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KonuuecTBeHHas oueHKa )esie3a Kak MapKépa Qo
HeilipoAereHepaLum nocne YepenHo-Mo3roBoi TpaBMbl

E.B. BopoHkosa, M.B. Ybnuuckui, A.A. Kob3sesa, 1.A. MenbHuKoB

Hay4Ho-1ccnefoBaTenbCKMii MHCTUTYT HEOT/IOXHOI AETCKOM Xupyprim v TpaBMartonorii, Mocksa, Poccus

AHHOTALINA

06ocHoBaHue. PepponTo3 ABMAETCA aKTUBHBIM YYaCTHUKOM NMaTo(M3MONOrNYECKOr0 NPOLIECca BTOPUYHBIX HApYLUEHWIA Mo-
Cne YyepenHo-mo3roBoi TpaeMsbl [1]. HapylweHne roMeoctasa xenesa NpUBOAUT K €ro M3bbITOHHOMY HaKOMEeHUO 1 0bpaso-
BaHWIO aKTMBHBIX GOPM KUCNOPOAA, YTO MOXET CTaTb NPUYMHON Pa3BUTUS PasfIMUHbIX HEMPOAEreHepaTUBHLIX 3ab0N1eBaHUIA.
locTpoeHue KapT MarHWTHOM BOCMPUMMYMBOCTM — HOBasi aKTMBHO Pa3BMBAIOLLAACS KONMYECTBEHHAA METOAMKA, MetoLLan
BonbLLO NOTEHLMaN B OLIEHKe HaKOMJIeHUs Xene3a B rofioBHOM Mo3sre [2].

Llenb — onpepenuTb M3MeHEHWUS! KOHLIEHTPAUMK Xene3a B FONI0BHOM MO3re Y MaLMEHTOB C YepernHO-MO3roBOM TPaBMOi
C MOMOLLbH0 METOZIMKM KapT MarHUTHOM BOCMPUMMYMBOCTM.

Marepuanbl n Metoabl. B uccnegoBaHum npuHMManu yyactue 9 naumeHToB (14+2 roga) o CpeAHETSIKENOA U TAMENON
YepenHo-MO3roBoi TPaBMOM: TPOE B OCTPOM NEPUOAE W LLECTEPO B OTAANEHHOM NEPUOLE; a TaKKe 4 340poBbIX L06pOBO/b-
ua (15,3+0,9 roga). BceM yyacTHMKaM MccnefoBaHWs Obiia NpoBeeHa MarHUTHO-pPe30HaHCHas ToMorpadus Ha ToMorpade
Philips Achieva dStream 3T (Philips, HugepnaHgbl). [laHHble 0515 KapT MarHUTHOI BOCMIPUMMYMBOCTY BbIW NOMYyYeHbI C NOMO-
Lblo NocnefoBaTeNibHocTh MyfbTu-3x0 3D FFE ¢ koMneHcaumen notoka: FA=20, 6 TE: TE1/dTE=4,422 mc/5,795 mc, TR=59 mc
(MMHUManbHoe), pasmep MaTpuubl — 400x400x75, pasmep Bokcens — 0,6x0,6x0,6 MM®. [ NOCTPOEHNS KapT MarHUTHOIA
BOCMPUMMUMBOCTM Bbina Ucmonb3oBaHa nporpamma SEPIA. TMocTpoeHue KapTbl MarHUTHOrO MoAs, BblLENeHWe JIOKaNbHOro
MarHWUTHOrO MOfS U PacyeéT MarHUTHOW BOCMPUMMYMBOCTU NPOBOAMIMCH C MoMoLLbio MeToamK Laplacian, LBV v iLSQR coor-
BeTCTBEHHO. CpeHWe 3HaYeHWs MarHUTHOW BOCTIPUMMUYMBOCTM Obliv NonyyeHbl B 16 30HaX NOAKOPKOBOIO CEPOro BELLECTBA
¢ noMoLybto atnaca CIT168.

Pe3synbTartsl. [IpeaBapuTenbHble pe3ynbTathl UCCES0BaHUS NOKa3anu bonee BbICOKWE 3HAYeHWs MarHUTHO BOCNIPUMMUNBO-
¢t (p=0,07) B KOMNAKTHOW YacTW YEPHOM CyOCTaHLMM NS TPYNMbl NALMEHTOB MO CPaBHEHMIO ¢ rpynnoii konTpons: 0,03+0,03
1 0,003+0,018 ana rpynn nauneHTOB M KOHTPOASA COOTBETCTBEHHO. [laHHbIA pe3ynbTaT npeanosiaraeT BO3MOXKHOE pasinyve
MEXY rPynnaMm Ha YpOBHE CTaTUCTMYECKOMN TEHAEHLMN U MOXET CBUAETENLCTBOBATL O HAKOMNEHWM Xee3a B 3Tol 0bnactn
nocne YepenHo-Mo3roBoi TpaBMbl. B apyrix uccnegyeMbix 30Hax NOAKOPKOBOTO CEPOr0 BELLECTBA M3MEHEHWI B 3HAUYEHMAX
MarHWUTHOW BOCMPUMMYMBOCTU 0BHapYKeHo He Bbino.

YBenmueHne KOHLEHTPaLMUK JKene3a B KOMMAKTHOW YacTu YEPHON cybCcTaHLMKM xapaKTepHo Takxe Ans 6oneshu MapkuHco-
Ha [3]. 3To cornacyeTcs ¢ TeM, YTO YepenHo-Mo3roBas TpaBMa ABNseTCS HaKTOPOM pUCKA L1 pa3BUTUS AAHHOTO Helpo-
AereHepaTuBHoro 3aboneBaHus. K 04HMM M3 BO3MOXHbIX MPUYMH HAKOMMIEHUS JKene3a MOXHO OTHECTU rMbenb HelipoHoB
1 NOBBILLEHHYI0 NPOHMLLAEMOCTb reMaTo3HLUedanuyeckoro bapbepa [4].

3akntoyeHue. loBbiLLeHWe 3HaYeHMIA MarHUTHOW BOCIPUAMYMBOCTY B KOMMAKTHOM YacTy YEpHOI cyBCTaHUMW ANA NauMeHToB
C YepernHo-Mo3roBoil TpaBMOW MOXKET CBUAETENLCTBOBATh O HAKOMMEHUM Xere3a B 3Toi obnactu nocne TpaBMbl. YBenuue-
HWe BbIBOPKM NaUMEHTOB NO3BOMUT B AaNbHEMLLEM MPOBEPUTL AaHHYHO TMNOTe3Y, a TaKKe 0TCNeAUTb U3MEHEHUS KOHLIEHTpa-
LMW JKene3a B pasNuyHble NepUObI NOC/e YepenHo-Mo3roBoi TpaBMbl.
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Quantitative assessment of iron as a marker
of neurodegeneration after traumatic brain injury
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ABSTRACT

BACKGROUND: Ferroptosis plays apivotal role in the pathophysiology of secondary disorders following braininjury. Disturbances
iniron homeostasis result in the accumulation of iron and the formation of reactive oxygen species, which may contribute to the
development of various neurodegenerative diseases. Magnetic susceptibility mapping is a novel, rapidly evolving quantitative
technique with significant potential for assessing iron accumulation in the brain.

AIM: The study aimed to determine changes in brain iron concentrations in patients with brain injury using magnetic susceptibility
mapping techniques.

MATERIALS AND METHODS: The study included 9 patients (14+2 years) with moderate and severe brain injury: three in the
acute phase and six in the remote phase, and 4 healthy volunteers (15.30.9 years). All study participants underwent magnetic
resonance imaging on a Philips Achieva dStream 3T scanner (Philips, the Netherlands). Data for magnetic susceptibility maps
were acquired using a 3D FFE multi-echo sequence with flux compensation: FA=20, 6 TE: TE1/dTE=4.422 ms/5.795 ms, TR=59
ms (minimum), matrix size was 400x400x75, voxel size was 0.6x0.6x0.6 mm?®. Magnetic susceptibility maps were generated
using the SEPIA program. Magnetic field map construction, local magnetic field extraction, and magnetic susceptibility
calculation were performed using the Laplacian, LBV, and iLSQR techniques, respectively. Average magnetic susceptibility
values were obtained in 16 subcortical gray matter zones using the CIT168 atlas.

RESULTS: The preliminary results of the study indicated that the patient group exhibited higher magnetic susceptibility values
(p=0.07) in the compact part of the substantia nigra compared to the control group. The values for the patient and control groups
were 0.03+0.03 and 0.003+0.018, respectively (Fig. 1). This result suggests a potential difference between the two groups at
the level of a statistical trend, which may indicate iron accumulation in this area following brain injury. No changes in the values
of magnetic susceptibility were observed in other areas of the subcortical gray matter that were investigated.

An increased iron concentration in the compact part of the substantia nigra is also a characteristic of Parkinson’s disease [3].
This is consistent with the fact that brain injury is a risk factor for the development of this neurodegenerative disease. One of
the possible causes of iron accumulation is neuronal death and increased permeability of the blood-brain barrier [4].
CONCLUSIONS: An elevated magnetic susceptibility value in the compact part of the substantia nigra in patients with brain
injury may indicate the accumulation of iron in this area following injury. A larger sample size will allow for further testing of
this hypothesis and the monitoring of changes in iron concentration over time following brain injury.
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