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Abstract – The aim of this work is to assess level of radiation dose to patients in interventional cardiology 

procedures in three large Serbian hospitals and to investigate possibility for setting of trigger levels if dose 

quantities exceed certain levels. Three dedicated interventional cardiology laboratories were included in 

the survey. Information on annual workload was estimated based on number of coronary angiography 

(CA) procedures and percutaneous coronary interventions (PCI). Patients doses were assessed in terms of 

air kerma area product (PKA) and air kerma in international reference point (KIRP).  Results were 

compared with internationally proposed Diagnostic Reference Levels (DRL) and similar surveys’ results. 

Average total annual number of procedures was 820, 1100 and 2500 in three hospitals, respectively, while 

total number of dose measurements was 337. All three centers reported PKA values higher than 100 

Gy·cm
2
 and even values above 200 Gy·cm

2
, corresponding to 42% and 16% of all measurements. 

Measured KIRP value higher than  5 Gy was reported in one center, indicating that  skin doses associated 

possibility of skin injuries were observed. PKA mean hospital values for CA ranged from 33 to 78 Gy·cm
2

and for PCI from 73 to 113 Gy·cm
2
, while associated vales for KIRP were: 0.45-1.2 Gy and 1.1-1.8 Gy, 

respectively. Comparison of obtained results with international DRL indicated that significant number of 

procedures is not optimally performed as in some centers more than a half of patients receive doses above 

DRL. The presented results are valuable input for dose optimization strategies and increased awareness 

related to importance of dose management. With respect to high dose values, risk for stochastic effects 

and tissue reactions, dose management methods were proposed. 
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1. INTRODUCTION

Interventional cardiology procedures are classified as 

high-dose procedures [1], owing to increased risk for 

radiation skin injuries and stochastic effects, as 

cancer [2]. Numerous examples of deterministic 

effects (harmful tissue reactions) are described in 

literature [2-4], while associated dose levels can reach 

even 15 Gy during a single procedure [5]. 

Interventional cardiologists are one among most 

intensive users of x-rays. In spite of this, very often 

they are not aware of dose levels in interventional 

cardiology that are typically higher then in 

conventional radiology procedures. Patients 

undergoing interventional cardiology procedures ere 

exposed to doses that are a few order of magnitudes 

higher than dose levels in conventional radiology. 

Furthermore, the number of interventional cardiology 

procedures is doubled every 2-4 years [4].  Therefore, 

application of radiation protection principles to 

protect patents and interventionalists is one of the 

most important challenges in interventional 

cardiology. 

Dose levels in interventional cardiology procedures 

are such that allow for manifestation of deterministic 

effects (harmful tissue reactions) and stochastic 

effects [2, 6]. 

A particular challenge is the fact that the radiation 

damage of the skin is difficult to detect and connect 

to the previously conducted cardiologic procedures 

[4]. Dose received by patient, in general, depends on 

the radiological equipment, examination protocol, the 

way it is implemented and the patient's body weight 

and nature of disease. Long-term fluoroscopy of 

certain parts of the body, a significant body mass, 

high-value dose intensity, continuous rather than 

pulsed fluoroscopy, small focus-skin distance of the 

patient and repeated procedure on the same patient 

are among the factors that can lead to radiation skin 

injuries. In order to prevent these, a number of 

international organizations and professional bodies in 

their recommendations stated the importance of dose 

monitoring, or monitoring of other relevant 
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parameters that allow retrospective assessment of 

doses to patients [1, 2, 6-8]. 

Effective dose, as a measure of risk for stochastic 

effects can be estimated on the basis of Kerma – area 

product measurements (PKA), while Kerma on the 

surface of the skin of the patient as a measure of the 

risk of skin injuries (deterministic effects) can be 

measured using thermoluminescence dosimeters or 

films [3]. PKA is a measure of total energy of x-rays 

imparted in the patient. It can be relatively easily 

measured using a transmission ionization chamber 

without significant interference with examination 

protocol. Based on PKA value, the effective dose can 

be retrospectively estimated with reasonable 

accuracy, using a conversion factor of 0.18 mSv/Gy-1 

cm-2 [8]. PKA is an integral indicator of the duration of 

the procedure, its complexity, fluoroscopy modalities 

used and the number of acquisition series. However, 

PKA does not provide information on possible 

radiation injury of the skin, in particular, in 

interventional cardiology where a number of different 

projections is typically used. Given the practical 

limitations on usage thermoluminescence dosimeters 

or films, measurement of the air kerma in 

interventional reference point (KIRP) provides a 

reasonably good assessment of the risks for tissue 

reaction. By definition, the interventional reference 

point is the point at a distance of 15 cm from 

isocenter, towards x-ray tube [2]. KIRP is a 

conservative estimate of the dose to the skin surface, 

due to the cumulative effect of multiple views used 

during an examination. KIRP also does not provide 

information on dose distribution to the patient's skin. 

In the absence of ideal dosimetry concept, both 

quantities, PKA and KIRP, together with the total 

fluoroscopy time are corsets for the determination of 

reference levels in interventional cardiology, 

primarily as an indicator of possible radiation 

injuries. In addition, noting these quantities as a part 

of each examination record is a requirement of the 

International Electrotechnical Commission (IEC) [2, 

7].  

Guidance levels (interchangeably used as reference 

levels or diagnostic reference levels) are therefore 

required in the International Atomic Energy Agency 

Basic Safety Standards as an important tool for 

optimization. They are an indication of “what is 

achievable with current good practice…”, but are “to 

be applied with flexibility to allow higher exposures 

if these are indicated by sound clinical judgment…” 

[8]. 

Guidance levels can be applied to practices both 

between and within hospitals. They may be used to 

identify practices in a hospital in which patient 

exposures are higher than the norm and hence where 

there is the greatest potential for dose reduction. 

Within a hospital, patient exposures may be 

monitored and guidance levels developed for specific 

interventions. This approach may be used to identify 

rooms where high exposure procedures are mostly 

performed. Optimization studies would then be 

concentrated on details regarding fluoroscopic 

equipment and practice [8]. 

However, the application of the reference levels 

concept is not straightforward in interventional 

cardiology, since the protocol is adjusted to 

individual characteristics of each patient [7-10]. 

Procedures can be very simple and very complex, a 

standard procedure can not be easily defined, as is the 

case in conventional radiology. One possible solution 

is implementation of a complexity index and 

definition of specific reference levels for different 

complexities of the same interventional cardiology 

procedures [8, 10].  

The aim of this work is to assess level of radiation 

dose to patients in interventional cardiology 

procedures in three large Serbian hospitals and to 

investigate possibility for setting of trigger levels if 

dose quantities exceed certain levels.   

2. MATERIALS AND METHODS 

Three dedicated interventional cardiology 

laboratories were included in the survey. Information 

on annual workload was estimated based on number 

of coronary angiography (CA) procedures and 

percutaneous coronary interventions (PCI). Patients 

doses were assessed in terms of PKA and KIRP.   

Therefore, the data were analyzed in terms of CA (the 

pure diagnostic procedure) and PCI. For the purposes 

of this study, PCI includes all forms of coronary 

artery interventions and may also include a partial or 

complete diagnostic study. 

All cardiology procedures were performed at the x-

ray unit of the same model: Siemens Axiom Artis 

(Siemens, Erlangen, Germany) with a flat panel 

detector and integrated in situ calibrated ionization 

chamber to measure the PKA. All x-ray units enrolled 

in the study are subject to regular testing and are 

equipped with all necessary protective tools. 

Results were compared with internationally proposed 

Diagnostic Reference Levels (DRL) and similar 

surveys’ results.  

3. RESULTS

Total annual number of procedures was 820, 1100 

and 2500 in three hospitals, respectively, while total 

number of dose measurements was 337. 

Results of PKA and KIRP measurements in three 

hospitals for CA and PCI are presented in Table 1 and 

Table 2, respectively. 

All three centers reported PKA values higher than 100 

Gy·cm2 and even values above 200 Gy·cm2, 

corresponding to 42% and 16% of all measurements 

(Figure 1). Measured KIRP value higher than 5 Gy was 

reported in one center (Figure 2), indicating that skin 

doses are associated with possibility of skin injuries 

were observed. PKA values for CA ranged from 36 to 
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78 Gy·cm2 and for PCI from 73 to 142 Gy·cm2, while 

associated vales for KIRP were: 0.45-1.2 Gy and 1.1-

2.2 Gy, respectively.  Comparison of obtained results 

with international DRL for CA and PCI: 45 and 85 

Gy·cm2  for PKA and 0.65 and 1.5 Gy for KIRP, 

respectively, indicated that significant number of 

procedures is not optimally performed as in some 

centers more than a half of patients receive doses 

above DRL. As presented in Table 3, mean values of 

dose measurements in three hospitals from this study 

are in line with or slightly higher than other study 

results.  
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Fig. 2 – Distribution of cumulative dose to 
interventional reference point in interventional 

cardiology procedures in three hospitals 

However, at the levels of individual hospital it is 

indicative that one hospital operates at higher dose 

levels compared to other hospitals and other studies’ 

results. Possible explanation is typically prolonged 

fluoroscopy time in this hospital (Table 1 and 2) and 

fact that large number of procedures is performed by 

junior cardiologists.  

 

Fig. 1 – Distribution of kerma area product values in 
interventional cardiology procedures in three 

hospitals 

Table 1. Result of dose measurements for CA procedure in three hospitals. Corresponding mean values, 
standard deviation and range are presented. 

Hospital 
Number of  

procedures 
Age (y) 

Fluoroscopy 

time (min) 
PKA (Gy·cm2) KIRP (Gy) 

A 117 
63  ± 13 

(50-78) 

8 ± 6 

(0.2-52) 

78 ± 70 

(1-529) 

1.2 ± 1.1 

(0.10-6.7) 

B 21 
64  ± 9 

(49-77) 

7 ± 17 

(1.1-80) 

38 ± 17 

(10-79) 

0.45 ± 0.24 

(0.14-0.98) 

C 60 n/a 
6 ± 3 

(2.4-13) 

33 ± 11 

(10-49) 

0.51 ± 0.27 

(0.14-1.1) 

 

Table 2. Result of dose measurements for PCI procedure in three hospitals. Corresponding mean values, 

standard deviation and range are presented. 

Hospital 
Number of  

procedures 
Age (y) 

Fluoroscopy 

time (min) 
PKA (Gy·cm2) KIRP (Gy) 

A 69 
58  ± 9 

(50-78) 

11 ± 8 

(0.2-43) 

113 ± 82 

(8-529) 

1.8 ± 1.4 

(0.10-8.7) 

B 27 
60  ± 10 

(26-76) 

15 ± 10 

(3.0-50) 

110 ± 79 

(32-270) 

1.5 ± 1.0 

(0.32-3.6) 

C 43 n/a 
10  ± 6 

(2.4-25) 

73 ± 51 

(10-245) 

1.1 ± 0.8 

(0.10-3.7) 
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4. CONCLUSION 

Based on the presented results and the associated risk 

for the patient, it is important and necessary to 

monitor dose to patient. This should become an 

integral part of the practice of interventional 

cardiology. Bearing in mind the availability of 

dosimetry data in electronic form, it is necessary that 

these values become part of patients’ medical record.    

Table 3. Comparison of dose measurements for CA 

and PCI (in terms of PKA) to international DRL and 

results of other studies 

PKA (Gy·cm2) 
 

CA PCI 

This work * 50 99 

IAEA [8]** 
50 

(9 min) 

125 

(22 min) 

Padovani et al. [10] 45 85 

Brnic et al [12] 32 72 

UNSECAR*** [13] 33-147 12-205 

NCRP [14] 26 58 

Neofotistou et al 

[15]** 

45 

(7.5 min) 

75 

(17 min) 

* mean from 3 hospitals 

**DRL also given in terms of fluoroscopy time  

***reported range based on 34 literature sources 

 

Patient should be informed about possible skin 

effects, if dose level is higher then trigger. In 

addition, it is recommended to perform more specific 

dose studies using radiochromic films occasionally 

[3, 7, 10]. Most radiation injuries, especially those 

serious could be avoided if radiation protection 

measures are applied and if staff is regularly trained 

and if cardiologists use the equipment properly. This 

includes: use of appropriate filtration, the application 

of pulse fluoroscopy, appropriate solutions for 

compensation for various attenuation properties of 

different body parts, careful use of beam angulations,   

reducing the patient-to-focus distance, avoiding 

repeat procedures in the same patient and regular 

training of the operators [11]. 

It is very important to organize appropriate training 

activities contributing to physician awareness in the 

use of radiation, as there are proofs of and there was a 

statistically significant reduction in patient exposure 

after these dedicated training activities [8]. Another 

important training consideration is the existence of a 

national or local requirement for interventional 

cardiologists. 

The presented results are valuable input for dose 

optimization strategies and for increasing awareness 

related to importance of dose management in 

interventional cardiology.  
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