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Double-Inlet Single Left Ventricle: Echocardiographic Anatomy With
Emphasis on the Morphology of the Atrioventricular Valves and

Ventricular Septal Defect

MAURIZIO BEVILACQUA, MD,” STEPHEN P SANDERS, MD, STELLA Van PRAAGH, MD,
STEVEN D, COLAN. MD. FACC. IRA PARNESS. MD

Buoston, Massachuseits

The echecardiographic anatomy uf doubic -intet single left ventri-
cle was stedied in 57 patients, aged | day o 27 years (mean
6 yearsh the variables examii-ed included morpholagy. size and
function of the atrioventricuda: ‘AV) valves and venlricular septal
defect and their relation (v pulmonary stenusis, avrtic stenosis and
anrtic arch nbstruction, The visceroateial situs was solitus and the
heart was in the left side of the chest in 2l $7 patients. A d-lvop
ventricle was present in 21 patients and an l-loop ventricle in 35,
The great arteries were normally related (Holmes heart) in 8
patients and :ransposed in 49.

In all hearts, the right AV valve was anterior to the left AV
valve. In 53 patients, the tricuspid valve (right valve in d-loop and
Jel¢t valve in l-loop) was closer to and had attachments on the
septum. The tricuspid valve straddled the outflow chamber in
eight patients. No significant difference was noted in the mean AV
valve diameter when comparing mitral and tricuspid valves within
the same group or between the groups with a d- or I-loop ventricle,
The right AV valve diameter had a significant direct correlation
with the aortic valve diameter arid the size of the ventricular septal
defect regardless of ventricalar loop. Both AV valves were func-
tienally nermal in 34 patieats. Among patieafs with AV valve

Hearts with a functionslly wngle ventricle are 4 heteroge-
neous group and controversy stitl exists regarding even the
nomenclature (1.2). Among these hearts. however. there iva
refatively homogencouy subsel (3-5) in which the single
ventricle is of feft ventricuinr morphology and i connected
to both atria by two separate atrioventricufar 1AV) valves
(datble-intet left ventricle). Most often. the greal arteries are
transposed (the pulmanary artery aligned with the single left
ventricle and the aorta ansing from an antevior and superior
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dysfunction, the tricospid valve tended (¢ he stenotic in patients
with an l-loop ventricle and regurgitant in patients with a d-leop
ventricle. Mitral valve dysfunction was uncommon.

The ventricular septal defect (46 patients) was separated from
the semilunar valves in 24 patients (muscular defect) und adjacent
to the anterior semilunar valve as a result of hypoplasia or
malatignment. or both. of the infundibular septum (subaortic
defect) in 19 patients. iviultiple defects were present in three
patients. The d-fect was urirestrictive in 26 patients, restrictive in
23 and could 5ot be evaluated in 8. Pulmonary artery banding had
heen performed in X of the 26 patients with an unrestrictive defect
and in 10 of the 23 patients with a restrictive defect. Only 4 of 19
subaortic defects compared with 1€ of 24 muscular defects were
restrictive. The size of the defect was significantly correlated with
the measured pressure gradient. Amang patients with fransposi-
tion, onfy 2 of 13 with pulmonary :tenosis had a restrictive
ventricular septal defect compared with 1 of 39 without pulmo-
nary stenosis, In patients with transposition, the defect size was
signtficantly smaller when coarctation was present.

(4 Amt Coll Cardiol 1991,18:550=68)

outlet chamberi, Oceasionally. normilly related great arter-
s are oresent (Holmes heart),

Previous echocardiographic studies (6-16} have investi-
pated the role of M-mode 2nd two-dimensional echocardiog-
ruphy in disgnosing double-inlet left ventricle and defining
the AV connections, the morphology of the main chamber.
the positien of the aceessory chamber and the ventriculo-
arterial (VA) alignments and connections. These studies.
however, grouped patients with different lypes of single
ventricle and did not addruss the morphology and funciion of
the AV vaives or the natre of the communication hetween
the lefl ventricle and the outlet chamber.

‘ihe purpose of this report is to describe the twe-
dimensional schocardiographic anatomy of the AV valves
and ventricubar seplal defect in a group of patients withs
double-inlet single left ventricle. in addition. the relation
between the type and size of the ventricular septal defect and
aortic outlet and arch obstruction is examined.
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Rethods

Stody patients, All patents with the divgnosis of double-
inlet single left ventricle who had undergone twe-
dimensionsl snd Dopplcr ¢chocardiography at The Chil
dren's Haspital sinee 1982 were selected. The disgnostic
criteriz included [ two patent AV valves: ) a larpe ventric-
ular chamber of lefl venincular morphelogy (17.18) that
received all or neady af ol the altzchments of both AY
valves (hearts with wmor straddling of one valve inte an
cutlet chamber were included); and 3) 4 relatively antenuor
outlet chamher that commaunicated with the I¢ft ventricle by
meons of onz or mare ventricular septal defects and ths!
guve vise 10 ul leasl pne grear artery.

Echocardiography. All studies were performed wilh an
ATL Mark 600. a Diasomic Cardiovue 100 or a Hewlet-
Packard 7720 candizc imager equipped with a 3. 3.5 or
5 MHz transducer. In cach case multiple views af the heart
were oblained from the subxiphoid. apical. parasternal and
se.prasternal positions. In most patients. 4 complcte pulsed
Ooppler ultrasound examination was also performed in the
same echocardiographic views. Sedation with ehlosal hy-
Jrate was used when necessary.

Data anabysis, The cchocardiographic studics were re-
viewed with particular attention (o the morphclogy and
altackments of the AV vaives. the AV valve funciion on the
Doppler examinution, the size and location of the ventricular
septal defect and the presence of associated lesions. espe-
cizlly pulmonary stenosis. sortic stenosis and coarclalion.
The following measurements were made from stup-frame
images with use of clectronic calipers: 1) diameter of the AV
valve anuli in carly to mid-diasiole iapical four-chamber
view): 2 diumeter of the ventrigular septal defect (bulba-
ventricutar foramen) in & long-axis (subxipheid or parasier-
nal long-axis) and short-axis (subxiphoid or parasternal
short-axis) view al end-diastole; and 3) systolic diameter of
the aortic and pulmonary valve anufi.

The vross-sectional arva of the vermicudar septal defect
was calcwlated by using the formula for a regular ellipse,
with the measured dimensions as the major and minor axes,
The peak instantancous gradient across the veatricuiar sop-
tal defect was estimuten frum the pulsed or continuous wive
Doppler recording ubtained in the defect with use of the
modificd Bernoulli equation: Penk pressure difference = 4
(Peak velocity?. The ventricular septal defect was consid-
ered restrictive il a pressure gradient of =15 mm Hg was
measured al cardiac catheterization cr by Doppler echocar-
diography or if the major diumeter of the defect was <50% of
the dinmeter of the descending aorta m the diaphroge.

Stenosis of an AV vafve was diagnesed il e valve anulus
diameisr was <30% of the diameter of the contralateral AV
valve anulus or if a mean gradient =5 mm Hg was detecied
by Doppler examination. Atrioventricular valve regurgite-
tion was diagnosed if a pansystolic regurgitant jel couid be
detecsed an least half the diimeter of the atrium behind the
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plane of the valve ring with use of either puised Doppler
recording or Dappler colar flow snupping.

The clinical records of the paticnts were reviewed for the
results of cardiac catheterization and the operative reports.
In cight patients who died the heart specimans we.e¢ ¢xam-
in2d and d with the echocardiographic findings.

Stetistica) analysis. Analysis of variance was used (o test
the significance of differences between group mean values,
Regression analysis was used ta cvalualr relations hetween
continuous variables. A p value =0.05 was considered
significant.

Befinitions. Vearricular septal defect. The orifice
thiough which the lelt ventricle communicates with the
infundibutar outlel chamber has been called a bulboventric-
ular foramen or u ventricular seplal defect. Because the wall
of the left ventricle that is the ventricular septum in a normal
feart is also present in these hearts and becausc the com-
munication between 1he left ventricle and the outlet chamber
accurs in this wall, ventricular septai defect is an accurate
term. The name bulboventricular foramen implies a single
communication of uniform location and morphology be-
tween the left ventricle and the owflow chamber. Aithough
the residuum of the embryonic bulboventricular foramen
appears [0 be one Lype of communication between the left
ventricle and autlet chamber. our observations in this study
and thase of others indicate that this is not the only type of
cammunication that can occur. Consequently. the more
general term ventricular septal defect is used here because it
is uccurate and more broadly applicable.

Atvioventricular valves. The identity of the AV valves is
defined primarily by the papiliary muscle attachments rather
than by the number of lcafles (19.20). The tricuspid valve
has attachmemts en the papillary muscle or muscles ¢lovest
10 the septim or on the inferior rim of the veatricular septal
defect. or both. In vontrast. the mitral valve attaches to the
vapiliary muscles on the fefi venlricular free wall more
distaat from the septum. Identification of the AV valves on
the basis of the auachmems accuratcly indicated the ven-
iricolar loop. A right-sided wicuspid valve was always asso-
cialed with a d-ventricular loop, whereas a left-sided tricus-
pid valve eccurred only in hesrts with an l-vemricalar loop.

Results

Fifty-seven patients. aped | day to 27 years {mean 6
yearst, with double-inlel single left ventricle were identified.
The dara ave summanzed in Table 1.

Segmental analysis. Visceroatrial sitns. determined as
deseribed previcusly (21). was selilus in all 57 patients.
Systemic and pulmonary venous connections were also
aormal in all patients.

The ventricrdar loop was determined by the pasition of
the outlet chamber 22} and the ventricular septura. In a
d-loor left ventricle, the smooth septal wall is anterior and
rightward, adjacest to the outlet chamber (Fig. 1A), o an
Heap fefl ventricie. the smooth septal surface is leftward
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and somewhat posterior. adjacent to the oulbel chamber
(Fig. I1B). In addition 10 the smooth surface. the ventricular
septal defect is a marker for the  nat wall. A d-loop was
present in 2k patients and an I-loop was seen in 36 puticnty

The VA alignmenr was determined by simuliangous im-
aging of the ventricular and arterial segments as previously
described (23). Transposition of the great wikeries (uorke
aligned whh the omil chamber and pulmonaty arery
aligned with the single teft ventricled was prosent in 49
patients (13 with a d-loop veriricle and 36 with an -loop
ventricle). The great arterivs were normally related in eipht
patients. all with a d.ioop ventricle 1 Holmes heart).

The segmenial sers (22) were {SL.L} (35 patients).
{S.L.A} (1 paticot). {S.D.D.} {10 paticnts). {3.D.A} 12 pa-
tientss. {S.D.L} 11 patients and {S.D.S} (8 paticnts). The rat
member of the set ndicutes the viseervatrial sius (S =
solitus, 1 = inversus), the second member the ventriculur
loop {d- or [1oop) and the third member the position of the
worta ¢S = solitus normally related preay arteries. D. AL L =
malpasition of the greal arteries with (he sorta lo the right.
amterivr or left. respectively).

Atrioventricular valve morphudogy. In 2@l hearts, regurd
lcss of veatricular Joop. the right AV valve was antenor
relative to the left AV valve iFig. D Becanna the visceromt-
rial situs was solitus in afl patients. 1his probably reflects the
usual position of the atria in situs solitus. where the nght
atrtum i anterior 10 the [eM atnum, n $3 of the 57 paticets.
the tricuspid valve (right AY valve in d-loop and left AV
valve in I-loop) was closer to and had attachments on the
inferior and the puosterior border of the ventricular septal
defect. whereas the mitral valve was mere distam from and

had na attachments on the septum (Fig. 1. Aand B: 2. A and
Band 1. A and Bu In the other four paticnts, both AV valves
were equally di-tant from the septum iFig. 1C).

Mild straddling of an AV valve into the outlet chamber
wus noted in eight patients ({S,D.D} in four. {S.L.L}in three
and {8.D.8} in one). Straddhng was best apprecialed in a
short-uxis subxipheid or parasiernal view (Fig. 4). A strad-
dhing valve wus comsisicatly aaxOthated with o muscular
veninealar septal deleet that entered the iaferior or dia-
phragmatic aspect of the autlet chamber. The chordal attach-
munts ol the valve inserted on (he luwer rim of the seplal
defect as well as within the eutlet chamber, In each case. the
straddling valve was the tricu=nid valve «that is. the right-
sided AV valve in paticnls wun & d-loop veniricle and the
lefi-sided AV valve in patiepls with an l-loop ventrigle).

Becunse it was diffienls 1o distinguish deep seallops in the
AV valves from coman.sures, it was not possible to deler-
minc consistently the aumber of leaflets in the AV valves,

Atrioventricular valve size and functien. The indexed
(diameterisquare root of body surface arcal diameters of the
right and Jeft AV valves are shown in Table 1. Patignts with
an [oop ventricie and iranspostiion. with a d-loop ventricle
and wansposition and with a d-loop veniricle and pormally
refated greal arteties are shown separately. The upindexed
vatve diumeters were signilicuntly correlated with age (r =
0.56. p < 0.001). body surface area {r = 0.83. p < 0.0001) and
square Toot of body surface area Ir = 085, p < 0.0001).
indexed diumeters were na longer significantly correlated
with age or budy size. Na significant differences were noted
for the mean AV valve size when left and right AV valves
were compared within the sume group or other groups.
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dients wn!h dnuhlc mlc! \mg,\cld! w.nmlc Al
d-loop vertricle ILV). The catlet chamber {OFC) is anterior and
superior and the atrigventriculat valves (AVV) are posterior and
inferior wth the anrerior (right {RI* AVY closer 10 the seprum. B.
Fleop ~emtricle. In contrast o A. the putlen clamber is posterior and
superior with the AV anterior and inferior and the posterior (lef)
valve closer to the septum €. [Meop ventricle with the AVVY
equidistanl from the septum. A = anterier: L = lefl: FA = main
pulmenary ariery: R = right. § = superior.

exed right (systemici AV valve diamerer had a
significant direct correlation with the indexed wortic valve
anulus diameter {Tabie 2) and the indexed ventricular septal
defeet size (Table 3) regardless of wheiher the vaive was
tricuspid or mitral.

An adegmate Doppler examination waz available in 50 of
the 57 patients (37 with an lloop venlricie and 18 with a
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Figure & The heart from a 2.5-month old boy with duuble-inler
vertricle and wransposition of the great arteries {S.L.L}. A, The
hvpertrophivd Teft ventricle (LYY is right-sided. A slit-like muscular
ventriculur sepial defct (VSD) iy presemt. The left-sided tricuspid
valve {TV1 is adjacent to the seplum and atlaches to a single,
Wypertrophicd, parseptal papillary muscle. The right-sided mitral
valve IMV) attachas only 1o the free woll. The pulmonary valve (FV)
i» normal and the pulmonary outflow tract unobstructed. B, The
‘eft-sided infundibular outlet chamber is underdeveloped. The aortic
valve was stenotic with only one well developed commissure; the
aoftic arch and isthmus were hypoplastic. A conduit was placed
from the ascending 1o the descending aorta 1o bypass the hypoplas-
tic arch {Conduit) and the main pulmonary artery was anastemused
10 the ascending aorta (Slansel} becawse of the small size of the
ventricular septal defect. LCO = left coronary orifice: Underdevel
Comm = undendeveloped commissures of the aortic valve:
{S.L.L} = atria] situs solitus. lHoop ventricle, malposition of the
great aneries with the aorta to the left.

d-iaop ventricle). Both AV valves were normal in 34 patients
168%: 23 with un loop ventricle and 1t with a d-loop
ventricle: Table [1. Among patients with an -loop ventricle.
the mitral valve (right AY valve) was regurgitant in three
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Flgure 3. The heart of o 3-year 11-month old boy with dochle-ink:t
left ventricle and transposit.un {S.D.D}. A. The right-vided fnicuspud
valve (TV} has thickened tealless und attuches w parisepral papil
lary muscles and the fower margin of s emall inlel muscubur
ventricular seplal detect (YSII. Frthrous tivaue wcaimiladion woand
the suhaortic vontnentar '~"||f Al defect 1BVF) aftcr handing of the
pulmenary ariery w Cilh sHprasy stemie 1A ventnentr
pressure. The left-sided mml vilh e THV Mas altachmonts only Lo
the free valt of the left vantricle (L% The pukmona,y valve (V) is
welt formed, B The right-vided owtflow chumber commuricates
willi the lelt ventricic by means of the suboortic vertricular septal
defect {BVE) and the small inle( defect thick white arrowr. The
aortic vilve [A0V) i normid. The proxim .I aain pu!murmr
has been connected with the aseeadin
atrdal situs salitus. d-loop s entricie. m: |Ipmlhun ol the gre.t arteries
with the gora lozated iieriorly

paticnts and stenotic in none. whergisy the tricuspid valse
tleft AV valvet was stenotic in seven piticnts and regurgitant
in one patient (Fig. 5 und A. A and Bh. Among the patients
with a d-loop veniricle. the tricnspid vadve (right AV valve)
was stenotic in one patient and regurgitant 1z patients.
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Figure 4, Puresiainal shon-axis view in 2 palient with a d-loop
ventriel demonstruting straddling of the wricuspid valve (arrow.
headst thruueh « large posterior ventricular sepral defect. Abbrevie
ations as o el

whereas the mitral valve (left AV valve) was stenotic in one
patient uod regurgitant in none. Among the eight patients
witii 4 srudding tricuspid vaive (Fig. 4. the straddling valve
was mitdly regurgitant in e palients. stenotic in one
patient and furctienally normal in the other four patients.

Yentricular septal zefecl. The morpholugy of the ventric-
ular seplal defeet could be evalualed in 46 patients. In 24
patients. the defect vas separated fram the semilunar valves
and appe 1o be completely surrounded by muscle {mus-
cular defecil e, 2, A and B and 7AL it teaded to enter the
outflow chamber inferiorly und apically. In 19 patients the
ventricubar septal defeet was adjucent to the anterior semi-
lunar valve tsubsortic defect) and was associated with hy-
poplasta of the infundibular septum (Fig. 6. A and B and 78)
in 5 puticnts and pasterior malahignment of the mfundibular
septum with (Fig. 7Cy or without (Fig. 7D hypoplasia in the
other 14 patients. The remaining three patients had multiple
muscular venurienkar septal detecis (Fig. 3. A and B and 7E).

The sice of the vearricwler sepual defecr did not differ
sigmhicantly between patieats with a dlvop or an Iloop
ventriele if teansposilion was present {Table §). However,
the patiems with a d-loap veniricle und normally related
great arteties {Holmes heart) had a significantly smaller
ventrieular septal defeet than that of the patients in the other
w0 groups.

Tl venteiwur septal defect wus aneeston tive in 26 (50%)
and restrienve in 23 (G375 of the 49 patients in whom
analvse: way pussible. Pulmonary artery banding had been
perfarmed im 8 (30%) of the 26 patients with an unrestrictive
defect amd 14 (435 af the 23 patients with a restrictive
defect. When examined by type of defect. only 4(219%) of the
19 subaerlic defects were restrictive. whereas 16 (67%) of
the 22 mineular defects were restrictive. In the six patients
with Holmes Beart, all sin defects were muscular and five
were restricive. The size of the ventriculay septal defect was
ignificantty correlated with the pressure gradient measured
s the defect (Table 3) with use of an exponential
regression (Fig. 8.
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Tuble 2. Relation of {ndexed Avrtic Vabve Anulus SiZe to the Oequrrence of Other Structursl
Detecrs, Ventricular Loop and the Size of Relaled Cardine Strugtuces in 49 Paticnts
With Transposition

Inde sed Aoslic Vilve Diamiter oy BSAM

Abnarmaliy Presenm Abnormality Absent P Value T Value
Siouctural ubreamality
Left AVY atenosts LR 3] [EETA
Rignt AV regurgitslivn 2z o s0l
System:e ro palmanary =wl [RE Y uns
hunt nperziion
Cuarcrainn [N 2zon 10056
Venusular loen
|-loup b BN i NS
deliop IKER 1] NG
Carrelation neraaen indeved aone valve diameer und;
AR NS (X3
Endesed 1eft AVVD NS [LAF]
Indeced right AVVD 300 e
NS LX)
NS o
NS Qi
USA = budy surfece areic other abbres iations a= in Table |
The vemrivudar sepuad defect size comtd be determineed in Aortic valve size. The aortic valve dsameter did not differ

43 of 49 patients with transposiiion. Thirteen of these 49 significantly among the 1hree groups of patients (Table 1)
patients had pulmonary stenosis and 30 bad a normal pul-  The aonic valve diameter was highly correlated with age
monary outflow tract. Cnly 2 (15%) of the 13 patiems  ir = 0.52, p = 0.6002). body surface area (r = 0.84. p <
with pulmonary sienosis had a restrictive ventricular septal  0.0001) and the square root of body surface area (r = 0.87.
defect compared with 15 (5004 of the 30 paticnts without  p < 0.0001). Indexing the aertic valve diameter for the
pulmenary stenosis. The size of the ventricular septal defeet  square root of body surface area eliminated any significant
was significantly smaller in patients with transposition and ~ correlation with uge or body size.

coarclalion of he avrts than in paticnds witheut coarctation The hndexed avrtic valve diameier was significantly
{Table 31, Ssmller in pabicnts wilh coarciafion Haen it patients without

Table 3. Rekution of Tndexed Yentrigular Septal Detect Size to the Occurrenge of Other Struglural
Defects. Ventricalar Loop, Gradient Throogh the Septal Delect and Size of Other Related
Structures ih 49 Pauemis With Traispesinion

Indexed VSD Area i’ BSA)

Abpgrprality Present Abmoznalivy Absent p Valee ¥ Value

Structural abromality

Lelt AVV wrenosiy 69203 06 1o NS

Rinfn AVY sepurpit 1372 89 whz 1} N§

Syatamic 15 pubme 124238 90 =13 N§

~hunt gperation

Courctutivn AN [ERIERES N3
Vunticular [nop

loop Wh=+ 14 NS

dHoop Y-8 Nh
Correlativn betws indesed VD wrea und

A NS

Indered lof AYVE NS

Irdexed right AVVD woLs

VSD gradient RN

Indeved AVD NS

QPQs NS

Ahbrevidion as in Tables | and 2.
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Figute 5. Subxi akis view in o nlant with donbderler
sinpde left ventricle and transposition {S.L.L] illustrating he poplasia
of the left arriovemriculur valve (L AVVI. Abbreviations o in
Figures | and 2

Flgure 6. The heart of a 2.5-year old hov witk double-
infet left veniricle and transposition of the areat arteric s
{S.L.L}. A, The leftsided ticuspid vidve (VY
toental with thickencd leallets, o slenobic «
hypoplastic papillary muscles. Its altichments are
parasepial and at the lower margins of subuarte
ventricular septal defect (VSD+ Fibrous tiswe =elow
the pulmonary valve produced <evere subpulmonary
stenosis [Sub PS). The right-sided mitral vabve (M¥)
attaches only to the free will of the hypertrophicd ictt
veniricte (V). B. The 'ett-~ided mtundibular outlet
chumber has o very small cas ity and by pertrophicd e
will. The snbaortic ventricular septal defiect 1I¥VSD] is
immediately below the aortic valve. The central soe-
1opulmonary shunt {Ao-P Shuntlis seen exiting the side
o the ascending austa (AU
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conird tadiva (Tube 21 B0was non significamly correfated with
1he s ol the ventocular seplal defect {Table 20

Assuciated amoemalies. Courctation of the aorta was
present i 14 patients and iterruption of the aortic arch in 2
Folmonary stenosis was noted in 17 patients and pulmonary
dUresiain b,

Neeropsy findirgs, In cight of the patients who died. the
hean specimen was available for examination. The necropsy
lindines confitmed the echocardiographic findings in all but
theee patients i whom additionsd small ventricular septel
defecta 1w defects in two paticnts and one defect in ong
patienh were discovered that had heen missed on both
cehovardicgraphy and angiography.

Discussion

vnson of the use of the Fontan prnciple (o the
surpicsl minagement of patients with single left ventricle

vSsSD
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Figute 7. Types of senteicular septal defect seen in deuhle-inlet
single left ventricke as delineated by wo-dimensional echacarding-
raphy. A. Muscular defect neur the apes of the outler chamber
(OFCrand sepurated from the semilunar vulves, B Subaortic defict
associc od with exaireme hypuplasia of the intundibular septum, €.
Subaonic defect awocisted with posterior il
popiasia wt the intundibular septum D, Subaeric deti:

with marked posterior deviation of the ialundibular scrtum. Hare
the infundibular septum is woll developed and gruduces signific
surpulmonary stenosis. o Multiple defects tarrouheads) i
infant with u d-leop single left ventricle. Ao = uscemting aorta: 3
posterion: B = nchit RA = right atdum: other abbreviutions as in
Figure 1

24,25 mendates aecurale assessment of he anatomy and
tunction of these hearts. The morpholegy of the single
ventricle. the morphology and function of the AV valves and

JACC Vol 18, Na 3
August 141 4S9~ 68

the size and location of the ventricular septal defect may all
be importaet deiermisants of outcome in such patients.
Yentricular morphalogy. The ability of two-dimensional
echucardiography 1o display the morphalegic characicristics
of the right ind ieft ventricles has been demonstrated previ-
cusly (17,481 Similurly. pathologic swdies ¢€26.27) in doubte-
infet left ventricie huve described the single ventricular
chamber as a tvpical left ventricle. Surprisingly. previous
studies have found iwo-dimensional cchacardiography to be
anrcliable in defining the morphology of the single ventricle.
Ratier, in these studies 4110, the echacardiographic diagno-
sis of single l2h ventricle has gencrally been based on finding
an outlet chamber or infundibulum located anterosuperiorly
with respeci 1o the single ventricle. In our scries. the
diagnosis of singhe icit venuicle could be made on the basis
of ventricular morphology. The difference belween our
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results and those of previous studies muy by ui keust parily
explained by improved echocardiograph:c image s due to the
young age of our patients and technologic advances.

Atrigventricular valves. As noted proviowly. the AV vilve
that is concordant with the ventricular loop ethe right AV valve
in d-loop and the left AV vulve in Hoop) is commonls abios-
mal (5.12.26.28-32). In our senes. it wav. abnormal n 2477 0
3044 of patients. This valve exhibits the characlenistios associ-
ated with the tricuspid valve of the narmal heart: iUis closer o
the sepum (gererally the posterior part of the seprum it min
have septal attachments and i some cases i1 siraddios 1he
seplum through a pusterior ventricular septal defcet (30
Hence. we think it is justificd o identifly it ws the Beuspid
valve. Inour series as weltas in provious repors (328-32) of
double-inlel lefl ventricle. there was 2 tendency for the lefi-
sided tricuspid valve (o be stencdic in an Hoep ventack: wnd for
the nght-sided Incuspid vathe 1o be regurgitant 1 i d-loep
ventriche. These findings are of praciical iImpertance nine 1
the Fonian principlc is used commonly in pafienrs with double-
inlet feft ventncle, OF interest. the struddling tricu~pid sulve
functioned normiuly or wax mikdiv ropurgitat but was oot
stenolic.

Ventricular septad defeet. The hnanon and charicterns-
ties of the vemruiar septal defect ~eca in smgle left
ventricle are not unifore 1340 At least iwo 1vpes of defects
can be wennbied by echocards v oople ubearie defect.
whi 4 is assockited with by poplas yment ol the
infuadibular septum. or Soth. sl mscaar In cur
series. only ahout 2290 of wibaortic delecis were entic
whereas 6677 of maswulir defeets were abstructive. Or
pathologic examimation. & may he possible fo discnminat:
among subscts of these basic Gy pes (far evample. piscular
defects may he divided into mid-muscular snd AV cenid
types). bt we were unehle o recogmize the sabty pes reh-
ahly by echocardiogriphs .

Steniasis of the venirceter erted defect in patican weh

Indexed VSD Area (cm?/m?)

trampenition af the greaf arieries results in subaortic ob-
strwetiear and adversely affects the outcome of patients with
~single left ventricte 135.36), Toe defect may be stenotic at
birth or may hecome restrictive fater in life (35.37-40)

Although the mechanism by which it becomes restrictivi
not kroaa. the association belween stenosis of the ventric-
ular weptal defect and kanding of the pulmonary artery has
heen emphisized 135.37.39.400. Because a small ventricular
~eplal defect was significantly more common in our patients
without pulmanary stenosis. it may be that patients who
undergo puimonary artery handing are simply at higher risk
for developing obsisuction of the ventricular sepral defect.

In oup senes, o significan! inverse correlation was noted
Fetween the size of (he defect and the pressure gradient
measired across it. Nonetheless, many small defects were
Aot aveeciated with 4 detectable pressure gradient, Most
likely. this is due to Jow fow across the defect in the
prosenst of o large ductus arterivsus that carries mast of the
cardae outpul. Consequentlyv. zbsence of a pressure gradi-
et does not cxclude a restrictive ventrigular septal defect.
The vize of The defect must be cansidered.

Conclusions, Double-inlel «ingle lefl ventricle can be
relizhly diagnosed on the hasis of ventricular morphology
with use of (wo-dimensivnad echocandiography. The aonutar
drameter and function of the AV valves were normal in about
7 of our patients, The AV valve an the side of ventricular
looping exhibited charucteristics usually associated with the
ircuspid valve in the normal heart and was abnormai mare
often itan the mitral valve. The sbrormulitics commonly
seen were stenasis of the left-sided tricuspid valve in an
loop veniricle and regurgitation of the right-sided tricuspid
valve 10 a d-loop ventricle.

The ventricular septal defeet was vaniable in size. loca-
non and mompholeey. Subarterial defects were associsted
with hypoplusia or malalignment. ar both, of the infundibular
seplum and were iess hkely 10 be restrictive, Muscular
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defeets were commonly rosteictive and (he only 1ype asso-
cinted with o straddling tricuspid valve. In patienis with
Irunsposition. a strong direet correlution was noted hetween
huth the size of the ventricular sepral defest amd the aorlic
anulus dinmeter and the prescace of courclation ar urch
imerruption. A restrictive ventricular septal defect was
present in five of six paticnls wilth normally related greit
arteries. Pulmonary stenosis was present in about 25% of
patients with anspasition and was usuzlly oot associated
with a restrictive ventricular septal defoct.
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