
Radioprotection 2012 DOI: 10.1051/radiopro/2011157

Vol. 47, n° 1, pages 93 à 103
Article

 Patient cumulative radiation exposure
in interventional cardiology 

M.-O. BERNIER1, S. JACOB1, C. MACCIA2, O. BAR3, O. CATELINOIS4,
D. BLANCHARD3, D. LAURIER1

(Manuscript received 8 August 2011, accepted 14 November 2011)

ABSTRACT Interventional cardiology procedures can involve potentially high doses of radiation
to the patients. Stochastic effects of ionising radiation – radiation-induced cancers in
the long term – may occur. We analysed clinical characteristics and dosimetric data
in a population of patients undergoing interventional cardiology. In all, 1 591 patients
who had undergone coronarography and/or angioplasty in the course of a year at the
Saint-Gatien Clinic in Tours (France) were included. Information on patients’
individual clinical characteristics and Dose-Area Product values were collected.
Organ doses to the lung, oesophagus, bone marrow and breast were mathematically
evaluated. The median age of patients was 70 years. Their median cumulative dose-
area product value was 48.4 Gy.cm2 for the whole year and the median effective dose
was 9.7 mSv. The median organ doses were 41 mGy for the lung, 31 mGy for the
oesophagus, 10 mGy for the bone marrow and 4 mGy for the breast. Levels of doses
close to the heart appear to be rather high in the case of repeated interventional
cardiology procedures. Clinical characteristics should be taken into account when
planning epidemiological studies on potential radiation-induced cancers.
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RÉSUMÉ Exposition cumulée aux rayonnements ionisants des patients en cardiologie
interventionnelle : caractéristiques cliniques et dosimétriques.

Les procédures de cardiologie interventionnelle entraînent une irradiation des
patients susceptible d’engendrer des effets stochastiques à long terme tels que les
cancers radio-induits. L’objectif était de caractériser la population exposée en
termes de doses d’irradiation cumulées. Ont été inclus 1 591 patients, soumis à au
moins une coronarographie ou une angioplastie sur une année dans un service
d’hémodynamique de la clinique St-Gatien à Tours (France). Des informations
cliniques et dosimétriques ont été collectées. Les doses ont été mathématiquement
estimées pour le poumon, l’œsophage, la moelle osseuse et le sein. L’âge médian des
patients était de 70 ans. Le pourcentage de co-morbidités était plus élevé que dans la
population générale. La médiane cumulée sur l’année de leur produit dose surface et
de leur dose efficace était respectivement de 48,4 Gy.cm2 et de 9,7 mSv. Les médianes
des doses équivalentes cumulées à l’organe étaient de 41 mGy pour le poumon,
31 mGy pour l’œsophage, 10 mGy pour la moelle osseuse et 4 mGy pour le sein. Les
niveaux de doses reçus au niveau des organes proches du cœur lors d’actes répétés
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de cardiologie interventionnelle sont relativement élevés. Le suivi épidémiologique
de cette population à long terme nécessite de prendre en compte les caractéristiques
cliniques de ces patients.

1. Background

Interventional cardiology (IC) is a minimally invasive technique aiming to
diagnose and/or possibly treat coronary artery stenosis. An IC procedure (ICP)
requires the use of X-rays to imaging heart vessels and involves prolonged
fluoroscopy times as well as the acquisition of a large number of radiographic runs.
The frequency of this radiological procedure has substantially increased over the
past few years (Le Tourneau et al., 2002) in the vast majority of the industrialised
countries. Despite the clear clinical benefit to the patient, an ICP may lead to a
rather high dose of ionizing radiation, both to skin level and to organs surrounding
the heart. Radiation dose levels greater than 2 Gy have been described in the
literature (Faulkner and Vano, 2001) as producing deterministic effects such as
skin injuries to patients (Vano et al., 2001) while long-term effects such as cancer
have been discussed for lower doses of ionizing radiation by several authors
(Boice et al., 1991; Howe, 1995; Meinert et al., 1999; Doody et al., 2000; Infante-
Rivard et al., 2000; Preston et al., 2003; Preston et al., 2007). Despite the relatively
low level of effective doses associated to ICP, rather high doses to organs
surrounding the heart have been reported (Pattee et al., 1993; Harrison et al., 1998;
Delichas et al., 2003). Hence, the relevance of setting up epidemiological studies
on cancer risks assessment associated with exposure during ICP for specific cancer
location (Malisan et al., 2008) was underlined. Within the framework of paediatric
cardiology two epidemiological studies (McLaughlin et al., 1993; Modan et al.,
2000) have already evaluated the risk of cancer following cardiac catheterization
in childhood, with conflicting results. In the specific area of IC only one
epidemiological study dealing with these risks has focused on adult patients
undergoing ICP (Lambe et al. 2005). The scope of the study – which observed no
excess of cancer risk – was limited by the short median follow-up (< 5 years) and
the lack of estimation of the received doses. However, setting up such a study with
a prolonged follow-up and an appropriate dosimetric evaluation of the patients’
exposure would require a better description of the clinical and dosimetric
outcomes of the target population.

The objective of the present paper was to characterize clinical features and
dosimetric data of adult patients who underwent ICP in order to document the
feasibility of an epidemiological study.
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2. Methods

A population of 1 591 patients having undergone in 2005 at the Saint-Gatien Clinic
in Tours (France) form 1 to 5 IC coronary angiography (CA) and/or percutaneous
transluminal coronary angioplasty (PTCA) was included in this study. To those
patients corresponded 2095 ICP which were performed by three different operators
on a Philips Medical System “Integris Allura 9C” X-ray equipment. This latter was
equipped with a transmission chamber installed at the X-ray tube housing, which
enabled measurements of the corresponding Dose area product (DAP) values. For
each procedure, the following clinical and technical data were electronically and
prospectively recorded through the software “CARDIOREPORT”: date and type
of procedure, operator code, patient characteristics (date of birth, medical history,
previous cardiac by-pass and/or stenting, smoking habits, size and weight) and total
cumulative DAP value.

2.1. Dosimetric evaluation

Various dosimetric parameters were either assessed or recorded during both
fluoroscopy mode and radiographic acquisitions: the DAP value, the effective
dose and the absorbed organ dose. The dosimetric approach used to calculate organ
doses around the heart used the PCXMC software, developed and validated within
the frame of an EU project (Tapiovaara et al., 1997). This sofware uses the Monte
Carlo method to simulate the phenomenon of energy deposit linked to interactions
between photons incidents and the biological environment using a phantom with
the same morphological characteristics as the patient. The approach was validated
on a sample of 177 patients from the St-Gatien Clinic whose detailed dosimetric
data were available (Journy et al., 2011). For a given organ a dosimetric factor
(DF) was estimated, taking into account the type of procedure (CA or PTCA) and
the operator. Finally, for each of the 2095 examinations considered in the current
study, organ doses to the lung, bone marrow, oesophagus and breast were
estimated by multiplying the corresponding DF with the DAP.

For patients who had undergone several procedures during the year, the
cumulative DAP, effective dose and organ doses were calculated by summing the
corresponding dose values of each examination.

2.2. Statistical analyses

Due to the asymmetrical distribution of both clinical and dosimetric variables,
summary statistics are expressed in terms of median value. Depending on their
qualitative or quantitative definition, clinical and dosimetric data were compared
using Chi-square or Wilcoxon tests, respectively. All analyses were performed
with the SAS software, version 8.
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3. Results

3.1. Description of patients’ clinical variables

Out of the 1 591 patients included in the study, 74% were men. As shown in
Table I, their median age at first examination was 70 years, with a higher
proportion of patients under 60 years among men (28%) rather than women (15%).
Approximately one third of the patients were a smoker or former smoker, with a
higher percentage among patients younger than 60 years old (64% and 50% among
men and women, respectively). Diseases associated with atherosclerosis varied for
both sexes from 11% to 63% with a significant increased percentage of
hypertension for women and a significant increased percentage of previous
myocardial infarction and coronary bypass for men.

3.2. Description of patients’ dosimetric variables

Two thousand and ninety five ICP were carried out in 2005 with an average value
of 1.3 examinations per patient (min 1, max 5). 73% of the patients underwent one
single procedure, 23% two procedures and 4% more than 2 procedures. The CAs
and PTCAs accounted for 59% and 41% of all procedures, respectively. The
highest values of DAP were observed for PTCAs with a median value of 50.7
(min–max, 1.5–587) compared to CA median value of 36.2 (min–max, 1.6–335.7).

TABLE I

Patients’ clinical characteristics.

Total
(N = 1,591)

Men
(N = 1,181)

Women
(N = 410)

p

Age at first examination (years)* 70 (30–93) 69 (31–91) 73 (30–93) <0.001

Body mass index [kg.m-2]* 27 (16–61) 27 (16–61) 26 (17–50) <0.01

Current or former smokers† 510 (33%) 444 (39%) 66 (17%) <0.001

Family history of coronary heart disease† 590 (38%) 422 (37%) 168 (42%) 0.08

Diabetes† 391 (25%) 289 (25%) 102 (25%) 0.89

Hypertension† 991 (63%) 702 (60%) 289 (71%) <0.001

Hypercholesterolemia† 956 (61%) 719 (62%) 237 (58%) 0.31

History of myocardial infarction† 214 (14%) 177 (15%) 37 (9%) <0.01

History of coronary bypass† 165 (11%) 151 (13%) 14 (3%) <0.001

* Median (min–max)
† Missing data: smoking: 64; family history of coronary heart disease: 51; diabetes: 18; hypertension: 15;
hypercholesterolemia: 32; history of myocardial infarction: 27; history of coronary bypass: 25.
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This is linked to a significant increased fluoroscopy DAP value for this category
of examination when compared to CA. The median annual cumulative effective
dose, DAP and organ doses per patient are reported in Table II. Only one patient
received an effective dose greater than 100 mSv. The value of cumulative DAP
was greater than 300 Gy.cm2 for 49 patients (3% of the population). The individual
cumulative absorbed doses received by organs surrounding the heart during one
year are reported in Figure 1. Whatever the organ, a wide range of doses was
observed. However, interquartile range remained quite small. Only 302 (19%)
patients received more than 100 mGy to the lung, 237 (15%) to the oesophagus and
15 (1%) to the bone marrow. No patient received more than 50 mGy to the breast.

The highest median dose values were found for the lung (41 mGy), an organ
which is directly impacted by the primary X-ray beam during the procedure. The
oesophagus’s median dose value was found to be slightly lower (31 mGy), while
the bone marrow (median dose of 10 mGy) and breast (median dose of 4 mGy)
doses were much lower; these organs being less frequently exposed to high X-ray
intensity due to their anatomical position and the X-ray detector side.

4. Discussion

This study provided a detailed assessment of clinical features and cumulative
dosimetric data of an adult cohort population having undergone ICP over 1 year
time. Regarding dosimetry, this study provided that cumulative absorbed doses
received during ICP by the most exposed organs around the heart such as lungs,
oesophagus, bone marrow and breasts could be relatively high with a wide range

TABLE II

Characteristics of patients’ cumulative dosimetry.

1st quartile
2nd quartile

(median)
3rd quartile Min-max

Number of procedures 1 1 2 1–5

Cumulative DAP (Gy.cm2) 25 48 100 3–803

Cumulative effective dose (mSv) 5 10 20 1–161

Cumulative organ dose (mGy)

Lung 22 40 79 2–540

Oesophagus 16 31 69 2–619

Bone marrow 5 10 21 1–181

Breast dose 2 3 7 1–50

DAP: Dose area product.
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Figure 1 – Distribution of individual cumulative organ-doses (mGy) for the lung, oesophagus, bone
marrow and breast.
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of doses – from 0.1 mGy to several hundreds of mGy – even if the median effective
dose remained at 10 mSv.

This study was conducted on a very large sample of patients with one year
follow-up of their exposure. For all the patients, it was possible to calculate organ
doses received during each procedure by some of the heart’s neighbouring organs
which are recognized as being rather radiosensitive (UNSCEAR, 2006) through a
mathematical model. Organ doses are seldom considered in the field of IC (Pattee
et al., 1993; Harrison et al., 1998; Delichas et al., 2003) or in other areas of medical
exposure (Ruiz-Cruces et al., 2000) due to its difficult estimation. However, the
absorbed dose to an organ represents a rather appropriate dosimetric indicator as
compared to effective dose in order to evaluate a potential adverse effect of
ionizing radiation to a specific organ. Indeed, the effective dose, usually used in IC
as in other fields of medical exposure and radiological protection in both adult
(Betsou et al., 1998; Harrison et al., 1998; Cusma et al., 1999; Katritsis et al.,
2000; Efstathopoulos et al. 2004; Bogaert et al., 2008; Smith and Rivers, 2008;
Bahreyni et al., 2008) and paediatric (Axelsson et al., 1999; Rassow et al., 2000)
populations, reflects the health detriment to the whole body in case of a
homogeneous exposure. But its relevance is less evident in cases of focused or
heterogeneous exposure. The building of a mathematical model dedicated to this
specific population of patients allowed us to better characterize organ doses than
in previously reported studies (Pattee et al., 1993; Harrison et al., 1998; Delichas
et al., 2003), taking into account operator effect and the type of procedure, both
factors known to influence doses. The procedures were all performed using the
same cathetherism room, reducing dose variability linked to the equipment. As
found in other studies (Pattee et al., 1993; Betsou et al., 1998; Katritsis et al., 2000;
Delichas et al. 2003; Efstathopoulos et al., 2004; Smith and Rivers, 2008), higher
values of DAP were observed for PTCAs rather than for CAs in our study, due to
the significantly increased fluoroscopy DAP values in the case of PTCA. As one
might expect, the average organ dose values due to a CA or a PTCA were
significantly higher than those currently observed for conventional radiology
procedures, ranging from 2 to 436 mGy for the lung while the dose associated to a
CT scan is around 10 mGy (UNSCEAR, 2006). Compared to others studies
calculating organ doses the mean doses in our study were smaller than previously
reported (Pattee et al., 1993; Delichas et al., 2003) except for one study (Harrison
et al., 1998) considering only CA, which observed smaller lung doses than we did.
Differences in the treated population, operator’s skills, awareness of radiation
protection rules and mathematical models used to calculate organ doses could
explain some of these discrepancies. Yet we still observed that the most impacted
organ, i.e. the lung, received a cumulative dose greater than 100 mGy in 20% of
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M.-O. BERNIER et al.
the population even if the corresponding effective dose remained far below the
doses for which potential health effects might be expected.

The estimation of the cumulative dose over the year for each patient allowed to
better evaluate the cumulative exposure of this population to ionizing radiation
linked to ICP, while the previous studies (Pattee et al., 1993; Harrison et al., 1998;
Delichas et al., 2003) focusing on organ dose estimation did not take into account
the fact that patients could be subjected to several ICP. Furthermore, one year of
follow-up remained limited because of the chronic evolution of the disease.
Additional CAs or PTCAs were likely to be performed on the same cohort in the
following years. The dosimetry findings of this study therefore probably
underestimate the actual cumulative dose received by these patients.

Despite clinical advantages and benefits of IC, the repeated use of X-rays
during these procedures and the values of the observed cumulative doses raise the
problem of the potential detriment to the patient due to such an exposure. It would
require on one hand an optimization of the radiation protection during these
procedures in order to deliver the lowest possible doses and on the other hand to
set up surveillance of short and long term health effects for the population at risk.

With the aim of setting up an epidemiological study to examine the excess risk
of radiation-induced cancers due to one or more ICP, this work has resulted in a
better description of the clinical characteristics of the target population. The vast
majority of the patients included in the study were males. About a quarter of the
population was under 60 years old and the rate of co-morbidities was, as expected,
higher in the cohort than in the general population (Ricordeau et al. 2000; Gourdy
et al., 2001; Charles et al., 2002; Girerd et al., 2003). The number of smokers or
former smokers – which concerned a third of our study population – was
significantly higher than in the general population (Guilbert and Gauthier, 2006)
(26%) and rose to 64% and 50%, respectively for men and women under 60 years
old. All these co-morbidities and smoking habits could be associated with a lower
survival rate for patients having undergone ICP than that of the general population
matched for age and gender, as shown by a Dutch study (van Domburg et al.,
2001). Therefore, this reduced life expectancy should be taken into account when
determining the size of the sample population to be followed in an epidemiological
study. Preliminary to a population size calculation, a specific risk assessment for
cancer has to be carried out. Based on such detailed description of dosimetric data
(absorbed organ doses) of an adult French population undergoing IC procedures
and considering several scenarios of exposure, according to the latest radiation risk
models (National Research Council and Committee on the Biological Effects of
Ionizing Radiation, 2006), a life time excess risk of lung cancer linked to ICP will
be developed in a future publication.
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5. Conclusion

This study has shown that the doses received by patients during ICP could be high,
especially since these patients could be exposed several times according to the
chronic evolution of the coronary disease. A careful radiation protection approach
is needed for those patients in order to reduce their exposure to ionizing radiation.
Health monitoring as well as long-term epidemiological studies of the most
exposed patients undergoing ICP should help to assess the radiation-induced
cancer risk of the radiosensitive organs around the heart, but need to take into
account the clinical specificities of the target population.

Statement of conflict of interest: None of the authors reported a conflict of
interest.
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