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Objective: Occupational exposure is a growing concern among the endovascular specialist community. Several
types of imaging equipment are available, such as mobile C arms or hybrid rooms, and some have been
shown to deliver higher levels of radiation. A literature review was conducted to identify studies reporting
dose data during standard (EVAR) and complex abdominal aortic endovascular repair (fenestrated/branched
EVAR [F/BEVAR]).
Methods: A search of the MEDLINE and the Cochrane databases was performed by two independent
investigators using the medical subject heading terms “aortic aneurysms”, “radiation”, and “humans” over a
search period of 10 years. Studies with full text available in English and reporting radiation data
independently from the imaging equipment type were included. Experimental studies were excluded.
Results: The lowest doseearea product levels during EVAR and F/BEVAR were identiﬁed in hybrid rooms, while
the highest were with ﬁxed systems. When adherence to the as low as reasonably achievable principles was
stipulated by the authors, dose reports tended to be among the lowest. Several studies, especially of F/
BEVAR, report concerning levels of radiation for both patients and staff.
Conclusion: Modern imaging equipment type, team involvement with radiation management, and the support of
recent imaging technologies such as fusion help to reduce the dose delivered during standard and complex EVAR.
Investment in modern imaging technology should be considered in every centre providing endovascular
management of aortic aneurysms.
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INTRODUCTION
The past two decades have witnessed the addition of
endovascular procedures to the therapeutic arsenal of
vascular surgeons. Initially performed with mobile image
intensiﬁers in the operating theatre, or in ﬁxed imaging
suites in radiology departments, those procedures are now
performed with versatile imaging systems (in hybrid suites
or with mobile ﬂat panel detectors), able to provide high
quality images while complying with the strict rules of
asepsis required in an operating room.
Mobile image intensiﬁers (usually referred to as mobile C
arm) have been used preferentially in the operating room
thanks to their ﬂexibility, wide range of possible setups, and
moderate spatial hindrance. On the one hand, the image
quality is limited, with deterioration over time and
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overheating issues. On the other hand, ﬁxed imaging systems provide high quality images without deterioration as
they are equipped with cooling systems. However, they are
usually not compatible with the basic requirements to
maintain air renewal and a sterile environment, and would
be associated with a consequent increment in delivered
radiation.1 Improving tools for endovascular guidance (efﬁcacy) and reducing radiation (safety) have become two
major challenges for modern imaging systems.
Hybrid rooms (HRs) were developed to offer a more suitable
alternative for the current practice of vascular interventionalists. The common deﬁnition of a HR refers to a high performance imaging system with the latest image processing
software compatible with a standard operating environment.
Many reports have suggested that although using powerful X
ray generators and providing high image quality, those rooms
would have the potential to decrease the overall radiation load
thanks to all their advanced image treatment applications.2e4
Recently, mobile imaging systems equipped with a ﬂat
panel have been marketed. They are claimed to offer a good
compromise between cost, image quality, and delivered
radiation.
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The purpose of this comprehensive literature review is to
report the current level of evidence regarding the radiation
doses delivered by those different kinds of imaging systems
and to discuss the consequences for vascular surgeons’ daily
practice.
METHODS
A literature review was performed in order to compare the
amount of radiation delivered by different kind of imaging
systems. Endovascular aneurysm repair (EVAR) of abdominal aortic aneurysms, standard and complex, were chosen
as reference procedures, as dose data during those cases
are more commonly reported in the literature.
Information sources and search strategy
The MEDLINE and Cochrane databases were searched from
2009 to 2019 by a combined search strategy of medical
subject heading (MeSH) terms. The MeSH terms used were
“aortic aneurysm”, “radiation”, and “humans”. Two investigators (A.H. and A.L.) screened all titles and abstracts
collected from the search strategy for relevance (last search
performed on 27 April 2019). The ﬁrst 20 related items of all
relevant articles were scanned for other potentially relevant
studies. The full texts of all relevant articles were obtained
and reviewed for suitability independently by both reviewers. The reference lists of each article were scrutinised
for other potentially relevant studies. Any disagreement in
study inclusion was resolved by consensus.
Eligibility criteria and dose parameters deﬁnitions
Studies included were English papers with full text available.
All studies reporting data concerning radiation with mobile C
arms, ﬁxed imaging systems, HRs, or mobile ﬂat panels in the
operating room were included. Experimental studies were
excluded. The main outcome of interest was the doseearea
product (DAP [or kerma air product {KAP}], Gy.cm2). Cumulative air kerma (CAK; mGy) and dose to the operator or to
the staff were considered as secondary outcomes, and
studies reporting those parameters were also included.
Study records
Both reviewers independently extracted data using a
standardised form. This was done in duplicate, to increase
accuracy and to reduce measurement bias. Any disagreement in data collection was resolved by consensus.
Data items
Data extracted included study characteristics (year of publication, study design, number of cases), type of procedure
(EVAR considered as standard, and fenestrated [FEVAR] or
branched EVAR [BEVAR] considered as complex), use of
fusion imaging, adherence to the “as low as reasonably
achievable” (ALARA) principle stated by the authors. The
following dose parameters were investigated.
Doseearea product/kerma air product (measured in
Gy.cm2). DAP/KAP is a surrogate measurement for the entire
amount of energy delivered to the patient by the beam.5
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Cumulative air kerma (measured in mGy). CAK is used as
an estimator of the risk of deterministic effects and skin
injuries.5
Dose to the operator (mSv) and dose to the staff (mSv).
Both these parameters are obtained through dosimeters
worn by the main operator or the staff at different levels,
above or under the lead apron.
If necessary, conversions were carried out so that the results could be presented in a uniform manner. Data for EVAR
and FEVAR/BEVAR procedures are presented separately.
Types of imaging systems
The different types of imaging systems were divided into four
categories. (1) Mobile C arm included all mobile imaging
systems based on an image intensiﬁer; (2) ﬁxed imaging
systems (or ﬁxed C arm) included all kind of radiological
suites, with image intensiﬁers or ﬂat panels that did not ﬁt in
the deﬁnition of hybrid suites; (3) HRs (or hybrid suites) were
deﬁned as previously described (a ﬁxed system was considered as a HR if it provided advanced image processing capabilities, dose reduction features, and was compatible with
a standard operating environment); and (4) mobile ﬂat panels
included the latest generation of mobile C arm equipped with
a ﬂat panel detector rather than an image intensiﬁer.
RESULTS
A ﬂowchart showing study selection is given in Fig. 1. Data
extraction allowed the evaluation of 159 publications (120
through a MEDLINE database search and 39 through a
Cochrane database search), 52 of them were selected according to the inclusion criteria and 24 records were found
through reference lists and related items. Of the 76 publications assessed for eligibility, 12 were excluded after full text
reading (three publications were related to radiation after
computed tomography, six reported dose data from previously included cohorts, and three did not report speciﬁc dose
data). Finally, 64 publications were selected, which included
58 studies and six reviews. In order to avoid duplication of
information, data from these reviews were not processed.
Standard EVAR
Mobile C arms. A total of nine articles reporting dose
during EVAR with a mobile C arm were identiﬁed (Table 1).
Of these, DAP ranged from 30 (median) to 362 (mean)
Gy.cm2. The dose levels were slightly higher during emergency than elective cases,6 and during EVAR than endovascular aneurysm sealing.7 Having the imaging system
controlled by the scrubbed operator from the table side,
rather than by a radiographer, was identiﬁed, in one study,
as a factor that would decrease radiation.8 However, this
study compared two consecutive groups with two different
mobile C arms, which tempers this conclusion. Other dose
parameters were poorly reported in those studies, and no
data regarding occupational exposure were available. One
study reported concerning levels of radiation in one arm
(mean  standard deviation [SD] DAP 362  146 Gy.cm2)1
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Records identified through database search
(n = 159)
Duplicates (n = 2)
Records excluded from titles
and abstracts (n = 105)
Articles assessed for eligibility (n = 52)
Records identified through
related items and reference
list search (n = 24)
Articles assessed for eligibility (n = 76)
Records exluded after full
text reading (n = 12)
Included (n = 64)

Figure 1. Flowchart illustrating the selection process on studies reporting data on radiation dose during
standard (endovascular aneurysm repair [EVAR]) and complex (fenestrated [FEVAR]/branched [BEVAR])
abdominal aortic endovascular repair aimed at identifying the different type of imaging systems available and
their respective impact on radiation levels during endovascular treatment.

but without overstepping the threshold (>500 Gy.cm2) to
trigger a dedicated follow up for the patient, as suggested
by Stecker et al.9
Fixed imaging systems. Twenty-six reports provided data on
radiation exposure during EVAR with a ﬁxed imaging system
(Table 2). The mean DAP (reported in 18 studies) ranged
from 78 to 464 Gy.cm2, while the mean CAK (available in 10
studies) was reported to be between 420 and 2023 mGy.
Adherence to the ALARA principles was outlined in only two

studies, both being among the lowest reports.10,11 Dias
et al.11 demonstrated the impact of a low dose protocol
associated with fusion imaging on DAP reduction. Stansﬁeld
et al.12 suggested that a systematic pre-procedure run
through and brief was an efﬁcient method to reduce radiation. Of the 18 studies reporting data on DAP, eight
described procedures with DAP >500 Gy.cm2 and one even
reported an estimated mean effective dose to the patients
of 129 mSv per case.1

Table 1. Studies reporting radiation dose data during endovascular aneurysm repair (EVAR) for abdominal aortic aneurysm
performed with a mobile C arm
Authors

Year

Weiss et al.36
Kalef-Ezra
et al.37
Jones et al.6

2008
2009

Maurel et al.28
Fossaceca et al.1

2011
2012

2010

Groups

Elective EVAR
Emergency EVAR
Old C arm
New C arm

Peach et al.8

2012

Bruschi et al.38

2014

Antoniou et al.7

2016

Machado et al.39

2016

Operator control
Radiographer
control

EVAS
EVAR

Imaging system

Adherence
to ALARA
reported

Number of
patients
included

DAP e Gy.cm2

CAK e mGy

OEC 9800 (GE Healthcare)
BV Libra (Philips Medical
Systems)
NS
NS
OEC 9900 (GE Healthcare)
BV 300 (Philips Medical
Systems)
BV Pulsera (Philips Medical
Systems)
OEC 9900 (GE Healthcare)
OEC 9800 (GE Healthcare)

No
Yes

12
62

151.66  78.35
42.5

e
264

No
No
Yes
No

320
64
188
79

46.9  28.4
53.8  34.6
30 (4.3e280)
34  20

e
e
e
e

No

24

362  146

e

No
No

65
57

49.0 (12.5e133.0)
69 (19.1e950.0)

e
e

No

97

49  33

249  159

No
No
Yes

32
32
127

54 [42.1e76.8]
111 [75.3e157.4]
48  32

e
e
e

Arcadis Avantic (Siemens
Healthineers)
NS (Ziehm Imaging)
NS (Ziehm Imaging)
BV Pulsera (Philips Medical
Systems)

Data are presented as mean  standard deviation; median (range); or mean [interquartile range]. DAP ¼ doseearea product; CAK ¼ cumulative
air kerma; NS ¼ not speciﬁed; EVAR ¼ endovascular aneurysm repair; EVAS ¼ endovascular aneurysm sealing; ALARA ¼ as low as reasonably
achievable.
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Table 2. Studies reporting radiation dose data during endovascular aneurysm repair (EVAR) for abdominal aortic aneurysm
performed with a ﬁxed imaging system
Adherence Number DAP e Gy.cm2 CAK e mGy
to ALARA of
reported
patients
included

Author

Year Group

Imaging system

Blaszak
et al.40

2009

Kuhelj
et al.41

2010

Howells
et al.42
Walsh
et al.43

2011

Allura Xper FD20 No
(Philips Medical
Systems)
Multistar
No
(Siemens
Healthineers)
NS
No

Fossaceca
et al.1

2012

ManstadHulaas
et al.44
Kirkwood
et al.45

2012

2012

2013

Patel et al.10 2013

Nakai
et al.46
Blaszak
et al.47

2013
2014 Male

Female

Bruschi
et al.38

2014

Kloeze
et al.19

2014 Without
protective
drapes
With
protective
drapes
2015

Kirkwood
et al.13

Arii et al.14 2015

Foerth
et al.48

2015

van den
Haak
et al.18
de Ruiter
et al.25

2015

2016

Dose to
the
operator e
mSv

Dose to
the staff e
mSv

61

380.9 
285.3

1187.48 
703.18

e

e

152

154

e

e

e

630

e

e

e

e

Multistar
(Siemens
Healthineers)
Integris V5000
(Philips Medical
Systems)
AXIOM Artis dTA
(Siemens
Healthineers)
Allura Xper FD20
(Philips Medical
Systems)
AXIOM Artis dTA
(Siemens
Healthineers)

No

111

173.0
e
(109.4e3343.4)
85.8
e

No

48

464  274

e

e

e

No

8

169.59  60.57 e

e

e

No

22

e

1000

e

e

Yes

26

97.3
(55.4e167.9)

e

INFX 8000-C
(Toshiba Medical)
Allura Xper FD20
(Philips Medical
Systems)
Allura Xper FD20
(Philips Medical
Systems)
AXIOM Artis dTA
(Siemens
Healthineers)
AXIOM Artis dTA
(Siemens
Healthineers)
AXIOM Artis dTA
(Siemens
Healthineers)
Allura Xper FD20
(Philips Medical
Systems)
Integris V C-arm
biplane system
(Medical Systems
Artis zeego,
Siemens
heathineers)
AXIOM Artis dTA
(Siemens
Healthineers)
Allura Xper FD20
(Philips Medical
Systems)
Allura Xper FD20
(Philips Medical
Systems)

No

e

2023
(511e4521)
e

4.0
e
(1.8e8.0)
52.5
(27.8e179.8)
e
e
e

e

e

e

e

420  426

e

e

94.58
e
(14.97e165.10)

167.7 
134.1y

41.9  74.8

18

86.38
e
(28.96e229.91)

73.0  50.9y 21.4  33.3y

No

14

e

e

65

32

No

45

e

1420
(165e10 840)
[613e2424]

e

15
(1e109)
[6e41]z

No

17

254.8
(52.2e598.8)

e

e

e

224.4
(275.0)x

1262.5 (1383.4)x 70.1y

e

244.5  142.2
(47.4e409.5)

820  540
(100e1600)

e

No

266

271
(37e1760)

No

31

276
(64e625)

No

49

80  50

No

18

No

No

No

7

e

Continued
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Table 2-continued
Author

Year Group

Stansﬁeld
et al.12

2016 Without pre- NS
procedure
run through
and brief
With preNS
procedure
run through
and brief
2016
Multistar
(Siemens
Healthineers)
2016
LCV Plus Advantx
(GE Healthcare)

Nyheim
et al.49

Bacchim
Neto
et al.16
Dias et al.11 2016 Standard
dose
protocol
Low dose
protocol,
fusion
imaging
Tuthill
2017
et al.21

El-Sayed
et al.15

2017

Stagenberg 2018
et al.50
Miller
et al.17

2018 Baseline

Use of live
dosimeters
Rufﬁno
et al.51

2018

Imaging system

Adherence Number DAP e Gy.cm2 CAK e mGy
to ALARA of
reported
patients
included

Dose to
the
operator e
mSv

Dose to
the staff e
mSv

No

61

225.11
(16.63
e1671.57)

e

e

e

No

44

142.22
e
(20.98e635.31)

e

e

No

80

234
(81e517)

e

e

e

No

30

e

e

Artis Zee (Siemens Yes
Healthineers)

25

e

207.0
(73.6
e407.0)y
e

Artis Zee (Siemens Yes
Healthineers)

22

213.83
[123.99
e290.14]
98.85
[83.63
e164.70]

292.6
(88.4
e459.5)y
e

e

e

e

Artis Zee (Siemens No
Healthineers)
Angiostar Plus
No
(Siemens
Healthineers)
Allura Xper FD20 No
(Philips Medical
Systems)

74

77.96  7.04

504.47  55.07 e

e

32

318.97  57.97 1219.22 
296.48

e

e

6

82.8
e
(53.61e144.3)

No

52

e

1178.5
(174.9e3351.1)

11
(4e74);
92
(43e203)jj
e

e

No

8

e

e

120  70y

e

No

5

e

e

190  40y

e

No

25

337
(232e609)

1608
(933e2770)

e

e

Allura Xper FD20
(Philips Medical
Systems)
Allura Xper FD20
(Philips Medical
Systems)
Allura Xper FD20
(Philips Medical
Systems)
Allura Xper FD20
(Philips Medical
Systems)

Data are presented as mean  standard deviation; median (range); or median [interquartile range], unless stated otherwise. ALARA ¼ as low as
reasonably achievable; DAP ¼ doseearea product; CAK ¼ cumulative air kerma; NS ¼ not speciﬁed.
y
Dose measurement above the lead protections.
z
Dose to the anaesthetists.
x
Q3, 75th percentile.
jj
At the level of the unprotected legs.

Occupational exposure was documented in seven studies
for the main operator and in ﬁve studies for the rest of the
staff. At chest level, below protective garments, occupational exposure to the main operator was reported to be
between 4 and 6 mSv,10,13 while in one study it reached
15 mSv for the anaesthetists.14 El-Sayed et al.15 reported an
occupational exposure rising to 92 mSv (range 43e203 mSv)
on the unprotected part of the legs of the main operator,
while median exposure to the hands was found to be up to

2105.3 mSv (826.2e4679.2 mSv) in another report.16 Several
studies investigated the exposure above the lead garments,15e19 with levels reaching up to 1177.3 mSv (range
178.5e2134.7 mSv) at the level of the abdomen.16 In this
study, the authors investigated the occupational exposure
of the main operator and ﬁrst assistant in various body
areas, and reported concerning levels of occupational
exposure for the unshielded part of the body.
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Table 3. Studies reporting radiation dose data during endovascular aneurysm repair (EVAR) for abdominal aortic aneurysms
performed in a hybrid room
Author

Year Group

Imaging system

Use of fusion Adherence
imaging
to ALARA
reported
reported

Number of
patients
included

DAP e Gy.cm2 CAK e mGy

Hertault et al.2

2014

Discovery IGS 730 (GE
Healthcare)
Allura Clarity (Philips
Medical Systems)
Allura Clarity (Philips
Medical Systems)
Artis Zeego (Siemens
Healthineers)
Allura Clarity (Philips
Medical Systems)
Artis Zeego (Siemens
Healthineers)
Artis Zeego (Siemens
Healthineers)
Artis Zeego (Siemens
Healthineers)
Allura Clarity (Philips
Medical Systems)
Allura Clarity (Philips
Medical Systems)
Allura Clarity (Philips
Medical Systems)
Allura EcoDose
(Philips Medical
Systems)
Allura Clarity (Philips
Medical Systems)
Allura Clarity (Philips
Medical Systems)
INFX-8000H (Toshiba)

Yes

44

12.2
[8.7e19.9]
116 (32e481)

52

Sailer et al.

2015

van den Haak et 2015
al.18
Attigah et al.53 2016
de Ruiter et
al.25
Tuthill et al.21

2016
2017

Stangenberg
et al.54
de Ruiter
et al.31
Schaefers
et al.27
Miller et al.17

2017

Ahmad
et al.22

2018 Without
fusion
With fusion

Hiraoka et al.

2018
2018
2018

23

Maurel
et al.20

Hertault
et al.24
Rufﬁno et al.51

Without
fusion
With fusion
2018 Without cloud
based fusion
(Cydar)
With cloud based
fusion (Cydar)
2018

2018

Yes

No

No

22

No

No

37

Dose to the
operator e
mSv

Dose to
the staff e mSv

e

3.5 (2.5e5.6)*

e

11  21

3.7
(0.2e215.7)*
e

95.8
(Q3 ¼ 166.6)
23  25

556.0
(Q3 ¼ 868.6)
e

59.2*

600  400
(100e1600)
218.09  42.75

e

e

e

e

e

114.23  13.90 790.86  118.11 e

e

No

65

No

No

26

No

No

18

157.0  120.4
(25.9e418.0)
43.43  9.94

No

No

21

181.99  21.41 983  100.18

No

No

35

No

No

25

No

38

No

No

53

No

No

5

No

No

47

No

No

105

No

No

62

INFX-8000H (Toshiba) Yes
Artis Zeego (Siemens No
Healthineers)

No
No

81
21

Artis Zeego (Siemens Yes
Healthineers)
Discovery IGS 730 and Yes
IGS 740 (GE
Healthcare)
Allura EcoDose
No
(Philips Medical
Systems)

Yes

33

Yes

85

Yes

25

e
y

620  620,
470  340z
e

No

No

*

e

e

e

e

581
(116.2e2695.8)
400
(300e700)
e

28

e

30  20

e

e

e

e

e

e

e

768  529
142
(61e541)

e
e

e
e

9.17
(6.83e14.74)
14.7
[10.0e27.7]

70
(45e100)
107
[68.0e189.0]

e

e

e

e

157
(113e212)

884
(558e1379)

e

e

93.1
(63.5e132.5)
168.34 
146.92
e

32.19
e
[14.31e49.42]
23.44
e
[15.77e51.44]
e
880  833
e
21.7
(8.9e85.9)

*

16*

e

e
*

Data are presented as mean  standard deviation; median (range); or median [interquartile range]. ALARA ¼ as low as reasonably achievable;
DAP ¼ doseearea product; CAK ¼ cumulative air kerma.
* Dose measurement above the lead protections.
y
Dose to the ﬁngers.
z
Dose to the eye.

Modern hybrid rooms. Starting in 2014, the impact of
modern HRs on radiation was studied widely. Fifteen
studies reporting dose data during EVAR in HRs were
identiﬁed (Table 3), including 848 patients. Twelve studies
reported data on DAP. In those studies, DAP ranged from
9.17 Gy.cm2 with fusion guidance, and with respect to the
ALARA principles,20 to 181.99 Gy.cm,2 without those factors
in a similar suite (Artis Zeego, Siemens Healthineers, Forchheim, Germany).21 No study reported cases exceeding the
500 Gy.cm2 threshold. CAK was available in nine studies,
reported to be between 70 and 983 mGy. As for DAP, the
CAK threshold was never crossed in those reports.
Only one study investigated the isolated impact of
fusion.22 It compared two groups of patients treated in the
same HR (Allura Clarity, Philips Medical Systems, Best, The
Netherlands) with and without fusion. Although not statistically signiﬁcant, they demonstrated an absolute difference
in radiation (23.44 [interquartile range {IQR} 15.77e51.44]

vs. 32.19 [IQR 14.31e49.42]; p ¼ .46). Hiraoka et al.
demonstrated similar results with another imaging system
(INFX-8000H; Toshiba),23 with the addition of a statistically
signiﬁcant impact of fusion use on radiation during thoracic
endovascular repair (872  623 Gy.cm2 vs.
638  463 Gy.cm2; p ¼ .033). Recently, Maurel et al.20
published an evaluation of a cloud based imaging system
(Cydar; CYDAR Medical, Cambridge, UK) associated with the
implementation of strict application of the ALARA principles. They demonstrated an absolute reduction in DAP
values, conﬁrming the results of the two previous studies.
Interestingly, the three reports associating application of
the ALARA principles and fusion imaging had a median DAP
of <15 Gy.cm2.2,20,24
Mobile ﬂat panel. Three studies reporting the results of
EVAR procedures performed with a mobile ﬂat panel detector (Varadius; Philips Medical Systems)25e27 were
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Table 4. Studies reporting dose parameters during fenestrated (FEVAR) or branched (BEVAR) endovascular aneurysm repair for
abdominal aortic aneurysm performed with a ﬁxed imaging system
Author

Year Groups

Howells
2011
et al.42
Kirkwood 2013
et al.45
Tacher
2013 2D angiography
et al.3
road mapping
3D angiography
road mapping
Image fusion
guidance
Kirkwood 2015
13
et al.
McNally
2015
et al.4
Albayati
2015
et al.29
Kirkwood 2016
et al.55
de Ruiter 2016
et al.25
Dias
2016 Standard dose
et al.11
protocol (FEVAR)
Standard dose
protocol (BEVAR)
Low dose protocol
and fusion
imaging (BEVAR)
Low dose protocol
and fusion
imaging (FEVAR)
2018
Rufﬁno
51
et al.

Imaging system

Use of fusion
Imaging
reported

Adherence
to ALARA
reported

Number of
patients
included

DAP e Gy.cm2

CAK e mGy

Dose to the
operator e
mSv

Dose to
the staff e
mSv

NS

No

No

53

e

e

e

AlluraXper FD20 (Philips
Medical Systems)
AlluraXper FD20 (Philips
Medical Systems)
AlluraXper FD20 (Philips
Medical Systems)
AlluraXper FD20 (Philips
Medical Systems)
AlluraXper FD20 (Philips
Medical Systems)
Inﬁnix Vc-i (Toshiba)

No

No

24

320.6
(172.1e2133.22)
e

6500

e

e

No

No

9

1188  1067

e

e

e

No

No

14

984  581

e

e

e

Yes

No

14

656  457

e

e

e

No

No

14

e

e

20  13

9  12

No

No

41

e

5000  280

e

e

AlluraXper FD20 (Philips
Medical Systems)
AlluraXper FD20 (Philips
Medical Systems)
AlluraXper FD20 (Philips
Medical Systems)
Artis Zee (Siemens
Healthineers)
Artis Zee (Siemens
Healthineers)
Artis Zee (Siemens
Healthineers)

No

No

17

e

No

No

16

172.2
(134.6e325.6)
601

4 (1e17);
80 (37e163)*
21.5

1 (1e3);
32 (6e48)*
13.2

No

No

15

e

Yes

36

6000  4700
(800e18 000)
e

e

No

e

e

No

Yes

23

e

e

e

Yes

Yes

21

873.8  652.5
(129.7e2590)
283.24
[192.08e499.57]
638.91
[436.96e1002.66]
241.72
[140.44e432.04]

e

e

e

Artis Zee (Siemens
Healthineers)

Yes

Yes

33

262.87
[202.98e367.69]

e

e

e

AlluraXper FD20 (Philips
Medical Systems)

No

No

25

567
(388e779)

2882
(2011e4230)

e

e

4970

Data are presented as mean  standard deviation; median (range); or median [interquartile range]. ALARA ¼ as low as reasonably achievable;
F/BEVAR ¼ fenestrated/branched endovascular aneurysm repair; DAP ¼ doseearea product; CAK ¼ cumulative air kerma; NS ¼ not speciﬁed;
2D ¼ two dimensional; 3D ¼ three dimensional.
* Dose measurement above the lead protections.

identiﬁed (Table S1; see Supplementary Material). DAP
ranged between 22.6 and 55.5 Gy.cm2 for EVAR, with CAK
ranging from 139 to 300 mGy.

Complex EVAR (F/BEVAR)
Mobile C arms. Only one study reported data on radiation
during complex EVAR with a mobile C arm (OEC 9900; GE
Healthcare).28 Median DAP was 72.8 Gy.cm2 (range 11.6e
290 Gy.cm2; n ¼ 54) for FEVAR and 159.5 Gy.cm2 (range
29.8e777.0 Gy.cm2; n ¼ 20) for BEVAR, with the authors
emphasising a strong focus on adherence to the ALARA
principles.
Fixed imaging systems. Data regarding radiation during F/
BEVAR in ﬁxed imaging systems were reported in 10 studies,
with seven reporting DAP (Table 4). The lowest mean DAP
(172.2 Gy.cm2; range 134.6e325.6 Gy.cm2) per case was
reported by Albayati et al.,29 while the highest mean  SD
DAP was 1188  1067 Gy.cm2 with a similar imaging system
(Allura Xper FD20; Philips Medical Systems).3 In six of the
seven studies, cases with a DAP > 500 Gy.cm2 were identiﬁed. Tacher et al.3 demonstrated a decrease of mean DAP
(from 1188  1067 Gy.cm2 to 656  457 Gy.cm2) using of
fusion imaging. These results were conﬁrmed by the ﬁndings of Dias et al.,11 who showed that the association of a
low dose protocol and fusion imaging decreased the

median DAP for both FEVAR and BEVAR. CAK was reported
in ﬁve studies, with three reporting cases in whom the
threshold of 5 Gy was exceeded.
Occupational exposure under the protective garments
was reported to be between 4 and 21.5 mSv for the main
operator, and between 1 and 13.2 mSv for the ﬁrst assistant.
One study registered low levels of exposure over the lead
apron with a mean dose to the operator of 80 mSv (range
37e163 mSv) and 32 mSv (6e48 mSv) to the ﬁrst assistant,29
but this study also had the lowest reported DAP, demonstrating a strong commitment to the reduction of radiation
exposure.
HRs. This review identiﬁed 15 studies reporting data on
radiation during FEVAR/BEVAR in modern hybrid suites (10
provided data on DAP and 12 on CAK) (Table 5). DAP ranged
between 39 and 696 Gy.cm2, with three studies having a
mean DAP per case of >500 Gy.cm2. Similarly, the reported
CAK often exceeded the 5 Gy threshold (from a minimum
median CAK of 1097 [IQR 978e1426] to a maximum of
6300 mGy, with a median peak skin dose of 2.0  2.3 Gy).30
Interestingly, as previously seen with EVAR, occupational
exposure over the lead apron was really low in some reports (e.g., 12.7 mSv [range 7.2e16.7 mSv] for the main
operator and 9.1 mSv [range 1.8e67.7 mSv] for the ﬁrst
assistant),2 emphasising the beneﬁt of radiation protection
equipment available in those suites. However, three studies
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Table 5. Studies reporting radiation data on fenestrated/branched (FEVAR/BEVAR) endovascular aneurysm repair for abdominal
aortic aneurysms performed in modern hybrid rooms
Author

Year Group

Imaging system

Use of fusion
imaging
reported

Adherence
to ALARA
reported

Number of
patients
included

DAP e Gy.cm2

CAK e mGy

Dose to the
operator e
mSv

Dose to the
staff e
mSv

Dijkstra et
al.56
Panuccio et
al.30
Mohapatra et
al.57
Hertault et
al.2

2011

Artis Zeego (Siemens
Healthineers)
Artis Zeego (Siemens
Healthineers)
Artis Zeego (Siemens
Healthineers)
Discovery IGS 730 (GE
Healthcare)
Discovery IGS 730 (GE
Healthcare)
Artis Zeego (Siemens
Healthineers)
Allura Clarity (Philips
Medical Systems)

Yes

No

19

e

e

e

No

No

47

696.6  520

3810
[2180e5440]
6300  5000

e

Yes

No

39

540

6980

Yes

Yes

18

e

Yes

Yes

20

Yes

No

31

43.7
(24.7e57.5)
47.4
(37.2e108.2)
e

560
(220e2700)*
38; 125
(80e171)*
12.7
(7.2e16.7)*
13.7
(10.8e31.4)*
e

No

No

11

217
(47e514)

e

No

No

25

372

2580

2011
2013
2014 FEVAR
BEVAR

McNally et
2015
al.4
52
Sailer et al.
2015

Kirkwood et
al.55
Attigah et
al.53

2016
2016 FEVAR
BEVAR

de Ruiter et 2016
al.25
Wang et al.58 2018 FEVAR
Fenestrated
cuff
de Ruiter et
al.31
Manunga et
al.59
Rufﬁno et
al.39
Kirkwood et
al.32

2018
2018
2018
2018 FEVAR
off the shelf
FEVAR
CMD

Allura Clarity (Philips
Medical Systems)
Artis Zeego (Siemens
Healthineers)
Artis Zeego (Siemens
Healthineers)
Allura Clarity (Philips
Medical Systems)
Artis Zeego (Siemens
Healthineers)
Artis Zeego (Siemens
Healthineers)
Allura Clarity (Philips
Medical Systems)
NS
Allura Clarity (Philips
Medical Systems)
Allura Clarity (Philips
Medical Systems)
Allura Clarity (Philips
Medical Systems)
Allura Clarity (Philips
Medical Systems)

e
2200  1300

No

No

25

39  33

e

No

No

17

48  38

e

No

No

19

No

No

91

598.2  318.5
(128.6e1362)
e

3700  2500
(1000e10 000)
4159  2573

No

No

12

e

No

No

24

No

No

84

384.8
(265.2e522.3)
e

No

Yes

25

e
9.1
(1.8e67.7)*
23.1
(6.3e248.0)*
e
e

4.0
(1.8e8.0);
34  28*
14.1

7.1
y

1020  1 530,
690  460z
1310  1 580,y
700  650z
e

e

e

e

6063  3086

e

e

2900
(2000e3700)
1097
[978e1426]
1236
(914e2866)
1800

297*

171*

e

e

e

e
e

e

No

No

11

272
(145e412)
210

No

No

9

280

2200

220*

110*

No

No

60

370

2950

370*

210*

120

*

60*

Data are presented as mean  standard deviation; median (range); or median [interquartile range]. ALARA ¼ as low as reasonably achievable;
F/BEVAR ¼ fenestrated/branched endovascular aneurysm repair; DAP ¼ doseearea product; CAK ¼ cumulative air kerma; NS ¼ not speciﬁed;
CMD ¼ custom made devices.
* Dose measurement above the lead protections.
y
Dose to the ﬁngers.
z
Dose to the eye.

reporting high DAP levels also reported worrisome levels of
potential exposure for the operator (maximum exposure of
2700 mSv during a case).30e32
Mobile ﬂat panel. One report provided dose data on ﬁve
cases of FEVAR/BEVAR cases with a mobile ﬂat panel
(Varadius; Philips Medical Systems).25 Mean  SD DAP was
109.5  43.4 Gy.cm2 with a mean  SD CAK of
700  300 mGy. According to the authors, these dose levels
were signiﬁcantly lower (110  43 Gy.cm2 vs.
874  653 Gy.cm2; p < .001) than in their experience with a
ﬁxed imaging system (Allura Xper; Philips Medical Systems)
or a HR (Allura Clarity; Philips Medical Systems).
DISCUSSION
Patient and staff exposure to ionising radiation is a rising
concern among the endovascular specialist community.33
While the risk to patients (mostly skin injuries from deterministic effects) is often well balanced with the beneﬁts

expected from a procedure, physicians and operating staff
are repeatedly exposed to small amounts of scattered radiation, with the risk of solid malignancy or leukaemia years
after the exposure (stochastic effects). In this literature
review, wide variations in reported DAP were seen. Several
factors may explain these differences, such as (1) the type
of imaging equipment, setup, and the availability of modern
technologies; (2) the daily depth of the application of the
rules of good practice; and (3) the team’s experience with
endovascular and imaging techniques.
In this review, the lowest DAP levels for EVAR and FEVAR/
BEVAR were identiﬁed in modern HRs (9.2 and 39 Gy.cm2,
respectively), while the highest levels were reported in old
generation ﬁxed systems. Moreover, with ﬁxed C arms, the
lowest reported DAPs were more than eight times higher
for EVAR (78 Gy.cm2) and four times higher for FEVAR
(172 Gy.cm2) than in the hybrid suites. These ﬁndings are
consistent with the previous report from Fossaceca et al.,1
who had also identiﬁed ﬁxed systems as imaging
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studies, but it was consistent between all cohorts reporting
low radiation levels, for both EVAR and FEVAR/BEVAR, and
for all types of imaging equipment. This suggests that low
dose radiation levels mostly depend on “good practices”.
Use of low dose protocols, pulsed mode, collimation, and
exclusion of ﬂuorography or magniﬁcation, for example, are
efﬁcient ways to limit the dose levels independently from
the type of imaging equipment. Indeed, the lowest and
highest dose reports were reported on the same imaging
system. For example, the lowest (median) DAP reported
during EVAR in a HR was 9.17 Gy.cm2 (range 6.83e
14.74 Gy.cm2),20 while the highest (mean  SD) was 20
times higher (181.99  21.41 Gy.cm2),21 both in the same
HR (Artis Zeego, Siemens Healthineers). This also emphasises the importance of a careful setup of the delivered
dose/image quality protocols of the equipment according to
the daily practice of each centre.
The learning curve, the accumulated experience, and the
number of cases performed annually probably play a strong
part in the dose levels reached in each centre. Unfortunately, no study speciﬁcally evaluated those factors, and
they are not commonly reported. Independently from the
type of imaging equipment, published dose levels after
EVAR tend to decrease over time (Fig. 2), which could
reﬂect the experience gained, the impact of modern imaging equipment, or the effect of the increasing radiation
awareness among vascular interventionists.
Several studies, especially of FEVAR/BEVAR, reported
dose levels overstepping the thresholds of DAP 500 Gy.cm2
or a CAK 5000 mGy deﬁned by international recommendations,9 after which biological hazard occurrence should be
monitored. This underlines the radiation burden associated
with such procedures for both patients and staff, and the
absolute necessity to improve practices and achieve to the
lowest levels of radiation. Interestingly, HRs, often equipped
with table and ceiling mounted shields seemed to offer
higher levels of shielding, with a very low dose of occupational exposure above the lead apron reported.2 Based on
this hypothesis, a similar level of lead equivalent protection
should be implemented in all operating theatres equipped
with mobile imaging systems, where, unfortunately, they

DAP during EVAR – Gy.cm2

equipment delivering higher levels of radiation. Available
data regarding DAP during EVAR with a mobile C arm
seemed to demonstrate lower levels of radiation than with
a ﬁxed system (with the lowest report being 30 Gy.cm2).28
The few reports regarding the latest generation of mobile
C arms equipped with ﬂat panel detectors demonstrated
promising results, with a published median DAP during
EVAR of 22.6 Gy.cm2.26 However, this remains higher than
the lowest reports published with HRs. These ﬁndings follow
the logical assumption that recent technologies (HRs and
mobile ﬂat panels) offer better control of radiation than
older equipment. Few data were available for complex
EVAR with a mobile ﬂat panel and do not allow a meaningful comparison of the impact of those new mobile C
arms compared with modern HRs in FEVAR/BEVAR.
Several authors have suggested that fusion imaging has
the potential to reduce the absolute levels of radiation.3,11,20,22e24 Unfortunately, most of those studies evaluated the impact of fusion in association with a change of
imaging equipment or dose protocol settings, and the
impact of fusion alone on radiation is difﬁcult to identify.
Ahmad et al.22 published a comparative analysis of two
groups of patients treated with the same imaging system
(Allura Xper; Philips Medical Systems) with and without
fusion. While the value of DAP was lowered in the fusion
group, this was not statistically signiﬁcant. However, one
limitation of this study was that the two groups were
consecutive and therefore the observed dose reduction
could also be to the result of the authors learning curve
with EVAR. No randomised trials have been designed to
study the impact of fusion imaging exclusively. One of the
potential explanations is that fusion drastically increases the
operators’ comfort during EVAR, and that going back to
non-fusion assisted procedures seems unfair to the patient.
One meta-analysis published by de Ruiter et al.34 identiﬁed
fusion as a signiﬁcant factor able to reduce DAP during
FEVAR/BEVAR. However, this meta-analysis mixed old and
new generation imaging systems, making it difﬁcult to
assert that this difference would be the consequence of the
use of fusion and not of the technological gap between “old
generation” ﬁxed systems and modern HRs identiﬁed in this
literature review.
Adherence to the ALARA principles is a vague notion. Up
to a point, each interventional specialist probably follows
some of those rules in daily practice. No clear data were
identiﬁed on the impact on radiation exposure of collaboration between interventional radiologists and vascular
surgeons. In practice, the presence in the team of a person
“concerned” with radiation protection issues is clearly a
factor that affects dose ratios and radiation management. In
this review, it was considered that authors declaring
adherence to the ALARA principles had a stronger focus on
their application; however, it is not believed that it is
essential that this person be a radiologist. The present authors’ experience,5 for example, shows that in the absence
of a radiologist or radiation technologist, it is possible to
develop a “radiation protection policy”. Implementation of
the ALARA principles was poorly reported in the included
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Figure 2. Mean or median doseearea product (DAP) (in Gy.cm2)
during endovascular aneurysm repair (EVAR) of abdominal aorta
reported in the selected 64 publications of the searched literature.
Each dot represents a report; the dashed line represents the general trend.
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are often lacking, leaving operators exposed to higher levels
of scattered radiation.
This also highlights the importance of deﬁning international reference levels for endovascular procedures, in order
to provide vascular physicians with an idea of what the
acceptable levels of radiation for EVAR or FEVAR/BEVAR
should be. This could be achieved by deﬁning the 75th
percentile of dose levels reported by large and small centres
with different imaging equipment. Preliminary work has
been done by Tuthill et al.21 In this study, the authors
investigated the mean DAP for EVAR procedures in ﬁve
European centres (two in Ireland and three in Italy). They
identiﬁed the 75th percentile of DAP in the whole cohort to
be 158.49 Gy.cm2. Based on those ﬁndings, each centre
whose mean DAP during EVAR is higher this should
comprehensively review its management of X rays and
implement new strategies to reduce radiation.
One of the issues underlined by this literature review is
the lack of reporting standards regarding radiation. Of the
identiﬁed studies, the authors inconsistently report DAP,
CAK, or other dose parameters, using different units. For
example, ﬂuoroscopic time is often available, but is poorly
correlated with the biological risks.5 On the contrary, DAP
can be used as a surrogate to evaluate the stochastic risks,
while CAK is a suitable estimator for the deterministic risks.
Moreover, according to the European Union regulations,
DAP and CAK should be displayed on all imaging equipment
and should be easily retrievable. According to the International Electrotechnical Commission, every effort should be
made to report DAP in the same unit of measurement
(Gy.cm2),35 so that further comparisons of published evidence or local practices can be performed. As for CAK, it is
usually reported in mGy or Gy. Occupational exposure is
reported either over or under the lead garments, providing
different information. Ideally, studies reporting occupational doses should provide both values, associated with
speciﬁc monitoring of unprotected parts of the body (e.g.,
eyes, hands, and lower limbs).
CONCLUSION
In this literature review, the lowest radiation reports during
both EVAR and FEVAR/BEVAR were observed in modern
HRs. Complex EVAR exposes patients and operators to
concerning levels of radiation, and every effort should be
made to observe the ALARA principle in daily practice and
to shield accordingly. Moreover, investment in modern imaging technology should be considered in every centre
providing endovascular management of aortic aneurysms.
European interventional reference levels and dose reporting
standards are needed to improve practice and to ensure the
comparison of dose reports.
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A 55 year old male with dialysis dependent end stage renal failure complained of acute left arm pain at the level of
his brachiocephalic arteriovenous ﬁstula (AVF) which was in use. The cephalic vein was aneurysmal (almost 3 cm)
at the level of the dialysis puncture site. Under general anaesthesia, proximal and distal brachial artery control was
established (A). After clamping the artery, the cephalic vein was exposed for over >10 cm and ligated. The entire
aneurysmal venous segment was excised including the arteriovenous anastomosis, which was repaired with a
polytetraﬂuoroethylene (PTFE) patch (B). Brachial artery patency was preserved and remains under surveillance.
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