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Abstract
Aim: Interventional radiology procedures using ionizing radiation were frequent and be-
come more and more complex. While determinants of radiation exposure during coronary 
angioplasty have been examined intensively during the last decade, available data regard-
ing peripheral interventional procedures and especially the influence of pre-interventional 
diagnostic procedures on radiation exposure are limited. 
Materials and Methods: Procedural data of 289 consecutive patients who underwent pe-
ripheral were included in this study. Radiation exposure was analysed using the dose area 
product (DAP, Gy*cm2) and total time of fluoroscopy dependent on region of intervention 
and type of diagnostic procedure prior to intervention. 
Results: Information about vascular status of patients before the intervention led to a 
significant decrease of the dose area product irrespective of the region of intervention 
(iliac, femoro-popliteal, crural, multi-vessel, p < 0.05). Reduction of radiation exposure 
was highest with prior angiography or a CT- or MR-angiography (p < 0.01), whereas a 
diagnostic vascular ultrasound tended to decrease radiation exposure of patients (n.s.). 
Fluoroscopy time was not affected by the kind of diagnostic procedure (n.s.).
Conclusions: Patients´ radiation dose during peripheral interventional procedures is 
strongly dependent on vascular region, precise information about vascular status and pre-
vious vascular imaging. Thus, physicians should emphasize accurate vascular diagnostic 
procedures prior to peripheral intervention.
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Introduction 

	 Interventional radiology procedures using ionising ra-
diation such as percutaneous coronary angioplasty and peripher-
al interventional procedures are frequent and become more and 
more complex. Thus, radiation exposure of patients increased, 
particularly in the context of repeated treatment for multi-ves-
sel-diseases or re-stenosis[1]. As a result, deterministic radiation 
effects are possible and likelihood of stochastic effects may in-
crease[2].
	 Determinants of radiation exposure of patients and 
physicians during coronary angioplasty have been examined in-
tensively during the last decade[3-7]. However, available data re-
garding peripheral interventional procedures are limited. High-
est radiation doses were reported during endovascular aneurysm 
repair and iliac artery stenting with some patients receiving more 
than one Gy (air kerma), which is suggested to be the threshold 
of deterministic radiation effects[8,9]. Few recent studies evaluat-
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ing radiation exposure during interventional treatment of fem-
oro-popliteal or below the knee stenosis demonstrated lower 
radiation doses, but without sufficient data regarding possible 
confounders. Despite the region and the complexity of the pe-
ripheral interventional procedure, type and performance of x-ray 
equipment, level of training in radiation protection, patients 
´condition and operator´s experience may influence patients´ 
radiation exposure[10,11]. Moreover, pre-interventional diagnostic 
procedures as computed tomography, magnetic resonance angi-
ography or vascular ultrasound and/or precise information about 
localisation of stenosis might influence radiation exposure in 
peripheral interventional procedures. However, there are no data 
regarding patients´ radiation exposure during peripheral inter-
ventional procedures dependent on type of vascular diagnostic 
procedures prior to angiography.
	 Herein, we report about the influence of pre-interven-
tional diagnostic procedures on patients´ radiation dose during 
peripheral interventional procedures. 
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Materials and Methods 

	 Procedural data of 289 patients were included into sta-
tistical analysis. Patients were predominantly male (male n = 
167 (57.8%), female n = 122 (42.2%)) with an average age of 
70.6 ± 11.3 years (range 41 - 95 years). Detailed patients charac-
teristics are shown in table 1.

Table 1: Baseline characteristics of patients (BMI: body mass index; 
BSA: body surface area, mean ± SD (range).

Number of patients (% of total)
Total 289
Male 167 (57.8%)
Female 122 (42.2%)
Age 70.6 ± 11.3 (41 - 95) years
BMI 26.9 ± 4.9 (16.2 - 45.2) kg/m2

BSA 1.89 ± 0.23 (1.27 - 2.73) m2

Fontaine Stadium           I 0 (00.0%)
           II 122 (42.2%)
           III 39 (13.5%)
           IV 128 (44.3%)

	 All clinical procedures were performed with an oper-
ating C-arm unit (Allura Expert; Philips Medical Systems, Best, 
Netherlands). Available image-intensifier field sizes were 15, 22, 
27, 31, 42 and 48 cm respectively and were used to the opera-
tor’s decision. Radiation exposure was analysed by total time of 
fluoroscopy as well as the dose area product (DAP, product of air 
kerma and defined x-ray beam cross-sectional area, Gy*cm2) as-
sessing effective patients dose for evaluation of stochastic risk. 
	 Data were analysed, depending on region of interven-
tional procedures as well as previously available diagnostic in-
formation (ultrasound, magnetic resonance angiography (MRA) 
/ computed tomography (CT) or previous angiography). 

Statistical Analysis 
	 Data are expressed as mean ± standard deviation (SD) 
or mean ± standard error of the mean (SEM) where applicable. 
Statistical significance was assumed at a p-level < 0.05. All vari-
ables were found to have Gaussian distribution (Shapiro-Wilk 
test), thus parametric tests were applied for statistical analysis. 
Means between two categories were compared with the stu-
dent´s-t-test or one-way-ANOVA with Newman-Keul posthoc 
analysis. Relation of variables was performed with linear cor-
relation. Statistical analysis was performed using PSPP® for Ma-
cOs. 

Results 

Procedural data
	 Peripheral intervention was performed in 289 patients 
(iliac artery: 61 patients (21.1%), femoro-popliteal artery: 100 
patients (34.6%), crural arteries: 72 patients (24.9%), multi-ves-
sel intervention: 56 patients (19.4%)). Technical success or in-
terventional methods were not considered for further analyses. 
Procedural characteristics were described in table 2. Patients 
radiation exposure was highest in iliac-intervention (101.32 ± 
87.93 Gy*cm2) compared to multi-vessel intervention (74.67 ± 
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62.86 Gy*cm2), femoro-popliteal-intervention (68.10 ± 52.83 
Gy*cm2) and crural-intervention (42.02 ± 25.41 Gy*cm2).

Table 2: Procedural characteristics of patients (mean ± SD (range)).
Number of patients (% of total) (range)

Region of interventional procedure
iliac   61 (21.1%)
femoro-popliteal 100 (34.6%)
crural   72 (24.9%)
multi-vessel   56 (19.4%)
Pre-procedural diagnostics
none   93 (32.2%)
ultrasound   52 (17.8%)
CT/MRA   88 (30.5%)
angiography   56 (19.5%)
Total fluoroscopy time 18.3 ± 10.6 (1.8 - 63.1) min
Dose-Area-Product 69.9 ± 62.4 (5.2 - 511.4) Gy*cm2

	 There was a weak, but significant association of total 
time of fluoroscopy and total dose area product (r = 0.278, p < 
0.01). 
	 Prior information about vascular status of patients led 
to a significant decrease of the dose area product exposed to 
the patient, irrespective of the region of intervention (figure 1). 
However, fluoroscopy time also decreased in patients with prior 
vascular diagnostic procedures, but this was significant in fem-
oro-popliteal and multi-vessel-interventional procedures only 
(figure 2).

Figure 1: Influence of information about vascular status on dose 
area product.
Detailed information about vascular status is associated with a signif-
icant decreased radiation exposure, irrespective of the region of inter-
vention (mean ± standard error of the mean (SEM), dose area product, 
DAP).
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Figure 2: Influence of information about vascular status on fluo-
roscopy time.
Detailed information about vascular status decreased fluoroscopy time 
in femoro-popliteal and multi-vessel interventions significantly (mean 
± standard error of the mean (SEM).

Figure 3: Influence of previous vascular imaging on patients´ radi-
ation exposure. 
Patients´ radiation exposure (dose area product, DAP) is dependent 
on previous vascular imaging in patients with peripheral intervention 
(mean ± standard error of the mean (SEM)).

Figure 4: Influence of previous vascular imaging on fluoroscopy 
time.
Type of vascular imaging prior to peripheral interventional procedures 
had no influence on fluoroscopy time (mean ± standard error of the 
mean (SEM)). 

	 Reduction of radiation exposure was significant in pa-
tients with a prior angiography or a CT- or MR-angiography, 
whereas a diagnostic vascular ultrasound tended to decrease 
radiation exposure of patients with a subsequent interventional 
procedure only (figure 3). Fluoroscopy time was not affected by 
the kind of diagnostic procedure (figure 4).

Discussion

	 Recently, more frequent and complex use of peripher-
al interventional procedures led to an increased radiation expo-
sure of patients. The data presented in this study demonstrate 
a significant reduction of patients´ radiation exposure by using 
non-invasive vascular diagnostic procedures as CT- or MRT-an-
giography prior to the interventional procedure. 
	 Complexity of peripheral interventional procedures 
was increased during the last decade with subsequently en-
hanced fluoroscopy times and radiation doses for both, patients 
and physicians. Highest radiation dose was documented in in-
terventional procedures of the iliac arteries, with a mean DAP 
of 100 Gy*cm2. This is at a lower level compared with previous 
studies, revealing patients radiation doses of about 150 - 200 
Gy*cm2[9,12-14]. Radiation exposure in interventional procedures 
of femoro-popliteal arteries as well as below the knee interven-
tions were in line with recent data (30 - 100 Gy*cm2)[9,13]. In 
summary, patient´s radiation doses in peripheral interventional 
procedures are in a range of about 30 Gy*cm2 for below the knee 
procedures, up to more than 200 Gy*cm2 for iliac or combina-
tion procedures. 
	 Although radiation doses are strongly dependent on 
technical equipment and individual skill of the physician, there 
were no data in literature regarding possible reduction of radi-
ation doses dependent on pre-interventional diagnostic proce-
dures[9,15]. We demonstrated a significant decrease of the DAP by 
nearly one half, when information of vascular status was pres-
ent. Precise information about vascular status and localisation of 
possible stenosis renders imaging of vessels proximal and distal 
of the region of interest redundant and might therefore limit ra-
diation exposure of both patients and physicians. In comparison 
to the reduction of DAP, the demonstrated effects were weaker 
regarding fluoroscopy time. A significant decrease was shown in 
femoro-popliteal and multi-vessel interventions only. However, 
registration of fluoroscopy time alone does not seem to be suf-
ficient for assessment of deterministic and stochastic radiation 
effects, as about 70% of the total DAP is suggested to be the 
result of acquisition frames and 30% being applied by fluorosco-
py only[16]. In our patients, we found a weak correlation of DAP 
and fluoroscopy time only, which is in line with previous data of 
peripheral interventional procedures[11]. Thus, fluoroscopy time 
information might underestimate patients´ radiation exposure, 
especially in peripheral interventional procedures. In contrast, 
recent studies demonstrated a strong correlation of fluoroscopy 
time and DAP in coronary interventions, which might rely on a 
mainly static x-ray tube in coronary procedures[15]. 
	 Decrease of radiation exposure during peripheral inter-
vention was highest in patients with prior conventional angiog-
raphy. Reduction of DAP was nearly two third in those patients. 
Prior CT- or MR-angiography resulted in a dose reduction of one 
third, which accords to a decrease of about 30 Gy/cm² or esti-
mated 6 mSv. In patients with previous duplex ultrasound, there 
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was a slight, but not significant reduction of 18 Gy/cm². This is 
likely due to both, operator and patient dependent limitation of 
duplex ultrasound as well as limited accuracy in certain vascular 
regions (i.e. iliac and crural arteries)[17]. The lower sensitivity 
(88%) and specificity (95%) of duplex ultrasound compared 
to CT- or MRT-angiography corresponds to the result of slight 
dose limitation in subsequent peripheral interventional proce-
dure[17]. However, duplex ultrasound should be the first choice 
in vascular diagnostic procedure due to the cost effectiveness 
and abdication of ionizing radiation, especially in patients with 
femoro-popliteal lesions. If duplex ultrasound fails to identify 
precise localisation of stenosis, especially in the pelvic region 
as well as below the knee, CT- or MR-angiography both provide 
accurate assessment of vascular status with a decrease of radia-
tion exposure in following interventional procedures. However, 
whenever possible, MR-angiography should be the first choice 
due to the absence of any radiation. Radiation exposure of prior 
CT-angiography might outweigh subsequent reduction during 
the interventional procedure. In a direct comparison of digital 
subtraction angiography with a 16-slice CT-angiography, effec-
tive radiation dose was about four times higher with DSA, but 
nevertheless with an estimated dose of 8 - 20 Gy/cm² for the 
CT-angiography[18]. Recently, a study with a 64-slice CT-angiog-
raphy equipment showed increased radiation doses of estimated 
25 - 50 Gy/cm²[19]. However, this level of radiation exposure is 
suggested to out value the benefit demonstrated in our study. 
	 The study is limited by measuring fluoroscopy time and 
DAP, but not the effective dose of patients´ radiation exposure. 
Nevertheless, DAP was demonstrated to have a strong correla-
tion with the effective dose estimated by multiplying DAP with 
specific conversion coefficients in patients undergoing angiogra-
phy of the lower limb[20]. 
	 In conclusion, patients´ radiation dose during periph-
eral interventional procedures is strongly dependent on vascular 
region, precise information about vascular status and previous 
vascular imaging. Thus, physicians should emphasize accurate 
vascular diagnostic procedures prior to peripheral intervention.
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