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Three-Dimensional Echacardiography in
Congenital Heart Disease
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Presentation Hour: 3:00 p.m.~4:00 p.m,

1231-119| Quantitative and Qualitative 3-Dimenslonal

j Echocardliographic Evaluation of Aortle
Coarctation Using a Faat Fan-like Data
Acquisition With an Integrated 3-D System: In
Vitro Validation

£. Avelar, 8.P. Ram, P, Paichetti, M, Kozakava, §. DoCaatro, T.-L, Hau,
QL. Cao, &, Marx, N. Pandian, Tufta, New England Medical Genter,
Roston, Mass, USA

Background: Rotational data acquisition has heon shown to provide 3D
acho (ADE) images of nortic abnormalities, In thia atudy, we explored the
quantitative accuracy of 3DE, and tha potentini of a new intogratad 3DE
instrument with rapid fan-like image acquisition, in aoric coarctation (AoC).

Mathodr: In 10 explanted pig hearta with intact aortie hes, AoC of varying
aoverity was exparimentally created. Theso were imaged in a watar-bath
uaing the prototype (Eanote) ADE instrumant that rapidly steered a 7 MH2
array at 1.25 depgree intervala over & 60 dogroe arc within 2 sog. Using
a fast quantification algorithm incorporated in the unit, wo mensured the
aron, porimetar and diamaters of tho narrowed AoC segment. Those wero
compared 10 anatomic measuremaenta from aonic apecimens.

Rasuls: In all exporimenta, we were able 1o raviow the aortic images in
a dimenaiona inatantly after data coltection and soction thom in any dosired
plane, The pro-atenotic, stenotic and post-atanatic aoric sogmeonts could be
visualized crisply. We could also obtain quantitntive data immodiately. The
corrolation batwoen anntomy and ADE woro: AoC area: y = 1.13x - 06, 1
= 0.08, p = 0.0001; Permetor: y = 1.08x + 1.06, 1 = 0.86, p « 0.0001; Max
diameter:y = 1.01x + 048, r = 0.92, p « 0.0001; Min chameter. y = 0.83x +
2468, r= 087, p « 0.001.

Conclusion: Thiz modo of 3DE, whon rofined into o transthoracie of
transasophngoal tool, could bo of valua in relinble quantitation of tho sovority
of aortic conrctation and in planning cathater-basod intorventions.

1231-120 | impact of 3-Dimensional Echocardiography in
" tho Assessment of Atrial Septal Detect Device
Occlusion

Y. Maono, L N. Bonson, C. Boutin. The Hospital for Sick Children, Umiversity
of Toronta, Toronte, Ontaro, Canada

Background: To optimize tho results of ASD dovico occlusion (CardioSEAL.
Nitinol Medical Technofogies), precise information about defecl number(s),
size, location, and dovice position during implantation is critical. The pur-
pose of this study was to define the clinical application of AD echo in the
assessmont and monitoring of pationts undergoing ASD device occlusion.

Mathods: Since 11/96, 36 cases (median age 8.6 yrs) were evaluated by
transesophageal echocardiography (TEE) for potential ASD device occiusion
as part of a hospital approved trial. In all 36, 3D data were acquired using
a Howlolt-Packard software and multiplane TEE prabe. 3D images of ASD
were reconstructed using the TomTec system. Fifteon cases have undergone
device occlusion (awaiting implantation: 6, not suitable: 15). 3D images were
reconstructed after procedure in all 15, and during the procedure in 12. The
Maximal ASD diameter was measured from 3D ccho and compared with
dimensions measured by 2D TEE and fluoroscopy balloon sizing.

Results: 3D images demonstrated clear anterior ASD margin and the ex-
tent of deficiont anterior rimiin 33. The inferior-pe sterior border of the ASD was
cloarly delineated in 20. Maximal ASD diameter by 3D echo carrelated with
balloon ASD size (p = 0.02, r = 0.68). In 1 case with an elongated oval shaped
detoct, balloon sizing, by moditying the ASD morphology. clearly underesti-
mated its dimension. Atter occlusion, position of all 8 arms were contirmed by
3D imaging in 12/15 cases. Protruded arms and dynamic change in the size
of residual defects were clearly visualized by 3D imaging. 3D eche during
the procedure defined the mechanisms by which arm protrusion occurred.

Conclusions: Current 3D reconstruction provides clinically retevant infor-
mation in the selection and monitoring of patien's undergoing ASD device
occlusion. Information obtained by this tachniqua can improve *he under-
standing of the mechanism of device deployment and detect closure.
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1231-121 | Three-dimensional Transesophageal
Echocardliographic Assessment of Left and
Right Ventricular Qutflow Tract in Pediatric
Congenital Heart Disease

A. DarAgata, A H, Cromme-Dijkhuis, F.J. Meijboom, J.S§. McGhie,
M.A. Taams, J.R.T.C. Roolandt, A.J.J.C. Bogers, Erasmus University
Rottordam, The Netherlands

Purpose: prooporativo assessmant with three-dimensional transesophagea!
achocardiography (3D-TEE) of stanosis (ST) at sub-valvular and supra-valvy:
tar lave! of the feft (LVOT) and right (RVOT) ventricufar outflow tract

Methods: 3D-TEE was parfarmed just bofore surgery in 10 children tages
5-12 yonra) with a miniaturized pediatric trangesophageal multiplane probe.
Data wore acquired using rotahonal seanning at 2 degrees interval with ECG
and respiratory gating. The outllow tract was reconstructed thlongitudinal and
horizontal (above and bolow the aortic or pulmonary valves) cross-sections
with anyplane and volumo rondoring display. The extension of the lesion,
the relationship with the valves and the nature of the ST were assessed. 30
dynamic raconstructions wore validated by surgical hndings.

Results: AD reconstructions wore adaquate iy 9710 pts; in 1 pt 3D recon-
struction tailed, duo to iInadequate gain setting. Among LVOT lesions. we
could define 2 sub-aortic discrote and tibrotic ST, t sub-aomic circular mem:
brane and 1 supra-aortic ihrous nng. Among the RVOT lesions thero were 1
fibrotic discrete sub-puirmonary ST, 2 muscutar and 2 libromuscular ST th 2
pts the extension ol tha ahstructing tissue to tho mitral vatve could be clearly
soen trom a honizontal cross-section as looking from the loft ventncte. In 2
pts 3D images gave additonal information, identitying i 1 a double chamber
nght ventricle and in the other one the close retation of the supra-aottic ning
with one aortic cusp. One suprapulmonary ST was not displayed. due to
scarco resolution. The anatomy of the 3D reconstruclions was confimed by
surgory.

Conclusions: 30-TEE attows adequate assessment of both outtiow tracts
Particularty helptul are honzontal cross-sections trom above and betow, which
allow a detinition of tho degree and extension ot the lesion

[ 1231-122 ' Dynamic Morphotogy of Secundum Atrial Septal
- Detect Evaluated by 3-Dimensional
Echocardiography

Y. Maeno, L.N. Benson. C. Boutin. The Hospital for Sick Chuldren. Unversity
of Toronto, Toronto. Ontano. Canada

Background: Dynamic changes n morphotogy of the secundum ASD s
an impontant component of its physiology and has implications for vanous
treatment modalities. The purpose of this study was to evaluate. by three-
dimensional {3-D) echocardiography. the contraction pattem of secundum
ASD's through the cardiac cycle. and potential deternunants

Methods: In 25 patients with an isolated detect (median age 8.6 yrs). 3D
echo data were acquired using the Hewlett-Packard sottware and multiplane
transesophageal probe 3-D images. assessed from the RA. were recon-
structed using the TomTec system. In 7 patients the presence of a thin ateaal
septum or multiple detects precluded clear delineation of the detect margins
and were theretore excluded. In 18 cases, ASD area, long and short axis
dimensions, and the distance of the deficient anterior rim were measured m
end-atrial diastole and systole. Ovat shaped detects (n = 10) were classitied
into 2 groups according to the angle between the defect long-axis and the
aonta; either parallel (angle - 45) or perpendicular (-45).

Results: ASD area significantly changed throughout the cardiac cvcle
{mean 63.7%, p - 0.001), ranging from 31% to 86% The detect contracted
symmetrically and independent ot the angle to the aorta. The size of the oval
shaped defects paralle! to the aorta changed more than those perpendicular
{p - 0.01). Circular shaped defects changed size variably. The presence of
aneurysmal deformation of the atrial septum did not influence the percentage
ot shortening. In all cases (10) with a deficient anterior nim, the distance ot
absent rim was signiticantly reduced (p = 0.01) during atrial contraction.

Conclusions: Dynamic changes of the secundum ASD appear influenced
by its morphotogy and location. This intormation can be relevant in improving
our understanding of the pathophysiology ot atrial shunting, and its potentiat
impact on device occlusion

1231-123} Evaluation of Ventricutar Outflow Tract
Abnormalities Using Real-time
Three-cimensional Echocardiography

J.8. Li, C.E. Fleishman, C. Ohazama, G. Stetten, A.R. Benqur, T Ryan.
S.P. Sanders, J. Kisslo. Duke University Medical Center, Durham, North
Carolina, USA

Background: On the hypothesis that -2al-time 3D (RT3D) echo can provide
unique views of structural anatamy over standard 2D echc. we evaluated 25
pts with known ventricular outflow tract anomalies.
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Methods: Pts (agos 3 d-15 yrs with weights 2 5-53 kqgs) were scanned
without sedation trom the parastemal, apical, and sub-costal windows The
Duke RT3ID system uses a matrix phased array transduce* (2.5-5 1 MHz) to
scan a 65° pyramidal volume at 22 volis with an image display of standarg
B8 scan soctors and inchined scan planes that can be onented throughout
space. Up to 3 s of moving volumelnc data was acquired in real-ime and
stored tor off-line analysis to display any combination of planes or to pedorm
volume rendering on a computer workstation.

Results: RT3D demonstrated abnormalities of LV andvor RV outflow in
all 25 pis with the following diagnoses: subaoric stenosis, aonic steno-
sisg/atresia, puimonic stenosis/atresia, TOF, DORY, 0-TGA. L-TGA, and AP
window. Inclined and intersecting scan planes enabled unique visuahzation
of 1) conat septum in relation to VSD in TOF and DORV. 2) en-face views
of the defect in AP window and in the Norwood anatomosis ih aortic atressa,
3) great vessel relationships at muftiple tevels in D-TGA and L-TGA, and 4)
type and degree of obstruction in aoftic and pulmonary stenosis/atresia.

Conclusio AT3D echo can Wentity venincwar outfiow tract abnoman-
ties. The ability to incline scans ana pedorm volume rendenng pemmits novel

visuahzation of vanous complex structusal abnormalittes of ventncutar out-
flow.

[1231-124] Transthoracic Approach of 30/4D
T Echecardiography in Congenital Heart Disease

G. Satom, S. Yasukochy, Y. twasak, A. Mizukami. Nagano Chiddren's
Hospaal, Nagano, Japan

Background: The 3D/4D recanstructed images of intracardiac structures
congenital heant diseases coutd be obtained by the transthoracic approach
in pediatne age.

Method The 90 senal 2D images were obtained at every 2 degrees (gated
by tespiration and ECG) by the rotational scanning from either subxyphaid
or parasternal approach, usmg rotational deverce. From these images, 3D
images were reconstructed by Tomtec Echoscanafter setting the proper
cutpianes. The study subjects were 93 cases with vanous congemital hean
diseases. The age ranged from 3days to 11 years old. The BSA ranged from
01610 1.48 m°

Resuft: Ot 93 cases, 309 3D/4D reconstructions were attempted. 3D/4D
imagzes were obtained from 78 cases out of 93 cases (8%). In cases with
BSA beyond 1.0 m?. 30/4D images could not be obtained because of paor
penetraton. Among the 309 reconstructed 30/40 images. 123 images (30%)
were evaluated as clinicalty usetu) Y0 assess intracartiac anomates. The
roundd shaped ostium primum defects wre shown in 8 out of 11 cases (73%)
with atmoventricular canal defect (AVCD) in the antenar aspect.

The tinding of ynwedge posiion of the aorta between nght and feft atn-
oventncutar onfices was cleatly seen in the cases with AVCD in the craral
aspect of atnovenincular vaives. In a case with tetralogy of Faflol. aoric
overnding was clearly seen i the antenor aspect of the nght ventncle

} iﬁﬁﬁmpv‘

Totralogy of Eallot

Conclusion: 3D/4D with good 1image quality could be obtained by the
transihoracic approach in newbom and infant.
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1232-137| A Digital Three-dimensional Color Doppler
i ~ Velocity Reconatruction Study of the
Relationship Between Orifice Shaepe and Flow

Convergence Geometry: in Vitro Experiments

XN Li, T Shiota, Y.§ P. Bong Park, B. Munt, S. Wanitkin, R.W. Martin,
D4 Sahn, G.A. Schwartz, C.M. Ofto, FH. Sheehan. University of

Wgzhmgfon. Seattie, WA, Oregon Health Sciences University, Portland, OR,
[

Introduction: The proximal flow convergence method (FC) 12 most often
employed with an assymption thal a hemisphencal 1so-velocily surtace ewista
for most onfices

Methods: We denived 30 digitat color Doppler data in an in vitra pulsatile
fiow mode!. Digial velocity data (pror to color assignment) from circular, rect-
angultar, and tnangular shaped orifices all ot area 0.24 cm? were acquired
at 9 flow cates (40-120 mbsec) with an ATL HDI-3000 ultrasound system
contralling rotation of a 7.4 MHZ multiplane probe. Our digitat 3D method al-
lowed velocity vector reconstructions such that vanous Doppler iso-velocities
could be chosen, and the resulting 3D FC surfaces defined. We measured
the tengths of the major and mmor axis of the FC 1so-velocity surface in
30 space to examine eccentricity and computed 3D surtace area directly by
adding FC arc tengths.

Results: The rectangular onfice produced greatest eccentricity indexes
(0.85 = 0.05. p < 0.001 versus circular and triangular orifices), while circutar
and triangutar orifices yrelded similar values (0.68 + 0.07 and 0.63 = 0.06, p
= NS). The 3D denved FC flaw rates camretated quite well with the actual flow
rates {r = 0.82, 0.83 and 087 for circutar, rectangular and tnangular orifices,
respectively)

Conctusion: The digital 3D Doppler method we developed allows post
acquismon choice of directly measurayle 3D iso-velocity surfaces yelding
robust and accurate FC flow rate computations

| 1232-138 ] Advantages of a Digital Color Doppler Method
for Computing Flow in Highly Pulsatile Vessels

G Byrd, T Sheota, S. Wanitkun, A, Young, S Martin, D.J. Sahn. Oregon
Hith Sa: Umiv. Porttand. OR, USA

Background: The aim of this study was to deterrmine tne accuracy of dighal
color Dopples calculation (ACM) tor cetermiming regional tiows in highly
pulsatite vessels and also compare it with the conventonal Pulsed Wave
(PW) Doppler flow calculation methad.

Methods: In a flexible, distensible pulsatile Pulmonary Arery (PA) flow
model, we measured the volume flow from digital color) Doppler images with
a Tostuba PowerVision (ACM), at 0°, 45°%, and 80° axes across the elliptical
cross of the "PA°_wiuch vaned in shage as well as in diameter (50% vanation)
with the cardiac cycle.

Results: Qver 45 flows with a range of volumes from 28 ¢c to 63 cc/beat.
The ACM method proved to be substantially more accurate than the PW
method (Fig.). ACM computes changes flow area and flow for profiles au-
tomatically, also, it's rapidity and ease of use aflowed us to calculate and
average the flows on the different crossectional vessel axes.

In Vitro PA study
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Conclusion: In highly pulsatile great antenies the ACM method should have
distinct advantages over the i’W method.
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