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En Face Imaging of the Ventricular Septum by Cardiac Two-Dimensional
Phase-Contrast Magnetic Resonance Imaging for Evaluating Multiple Ventricular
Septal Defects: A Case Report of a 1-Year-Old Patient with Mitral Stenosis
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Echocardiographic evaluation of the morphology and blood flow of multiple muscular ventricular septal defects
(VSDs) can be difficult. Cardiac phase-contrast magnetic resonance imaging (PC-MRI) visualizes blood flow
at any cross-section. We used phase-contrast imaging to visualize multiple muscular VSDs (mVSDs) and peri-
membranous VSD (pmVSDs) using en face imaging in a 1-year-old boy complicated with mitral stenosis (MS).
Multiple VSDs were identified, and blood flow through each defect was evaluated. The pulmonary-to-systemic
flow ratio (Qp/Qs) was 2.05. The breakdown of shunt flow was 76.4% for the pmVSD and 13.4% for the largest
mVSD near the right ventricular outflow tract (RVOT). During surgery, we released the MS and closed the
pmVSD. Then, we approached the RVOT and closed the largest mVSD and the nearby minor defect. A slight
residual shunt was found postoperatively, and the Qp/Qs was 1.05. En face imaging with cardiac PC-MRI for
multiple VSDs helps identify the foramen’s location and estimate the shunt volume, thus assisting in preopera-
tive evaluation.

Keywords: multiple ventricular septal defects, supramitral ring, cardiovascular magnetic resonance,
en face imaging, two-dimensional phase-contrast imaging
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branous VSD (pmVSD) & ZfLI%ED muscular VSD (mVSD) Bl P42 (supra mitral ring:
SMR) Z& Bt U7z 1 DFEFIIC PC L& HI W T VSD en face Miff 7z it L, #%(dH % VSD O i &
L, REEALEORRSEZFHI L. Bkt (Qp/Qs) 2.05, FA&IMFEO NI, pmVSD
76.4%, mVSD @5 BEEF K (RVOT) fEDRE KE R /KIEILIZ 13.4% TH > 7. SMR DfiELR,
pmVSD OFEHICINZ, RVOT 57 7'0—F L, mVSD DigKfLE ZDFEOFLZME Lz, ik,
PRSI DR T, PCIET Qp/Qs & 1.05 TH o7z, mVSDICHT % PCiE%A A7z en face Hi{fi
FLONLIE D [FE P FHG ROAEEICEH T, MiniHiO—BE %0 5 5.
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(ventricular septal defect: VSD) 13#7 10% M ALIE ¥
T, FHCAHHBE (trabecular septum) IC1F(ET %
EOIFHIRHENHRTCE . UL, FlidwEix
ity RAELOR, 6L, KRESICL->TY Tu—
FRMABTENRZ S, WREICEDNTCEEORIA
fLztfirc BN SRS 5 C LIdEEL V. LIl
HIEMRAIC K 2R G R D D 5. —75, R
TOREDIPRES K URREFHIIC BV T, WOl MRI
(Cardiac Magnetic Resonance Imaging: CMR) (&,
SO B AR D 7 7 — T Ui LA TC, B
BRWTETCH . TRIREOREITER, 7 XV A
OER SIS AR DA R4 VTRENTVBD,
2 AL VSD OFHiiIC B9 % BARM R idiid i 2,
DEHBRRAENE (atrial septal defect: ASD) & CMR
I & O RAEFN Y A X723 TaL, fifEaY b5
A i (Phase Contrast : PC1£) 12 & O FLO K& 1ML
HREHEETE BT LRGN TS Y. S,
ZALIE VSD DR, RO TikEZ VT, REFHE
(P RABfIBORIRE R 2 3l U, IRraiath & LTHH
THHTIERIZREER LTz,

AKX ORRICER L, BEMAZRE L 5 % HHic
L TR TEALZITY, EalReimbimii sz
BEORRZG (IR HbimiEEZERES
E211206-1). K7z, isXHRiic DV TRIEEICHN
L, AEZETW5.
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branous VSD (pmVSD), i1 &8 R4 © muscular
VSD (mVSD)), f&ilEs® E3e%%Hi @ supra mitral ring
(SMR), /8F ¥ a2 — b HfE1H 7 (parachute-like
asymmetric mitral valve)
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WRRE - {tlln 38 6 H, A 3,302g THIA. %4
MH KD REMINRR 2GR, 4% 7 h AEX O rE
PURYYEICTRER T B - CITHEAS BT L, FLEm R L
ZHiEN Tz 14 HTOMEZEMEIN, Y4
FHEN AL & 7o Tz,

ABRBRFIRAE | (A& 7.3kg (=3.3SD), H E72.7cm
(—2.28D), Ifi J¥ 78/39mmHg, v 4 %% 90 [A1/47,
SpO, 100% (HENXD, OER, 11 ETTE, ME Ak
55 3 WRIUKEIIMES Levine 11/VI, BEH0 - PURRIC KR
TAREFHEAEL.

Fig. 1 Echocardiogram shows multiple VSDs and
supra-mitral ring
(a) Parasternal short axis view shows perimembra-
nous VSD(asterisk). (b) Four chamber view shows
multiple muscular VSDs. (c) Four chamber view of
the supra-mitral ring (intra-mitral variant). Ao, aorta;
LA, left atrium; LV, left ventricle; PA, pulmonary
artery; RA, right atrium; RV, right ventricle; VSD,
ventricular septal defect
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MRIRE © NT-proBNP 715pg/mL
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DIFBERIRE (Fig. 1, Movie) ! HEEREHHFRIC 9
X8mm DKL (pmVSD) Z#RDiz. hT—Fw
75 THITESR AR bR IC R @A (Trabecula sep-
tomarginalis: TSM) & D A% iHIE (Right ventric-
ular outflow tract: RVOT) #ij & FA i+ (moderator
band: MB) HiBEAf ORI DR L E 3
Fr® mVSD OR#& M 2588 7z, L L 7znEd
FRICFB VT, mVSD IC B 5 A& O MfiiE Vg
NEHRICEESATH oz, £i22D TI3—TIH
PRI & RO PRI BBV, HT—
R 7S TR K D LR 2o Tz, EBTRAREIC
X% 7mmHg Tdh -7z, 3D TI—T%
IR PERIC A 9 51 HRRHAR DY, Al & P1 ORI
ZHIE LTz, SMR (intramitral variant) &
Wi Uiz, BBV A R EbEND D, K&K
ATAMAIFLE IC R DR % 78T & 2 — MEEFPT
Hole. FEERMTE (LVDd) 31.3mm (115.9%
of Normal), LVEF 73.9%, OEBZIEIZFED R >

3D multi planer reconstruction
by image analysis system
3D WHCMRA

VSD enface

DEAT—TIVRE : FAR 2=V F MU T LBX
CIZVT L O #E T HARSE, ENKT
1otz Mikmistt (Qp/Qs) 2.11, Hh#EhiRIE 47/14
(32) mmHg, Ml #HT 2.44 unit-m?, FH i i
A 17mmHg, A=$0EARME 11mmHg, A%/
FEEIHEIITELE 0.63.

10 MRl (Figs. 2, 3, 4): Philips #% Ingenia 1.5T,
a4 )V& Flex-M coil 2L, FAXYZ—)LF b
U Iz - Te i NI 3 SRAKGE TR R OSMF T
Uz, (iR{RER 37 77, O MR HRf& - it 5
FED/NRIRER 3 KT T R E 35 & UMt 72 fif 7. )

(1) three-dimensional whole heart magnetic reso-
nance angiography : 0 X - MFR/E[E BT T, Bal-
anced steady-state free precession (SSFP) %7z Hu»
T, HEARIIFHO KBRS & S Ol A ZiRiG L7z,
repetition time (TR) 4.0ms, echo time (TE) 1.98ms,
Field of view (FOV) 280 mm, matrix size 224X224,
slice resolution 1.25X1.25, g A5 A AJZ 1.7 mm,
7V 7 80°, /N Nilig 865.1 Hz/pixel, number of
excitations (NEX) 1, sensitivity encoding (SENSE)
factor 2, Mg HAHIHll% X spectral inversion recovery
(SPIR) & L7z. partial fourier (Zffiffl L T 7R,

Q) fifza > B 7 A bk (PCIE): OEXIE Y],
H P N T H% L7z, TR4.9ms, TE 3.0ms, FOV

maghnitude

Phase contrast

Input coordinate information to the console

Fig. 2 Determination of the optimal ventricular septal defect (VSD) en face imaging
First, the positional information of the VSD en face image was obtained using a 3D image analysis system (three slices
from the right ventricular side). The positional information obtained was input into the imaging system, en face images
were taken, and blood flow was measured by phase-contrast cine CMR using the slice that best depicted the blood flow
of the VSD. Ao, aorta; 4CV, 4 chamber view; LV, left ventricle; PA, pulmonary artery; RA, right atrium; RV, right ventri-
cle; SAX, short axis view; WHCMRA, whole heart coronary magnetic resonance angiography
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Magnitude image

Phase contrast image

Fig. 3 Ventricular septal defect (VSD) en face imaging in the cardiac magnetic resonance

En face velocity-encoded cardiovascular magnetic resonance detected VSDs. Phase-contrast images visualize the VSD
flow en face and account VSD flow directly. @ perimembranous(1.20L/min), @~® . muscular VSDs(@ 0.21L/min,
® 0.15L/min, @ not measurable). Ao, aorta; PA, pulmonary artery; RA, right atrium; SVC, superior vena cava

Phase contrast image

Fig. 4 Flow curve of ventricular septal defect (VSD) en face imaging

@ perimembranous VSD, @ largest muscular VSD, 3 second largest muscular VSD. The results of the left to right shunt
flow measurements were @ 9.82mL, @ 1.70mL and ® 1.23mL respectively.

300 mm, matrix size 208X208, slice resolution 1.44 X
144, g AT A AL 5.0mm, 7V 7 12° N

> Filig 724.0 Hz/pixel, NEX 3, SENSE factor 2, heart
phases 30, phase percentage 80%, partial fourier (& i
M U Tz, Velocity encoding (VENC) 8 X U
Reftl oo fRaelE,  FAT KENIR & AR T & 200 cm/s,
10.5msec ICFE LTz,
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(3) MANTHEER @ HEMRIC B 2R BRNT T, A%
WiE R A #E 41.5mL (index 111.0/m?), == ULHE
RIIAFRT19.3mL, A=A 32.5mL (index
86.9mL/m*), B AIER 18.5mL Th - /z.

PCIEIC & 2 KIME O MRHNE T, 17 KREIRIM
isE (Qaao) 1.31L/min, FEMi#hRIEE (Qmpa)
2.69L/min TH D, Qp/Qs 2.05, Jifikifk & 1.381/
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Fig. 5 Intraoperative trans right ventricular outflow tract view of muscular VSDs

VSD(®@) corresponds to the largest muscular VSD detected by the VSD en face phase-contrast imaging (@ in Fig. 3),
which was 6X3mm. A minor defect (® 1 mm) was found 5mm towards the cardiac apex from @. PA, pulmonary artery;
RV, right ventricle; RVOT, right ventricular outflow tract; TSM, trabecula septomarginalis; VSD, ventricular septal defect

min EHHI LTz,

(4) OZEHBE en face HI{RICIBIF % PC I @ AJEHIIE
WiR AT LT, MRS AT L (BT ¢ )V Lt
SYNAPSE VINCENT) 7 H\ T 3D i TH={A
5OEHFRICETT L7z VSD oMMk e BRI N
Wi CLEHBRO en face Hiff) ZiE L7z (Fig. 2).
B o NIAENEHRZ MRI #RGEEO 3> —)VI A
1L, B U TWimmic k7% en face Mif}7z 3 X 5
A ZE Uiz, VENC B X ORI/ fRAEIE 100 cm/s,
10.5msec ISFRE LTz, ZD 5B VSD DA R E B
I 2 U T, RS IMROEML & 22 hoifl
stz PCEETHEENE, MEREZHEE L. mVSD
X3 DMERRTE, ZD5BFER 2 DI TSM AL D
RVOT filic3afz U Cidsd 7z, k% EIE pmVSD 1.20L/
min, mVSD ( Fig. 31CH1F%@7M0.21 L/min, @
0.15L/min ¥ B L7z, Fig. 31cBIF 2@ DiMmifi=E
VETHOTIDIETEm o7 (Fig. 4).

DL EOFEREN S, pmVSD O3y FH§H & SMR O
YIkk 3 X CEIEF A D fRIRIC I Z T, RVOT 7
TH—FIC XD EEENIEBNZ e TR N
mVSD O 172 2 DD ZITY, DREICED
mVSD (3MET % /8t & LTz,

FHMFrR (Fig. 5 £ MIEAHEAEOMBRZ L E, O
BHRYITiTo 2. RIS =RARHTIE, TSM D
Hi/7IC mVSD 7% 1 DR e eFiidfiigE cE -
fz. BBk RO RVOT Ic EEYIB 2z, FEicld
£ L7 mVSD 21k (6X3mm) MBS TE, HiERg
ALz, 0%, HE -« =RPREHET pmVSD (13X
11mm) %&/8y FHE L. B®EIC, RVOT H 5 H

ERBLZHER LIz A, I L7z mVSD O
S5mm DREHNS 1mm KORBILERD, HEERE
L, ZTOMORIELIEHZRETET, Fiizk L.
i@ itk 5 HEH, Ta—IcBT2MIERRA
MiidERE 720, FHEEAEE 3mmHg & G,
WG o Tz, HiTEEROAEIC T 0O AR FA%
3R . itk 11 HEICHRE L7z CMR Tl
Qp/Qs 1.05 TH o7z, itz 2 H, BEEFHEIE TN
THRICHHH L 2.

z £

AIEBNE, ZALME VSD IS X 2 DARRIERNH 0,
DWEER OIS & HIW L, SMRIEBXU/IST Y 2—
M EREIE 2388, (EIEF P IAE MRS 2 (4 T1T 5 Ji 8t
& U7 WSRO mVSD &, ZIMENEL, A
FRITEBAENEBIC I N TND T &%, RIS
HbONTW3ENHD, AEHNETHS. Xk,
DARERF K TR O mVSD &, Tk cx %22/
WL, B=IRT7 Ta—F TREEHHEL 2D,
FASHAR R C & &2V, Filihik e U THZEYIRIC
K57 7a—F, sy FHHE, Sandwitch i, O
JEbiEe ENMEINTOED, BOIHEDY X7 &5
fEnTwd .

SEDOZAN VSD ICHBWT, VSD DA THNIL,
pmVSD DD A TOARIEIRITNEE T 2 nfREMEN
Hotz. LrL, KEFNESMR Z&0LTED,
IHFPAEDIRIRINA T CTh - a2 E L, nIhE
7EFRD VSD IC K B RS IEPABH L T S RE &
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WL 7z.

R EE OB S mAOFMIC XY, HHbS
mVSD D55, F/2fLOHAHICRET NI, RVOT
T7a—FTalee E X, UL, RS
IDRERIC I THEGED 2 kg, £ T % TREMmmIC
PHIH G 2 08D H B h, FHETH > 78, PCik
Z 2L VSD OFHIC AT 5 Z &ic L7z, PCik
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K= oeTT— 202179 — %t 2D) PCIETH
D, W5 &% B IMEDIMFT NS IETY 2 Wi 2588
L, ZoOMmEwmcB s 2 miiaEzEm{bL
TWa. ZRALRIERID ASD Tld CMR O PCE %
FHWWT en face (WERZIERD S A7) Wif§ziR% L,
RIBFLZ AT 2 MLy 1 X, BIK, (E
EEDOBMRER TS Y. AEFTIRTNE VSD D
FHICIGH L7z & 25, HEORIBILO 5 BififiEd
L Z WFLOAIE OfUE & 2 b ORI EZHEE T
5T EMWNTE, M Fili 7 7a—F LT R EAL
OMENCAHEHTH >72. CMR hSFEENZ < BAHE
IANE LHWr L7z mVSD (Fig. 3 D@, ®) &ifiHhic
FETCTEMABE L. —7, ihiciEE Tt ah>7h
RIADVETERIAS & U THRAF L7, A& mc 2R
L, BERgEERIick Lz, Thid, en face Wi
THIWEFEILE LT ME5 2 TWieh, it
ADRENT IR N EETICHIBT L Thze DEEZ BN
7z,

FERME OB D CMR I X % AR RO,
— A R ENIR Mt B IR 7 & D & oD 38 i i i =
PCIETRHMIT AT LIc &b, Qp/Qs ZH T 5.
ASD 1234 T Thomson 53 Y)7% en face W57 iy
GU, flzidiEd 5 iMiizEsE e 52 & T, ki
HEARIMRRNMFSNS LWME LY. LA, 8K
MR & #ri% U 720 BRI € % en face MI{RANE
TLTWaARNE, EMICHIET ST LI TER0.
DEWRRIGER, AZEMCYEERmMTH 5728, HE
&% VSD OEfg 2 — M CH A 5 T &id#E L.
WEICE DN TV 5 AZE[F RO mVSD FIFTHER,
FHSIMR O & D REICEE Tld/a <, KIEfLEIC
BIRZ MM T ehH b, RNEFNIHEILD LF
X0, DEHENFEHTH D, BHEERE TR
T&E7% mVSD OFE& LA, FHZPRRICETT
T 5 jet & LTHIHTE T 2728, en face HfETD
PC T & B IR DS T TR RE T - Tz
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A, WOEA T —T )UIR#E D Fick i & CMR PC i
I & % Qaao B XU Qmpa DFHAITR®D 7z Qp/Qs &
ZTNEHN 211, 2.05 LIFF—H L7 @H PCHEICK
ZipEed, FrRER, EMBEIRASC ERER
Ik, FREIR, AMEIRE EZNRINEE LT, #
BMEDOWMERRZ1T S W, AEFNIOZEHEE en face Hif5
DIRBRICHERZHELR 92 HINTEIE L7z,

CMR DR BRHTICBIT B2 EEDLEZNETND
1 LR 22.2mL, 14.0mL TH o 72H, EEM
& 1Z 2.71L/min T Qmpa &~ L7z. A=HAHE
¥ 1.71L/min & Qaao L L& 7o 72/, ZRAMR
DL EZ 5N, Qmpa BXU Qaao DEESEITE
bz &HWi L7z, F£72, QmpahS Qaao &7 LF|
Wz Ed 1.38L/min TH > 72h%, CMR en face
BHGIC 351) 2 KABFLZ IEHE U Tz 3 DO ftifiig
DEEHE 1.56 L/min & #fa—H L THH, BEEUE
TEah o KBS B 2 Ei5 R 3 ME TH % Al EE
PEA EN &HIT L 7z

Sal D OEFRRED en face W{RIC I % 2D-PC ik
ICHBWT VSD ZiEid 3 MO~ 7 MV, 5E8ic
FRRRICTRE T E TV iaWnzs, JILomiin
HREIHETSEME L THAZRNEZLEDI SR
B, BREL, hTr—TIURaEe AR L ik
KEL ML TR, TR & L TRIEFLD
i & Mg EDOWNRZIEST 2 2 LIRS +0F
HATEZEMTHoTz. 5%, LEHED en face Hi
BRIC K B i e G O S 2 HE IS EIR T 2
REND DD, EEORIBILZNZENDIFiEDNIE
WREETH - 128580, EaRIBILEZEITHHIETE
X, Qmpa & Qaao DIMIREAMN S EAEIEEDE
AtERHT s EIckD, WETEED > T REILT
EUTVRERRZHET 5T EETEETH 5. HE
(7 70— F DR e 7 RAEFL O RIS A EEi A 7m o
CHWTTEZGE, ET S VI BIREEEINS
M, BRRRIEFLOBAEIC X 0 APl E RN A
fbL, K& L7z VSD ol i K 0 #Ehnd % nf
REMEN S D, HIWNCIZIEIRETHS. £z, Wk
DOHETIC K D MEDE L L, /02 O S DY
g% LSRR EN DR <7D, en face HIfR T
fRIMRZEEd 2 EAWEE KRB REENH 2 T &
R TIEORRFRE LT L THE L RENDH 5.

mVSD KABFL DR 2E N 7 18 O FEM I BR LS,
MWZEIC CMR @ en face Mi{g D AH AR E TN T
VBN Y, BAOMFEE%Z PC TRkl L 7z 85 &
RV, ARREBNI M HICHERE T & e RIBFLOALE & en
face MBI BHL TEHD, FEORBILOKEZDF
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W& PCHEETHELEMBREFELEZVWEDTH >
fo. JEHETIE 3D BEIMAEIC K % en face Hi{RDH
FAMENREENTED 7, SHBERDOERY 7 ¢ 2
AU SRENEFMZITY, iR & OfiE
Wi, JEFIZ ERTHE LT REND S, X
7z, MRIZEE DML, F#ERGLEOMENIC X D URX
TECOTF—ZINERTTS 4D flow MRIMEHENT
BO, WEFRHOESE, EROMEEDRRR L V- 2R
PRI TENR, X0 IEMAHENTREE B0
L&,

B

=] oo

WAEERDZAL1E mVSD IZ B % Fili 7 7 —F
JiEEPET %5 2T, CMR D en face HRIC K%
IRIBEBALDIEE 35 K URIBILAE O RS EEHNE H /&
FEGIZ 85 U 7z

FIEER
AKITDONT, BRI NEFEEME (COD 370,

EEDRE

THLFCERIE A & UG 2 (ERk LTz, B AR AR
TERIC BN T T — X DI3HT 6 & ORI SR AN A I B
BRMNCIG L, AROMERICHIR U7z, HE B 3R SRRk
IKBWTEEEZEEL, T— X001 K CMFRP EE AR
NI D BB G L, X OELIFEE & UTARD
PERICEHBR U7z, ARMELD, Spepasf, (LUmRIR, (ki

PPN I B OHERIC RIS LTz,

1

T D

51 Ak
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