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INTRODUCTION 

Interventional radiology and cardiology belongs to the imaging 

modalities connected with significantly higher radiation exposure of patients 

and medical staff, compared to the exposure during other diagnostic 

procedures [1].  

The objective of this presentation is to promote typical technical 

parameters and parameters related to the radiation policy, used during the 

most frequent endovascular and cardiology procedures, as well as the 

monitoring of the exposure of patients. The presented study reports the 

results of collecting the data of monitoring doses received by 318 patients 

undergoing interventional examinations in 3 various departments of the 

Slovak National Institute of Cardiology and Vascular Diseases. There were 

9 different endovascular and cardiology procedures reviewed. The reported 

patient’s radiation exposures were established by using the KAP values, 

directly shown on the display of the X-ray equipment. From the measured 

KAP values the entrance surface doses were calculated. Equivalent doses 

have been measured on hands, legs and other parts of medical staff body, by 

using electronic dosimeters or thermoluminescent dosimeters.  

The presented results have covered a wide range of the measured 

fluoroscopy time values, different number of acquisitions used in various 

interventional procedures, various cumulated KAP values and also a wide 

range of the cumulated entrance surface doses. The occupational doses of 

the operators, followed during dose measurements on their left hands, 

covered the range from 0.1 μSv to 1513 μSv for one examination 

performed.  

The important contribution of the presented results to the radiation 

protection policy in the Slovak Republic is the mapping of the current 

situation of the radiation exposure of patients undergoing the chosen 

interventional examinations and the professional radiation exposure level of 
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interventional operators, providing the most significant interventional 

procedures in the Slovak interventional hospitals. The obtained results also 

make possible to implement the basic optimization process into the clinical 

practice of interventional radiological departments and in this way to reduce 

the collective dose of the Slovak population from interventional radiological 

examinations. 
 

MATERIALS AND METHODS 
The measurements of patient and staff doses during selected 

interventional radiology and cardiology procedures were mainly conducted 

with highly specific equipment at the Slovak National Institute of 

Cardiology and Vascular Diseases in Bratislava, i.e.: 

- Siemens Axiom Artis dTA 

- Siemens Axiom Artis dFC 

- Siemens COROSCOP 

These X-ray systems are specifically designed for interventional 

radiology, fully digitalized and properly calibrated. The following exposure 

parameters were entered into the prepared unified protocols: fluoroscopy 

time (FT), number of cine-frames, Air Kerma Area Product (KAP) values, 

both for fluoroscopy and for cine angiography in Gy cm
2
. 

 

 

Figure 1. Kerma Area Product meter and EDD 30 UNFORS dosimeter 

 

 For skin dose equivalent estimation, the electronic EDD 30 dosimeter 

and Harshaw TLD 100 LiF dosimeters were used. 

 In the last 5 years, the number of angiography examinations, 

performed in the above mentioned Institute, increased by 70.2 % and the 

number of endovascular interventions by 464 %, and  in the year 2009 it 

represented 4500 endovascular interventions and 3500 cardiac angiographic 

and angioplasty procedures. 
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 The selection of monitored procedures was based on 2 main criteria, 

i.e.: high frequencies of the procedures and high KAP values [2]. 

The analyses of patient’s radiation exposure was realized on 64 DSA 

procedures (of carotids, renal arteries and lower limbs) and on 244 patients 

undergoing cardiology interventions (coronary angiography, PTCA, 

radiofrequency ablation and cardiac electrophysiology studies). In the 

monitored group of patients were 104 women (32.7 %) and 214 men 

(67.3 %). Patients in the age above 40 years covered 82.4 %. The average 

age of all patients was 56 years. 

 

 

Figure 2. Age distribution of monitored patients [3]
 

 

RESULTS 

 The results obtained in this study have covered a wide range of the 

cumulated entrance surface doses. The measured fluoroscopy time changed 

in the range from 0.3 min to 28.5 min during endovascular examinations 

and in the range from 0.8 min to 155 min during the cardiology 

examinations. The mean number of acquisitions performed during one 

procedure was 96 by endovascular procedures and 1123 by cardiac 

procedures. The cumulated entrance surface doses ranged by endovascular 

interventions between 71 mGy to 2361 mGy and by cardiac interventions 

from 12 mGy to 7445 mGy. The measured results of the fluoroscopy time, 

KAP, total number of frames and ESD in this study, were compared with 

other published data. As an example Figure 3 shows good agreement of 

monitored KAP values for CA and PTCA procedures with other studies [4]. 
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Table 1: Survey of measured parameters of selected interventional procedures 

Interventional procedures 

 
DSA 

carotids 
CA PTCA EFV RFA 

No. of patients 26 50 20 54 98 

Fluoroscopy time min min min min min 

- average 5.6 ± 0.8 2.7 ± 0.4 11.2 ± 1.9 7.0 ± 0.5 44.6 ± 3.5 

- median  5.2 ± 0.9 1.8 ± 0.4 7.7 ± 1.9 3.5 ± 0.5 35.5 ± 3.5 

- 3
rd

 quartile 9.64 2.24 17.65 9.13 64.25 

Cumulated KAP Gy∙cm
2
 Gy∙cm

2
 Gy∙cm

2
 Gy∙cm

2
 Gy∙cm

2
 

- average 49.2  7.4 23.4 ± 2.0 55.8 ± 7.8 14.4 ± 2.3 92.5 ± 10.1 

- median  36.2  7.4 21.8 ± 2.0 52.6 ± 7.8 7.7 ± 2.3 62.4 ± 10.1 

- 3
rd

 quartile 59.87 27.09 76.98 16.04 132.22 

Cumulated ESD mGy mGy mGy mGy mGy 

- average 231 ± 30 343 ± 30 942 ± 115 156 ± 24 971 ± 105 

- median  181  31 319 ± 28 741 ± 124 86 ± 26 655 ± 112 

- 3
rd

 quartile 281 396 1288 204.5 1388.3 
 

 

Figure 3. Comparison of cumulated KAP values of this study with data given in the 

literature for PTCA and coronary angiography (CA) 
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CONCLUSION 

On the basis of the obtained results we can make the following 

conclusions: 

- The analyses of the measured results show that the main contribution 

to the patient’s exposure is caused by acquisition in the DSA mode.  

- Implementation of optimization methods – reduction of pulse 

frequency in fluoroscopy mode, as well as reduction of total number 

of frames, allowed significant decrease of patient’s radiation doses.  

- Comparison of the measured results of the fluoroscopy time, KAP, 

total number of frames and ESD in this study with other published 

data show good agreement of all monitored parameters. 
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