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ARTICLE INFO ABSTRACT

Keywords: In light of technical advancements supporting exploration of MR signals other than 'H, sodium (**Na) has
Sodium MRI received attention as a marker of ionic homeostasis and cell viability. Here, we evaluate for the first time the
Epilepsy possibility that >Na-MRI is sensitive to pathological processes occurring in human epilepsy. A normative

Intracranial EEG
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Ionic imaging

sample of 27 controls was used to normalize regions of interest (ROIs) from 1424 unique brain locales on
quantitative 2>Na-MRI and high-resolution "H-MPRAGE images. ROIs were based on intracerebral electrodes
in ten patients undergoing epileptic network mapping. The stereo-EEG gold standard was used to define regions
as belonging to primarily epileptogenic, secondarily irritative and to non-involved regions. Estimates of total
sodium concentration (TSC) on >*Na-MRI and cerebrospinal fluid (CSF) on 'H imaging were extracted for each
patient ROI, and normalized against the same region in controls. ROIs with disproportionate CSF contributions
(Zcsp=1.96) were excluded. TSC levels were found to be elevated in patients relative to controls except in one
patient, who suffered non-convulsive seizures during the scan, in whom we found reduced TSC levels. In the
remaining patients, an ANOVA (F;190= 12.37, p <0.0001) revealed a highly significant effect of clinically-
defined zones (Fy190= 11.13, p < 0.0001), with higher normalized TSC in the epileptogenic zone relative to both
secondarily irritative (F1100= 11, p=0.0009) and non-involved regions (Fy100= 17.8, p < 0.0001). We provide
the first non-invasive, in vivo evidence of a chronic TSC elevation alongside Zcsr levels within the normative
range, associated with the epileptogenic region even during the interictal period in human epilepsy, and the
possibility of reduced TSC levels due to seizure. In line with modified homeostatic mechanisms in epilepsy —
including altered mechanisms underlying ionic gating, clearance and exchange — we provide the first indication
of 2*Na-MRI as an assay of altered sodium concentrations occurring in epilepsy associated with the organization
of clinically relevant divisions of pathological cortex.

Introduction

Due in no small part to the flexibility of the magnetic resonance
signal - yielding a range of structural, functional and metabolic
information - MR imaging has established itself as fundamental to
the understanding and treatment of epilepsy (Duncan et al., 2016). It is
worth noting, however, that all of the foregoing approaches utilize the
proton (*H) to generate signal. While the most abundant, there are

other nuclei that can be used to generate an MR signal. In biological
tissues, sodium (*3Na) yields the strongest MR signal after 'H (Madelin
et al., 2014). While previously hindered by limitations in field strength
and gradient performance, recent advances in equipment, sequence
design and the availability of >3 T systems have raised the prospect of
ZNa-MRI as an adjunct to 'H-MRI for both biological and clinical
research (Thulborn, 2016). >*Na ions are crucial for the maintenance of
transmembrane ion concentrations key to normal neural operation

Abbreviations: EZ/1Z1, Epileptogenic/Primary Irritative Zone; IED, Interictal Epileptic Discharge; 122, Secondary Irritative Zone;; TSC, Total Sodium Concentration;; VGSC, Voltage-

Gated Sodium Channels

* Correspondnce to: CRMBM UMR CNRS 7339, Aix-Marseille Université, 27 Bd Jean Moulin, 13005 Marseille, France.

E-mail address: maxime.guye@ap-hm.fr (M. Guye).

http://dx.doi.org/10.1016/j.neuroimage.2017.06.011
Received 17 January 2017; Accepted 3 June 2017
Available online 03 July 2017

1053-8119/ © 2017 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com/science/journal/10538119
http://www.elsevier.com/locate/neuroimage
http://dx.doi.org/10.1016/j.neuroimage.2017.06.011
http://dx.doi.org/10.1016/j.neuroimage.2017.06.011
http://dx.doi.org/10.1016/j.neuroimage.2017.06.011
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neuroimage.2017.06.011&domain=pdf

183
7173

7 (201
Neurolmage 15’
L

idley et a

B. Rid

ations
ncentr
nsive, as co ch that any
ically expe ients, su ion imbal-
etica ical gradi € 1on imb 1
This is eneI'gt ochemlcak ly to inducl nd clinica
. . ctr is like ical a e-
2012) ir ele . is iologic R om
iva et al., ainst the roduction te. the bl.o o ionic h hat
(Oliv intained agl I energy PO13) To date, y of in vivi hanisms tl
a lula 2 - ssa ec o-
are m of cel atte, invasive a ion of m f patho
- ency of nd Reg n-inva loratio nge o kerk
S defic lin a ial no exp. in a ra verke
SE e ances (Madeof a POtenuhas led tObthez?'Na-l\’Im.ln tumors (Ou;)etracca
o AN . ce iability d by brain 14;
= £ 88 ignifican abi cte 1) 20 al.,
S 5 181 ell vi dete 2011), t al., n et
) = 5 S is and c Is as t al-; ouf e 's (Mello
g - | aE E R el s o i) (MaarAlzheimerS(nwhole body
2 5 g B 5 impac ing stro lerosis ell as d eve
< 5§ 3 £ 8% including stro le sc 2) as wi 12) an 1
e 22 £E 8 ies, inc ultip al.. 201 1, 20 2012). rona
£ ° N s £ gz & 1 2003), o oui etal, Reetz et : ig et al., 2 r of neu to
5 /M o = K g =3 et al, 016; Zaara 's disease ( 016: Tldttn%’ r mediato ht be able
<} N & 3 b% § S S lg tal., 2 " gton's t al., 2 . a majo RI mig arox-
ON S T £ E £ & < € Huntin acher e tasis is 2Na-M logical p. )
5 2 73 8% 2009), ions (Malz homeos ether atho 2009a).
$3m'c = B = E g ications ium k wh ized by p al.,
2 = . = ca diu as Tize /et om
PREERE = B e 2 ya B appli that so able to haracte Badawy nge fr
2 2NE 5o 25% 5| & 28 Given it is reason. itions ¢ ilepsy ( ignal ra tic
£ .~~5§E§’oi‘°258m EQ o ility, it is in condi s epilep MRI sig e osmotl
S §% EEERE: Ze| 5% 5 citability, ces in uch a *’Na- bran io
23 3 - . an ility, such ¢ t embrz ton
§ 257 E [y £ 5% 2 £% & Z);tect dlsturbr exdt""blhtf’might lmpafmder transn; activity ((ﬁ?on to
"U,:N.—_;::E =5 B rD*.E er- a e ica ) 1
AR E 553 SEE 553, yoms of hyp epilepsy that mist thological . R
() = = % - =5 8 S Xir . at 1_7 . [0) .
21 E s38 << 2 5 5 rocesse f the e ing p et a nction ction
5 882 g £ S P raction o s undergo 1982: LuX' and fu ial dysfun .
g EE = cont in area 1 et al., ression chondri iosis (Badawy
=2 E 2 Evg Pressure(s)lé' Dietze to the ex2p010)’ mito and gliosis yet to be
8 & E< 25 1., 2016; ifications al 1l loss I has ch
] 2 ] o E] e et a v odific a et al, d ce 23N2-MR. ions in su
Es & 2 2 i: g 5 ongoing In1\/[eintegazz‘i 2012) an in vivo ITIh alterat1023Na—MRI
SR o . SE2 g3 nnels (A d Kunz, e wxtont to whic vel of es
g e E8E 2 S |E £5 2 chab Tgrova an 09b). Howe the exten Is at the le MRI chang
EZ4 QQ5®=~ &u>: lbe 20 C iena ivo 22Na- izures
S5 8 % S 2 &g 28 = (Fo 9a ilepsy, ified sig . 0 ic seizu
::zw*a‘gg-:wﬁ SE£8g al., 2009a, an ep odifie t in viv ic-clonic s ion
R pestormed i hunan s ke v i, i
E| E 8 S B EnZ 5 S| e 2 ° perfo ight study inate-in amyg t-ictally,
SlEgé “zfr 255 2% 3 esses m single stud h kaina nd the h pos s
g 55 'E“bcvzm"‘ 34;0 proc Only a ts wit rtex a ses 5 Is 7 day.
palll = EERNE CER R lear. raws wi co decrea levels h
£ E S g = 8 g is unc awley iform ienal de trol 24
2 &8 S = ERZECE is ue D ). In pyr d sign to con ated at
= | = % g 3 §§ in Sprag L. 1996). showe turned tly elev: ibuted to
S E S g et al., images had re ignifican attribu 11
E =B HE5 8 (Wang et ol b and had retu h the authors lly ce
& g E oo -weig 24 ions w he au ntua
= To ified at ration: ich t d eve est
5 £ e 52 and intensifie cent whic ing an sugg
g 8 £ =0 2 ich inte jum con s, ellin, they .
5 : SELS ch i dium 7 day 11 swelli as ring
v B o g ERE = 2 whi lv. So d at ing to ce iguing, du
3 5 S g 3 8 -ictally. wvate ding intrigui even .
= E L E = ost-i ined ele ilure lea v in 3Na-MRI imaging
E =5 % B - - p aine d failu icularly *Na her im
Z 5 e % R 2 8¢ nd rem iency an part ble to ide ot ire data
EZEE 58 ¢ S| 258 % a deficie lts are discernabl alongs acquir
E55c8 k| EXRE: B2y energy result are isition ed to
=1 “q)o.‘_.“::g 50 S =] I These ons i uis he ne
Sl Eg g8E3 EE | S P85 th. rrati ing its acq iating t 23Na-
ERRERS TE g2 Sgl & §5 8 dea ic abe king bviatin hat
s H?sqq')”oo ;8| & S stati . ma do ize t
» S = S £ " < A ) g ™ homeo Ods, ient an thesi levels,
= E:‘:'—o‘ Q«,_.T“ =] r'h;::“m X 1 peri enien hypo ignal
g =Ee <% & 27 % g& e interlT.t?esmeI'e con:izure- od reason tlova}t’gd Na ;for der and
| a™ °~:|: ;5 A -8 & 1t1 as 0 f ele . d ing
= EEEEE‘“ APV ZEE e modalit ly after to be g rms o licated dis s bei
N| g Cw .= m N 3 E 2 8 . diately ears ly in te is a comp 1l thing -
= IR © g g .3 me app! bably is a . a ntra:
N|z22 . 3 im there ro ilepsy rstly, nce
N &5 BRG] Thus, dified, p epilep ts. Fi lar co n
) g5 o odi er, eats. © ellu ise whe
;. R £ e m wev ical cav trac se
2 5 EET 5 MRI may bepﬂepsy' Hoethodolog“filve assay of 1lr;lems can T:;ns from
ag - SMET man al m nsi ro ibuti ic
e N Sys g in hu ever a se but p ontr mati
4 ER- I n itates s 1d be )07), ed c ical/trau
== ) R 2% essita I shou 1., 2( increas rgica ipating
& £ =5 fe|SE S g nec **Na-MR in et al, allel: i hy or su rticipa
S = Sr4Edg EE8 8 1 llesp in par trophy ices pa s:
oaa R 5 ] ual, -Va I in to a rtice: esse:
- CRACKE- il R ® & €q Nielles S occu due all co ical proc
g g g8 S8 St < | O g & g ions ( hange s CSF dly, not logica een
£ . g SO0 K842 | O 582 tio ding ¢ uch a condly, atho ish betw
E 55 R S5dse S 3 E& 5 2 foun rees s le. Se ame p. istinguis nd
S| 3 SEEE Y 8o g% 1) con I sou xamp the s jon disti e ha
== NpgH [oR) S 3 cellula: ing one e ject to ification the on
AEENEE s837 oes o tissue o ety ane ome of Cl"SSIﬁ(EZ/IZ”f-nh setaure may
- loss iform ac ious syste ive zones which s 1 spi
i EE in epilepti arious sys itative 172) to whi tericta
2 e t vari irri : ( insic in
=4 > > Oﬂ "S O & m lll)e very leas d prlmary: ive regions intrinsic ) of
g 5E 2 2z E at t enic an ily irritati ir own int i, 2006). regions
= >z 2z =5 g s | & g g ] epileptog secondarily nerate the2001, Palmln)’ to define linically-
) = = = = = £ o e € . 2 G C! _
BEEEL Sl B s e Stervo B (SEE cemceraoly ol
] TE£352 a ’ tereo- ices log Iso
21 B X EE5% ropag ietal, se Stereo corti epha t a
@ 25 g 2 P lomei e to u lassify troenc ions bu 1
3 arto 05! cla leci tion tro.
SoEg (Bart prop both bral e mtrations con
;o= we n re nce e
= 65 g5 Here here we e the intrace sodium  co a normativ ility that
& o 2E interest w isions using only ients and ossibi an
S = g3 inter ivisions ify not atient ime the p in hum
g £t ant di uantify 1 both p first tim rring in ds;
g 2a S SE5 - relev; d, and ¢ CSF in for the sses occurrl 1 confoun :
% RS E =% S tandard, from luate for roce tentia na in
& 2 E"‘m N ibutions ill eva cal p by po ome
Elegs s = = ibutio e wil hologi ted by d phen
A/ Ba £ S contr hus, w ive to pat be impac_ isions an
- =R m| 82 -5 le. T 3 sitive ight ical divisio
HBame =25 B s 5 = S SampMRI 1S sen changesm tological
AGEEEE Sed e 8324 **Na- how these ith epilep
z CRcpegege TEEL epilepsy; lationship wi
A = | 5% 2% d their re 1ks.
SIS = %g ] an. ic netwo
= e = =g = & ilepti
=) § SR & g 3 P
= @ N - g g5
g 3229 fE5¢
2 BYBHTA §Eg<
3 < R S .g 2 5
=1 =]
3 225155
B = 85388¢< < H
S g 838886
- o - Sog
2L || ze
= 5
® =
A

174



Download English Version:

https://daneshyari.com/en/article/5630908

Download Persian Version:

https://daneshyari.com/article/5630908

Daneshyari.com


https://daneshyari.com/en/article/5630908
https://daneshyari.com/article/5630908
https://daneshyari.com

