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Abstract
Objectives Modern endovascular treatment of unruptured intracranial aneurysms (UIAs) demands for observance of diagnostic
reference levels (DRLs). The national DRL (250 Gy cm2) is only defined for coiling. We provide dosimetric data for the
following procedures: coiling, flow diverter (FD), Woven EndoBridge (WEB), combined techniques.
Methods A retrospective single-centre study of saccular UIAs treated between 2015 and 2019. Regarding dosimetric analysis,
the parameters dose area product (DAP) and fluoroscopy time were investigated for the following variables: endovascular
technique, aneurysm location, DSA protocol, aneurysm size, and patient age.
Results Eighty-seven patients (59 females, mean age 54 years) were included. Total mean and median DAP (Gy cm2) were 119
± 73 (89–149) and 94 (73; 130) for coiling, 128 ± 53 (106–151) and 134 (80; 176) for FD, 128 ± 56 (102–153) and 118 (90; 176)
for WEB, and 165 ± 102 (110–219) and 131 (98; 209) for combined techniques (p > .05). Regarding the aneurysm location,
neither DAP nor fluoroscopy time was significantly different (p > .05). The lowest and highest fluoroscopy times were recorded
forWEB and combined techniques, respectively (median 26 and 94min; p < .001). A low-dose protocol yielded a 43% reduction
of DAP (p < .001). Significantly positive correlations were found between DAP and both aneurysm size (r = .320, p = .003) and
patient age (r = .214, p = .046).
Conclusions This UIA study establishes novel local DRLs for modern endovascular techniques such as FD and WEB. A low-
dose protocol yielded a significant reduction of radiation dose.
Key Points
• This paper establishes local diagnostic reference levels for modern endovascular treatment techniques of unruptured intra-
cranial aneurysms, including flow diverter stenting and Woven EndoBridge device.

• Dose area product was not significantly different between endovascular techniques and aneurysm locations, but associated
with aneurysm size and patient age.

• A low-dose protocol yielded a significant reduction of dose area product and is particularly useful when applying materials
with a high radiopacity (e.g. platinum coils).
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Abbreviations
ACOM Anterior communicating artery
BA Basilar artery

BSS Euratom Basic Safety Standards
DAP Dose area product
DRL Diagnostic reference level
DSA Digital subtraction angiography
FD Flow diverter
FOV Field of view
ICA Internal carotid artery
LD Low dose
MD Mixed dose
ND Normal dose
SD Standard deviation
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UIA Unruptured intracranial aneurysm
WEB Woven EndoBridge device

Introduction

Endovascular treatment of intracranial aneurysms has become
a standard procedure since the International Subarachnoid
Aneurysm Trial (ISAT) results confirmed at least equal
clinical outcomewhen comparedwith neurosurgical approaches
[1, 2]. As the guidelines for radiation protection have been
updated recently [3], observance of diagnostic reference levels
(DRLs) in endovascular treatment of intracranial aneurysms
has increased in significance. The national DRL of the dose
descriptor dose area product (DAP) defined by the Federal
Office of Radiation Protection (250 Gy cm2) only refers to
coil embolisation of intracranial aneurysms [4]; alternative
modern endovascular treatment techniques such as extra-
aneurysmal flow diverter (FD) stenting [5–7] or
intraaneurysmal flow disruption (Woven EndoBridge
(WEB) device) [8–10], that nowadays are routinely used,
e.g. in broad-neck aneurysms, are not yet considered in the
guidelines cited above.

As a consequence, published data on radiation dose often
only take into account coil embolisation [11–15].
Furthermore, these studies mainly contain interventional data
of unselected patients, i.e. patients with both elective and
emergency aneurysm treatment (in case of a ruptured and/or
symptomatic aneurysm).

Regarding endovascular treatment, a risk-benefit assess-
ment is particularly essential in patients with an incidental,
unruptured intracranial aneurysm (UIA). Recommendations
on elective endovascular treatment of UIAs are (i) a high
technical success and low peri-procedural complication rate,
(ii) a reasonable radiation dose particularly in young patients
according to the ALARA (as low as reasonably achievable)
principle, and (iii) a limited intervention duration, as a
prolonged fluoroscopy time is associated with an increased
peri-procedural complication rate [16].

The aim of this retrospective single-centre study is the eval-
uation of radiation dose and fluoroscopy time in patients with
an incidental saccular UIA, who underwent an elective aneu-
rysm treatment using the following endovascular procedures:
Coiling, FD, WEB, combined techniques. The provided data
may be useful for the establishment of novel DRLs in the field
of modern endovascular treatment of intracranial aneurysms.

Material and methods

This retrospective single-centre study was approved by the
responsible Institutional Review Board (project number 19-

813) of the Ludwig-Maximilians-University Munich,
Germany. The study was performed in accordance with the
Declaration of Helsinki.

We analysed patients with a saccular UIA who were
endovascularly treated between January 2015 and
May 2019. To increase the dosimetric homogeneity of the data
pool and to reduce treatment bias, the following inclusion and
exclusion criteria were defined (see flowchart in Fig. 1):

Inclusion criteria:

– Age ≥ 18 years
– Location: anterior communicating artery (ACOM);

intradural segments of the internal carotid artery (ICA),
including posterior communicating artery and carotid T;
tip of the basilar artery (BA)

– Endovascular treatment: coiling, FD, WEB, combined
techniques

Exclusion criteria:

– Ruptured and/or symptomatic aneurysms
– Non-saccular (e.g. fusiform, dissecting, mycotic)

aneurysms
– Multiple aneurysms
– Other intracranial aneurysm locations
– Additional diagnostic pan- (four-vessel) angiography

during the same intervention
– No 3D angiography
– Exclusively monoplanar digital subtraction angiography

(DSA) acquisitions due to difficult working projection

Endovascular procedures were performed by five consul-
tant neuroradiologists with six to more than 20 years of expe-
rience in interventional neuroradiology. The applied angio-
graphic system was a biplane angiographic unit (Axiom
Artis dBA, Siemens Healthineers). A transfemoral approach
was used in each patient. Regarding the vessel visualisation, a
non-ionic iodinated contrast agent was applied (iomeprol
300 mg iodine/ml; Imeron, Bracco Imaging). The angiograph-
ic workflow routinely comprised initial and final DSA acqui-
sitions including arterial and venous phases on standard
anteroposterior and lateral projections with a preferred field
of view (FOV) of 32 cm, a 3D DSA with a FOV of 48 cm (or
minimum of 42 cm) preset by the manufacturer, peri-
procedural DSA acquisitions in arterial phase on working pro-
jections using a targeted FOV of 11 cm or 16 cm, and a pulsed
fluoroscopy with a frame rate of 7.5 f/s. Regarding the DSA
acquisition type, two protocols were preset by the
manufacturer:
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& Low dose (LD): 2 or 4 f/s (arterial phase), 1 f/s (venous
phase), kV 73, pulse width 50 ms, dose 1820 μGy/p

& Normal dose (ND): 2 or 4 f/s (arterial phase), 1 f/s (venous
phase), kV 73, pulse width 100 ms, dose 3000 μGy/p

Radiation metrics

In each patient, all imaging data and dose reports retrieved
from a dedicated picture archiving and communication system
(syngo.via, Siemens Healthineers) were reviewed by two ex-
perienced neuroradiologists with 9 (R.F.) and 10 (C.G.T.)
years of experience in diagnostic and interventional neurora-
diology. In detail, the following parameters were documented:
aneurysm size, aneurysm location, endovascular technique,
DSA acquisition count, DSA protocol, fluoroscopy time and
DAP (representing a surrogate measure of energy delivered to
patients [15]), and DSA DAP. The individual total DAP was
calculated by summing fluoroscopy and DSA DAP. Data of
DSA acquisition count, fluoroscopy time, and DAPwere doc-
umented by summing respective values of both X-ray tubes
(biplane mode).

Furthermore, the impact of different DSA protocols on
DAP was investigated. In detail, (1) the total DAP was com-
pared between the LD, ND, and mixed-dose (MD; both LD
and NDDSA acquisitions) groups, and (2) the individual dose
index was calculated for each patient in the three groups, by
using the following formula:

Dose index ¼ DSA DAP=DSA acquisition count

Statistics

Continuous data are provided as mean ± standard deviation
(95% confidence interval) and/or median (25%; 75% inter-
quartile range), and categorical data as counts and percent.
Regarding the two outcome parameters DAP and fluoroscopy
time, data were initially assessed for normality applying the
Kolmogorov-Smirnov test considering the endovascular tech-
nique, aneurysm location, and DSA protocol. Variables were
then compared according to the t test if data were normally
distributed. The Mann-Whitney U test was used if data were
not normally distributed. When statistically significant differ-
ences occurred, single posttest comparisons were performed
by using theMann-WhitneyU test and t test with Bonferroni’s
correction for multiple comparisons. To note, though DAP
values were normally distributed, we also calculated and com-
pared the respective median DAP for different endovascular
techniques and aneurysm locations, enabling adjustment to
the local DRL defined by the 75% percentile [17]. The
Pearson correlation analysis was applied to investigate the
impact of the two variables aneurysm size and patient age
on radiation dose and fluoroscopy time, respectively. Data
analysis was performed using IBM SPSS Statistics for
Windows, Version 24.0 (IBM Corp.). A level of significance
of α = 0.05 was used throughout the study.

Fig. 1 Flow chart of the inclusion
and exclusion criteria. ACOM,
anterior communicating artery;
BA, basilar artery; DSA, digital
subtraction angiography; FD,
flow diverter; ICA, internal
carotid artery; n, number; UIA,
unruptured intracranial aneurysm;
WEB,Woven EndoBridge device
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Results

Patient characteristics

Patient characteristics are summarised in Table 1 and
Fig. 1. We identified a total of 294 patients with either
an UIA or ruptured/symptomatic intracranial aneurysm
who have been treated endovascularly at our institution
between January 2015 and May 2019. Eighty-seven out
of 294 patients (29.6%; 59 females, mean age 54 years)
had a saccular UIA and met further inclusion and ex-
clusion criteria as described above. These 87 patients
represent the study population.

The median aneurysm size was 6.7 mm, with a mini-
mum diameter of 2 mm (n = 3) and a maximum diameter of
30 mm (n = 1). To note, the three patients with the smallest
UIA diameter were treated, as they had a history of sub-
arachnoid haemorrhage due to rupture of another intracra-
nial aneurysm, consequently harbouring a statistically in-
creased risk of re-bleeding. Thirty out of 87 (34.5%) aneu-
rysms were located at the ACOM, 40/87 (46%) at the
intradural ICA, and 17/87 (19.5%) at the BA tip.
Regarding the endovascular technique, 26/87 (29.9%) pa-
tients were treated by coiling (median 5 coils; range 1–21
coils), 24/87 (27.6%) by FD (1 device in 22/24 patients; 2
devices in 2/24 patients), 21/87 (24.1%) by WEB (1 device
in 21/21 patients), and 16/87 (18.4%) by a combined tech-
nique (coiling + stent, n = 7; coiling + balloon remodeling,
n = 2; coiling + FD, n = 5; WEB + stent, n = 1; FD + stent,
n = 1). In detail, 15/30 (50%) ACOM aneurysms were
treated by coiling, 1/30 (3.3%) by FD, 11/30 (36/7%) by
WEB, and 3/30 (10%) by a combined technique (coiling +
stent, n = 2; WEB + stent, n = 1). Intradural ICA aneurysms
were treated by coiling in 8/40 (20%), using a FD in 23/40
(57.5%), and a combined technique in 9/40 patients
(22.5%; coiling + stent, n = 2; coiling + balloon remodel-
ing, n = 2; coiling + FD, n = 4; FD + stent, n = 1). BA tip
aneurysms were treated by coiling in 3/17 (17.7%), using a
WEB in 10/17 (58.8%), and a combined technique in 4/17
patients (23.5%; coiling + stent, n = 3; coiling + FD, n = 1).

Radiation dose and fluoroscopy time

Results of radiation dose and fluoroscopy time are illustrated
in Table 2 and Figs. 2 and 3.

Overall, the total mean and median DAP (Gy cm2) of
87 patients were 130 ± 65 (116–144) and 116 (78; 165),
respectively. In detail, total mean and median DAP
(Gy cm2) were 119 ± 73 (89–149) and 94 (73; 130)
for coiling, 128 ± 53 (106–151) and 134 (80; 176) for
FD, 128 ± 56 (102–153) and 118 (90; 176) for WEB,
and 165 ± 102 (110–219) and 131 (98; 209) for com-
bined techniques. We calculated the lowest mean and
median DAP for the coiling group, and the highest
mean DAP for the combined-technique group; however,
pairwise comparison of total mean and median DAP
between groups did not reach statistical significance
(p > .05, each; Table 2). Concerning the aneurysm loca-
tion, total mean and median DAP (Gy cm2) were 134 ±
68 (109–159) and 116 (75; 178) for ACOM aneurysms,
130 ± 69 (108–152) and 120 (80; 162) for intradural
ICA aneurysms, and 133 ± 87 (89–178) and 110 (66;
172) for BA tip aneurysms (p > .05, each; Table 2).

Median fluoroscopy time was 49 min (32; 68) for
coiling, 34 min (27; 44) for FD, 26 min (18; 65) for
WEB, and 94 min (59; 133) for combined techniques.
Median fluoroscopy time of the latter group was signif-
icantly higher when compared with the three other
groups (p < .003, each; Table 2), with the biggest incre-
ment in comparison with the WEB group (p < .001). In
contrast, pairwise comparison of median fluoroscopy
time between the coiling, FD, and WEB groups was
not significantly different (p > .05, each; Table 2).
Regarding the aneurysm location, median fluoroscopy
time was 51 min (25; 80) for ACOM aneurysms,
41 min (31; 82) for intradural ICA aneurysms, and
58 min (19; 90) for BA tip aneurysms (p > .05, each;
Table 2).

A LD protocol was applied in 25/87 (28.7%), a ND proto-
col in 37/87 (42.5%), and a MD protocol in 25/87 patients
(28.7%). Mean DSA acquisition count (biplane) did not

Table 1 Characteristics of 87
patients with a saccular UIA
undergoing endovascular
treatment

Age, mean (range) 54 years (18–74)

Sex 59 females (67.8%), 28 males (32.2%)

Aneurysm size, median (range) 6.7 mm (2–30 mm)

ACOM (n = 30) Intradural ICA (n = 40) BA tip (n = 17)

Coiling (n = 26) 15/26 (57.7%) 8/26 (30.8%) 3/26 (11.5%)

FD (n = 24) 1/24 (4.2%) 23/24 (95.8%) 0/24 (0%)

WEB (n = 21) 11/21 (52.4%) 0/21 (0%) 10/21 (47.6%)

Combined (n = 16) 3/16 (18.75%) 9/16 (56.25%) 4/16 (25%)

ACOM, anterior communicating artery; BA, basilar artery; FD, flow diverter; ICA, internal carotid artery; n,
number; UIA, unruptured intracranial aneurysm; WEB, Woven EndoBridge device
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Table 2 DAP and fluoroscopy time regarding different endovascular techniques, aneurysm locations, and DSA protocols

Total DAP (n = 87)
(Gy cm2)

130 ± 65 (116–144) (mean) 116 (78; 165) (median)

Endovascular technique Coiling (n = 26) FD (n = 24) WEB (n = 21) Combined
(n = 16)

p value

Mean DAP* (Gy cm2) 119 ± 73 (89–149) 128 ± 53 (106–151) 128 ± 56 (102–153) 165 ± 102
(110–219)

Coiling vs. FD: p = .550
Coiling vs. WEB: p = .591
Coiling vs. combined: p = .199
FD vs. WEB: p = .998
FD vs. combined: p = .277
WEB vs. Combined: p = .335

Median DAP#

(Gy cm2)
94 (73; 130) 134 (80; 176) 118 (90; 176) 131 (98; 209) Coiling vs. FD: p = .085

Coiling vs. WEB: p = .203
Coiling vs. combined: p = .060
FD vs. WEB: p = .991
FD vs. combined: p = .547
WEB vs. combined: p = .542

FL time# (min) 49 (32; 68) 34 (27; 44) 26 (18; 65) 94 (59; 133) Coiling vs. FD: p = .267
Coiling vs. WEB: p = .061
Coiling vs. combined:

p = .002
FD vs. WEB: p = .087
FD vs. combined: p = .001
WEB vs. combined: p < .001

Aneurysm location ACOM (n = 30) Intradural ICA
(n = 40)

BA tip (n = 17)

Mean DAP* (Gy cm2) 134 ± 68 (109–159) 130 ± 69 (108–152) 133 ± 87 (89–178) ACOM vs. intradural ICA:
p = .303

ACOM vs. BA tip: p = .173
Intradural ICA vs. BA tip:

p = .505

Median DAP#

(Gy cm2)
116 (75; 178) 120 (80; 162) 110 (66; 172) ACOM vs. intradural ICA:

p = .410
ACOM vs. BA tip: p = .255
Intradural ICA vs. BA tip:

p = .579

FL time# (min) 51 (25; 80) 41 (31; 82) 58 (19; 90) ACOM vs. intradural ICA:
p = .491

ACOM vs. BA tip: p = .812
Intradural ICA vs. BA tip:

p = .382

DSA protocol LD (n = 25) ND (n = 37) MD (n = 25)

Acquisition count* (n) 27 ± 13 (19–35) 28 ± 17 (19–37) 25 ± 13 (18–32) LD vs. ND: p = .887
LD vs. MD: p = .637
ND vs. MD: p = .552

Mean DAP* (Gy cm2) 102 ± 45 (83–121) 144 ± 78 (118–170) 144 ± 77 (113–176) LD vs. ND: p = .018
LD vs. MD: p = .022
ND vs. MD: p = .904

Mean dose index* (Gy
cm2)

4.49 ± 1.76
(3.77–5.22)

7.89 ± 2.97
(6.90–8.88)

6.78 ± 3.06
(5.52–8.04)

LD vs. ND/MD: p < .001,
each

ND vs. MD: p = .159

Values of radiation dose, FL time, and acquisition count are summed for both X-ray tubes (biplane mode). Significant values with post hoc comparisons
are indicated in italics

ACOM, anterior communicating artery; BA, basilar artery; DAP, dose area product; DSA, digital subtraction angiography; FD, flow diverter; FL,
fluoroscopy; ICA, internal carotid artery; LD, low dose; MD, mixed dose; min, minutes; n, number; ND, normal dose; ns, not significant; WEB,
Woven EndoBridge device

*Mean values were calculated using the t test and are shown as mean ± standard deviation (95% confidence interval)
#Median values were calculated using the Mann-Whitney U test and are shown as median (25%; 75% percentile)
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significantly differ between groups (LD 27 ± 13 (19–35), ND
28 ± 17 (19–37), MD 25 ± 13 (18–32); p > .05, each; Table 2).
Mean total DAP (Gy cm2) was 102 ± 45 (83–121) for the LD
group, 144 ± 78 (118–170) for the ND group, and 144 ± 77
(113–176) for the MD group. The mean dose index (Gy cm2;
mean DSA DAP/mean DSA acquisition count) was 4.49 ±
1.76 (3.77–5.22) for the LD, 7.89 ± 2.97 (6.90–8.88) for the
ND, and 6.78 ± 3.06 (5.52–8.04) for the MD groups. Values
were significantly lower in the LD group when compared with
those in the ND and MD groups (mean total DAP: p = .018
and .022, respectively; mean dose index: p < .001, each),
whereas difference of values between the ND and MD groups
did not reach statistical significance (p = .159). According to
the mean dose index, a LD protocol yielded a 43% reduction

of DAP per DSA acquisition when compared with a ND pro-
tocol. A LD protocol was most commonly applied in patients
undergoing coil embolisation (n = 10/25, 40%), whereas a ND
protocol was preferentially chosen in FD (15/37, 40.5%) and
WEB cases (10/37, 27%).

Impact of aneurysm size and patient age on radiation
dose and fluoroscopy time

Considering the entire study population (n = 87), we found a
significantly positive correlation between the aneurysm size
and both total DAP (r = .320, p = .003) and fluoroscopy time
(r = .284, p = .008). Moreover, a significantly positive corre-
lation was found between patient age and total DAP (r = .214,

Fig. 2 Total DAP and fluoroscopy time with regard to different
endovascular techniques and aneurysm locations. Values are shown as
mean ± standard deviation and median (25%; 75% percentile). Difference
of mean total DAP did reach statistical significance when comparing
neither the endovascular technique (a) nor the aneurysm location (b)
(p > .05, each). Utilisation of a combined endovascular technique
yielded a significant higher median fluoroscopy time in pairwise

comparison to the three other groups (asterisk in c; p < .003, each),
whereas median fluoroscopy time was not significantly different when
comparing the aneurysm location (d; p > .05, each). DAP, dose area
product; ACOM, anterior communication artery; BA, basilar artery;
FD, flow diverter; ICA, internal carotid artery; min, minutes; n,
number; ns, not significant; WEB, Woven EndoBridge device
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p = .046), whereas correlation between patient age and fluo-
roscopy time did not reach statistical significance (r = .122,
p = .261).

Discussion

In the present study, we provide detailed data of radiation dose
and fluoroscopy time for modern endovascular treatment tech-
niques in patients with saccular UIAs. With regard to the
Euratom Basic Safety Standards (BSS) directive [18], we be-
lieve that our observed data may be substantial for the estab-
lishment of novel DRLs for modern techniques such as FD
and WEB, as the existing national guidelines only provide
DRLs for coiling (DAP 250 Gy cm2) [4]. Moreover, the

indication for aneurysm treatment (elective or emergency) is
not mentioned in these guidelines. In order to report dosimet-
ric data of a standardised elective UIA treatment, data collec-
tion comprised the following angiographic algorithm: (1)
catheterisation of the target vessel only, (2) initial biplane
DSA run on standard anteroposterior and lateral projections,
(3) 3D rotational angiography, (4) aneurysm treatment using
the working projection and peri-procedural biplane control
DSA runs, and (5) final biplane DSA run. We explicitly ex-
cluded patients with ruptured and/or symptomatic aneurysms,
as an additional diagnostic cerebral four-vessel angiography
during the same intervention is usually required in these cases
(to detect/rule out further aneurysms), itself yielding a distinct
amount of DAP [12–14, 19] and thus escalation of overall
radiation dose. For example, Acton and colleagues [19]

Fig. 3 Total DAP and dose index with regard to different DSA protocols.
Values are shown as mean ± standard deviation. Both mean total DAP
and dose index were significantly lower in the LD group when compared
with those in the ND andMD groups, respectively (asterisk in a, p < .023,
each; and b, p < .001, each). A LD protocol was preferentially chosen in

patients undergoing coil embolisation, whereas a ND protocol was most
commonly applied in (c) FD and WEB cases. DAP, dose area product;
DSA, digital subtraction angiography; LD, low dose; MD, mixed dose; n,
number; ND, normal dose
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reported a median DAP of 74 Gy cm2 for a cerebral four-
vessel angiogram. According to the Federal Office of
Radiation Protection [4], we thus intended to report dosimetric
data of the aneurysm treatment only.

According to the ICRP 135 publication [17], application of
several radiation dose metrics (e.g. DAP and fluoroscopy
time) is recommended for DRL establishment of fluoroscop-
ically guided interventions. In this context, the DRL value is
defined as the 75th percentile of the distribution of the DRL
quantity [17], representing a commonly calculated radiation
dose metric in neurointerventional procedures [11–15,
19–22]. In the present study, we observed a total mean and
median DAP of 130 ± 65 (116–144) Gy cm2 and 116 (78;
165) Gy cm2, respectively. In detail, the calculated 75th per-
centile was 130 Gy cm2 for coiling, 176 Gy cm2 for each FD
and WEB, and 209 Gy cm2 for combined techniques. The
measured difference in radiation dose between the treatment
groups clearly reflects the grade of aneurysm complexity, with
a comparably lower DAP in simple coiling and a higher DAP
in aneurysms treated by combined techniques; however, this
difference did not reach statistical significance. To note, as the
data pool was homogenised in order to reduce inter-individual
dosimetric variations as described above, we indeed noted
normally distributed DAP values, additionally enabling reli-
able report of the statistical mean considering the different
endovascular techniques, aneurysm locations, and applied
DSA protocols.

With regard to the literature, the median DAP for coiling
was within the range of previously published data by other
authors, e.g. Hassan et al 78.7 (59.5; 111.9) Gy cm2 [11] and
Acton et al 100 (74; 123) Gy cm2 [19]. Furthermore, the
slightly higher DAP values (when compared with coiling) in
patients treated by FD, WEB, or a combined technique were
still clearly below the values provided by recent dosimetric
studies dealing with aneurysm embolisation [14, 20, 23, 24].
Moreover, as illustrated by other authors [13, 19, 20, 22],
radiation dose metrics of fluoroscopically guided procedures
are influenced by several confounders particularly in the field
of interventional neuroradiology (e.g. complexity of proce-
dures, tube settings and position, implementation of radiation
reduction technologies, and experience of the medical staff);
thus, DRLs should be defined locally for each centre.

Considering the aneurysm location, neither the DAP nor
fluoroscopy time was significantly different when comparing
the three most common anatomic sites treated in our institu-
tion (ACOM, intradural ICA, BA tip). We therefore assume
that neither radiation dose nor fluoroscopy time is necessarily
dependent on the aneurysm location as reported by Acton and
colleagues [19], but rather on (1) the aneurysm size (as sug-
gested by D’Ercole et al [13]) which itself more properly
defines the choice of the dedicated endovascular technique
and thus complexity of treatment, and (2) the anatomic ap-
proach which is often more sophisticated in elderly patients

due to a commonly increased vessel tortuosity. In this context,
we indeed found a significantly positive correlation between
DAP and both aneurysm size (r = .320, p = .003) and patient
age (r = .214, p = .046).

We observed a median fluoroscopy time of 49 min for
coiling, 34 min for FD stenting, and 26 min for implantation
of a WEB. These values are clearly in the range of published
data on endovascular aneurysm embolisation [11–13]. In con-
trast, application of combined techniques in more complex
aneurysms yielded a significantly higher fluoroscopy time
(median 94 min) when compared with the solitary techniques,
with the largest gap in comparison withWEB cases (p < .001).

With regard to the DSA acquisition mode, application of a
LD protocol yielded a significantly lower DAP when com-
pared with a ND protocol (mean DAP 102 versus
144 Gy cm2, p = .018). The impact of a LD protocol on radi-
ation dose reduction was more objectively illustrated by cal-
culating the dose index, which reflects the DAP per single
DSA acquisition (mean dose index LD 4.49 Gy cm2 versus
ND 7.89 Gy cm2, DAP reduction 43%; p < .001). A LD pro-
tocol was most commonly applied in aneurysms treated by
coiling. Contrarily, a ND protocol was preferentially chosen
in FD and WEB cases. This distribution in turn explains the
slightly increased radiation dose in the FD and WEB groups
when compared with the coiling group as illustrated above.
However, the provided DRLs are still clearly below the offi-
cial local DRL for coil embolisation [4]. Even though the
choice of both the dedicated endovascular technique and
DSA acquisition protocol is at the discretion of the interven-
tional neuroradiologist, we believe that the following DSA
protocol algorithm can be derived from our data, probably
yielding—in addition to other techniques such as image noise
reduction [22, 25]—further radiation dose optimisation in the
field of endovascular UIA treatment:

1. The standard initial and final DSA runs of the relevant
vascular territory (FOV 32 cm) should preferentially be
conducted in LD mode, as this protocol is both appropri-
ate for aneurysm visualisation and robust enough to
detect/rule out catheter-associated complications such as
thromboembolism, vasospasm, and arterial dissection.

2. Regarding peri-procedural targeted DSA runs in working
projections (FOV 11–16 cm), application of a LD proto-
col is particularly useful in endovascular aneurysm treat-
ment using materials with a high X-ray opacity (e.g. plat-
inum coils). Contrarily, a ND protocol is reasonable when
applying materials with a comparably lower fluoroscopic
visibility (e.g. nitinol FD or WEB), allowing for a more
detailed visualisation of the implanted device with respect
to the aneurysmal sac and parent vessel.

As data reported in this study were retrospectively collect-
ed from only one neurovascular centre, our results have to be
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evaluated in light of several study limitations. First,
neurointerventions were performed by usage of only one spe-
cific angiographic system from a single vendor (Siemens
Healthineers). Second, the following parameters were not
documented: peri-procedural change of strategy, size of the
aneurysm neck, type of aortic arch. Third, several aneurysm
locations were excluded due to procedural in-house manage-
ment in our neurovascular centre (e.g. aneurysms of the mid-
dle cerebral artery are primarily treated by open neurosurgery)
and/or rare occurrence (e.g. superior cerebellar artery, poste-
rior cerebral artery); thus, dosimetric data observed in the
present study cannot be generalised for all endovascular pro-
cedures. However, we believe that our selected study popula-
tion may serve as a representative cohort of patients
harbouring saccular UIAs at common anatomic sites accessi-
ble for endovascular treatment, as comparable data—
particularly with regard to FD and WEB—are missing.

In conclusion, the present study introduces novel DRLs in
the field of modern endovascular treatment of UIAs, including
FD and WEB. Radiation dose was not significantly different
between the endovascular procedures. However, radiation dose
was comparably low in simple coiling and higher when using
combined techniques, which are particularly applied in patients
characterised by complex aneurysms. Aneurysm location did
significantly alter neither radiation dose nor fluoroscopy time,
whereas both aneurysm size and patient age were associated
with radiation dose. Fluoroscopy time was the lowest for
WEB and highest for combined techniques. A low-dose DSA
protocol yielded a significant reduction of radiation dose and is
particularly useful when applying high-opacity materials (e.g.
platinum coils). With regard to the next Euratom version, we
recommend a prospective collection of dosimetric data derived
from multiple centres for definition of DRLs, considering dif-
ferent manufacturers and dose reduction techniques.

Funding information Open Access funding enabled and organized by
Projekt DEAL.

Compliance with ethical standards

Guarantor The scientific guarantor of this publication is PD Dr.
Christoph G. Trumm.

Conflict of interest One of the authors of this manuscript (Matthias
Grasser) is an employee of Siemens Healthineers. The remaining authors
declare no relationships with any companies whose products or services
may be related to the subject matter of the article.

Statistics and biometry PD Dr. Robert Stahl, LMU Munich, kindly
provided statistical advice for this manuscript.

Informed consent Written informed consent was waived by the
Institutional Review Board.

Ethical approval Institutional Review Board approval was obtained.

Methodology
• Retrospective
• Observational
• Performed at one institution

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Molyneux AJ, Kerr RS, Yu LM et al (2005) International subarach-
noid aneurysm trial (ISAT) of neurosurgical clipping versus
endovascular coiling in 2143 patients with ruptured intracranial
aneurysms: a randomised comparison of effects on survival, depen-
dency, seizures, rebleeding, subgroups, and aneurysm occlusion.
Lancet 366:809–817

2. Molyneux AJ, Birks J, Clarke A, Sneade M, Kerr RS (2015) The
durability of endovascular coiling versus neurosurgical clipping of
ruptured cerebral aneurysms: 18 year follow-up of the UK cohort of
the International Subarachnoid Aneurysm Trial (ISAT). Lancet
385:691–697

3. Federal Ministry of Justice and Consumer Protection (2018)
Regulation on radiation protection [article in German]. Federal
Ministry of Justice and Consumer Protection, Berlin. Available
via http://www.gesetze-im-internet.de/strlschv_2018. Accessed 29
Oct 2019

4. Federal Office for Radiation Protection (2016) Publication of up-
dated diagnostic reference levels for diagnostic and interventional
X-ray examinations [Article in German]. Federal Office for
Radiation Protection, Berlin. Available via https://www.bfs.de/
SharedDocs/Downloads/BfS/DE/fachinfo/ion/drw-aktualisierung.
pdf;jsessionid=9ED34BEAC8729699A67B01E7AE463B8B.2_
cid365?__blob=publicationFile&v=3. Accessed 18 Feb 2020

5. Becske T, Kallmes DF, Saatci I et al (2013) Pipeline for uncoilable
or failed aneurysms: results from a multicenter clinical trial.
Radiology 267:858–868

6. Lubicz B, Van der Elst O, Collignon L,Mine B, Alghamdi F (2015)
Silk flow-diverter stent for the treatment of intracranial aneurysms:
a series of 58 patients with emphasis on long-term results. AJNR
Am J Neuroradiol 36:542–546

7. Goertz L, Dorn F, Kraus B et al (2019) Safety and efficacy of the
Derivo Embolization Device for the treatment of ruptured intracra-
nial aneurysms. J Neurointerv Surg 11:290–295

8. Lubicz B, Mine B, Collignon L, Brisbois D, Duckwiler G, Strother
C (2013) WEB device for endovascular treatment of wide-neck
bifurcation aneurysms. AJNR Am J Neuroradiol 34:1209–1214

9. Pierot L, Klisch J, Liebig T et al (2015) WEB-DL endovascular
treatment of wide-neck bifurcation aneurysms: long-term results in
a European series. AJNR Am J Neuroradiol 36:2314–2319

10. Pierot L, Moret J, Barreau X et al (2018) Safety and efficacy of
aneurysm treatment with WEB in the cumulative population of
three prospective, multicenter series. J Neurointerv Surg 10:553–
559

Eur Radiol  (2020) 30:4504–45134512

http://creativecommons.org/licenses/by/4.0/
http://www.gesetze-im-internet.de/strlschv_2018
https://www.bfs.de/SharedDocs/Downloads/BfS/DE/fachinfo/ion/drw-aktualisierung.pdf;jsessionid=9ED34BEAC8729699A67B01E7AE463B8B.2_cid365?__blob=publicationFile&v=3
https://www.bfs.de/SharedDocs/Downloads/BfS/DE/fachinfo/ion/drw-aktualisierung.pdf;jsessionid=9ED34BEAC8729699A67B01E7AE463B8B.2_cid365?__blob=publicationFile&v=3
https://www.bfs.de/SharedDocs/Downloads/BfS/DE/fachinfo/ion/drw-aktualisierung.pdf;jsessionid=9ED34BEAC8729699A67B01E7AE463B8B.2_cid365?__blob=publicationFile&v=3
https://www.bfs.de/SharedDocs/Downloads/BfS/DE/fachinfo/ion/drw-aktualisierung.pdf;jsessionid=9ED34BEAC8729699A67B01E7AE463B8B.2_cid365?__blob=publicationFile&v=3


11. Hassan AE, Amelot S (2017) Radiation exposure during
neurointerventional procedures in modern biplane angiographic
systems: a single-site experience. Interv Neurol 6:105–116

12. Aroua A, Rickli H, Stauffer JC et al (2007) How to set up and apply
reference levels in fluoroscopy at a national level. Eur Radiol 17:
1621–1633

13. D'Ercole L, Thyrion FZ, Bocchiola M, Mantovani L, Klersy C
(2012) Proposed local diagnostic reference levels in angiography
and interventional neuroradiology and a preliminary analysis ac-
cording to the complexity of the procedures. Phys Med 28:61–70

14. Chun CW, Kim BS, Lee CH, Ihn YK, Shin YS (2014) Patient
radiation dose in diagnostic and interventional procedures for intra-
cranial aneurysms: experience at a single center. Korean J Radiol
15:844–849

15. Miller DL, Balter S, Cole PE et al (2003) Radiation doses in inter-
ventional radiology procedures: the RAD-IR study: part I: overall
measures of dose. J Vasc Interv Radiol 14:711–727

16. Willinsky RA, Taylor SM, TerBrugge K, Farb RI, Tomlinson G,
Montanera W (2003) Neurologic complications of cerebral angiog-
raphy: prospective analysis of 2,899 procedures and review of the
literature. Radiology 227:522–528

17. Vañó E, Miller DL, Martin CJ et al (2017) ICRP Publication 135:
diagnostic reference levels in medical imaging. Ann ICRP 46:1–
144

18. Council Directive 2013/59/Euratom of 5 December 2013 laying
down basic safety standards for protection against the dangers aris-
ing from exposure to ionising radiation, and repealing Directives
89/618/Euratom, 90/641/Euratom, 96/29/Euratom, 97/43/Euratom
and 2003/122/Euratom. Available via https://ec.europa.eu/energy/
sites/ener/files/documents/CELEX-32013L0059-EN-TXT.pdf.
Accessed 29 Oct 2019

19. Acton H, James K, Kavanagh RG et al (2018) Monitoring
neurointerventional radiation doses using dose-tracking software:
implications for the establishment of local diagnostic reference
levels. Eur Radiol 28:3669–3675

20. Ihn YK, Kim BS, Byun JS et al (2016) Patient radiation exposure
during diagnostic and therapeutic procedures for intracranial aneu-
rysms: a multicenter study. Neurointervention 11:78–85

21. Farah J, Rouchaud A, Henry T et al (2019) Dose reference levels
and clinical determinants in stroke neuroradiology interventions.
Eur Radiol 29:645–653

22. Guenego A, Mosimann PJ, Pereira VM et al (2019) Proposed
achievable levels of dose and impact of dose-reduction systems
for thrombectomy in acute ischemic stroke: an international,
multicentric, retrospective study in 1096 patients. Eur Radiol 29:
3506–3515

23. Miller DL, Kwon D, Bonavia GH (2009) Reference levels for pa-
tient radiation doses in interventional radiology: proposed initial
values for U.S. practice. Radiology 253:753–764

24. Alexander MD, Oliff MC, Olorunsola OG, Brus-Ramer M,
Nickoloff EL,Meyers PM (2010) Patient radiation exposure during
diagnostic and therapeutic interventional neuroradiology proce-
dures. J Neurointerv Surg 2:6–10

25. Söderman M, Holmin S, Andersson T, Palmgren C, Babić D,
Hoornaert B (2013) Image noise reduction algorithm for digital
subtraction angiography: clinical results. Radiology 269:553–560

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Eur Radiol  (2020) 30:4504–4513 4513

https://ec.europa.eu/energy/sites/ener/files/documents/CELEX-32013L0059-EN-TXT.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/CELEX-32013L0059-EN-TXT.pdf

	Radiation...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Radiation metrics
	Statistics

	Results
	Patient characteristics
	Radiation dose and fluoroscopy time
	Impact of aneurysm size and patient age on radiation dose and fluoroscopy time

	Discussion
	References


