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Abstract

Data from 1200 cardiac examinations recorded during the past ten months have been analysed. The DAP's
obtained for most of the examinations are comparable to the published data. Moreover, an excellent correlation
has been found between the high DAP value and the experience of the operator. DAP measurements for "high
dose examinations" are getting mandatory in several countries, and medical physicists should help the physicians
to interpret these measurements in order to improve the safety of the ionising radiation use. In our centre it
appeared that for their first examinations physicians should be more closely guided by seniors.

1. Introduction

Several studies have shown that during cardiac procedures carried out under fluoroscopy, such
as coronary angiography or percutaneous transluminal coronary angioplasty (PTCA), the
amount of radiation delivered to the patient could be relatively high. It is therefore important
to monitor patient dose so that radiologists or cardiologists can make an objective assessment
of the justification of the procedure. The most convenient quantities to monitor patient dose
are the fluoroscopy time and the dose-area product (DAP). The main limitation of the DAP
quantity is that it cannot give directly a precise information concerning the determinist risk
associated with a procedure. However, it can be used to set warning and action levels to avoid
skin injuries as demonstrated by Bibbo et al. [1]. The other limitation of the DAP information
is that there is a lack of reference or guidance values published in the literature concerning
cardiac procedures. Thus, even if the DAP information is recorded in the patient files, it
remains very difficult to estimate if a DAP delivered to a patient for a specific procedure was
expectable or high.

In such a context it was decided in our hospital to record during almost one year, the total
dose area product (DAP), the fluoroscopy time, the examination description and the operator
references. The goals of the study were the folio wings :

• Assess the third quartile of the DAP for the most common examinations and compare
them to the available data in order to verify the good practice of operators;

• Verify if a lack of training existed among the operators;
• Give a set of DAP values to the operators to enable them to assess if the DAP they deliver

can be justified by the simplicity or complexity of the procedure;
• Propose a warning level to the operators.

2. Material and method

The examinations were performed using two units (advantix LC+ and LCLP, GE Medical
Systems, Milwaukee, Wis) of the hospital which are equipped with a DAP-meter (PTW,
Freiburg, Germany) traceable to the Swiss Federal Office of Metrology. The total DAP, the
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fluoroscopy time, the examination description and the operator references were systematically
recorded by the radiographers at the end of each procedure for about 1200 patients.

3. Results and discussion

The number of examinations, the medians, 3rd quartiles and ranges of the DAP values and
fluoroscopy times are reported in Table 1. The data have not been corrected according to
patient size, since the goal of the study was to define a set of reference DAP values for the
operators which could be directly compared with the data available on the DAP-meters at the
end of the procedure, without any data processing. The third quartile obtained for the coronary
angiographies and angioplasties (PTCA) are comparable to the ones published in the
literature.

Table 1. DAP and fluoroscopy times recorded during the survey

procedure

Angiocardiography
L and R catheterisms +
coronary angiography
PTCA
Coronary & Ventriculo.
angiography
Left vent, coronary
angiography
Coronary angiography
Cardiac biospsy

proced. #

25
95 -

210
780

35

35
20

D^Pmedian

15.3
66

60
49

59

40
4.7

DAP3rd

22.5
125

80
84

66

70
7.6

range

4-102
13 - 286

10 - 272
3-702

10 - 203

5-390
2-23

t i m e median
13
10

9
7

8

6
1

time3rd

17
17

16
12

11

22
1.7

range

4-23
3-59

4-70
1.5-65

1.5-40

3-50
0.5-6

The angiocardiography examination is performed most of the time on young patients and the
DAP's are generally quite low in spite of relatively long fluoroscopy times. Thus, no
correlation between the DAP values and the fluoroscopy times have been evidenced between
these two quantities (r=0.08). However, an excellent correlation appeared between the DAP
values and the age of the patients (r = 0.88). This result clearly shows that for young patients
DAP guidance values should be weighted with the age of the patient.

As opposed to the angiocardiography procedures, an excellent correlation between the DAP
and the fluoroscopy times have been systematically obtained for the other procedures which
were always performed on adults (r = 0.88 ± 0.05). Thus, for adults it seems that guidance
levels can be expressed either in term of fluoroscopy time or DAP value.

Figure 1 present the distribution of the DAP percentiles concerning the coronary-ventriculo
angiography examinations per operator. The reference DAP proposed in our centre is also
indicated on the figure by a thick line. From this figure it appears clearly that all the operators
having more than 5 years of experience, have their DAP third quartile below or close to the
proposed reference value, and that even if they often involved with more difficult cases. The
data concerning younger cardiologists are presented on the ride side of the figure. All of them
are clearly above the proposed reference value.
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The DAP data should not only be used to verify if the dose delivered to the patient after a
procedure could be expected, but should be also used during the procedure to indicate if one
gets close to the deterministic risk associated with fluoroscopy. The difficulties in using DAP
to evaluate skin dose is that the irradiated area of the skin change size and location during the
procedure. Thus, it is not possible to evaluate a precise entrance dose from a DAP measured
during an interventional procedure. Nevertheless, one can adopt a conservative approach in
order to define warning and action levels to avoid skin injuries. Taking into account the
diameter of the amplifier which is the most frequently used during these procedures (0 23
cm), and the focal spot to skin of the patient (50 cm when the distance from the focal spot to
the amplifier is 90 cm), an averaged area of 130 cm2 has been obtained. Taking this averaged
irradiated area into account and considering that the tube does not move during the procedure,
a warning level of 130 Gy.cm2 has been proposed to our staff performing cardiac procedures.
This would correspond to an entrance dose of 1 Gy. In spite of being quite conservative, this
level is however lower than the DAP's third quartile measured during this survey. Above the
warning level proposed here, a senior operator should take over. He should try to work in the
lowest dose mode available and distribute the dose by changing the tube angles.
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Figure 1. percentiles of the coronaro-ventricolu angiography per operator

4. Conclusion

The systematic recording of the DAP and fluoroscopy times has been integrated in our quality
assurance programme. It has enable us to verify if the doses delivered during the most
common cardiac examinations were comparable to the data available in the literature. This
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study has also enabled our medical staff to take advantage of DAP data displayed during the
procedures, in particular to avoid skin burns. Finally, a change in the training of our new
medical staff is being implemented with an emphasis on the optimal use of the fluoroscopy
units.
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