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Gadolinium-Diethylenetriamine Penta-
acetic Acid Enhanced Magnetic Reso-
nance Imaging of Dilated Cardio-
myopathy : Clinical Significance of
Abnormally High Signal Intensity of
Left Ventricular Myocardium
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Abstract

This study investigated the clinical significance of abnormally high signal intensity in the left ventricu-
lar myocardium on gadolinium-diethylenetriamine pentaacetic acid (Gd-DTPA) enhanced magnetic reso-
nance (MR) imaging in patients with dilated cardiomyopathy. Gd-DTPA enhanced MR imaging, T1-201
myocardial single photon emission computed tomography (SPECT), Tc-99m radionuclide angiocardio-
graphy, M-mode echocardiography, electrocardiography and chest radiography were performed in 18
patients with dilated cardiomyopathy. The left ventricle was divided into five areas, the anteroseptal,
anterolateral, inferoseptal, posterolateral and apical areas.

Five patients (group A) had 0-2 and 13 patients (group B) had 3-5 high signal intensity areas. High
signal intensity areas were demonstrated in 19 of 90 areas (21 %) before Gd-DTPA enhancement and 50
of 90 areas (56%) after enhancement. Fifteen of 34 areas (44 %) with abnormal T1-201 uptake showed
high signal intensity before Gd-DTPA enhancement and 31 (91%) showed high signal intensity after
enhancement. Fifteen areas without abnormal T1-201 uptake also showed high signal intensity after en-
hancement. Left ventricular ejection fraction (LVEF) and percent fractional shortening (%FS) in group B
were lower than those in group A. LVEF (r=0.78) and %FS (r=0.82) were significantly correlated with
the number of high signal intensity areas. Systolic left ventricular dimension was larger in group B than
that in group A, and a significant correlation (r=0.62) between systolic left ventricular dimension and the
number of high signal intensity areas was found. There was no significant difference in right ventricular
ejection fraction, left ventricular peak filling rate, diastolic left ventricular dimension, left ventricular
thickness, cardiothoracic ratio or SVi+RVses between group A and B. There was no correlation of peak
filling rate, diastolic left ventricular dimension, cardiothoracic ratio or SVi+RVsus with the number of
high signal intensity areas.

These results suggest that abnormal high signal intensity on Gd-DTPA enhanced MR imaging may
reflect myocardial degeneration, necrosis or fibrosis, and the high signal intensity predicts the severity of
left ventricular dysfunction in dilated cardiomyopathy.
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pentaacetic acid, TI-201 myocardial scintigraphy,

Echocardiography

i U & I(C

RS ILIRBL%H: (magnetic resonance imaging : MRI)
BEEMRBOBEFMICEHATHH1EH) TR,
LFFARRIER DFFT b TTRETd 527, $£72, MRIER
#IT& 5 gadolinium-diethylenetriamine pentaacetic acid
(Gd-DTPA) 3 S L EFIEESO REALH ([ZEF
MENDHY, F4 b Gd-DTPA EH MRIIZBITF B EK
BLOHEDEZ LHARERRE S, WRENOBT
BEZEHICEORBTEREICOVTHERE L. —
7, PERELOHIE (X OZE DK & OHIEAR S & 58
ETBERARHOKEETH 5129,

FHFFETIZ, HRELOHHAEICH TS Gd-DTPA #E#
MRIZ & 5 EELHARERESTOBRKRHERLHSL
PICTHILEHBELT, ZOBESE O L5
SPECT (single photon emission computed tomography), +[»
RI7YIA7774—, ME-FLTI-H, 12F
BLOER, M X HETR & HBRRE L7,

HREFE

HRIZEAELFER BRI CHEREMEIIC L
5 [RBMEOHEZHOFS & D ICL ) BTSNz,
EEIREL A BRI 2, EEHRHSE45% LT
T, M OGELRRLIEAREDRE % 280 72 VLR
LEREE 1881 (B 1361, &5Bl) THY, Fhid 32-81
B (CFYER 55114 5%) Th o7z, EZ0H % aikEsh
@, AUGIEE, TERERFE, HREIBE, OREO S HEBICS
'} (Fig.1), Gd-DTPA EERED MRI TREFTERD S
FEROBICL Y, FERE 02 D A B 56 & 56,
OB, FHERKS2E12/%), BLUHEEK3-SDOB
H13H GBI, K56, FHERS6LIS ) ICEE
BlEsEL7.

MRI (3 5% 5B(ZE R MRI 1.5T (MRT-200FXIII, su-
per version) & AV, (L ERFEHAEY vz a—ETL
I—BE% 30msec, #VELEM%E RR BFEL L,
MEEE 2 B, FXREF 35cm, v~ b v 7 R 256X
160, A7 4 AE 10mm Tiro72. BHOT L W,
EERMUEWEGS & /LS EHMEEZRg Lz
%, Gd-DTPA 0.1 mw/kg (0.2 mi/kg) % #EIRAIIRS L,

Radionuclide angiocardiography,

I : Anteroseptal (AS)
: Anterolateral(AL)
== : Inferoseptal(IS)
S L =228 : Posterolateral(PL)
@l - Apex

Sareas

Fig. 1 Definition of five left ventricular areas

The left ventricle is divided into anteroseptal, anterolateral,
inferoseptal, posterolateral and apical areas.

57% & ) E C&HCR—ITEE 2 HE L. figEsd
F@, difIEE, TEEPRE, REABIASERB LU
DEEITESR T, LREBITESREMUENEES L O
DRE D EMTTE % TRFA L 7-. Gd-DTPA #E#Hit%
THHLOOFEXILHEL, ARCGHEGEL DI~ T
FAMDPLAY I TANSHLHPRDDERESES
HHEL, AV P IR MEIHAEPATTRIDIIRL

LT, ERLHEEBRNORERESOFEEZ3IA
DREBOAEIZL VHEERICHE L7,

{7 SPECT #1ZIIZER Y F 7 X 5 GCA90B %
Hv:, REIREET T1 111 MBq % BIRAZS LRE L
7o EERMKEE, RBEER, S@E»5 3 A0OK
BOEEICL o THENICEZ LHEEIBAD TI O
DAMETOREL D, EETROIBE{HYATL
TWAHERRL & B L TBERDRIERH & 22 KIB % 7R
TODEMYARMETH Y LHEL 7.

/2, LRITVIVFT T T4 —3HEERI Y FH A
S GCA 401-5 % i\, Tc-99mHSA-D 740 MBq # &R
HIAEIRD U CI3TESIR L ) EBAIEAE L D ITHR—
7 A{EA L, variable ROl ETHZEB L VEZED KL
ML ISR 21T, EEARMR, —RMs5H
MEER L2, 1 EERRE L ) AZERBSE (right
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Selected abbreviations and acronyms

Gd-DTPA = gadolinium-diethylenetriamine pentaacetic acid
IVST=interventricular septal thickness
LVDd=end-diastolic left ventricular dimension
LVDs=end-systolic left ventricular dimension
LVEF=left ventricular ejection fraction
MRI=magnetic resonance imaging

%FS = percent fractional shortening

PFR =peak filling rate

PWT =posterior wall thickness

ROI=region of interest

RVEF=right ventricular ejection fraction

SPECT =single photon emission computed tomography

ventricular ejection fraction : RVEF) %, LERXIFHF
e X D AR E (left ventricular ejection frac-
tion : LVEF) B X WEZE R AKFEHHEE (peak filling rate :
PFR) # E i L, WA THELZ.

M E— F.Lxa—[Eid7 a5 5 SSD 870 Z AV,
2.5 b L < i1 3.5 MHz DT TR —/¥— & 100 mm/
sec TITVY, L ER R E OB CTLEEIIRKLE (end-
diastolic left ventricular dimension : LVDd), /[~Z Ff&EEE
JZ (interventricular septal thickness : IVST), 7/ ZE&EEE
(posterior wall thickness : PWT) %, £ ZERANGERIIZ
EZIGHELE (LVDs) ML, EEHREERE
(percent fractional shortening : %FS) * (LVDd—LVDs)/
LVDd IZX Y EHLAD, LER»LRBEZRAD
voltage criteria T@ % SVi+RVsae'®™'® Z HlE L, MEE X
BEEL OB E, LEEZEORLICERES]
&, EADLDED S ERE TORKEREOM 1R
fEEDOKIERETER L THEM L.

EETEMLERY, WMEOSEREL P LEERFET
# L, MEEROLEICIE ANOVAREE V7. E72,
Gd-DTPA ## MRI (2B 5 &5 5 HRM L FHERO
#R8 % X T Fisher DAHBRED Z BT p ELK
%, ERSHITEERETITo7:. p<005 2boTH
FEOHEL L.

54 &

Fig. 2 IZfEFI 2R Y. DT LY Gd-DTPA EFH]
MRI{g, #E#% MRIE, 5 SPECTETH Y, L
X ) AEREHNENES, AEENAEHMEEE, O
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RS D FEMEEIRINTEBY, f SPECT &
BENS LIZIZA—DOWTEBSR THS. MRIFTIRIAEE
WERRICIE AL, AEBEEIRBAS L TWA. Gd-DTPA
SERAICHIEERE, TERCEESHEBNALR, EF
BICREESOREBIUVEBESTERTHEBEI AL
Twhb. o SPECT 1 T3 I8 % & < AiTEE, +FR,
TEE, LRET, TIOWY ARMETHALNS.

MRI |23\ T Gd-DTPA EXAENAEZEKHIKICH
FALBREESOEESL BT 5 L (Fig.3), EXH
T2 90 FIRF 19 IR 21%) ICHEFTAFALN, &
141213 50 IR (56%) (CBEF RO LN B
MICBES*RO-HERILETEFELIBEST, &
ENMBES RO L h o 72 71 FHBF 31 BRTELE
CEEEFALN, o 40 $HIR (44%) TIIELAIR
LYEETERORP o/,

Gd-DTPA EERZOSEIBRICBIT 5 L0HAEES
DA% L5 SPECT EORLY AKET DA & Bk
L7-34, f5 SPECT f£TIiL, 5L DFITLREIC
BITA TI OB AAET A LN, LREEREL 72
FRICOWVWTREL-E 25, EFRITIITIONY A
AMET %0 5 34 FAH 15 IR (44%) I L EES
BH O N horzh, EFZITIE 31 HR (91%) 125
FEhmroh, 72, TIORYAKMET 2RI %2\ 38
FEiRP 15 $HIRIC b BE T A% R0 b L (Fig. 4).

MEMICBIT 5 BIGE, BLU GI-DTPA #E#FE
MRI D &IEFIZ BT 2 BET LR T HIBE L FHEED
MHEEHEBE, L RI TYIFT7T774 1285
LVEF 3 AB41+2%, BE27+9% &, BRI AR
WCHLEEICEL, BFEFZR L #HEEE LVEF D
BIZid, y=—5.5x+46 (r=0.78, p<0.002) DEELZH
DA A S N7 (Fig. 5-7). RVEF 13 A & 47+4%,
B&E39+10% L AEZEIEILZVWDLOD, BHTARIC
B UEWEmDS A S 1, BEfE5HEE L RVEF ORI
X, y=—3.1x+50(r=0.47,p<0.10) DFGVEBE A A 5
h7z (Fig.5-4). VLREIDIEETH 5 PFRIZ AR 1.31
+0.47, BE 1.20+032EDV/sec L Zi3% <, BEF
SEIFER & DRI D ARG IEA S iz b o 72 (Fig. 6).

M E£— FLIa—EETid, LVDd & A B 6514,
BE 69+7mm L MEMICHEEZI L, BETHE
BEoORICHHEBERD 2 H» o7 (Fig. 7-A). LVDs
T ABE49+3, BEE60OE6mm &, BETIZAELY
BEEICKREL, BESEBREEOMIZY, y=3.33x
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Fig. 2 Four-chamber long-axis (upper row), basal short-axis (middle row) and middle short-axis (lower row) planes of TI-
weighted MR images before (left column) and after (middle column) Gd-DTPA enhancement, and T1-201 SPECT
myocardial scintigrams (right column) in a representative case of dilated cardiomyopathy

Partial high signal intensity in anteroseptal and inferior areas was seen on Tl-weighted MR images before Gd-DTPA
enhancement, and the magnitude and extent of high signal intensity increased on Gd-DTPA enhanced MR images.
TI-201 SPECT myocardial scintigrams showed decreased T1-201 uptake in these high signal intensity areas.

;g'mhl‘?h After Gd-DTPA enhancement Total
ntensty, (+) &)
€ ® o © 0 o
a 0o o o o
glaesers oTe
o 19
5" (21%)
]

19 0
&
= © 00 0 0 |00 0 00
(=] ® 6 6 0 o ® o6 © o o
1 e © 0 o o e 6 6 o o
o ® e 0 © o e 6 o © © 71
igeie s e Teda s esilcl)
o e el e s [79%)
O e e 0 00
@ 31 40

50 40
Total (56%) (44 ) 90

Fig. 3 High signal intensity on MR images before and after Gd-DTPA
enhancement in each area

Nineteen of 90 areas (21%) before Gd-DTPA enhancement
and 50 of 90 areas (56 %) after enhancement showed high sig-
nal intensity. Thirty-one of 71 areas without high signal inten-
sity before enhancement had high signal intensity after en-
hancement. Forty areas did not show high signal intensity ei-
ther before or after enhancement.

+48 (r=0.62, p<0.02) DHEAD A S L7z (Fig. 7-5).
%FS 1T ARE24+3%, BRE13+3% &, BEETIZ AR
CHLEEREIELS, SESHEBEHLOBICH, y=
—3.63x+26 (r=0.82, p<0.002) D BiF 7% B OFE I A
b7 (Fig. 8-Z). IVST+PWT & A #: 2243, B #
192 mm LEEI R o728, BEFHEEKE OMIC
&, y=—097x+22 (r=0.49, p<0.10) DFHVE D
AL N7z (Fig. 8-F). ML X #E5HED CTR (& A B
55+7%, BEES9E5% EMEFICEIE R L, BEFHEE
BEDOMICOHBEIEA S NG H o 72 (Fig. 9-&). L&
B SVi+RVsas b, ARES53+8, BE S5S4+11mm &
MEFICEI R, BEFHEBEKE OMIC B Z
2o 72 (Fig. 9-4).
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before after
MRI high signal intensity MRI high signal intensity
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Fig. 4

before (left) and after (right) Gd-DTPA enhancement

Fifteen of 34 (44 %) areas with decreased T1-201 uptake had high signal intensity before Gd-DTPA enhancement,
and 31 of 34 (91 %) areas with abnormal T1-201 uptake showed high signal intensity after enhancement. Fifteen areas
without abnormal T1-201 uptake had high signal intensity after enhancement.

Comparison of high signal intensity on MR images and T1-201 uptake on SPECT myocardial scintigrams in areas

The left ventricular ejection fraction in group B
(27+9%) was lower than that in group A (41+

LVEF RVEF
~~ ~~
280y 280r
T c
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S y=-55xe46 O —
Eeor rore,  Ee0r °
- o
s 8 hd . Fig.5 Comparison of the left ventricular ejection frac-
1§ ‘8 : {' o tion (left) and the right ventricular ejection frac-
2 40 %. 40F * e . tion (right) with the number of high signal in-
- had tensity areas
5 §
T a
3 g
= -
g g
[
> -t
£ B
4 (14

20 201 y=-31x+50 2%). There were significant correlations be-

r=047 tween the left ventricular ejection fraction and

p<002 p<010 the number of high signal intensity areas (y=

L. 4 . . L —5.5x+46, r=0.78, p<0.002). The right ven-

0 0 tricular ejection fraction in group B (39£10%)

0 1 2 3 45 0 1 2 3 45 was sligl{tly lower than tha%in gproup A @47x4

AN=S5) B(N=13) AN=5) B(N=13) %). There was a weak correlation between the

numb : : The num H + right ventricular ejection fraction and the num-

The . er.Of h'gh SIQnal . ber. of hlgh sngnal ber of high signal intensity areas (y=—3.1x+
intensity area intensity area 50, r=0.47, p<0.10).
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IRELUARE I O ER & IR T 2458 L +
AERAHDEKETH 5121, —ERIZIZEERICEILAR
eL, HBHEE L-BEEBE-EDH 00 H 55519,
— R ITETETHBEICREET, RHEU DS £
DAICELET 5, FEROFELALAELIED L {132
RIET, Z=ERIEZE LT HDDEELAEEAHLT
WA DAL N2M, Lizh o T, WRRLLHESRE
BT ULHEEORECHIE % JEBMmAY BT 5
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DTPA # A1 MRI T, SAFEE TE 90 S+ 19
B 21%) [ZBEF A O NIzA, L SPECT LD
HET, IhSEEOFAL (1519 $EiE; 79%) I T1 D
WY AAMETHALN, BEFILOHMROERERER
5, PERFZEMLR EERBLTWA EEXL LN,
MRI 7% %% Td 5 Gd-DTPA 13, TIERHRICLD

2.00( . NS
E ° -
u s
> 1.50r o
] —e 1, 8 °
:g e T —
- 100. [_J
m .-. .
£ .
: 0.50 y=-0038x+134
g r=0.14
S NS
=12 3 4 5
A(N=5) B(N=13)

The number of high signal
intensity area

Fig. 6 Comparison of the peak filling rate with the number of high
signal intensity areas

There was no significant difference between the peak filling
rate in group A (1.31%0.47 EDV/sec) and group B (1.20%
0.32 EDV/sec). No significant correlation between the peak
filling rate and the number of high signal intensity areas (y=
—0.038x+1.34, r=0.14, NS) was seen.

T RFE G CTEESELSALN®, BRAKS %, 2
BICMEAN A S MESCRATL, ABoMsHEIC
DHTHEINTVED, FRAESHO DLFHEN L X
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DTPA #E &% D MRI T, FRE % T 50 FHIK (56%) I25
BEEAALN, L5 SPECT 2 TiX TI DY AAEKT
A 67z 34 FEIEF 31 IR 91%) &, TI DELY A
AMETHASNEWVISERICDBETAALNIZ L
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Fig.7 Comparison of the diastolic (left) and systolic
(right) left ventricular dimensions with the

Left ventricular end-diastolic dimension(mm)
3 S

ventricular end-syitohc dimension(mm)
o

| S
pP<002 number of high signal intensity areas
The diastolic left ventricular dimension in group
=107x* 65 _ B (6917 mm) was not different from that in
20 y_(.) 23 20r y=333x+48 group A (6514 mm). There was no correlation
L—S - r =%%22 between the diastolic left ventricular dimension
p=0. and the number of high signal intensity areas (y
0 =1.07x+65, r=0.23, NS). There were signifi-
t " - - ’ - o— L L L L L cant differences in systolic left ventricular di-
0 1 2 3 4 5 E 0o 1 2 3 4 5 mension between groups A (49+3mm) and B
(N=5) N=13 - ~ (60+6mm), and significant correlations be-
The Abe f hi B . ) Ain=5) . BN ,B) tween the systolic left ventricular dimension
number o igh signal The number .Of high signal and the number of high signal intensity areas
intensity area intensity area (y=3.33x+48, r=0.62, p<0.02).
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The number of high signal
intensity area

LVDs DIFH D E05KE L, LREEEEZ#HET LD
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Lholz, TOZ e, WRELGEEICE VT Gd-
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EECHEH, VW TEFHROHEICODFIATESLLE
FACY (AR
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The number of high signal
intensity area

sity areas (y= —1.36x+57, r=0.18, NS).
RVs ors=amplitude of the R wave in Vs or Vg;
SVi=amplitude of the S wave in V1.
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BE L LTHIL, WREL.GHEICBIT 2 REHO.L5
BEXRIBTELWEEEIREIN, T2, ESLH
AEREFHEIBIIEZEFEREDCKTICN L TLRYY,
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