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Mangnetization Transfer MR of
Cerebrovascular Disorders Using
Calculated Images

Kyouko Enomoto, Tsuneya Watabe,
Makoto Amanuma and Atsuko Heshiki

This study applied a magnetization transfer contrast method
to patients with cerebrovascular disorders. A 1.5T supercon-
ducting MR unit was used, and magnetization transfer ratio
(MTR)images were calculated by evaluating two paired
images before and after off-resonance gradient echo pulse
sequences. The normal white matter showed the highest
MTRs, CSF the lowest, and gray matter, intermediate.

Cerebral ischemic patients showed two patterns accord-
ing to the chronological stage of the affected area. Lesions
in the acute and subacute stages revealed higher transfer rates
than those in the chronic stage. Patients with cerebral hem-
orrhage were divided into three groups: the hyperacute group
showed a low transfer pattern; the acute group presented
inhomogeneous high transfer rates; and the subacute group
showed remarkably low transer rates.

In the acute and subacute ischemic stages, increased mac-
romolecules caused higher MTRs than in the chronic stage.
In hemorrhagic groups, low MTRs in subacute hemorrhage
reflected the transfer of methemoglobin. High MTRs in acute
hemorrhage with rich deoxyhemoglobin suggested increased
fibrin, plasma, and serum components of macromolecules.

The MTC method provided new chronological informa-
tion on cerebral hemorrhage, adding to that provided by rou-
tine MR images.
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Magnetization transfer contrast (MTC) (& 5 Hi7k & &4
OMESERE R L ZMRIIEHETH S, FOE{E(MTC
Wj{%) 13 B3R5 8 (saturation transfer) D EUIR |2 THERL 2
N5V, FRIRIZEBVTIEMR angiography % 1 L & LT
. BAES, BiZe EOWAZIZFIHE N TN AE919, 4R[MTC
7 B S R E B E OUEIMRIZIGH L, Bl 4 B g a2
& ORI ZMTCOZEIL 2 EHEBIZIL L, ZtoB&ico
W THUYER (magnetization transfer ratio, MTR) 3 & UL Y
ZEHEE A7z, MTCRHIRIETIRUTRME BB H LW
AP EEEREDLTHRENEZZONTE Y, REROE
8 ZHERDOMRENEIZIN D % BHRHHRICD XRE L 72,

*O®

ARIL19934E10 H ~ 19944F 2 A 1285 FERAF A
THHAMRIRE % [T L -l EEERENpITH L. B
2601, LWHISBITHERIZ 1 D576/, FH46.28TH
A, 1R 2260 I RHATZE, 19BIZMIEINTd - 7. Bfige
DFREE 1 BIA9ME, 21BN TH Y, LFIMRIRZER
HTHAKHMEZEIRS 2 d o 72, RO E IS
FEEAT1660, BhERIRZTTE 1| B, BRI TH72. /-
A E LTEBEERA0% (B, &th4d, Fi22-47i%, F
¥)35.458) & 7z,

B &

FBIZIIMRIZE T (MAGNETOM H15 SP SIEMENS, #Hi
WURRE] STesla) # L, AV yTa—EF i35 EAY
¥ T3 = A T T 156 3R 18112500, 510/15/1 (TR/TE/
excitation), 70 b EEEMFAE %3 X UT25R {22000/
15, 90/ 1, 3000/15, 90/1) (TR/TE/excitation) % #{&fs, 77
7°4 L2 b L3 (gradient echo, GRE) {#300/18/12/4 (TR/TE/
flip angle/excitation) & F3\RZSERAL % AL BHATIRT I T,
Off resonance pulse % JJl1 2 7=MTCI|f§ & Hl 2 72 > non-MTC
Eifg, ¥ 7%bbiE OGREE$ % #i& L7:. GREEDHE
INF A= —|IFOV250mm, < bV v 7 A13200x 256, A
IS4 AR ImmTH 5. 27 AT 4 A% 3 530812 TH

HAERSE H57% $715
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Table 1 Calculated MTR images and%MTHs in normal subjects

Subjects %MTR (SD) | Calculated MTR images

White matter | 27.5 (1.3) high

Gray matter 221 (1.1) intermediate

CSF 6.7 (0.7) low

% L7z, off resonance pulse |dgaussian type D% H vy,
E KBS DK T D 3E05 JE I B 38 1.5 kHzREN 72 EF AL
(2250Hz DI TS.192ms MIFEST L 72, 2Bl EbER (specific
absorption rate, SAR) ZEHE % {ifi /= L T\ 7z, THUC X D off
resonance pulsefij{% TR —WiE D 2 Wi{§ % %72, MRIZEE
MRS A7 75— ar 7 VERWIO2E{EED
EIZRKUTRT HETMTR & ROMTCOZAL % /R § B HEH
{4 (caluculated MTR image) % {ER L 7.
MTR = Mo-Ms/Mo
(Mo : ffIRTOME, Ms : fafIkOmI{R)

Ei{g EOMTRAHi 2 B TRT 2 L2 BRICZE100
& Lg% EROFFMimE s Lz, /o5
|Zresion of interest (ROI) % i%5€ LTl 2472 72. ROIDK &
SULHEITIE L T4-8pixel TAH D, FHHMEIIMTR % 10045 L
b DTHYBMTR EFEH L7, FHEEE ETIRINKEE
AL L, FN LD L EMTRZ R 3 HEEZ ER B
(high transfer area, HTA), {EMTR % /<3 818 % (R LR H)
I (low tranfer area, LTA) & L7z, HTAIZEHERE, LTAIZE
FEEE|ZHE &, 2 DtransferDZEAL
FHREEICHRE Lz, REOFHmIX
iR ZE I3 22B 24 Z R E L,
fEf% 7 HUUAD 6 W%, 7 HA» 514
HUAA 3 /%, €hligo@i
ISHZEICAHH L 7. MRIETOEE
DK E SUIE TmmD 5 demDFEH T
o7z, B FEAERRS-6RFE LA
BRI (440), 2 HUAZ 24430
(761), 2 BUE 7 BUA 2 EEH
B8P L7z, MBIk Z
S13E2.5~5emD i TH - 72,

= R

1. ARFEIZTHSE L 7w A DGR
BHE, EPKEE, REREO%MTIR
lFFhzh275(08D=1.5), 221(SD=
1.1), 6.7(SD=0.7)Té# -7 (Table1).
FHEEE ETIZARIZHTA L L TEE

PR ) LM HE : . S A: T1-WI shows clearly low intensity in the left thalamus (arrow)and ill demar-

HHEMISELLTA L L IR cated subtle low in the right side arrow head).

Hahsz, (Fig.1) B, C: T2-weighted and GRE images iwd(entify high )inte-nsity in the left (arrow)
o . 7 g \ Pk and slightly high in the right thalamus (arrowhead).

2. HHEEE | SEAERR 7 BRI 6 77 D: The calculated MTR image represents the left lesion as definite low trans-

ETHPS14ALAD 3 HED% fer and the right as slightly low, suggesting a fresh ischemic area.

FHOF6 H25H

HY b3 4

Fig.1 A 34 year-old-male with no\rmdl b\ram MRI.
A: T1-WI, B: T2-WI, C: GRE image with MTC, and
D: Calculated MTR image. The white matter shows
the highest transfer. The gray matter represents
lower transfer than that of the white matter. The
cerebrospinal fluid reveals the lowest.

§ Fig.2 A 65-year-old male with right acute, 2 days after the onset, and Ieft_old
EEWZ, IKEEIZEE L D bLTALZ, M thalamic infarcts.
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Table 2 Calculated MTR images and%MTRs in cerebral ischemia

Stage (Nuber) | %MTR(SD) | Calculated MTR images
Acute (6) 17.7 (3.9) | slightly low

Subacute (3) | 15.4 (3.0) | slightly low

Chronic (15) 94 (1.7) | low

Table 3 Calculated MTR images and%MTRs in cerebral hem
orrhage

Pt

Stage (Nuber) | %MTR(SD) | Calculated MTR images

MTRI317.7(SD=3.9), 15.4(SD=3.0)T& Y, #hl#HED
&M ISFED %BMTRIZ4(SD=1.7)H 7. 7T HUA &
7T HDH14HUADHETIIHEEZIRZD D -72(p<.05).
BPEIARE AT I L TR BRI E R L7 (p<.05).
AHEEETIREY, HAMEHEERIKAE L) EE
LTAE LT, @M S AARLTA L LT3 57 (Table
2, Fig.2).

3. MR © A E I AE 4 F]0FH%MTRIZ2.5 (SD=3.0)
LEMEERR L. BHINED 6 fTIETFEH%BMTRIZI94
(SD=74)Tdh -7z, HZEMH 8 HDWMTRIZS.1(SD=42)
Thol:. FHHEETIHBAEY & HaERIILTAZ E
L, SYAMEIIKEE L FBEOHTAR R L2, MERX
EIISERIIARY)—TH o 71248, R L@ Tty
—7LTA% /R~ L7z (Table 3, Fig.3~5).

IR O % 12 2 2 5 O BT AR % &0
720 IO IIT2SRAN SR ASERIERE, TR A S EE T
HIUE, FHEMEETLTAL, TIFEmEAMEMERE THhE
HTAIZFRD 67z (Fig.6 A, B, C).

z =

MTCIZ19894F [ZWolff 5 H3#l & T
b DS L Loy, RiFETERE
WEBICBITAEHTO bk, 7
NRIBREOBTFIHEE LTS
7o b+ EOMEMERIC X 5 ERIR
RET DAL B (magnetization
transfer) Z @{& 2 > b 5 A M ZIGH
L7-ifghiETH5H, BHEKDILE
JEI D & B~ BTk Hz BN 72 ik
BB IREZ SOV A R BB 5 2 LS
L higEa7so b /G)g.]%%ifﬂ-h[—é—%
EILBER (RMERE) ICL WV EBR S
obrosiEbiElsng, o8
SHEE ETIHMEFHENETE L
TFRENL, EHEITE L DR
FIRED T O b 267 5 -
KEWRESI-MTCHESES R
B. THEFIH L AR R SR
BOWTHEETMTCIZIBH S Tw
A6 s LMTC $)L A BBST R
DERLEEGEE L THENOER
BB L 723 12 4 2 asham

after the onset.

lesion.
14

Hyper acute (4)| 2.5 (3.0) | homogeneous low

Acute (6) | 19.4 (7.4) | homogeneous lhigh

Subacute (8) 5.1 (4.2) | homogeneous low

MTCEIR MR DHEAE, off resonance pulse & EI[I4 % /¥l
AFRFVEIINS BV ADSRS, FHE, ENMERREZ &2k b
L Li— SN BZEIT VA, EFRARICBITSD
NONDOFERITHERO#ME L —FH LY, FHEEELETD
HE, KEE, BMEMHEOa Y 5 A MIBHETH -7
(Fig.1).

BB ZE TR M (% IISEFET I IR Mm% & 380 L 7- %8 %
Bl 24, @AMt meEsEs sk
) MBS DK G ATHEIN L T W A28, TR L7z ik s &
1E18FE & SO L &7 B IAAHRT B 1258 hn L 72 kBE T
»HY, TAHFEMIRZRTREHELHER SN, —F, 8
JAIEMTRIZEACEESE % ot L CIRAEZ /R L 7.

M M OMTCIZBE L T O34 7% {, $FICEHEmg %
FAGWER-IEI L 2 ST v, SAOMETIEDSSAEH
b ORFEAEMIC X D B2 LA R o N, it
HNERTONEZ T Y v B L UMHE ORI2L & BEET 5

Fig.3 A 73-year-old male with a hyperacute pontine hemor:hage 2
hours after the onset.

A: T1-WI shows no detectablelesion in the pons.

B: A heterogeneous high intensity is noted in the pons on T2-WI.

C: A high density area is noticed in the pons on a CT image 3 hours

D: GRE image with MTC represents heterogeneous high intensity
surrounded by low attenuation rim in the pons.
E: Calculated MTR image reveals the hemorrhage as a low transfer

HARERSEGE 557% #5715
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Fig.4 A 73-year-old male with an acute right thalamic
hemorrhage 36 hours after the onset.

A: Heterogeneous mixed intensity area is detected in the

right thalamus on T1-WI. A B
B: The lesion shows relatively low intensity with surrounding
high intensity on T2-WI, suggestive of rich
deoxyhemoglobin in the hematoma surrounded by edema. c D
C: GRE image with MTC reveals low intensity in the right

thalamus.

D: Calculated MTR image represents the hemorrhage as

a heterogeneous high transfer area.

Fig.6 A 36-year-old male with the right frontal hem- |
orrhage of unknown origin 4 days after the onset. A } B

A: A upper-high and lower-low double fluid level is
detected in the right frontal lobe on T2-WI. B
B, C: The lesion reveals heterogeneous high inten-
sity with surrounding edema on T2-weighted and
GRE images.

D: Calculated MTR image represents it as a upper-
low and lower-high transfer area.

O
=2

Fig.5 A 53-year-old male with a subacute hemorrhage in

the right temporal lobe due to a rupture of arteriovenous I
malformation 5 days after the onset. A B
A to C: A well demarcated high intensity lesion is noted in

the right temporal lobe on T1-WI, T2-WI, and GRE image |
with MTC, representing subacute hemorrhage including c| D
abundant methemoglobir. |

D: Note the area showing a homogeneous low transfer

pattern on the calculated MTR image.

ER94E 6 H25H 15
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EEZLND | FEEHBEEEE LN OB 2 E T3
%MTRIZIAETH - 72 (Fig.3). ZOEMIEND~EZ 1
E IR T h S BRFEFEETDEARTH Y MRIEIE ET
EEREOWR L LT s 20, KIZHEELL 72MTR
R EEZON. BEBAEZOE L HFEEOEEL
HIMIZHTA L LTI S W (Figd), A PAESOE VD E
o IMIH—2LTATH > 72 (Fig.5). Mittl5D
T b AN EMTR, A MEIZEMTR % £
Lbiubh L EHEOFHRELEZGNE, W6 Zin viro Tl
BICHINEZ O, A PAESOE Y EHOMTRIEIZGAH
YRT 2 EDs, SYEMEDEMTRIZHMEDOHFIZH
BN DB E LTwAY, FHEmE ETORY—%
EMTRIZBTERAE/OE VWA E ML TWA EEZ S
NaH, Mz CcauinEcErzs 7y, 79 A%
H, M#F0BRHEIC L 2MERGORESRONE. Zhb
o E & I E K ©Omagnetization transferDZE L A%
SHPMEOMTROEEIC K-S Ll s s, FR
MR DI —RLTAIZ A FAEZ O > OMTRO S &
MiFast R Lm0 T/ E RS AR S AR 2 trans-

ferDZHAIRA T B izd bz bidz, 2MEHE D4
T IEMTROEHAME D A TldiH S h v iEPIEi 2 Lo
BBICHAREEZ ON. 2D SRR 47812
OMETIIETE S EOZ LI T SRS CREEES O
HBLZI6AT L TH—RLTAIC & A DS 1, HIRaH A b
ANEZOEYORMAMTIRIZEKBENEEZ b5
(Fig.6).

L LCEIINT & AMTC/ SV ADSHE—~OGRETH 1),
BRI R ORI & HF 5 OB LE & UIRZE /M 51
BIGERT AT —F 77 27 M2 ) EHEE(E O ZLT 5
A WAS=b/i G a>F (Al

# R
MTC % WIMEREE IS L, SHEEEE G TRBEIS
ORI X Z2H0EEHET L7z, B BV CidaEs MR
gz, MmEDOIERRZ LI NEF O Y EAL
FHH DL RS 2 WEHNE SN,
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