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Abstract

The Council Directive of the European Community 97/43/Euratom (MED) deals with the health protection of
individuals against dangers of ionising radiation in relation to medical exposure, and also focuses attention at
some special practices (Art. 9), including interventional radiology, a technique involving high doses to the
patient. The paper presents the European approach to optimisation of exposure in interventional cardiology. The
DIMOND research consortium (DIMOND: Digital Imaging: Measures for Optimising Radiological Information
Content and Dose) is working to develop quality criteria for cineangiographic images, to develop procedures for
the classification of complexity of therapeutic and diagnostic procedures and to derive reference levels, related
also to procedure complexity. DIMOND project includes also aspects of equipment characteristics and
performance and content of training in radiation protection of personnel working in interventional radiology
field.

1. Introduction

The number and complexity of diagnostic and interventional procedures (IR) done in the
medical practice have grown enormously, in particular in the last ten years, due to the
availability of more suitable materials necessary to the procedures, and to the availability of
the modern diagnostic units, either using X-rays or US, MR. However, the vast majority of
these procedures are performed in a radiological room under fluoroscopy, simply because the
vascular are the leading indications. Today, interventional radiology reduces the need for
many traditional interventions, particularly surgery, therefore reducing the overall discomfort
and risks for the patient compared to the traditional methods.

Due to the potential of high patient [1,2] and staff [3-8] doses and to the observed
deterministic injures, after long fluoroscopic interventional procedures, the Council Directive
97/43/Euratom of 30 June 1997 includes this practice in the art. 9 of the 'Special practices'.

The paper presents the European approach to optimisation of exposure in interventional
cardiology and some of the results obtained by the DIMOND research consortium (DIMOND
= Digital Imaging: Measures for Optimising Radiological Information Content and Dose).
DIMOND group is working on the development of quality criteria for angiographic images.
Also procedures for the classification of complexity of therapeutic and diagnostic procedures
are studied together with the proposal of reference levels, also related to procedure
complexity. DIMOND project includes also aspects of equipment characteristics and
performance, staff and patient dosimetry and content of training ^ in radiation protection for
personnel working in interventional radiology.

2. Methods and results

2.1. Image quality criteria

An important aspect of optimisation strategy is the definition of methods for image quality
assessment. The approach of EC guidelines on 'quality criteria for radiographic images' was
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assumed as a model for the implementation of similar methodology for IR images. DIMOND
has developed a preliminary set of quality criteria for coronary angiography images (table I)
[10]. The quality is assessed as a visibility level of important anatomical and, also,
pathological markers. Two pilot trials have been conducted on a set of 15 studies, obtained in
4 centres in Greece, Italy and Spain. Each study has been analysed by 6 independent
cardiologists adopting a scoring system for the quantitative assessment of image quality. The
preliminary experience indicates that criteria can be translated into a scoring system that
yields reproducible data in most instances.

1 Table I. Example of quality criteria for left coronary angiography images based
on the visibility of anatomical markers

LEFT CORONARY ANGIOGRAPHY
Imase criteria

2 Performed at full inspiration if necessary to avoid diaphragm superimposition or to change anatomic
relationship (in apnoea in any case).

3 Arms should be raised clear of the angiographic field and the spine should appear as less as
possible.

4 Visually sharp reproduction of vessel walls.
5 Simultaneous and full opacification of the vessel lumen at least until the first critical lesion (70% by

visual estimation).
6 Panning should be limited. If necessary, pan in steps rather than continuously, or make subsequent

cine runs to record remote structures.
7 Visually sharp reproduction of the origin, proximal, mid and distal portion of the Left Anterior

Descending and Circumflex arteries, in at least two orthogonal views.
8 Visually sharp reproduction of the side branches > 1 mm of the Left Anterior Descending and

Circumflex arteries in at least two orthogonal views; the origin should be seen in at least one
projection.

9 Visually sharp reproduction of the lesions in vessels > 1 in at least two orthogonal views.
10 Visualisation of collateral circulation when present.

When criteria 6-9 have been fulfilled, avoid extra projections (mainly LAO semiaxial).

2. 2. Patient exposure: reference level and complexity index

Reference level (RL) is a powerful instrument for optimisation in diagnostic medical
exposures and DIMOND is trying to introduce it for interventional cardiology. But, taking
into account that in IR the patient pathology drives the procedure complexity, RL has to take
into account some of the complexity factors affecting the procedure.

From a sample of Coronary angiography (CA) and Percutaneous Transluminal Coronary
Angiograplasty procedures (PTCA) collected in 4 centres of three European Countries,
preliminary reference levels (RL) expressed in term of mean values of DAP, fluoroscopy time
and number of frames have been derived (table II). Differences between centres are evident
and the evaluation of procedures complexity is necessary in order to explain such differences.

A index of pathology severity allows to derive RL as a function of pathology, helping a better
evaluation of the optimisation level of the practice in an installation. As an example, in Udine
hospital, a partner of DIMOND consortium, the correlation of severity of cardiovascular
pathology with technical parameters adopted for the PTCA procedures was evaluated [11].
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Table II. Mean fluoroscopy time, number of frames and dose-are product (DAP) measured in
some European centre

Interventional cardiology
id centre
CAD

Greece I
Greece II
Italy
Spain

PTCA
Greece I
Greece II
Italy
Spain

Fluoroscopy time
(min)

4.1+3.6
3.6
9.1
4.1
6.7

13.8 ±8.5
11.1
16.0
15.1
19.8

N°. of frames

1093 ±446
1596
1715
748
918

1135 + 545
1414
1702
908
995

DAP
(Gycm2)
45 ±28

54.6
124.2
38.0
48.6

73 ±28
54.6
124.2
73.3
64.3

The relationship between clinical and technical factors (CF) vs. fluoroscopy time and dose
area product (DAP) was examined for 402 random PTCA procedures. Good correlation was
found with: number and type of lesions treated, use of double wire or double balloon
technique, ostial stenting and bifurcation stenting techniques, simple stenting , occlusion of
vessel for more than 3 months, the presence of moderate vessel tortuosity (one bend > 90°),
severe tortuosity (two or more bends > 90°) and IVUS (intravenous ultrasonography) use.
Based on the relative weight observed in the multivariate analysis a complexity index (CI)
was derived. For a practical application the procedures were divided in three groups according
with different grades of complexity taking into account only: vessel occlusion > 3 months,
ostial and bifurcation stenting, and severe tortuosity (two or more bends > 90°) factors. Fig 1
shows the mean fluoroscopy time and DAP of the 3 groups of PTCA defined: simple,
moderate and complex procedure. Further studies in different centres can demonstrate the
applicability of this approach with the purpose to derive reference levels, complexity
dependent, for IC and others frequent IR procedures.
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Figure 1. Mean fluoroscopy time and DAP for simple, moderate
and complex PTCA procedures

2. 3. Staff exposure

In interventional radiology performed with fluoroscopic systems, where body exposure is not
uniform and where part of the body is protected by lead apron or other specific mobile
screens, the evaluation of effective dose is difficult and affected by high uncertainties [6].
Published dose data have been analysed and converted in effective dose adopting the
dosimetric model proposed by Niklason [6]. The protocol is applicable when two dosimeters
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are worn over the apron at the neck level and under the apron at the waist level or when a
single dosimeter is worn over the apron at the neck level. Table III reports the effective dose
to cardiologist (first operator) and nurse or technician per procedure. When available, dose
from diagnostic (CA) and therapeutic (PTCA) procedures are reported. For cardiologist, the
effective dose per procedure varies from 0.2 to 18.8, with a mean value of 4.7 uSv. Only Vafio
and Steffenino report an effective dose of 18.8 and 15.1 |j,Sv/procedure respectively. In these
last two cases, it seems that the presence of cardiologists in training are the main cause of
higher doses.

Table III. Effective dose to cardiologist (or first operator) and nurse/technician
evaluated in different cardiac centre

Reference

Vafio etal., 1998, [8]
Padovani et al., 1998, [12]
Folkerts et al., 1997, [3]
Li etal., 1995, [4]
Watson etal., 1997, [13]
Zorzetto et al, 1997, [2]
Steffenino et al., 1996, [7]
DIMOND, Spain, 1999
DIMOND, Italy, 1999
DIMOND, Greece, 1999

Effective Dose
(nSv/procedure)

Cardiologist

18.8
2.2 (CA) - 8.8 (PTCA)

2.0
8.0
1.8
3.7
15.1

2.2 (CA) - 4.4 (PTCA)
0.5 (CA)-1.0 (PTCA)
1.0 (CA)-2.0 (PTCA)

1.5

0.6
0.3
0.6

Nurse

(CA)-3.0 (PTCA)

2.0
1.4

3.7
(CA)-1.1 (PTCA)
(CA) - 0.6 (PTCA)
(CA)-1.1 (PTCA)

Conclusions

The DIMOND approach to interventional cardiology will be refined in the context of
DIMOND III (2000-2003) project and aims to develop a methodology with a set of
instruments for the evaluation of the optimisation level in an installation including: quality
criteria for images and reference levels as a function of procedure complexity.

From the reported staff dose data the following comments and suggestions can be derived:

(a) many variables affect staff exposure: distance, direction, use of protective screens,
procedure, skill, training, equipment performance, etc

(b) the analysis of personal dosimetry data is difficult when: the dosimeters are not worn
all the time by operators or the dosimeters are worn in different or wrong positions

(c) the normalisation of the personal dose to workload, expressed in terms of number of
procedures or dose-area product, allows a straightforward comparison between
facilities and helps to identify those clinicians who are not taking effective radiation
safety precautions. In interventional radiology, Dose constraints (ICRP 60 and EC
Directive 96/29, art. 7) can be conveniently expressed them in terms of effective dose
per procedure or effective dose per unit of dose-area product.
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