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The wuse of axial angiography +‘techniques for hemodynamic
diagnosis considerably affects the levels of radiation dose to
the pediatric patient under examination. Recently, several
asses=ment procedures of radiation dose were carried in the
literature, nevertheless many doubts still remain concerning the
techniques proposed and the dose values obtained for the
different examined organs. Particularly the resul%s obtained by
using thermoluminescent dosimeters applied to the patient’s body
are not convincing, because in these procedures the detectors may
easily move away, without possibility of control, from the
radiation beam area, +thus supplying incomplete and fragmentary
results. The aim of this study is to ascertain the dosage 1levels
for +the child undergoing cardiac catheterization with the use of
axial radiological techniques, in order to define the relationship
between fluoroscopic and angiecgraphic dosages and to critically
evaluate the possibility and the levels of irradiation of critical
organs, as a function of radiological beam positioning.

MATERIALS, METHODS AND RESULTS

The research was carried out in the Hemodynamics Laboratory
of +the Cardiology Institute of the University of Bologna with a
total of 50 <cardiac cathetverization performed by wusing axial
techniques on patients whose age ranged from 1 day to 11 years,
mean value 4 years.

The laboratory, where examinations were pexrformed, is
equipped with biplane CGR Radiological Systen. When in PA
projection, the image intensifier is in the upper position. Each

radiation tube is provided with a screening system which allows to
confine the radiation field to the minimum useful surface. Rx-I.I.
distance amounts to 105 cm, both for PA and LL projections. The
radiological system is equipped with an automatic control device
which acts by changing the voltage applied to Rx +tubes. Current
and graphic emission time are manually set.

The research protocol was divided in two phases:

1) characterization of the radiclogical system from the patient’s
radioprobvection standpoint;

2) recording of radioclegical data and emission times during
examination %o calculate +the dosages for +the individual
patients.

The characterization of the radiologigal system was performed
by wusing IONEX-type dosimeter with 0.6 cm™ ionization chamber +to
record the dose 1in air, 15 cm from I.I. entrance screen, 1in
correlation with <the voltage and the current supplied +to the
radiological +tube, both in fluoroscopic and angiographic condi-
tions. The results are illustrated in Fig.1. For each diagnostic
examination taken into consideration, recordings were made of
radiological date and time in fluoroscopy of various projections
with +the relevant radiological data and time in angiography, of
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curves, it was possible to assess the fluoroscopic and angiographic
dose to the skin of the patient for each single projection. Fluo-

roscopic > emission +Ytime ranges from 0,7 to 58,8
min}) and fluoroscopic air dose for PA ranges from 0,4 o 7 <Gy

(M=3,7 cGy). Angiographic emission time,

minutes

(M=22,1

for PA and LL projections
respectively ranges from 14 to 107 sec (M=36,5 sec) and from S +to
87 sec (M=30,8 sec).Angiographic air dose ranges from 3,5 to 107
cGy (M=55,3 cGy) for PA and from Z,6 to 165 cGY (M=83,8 cGy) for

LL projections. The results of the fluoroscopic tests for LL
projection are not recorded, as they are negligible if compared to
PA results. Fig. 2 illustrates the dose distributions for the
individual patients,
DISCUSSION

The curves of Fig.l confirm the good performance of the

radiclogical equipment.

Fluoroscopic information (time and radio-

logical data) may be compared with those recently published in the

literature.
although considerably changing case by case,

reported in the literature,
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whereas resulting air dose
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patient from the protection standpoint. In our opinion, the low
graphic air dose values quoted in the literature are due to the
difficulties met in keeping the thermoluminescent dosimeters within
the radiation beams when the patient is moved around or variously
positioned for the different projections. This problem arises only
during +the angiographic phase, as in the fluoroscopic one the
patient remains in PA position and the dosimeters are certvainly
within +the radiclogic beam. This explains why +the fluoroscopic
values are in agreement.

Considering our results, we decided rather to give separate
air dose figures for PA and LL than to add them up, as is usually
done, because a careful analysis of the examination procedures and
the different projections (Fig.3) very seldom reports cutanecus
overlapping of the irradiation fields of the two tubes. Therefore,
we prefer to consider a larger area exposed %o a smaller dose than
to overestimate the exposure at any possible point. Nevertheless,
it 1is extremely important to take account of the very different
results, on the other hand expected in this kind of diagnosis, to
pinpoint and discuss +the cases of abnormal irradiation of the
patient. This analysis is possible thanks to the method we adopted,
based on the recording of radioclogical data and emission time.
Furthermore, with reference to the cases under examination, for
all air doses over 43,5 cGy,the analysis highlighted the technical
causes (misadjiustment or breakdown of the radiclogical system) and
the operational causes (projection repetition) which brought about
the abnormal value.

Observing the diagnostic medical procedure, the recorded data
peint out a systematic use (48 out of 51 cases) of the biplane
radiological recording. A greater attention in estimating the real
usefulness of a biplane observation in each projection could
possibly lead to a decrease in the use of LL projection and a
remarkable dose reduction.

The wuvse of “axigl" cineangiography modifies +the risk of
irradiation of important organs, both for the different
positioning of the beams, which are at times closer to them, and
for +the greater energies employed to penetrate thicker layers of
tissue. The evaluations reported 1in the literature cannot be
compared whatsoever, both because of +the different technical
performances of +the system and because of the different medical
procedurte management (seriography, cineangiography, etc.). By
observing the images in Fig.3, it is clear that, when the patient
is +4ilt up, +the radiation beam gets closer to the thyroid gland
and to the gomads but, for the thyroid, it cannot be higher than
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the I.I. entrance air dose (i.e. 0,26 uGy/frame). In a standard
examination, including about 2000 frames for each projection, the
thyroid air dose should +therefore be less +than 104 uGy.
Considerably higher values indicate bad operation of the system,
wrong placing of the tubes and inadequate screening.

CONCLUSIONS

For the pediatric patient undexgoing cardiac catheterization,
the radiological dose is one of the parameters which have to be
carefully considered as a risk, expecially with reference to the
possibility of repetition of the examination or integration with
less dangerous techniques (ultrasound). Comparing flucroscopic and
angiographic dose values, +the latter show greater irradiation for
the patient. This leads to a critical evaluation of the methods of
examination and, expecially, to consider the advisability of sys—
tematic biplane radiological recordings. The proposed methods, in
the framework of which parameters strictly connected to the tech-—
nical performances of the system and to the operational examina-
tion procedure are regularly collected, permits a critical ana-
lysis of the results and highlights the causes of abnormal irra-
diation ’'of the patient. The radiation of important organs (thy-
roid, gland, gonads) may be evaluated both by analysing the
beam angle and by using the data obtained as input parameters of
mathematical models which take into consideration the patient’s
soma and the beam bearing. In any case, the results show a smaller
irradiation than that expounded in the literature.
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