
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Procedural radiation exposure of interventional cardiologists and radiologists

Kuipers, G.

Publication date
2011

Link to publication

Citation for published version (APA):
Kuipers, G. (2011). Procedural radiation exposure of interventional cardiologists and
radiologists. [Thesis, fully internal, Universiteit van Amsterdam]. GVO drukkers & vormgevers
B.V./Ponsen & Looijen.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/procedural-radiation-exposure-of-interventional-cardiologists-and-radiologists(799ef735-626c-404f-bd2e-8425a272368d).html


!

 

63 

5 
 
 

CHAPTER 

 

  

 
Exposure of cardiologists from 
interventional procedures 
 

 

 

Gerritjan Kuipers1, Xandra L. Velders1, DDS, PhD, Jan J. Piek2, MD, PhD. 

 
 

 

1Radiation Protection Department 
2Department of Cardiology 

Academic Medical Center (AMC), Meibergdreef 9, Amsterdam. 

 

 

 

 

 

Modification of article published in Radiation Protection Dosimetry. 2010 Mar 26. doi: 

10.1093/rpd/ncq113 

 

 

 



!"#$%&'(B(

 

64 

Abstract 
Data on the exposure of seven cardiologists and over 10 000 patients undergoing 
interventional procedures were collected. The data were collected in a study that was 
set up in order to evaluate the differences in exposure of seven cardiologists 
performing interventional procedures. The study revealed a linear relation between the 
exposure of the seven cardiologists and the exposure of their patients (R2 = 0.55). The 
exposure of the cardiologists ranged from 0.43 mSv up to 2.85 mSv in 4 weeks while 
for the patients the exposure ranged from 1633 Gy·cm2 up to 5943 Gy·cm2 in 4 weeks. 
It was concluded that the height of the doses of the cardiologists is associated with the 
number of procedures but not with the complexity of the procedure. In order to reduce 
the exposure of cardiologists it is recommended to optimise the exposure techniques. 
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Introduction 
At the Department of Cardiology of the Academic Medical Centre (AMC) in 
Amsterdam, fluoroscopy-guided procedures are performed on a regular basis. Between 
2004 and 2008, over 10 000 interventional procedures were performed by 
interventional cardiologists. During these interventional procedures, patients and 
cardiologists are exposed to ionising radiation. Patients are particularly exposed to the 
primary beam while as a rule physicians are exposed to scattered radiation. The 
exposure of patients is often described by the dose-area product (DAP), whereas the 
exposure of the cardiologists is generally described by the personal dose equivalent 
(Hp(10)). 
 
The International Commission on Radiological Protection (ICRP) stated that the 
exposure of physicians correlates with patient exposure (1). Moreover, ICRP pointed 
out that the exposure of physicians is influenced by equipment design, technical 
settings and clinical protocols and to some extent by the degree of clinical experience. 
In 2006 the European DIMOND research cardiology group investigated the correlation 
between patients’ exposure by means of DAP data and cardiologists’ exposure(2). The 
study revealed a correlation between the exposure of patients and cardiologists. It was 
concluded however, that it remained difficult to predict the exposure of cardiologists 
from the DAP data they collected as different protective measures were used and the 
number of procedures included in the study was limited. 
 
Over the years the exposure of the interventional cardiologists in the AMC increased. 
In the years prior to the investigation, the doses outside the lead apron of some 
cardiologists even exceeded 20 mSv. Since all cardiologists used the same protective 
measures it was assumed that the differences in doses between the cardiologists were 
primarily caused by differences in number and complexity of the procedures. 
 
The purpose of the present study was to analyse the differences in exposure between 
the cardiologists performing interventional procedures. It was assumed that there is a 
relation between the doses measured outside the lead aprons of the cardiologists and 
the exposures of their patients. It was expected that there is an association between the 
exposure of cardiologists and the number and the complexity of the procedures.  
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Materials and Methods 
Starting in 2004, data on the exposure of cardiologists and patients at the Department 
of Cardiology in the AMC were collected. Cardiologists and patients were exposed 
during coronary angiography (CAG) and percutaneous coronary interventions (PCIs).  
 
A CAG is an X-ray photograph with radio contrast in the coronary arteries. It is 
performed for both diagnostic and interventional (treatment) purposes. Coronary 
catheterization is the method used to bring the radio contrast fluid into the heart. 
Catheterization is a minimally invasive procedure to access the coronary circulation and 
blood filled chambers of the heart using a catheter. The catheter can be inserted in the 
arteria radialis or in the arteria femoralis and is then moved through these arteries until it 
reaches the coronary arteries. With this method possible constrictions or clogging of the 
coronary arteries are made visible by X-ray fluoroscopy.  
  
A PCI is a therapeutic procedure used to treat the narrowed coronary arteries of the heart 
found in coronary heart disease. A coronary artery can be widened using a balloon 
catheter. At the place of constriction a balloon is blown, as a result of which the 
cholesterol plaque is shoved aside under high pressure. At the place of the balloon the 
artery is widened. In a number of cases a metal stent is placed to guarantee a durable 
widening of the artery. 
 
The department of Cardiology of the AMC is a high volume, tertiary cardiologic center. 
In this center annually more than 2000 CAG’s and PCI’s are carried out. The department 
acts as a training institute. The procedures are routinely carried out by experienced 
interventional cardiologist or by a fellows-in-training with experience interventional 
cardiologists. 
 
The exposure of seven cardiologists was monitored by personal dosemeters worn outside 
the lead apron. The dosemeters were mounted in a special holder that was fixed to their 
lead apron. The holder remained in place during the study period, while the dosemeters 
were replaced every 4 weeks. The exposure of 10 341 patients was monitored with DAP-
meters. The DAP-meters (Diamentor, PTW-Freiburg, Germany/KermaX-plus, 
Wellhöfer, Germany) were integrated in the X-ray systems and were calibrated at regular 
intervals with a reference dosemeter (Unforse Xi, Bildall, Sweden). The DAP in the cine 



?C$,2.'&(,1(/#'-0,5,902%2(1',6(0+%&'8&+%0,+#5($',/&-.'&2(

 

67 

mode (DAPC), the DAP in the fluoroscopy mode (DAPF) and the fluoroscopy time were 
displayed on the monitor of the X-ray system and were registered at the end of each 
interventional procedure. 
 
The seven cardiologists used lead aprons and thyroid collars of 0.50 mm lead 
equivalent thickness at 100 kVp (Medical Development and Technology B.V, 
Hilvarenbeek, Netherlands). Furthermore, the cardiologists used ceiling mounted lead 
glass screens (Pb equivalent 0.50 mm, MAVIG, Munich, Germany) and table shield 
systems (Pb equivalent 0.50 mm, Kenex (Electro-Medical), Harlow, England). 
 
The personal dosemeters were provided by the Nuclear Research and Consultant 
Group (NRG, Arnhem, the Netherlands). The dosemeters contained LiF:Ti, Mg 
(TLD100) detectors. The dosemeters were returned every 4 weeks to the NRG for a 
read out. The doses were reported as the personal dose equivalent at a depth of 10 mm 
(Hp(10)). The doses were reported in multiples of 0.01 mSv. Doses below 0.005 mSv 
were reported as <0.01 mSv(3). 
 
The interventional procedures were performed with Philips X-ray systems (Philips 
Medical Systems, Best, the Netherlands). Two Integris H5000 systems, and an Allura 
9C flat-panel system were used with field of views (FOVs) of 25, 19 and 15 cm 
diagonal square. Each fluoroscopy dose mode had different dose rate settings starting 
in the low dose mode with an entrance exposure rate up to 40 mGy·min–1, followed by 
the normal dose mode up to an entrance exposure rate of 80 mGy·min–1 and up to 160 
mGy·min–1 in the high dose mode. The inherent filtration of the X-ray systems was 2.4 
mm Al. equivalent. In the low and normal dose mode, additional filters of 0.4 mm Cu 
and 0.1 mm copper (Cu) were automatically inserted. In the high fluoroscopy mode 
and in the cine mode no additional filters were used. All X-ray systems used 25 
pulse·s-1 in the normal and high dose mode, while the dose rate differed in the low 
dose mode. For the Allura 9C the pulse rate was 12.5 pulse·s-1 while for the Integris 
H5000 the pulse rate was continuously adjusted. In the cine mode the number of 
frames was variable: either 12.5 frames·s-1 or 25 frames·s-1.  
 
Study population 
The data concerning the radiation exposure of the patients have been collected in AMC 
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in the period of June 2004 to December 2008. Beside the data concerning the radiation 
exposure of patients, clinical data of the treated patients were collected together with the 
data of the procedure (CAG/PCI). However, the clinical data and procedure data were 
registered in separate databases. For the study the data from both databases have been 
brought together. The patient characterizations and the data concerning the nature of the 
procedures are presented in Table 1.  
 
Table 1: Patient and procedure characteristics. 

Baseline characteristics N = 6919 

Demographics  

Age (years) 63 ± 12 

Male gender   72 % 

Body mass index (kg/m2)  27 ± 4 

Diabetes mellitus  18 % 

Known hypertension  43 % 

Family history of coronary heart disease  49 % 

Hypercholesterolemia   36 % 

Current cigarette smoking   28 % 

History of PCI  31% 

 History of CABG 6 % 

Angiography  

CAG  15 % 

Primary PCI 28 % 

Elective PCI 57 % 

Location of culprit lesion   
LAD 44 % 

RCX 22 % 

RCA 34 % 

No. of lesions treated per PCI  

1 63% 

2 27% 

3 10% 

Multivessel disease 32% 

Bifurcation lesion 10% 

CAG; Coronair Angiogram, PCI; Percutaneous Coronary Interventions, LAD; left anterior descending artery, RCA; right 
coronary artery; RCX; Ramus Circumflexes, CABG; Coronaire Artery Bypass Graft 
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In the period of June 2004 to December 2008 in the AMC 10.905 cardiological 
procedures have been carried out. As a result of mistakes in data registration and due to 
lacking data it was not possible to use the data of all procedures. The number of 
procedures of which the data of the radiation exposure as well as the clinical data and the 
data of the procedures were available is 6919 (63%) in total. Of these data 15% regards 
CAG (N = 1023), 28% primary PCI (N = 1952) and 57% elective PCI (N = 3944) 
procedures. 
 
Statistical analysis 
The doses measured outside the lead apron of the cardiologists were analysed as well 
as the sum of exposures of patients in the same period of 4 weeks. For each of the 
cardiologists all exposures in the fluoroscopy mode (DAPF) and in the cine mode 
(DAPC) in 4 weeks were added to the sum of exposures. The sum of these exposures 
was addressed as DAPF+C, 4 weeks. The doses measured outside the lead apron were 
plotted against the DAPF+C, 4 weeks. To determine the relation between both variables, a 
regression analyses was performed. For the analysis, the dose outside the lead apron 
was entered as a dependent variable. The DAPF+C, 4 weeks as well as the individual 
cardiologists were entered as independent variables. 
 
The exposure of patients was also analysed per procedure. For the analysis the DAPC, 
DAPF, DAPF+C and the fluoroscopy time as well as the DAPF per minute (DAPF, min.) 
were examined. The variables were analysed with a nonparametric test (Kruskall-
Wallis H-test). All data were analysed using SPSS-software (release 16.0.2 for 
Windows) where the statistical significant differences were set at a level of 5% (p= 
0.05). 
 
Results 
Figure 1 is a plot of the doses outside the lead apron of the cardiologists (Hp(10)) and 
the exposures of patients in the same period of 4 weeks (DAPF+C, 4 weeks). The relation 
between the doses outside the lead apron and the exposures of patients was linear (R2 
= 0.55; p = 0.00). The equation of the doses outside the lead apron and the exposures 
of patients was Hmeasured (mSv) = 0.36 ! 10-3 " (DAPF+C, 4 weeks). The relation between 
the doses outside the lead apron and the exposures of patients did not differ 
significantly between the cardiologists (p = 0.55). 
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In Table 2 and Figure 2 and 3 the median and the 25th and 75th percentiles of the doses 
outside the lead apron of the cardiologists (Hp(10)) are shown. In the same table the 
percentiles of the exposures of patients (DAPF+C, 4 weeks) are shown for each of the 
cardiologists. The median doses outside the lead apron ranged from 0.43 mSv up to 
2.85 mSv in 4 weeks. The doses outside the lead apron differed significantly among 
the seven cardiologists (Chi2 = 161; df = 6; p = 0.00). The median exposures of 
patients (DAPF+C, 4 weeks) ranged from 1633 Gy·cm2 up to 5943 Gy·cm2 in 4 weeks. The 
lowest exposure of patients in 4 weeks was 7 Gy·cm2, the highest was 11931 Gy·cm2. 
The exposure of patients (DAPF+C, 4 weeks) differed significantly between the seven 
cardiologists (Chi2 = 147; df = 6; p = 0.00). 
 
Table 2:  Results of 4 weeks: median, 25th and 75th percentiles of measured doses 
outside the lead apron (Hp(10) in mSv/4-weeks) and the exposure of patients (DAPF+C, 

4 weeks in Gy·cm2/4-weeks). 
DAP in 4 weeks 

 fluoroscopy +cine 
(Gy!cm2/4-weeks) 

Measured doses 
(mSv/4-weeks) Cardiologist 

Number of  4-
weekly 

measuring 
periods 25th 50th (median) 75th 25th 50th (median) 75th 

1 57 1054 1633 1967 0.27 0.43 0.67 

2 58 1274 1809 2388 0.39 0.63 0.99 

3 59 4198 5943 7808 1.99 2.85 3.70 

4 58 1005 1974 2584 0.52 0.86 1.18 

5 58 1927 2723 3838 0.60 1.04 1.48 

6 53 1250 2122 3105 0.70 1.11 1.76 

7 59 1099 1694 2850 0.44 0.71 1.02 

 402 1370 2183 3253 0.49 0.87 1.60 

 
Table 3: Results per procedure: median, 25th and 75th percentiles of the exposure of 
patients (DAPF+C in Gy·cm2). 

DAP/procedure fluoroscopy + cine 
(Gy!cm2) Cardiologist Number of 

procedures 
25th 50th 

(median) 75th 

1 1392 31 51 81 

2 1574 30 50 83 

3 2308 67 114 201 

4 937 62 96 147 

5 1853 44 73 123 

6 1320 41 66 107 

7 957 56 89 148 

 10341 44 74 129 
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Table 3 and Figure 4 shows information on the exposure of patients per procedure 
(DAPF+C). The median exposure of a patient per procedure as well as the total number 
of procedures during 2004-2008 are shown. The median exposure per procedure 
(DAPF+C) ranged from 50 Gy·cm2 up to 114 Gy·cm2. The lowest exposure per 
procedure was 3 Gy·cm2 while the highest was 1471 Gy·cm2. The exposure per 
procedure (in DAPF+C) differed significantly between the seven cardiologists (Chi2 = 
1485; df = 6; p = 0.00). 
 
Information about exposure in the cine mode (DAPC) and in the fluoroscopy mode 
(DAPF) is summarized per procedure in Table 4 and Figure. 5. In the same table the 
fluoroscopy time is shown too. The median exposure per procedure in the cine mode 
(DAPC) ranged from 21 Gy·cm2 up to 45 Gy·cm2 while the median exposure in the 
fluoroscopy mode (DAPF) ranged from 19 up to 71 Gy·cm2 per procedure. Both, the 
DAPF and DAPC differed significantly between the seven cardiologists (DAPC : Chi2= 
1591 and DAPF : Chi2 = 1639; df = 6; p = 0.00). 
 
The normalized exposure of patients in the fluoroscopy mode (DAPF, min) is shown in 
Table 5 and Figure. 6. The median DAPF, min ranged from 2 Gy·cm2/min. up to 6 
Gy·cm2/min. The DAPF, min. differed significantly between the seven cardiologists 
(Chi2 = 2524; df = 6; p = 0.00). 
 
Table 4: Results per procedure: median, 25th and 75th percentiles of the exposure of 
patients in the fluoroscopy mode (DAPF in Gy·cm2) and in the cine mode (DAPC in 
Gy·cm2). 

Cardiologist 
DAP/procedure 

Cine mode 
(Gy!cm2) 

Fluoroscopy time 
 (min) 

DAP/procedure 
Fluoroscopy mode 

(Gy!cm2) 

 25th 50th 

(median) 75th 25th 50th 
(median) 75th 25th 50th 

(median) 75th 

1 14 21 31 7 11 17 15 26 51 

2 17 29 55 4 8 13 9 19 39 

3 28 43 43 8 13 21 36 71 136 

4 28 45 45 10 15 24 26 45 80 

5 16 25 25 8 13 20 25 47 88 

6 15 23 23 7 12 19 21 41 47 

7 16 27 27 7 10 17 34 61 108 

 18 29 46 7 12 19 20 43 85 
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Table 5: Results per minute: median, 25th and 75th percentiles of the exposure of 
patients in the fluoroscopy mode per minute (DAPF/min in Gy·cm2/min). 

Cardiologist DAP/min. fluoroscopy 
(Gy!cm2/min) 

 25th 50th 

(median) 75th 

1 2 2 3 

2 2 2 4 

3 4 6 8 

4 2 3 4 

5 2 4 5 

6 3 3 5 

7 4 6 9 

 2 4 6 
 

 
 
 
 
 

 
Figure 1: Results in 4 weeks: measured dose outside the lead apron (Hp(10) in mSv/4-
weeks) versus the exposure of patients in the same period of 4 weeks (DAPF+C, 4 
weeks inGy·cm2/4-weeks) (r2 = 0.55; 95 CI = 0.33!10-3 (lower bound) – 0.39!10-3 

(upper bound); RSD = 0.68; SE = 0.17!10-4). 
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Figure 2: Results in 4 weeks: boxplots of doses measured outside the lead apron 
(Hp(10) in mSv/4-weeks). The black lines in the box marks the median, the box 
demarks the 25th and 75th percentile (the interquartile range), the whiskers represent 
the highest and lowest values that are not outliers (values that are more than 1.5 times 
the interquartile range). 
 

 
Figure 3: Results in 4 weeks: boxplots of the exposure of patients (DAPF+C, 4 weeks in 
Gy·cm2/4-weeks). The black lines in the box marks the median, the box demarks the 
25th and 75th percentile (the interquartile range), the whiskers represent the highest and 
lowest values that are not outliers (values that are more than 1.5 times the interquartile 
range). 
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Figure 4: Results per procedure: boxplot of exposure of patients (DAPF+C) (Gy·cm2). 
The black lines in the box marks the median, the box demarks the 25th and 75th 
percentile (the interquartile range), the whiskers represent the highest and lowest 
values that are not outliers (values that are more than 1.5 times the interquartile range). 
 
Figure 5: Results per procedure: bar chart of the median exposure in the fluoroscopy 

mode (DAPF in Gy·cm2) and the cine mode (DAPC in Gy·cm2). 
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Figure 6: Results per minute: bar chart of median exposure of fluoroscopy mode per 
minute (DAPF, min) (Gy·cm2/min). 
 
 
Discussion 
It was expected to find a strong relation between the exposure of patients and the doses 
measured outside the lead apron of cardiologists in the AMC because all cardiologists 
used the same protective measures during the interventional procedures. Moreover, the 
relation was expected to be precise as a high number of procedures were included in 
the study. Despite the reduction of confounding factors compared with previous 
studies the squared correlation of the relation between the exposure of patients and 
cardiologists in the AMC (0.55) was only slightly higher than the squared correlation 
found by the European DIMOND research cardiology group (0.43 for CA and 0.47 for 
PCI). According to the linear model for the relation, 55% of the variation in the 
exposure of the cardiologists can be explained by the variation in exposure of the 
patients. The other 45 % of the variation is caused by variables that were not included 
in the model.  
 
One of the variables that was not included in the model was the dose mode during 
fluoroscopy. In the low and normal dose mode additional filters of 0.4 mm Cu and 0.1 
mm copper (Cu) were automatically inserted while in the high dose mode fluoroscopy 
was performed without additional filters. As a consequence, the characteristics of the 
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primary as well as the scattered radiation beam differ between the various fluoroscopy 
modes resulting in differences in exposure of cardiologists. The same phenomenon 
occurred in the cine mode when comparing the exposure from the cine mode to the 
fluoroscopy mode. In the department under investigation exposures in the cine mode 
were performed without additional filtration. It is therefore likely that the mode of 
operation contributed to the variation in cardiologists’ exposure. Since the 
cardiologists in the department have different preferences regarding the use of the cine 
mode and the three different fluoroscopy modes, the mode of operation is responsible 
for the variation in doses between cardiologists. It is also likely that differences in 
distance to the patients during exposures contributed to the variation in cardiologists’ 
exposure as well as other variables. Like for example the position of the X-ray tube, 
the height of the table, the distance between the patient and the image intensifier and 
the position of the cardiologists during the procedures. Since these variables were not 
included in the study it is uncertain to what extend the variation in the model is caused 
by these variables. 
 
With the linear model the doses of cardiologists (Hp(10)) per unit of exposure of 
patients (DAPF+C) can be calculated. The model makes it possible to estimate the 
exposure of cardiologists from the exposure of patients. In the present study the 
Hp(10) per unit of DAPF+C was 0.36 $Sv/Gy·cm2. This value can not be compared 
directly to data in the literature. Vano et al.(4) found a Hp(10) per unit of DAP ranging 
between 8.4 $Sv/Gy·cm2 and 12 $Sv/Gy·cm2. In the study of Vano et al, the 
cardiologists did not use protective screens while in the study personal dosemeters 
were worn on the left arm of the cardiologists. Doses on the left arm are more than two 
times higher than doses measured at the neck(4)

. Furthermore, the use of protective 
screens can reduce the exposure of cardiologists by a factor of 20(5). Taking these 
aspects into account the Hp(10) per unit of DAP found by Vano et al. are in the same 
order of magnitude as the values in the present study. 
 
Over the years the exposure of the interventional cardiologists in the AMC increased, 
especially the exposure of Cardiologist 3. From the start of the study the doses 
measured outside the lead apron of Cardiologist 3 exceeded the annual dose limit of 20 
mSv as recommended by the ICRP(6) while in the same period the doses of two other 
cardiologists in the group exceeded the annual dose limit once. The measured doses 
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were reported as personal dose equivalent at a depth of 10 mm (Hp(10)). The Hp(10) is 
generally used to estimate the effective dose. However, the effective doses of the 
cardiologists were considerably lower than the doses measured since lead aprons and 
thyroid collars were worn during the interventional procedures (7, 8). The person dose 
equivalent at a depth of 0.07 mm (Hp(0.07)) represents the dose to soft tissue. The 
Hp(0.07) was not reported in the present study and equivalent doses to organs close to 
the personal dosemeters were not be estimated.  
 
It was assumed that the doses measured outside the lead apron of Cardiologist 3 were 
higher than the doses of his colleagues because he performed a higher number of 
procedures than his colleagues and he performed more complex procedures than the 
other Cardiologists. The results showed that the interquartile range (between the 25th 
and the 75th percentiles) of the doses measured outside the lead apron of Cardiologist 3 
was between 1.99-3.70 mSv/4 weeks, while for the whole group of Cardiologists the 
doses ranged between 0.49-1.60 mSv/4 weeks. The doses outside the lead apron of 
Cardiologist 3 were higher than the doses described by other authors, while the doses 
of the group of Cardiologists were comparable (9, 10). 
 
In line with the doses outside the lead apron, the interquartile range of the exposure of 
the patients (DAPC+F, 4 weeks) of Cardiologist 3 was higher than the interquartile range 
of the whole group: 4198-7808 Gy·cm2 versus 1370-3253 Gy·cm2. Since Cardiologist 
3 performed more procedures than the other Cardiologists (2308 procedures versus 
1477 for the group), the high doses outside the lead apron of Cardiologists 3 were 
associated with the high number of procedures Cardiologist 3 performed. However, 
when looking at the exposure per procedure (in DAPC+F) the differences between 
Cardiologist 3 and the group was less pronounced: the interquartile range was 67-201 
Gy·cm2 per procedure for Cardiologist 3 versus 44-129 Gy·cm2 per procedure for the 
group. The median exposure per procedure for the group of Cardiologists (74 Gy·cm2) 
was slightly higher than the exposure of patients reported in other studies. Vano et 
al.(4) reported DAP values of 66 and 48 Gy·cm2 for interventional cardiology (CA and 
PCI) and radiology procedures with two different types of x-ray systems. Sandborg et 
al.(11) published DAP values of 40 Gy·cm2 for femoral procedures and 69 Gy·cm2 for 
radial procedures. Livingstone et al.(12)  reported DAP values before and after 
optimisation by increasing the existing filtration and by increasing tube potentials. 
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Before optimisation additional filters of 0.4 mm, 0.2 mm and 0.1 mm copper (Cu) in 
the low, medium and highdose mode were automatically inserted. The DAP values 
before optimisation were 66 and 123 Gy·cm2 for single and multiple stent replacement 
while these values were 49 and 65 Gy·cm2 after optimisation. 
 
In order to determine whether the higher doses of Cardiologist 3 were associated with 
the complexity of the procedures, the fluoroscopy time per procedures was analysed. 
Tsapaki et al.(13) reported a significant correlation between the complexity of PCI 
procedures and the fluoroscopy time per procedure. In the present study the 
fluoroscopy time per procedure of Cardiologist 3 was in the same order of magnitude 
compared with the other Cardiologists: the interquartile range of the fluoroscopy time 
for Cardiologists 3 was 8 - 21 minutes while for the whole group 7 - 19 min was 
found. Departing from this assumption that the fluoroscopy time is a measure of the 
complexity of the procedure, the present study did not reveal that the higher doses of 
Cardiologists were caused by the fact that Cardiologist 3 performed more complex 
procedures than his colleagues.  
 
In comparison with the group, the normalised exposure of patients in the fluoroscopy 
mode (DAPF, min) for Cardiologist 3 was high. The high exposures of patients by 
Cardiologist 3 compared with the other Cardiologists were either caused by 
differences in dose modes (high instead of normal or low), differences in field size or 
differences in the distance between the image intensifier/detectors and the patient. 
Since neither dose mode nor field size or distance of the image intensifier/detectors to 
the patients were registered, it can not be estimated what the effect of these factors 
was. 

Another difference between Cardiologists 3 and the other Cardiologists is the 
exposure in the cine mode: for Cardiologists 3 the inter-quartile range was 28-43 
Gy·cm2 per procedure while for the group 18-46 Gy·cm2 per procedure was found. 
Since exposures in the cine mode were performed without additional filtration, the 
exposure of Cardiologist 3 was relatively high compared with the exposure of 
Cardiologists who perform more often in the fluoroscopy mode with additional 
filtration. As previously mentioned, the preferences of Cardiologists for special dose 
modes were not registered during this study. It was therefore not possible to estimate 
to what extent the dose of Cardiologists 3 was caused by exposures in the cine mode. 
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It is likely that the more frequent use of the cine mode was an important reason of 
higher doses of Cardiologist 3.  

 
Conclusion 
The present study revealed a linear relation between the exposure of patients and 
Cardiologists. Since all Cardiologists in the study used the same protective measures 
during interventional procedures it is likely that other variables are also associated 
with the variation in exposure of the Cardiologists. Although the variation in exposure 
of Cardiologists can not completely be explained by variations in exposure of patients, 
a fair relation was found for all the Cardiologists. For radiation protection purposes it 
can therefore be concluded that the exposure of patients is a useful predictor for the 
exposure of Cardiologists.  
 
The present study showed that the height of the doses of the Cardiologists in the AMC 
is associated with the number of procedures they perform. The study did not indicate 
that the exposure of the Cardiologists is influenced by the complexity of the 
procedures they perform. It is more likely that the exposure of Cardiologists is 
influenced by their preferences for dose mode settings, field size and frequency of use 
of the cine mode. As the exposure of the Cardiologists is influenced by these personal 
preferences, standardisation of these variables may result in a reduction of the 
exposures of the Cardiologists. In order to optimise the exposure of Cardiologists, the 
use of shielding materials as well as discussion on preferred settings has to be 
considered continuously. For this reason, protective measures as well as optimal use of 
preference settings should be the subjects continuously discussed and upgraded in 
education programmes for Cardiologists. In order to determine to what extend 
variables like the use of the cine mode and the three different fluoroscopy modes, the 
position of the X-ray tube, the height of the table, the distance between patient and 
image intensifier and the position of the Cardiologists during the procedures influence 
the exposure of Cardiologists further investigation is needed. In general, it is 
recommended to optimise the filtration of the beam in the fluoroscopy as well as in the 
cine mode. 
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