Journal of Cardiography 8: 521-538, 1978

RRELKREDOL2—-K  Bchocardiographic ap-
X 2mEZH . & IT  proach for atrioventric-
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Summary

The segmental approach advocated by Van Praagh facilitates the systematic morphological diagnosis
for congenital heart disease. The echocardiographic segmental approach has been reported by Solinger
in recent year. It is composed by three major cardiac segments, atrioventricular relation and the rela-
tion between ventricles and great arteries. Three major cardiac segments are 1) visceroatrial situs,
2) ventricular loop and 3) conotruncus. Most of newborn infants with the atrioventricular malalign-
ment show the critical symptoms in neonatal period, thus early diagnosis and treatment are necessary.

Echocardiography is a useful noninvasive method for diagnosis of atrioventricular malalignment
and morphological diagnosis of A-V valves. The atrioventricular malalignment has 4 types: 1) atresia
of one A-V valve (mitral or tricuspid atresia), 2) criss-crossing heart, 3) struddling A-V valves
(struddling mitral or tricuspid valve), and 4) single ventricle of double inlet type (double inlet left
or right ventricle). These show the same findings on the echocardiography in which the only one
ventricle or the large ventricle with the other hypoplastic ventricle may be recorded and/or the only one
A-V valve may be recorded. Then the related conditions such as the single ventricle with common
A-V valve, complete A-V canal, pulmonary atresia with intact septum and aortic atresia show the
similar findings on echocardiography. We tried to diagnose atrioventricular malalignment and
related conditions by step by step echocardiograph approach.

Step 1: Atrioventricular valves
Once the two valves are identified, the ventricular loop from the right to left and anteroposterior
spatial relations can be determined, and the A-V valve atresia is ruled out. When the only one A-V
valve is recorded, unilateral A-V valve atresia and common A-V valve should be differentiated.
Step 2: Relation between the interventricular septum and A-V valve
The relation between the interventricular septum and A-V valve should be confirmed by careful
sector scanning from apex to A-V valve to differentiate ECD type VSD, double inlet left ventricle, strud-
dling A-V valve and complete A-V canal.
Step 3: Relation between the interatrial septum and A-V valve
If the ventricular septum echo is absent, the interatrial septum may be a landmark to detect rela-
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tionship of the A-V valve in a case with tricuspid atresia or a case with single ventricle with the com-
mon A-V valve.
Step 4: Atrioventricular flow dynamics
Contrast echocardiography is a useful method to evaluate the atrioventricular flow dynamics and
shunt detection.
Step 5:  Associated anomalies of the A-V valve
Stenosis, prolapse, fluttering, Ebstein’s anomaly, etc.
Step 6: Semilunar valve
Relation between the two semilunar valves. Atresia of the one semilunar valve.
Step 7: Quantitative measurement
Measurements of the dimension of the ventricles, great arteries and atria.
In conclusion, echocardiography is a very useful method to diagnose the atrioventricular malalign-
ment and related conditions, and should be applied for the first step of diagnostic evaluation in such
conditions.
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TR, OE & LEORIR (atrioventricular
alignment) O L=a—RiZk 37 e —F 2
WTIBRT R,

Atrioventricular alignment

Atrioventricular alignment (2i%, 2 & D 5>
DFEDH B

1) Usual: IF % [i2 87 % B %I T, situs
solitus © D-loop M4 &, situs inversus T
L-loop (mirror image) DFAEBH 5.

2) —RIESHAMLIS 0 =L ARG L IR
A5 5.

3) Criss-crossing: Afllicdh 3 AEH» S £R
nEER, EMoEE»bEROLEEI2R1S
LT, RELPICIhE, BEELTAD LN
VOERBHB EVDbRTY 3.

4) Straddling A-V valve20,:22 : Liberthson 5

izihiE, 3-o0 type b LBREEH TV 5.

S%), BIERIAKEAERCORNEY, ZRF
BhERAELKERERCHRLTV 248, #
BRSNS RERLRERAECHRTSE, A
FE~DEEROFTAREL, ZRAVEEDNIZD
CHEATEED3 o0 type EWEL T3, Z
hix, =& o double-inlet type DELE~DH
FRILEz BN, KEREBLINIREAE, X
i3, KEhABELNSREENEET D, /b

A-V malalignment D.0xx a3 —[X]

SHLBERBT 3139 OBERN, KELLED
EORBRLILFICKS. Z0RAe, LDEFRK
#, ABEHGONEREVFET 2.

5) Double-inlet type®~*® MBLLE: BLET
2ODEERMFET 3 b DT, double-inlet left
ventricle &, double-inlet right ventricle 3%
3. zoErie, RBEERETFTLOLHD
(asplenia®® (2% ).

LIk 5 2o atrioventricular alignment % 7]
LTWL Z L REETHSD, LDz a—HEEE
FOWE LN+ 5 L ThoREEICH~LIR
Wi E x T < h B /= ®, atrioventricular
alignment DFEfiIC KEILREELEX LN S.
zroehxza—Fic X v, atrioventricular a-
lignment B 2R THEBICRT 5 EHIZHIC
DVTRET 5.

Atrioventricular malalignment 2B\ T,
Ta—EPHKBLEFRE LT, KERLEN
1o LRBZETER VA, KERDLELIEFERO
DEFTHETE A, EREERV1IOLIE
goeanvzinbdonsg. Lxa—HE
NICEBLEFREZEL, BREET s KBRH
BEXEHFOBLE, complete A-V canal, ECD
type Ok i LEFRXE, LEPRIAOL
v EBARFEASE, KBRS RS ¥ 23 B (Table
1).

Table. 1. Echocardiographic findings in atrioventricular
malalignment and related conditions

ATR10-VENTRICULAR MALALIGNMENT

STRADDLING OF A-V VALVE
CRISS-CROSS HEART

ATRESIA OF ONE A-V VALVE ( TA,MA )
DOUBLE INLET TYPE SINGLE VENTRICLE

ECHOCARDIGRAPHIC FINDINGS

ONE VENTRICLE WITH/WITHOUT
HYPOPLASTIC VENTRICLE

ONE A-V VALVE

RELATED CONDITIONS

SINGLE VENTRICLE WITH
?onnou A-V VALVE
ASPLENIA)

COMPLETE A-V CANAL
LARGE vsD (ECD TYPE)

PULMONARY ATRESIA
WITH INTACT SEPTUM

AORTIC ATRESIA
L-TGA
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ZTIT, BUOLEREREYIET S L, oF
DEHITKEB.

HBEFEAOHLEL?D . LEGREN B &
T 1o0RERLELLEBHETE L V2D,
double-inlet type DBLE L DERINRLETH
5. ¥, REBEERMVISLrZHTELY
7z® complete A-V canal, —{l|E=EHEHME L D
BRNPLETHB.

SXRAMM: KEHEEHEER) R1oLe
METEY, Ik, BEROAELKEREEY
Lo, DEZ1ISLABHETEAVZEDEL,
RIEDOIBEREER & b OBOEOEHIZ, HigH
ML DEBIVLETHS. £/, LEHEKRIE
DR OGE, AEREMRO Z &
BEL, ZRFDENG/DE VD EJRLET
5.

BIBAAS: KEAEZER SLH) KloLp,
RETEY, BEROEELRER AE# Vb,
NEREZERICHBIERDOIER 220 i @igR
FAHIIBETE 57, RBEERZ L L. %
ELEFIOLrREGTEh v L b8<, L@
BEEROOBLE, ZRHFFAHL OBNLALET
3. ki, RPRFAFAHTLEERIEFERTH
B2, BRHIEETS.

Double-inlet type O¥LE: FExEHiz2 - E
BT EBNLEPRATETE 2\ 72w, stradd-
ling A-V valve ® ECD type k& kst
FEXIE L DEBIBVLETH B, Straddling A-V
valve, ECD type ok &7 LEthlEKiE T,
Ta—E—LDFRICE » TRLEPRFT o —»8
EENBZLENDY, BUNLETHS.

%, BFEERMLEFEMNR 0Be, LEDRE
BTI—E—ho FEe FITORRICH B0,
DEPRa—BEBHcEhVZENEL, BE
BLETHSB.

Straddling A-V valve : #ij5&® & 5 iz double-
inlet type DE.LELSME, BERABLEDREIC
BIR T owic X< FTRE R+ complete
A-V canal, ECD type ok & .0 AIE &

DERPLETHS.

ECD type OX X0 OZERMRA : 8 # A 2,
ERFFRBROPLEFROPFICITE VAL L S &
iR %2+ 579, straddling A-V valve %,
complete A-V canal & DERALETH 3.

Complete A-V canal: FEZEHRNLEPREZ -
AK&EIFEh 3720, straddling A-V valve %,
ECD type ok & it L EHRRRKRIE L OERIHLE
THd. %7, Ta—E—LDHFRAICE > T,
KBEERL LIBEFTRETRTIENDY, £
BBLETHS.

Table 2. Echocardiographic differential
diagnosis of atrioventricular

malalignment and related con-
ditions

ONE A=V VALVE TWO A=V VALVES

SINGLE VENTRICLE SINGLE VENTRICLE
WITH COMMON A-V VALVE DOUBLE INLET TYPE
(ASPLENIA,

COMPLETE A~V CANAL LARGE VSD(ECD TYPE)
TRICUSPID_ATRESIA ::STRADDILING A=V VALVE
\PULMONALY ATRESIA
\ AORTIC ATRESIA

UEk#%twzL Table 2 or5iciny, &
FIOBETORERBBLETHS. Zh b DOEERE
RERITBcwic, 2&D Step 1 75 Step 7
ETOHETT e —F75.

MITRAL ATRESIA

Atrioventricular malalignment &, zg
BURBICHTILTII-RO7Fo—F
(Table 3)

Atrioventricular malalignment 2,
X URTR DL R &R R B L &I, -
EDRT Y P BATT e —F+ 3.

1. Step 1: BEEH(E?

) BEHFB1O>LrEHBTEL S, 258
BETEBDH?

BERVBLOERTENE, TF¥—AIE=HEA
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Table 3. Echocardiographic approach for atrio-
ventricular malalignment and related
conditions

Step 1 A-V valve

Step 2

Step 3
Step 4

Step 5

Step 6

Step 7

1) One A-V valve or two?
2) Mitral valve or tricuspid?
3) Atresia of one A-V valve or common
A-V valve?
Relation Between IVS and A-V valve
IVS present? Overriding of A-V valve?
Relation between IAS and A-V valve
Atrioventricular flow dynamics
Contrast echocardiography
Associated anomalies of A-V valve
Stenosis, prolapse, flattering
Ebstein’s anomaly, etc
Semilunar valve
Present or not?
Quantitative measurement

Measurements of ventricles, great arteries
and atria

A-V malalignment ®,0x= = —[X]

b cE s, ZogE, FEEasl (EERm

iR, HOE) 20Z0T, FiFICEETES
BEFVZRI, %I ICEETE 2 FER>MEN

FTHBNE, WHOFEER SRR PEFICH
A D-loop, A5 HAiE L-loop LHiT=
%% (Fig. 2).

2) EERFP1IOLITHBTEARVES
BERN 1O Lok T n A s
iﬁﬁﬁ%mmﬁﬁﬁiﬁmmm?@a
—REEFRHAFHOEE, THTEIFEERIE

, —HE

MHEY ICH D00, ERFYITH DT, [EiEF
A =R 0BT ICh 2 BEOH T &
mBER, ZhiFFEETH. ZokdkBEs,

Step 2, Step 3 TOLEHE, BLOLEFRL
OEfRERD Z EBRUITHS. 72, KIE &
BEEROEGE 252 LN 1 OO T LS.
SEY, H%FOKMEZREELBER L O
ik cENE, ZoOFEEREMEFTHL L2

Fig. 2. Echocardiogram of 6 day-old normal infant.
Echocardiographic sweep from the tricuspid valve to the mitral valve, the aortic valve, and

the pulmonic valve.
valve in the left posterior side.

The tricuspid valve is recognized in the right anterior side, the mitral
The tricuspid valve continues to the interventricular septum

and the interatrial septum connects to the mitral valve. The interventricular septum continues
to the anterior aortic wall and the mitral valve to the posterior aortic wall.
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Tricuspid Atresia with TGA
12 days m

Fig. 3. Echocardiogram of 12 day-old infant with tricuspid atresia with TGA.
Echocardiographic sweep from the pulmonic artery to left ventricle. The posterior pulmonic
wall continues to the anterior mitral leaflet (C).

Fig. 4. Echocardiogram of 4 day-old infant with pulmonary atresia with intact ven-
tricular septum.

The small right ventricle and the large left ventricle are recognized. The motion of the small
tricuspid valve is recognized in front of the interatrial septum (C), and the pulmonic valve mo-
tion can not be recorded. The anterior wall of the right ventricle is thick.
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A-V malalignment O,y = —[¥]
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Fig. 5. Differentiation of common A-V valve and large mitral valve.

A: The multiple echoes are recognized in the common A-V valve.
B: The multiple echoes are not recognized in the large mitral valve.

b, EigFEMEEE x5 (Fig. 3).
ODEHRRIBO 2 CITBIRFASE OGS, A=
fRiE/hE <, ZRpbRHNEE 2 L35 <, 2
DOFEEFVH VAL, —FEEREM L 2K
T5Z2LLdB. 2ok A DETRER
WL, ZARACET LS EZRAFOERET
#cx s (Fig. 4C). ZLFoiRAPTEHETEN
E, ZRPEAHIEETE 5.

3) —IE=EFEAELEFEES OBLLES?
KRERBERE | o TE YA, —ES
FrPASH & BEER OBLE D OB LE T b
5. ZO%A, BERELEL, IGEY (FEHHs
PASH L 7cREl]) I Sz o —0FME 2D Z L3
1oDFERNY b, 20, HBEEROY
A, —MIEERLE Bix>72h0 A D 5720,
Ta—E—2DHFFICEVSEETa— 2D 50,
—HIEEREAETR I ALZED bk (Fig. 5).

Lorl, BFLLZARRDFICAZDbI TR
{, TO2o0FEBOERNCIE, a3 TR M E
\2 X % Step 4 o atrioventricular flow dyna-
mics #4552 EHKUTH B.

2. Step 2: LEPREBEHNOME

1) D=EPRETEETE 3 0?

DEPRIGET S 28, BEROWELZ
W35 <, £hixl >0 landmark 274 3%. L
L, DEHEAEVCEE, o THIMFETE A
WERRH Y, DED LD RFEROERSNLEC
5.

Complete A-V canal* (3, =a—t—2
DHMICE > TEHILBEEROHLE LLZFTR
ERTILEBDHDB. 20X REE, OREFHRA
ETAF Y LT LEPRE = a2—2 HEHT 30
EIYEFEIDBHZEN KU TH 5 (Fig. 6).
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Fig. 6. Echocardiogram of complete A-V canal.

Echocardiographic sweep from the mitral valve to the tricuspid valve. The tricuspid and mitral
valves are inscribed separately by the ultrasound beam during systole. The leaflets appear to merge
as they open in diastole and to cross the interventricular septum. Close inspection shows that

these are two separate opening movements that appear to be merged because the two valves lie

in the same plane.

Complete A-V canal <& DEPkET 2 —2 5
FCexsh, HBEEROBELETEIRETE L
V.

ECD type ok &k LEHRKIBOYE, O
HPEAGEET 3L b6, BERFAT
13 OIBITK E LEPIRRIAN B 5 T L
fE2sitgk T/ &£ 2%V, double-inlet type
OHLE L OEMNSLEL 5. ZoYa, ECD
type OKREm LEPRERIATE, Ta-— E— 4
&b%%mﬁﬁnd%f®$$%lz—%aﬁf

%73 (Fig. 7), double-inlet type MDHLLET

ﬂﬁr%mumf(ﬁg& ZoLERFE=

REBETEANEIDLDBEIR L 5. R T
Step 4 o atrioventricular flow dynamics %
LB TODFERNY LD
Straddling A-V valve®®*® pIf& 4, ©—LD
Fc k > CEOEREATHETERVEALD
9y, double-inlet type DHLNEE & DFERIH L
<h 5. =0k s, straddling A-V valve
T, Ta—E—AzODREICETIVELEPRR
FEBTES L, EBIEREIROE KRS 2
CDEPREE  LTAEENIC 5 2 L (straddl-
ing mitral valve), 7z, ZRFPO e A3 BH
5D THBRS Z & (straddling tricus-
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A-V malalignment ®O,[x= = —[¥]
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Fig. 7. Echocardiogram of large ventricular septal defect (ECD type).

Echocardiographic sweep from the mitral valve to the tricuspid valve.
valves can be seen simultaneously without the interventricular septum. But the septum can be
recognized by sweeping the transducer inferiorly to the left ventricular apex. The anterior mitral
leaflet and septal tricuspid leaflet cross the interventricular septum to a mild degree in diastole.

Both atrioventricular

Fig. 8. Echocardiogram of double-inlet left ventricle.
Mitral and tricuspid valve echoes are recognized simultaneously without interventricular

septal echo. The interatrial septum continues to the anterior mitral leaflet.
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Fig. 9. Echocardiogram of transposition of the great arteries with the straddling

mitral valve.

Echocardiographic sweep from the pulmonic artery to the left ventricle. The anterior mitral
leaflet overrides the interventricular septum. But the mitral and tricuspid valves are separated.
(This photograph is provided by courtesy of Dr. T. Sato, Dept. of Pediatrics, Yamagata Uni-

versity).

pid valve) 2320 x»Fic/x 5 (Fig. 9).

2) FEEFfo overriding (%?

Straddling A-V valve T, fBiEfE/i3=
SHnLERREZZTRETE 5D, com-
plete A-V canal £ ECD type » K& mibEp
MEXRIE L DEMPLETH D.

Complete A-V canal 0354, fEiEHL =4
FrOEEER B Y, DEFRE & ISR IR
LTk T x 523, straddling A-V valve 0
&, BERVLEFREE A TR Z LD -
Thz ORI, EHTES.

ECD type ok X7k LEHRXAOEE, 2

SORERVPOLEPRBOFICETEY ZALEIIC
LB TEX BN, L ABL2ODEEROEFME
B, FROEREEIASZLFHRLTER.
zi# T, complete A-V canal <, straddling
A-V valve L {#ERITE 5.
HEEEROBLE L double-inlet type o
HOETE, OEPREFE T E R\ Ico#iilne
VETH L. = D34 double-inlet type By
HTWE, RARAREEIFERS2 OEHTE
Zh6, ZHICX VEEOEMIFETSHS. =
7z Step 4 » flow dynamics ¥, 1 DDFA37» Y
ETED .
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3. Step 3: LEFREFEADEMR
—EERHAEOHE, SR TS

AELKRERESE, BEFHAETINSLESRL
KREBAENRD Y, DEPRIE-> S VRETE
BCEARDE. ok nEEe, DEPRRR
landmark [c TZ 745, - &(C landmark &
23 L0RLEFRTHY, LETREFEERD
M@T2Eo 1l >oFERPYICT . EFOEE,
=RFPIE lL‘%qjﬂm@ﬁujﬂuuﬂﬁéh, R
g iR L T

ZRFMAKTE w%@ﬁmﬁﬁﬁséﬁ,%m
HiFICSRFREBHZIAT, Ta—E—sEEE
OHMIZAFy LT L, DERRTa—F

MMMMMMMMMMMMMMM

P T

| o o

Fig. 10. Echocardiogram of tricuspid atresia.

H(H(Hll_(li!i!ii{IHIHSlIH(HI!iHHlHI!!i!HI!i!i;i!i;ss:i

A-V malalignment O,y= = —[X]

g FrpTd IcisE LT v < (Fig. 10).

HiEFHAEOHE, DERRT 2 —zfmitiTh
F, ZORIBIEKREKIERSZRABVEHRTES
B, Ta—E—LEREEDIEICAFYTDL,
DEPRT 2 — R L €h, BER~OER
Mz (Fig. 11).

o XxHkebEFFEE 1 >0 landmark &L
T, EiEFREE S, ZRFEEIENTE 5.

4, Step 4: Atrioventricular flow dynamics
2k 20 EH
5E~o flow dynamics %% Z L, &
Folo0FrnrY #h52%.

Contrast echocardiography*7~5

Ml
Bk el e s R

| R =~

Pl b e pd)

Echocardiographic sweep from the interatrial septum to the mitral valve. The tricuspid mo-
tion is not recognized in front of the interatrial septum, though abnormal structure is recorded

which connects to the atrial septum. The interatrial septum continues to the mitral valve,

suggesting the normal relation between the atrial septum and mitral valve.
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Fig. 11. Echocardiogram of 4 days-old infant with hypoplastic left heart syndrome

(mitral and aortic atresia).

The large amplitude of the tricuspid valve motion is recognized infront of the interatrial sep-

tum. The mitral valve motion is not seen.

ECD type ok & A PEXIEL double-
inlet type OBLETE, DERFT 2 -3 -
SVHFETERVZLBDB. ZDX 5k A,
contrast echo #1795 &, ECD type ®» K & /2.l
EPRXRIEOSE, BIEFRTREITT ICEEF E &
X Yi# < cloud echo 23HEF 2 (Fig. 12A).
Zhic%kt L, double-inlet type o BLNEE Tl
MEIFPRTSR 2508k L, contrast echo %479 &, {8
HE SRR AT I B FPRTe E AL X v #h T cloud
echo 2+ 5 (Fig. 12B). = oo HIM 0%
VIZ &Y IR ERIRTRE T H 5.

HHBBEEFRORLELZRFPHEHO L 51, B
FRN 1L HitsET x4, contrast echo

#1719 &, BEERTEEEROMKE L LI,
BEFROFORTH (FER) LY % 5 i -

C
cloud echo BEN->Tw<. FhizkL, =4
FHHTEEER EIER) ke L bic, BER
O O#%S (EEM) XY RS 2@ - T cloud
echo 252 - Tw < (Fig. 13). = o HIREAL O
ZWHPED, BFEPLMICL > T2k ED 1
SOHSTREONS.

BT, HBEEES2 double-inlet type
PO MLETHBH. +Z T contrast echo
19 &, HMBEERTIE, BERBEAKE L LIC
FFOH 5 cloud echo 235HER+ % 2%, double-
inlet type T, 42708k L2235 contrast
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A-V malalignment O.,(r= 2 —[X]

0.1sec

Fig. 12. Contrast echocardiograms in a case of large VSD (ECD type) and in a case
of double-inlet left ventricle.

A: In a case of large VSD (ECD type), after injection of dye into the peripheral vein, a
cloud of echo appears first in the right ventricle during early diastole and then in the left
ventricle during early diastole (before E point).

B: In a case of double-inlet left ventricle after injection of dye into the peripheral vein, a
cloud of echo appears after E point in front of the anterior mitral leaflet.
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Fig. 13. Contrast echocardiograms in a case of single ventricle with common A-V
valve and in a case of tricuspid atresia.

A: In a case of single ventricle with a common A-V valve, after injection of dye into the
peripheral vein, a cloud of echo appears first in the anterior side of the common A-V valve,
and then appears in the posterior side.

B: 1In a case of tricuspid atresia a cloud of echo appears first in the posterior side of the
mirtal valve.
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VSD(ECDTYPE)

OO0

: STRADDLING TV

SINGLE VENT.
2 A—VVALVES

-~ gy

SINGLE VENT.
COMMON A—V VALVE

Fig. 14. Contrast echocardiographic evaluation
of the atrioventricular valve (A-V valve) in
single ventricle or the related conditions.

#C cloud echo 23 HE+%. LU, fEESHE]
2% H12iz echo free space LTV 5.
D HIREAL OFE T L D IFFEN SN S,
Criss-crossing TE A OAFE? S M OLE
IZ¥itiATe 72, contrast echo %179 &, A
b 5 o0EI cloud echo AHEES 2 it kv,
HRELEOEBYODIHLENHES LS.
Dbkt twsé Fig. 14 o X 5z 5.
Cloud echo o HEEHDE <, MBS 2Ehr
DEVICE V2B ELSOFERND LS.
S XE|zik~x 3 Step 5 /» 5 Step 7 £ T, atrio-
ventricular malalignment O 2K E, #WHBIHE
HEATHHOTHS.

echo #f79 &, fEIRFRIRATAEIC E KLV B
il

5. Step 5: Associated anomaly of A-V valve
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Fig. 16. Left ventricular dimension in newborn
infants with congenital heart disease.
HLHS: hypoplastic left heart syndrome, TAPVD:
total anomalous pulmonary venous drainage, PA:
pulmonary atresia, TA: tricuspid atresia.
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. . .

Fig. 15. Echocardiogram in a case of tricuspid atresia with large VSD.
Echocardiographic sweep from the pulmonic valve to aortic valve. The pulmonic valve is

recognized to the left anterior side and the aortic valve is recognized to the right posterior

side. This means normal relationship.
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