results correspond well with the results obtained by authors of other countries in the
world (Table 2).

Diagnostic and interventional catheterization procedure has been increasing day by day.
It is paramount important that radiation protection in the catheterization laboratory must
be a matter of primary concern. Exposure to ionization radiation may result in adverse
health effect on both cardiologists directly and on their progeny. The occupational doses
of interventional cardiologists tend to be higher compared to other medical specialists due
to increase of interventional technique. The physicians are dramatically unaware of dose,
long-term risks and population health impact caused by the use of medical ionizing
radiation. Patient radiation doses vary widely among the different interventional
cardiology procedures and also among published studies. This variation of radiation
doses is due to variation of physical parameters of the patient, procedure, physician,
fluoroscopic equipment, etc. Nevertheless, IC procedures can subject patients to
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considerable radiation doses and efforts to minimize patient exposure should always be
undertaken.
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