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Editorial

New french diagnostic reference levels: Let’s take stock of our daily

practices!

Check for
updates

Radiation protection aims to prevent or reduce health risks
related to ionizing radiation, based on three main principles: justi-
fication, optimization, and limitation of radiation doses.

Diagnostic reference levels (DRLs) are a tool for optimization.
They should not be considered as dose limits nor as optimal doses,
because they can be exceeded for clinical needs. DRLs are dosi-
metric indicators of the quality of practices designed to identify
situations requiring corrective action. The new DRL regulation deci-
sion No. 2019-DC-0667 of the Nuclear Safety Authority has been
approved and transferred as a decree on the French law on 23 May
2019, applicable as of the 1st of July 2019 [1]. Compared to its last
version of 2011, this new law has introduced DRLs for interven-
tional radiology and nuclear medicine.

For example: cerebral catheter angiography (3 axis or
more): dose-area product (DAP) 105 Gy.cm? and 13 min of fluo-
roscopy; cerebral aneurysm embolization: 190 Gy.cm? and 58 min;
brain AVM embolization: 285 Gy.cm? and 68 min; vertebroplasty
80 Gy.cm? and 9 min. We may note that these doses were already
respected in 2004 using image intensifier [2], and that the use of
flat detector technology with 2k imaging resolution has heightened
the image resolution without increasing the patient dose. These
referrals in Interventional Neuroradiology have been awaited for
several years, and there is still work to be done in this area: in par-
ticular for some more recent procedures that are not listed, such as
mechanical thrombectomy. For this, it is necessary to master and
optimize the exposure to limit deterministic adverse effects. The
DACS (dosimetry archiving and communication system) could be a
way to better evaluate and control the dose to the skin. The coor-
dination of the medical, radiophysicists and industrial teams may
lead to some design for this system that fits into the overall working
environment of the radiologist. This would enable proper manage-
ment of repeated therapeutic sessions as in the case of embolization
of a cerebral arteriovenous malformation.

Adult cerebral CT-Scan DRL dropped from Volume Computed
Tomography Dose Index (CTDIvol): 65 mGy/dose length-product
(DLP): 1050 mGy.cm to 46 mGy/850 mGy.cm. It has been reported
that CT protocols and radiation doses vary across countries but are
primarily attributable to local choices regarding technical param-
eters, rather than patient characteristics, institutions, or machine
specifications [3]. With the increase in the number of exams, as
well as the rise in the use of some types of advanced imaging
methods such as cerebral CT perfusion, our community should not
neglect the impact of new technologies on dose reduction in CT
or DSA, and their routine implementation [4]. The implementation
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of new advances in acquisition and reconstructions techniques [5]
should be evaluated considering their impact on the reading and
routine exposure [G], particularly with increase of wide-detector
CT [7] and dual-source CT machines [8]. After exposure modu-
lation and statistical-based iterative reconstruction, model-based
iterative reconstructions are now more available and offer a great
opportunity to reduce x-ray exposure while improving image qual-
ity at the same time [9]. Recently, spectral CT equipped with
photon-counting detectors [ 10] and deep learning methods applied
after [11] or during the reconstruction process [12] showed a
high potential in noise reduction and therefore dose reduction.
Image denoising using conventional neural networks can also be
used in real-time in fluoroscopy [13,14] and could also allow dose
reduction. This could be very interesting for potentially high-dose
procedures. A dose reduction is possible in most cases, but must be
done without lowering patient benefit [15]. As an example, Song
et al. demonstrated that in a daily routine cerebral catheter angiog-
raphy, a simple modification of the angle may help to minimize
the radiation dose [16]. The last important origin of radiation for
patients is related to nuclear medicine, which accounts for almost
aquarter of the medical radiation burdenin the USA[17].In the new
French DRLs some exams are still missing, e.g. 18F-Dopa PET, 123]-
Ioflupane SPECT (DaTSCAN®), 18F-fluoroethyltyrosine (FET) PET. As
happens in radiology, reducing the dose to the patient in nuclear
medicine will involve the use of artificial intelligence and new more
sensitive detectors. With the publication of these new standards, it
is time to review our practice, and when necessary, act accordingly!

Disclosure of interest

The authors declare that they have no competing interest.

References

[1] Accueil - Niveaux de Référence Diagnostiques (NRD) - IRSN n.d.
https://nrd.irsn.fr/ [accessed July 25, 2019].

[2] BenSalem D, Martin D, Aho LS, Walker PM, Lalande A, Brunotte F, et al. [Analysis
of variation in delivered dose in diagnostic and therapeutic cerebral angiogra-
phy]. ] Neuroradiol 2004;31:379-83.

Smith-Bindman R, Wang Y, Chu P, Chung R, Einstein AJ, Balcombe ],
et al. International variation in radiation dose for computed tomog-
raphy examinations: prospective cohort study. BM] 2019;364:k4931,
http://dx.doi.org/10.1136/bmj.k4931.

Othman AE, Afat S, Brockmann MA, Nikoubashman O, Brockmann C,
Nikolaou K, et al. Radiation dose reduction in perfusion CT imaging
of the brain: A review of the literature. ] Neuroradiol 2016;43:1-5,
http://dx.doi.org/10.1016/j.neurad.2015.06.003.

[3

[4


https://doi.org/10.1016/j.neurad.2019.08.001
http://www.sciencedirect.com/science/journal/01509861
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neurad.2019.08.001&domain=pdf
https://nrd.irsn.fr/
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0095
dx.doi.org/10.1136/bmj.k4931
dx.doi.org/10.1016/j.neurad.2015.06.003
https://doi.org/10.1016/j.neurad.2019.08.001

342 Editorial / Journal of Neuroradiology 46 (2019) 341-342

[5] Ognard J, Dissaux B, Haioun K, Nonent M, Gentric J-C, Ben Salem D. A
“one-stop-shop” 4D CTA protocol using 320-row CT for advanced imag-
ing in acute ischemic stroke: a technical note. Eur Radiol 2019;29:4930-6,
http://dx.doi.org/10.1007/s00330-019-06041-x.

[6] Ognard ], Magro E, Caroff J, Ben Salem D, Andouard S, Nonent M, et al.

A new time-resolved 3D angiographic technique (4D DSA): Descrip-

tion, and assessment of its reliability in Spetzler-Martin grading of

cerebral arteriovenous malformations. ] Neuroradiol 2018;45:177-85,
http://dx.doi.org/10.1016/j.neurad.2017.11.004.

Messaris GAT, Georgakopoulos DN, Zampakis P, Kalogeropoulou CP,

Petsas TG, Panayiotakis GS. Patient dose in brain perfusion imag-

ing using an 80-slice CT system. ] Neuroradiol 2019;46:243-7,

http://dx.doi.org/10.1016/j.neurad.2018.06.005.

Saba L, di Martino M, Siotto P, Anzidei M, Argiolas GM, Porcu M, et al. Radiation

dose and image quality of computed tomography of the supra-aortic arteries: A

comparison between single-source and dual-source CT Scanners. ] Neuroradiol

2018;45:136-41, http://dx.doi.org/10.1016/j.neurad.2017.09.007.

Willemink M], Noél PB. The evolution of image reconstruction for

CT—from filtered back projection to artificial intelligence. Eur Radiol 2019;

29(5):2185-95.

[10] Leng S, Bruesewitz M, Tao S, Rajendran K, Halaweish AF, Campeau NG, et al.
Photon-counting Detector CT: system design and clinical applications of an
emerging technology. RadioGraphics 2019;39(3):729-43.

[11] Chen H, Zhang Y, Zhang W, Liao P, Li K, Zhou ], et al. Low-dose CT via convolu-
tional neural network. Biomed Opt Expr 2017;8(2):679-94.

[12] Wu D, Kim K, El Fakhri G, Li Q, et al. Iterative low-dose CT reconstruction
with priors trained by artificial neural network. IEEE Trans Med Imaging
2017;36(12):2479-86.

[13] Pavoni M, et al. Convolutional neural network-based image enhancement for
X-ray percutaneous coronary intervention. ] Med Imaging 2018;5(2):1-12.

[14] Sadda P, Qarni T. Real-time medical video denoising with deep learning: appli-
cation to angiography. Int J Applied Inf Syst 2018;12(13):22-8.

[15] Karwacki GM, Vigele S, Blackham KA. Dose reduction in perfusion CT in stroke
patients by lowering scan frequency does not affect automatically calculated
infarct core volumes. ] Neuroradiol 2019;46(6):351-8.

[16] SongY,Kim Y, Han S, Kim TI, Choi JH, Maeng JY, et al. Estimated radiation dose

(7

[8

[9

according to the craniocaudal angle in cerebral digital subtraction angiography:
Patient and phantom study. ] Neuroradiol 2019;46(6):345-50.

[17] Mercuri M, Rehani MM, Einstein AJ. Tracking patient radiation exposure: chal-
lenges to integrating nuclear medicine with other modalities. ] Nucl Cardiol
2012;19(5):895-900, http://dx.doi.org/10.1007/s12350-012-9586-x.

Julien Ognard®:P

David Bourhis €

René Anxionnat¢

Douraied Ben Salem 2>

2 Neuroradiology, University Hospital of Brest,
boulevard Tanguy Prigent, 29609 Brest cedex, France
b Laboratory of medical information processing
—LaTIM, INSERM UMR 1101, Université de Bretagne
Occidentale, 22, avenue Camille Desmoulins, CS
93837, 29238 Brest cedex 3, France

¢ Medical Physics Unit, University Hospital of Brest,
boulevard Tanguy Prigent, 29609 Brest cedex, France
d Neuroradiology, University Hospital of Nancy, 29,
avenue du Maréchal de Lattre de Tassigny, 54035
Nancy, France

*Corresponding author at: Neuroradiology,
University Hospital of Brest, boulevard Tanguy
Prigent, 29609 Brest cedex, France.

E-mail address: douraied.bensalem@chu-brest.fr
(D. Ben Salem)

Available online 8 August 2019


dx.doi.org/10.1007/s00330-019-06041-x
dx.doi.org/10.1016/j.neurad.2017.11.004
dx.doi.org/10.1016/j.neurad.2018.06.005
dx.doi.org/10.1016/j.neurad.2017.09.007
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0130
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0135
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0140
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0145
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0150
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0155
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0160
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
http://refhub.elsevier.com/S0150-9861(19)30402-X/sbref0165
dx.doi.org/10.1007/s12350-012-9586-x
mailto:douraied.bensalem@chu-brest.fr

