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Summary
We studied the morphological features of defects of the interatrial septum using magnetic reso-

nance imaging (MRI) to determine the sizes of defects and other abnormalities. MR images were ob-
tained in 28 patients with atrial septal defect, including five cases with complicated anomalies (two with
Ebstein’s anomaly, one pentalogy of Fallot, and one anomalous pulmonary vein connection and azygos
continuation). Images were also obtained in the control subjects including seven normal volunteers and
142 patients with various acquired heart diseases. The diagnosis of atrial septal defect was established
by cardiac catheterization, angiography and two-dimensional echocardiography prior to the MRI stu-
dies, and in 14 patients, the diagnosis was confirmed by surgery. The MRI unit had a superconducting
magnet and operated at 0.25 or 0.50 Tesla. A spin echo pulse sequence was used with an echo time of
40 or 60 msec.

At the beginning of this study, non-gated MRI images were obtained in the 28 controls and in
three patients with atrial septal defect. Nongated MRI could not image the anatomical structure of
the interatrial septa of 12 of the 28 controls, or any of the three patients with atrial septal defect. Non-
gated MRI was, therefore, inadequate for visualizing cardiac anatomy.

Gated MRI images were obtained in 141 controls and in 25 patients with atrial septal defect.
Gated MRI revealed the interatrial septum, interventricular septum, atrioventricular septum, mitral
valve, tricuspid valve and other intracardiac structures in most subjects. In 17 control subjects (12%,),
" however, there was a very faint signal from the central portion of the interatrial septum. In these
instances, there was a gradual fading of the signal of the interatrial septum, so that they could be
distinguished from the atrial septal defect.

The sudden disappearence of the signal from theinteratrial septum was observed by gated MRI in
all 25 patients with atrial septal defect. The sizes of the defects by MRI coincided with the findings
at surgery in all 14 patients. MRI showed right atrial dilatation, right ventricular hypertrophy and
dilatation, and pulmonary artery dilatation in most of the patients having atrial septal defect.

Complex anomalies associated with atrial septal defect were also clearly shown by MRI, such as
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displacement of the tricuspid leaflets in two patients with Ebstein’s anomaly, and anomalous pulmo-
nary venous connection and persistent left superior vena cava in one patient.
These results indicated that gated MRI is a valuable noninvasive method of diagnosing atrial septal

defect and complicating anomalies.
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Table 1. MRI findings in patients with isolated ASD

MRI findings

Defect size

Methods of
final diagnosis

(mm) RAD RVD RVH PAD ( )=defect size (mm)

1* KY 43m — O (@) O Surgery

2* TS 58m — O O Surgery

3 OH 48m 3025 O O O 2D-Echo, PCG, chest X-ray, etc

4 YH 31m 8x— @) O O Surgery (15%7)

5 NI 66f 22x18 O O (@) Catheterization

6 TS 14m 12x— O O Surgery (23x18)

7 Y] 41m 22x 11 (@) (@) (@) Catheterization

8 KJ 54f 40x30 O O O O Surgery (37x22)

9 KM 65f 22x15 @] O @] Surgery (25x15)
10 HY 48m 16 x — O O (@] Surgery (15x15)
11 SS 46f 30x25 O O O 2D-Echo, PCG, chest X-ray, etc
12 OT 65m 27 x24 O O O O Catheterization
13 NY 15m 22x22 O (@) O Surgery (30x—)
14 MK 58f 15x13 O O Catheterization
15 HT 16m 29x27 (@) O Surgery (30x38)
16 KK 30f 15x10 (@) O O O Surgery (23x16)
17 NM 37f 16 x12 (@] (@) O O 2D-Echo, PCG, chest X-ray, etc
18 OH 65m 34x30 (@) (@) (@) (@) 2D-Echo, PCG, chest X-ray, etc
19 OF 42f 28x27 O (@) O (@) Surgery
20 ST 35f 20X — (@] (@] O (@) Catheterization
21 EM 48f 32x28 O O O (@) 2D-Echo, PCG, chest X-ray, etc
22 NK 36m 33x32 O (@) O (@) 2D-Echo, PCG, chest X-ray, etc
23 NT 54f 28 x28 O O O (@) 2D-Echo, PCG, chest X-ray, etc

*=ungated ; —=not measured.

2D-Echo=2 dimensional echocardigraphy; PCG =phonocardiography; RAD =right atrial dilatation; RVD =right
ventricular dilatation; RVH=right ventricular hypertrophy; PAD =pulmonary artery dilatation.

BEL, ZOMOFELTME O L EHETH
Bz L Ebt, DGO IREBICE, JER
WEETR+AThs L ELLNE.

2. DR DHEHEC X 508E o
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Table 2. MRI findings in patients with ASD having complicated

lesions

Complications

MRI findings

Methods of final
diagnosis

24

26

27

28*

KT

KK

KM

NH

HM

54 F

49 M

*: ungated
IVC=inferior caval vein; RAD =right atrial dilatation; RVH=right ventricular hypertrophy; RVD =right ven-
tricular dilatation; PAD =pulmonary artery dilatation; RA=right atrium, RV =right ventricle; PS=pulmonary

stenosis.

Azygos continua-
ion of IVC

Anomalous PV
conncetion,

bilateral-SVC

Ebstein’s anomaly

Ebstein’s anomaly

Fallot’s pentalogy

RVH

ASD (18x16), RAD, RVH,
azygos continuation

ASD (18 x16), RAD, RVD,
RVH, PAD, right pulmonary
vein to RA, bilateral-SVC,
ASD (11 x—), abnormal tri-
cuspid valve, atrialized inflow
portion of RV

ASD (10 x—), abnormal tri-
cuspid valve, atrialized inflow
portion of RV

VSD, overriding aorta, PS,

are clearly visualized.
LA=left atrium; LV=left ventricle; RA=right atrium; RV=right ventricle; SE=spin echo;
TR =repetition time; TE=echo time.

- g
Fig. 1. Normal transverse MR image at the level of the inflow portion of the left ventricle
(29-year-old man: gated SE; TR=850 msec; TE=40 msec; end-systolic image).

The interatrial septum (IAS), interventricular septum (IVS) and atrioventricular septum (AVS)
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Surgery (22x5)

Surgery (18 x-)

Catheterization

Catheterization

Surgery




Table 3. Detection of the interatrial septum (IAS)
by gated MRI in the control group

Abrupt
(‘:,lizil:y Visua- Gradial absence Total

lized lized thinning (defect-

like)
Superior ISA 27 1 0 0 28
Mid IAS 70 12 11 5 98
Inferior IAS 12 2 1 0 15
Total 109 15 12 5 141

ASD roENIHRETH-/=. L2L, ZD2
Bl AERE, AE, MBIRILKE LA LARRR
vz Lizk Y, ASD L DERINRIETH - .
7z, TEIRMET, KRBT OREETER T OB
PBicHiH xS h- 28 (Fig. 2B, Fig. 3), #&iié & E
RICLDERROPRBHBMEFEE L2 Y, KRBERRIC
BxDBENHoTe. EZEEE (atrioventricular
septum) (1% & A & O CHIHFIRETH Y (96%),
ASD floFEic, 1 kAXED 2 KAOKE»DOH
Wi S ATRE & Bb e, ’

2. ASD » MRI '

ASD 28 {5 (B3 23 45, AHEHOHHL DS
i, Tables 1 & 2) » 5 &, LIERBILEZTT- 2
25 gileflc, EEFRRLLTOLERREO KBS
PREBH BN, ZOXIBILOBIRIIAKT, KB
DK E S PRETEET » - iz (Figs. 4~7). MRI
X BaRBILOKE &3, H/E 8mm, FRE
40 mm, iy 2248 mm Tho7-. MRI iz k 3
KBILOBRIFWMCHELD DRI Zh X )RRk
SWHERAA A S, W r=0.89 & kv
%7 L7z (Fig. 8). MRI iz kx 5 k{EFLOK %
& OW/NHE L, RREMEB oDtk R S
A 2ER BN oYy, BAxDFER L
MR ZETIHABEILEBLARVED L EXLDL
e FEH 4 LIER 6 MBI oREST, +4%
254 ZEBBEORR > B TH 5.

ASD o RBIFERIE, LEPEEZ E, 5,
TEIZHIT 5L, PETRLE Lo i, &
EOMBERR L LTARBILAB2FITHLA, A

MRI i X 3. LBEFRRIEOZE

LK (75%), Jifi B AR 95K (68%) 4 = JE K
(61%) bERICH BT

AE R BT 4TI, ThEhOHFEOR
B¥abhiz. +bb, 1fTEAM ASD i
EERHIREE L GIiEIEREE 012D
h (Fig. 5), 1 TREIRB KL, EHIC
K LI FEpIR 0 2215 & h (Fig. 6), 240
Ebstein FHEAMHHI TIIZRAPRE LBROA
BLRIBE Y ~ORNL, FEOERALRIEKR, AR
LAE=E, EZ0P/MEE X% 6 h iz (Fig. 7).
Fallot AEFETZ, LWEERBEC L2 2D D
¥, KEIREE, LEFROXE, HZEKX, Hf
BIRPEAZE RTD bz,

E =

ASD oREEBWLOBY F —F VBT XY &
Ehad, ThiIBEMRETHS. 27, WE
Dxa—RERER X CT kg A RERE
HREETH DY, ThboREETRIXELE
BEEHHTE 2WERD L 2. 204, MRI 3
HREWTH Y, MBOEBHEIF V1w, EEH
FRAWIE2LDLEREHHTER Y,
BEEES X B CT LR rY, BRERICX
% artifact LD TH L, ENICH 302 E
HET50ICFHETH 5.

DIEOHH I AIERS MRI TLAJRETH
S Te 3D HABh O 72 ISR DR 2 E R
BEHELIT, ZRSFES K TIIERY X K
CT kyRegriEXLLNE. LHL, LR
HEEHCYS L DEBNC X3 ZEBRLREARD,
ODEFRE, LETR, BERESRE, Sgs
DOLNEEYPHR L 2D, BEESZLEOKE
SHREBFIETH B, &5 ILEBRFEHED
Wi, BB ICIFERBLIERL B L U2 Ofth
DEEDLRHHICB T 2B BB B Bx OB
MTb, DEPRORE O AIERIBE < R
Tholed, DHRAPECTEIZESETHY, L
>T, ASD ofshc iR LMEERLELE L
bhiz.
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800 msec; TE=40 msec; end-systolic images).

In this case, there is a faint signal (Fig. A, arrow) from the central portion of the interatrial septum
on the transverse section. On the sagittal section, the interatrial septum (Fig. B, arrow) is clearly
visualized.
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Fig. 3. Coronal MR image in a patient with
ischemic heart disease (75-year-old man: gated
SE; TR =700 msec; TE =60 msec; end-systolic
image).

The interatrial septum (arrow) is visualized.

i ET MRI iz X 5 ASD 2l icBi+3 5 H4%
FnLond b, fHlzix Fletcher &3~ D>
HE % HE L, ASD T .LEHRO KRIEH,
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WARFTRLE S L7 L3345 L9, Jacobstein &
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, —RAKRIAR & kO KIER O ASD 23455
IHERTE S LRELTWAY. £z Lowell 5
Z9plod ASD izonTREL, =2 b T 2 b
T a—[QEE LT, MRI 3 ASD oWk
2R 50, AffFEEoRBICHERL TS Ll

MRI (2 X % D EH X IR

LTWn3®,

A, Fec BIEOMEIETRG L 3 Mo
ASD #ilix, WFh b OFETRRG RN 2 729
RIBILZEBSRE 2o 1225, (O REWE TR
L7z ASD 18 filix, £ CHEEFTR & L TXEAIL
BB L. KIBILOWHEZHABE cCZORE S
LRPETRETH Y, F7, ASD of#HEHTR L L
THBIER, AEOIERKCMEKR, MiBIIK o EK L
BELh, WEERHET S ETEE LRk F
7, APEEO L AHTE, MEIOREET =
RFpREEL MRI THEGICRB S, FHiss
ERIGAOHHIREL LTb AR EEZ LK

SHREE QRS MRI ©i, OFE PR L
ETETIHIE LA L OFITHERGLES
2, FRPTE—EOFITRIBETH -2 T D
D PR R g o0 SRR G 1 MR (S BREE oK
TafgEenrie s L3% L, KB OWiHIHPE T
H5H ASD Li3E-TRY, WHEOENIIAHE &
#ZzZ bhiz. Fletcher ® Higgins & HIEF AT
FfD0TFEEZRE L TWBR5IO zhic XhidE, F
WANODERRFREARIBERIC A2 21 H D
», Thixthx REEET T, ASD raRpT
5L, zoMAL LT, IIHEIIEERD
ThHLEHFHLTWS. L, 46, Hxaxt
FREECLERRE N ASD L SR 2o /3R EG &
AL, HERICEALAWITR 2SS LT 20EHR
ol 2 ERBRL, 4%, LETREE X DB
iRt 5 TR, Hl YR 2 P OFR
PETH D LB bl

plE, MRI 13 ASD o3l L Z2bh
fo. & biT, LEPFFXIEE, Ebstein %7, Fal-
lot 4 = 5 #4%: » ASD DSt o e RIELRE 07
Wi, B X OBIIREBRFE, ARENRS, KENRGEZS
FESE OSERMEMAF RE o2lrict, MRI 3FH
BRIRAEELEEZ LD g = k5 SE T
EHRoORHIcE b IFHshs b0 L lbhi.

& B
ASD 28 fijo> MRI Fr R & #ad L 7.
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Fig. 4. MR images in a case with atrial septal defect (Case 8).

Atrial septal defect is shown (arrow). Right atrial dilatation, right ventricular dilatation with hy-
pertrophy and right pulmonary artery (rPA) dilatation are visible (gated SE).

A) Transverse image; TR=915 msec; TE=40 msec.

B) Sagittal image; TR=939 msec; TE =40 msec.
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Fig. 5. MR image in a case of atrial septal defect with anomalous pulmonary vein con-
nection (Case 25).

Anomalous pulmonary vein connection (Fig. A, arrow) and atrial septal defect (Fig. B, arrow) are
seen at the upper atrial level (gated SE; TR=700 msec; TE=40 msec).

— 825 —



'BlIOE [pUIWUOpPqE=0Y{ PqYy
"09SW Op=7], ‘995w O76=2LIL (D ‘995w Gpp=1 L (g ‘ovsw
0y =41 ‘oosw Q16=1.1 (V (S po1ed) uoas joU SI BABD BUJA IOLIDJUI
ayJ, 'sesewr (D °31) [puoiod pue (g ‘81,]) [enides ‘(Y "31) asIsasueI)

9U} U0 Ud3s die (AZY) UIdA SOFAZe Paje[Ip 9yl pue 309J9p [e1das [BLI}Y
‘(7 9se)) uonenurjuod
sogAze yjim 109Jop [€1dos [eLnE JO 9SeD B Ul sdgewl YN ‘9 ‘Siy

(D




MRI |z X 2 L EHRRKIEDZE
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750/40 ES
25y M
bstein’s anomaly

Fig. 7. Transverse MR image of a patient with atrial septal defect and Ebstein’s anomaly
(Case 27).

Atrial septal defect is shown by an arrow (Fig. A). The septal tricuspid leaflet (Fig. B, arrow) is
displaced into the right ventricular chamber. The atrialized portion of the right ventricle (*) and
dilated right atrium are seen (gated SE: TR =750 msec; TE =40 msec).
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Fig. 8. Comparison of the sizes of atrial septal
defects by MRI and by surgery in 10 patients.
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