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The main aim of this study was to find out what is the risk caused by ionizing radiation during
digital subtraction angiography (DSA) for abdominal aorta and lower limb examinations.

The study is based on a large group of patient data subjected to a complex analysis of fluoroscopy
time, exposure time, air kerma values, and dose-area product (DAP). Measurements were performed
on 449 patients with intra-arterial (IA DSA) contrast administration.

Median DAP value for fluoroscopy was 5.4 Gy-cm? and for exposure 51.7 Gy-cm?. On exposure
the patients received 94% of the total DAP although this examination takes only 0.1% of the total
examination time. For this reason, small changes in the exposure time may result in a considerable
reduction in the radiation received by the patient. There was good correlation between DAP values
and the fluoroscopy time (r=0.78), while the correlation between DAP and the exposure time was
much poorer (r=0.39). It was also found that gender was a differentiating factor neither both

fluoroscopy (FI1, 449]=0.01, p>0.05) nor exposure time (F[1, 449]=0.42, p>0.05).
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Background

Ionizing radiation (IR) can affect all biological systems,
resulting in the modification and destruction of cellular
components and modifications of DNA. These are the main
causes of radiation-induced damage to cells and hence
organs and tissues [1]. A single X-ray beam has the abil-
ity to cause irreparable damage to cells with the possibil-
ity of deleterious effects. This leads to the concept that the
effects of exposure to X-ray, no matter how small the dose,
are cumulative over the lifetime of a patient [2].

Digital subtraction angiography examination (DSA) pro-
vides the possibility of diagnosing such complex patholo-
gies in the vascular system as peripheral arterial occlusive
disease (PAOD), carotid artery pathology, aneurysms, vari-
ous tumors, renal-vascular hypertension, and cerebral and
hepatic artery pathology. Fluoroscopy (real-time images:
coater introduction procedure) and exposure (x-ray pictures
taken during the injection of contrast medium) are the
essential medical procedures for angiographic radiology.

According to “The National Protocol for Patient Dose
Measurements in Diagnostic Radiology” [3], for examinations
involving fluoroscopy the most appropriate dosimetric quanti-
ty is the dose-area product (DAP), which has been mainly used
as an indicator of the patient’s irradiation dose [4-19]. DAP
measurements using a flat X-ray transition ionization cham-
ber have been accepted as a suitable dosimetric technique for
angiographic examination. DAP measurements are commonly
used to assess the effective dose for evaluation of stochas-
tic risk. Modern devices (e.g. the Philips Integris Allura) are
designed for the simultaneous measurement of DAP and air
kerma during fluoroscopy and exposure. DAP has the advan-
tage of being constant at any distance from the tube focus, so
wherever DAP is measured, it reflects the air kerma radiation
field size product at the patient's skin. The DAP is also use-
ful in estimating the effective dose via calculation of the total
energy imparted to the patient, which can be used to calculate
the stochastic risk [20]. The purpose of routine measurements
and controlling of dose area product (or entrance dose) is to
help to achieve an overall reduction in the radiation received
by patients undergoing medical radiological examinations.
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Figure 1. Sample images obtained from IA DSA. (A) bifurcation of
abdominal aortic, (B) iliac arteries, (C) femoralarterles,
(D) bifurcation of popliteal arteries.

Material and Methods

Between May 2006 and October 2007, 449 patients were
subjected to digital subtraction angiography (DSA) of the
abdominal aorta and lower limbs. This number included
312 males and 137 females (age range: 16-97 years, mean
age +SD: 63.6+12.48 years). Figure 1 presents sample
images obtained as a result of intra-arterial DSA. In gen-
eral, indications for DSA of the abdominal aorta and lower
limbs included clinical symptoms of PAOD, acute lower
extremity ischemia, aneurysms of peripheral vessels, trau-
matic ischemia, and vascular malformations.

DSAs were performed on a Philips Allura system with the
use of ionic radiation. Intra-arterial DSA was carried out
by Seldinger’s method. After puncturing the common femo-
ral artery, a 5F straight catheter with side holes (Balton,
Warsaw, Poland) was introduced on a guidewire into the
abdominal aorta. Used were 0.025-0.035 Teflon coated “J”
guidewires (Balton, Warsaw, Poland) and 0.035 hydrophil-
ic coated guidewires (Cook Inc. USA; Terumo Corp, Tokyo,
Japan). The latter were applied in cases of advanced lesions
in the iliac and femoral arteries. The most frequent kV
value was 80 and speed was 3.0 fps. The preferred projec-
tion in the analyzed angiography procedure was A-P (ante-
rior-posterior).

A straight catheter was positioned into the distal segment
of the abdominal aorta. Contrast medium was injected with
the use of an automatic syringe (Medrad). For each series, a
dose of 15-30 ml of contrast agent was injected at a rate of
10-20 ml/sec. Four to six series were performed, depend-
ing on clinical indications. All procedures were performed
using non-ionic contrast media manufactured by Nycomed,
Schering, Pharma, Altana (Bracco) and Tyco in concentra-
tions of 350-370 mg/ml.

The results were analyzed using STATISTICA 6.0. ANOVA
(Fisher's analysis of variance) was used to evaluate the sig-
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Figure 2. Mean DAPf (fluoroscopy) (A) and DAPe (exposure) (B)
values for male and female patients.

nificance of differences between males and females. The
level of statistically significant differences was set at 5%.
Correlation analysis was performed to find and describe
relations between DAP and the times of fluoroscopy and
exposure.

Results

Comparison of the patients’ DAP values for males and
females was made and is presented in the following fig-
ures. It was found that the mean values of both DAPf
(fluoroscopy) and DAPe (exposure) were higher for males;
however, analysis of variance (ANOVA) indicated no statis-
tical differences (F[1, 449]=1.25, p>0.05; F[1, 449]=3.09,
p>0.05) (Figure 2AB). Gender also was not a differentiat-
ing factor for fluoroscopy (F[1, 449]=0.01) or exposure time
(F[1, 449]=0.42. p>0.05). It should be emphasized that
in this study the air kerma value for none of the patients
exceeded 1 Gy.

Analysis of the data is presented in Table 1. Mean (median)
total DAP was 68.62 (58.9) Gy-cm? and mean (median) fluo-
roscopy time and exposure time were 135.29 (102) s and
111.31 (78) ms, respectively. The patients received 88.25%
of the total DAP under exposure (not in fluoroscopy),
although exposure takes only 0.1% of the total examina-
tion time. The greatest number of patients were examined
over 100-150 s (on fluoroscopy) and over 80-170 ms (on
exposure). The highest values were 1728 s and 1489 ms
for fluoroscopy and exposure, respectively. During fluoros-
copy the majority of patients were exposed to doses from
5 to 15 Gy-cm?, while for exposure the values were greater,
from 40 to 80 Gy-cm?, see in Figure 3.

There is good correlation between DAP values and fluo-
roscopy time (r=0.78), while the correlation between DAP
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Table 1. Air kerma, DAP, and exposure times for 449 patients in IA DSA lower limb examination.

Median Mean value Standard deviation Minimumvalue = Maximum value
Air kerma (fluoroscopy) [mGy] 21.66 32.15 45.2 173 644.47
Air kerma (exposure) [mGy] 127.82 154.87 98.94 4.6 805.67
Air kerma (total) [mGy] 159.19 187.02 122.05 24.59 883.98
DAP (fluoroscopy) [Gy cm?] 54 8.19 111 0.2 1223
DAP (exposure) [Gy cm?] 51.7 60.43 37.48 0.8 302.1
DAP (total) [Gy cm?] 58.9 68.62 42.49 5.6 31.2
Fluoroscopy time [s] 102.0 135.29 135.42 18.0 1728.0
Exposure time [s] 78.0 111.31 151.7 6.0 1489.0
Age 63.0 63.59 12.48 16.0 97.0
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Figure 3. Histogram of DAP received by the patients on fluoroscopy 0 50 100 150 200 250 300 350
(A) and exposure (B) applying IA DSA. DAP [Gy cm?]

and exposure time is much poorer (r=0.39) (Figure 4).
Correlations between air kerma and the times of fluoros-
copy and exposure are characterized by r=0.88 and r=0.54,
respectively. No correlation between patient age and the
DAP he/she received was found.

Discussion

There are many parameters in digital subtraction angi-
ography (DSA) that can affect the patient’'s dose. Some of
these are equipment design (calibration), the patient’s char-
acteristics, experience of the radiologist (some examina-
tions were made by untrained young radiologist), and the
complexity of the procedure [8]. The DAP can be reduced
when properly trained people operate the equipment [20].

Figure 4. Relation between DAP and the times of fluoroscopy (A) and
exposure (B) during digital subtraction angiography.

Another important factor that can affect patients’ doses is
proper cooperation between the doctor and patient.

Monitoring radiation doses in fluoroscopy can serve sev-
eral purposes. Patient dose monitoring allows comparison
among users within and outside an institution. Knowledge
of patient doses can assist the medical staff in the direct
care of individual patients [20]. It is likely that exposures
vary significantly between training institutions and those
involving only private practice medicine due to the differ-
ence in experience of the radiologist. For all these reasons
it is not possible to establish internationally accepted refer-
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ence dose levels for angiographic examinations as for sim-
ple radiographic examinations [21].

Results of studies of DAP to date have been obtained for
small populations of patients from all areas of interven-
tional radiology. For example, Sapiin et al. [22] conducted a
study on 7 patients, Cruces et al. [23,24] on 35 and 31, and
Vano et al. [25] on 40. The above authors obtained mean
DAP values from 30 to 109.4 Gy-cm? as a result of their
examinations. The aim of this study was a complex analysis
of all exposure parameters determining patient dose dur-
ing DSA on a large population of patients with PAOD, aneu-
rysms, and other peripheral vascular disorders. Several
clinically important observations can be made on the basis
of these results. The most important is that the patient
receives 94% of the total DAP on exposure, although this
examination takes only 0.1% of the total examination time.
For this reason, small changes in the exposure time may
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