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High-Frequency Signals Observed in Brain Vessels via
Fast Imaging Sequence

Yul-Wan SUNG!, Guoxiang Liu® Seiji OGAWA'

1 Kansei Fukushi Research Institute, Tohoku Fukushi University
2 Center for Information and Neural Networks

Abstract

Advances in brain imaging technologies have facilitated the determination of functional
characteristics of brain areas. However, understanding brain function necessitates exploring signaling
processes between brain areas in addition to their functional roles. Functional MRI (fMRI) has been
instrumental in identifying brain area functions, yet its temporal resolution limits direct measurement
of fast neuronal activity. Recent studies have endeavored to detect fast MRI signals induced by
neuronal responses, albeit with limited reproducibility. In this study, we investigated a method
proposed by others that achieved fast imaging using short echo and repetition times. Originally
applied at 94T, we explored the feasibility of implementing this method on 3T scanners, which have
lower sensitivity. Our results indicated that the method failed to detect neuronal-origin responses
but revealed signals from vessels, suggesting potential insights into brain physiology. Although fast
neuronal responses remained undetected, our findings underscore the possibility of characterizing high-
frequency signals from vessels, warranting further exploration.

Keywords: Fast response signals, neuronal response, fast imaging, line scan, vessel signal

Introduction

The functional characteristics of brain areas have been determined due to advances in brain
imaging technologies and analysis methods. However, to fully understand how the brain functions, it
i1s necessary to understand the signaling processes between brain areas in addition to their functional
characteristics. Although functional MRI has been the most useful tool for identifying the functional
roles of brain areas’, the temporal resolution of fMRI is not high enough to measure fast neuronal
activity directly. Measuring fast response MRI signals induced by neuronal activity has been a
challenging problem. Changes in MRI signals due to neuronal activity are less than 1nT*? and it is very
difficult to directly detect neuronal activity using typical MRI sequences. Several in vivo studies have
reported that MRI signals induced by neuronal activity could be detected"*®. However, those studies
are rarely reproduced’. One study showed that changes in MRI signals were below the detectable level
of a 0.1% change in signal magnitude®.

To overcome the problem of a low signal to noise ratio in MRI measurements of neuronal activity
and detect fast response MRI signals, we had devised an EEG-like stimulation scheme’ to increase the
signal to noise ratio by repeating the stimulation hundreds of times at a rate of 400 or 1000 ms, coupled

with a short repetition time (TR) of 50ms in the gradient-echo echo planar image sequence.

EPEAEHLRRZEIT AR Vol.25

3



4

However, we could not achieve fast response signal measurement even by the method. Although we
detected fast response signal it was not reproducible.

Recently, a method™ similar to our method with very short echo-time and repetition time was
proposed. But it was not based on the traditional fMRI method. The method was to achieve such a fast
imaging by image acquisition and reconstruction as shown Figure 1.

The method could measure fast neuronal activity with a short latency of 20ms. Surprisingly their
measured signal was from not neural current but ion movement accompanied with neuronal activation
as the short echo time (TE) of 4ms suggests.

The previous study was performed by 9.7T scanner and has very high sensitivity. Therefore, 3T
scanner may not acquire sufficient sensitivity to detect the signal. But T2 value depending on static
field is not so different between 3T and 9.7T.

In this study, we examined the possibility of the measurement of fast response signal reflecting ion

movement by 3T scanner.

Methods
(MRI measurements)
MRI experiments were conducted using a Skyra-fit system (Siemens, Germany) equipped with a

standard 20-channel head matrix coil operating at 3 Tesla.

(Experimental procedures)

The line scan sequence ° proposed by the previous study was implemented. Figure 1 illustrates the
line scan sequence (Fig. 1b), which enables rapid sampling compared to the traditional gradient echo
recalled (GRE) sequence. Imaging parameters included TE = 4ms, TR = 10 ms, matrix size = 128x128,
FOV = 192, slice thickness = 5 mm, number of slices = 1, and number of images = 160. The slice

orientation was parallel to the inferior temporal sulcus or orthogonal to the calcarine sulcus.

(Visual stimulation)

Visual stimuli were presented using a mirror mounted on a head coil. A homemade LED display with
a refresh rate of 1 ms emitting green light was utilized. Flash light stimulation, lasting 16 ms, followed
by a rest period of 16 ms, was repeated 5 times during each line scanning. The total imaging time was
204.8 seconds.

(Subjects)

Six subjects participated, none with a history of neurological disease or medical conditions precluding
MRI screenings, such as pregnancy, cardiac pacemakers, or claustrophobia. Participants provided
written informed consent after a complete study description. The Institutional Review Board of Tohoku
Fukushi University (RS190607) approved the study.

(Image data analysis)

Image data obtained from fMRI were processed using Matlab software (Mathworks Co., Natick,
USA).

EPEAEHLRRZEIT AR Vol.25
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Figure 1. Scheme of fast imaging (line scan) sequence. (a) Typical GRE sequence (b) line scan
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Results and discussion

Response signals were analyzed using correlation analysis. Figure 2a illustrates the activation map,
characterized by mostly spotty activation voxels rather than clusters. Two regions of interest (ROIs)
were designated within the primary visual area (Fig. 2a) to observe response signals. Time courses
exhibited partial stimulus-locking, suggesting the possibility of stimulus-induced responses (Fig. 2b).

To explore stimulus-induced responses further, singular value decomposition analysis (SVD) was
employed. High-value maps and signals were identified. One map corresponding to a singular value
depicted clustered voxels in the visual area (Fig. 3a), with a signal pattern similar to stimulation but not
closely aligned with the stimulus paradigm. Another singular value map showed voxels with response
signals not locked to the stimulus paradigm (Fig. 3b).

One of the high singular values included a map featuring a large vein, the sagittal sinus (Fig. 4).
Image slices orthogonal to the calcarine sulcus did not reveal any clusters of voxels with response
signals aligned with the stimulus paradigm (Fig. 4a, b, c), and signals from the vessel exhibited
oscillations of 3 to 6Hz. An image slice parallel to the inferior temporal sulcus included cerebrospinal
fluid (CSF) voxels as well as the vessel (Fig. 4d).

Neuronal origin responses could not be detected using the fast imaging method. While increasing
stimulus repetitions akin to EEG experiments may enhance detection, our data suggest challenges due
to signals from vessels and CSF that may not be mitigated by simple averaging.

While our findings present negative results regarding the possibility of measuring fast neuronal
responses, signals observed from vessels may offer insights into the physiological characteristics of
vessel dynamics in the brain. Conventional fMRI methods cannot detect the high-frequency signals
of 3-6Hz observed. If these signals originate from unknown brain physiology, they could significantly
contribute to our understanding of the brain. However, further investigation is required to elucidate

the characteristics of high-frequency signals from vessels.
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Figure 2. Activation maps and response signals. (a) Activation maps generated through correlation analysis.
Dashed-line circles represent regions of interest (ROIs) within the primary visual area.

[au] L [au] R

:: ﬂ | J - I | ::1 " |

[ II:_’ “.'.t'.“_;': I!:l"-_l:lll_lr,"l. m| ||Iﬂ|| i | 11\| 1] rh rl

¥ el |. . L AT T o L ool /| i

e H ¥ L ] W iy e rf i rH ] | | i
= il {30 ..,r i 'ﬁ AR
B | x| B

s 1 E ] af "1 s afl N |

| \ viivi 1
[n]

[n]
(b)

Figure 2. (b) Response signals from the two ROIs in (a). The bold black lines on the horizontal axis represent
stimulation periods.
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Figure 3. Maps and signals with high singular values by SVD: (a) The dotted circle indicates voxels in the primary
visual area exhibiting high correlation with the signal. (b) The dotted circle indicates voxels in an inner
brain visual area exhibiting high correlation with the signal. The bold black lines on the horizontal axis
represent stimulation periods.
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Figure 4. Maps identified by SVD include a large vein (sagittal sinus) acquired at different locations (a, b, ¢) and
orientations (d). The red dashed-line circle indicates the vein. The bold black lines on the horizontal axis represent
stimulation periods.
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The current issues in myelodysplastic syndrome for elderly anemia

NI

FAL AL R

LAy

EEE B A B SRS BUEBERE (MDS) BEP L v AR HIYIE, BRSNS LT
#H MDS B H L B With, BBYICHEBET 200, HERELT20E2HLPICTEILETHL, Z0D
7o, WIS EH (EBM) OFHEICE), SRNETHOIEFT Y 2D EW IR E BRZE Lo L7z,
PubMed 2B 5T AF<F v 7 LE 2 —RETIZ, MDSEEICBWTREZ FIfzary7F1va=v
Ly Ay (RIC) EEMMENI YT Yazry LI Ay (MAC) L2HEL, MACOAMM %R
L7230k e . BRAFHRICB W TMAC E RICEFMOBHETH S L V). —EDOHICIEES Lo
720 EBI, MBLLBHOLEERT A FI4 v EDORBKIZBWTEH, MDSIZBWT X T X420
KRB 2 S NTB Y. SREs i s h/z,

F—7T—VF: G AIM (elderly anemia). & 5 IHIE A (myelodysplastic syndrome,
MDS) . B#IZFD < KHE (evidence-based medicine, EBM), ¥ AT T 4 v F v
7 L ¥ 2 — (systematic review, 2t L ¥ 2 —)  MAEZ AL HLEGAER (randomized
controlled trial. RCT)

I. #a

FEIE, 204ELL FICh 7 D EIREERI SR L v ¥ — 1B W, MEEMRAEOIREEE LTRHELT
EToo ZORERD S ORI, [HiREOFMEE TIE, KA B O GF Bk 54 /MK )
RO LI HER (WFEER) HBES—t v ML B RSRERGERERE (LT MDS) LEBEiT A L%\
LVnH L THDH, MDSIE, EMEMILIC S FEFRBETERNEL S Z LICX ) RIET 5 HiGMEE
MEFNESE TH B Ve BEEICZVRETH Y. ADDOEEMLICHE - TEREADZEML Tw 52, Bk
IO MERIRD 2 558 & Ly SERIGIEF RN T, BERCIIEEIRTH 5 2 LH B\, vy —ICfFbik
F N5 EHRERE D S OBMARBFILE MR BN, &2 WIXEREOERICE 23D TH ), MDSIEHESE
IR END Z L%, MDSTIE S F & F RIMEKIED A SN, HilL2E DL\ RAFILO MG
T3, BFhEROM R, ERIVMI RO FIEEZ & MERORFK 2 5HLHEY & LTBHL T b,
FHMER DT B W TR RO L 2 E0% . MDS %5 RIBT B R TH 5o KRl i i i§HA T
IEMDS LW 255 TOHROKEMIZBVTHILKICRITT 256055 ). KEKREICB W THEDOK
RAMKECTH o 72 L ESNDLED L\,

MDS FERBNC BV TOEERMIZ, BRIBREROAGEIIL > TP (HFE) ITEVDEHLONENH Z
ETHbH, 2F ). [MDSOEKH K LT, MMIEHRELITI) RED] LW EEMTH L. BIRICE
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WCHEB S ET ABICID A 005, [MRIHD CFEHE] (evidence-based medicine, EBM)
TH b, EBMIZ. HGuyatt AR IEDS BB L BEOREN2H W22 X0 irE 5", EBM
3. AFWRZEROEFHRL (T R) ZHlo7: LT, BHE A ORERRL =N (). &
Al OFEER R R B (IR \CELRE L7z E# 24T ) 7200 O — B OTEiRE L R EN b, TDOHREBMIX
EREROEDUFHICLERKEEMEZLTBY, TEF Y RAIZEDLBEI A 54 v 0ffEN. (Evidence-based
Practice Guideline: EBPG) ¥ & LT, BUEOERIIBWTEL L DEHEFZICE 5 TUHEOHERIE L 20 >
DhbH (K1), L7zas-> T, BIRICBIT2ZWEHZ N §T 5 LT, 287y ZOMBIIIEFICHE
Il EEZ D,

I. HiY

ARoOHMZ, SingicB 2 81M% 23 2 MDSEFITB T, BRWEERN & U TRl (SRt G
WONAZTHILILL o TTFRIIBETLINE V) ZETHL, ZD2D, L L TRHlO®RWT Y
TYARMM T EICXD, CHMERZIT) 2 LIlH b,

. #kg5e)sik
1. \ARTY1>
ARIFGED THFA Y IELEIZETH Ho EBMIE, 520D step THEAR, 1 ¥ ¥ — % v b TERFALHEF
TIEIEHBY (2F]),
1) Y% —F 2 T ZAF 3~ (research question: RQ Di%E : PICOMFR)

BENSELEMN (HE) 2EXMEL T HEBTH L, T —~ & L2VEMRQIZ. [
BRI E LT SIEBIEBREED S Wi | [ FilE O SIS BUE BRI L TP RIERV O]
EWIHRFHTHL, CORQEMKMZIELE LT =) H Vs T AF 3~ (clinical question: CQ) ” %
I L TREE AT 5 720 CQIZHB VT, PICO DM 5T e E % MR 2 B SC TR L7 (5%2),
P (Patients) ¥ Td 5. I (Intervention) 1 FAADSETH 5, C (Comparison) X EEE: (I
- i) THbo O (Outcomes) FAADKR () THH, BHEIZE S THEILWEIREE
FLLBRWRIEROW T OT 7 b D278 %

2) PubMed #i5k

PubMed 1. KEE 7 K4 X EM (National Library of Medicine: NLM) @ [E 374 ¥ T4~ 1% #t
+ >~ % — (National Center for Biotechnology Information: NCBI) 23#2flk§ % K&~ - W48 o
FRLHIRET —E 2 TH 2 Y, PubMed i3 R IN 4 EFLIMOMEY — VD12 TH b, PubMed
X, TETF U ADOE VLI ERBRITEETH . WP - BRERGFICBWTE LISGERTRE 7 —
FR—=ATHb, ¥—7— FEHEEMEET SO, HREWVELMBRAK )AL HEE L. £73,
PubMed 2B % CQEMRF L7z (Msk=%2),

3) The Cochrane Library #sz

The Cochrane Library (&, E# EOBEERRE IR LOEMEOMY LR E &7 — & X— A
DYV —=ATH2Y F—7—Fid, BEHEBIEREE (MDS), HlEAIN., FHTHL, ZNb
DF—=F R=AP P TREFLIEZEFT YV ALRNVDE WY AT F v 7 L E 2 —8 X O A
T 5 MV LALILEHER (randomized controlled trial, RCT) T& 5 ',

EPEAEHLRRZEIT AR Vol.25



V. fE5
1. PubMed#&ZRDHER

[ myelodysplastic syndrome and therapy| ®HFEMFEIZTAI14HEDH D (19734E~20244E1H). o
IBLYATYF v 7L a=N100dH o7z, BHWEHRE LT, WA LR, SR oBMICHNEDSS
HL7OWR2WMO LI TH - 72V 2 (=%3), MDSIZ 3 2 [l % i 2e /i e #2 Al (Hematopoietic cell
transplantation, HCT) Fi O #ifk A9 # %% myeloablative conditioning (MAC) & 5% Fif7za > 7«
v a =7 (reduced-intensity conditioning, RIC) (22T DHEAEAILILEER (randomized controlled
trial RCT) 12 & % % Td - 720 Scott 5 " IZ RIC I RO T IZ T 2 2SI DE L2020,
MAC REHEMRMICBVWTHETHHZ 2R LA, — . Kroger 5 13, RCT & MAC & g L TH
S B X AR ZEZR e w ERwmo T Tw b,

BT, MFEHECEIS (elderly) ZMATHRET L L, 3BHICIETATYF v 7 LE 2 —IZBIF
BHRCT 377z, TEFY AR TRL0340e v b LY WY Ttobid, RHT I/ BO—HTH
HL-OA Y U EMDS BEOBMAZ L THHE L2 E2MELALY, Weibld, #Hrllimike LT
TNVFXFF—EHEATH LY T 7 == 7THMBEDSHiEHE MDS BEOEFICIEETOMBE L MG L
72, Moller 513, BHOMAL DRI & BILERED. HilH MDS B QLY OUEITE ST 5
ZrERLEY,

BR Lo (CQ) 1%, [HiE O MDS BHZEHR LM EDOPHREAID /2v] & THD, PICOIS
IOVMETZ4—NVEFEHELE (2%2), PubMedlZBIF 540D 7 — K TOMRBDORER, 258125 » b
L. 9 HHCHIIIGHR % A L7228 TAHEEIR B O S A7~ F v 7 L 2 —13 6410 17 919 2020 g7
Platzbecker 51, RIMERE I TH LNV AF VLT hAS, TRIF TV 7 7 & L TMDS H
HOBMELH LI (NEZOE VOB ZL 2RI THYF Yy (BERAKMEEH Aza C) 7%
PERDEHLFIAI & L LT MDSBE QA2 ERE L7222 L 2R L2277, V27T b (GE
EFHABRIEG Y k7)) 3, TRZF TV 77 50 b MDSEZOBMOERELEIR L, 205
BAVE MR~ DEATEAE 2 5 72 uFH T2y v b IEBEFEFRTF70) Ve Fo933 5 —FH
SEF PR VE IR 20 IAREEE) 13 MDS 8 0 20 BE 1 0% 0847 2 Bk L 722 &) & 7 ¥ — (XPOL
FHSEAD) (385 22 MDSHBE L. FERDOIL0E L ik L T 23 R3S s dh o727,

2. Cochrane Library #&%& DR

Cochrane library DHC, 7 ¥ ¥ 2L Z .00 & L THIKRREBGR L ZHR L TnwE 77— RXR—2
IZBWT, FHMREBIEBRERICOWTHME Lz, TofR 14t ey L7z, BRMEMIZ—H L0
3317 % % Tdh o7z Hutzshenreuter 5id. HFHPERBANEICKH LT b o v REDF BHEEO A7
ERGT L7225 WIS RfimdE o i ro2®, Y6 53, MEEE o GIMISH§ 5 AR mEREIN % Mak L
P25, S TR W X N 72 SN o 2P VMBIRAMELS R LT b1 v R R F BURIE DO A %)
PeaRBE L722s WS ramdionsro 2™ RRRICBVT, LEHECHT A Y AT~ F v 2
LEa—dRWwZEEhehoiz,

V. 5

MDSIZH W T, IEH ZARMER, FMERk, fMKE 0Bl 2 e TE R AR5 2 LT, Al
R T 2 EYE 2R T T RENEASH 2 Vo MDS DO & & b 1K 80% ~ 90% D B AL I & T
5, Az 24 5MDSEZEDE 1E, IEH RRIMIROMEER 7 2 IR 5 720 @ W1 i As L2 &
%0 BB X o TEORRFE, EWilLOS, WM S5 DGR L D) A28 5 S, Eifl
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DEMDEL 25 K 27 MDSBEDEGFELRZ KT S5 2 EAMRESATWE Y, 22T, MDSIZ
P B HIG 2 A3 236401, BEAFHREBE LR LT X 0 ARhESB X ORI S < IRIE W B Il
HRE 2 B IMEH NI E TN 5,

BRIRIZ BT 2 5t & i3 % 720, EBMIZBWTERICET 2o CTiifEO HWZ ¥ 7T v 2D dH
DIRLAFINT 2UENDH L, FORBETFT— I RX—2L LTHHERTWEDIE, PubMed® & Cochrane
Database” Th b, ZZICIIBAL L DHIRBEREIN, BBENIZEF Y ZAOHAS5H LTV S
EDERR W EER O M. OAI RGO ND EE R T2 VAT F v 7 LY a—IiZPubMedllBIT 5
PICOMZE D&, HiEDOHM A 1L Cochrane Library 25F H Tdh - 72,

PubMed iR BT, CHKTIEEEE O MDS B#H (2B W T, i) 7238 A b2k <o [ F i i 42 Ak
REDERHRET Tu—FId, RERIZEFEITTERVWE SN TV S, RFDOILEMBROM R TIZ, VA
NFENET N RIMERAERIEHF) . 7HYFVy BEBAERHERN AzaC), UFa¥57F22% v b (&
MEFERF7O) VL FFFY 5 —PHEH]), ) 27— XPOLHEH) #Ex L, W OhDH
LWHEAIDEBRENTWDS (23, INHRESIIHRFNZ2ENRSLZ L TMDSEZOFHEARZUET
52 ENMRESND, TNEDEBRROMEREZARIRICBIT 5 EBMORMEAETH 28N A FI4 ~
B B ED D o7z (),

605D E ok BE . B EFREO BEII W L ST E 7225 B LFHEIR 70 £ TR
MFIZEZ b 72 ST WRENEA S 5 & W) BlAIE TV 2o2oH 5 W, EliE MDSIZ. & DBEHEIEPBED
WY B BN — DR BRERTHLEND L LM EN TV D, KBBHKRRERY T,
LRI T D B S B AR (MAC) (BMTCTNO910 FibRAER) 13 EAFIR 2 &R S %R %
T % 25E R BEAE C# 2 FUF, MERRREE T 2 MK T LER D (RIC) BB CHE 2T S &
LOHERE FIFb vy, HIKT AEmTHo7ze —H. RICE MACIZHISEFMM A HEETH B &
W) i (RICMACHER) ¥ b 0. SHORETIE—EDMmIIH o272,

MDSIZZ REEEICE AR TH 555 BIRMIZIZ, BIALIC X 2 MR % THRE T 500 22
MDS & &I MRS BATT 55 22 MDSD 2RI/ 5™, 4 K4 % TIMEY A7 B L &
U A7 BECTIIR L DN & 5, KD A7 TR, HIURIED Y X7 MERW7z0, i, $F L — T
PR, R IEE R, B Bk 2 9 = — ¥ (granulocyte-colony stimulating factor: G-CSF) 44 + 7
A VIHRER EOLFHREN TR E 5B, L L. #kF L — MEEOBKERYT % G-CSF OHKERY 72
. OKBBRRTN X T ¥ 7 2LHBGRERIC X 5 MGETIZBEE 2 RS S e dh oz F1id. MDS®
BWABMERZ & &, 60U EOREBMEBREICEZ VI EDPHEBEL TVL I LR EARB IR, B A
7 OMDS miiE B 3. B bEREOBREEZ Z 0 2 WKV & SNTE 2D, RIFTH iR bR
DRI E T ¥ 7 2MEILEGRERC X 2R ED S HOBRREE WA 5,

VI. Hiah

A DO SCHRFIZ BT, Hiling O MDSEE D 351F 2 KBUEIHR R T3 o b 093% S RrEdid
HATHDH, —EORMIEONEo72, S5, ThE TOHEKREEZ RROBRSBEAA FP
EWE DL, MERBAITN§ 2 SRR 2RI v E STV D, SR O KRB R AR
Mtyshs,
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