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ABSTRACT 
 
Interventional Cardiology procedures are normally associated with long exposure times and high doses in 
patients and cardiologists. The aim of this study is to estimate the personal dose equivalent at several points on 
the staff’s body to verify the places on the body that receive the highest doses and to evaluate the necessity of 
extremity additional monitoring. The dosimetric measurements have been carried out in a hemodynamic room 
during procedures of Coronary Angiography (CA) and Percutaneous Transluminal Coronary Angioplasty 
(PTCA). The dosimetry was done using LiF:Mg,Ti thermoluminescent dosimeters at different points on the 
medical staff’s body (left and right wrists and above and under the lead apron). To CA procedures, the highest 
doses measured were 0.52 mSv for the left wrist of main doctors and 0.38 mSv above the lead apron of assistant 
cardiologist. To PTCA procedures, the highest doses obtained were 1.19 mSv above the lead apron of main 
doctors and 2.81 mSv for the left wrist of assistant doctor. Doses at PTCA procedures were higher than CA 
procedures. For main cardiologists, the dose in the left wrist was higher than in the right one, which are 
sometimes higher than the dose on the chest above the lead apron. This indicates the recommendation of 
additional extremity monitoring of hemodynamic main doctor. To assistant cardiologists the use of only one 
individual monitor at this position is enough. Besides the measurement of doses, to apply the concepts of 
radiation protection is important to reduce the doses received by staff and patients.  
 
 

1. INTRODUCTION 
 
 

Interventional cardiology procedures are defined as procedures comprising guided 
therapeutic and diagnostic interventions, by percutaneous or other access, usually performed 
under local anesthesia and/or sedation, with fluoroscopic imaging used to localize the lesion/ 
treatment site, monitor the procedure, and control and document the therapy [1]. 

Interventional cardiology represents a large advantage over invasive interventional surgical 
procedures, because it requires only a very small incision, reducing substantially the risk of 
infection and allowing shorter recovery time compared with surgical procedures.   
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However, in this kind of procedures, staff may be exposed to relatively high radiation doses, 
even inducing deterministic effects. The level of exposure depends on several factors, such as 
the type of procedure, protective devices and operator experience and knowledge. 

During interventional cardiology procedures, staff tends to stay close to the patient, where 
dose-rates and scattered radiation are high. Hence, to reduce the doses, staff working in these 
procedures should wear adequate physical protection, for example, lead aprons, protective 
glasses and thyroid shield. 

In some countries, cumulative radiation doses to the hands, eyes, and thyroid may restrict the 
number of procedures that cardiologists can perform. There are some international reports 
reporting the appearance of deterministic effects in international staff, cataract being the most 
common described effect [2]. 

The advantages of monitoring staffs are to provide individual information of the doses to 
guarantee that no one individual reach the doses limits. In Brazil, individual monitoring in 
radiology normally is performed using a single personal dosemeter placed on the chest above 
the lead apron. But for non-uniform exposure, the dosemeter should either be relocated to the 
position of highest dose or multiple dosemeters should be applied [3]. 

The effective dose (E) measures the global risk of the person exposed to ionizing radiation 
and takes into account the type of radiation and different tissue sensitivity as defined by the 
International Commission on Radiological Protection [4]. This quantity can be related with 
probability of death by cancer and hereditary effects.  

The recommended operational quantity for individual monitoring is the personal dose 
equivalent (HP(d)), defined as the dose equivalent in soft tissue, at an appropriate depth, d, 
below a specified point on the body [5]. For the assessment of effective dose, a depth of 10 
mm, in the more exposed point on the chest, is chosen; and for assessment of the skin 
equivalent dose, a depth of 0.07 mm is employed [4,5]. 

For occupational exposure in planned exposure situations, the ICRP recommends that the 
limit should be expressed as an effective dose of 20 mSv per year, averaged over a 5-year 
period, with the further restriction that the effective dose should not exceed 50 mSv in any 
single year. The limit for annual equivalent dose on the lens of the eye is 150 mSv; and on the 
skin is 500 mSv, averaged over any 1 cm2, regardless of the area exposed [4,6]. 

According to Brazilian law [7], the whole-body individual dosemeter must be used on the 
most exposed part of the chest. When the lead apron is worn, the individual dosemeter must 
be used above the apron, and to compare with effective dose limits, its value in HP(10) must 
be multiplied by a coefficient 1/10. But if the extremities can receive doses beyond the chest 
region above apron, additional dosemeter for extremities must be worn [7]. 

The aim of this study is to estimate the personal dose equivalent at several points on the 
staff’s body, to verify the places on the body that receive the highest doses and to evaluate the 
necessity of extremity additional monitoring.  
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2. MATERIAL AND METHODS 
 

The studied procedures were randomly chosen, including male and female patients 
submitting to Coronary Angiography (CA) and Percutaneous Transluminal Coronary 
Angioplasty (PTCA). In each procedure, all cardiologists involved were monitored. 

The doses of main and assistant doctors were measured since August 2007 to September 2008 
during 27 CA and 12 PTCA procedures. The measurements were carried out using chips of 
thermoluminescent dosemeters (TLD) of LiF:Mg,Ti (TLD100). 

Before the use at the hospital, the TLDs were calibrated in Hp(d). The calibration 
measurement was carried out using a traceable 137Cs beam.  

Before being used by the staff, the TLDs were annealed at 400°C for 1 h, followed by 100°C 
for 2 h.  TLD chips were placed inside thin paper badges to protect them from physical and 
chemical damage. Each group of dosemeters was accompanied by six background TLDs. 

For each procedure, 12 TLDs were used (3 TLDs placed in each point of the staff’s body: left 
and right wrists and above and under the lead apron, on the chest). The positions of TLDs 
were chosen in order to estimate the doses in specific positions to study the need of additional 
monitoring, besides the conventional monitoring used on the chest above the lead apron. 

 After used on staff, each TLD was evaluated at LDT/IRD using its standard procedures. A 
HARSHAW 3500 TLD reader was used for TLD read out.  

 
 

3. RESULTS 
 
 

This study was based on a sample of data of 21 main and 27 assistant cardiologists, during 27 
CA procedures and 12 PTCA procedures. 

The personal dose equivalent assessed to the doctors in each part of the body was measured 
in order to study the dose distribution. The Figures 1 and 2 show the distribution of HP(d) for 
main cardiologists during CA and PTCA procedures, respectively. 

All points measured to main doctors in CA procedures present an extensive dose range. This 
is explained by a large numbers of professionals that undertake the procedures and by the 
differences in the complexity of the procedures. The largest doses obtained were on left wrist. 
These doses can be higher than the chest region, above the lead apron. 
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Figure 1. Distribution of HP(d) for main cardiologists during CA procedures. 
 

 

  
Figure 2. Distribution of HP(d) for main cardiologists during PTCA 
procedures. 

 

In the Figure 2, it can be observed that the highest doses were obtained on chest, above the 
lead apron, and on the left wrist. The distribution of doses was almost the same to both 
regions. To this kind of professionals, conventional monitoring seems to be enough. 

The Figures 3 and 4 show the distribution of Hp(d) for assistant cardiologists during CA and 
PTCA procedures, respectively. 
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Figure 3. Distribution of HP(d) for assistant cardiologists during CA 
procedures. 

 

  
Figure 4. Distribution of HP(d) for assistant cardiologists during PTCA 
procedures. 
 

The highest doses obtained to assistant cardiologists during CA procedures were above the 
lead apron. This fact indicates that it is enough to make the monitoring with a single 
dosimeter on the chest. 

Doses obtained to assistant cardiologists during PTCA procedures are similar to CA 
procedures but the highest doses to the first case were on the left wrist. In a single case, were 
observed very high doses on the left wrist and above the lead apron. 
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In CA procedures, the doses received by left wrist were higher than the right one to main 
cardiologists, however the mean doses on the both wrists was similar to assistant 
cardiologists. 

In PTCA procedures, the wrists doses, in general, were higher than in CA procedures. The 
mean dose to main and assistant cardiologists were closer, but, just like in CA procedures, the 
left wrist received doses higher than the right wrist. 

In a single case, one assistant cardiologist received 2.81 mSv on the left wrist. This case 
increased the mean dose to left wrist. 

In Tables 1 and 2 are showed the highest values of personal dose equivalent obtained to main 
and assistant cardiologists, respectively, to CA and PTCA procedures. The highest doses 
obtained for a single doctor were not considered (Figure 4, HP(d) >2), because this case was 
atypical in the analyzed Service. 

 

Table 1. Highest doses obtained to main cardiologists in one procedure, during CA and 
PTCA procedures. 

 CA PTCA 

Point measured dose (mSv) dose (mSv) 

Chest (above the lead apron) 0.44 1.19 

Left wrist 0.52 1.12 

 

 

Table 2. Highest doses obtained to assistant doctors in one procedure, during CA and 
PTCA procedures. 

 CA PTCA 

Point measured dose (mSv) dose (mSv) 

Chest (above the lead apron) 0.38 0.26 

Left wrist 0.35 0.34 

 

This evaluation was considering hypothetically that the cardiologists perform 420 procedures 
per year. The professional that perform more procedures in this Service makes a mean of 35 
procedures per month, and approximately 420 procedures per year, being 30% of them PTCA 
procedures (130 PTCA procedures per year) and 70%, CA procedures (300 CA procedures). 

The Tables 3 and 4 compare the annual dose limits established by Brazilian Law (ANVISA, 
Portaria 453/98) [7] with the annual doses evaluated to main and assistant doctors, 
respectively, to CA and PTCA procedures (considering the highest doses of Table 1 and 2). 
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Table 3. Comparison of annual dose limits established by ANVISA [7] with the 
calculated doses in 300 CA/year and 130 PTCA/year to main cardiologists. 

 

Table 4. Comparison of annual dose limits established by ANVISA [7] with the 
calculated doses in 300 CA/year and 130 PTCA/year to assistant cardiologists. 

 

The effective doses evaluated for main doctors were higher and reached the annual dose limit. 
The further data are more distant of annual limits. To assistant doctors, none of evaluated 
doses reached the annual limit. However, the evaluate doses, in spite of not exceed the limits, 
does not mean that are an ideal situation, because the dose limits not represent a frontier 
between the safe and the dangerous. It is important to be aware that higher the quantity of 
radiation received, higher the probability of risks. Thus, the doses must be kept as low as 
possible, taking in account all economic and social factors, guaranteeing a successfully 
procedure. 

 
 
 

3. CONCLUSIONS  
 

Data confirm that the radiation field, which the cardiologists are exposed to, is 
heterogeneous, because of the distribution of doses measured along the staff’s body. 

The personal dose equivalent on the left wrist was higher than the right one, because of the 
close position if cardiologists from the x-ray tube. 

PTCA procedures present higher doses than CA procedures. This fact can be explained 
because of the more complexity of PTCA than CA procedures. PTCA is a therapeutically 
procedure and often needs longer times of exposure. 

CA PTCA CA + PTCA 

Annual limit 
(mSv) 4,6,7 

Annual 
dose 

evaluated 

% of 
annual 

limit 

Annual 
dose 

evaluated 

% of 
annual 

limit 

Total 
annual 
dose 

evaluated 

% of 
annual 

limit 

Point 
measured 

[mSv] [mSv] % [mSv] % [mSv] % 
Effective 

dose 
20 13.2 66  15.5 77.5  28.7 143.5 

Left wrist 500 156 31.2  145.6 29.1  301.6 60.3 

CA PTCA CA + PTCA 

Annual limit 
(mSv) 4,6,7 

Annual 
dose 

evaluated 

% of 
annual 

limit 

Annual 
dose 

evaluated 

% of 
annual 

limit 

Total 
annual 
dose 

evaluated 

% of 
annual 

limit 

Point 
measured 

[mSv] [mSv] % [mSv] % [mSv] % 
Effective 

dose 20 11.4 57  3.4 17  14.8 74 

Left wrist 500 105 21  44.2 8.8  149.2 29.8 
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Assistant doctors present doses lower than main doctors. These doses can be explained 
because the last one is located closer to X-ray tube and provide a additional shield to assistant 
doctor. 

In the most of cases, wrists received doses higher than chest, above the lead apron. This 
indicates the recommendation of additional extremity monitoring of hemodynamic main 
doctor. For assistant doctors the use of only one individual monitor at the more exposed point 
in chest position is enough. Besides the measurement of doses, to apply the concepts of 
radiation protection is important to reduce doses received by staff and patients.  
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