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Isolated Ventricular Inversion and Anatomucally
Corrected Malposition of the Great Arteries
Associated with Right Juxtaposition of
Left Atrial Appendage

~ A case of successful surgical repair —

— Abstract —

Jeong Ryul Lee, M.D.", Yong Jin Kim, M.D.,,
Kyung Phill Suh, M.D.", and Yong Soo Yoon, M.D.”

A seven month old female infant with isolated ventricular inversion and anatomically cor-
rected malposition of the great arteries in sttus solitus, associated with ventricular septal
defect, patent ductus arteriosus, right-sided juxtaposition of left atrial appendage, 15 rep-
orted, The patient showed usual atrial arrangement with somewhat superoinferior relation,
a discordant atrioventricular connection, and a corncordant ventriculoarterial connection
with aorta in the right-sided position, A normal sized left atrium was connected to the left
superiorly positioned morphologic right ventricle through a tricuspid valve, which crossed
the left ventricular outflow tract anteriorly. Well developed bilateral(subaortic and sub-
pulmonary )conus was documented at operative field. successful surgical repair was done by
performing the Senning procedure and by closinig the ventricular sepal defect with a patch
through the right ventriculotomy, The infant’s postoperative course was uneventful with
normal sinus rhythm, Postoperative ¢ardiac catheterization revealed no hemodynamic ob-

struction or residual shunt.

Intruductinn

Inversion of the ventricle without transposition
of the great arteries with situs solitus is rare con-
genital heart anomaly, previously having been rep-
orted eight surgically corrected cases until 1985%,
also those combined with anatomically corrected
malposition of the great artenies as ours 1s still
further rare'®*? The cyanosis is the main climcai
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symptom and blood flow in this amonaly is anal-
ogous to that found in complete transposition of
the great arteries, Right-sided Juxtaposition of lef-
t atrial appendage, which is shown to be ass-
ociated with a disocordant atrioventricular connec-
tion and atresia of the tricuspid valve with signifi-
cant frequency, is eight times less common than
left juxtaposition®, and at least twenty five aut-
opsied cases have been reported?,

We report our experience with this rare congeni-
tal cardiac anomaly in seven months old female in-
fant and provide the review of the literature.
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(Case Report

A seven month old fernale infant was noticed to
have sweating and dyspnea with deepening cyan-
os1s suce birth, Her gestational age was 40 weeks
and the birth weight was 3,15 kg. A subxypghoid
impulse was present with precordial bulging on ex-
ternal nspection. Physical examination revealed
accentuated second heart sound without any augd-
ible murmur, The peripheral pulse was normal and
the liver was palpable one finger breadth from the
right costal margin, Chest Roentgenogram showed
a left cardiac apex, cardiomegaly, and increased
pulmonary vascular markings{Fig. 1). The elec-
trocardiogram was normal sinus rhythm with P
wave and QRS axis 30 and 90 degrees. Ech-
ocardiogram revealed, situs solitus, atrioventric-
ular discordant connection, rightsided aorta with
subaortic conus, anteriorly positioned left sided
atrioventricular valve crossing the outflow tract of
right sided morphologic left ventricile with large
subaortic ventricular septal defect(Fig. 34, B).
At cardicac catheterization, mean pulmonary art-

erial pressure was 52 mmHg ; pulmonary vascular
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resistence 7.2u ; both ventricular systolic pressure
70 mmHg with higher oxvgen saturation of the
left sided ventricle. Angiocardiogram revealed a
right sided inferior vena cava and a left sided sto-
mach bubble : the morphology of the right sided
and posterior ventricle was typically left ventricle
. the left —sided ventricle was morphologically rig-
ht ventricle with its artrioventricular valve cro-
ssing the outflow tract of right sided ventricle ; the

aorta arising at the right side of pulmonary artery,
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Fig. 1. Admission chest roentgenogram showed ca-
rdiomegaly with increased pulmonary vasc-
ularity.

Fig. 2. Preoperative electrocardiogram was normal sinus rhythm with biventricular

hypertrophy.
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from the morphologic left ventricle ; the pul-
monary artery originating from the morphologic
right ventricle ; Both atrial appendages were rig-
ht-sided juxtaposed, : A large subaortic ventricul-
ar septal defect was present(Fig. 4A~D).

At the age of seven months, the infant became
more cyanotic and corrective operation was per-
formed on Aug 23th 1990. Grossly, the aorta was
right to the pulmonary artery and both atrial app-
endages were right juxtaposed. Intracardiac cbser-
vation through a right atrictomy revaled an intact
atrial septum with a small patent foramen ovale
and the right atrium connected to the morphologic
left ventricle through a bicuspid mitral vale, Atr-
1a] septotomy revealed the left atrium connected
to the morphologic right ventricle through tricus-
- pid valve, which crossed the left ventricular out-
flow tract(Fig. 5A—~C, Fig. 6). An intraatrial swi-
tch of venous return using the Senning procedure
was performed only with the patient's own cardiac
tissue Ventricular septal defect was colsed with a
patch through a right ventriculotomy which rev-
ealed well developed subpulmonary conus., Rew-

arming and weaning from extracorporeal cir-

culation was uneventful with the infant’s central
venous pressure of 18 cmH:=0, and left atrial pre-
ssure of 14 cmH:0, He suffered from prolonged ple-
ural effusion until the 16th postoperative day. Car-
diac catheterization and angiocardiogram was per-
formed one month after operation, which revealed
no hemodynamic obstruction(Fig. 7).

Anatomical description: The arrangement of the
abdormunal organs and the lobation of lungs were
norrnal, the heart was left sided with its apex poi-
nting to the left, Atrial morphology and the re-
lation between two atrial chambers were normal
with right atrium located a little anteroinferior to
the left atrium. Systemic and pulmonary venous
connections were normal, The atrioventricualr con-
nection was discordant with two separate atr-
ioventricular valves, the left of which was smaller
than the right. The right atrium was connected to
right sided morphologic left ventricle through a
bicuspid mitral vaive, The subvalvular apparatus
was normal. The morphologic left ventricle was
connected to a right posterior aorta, The anterior
leaflet of the mitral valve was separated from the

aortic cusp by subaortic conus around lem. the

B

Fig. 3. Preoperative echocardiogram : A, Parasternal four chamber view revealed that the right atrium
(RA) is connected to the left ventricle{LLV), from which the aorta({ AQ) arises with subaortic con-
us. B, More frontal plane of the parasternal four chamber projection discloses that the left atrium
(LA) is connected to the right ventricle(RV) with its atrioventricular valve crossing the left ven-
tricular outflow tract anteriorly. The ventricle is conncdted to the pulmenary artery. Left atrial
appendage{LAA) is in front of aortic pole VSD=ventricular septal defect : MV=mitral valve :

TV=tricuspid valve.
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Fg. 4. Preoperative angiocardiogram ;. A, Anteroposterior projection of left ventriculogram ; The left
ventricle(LLV) ejects through a subaortic conus{SAC) into the aortal AQ), which 1s {o the right of
the pulmonary artery(PA). B, Lateral film of left ventriculogram shows subaortic conus and dye
leakage through subaocrtic ventricular septal defect(VSD). C, Anteroposterior projection of right
ventriculogram at systolic phase ; The right ventricle(RV) ejects into the left sided pulmonary
artery. D, Anteroposterior projection of right ventriculogram at diastolic phase : Left atrium ejects
into the left sided morphologic right ventricle, with atrioventricular valve crossing the left ven-
tricular outflow tract anteriorly. Left atiral appendage shows right sided juxtaposition. AA—asc

ending aorta.

ventricular septum was abnormally oriented, so
that 1ts nght inferior aspect faces the right sided
morphologic left ventricle and the left superior as-
right

pect does the left wsded morphologic

ventricle. A perimembraneous large ventricular
septal defect was present, The left atrium was
conneted to the left superniorly located morpho-
logic right ventricle through the tricuspid valve,
which was smaller than the right sided mitral val-

ve In diameter, Left atnial appendage was right-

side juxraposed to the right atrial appendage and
was anterior to the aortic pole. The normal sized
ventricle had a well deveoped crista sup-
raventricularis and was connected to the left-

sided pulmonarv artery with an infundibulum,

Comments

Van Praagh and Van Praagh? uses the termn 1s6-

lated ventricular mversion i 1966, while Shi-
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Fig. 5. Operative findigs @ A, External cardisc morphology : Superiorly located left atrium (LA Jwith its
right juxiaposed auricle(l.AA) 1s connected to the left superiorly located morpholegic right vern-
tricle(RV), from which pulmonary artery{PA)} arises at the left side of acrta Inlerioiry located
right atrium(RA) 1s connected to the right inferiorly positioned morpholgic ieft ventricle {LV), fro-
m which the aortal AQ) arises at the right side of pulmonary artery. B, Both atriotomy shows
somewhat horizontally positioned atnal septum{AS). Superior atrivventricular valve has 3 tri
cuspid valve(TV} morphology and the inferior one does a bicuspid mitral valve(MV), O Kight
ventriculotomy discloses the moderate sized ventricular septal defect(VSD) with subpulmonary
conus(SPC),
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\\IJ o
/ Ao \ Fig. 6. Schematic drawing summarizing the car
\S ){ ﬁ&_,_ diovascular malformation : Left atrium{LA)
o crosses the left wentricular outflow tract
| anteriorly with its auricle{LAA) right side
juxtaposed. Right atriumi{R A} is connected
to the morphologic left side juxtaposed.
Right atrium(RA) is connected to the mor
phologic left ventricle{LLV} through a mor-
phologic mitral valve(MV)}, while left atr-
um s counected to the morpholegic nght
ventricle{RV} through a mworphologic tri-
cuspid valve(TV}, the ventriculoarterial
relation 1s concordant. Subaortic ventricular
septal defect(VSD) is present and the con-
us 18 hilaterai, A)=aorta ; PAopulmonary
artery ; SVC==supertior vena cava;IVC—

inferior vena cava : PV—pulrnmonary vein.

neborne et al.® described this anomaly as vis- pointed out that iseiated atrioventricular  dis-
ceroatrial situs solitus, disocordant atrioventricular  cordance requires the presence of a well-defined
and concordant ventriculoarterial connection, usi-  situs and of both ventricies regardiess ot thewr

ng segmiental approach. Calbro and colleaogues? spacial relatior, and to describe and define this
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Fig. 7. Angiocardiogram one month after Senning operation, which revealed no hemodynamic obstruction
or anatomic narrowing, LV=left ventricle : RV=rnight ventricle | Ac—Aorta : NRA~=neco-right atr-

mwim - NLA=n=ac—licit atrium

amomaly correctly, ntracardic circulaion should

pe stressed first and fhen the relation belween

&5
e

the chambers, T o anonaly, the ventriculo-art-
erial cornwcflon must o concordant, with nor-
mally related grest artenes. The most frequentiy
occuring miundibutar morpholgy 1s represented hy
mitral aortls continuity and muscular discontinuity
hetwecn Lhe tricuspid valve and the pumonary art-
ery, Venivicular septal defect!®P) gortic stenosis?,
paternt
wventricular

ductus  arteriosus®?,  complete  alr-

canal®, lefl. atrioveninicular valve
atresia*™ have heen reported as frequent ass-
oclated anomalies,

“anatomically correred mai-

15 defined

A lterminology of
position of the great arteries{ ACM:
variably, Anderzon et ai’’, desceribed this anomaly
as thalt i owhich the great arlerles arises i unu
sual fashicn: fromm therr morpholgicaily aporopriate
ventricles, emphiasizing that ACM describes not 2
discrete anomaly bat only a ventriculo arterial rel-
ation, whichh 1 one of veniriculoarterial comn-
cordance, and furthermore can coexist with all
varieties of atrioventrioidar relations, Van Praagh
and colleagues'! esiablished the fact that ACN

can occur will: 2 sehagtic conus, as well a8 with 2

pilateral conus as ours, Kirlan at al'? reported suc-
cessful surgical repair in 2 patient with ACM. but
their cases had atnioventricular concordance unl-
ke our case,

Collective reviews and discussion of the mor-
phologic characteristics of hearis with right sided
jurtaposition of the atrial appendages™ ¥ have
been made by several authors, Sing:ficance of rig-
ht uxtaposition ¢f atrial appendages in relation to
the association with severe cyanotic heart disease
15 stressed by Melhuish and Van Praagh in 19844,
but Anderson et al*® contended that it does not
alwiuys assoclated with severe comnlex cardiac les-
tons, and even 1t could be present as 2 1soiated les-
icii. Nontheless, frequent association with dis-
cordant alnoventricular connection and atrasia of
tricuamd valce were reported at several articles®
¥ Seo et al, collected 25 autopsied cases of an
unusuzl ventricuiar loop associated with right jux-
taposition of the alnal appendages: sugpesting that
the embryologic mechanism producing disharrony
between Lhe sinoventnonigr cormection atud ihe
segimental compinations e interpreted on the bas-
1s 01 postelor ventricular wooping, since they are

hest explained on the basis of a hypotheiical heart
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with posteiorly located outflow tract, Our case
was similar to Seo’s case 2 except the presence of
left

phologic tricuspid valve), which is anterior to the

mormal sided atrioventicular valve(mor-
aortic pole®?,

From the clinical standpoint, cyanosis i1s most
common symptom and vectocardidiogram shows
early left anterior vectorial forces which 1s tho-
ught to be the result of the abnormal position of
ventricular septum®. Pasquini and colleagues?®’
contended that multiple plane two-dimensional
echocardiography can provide excellent segmental
analyis including visceroatrial situs, ventricular
loop and great arterial position and a surgical app-
roach through the left sided infundulum affords
excellent exposure of the ventricular septal defect
and atrioventricular conduction block®?', which
occurs frequently as a postoperative complication,
can be avoided, Nonetheless, the final diagnosis of
this anomaly should be done by cardiac cat-
heterization and angiocardiographic data. The def-
initive surgical management of this cyanotic mal-
formation consists of redirection of venous blood
flow toward their respective arteries by per-
forming an intraatrial venous switch using Sen-
The ht-

eratures about surgically corrected cases of 1so-

ning*# or Mustard procedures®®%
lated ventricular inversion were reviewed by Bau-
det et alV. with their case, which suggested the
mortality rate was higher, especially for palliative
procedures, when additional defects were present,
Of eight cases, two patients died early post ope-
ratively of low cardiac output, two have had a
complete heart block postoperatively, Our case
showed normal sinus rhythm with right bundle

branch block postoperatively.
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