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Foreword

At a significant point in the life of an individual or an organization, it is
normal that one reminisces and savors the qualities of the past. In doing
so, one may learn of facts and factors that explain the present and even
project into the future.

So it is with the Second World Congress of Pediatric Cardiology. We
can at this time avail ourselves of a panoramic view, not only of the present
but also an exposure of the past, and a glimpse of what lies ahead. When
Dr. Jane Somerville and Professor Fergus Macartney proposed developing
a World Congress of Pediatric Cardiology, the factors of vision and imagina-
tion were driving forces. These, with the aid both of hard work and dedication
to purpose, led to the being of the First Congress.

The major success of that meeting was not without premonitory concerns
as to the width of multinational acceptance of a concept that Pediatric Cardiol-
ogy had come of age and a firm foundation for academic interchange existed.
The Congress showed that much had been learned, and that there were
many eager to share of accumulated knowledge and reflections of skills with
the very many hundreds who came to the First Congress. The responses to
the First Congress were so enthusiastic that the idea of having a continuum
of World Congresses of Pediatric Cardiology was widely accepted. I do not
know that the subject was even debated after the First Congress went into
session.

The Second World Congress of Pediatric Cardiology has just been com-
pleted, and the record of its organization and of the many presentations
are recorded in these Proceedings. We recognize that the factors of vision
and imagination, hard work and dedication to purpose once again were quali-
ties that moved the program forward by the organizing group consisting of
Drs. Eugenie Doyle, Mary Allen Engle, Welton Gersony, William Rashkind,
and Norman Talner. Each person with special talents and with coordination
among themselves harnessed the momentum of the First Congress. They
went further in adding a major thrust of energy. In doing so, they have
projected the course of the concept of World Congress to even greater heights
than had hitherto been known, experienced or imagined. The elements of
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expansion of the organizing committee, not only in people but in cities of
representation, shall remain an exemplary element in the Congress concept.
Many of us are appreciative recipients of the fruits of labor of these individuals,
and we shall long remain so. I congratulate the field of Pediatric Cardiology
for having available such willing, dedicated and talented people.

The Proceedings of the Second Congress is of encyclopedic nature. It is
the most comprehensive and up-to-date coverage of the many and broad
facets of Pediatric Cardiology in its present state. It is, in effect, a reservoir
of the State of the Art in 1985 and shall remain an important educational
and reference work. Medicine is constantly progressing. As the Second Con-
gress reflects advances since the time of the First, so it is properly to be
anticipated that the Third Congress will build upon concepts and facts ex-
pressed in these Proceedings.

We have good reason to have great expectations for the next Congress.
Nevertheless, at this time some reflection on issues broader than those related
to the scientific and academic sides of Pediatric Cardiology are, in my opinion,
in order. It is apparent that while the participants and audience of these
Congresses represent broad international representation, the involvement is
short of being geographically complete. Correction of this deficiency would
provide many opportunities for improved recognition of world wide cardiovas-
cular problems in children and, more important, improved understanding
between peoples.

As physicians, we have untold and immeasurable potential opportunities
as ambassadors of good will between peoples, regardless of variations in
political views. The fruits of ever-widening good will would inevitably result
in improvement in the health and happiness of the children everywhere.
As indices of such improvement would be advances in prevention of immune,
infectious and nutritional heart diseases. Hopefully, the Third World Congress
will ever widen opportunities for sharing of ideas and the potential for greater
understanding between people of all nations. In doing so, it will serve to
give both the sick child and the well child an opportunity to grow up in a
world at peace.

Jesse E. Edwards



Preface

The initial World Congress of Pediatric Cardiology was held in London in
1981. This represented the first time that an international meeting was, solely
focused on the infant, child and adolescent with heart disease. The resounding
success of these sessions created a wave of enthusiasm that dictated the plan-
ning of a Second World Congress. The United States was selected as the
host country, and an organizing committee was established with New York
City designated as the site for the Congress. This committee, consisting of
pediatric cardiologists from New York, Philadelphia, and New Haven, in
close collaboration with cardiovascular surgeons, pediatric cardiology nurses,
technologists, and an international consultative committee, developed a broad-
based program, which was presented at the Waldorf Astoria Hotel between
June 2-6, 1985. The goal of the congress was to update all aspects of the
discipline including: cardiovascular imaging; interventional catheterization
procedures; electrophysiology, cardiovascular development, acquired cardiac
disease, new methods in the management of congestive heart failure, modern
cardiovascular nursing practice, and “‘state-of-the-art” surgical approaches,
including cardiac transplantation. The basic format of the Congress consisted
of morning plenary sessions and simultaneous afternoon presentations com-
prising all aspects of pediatric cardiology.

The material selected for presentation at this meeting bears strong witness
to the rapid progress that has taken place in this field. Pediatric cardiology
techniques and practices have evolved from conventional radiologic tech-
niques to color Doppler ultrasonic imaging; from single-plane venous angiog-
raphy to angled views; from simple repair of a ductus arteriosus to surgery
for hypoplastic left heart syndrome and underdeveloped right ventricles; from
the standard electrocardiogram to sophisticated electrophysiologic studies;
and from the cardiac catheter solely as a diagnostic tool to its use as a
therapeutic modality. In the area of acquired cardiac disease, rheumatic fever
and rheumatic heart disease continue to constitute a major global threat to
the child, although having largely disappeared in many regions of the world.
At the same time, mucocutaneous lymph node syndrome has emerged as
an international public health problem. Efforts to understand the pediatric
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origins of systemic hypertension and premature atherosclerosis continue as
part of a world wide emphasis on preventive medicine.

In publishing these proceedings, it is the hope of the organizers that we
can provide the reader with a positive educational experience that reflects
the flavor and excitement created by the distinguished participants in the
Congress who represented fifty-five nations. Armed with enthusiasm gleaned
from this endeavor, we look forward to the Third World Congress planned
for Thailand five years hence.

E.F. Doyle
M.A. Engle
W.M. Gersony
W.J. Rashkind
N.S. Talner



Contents

Noninvasive Diagnostic Methods

Echocardiography 1985 and Beyond

David J. Sahn . . .
Magnetic Resonance Imaging of Congenrtal Heart Drsease

Charles B. Higgins and Madeleine R. Fisher .
Cardiac Imaging: How Many Dimensions?

Paul H. Heintzen . .
Fetal Echocardiography: A 7- Year Experlence

Charles S. Kleinman and Joshua A. Copel
Fetal Echocardiography

L.D. Allan, D.C. Crawford, and M.J. Tynan.
Two-Dimensional Echo Doppler Characterization of Rrght and Left
Ventricular Flow in the Human Fetus

E.J. Meijboom, M.C.H. De Smedt, G.H. Visser, T.J. Edels, and

D.J. Sahn. . .
Evaluation of the Cardlovascular Blood Flow in the Fetus by Color Flow
Mapping Doppler Echocardiography

T. Motoyama, S. Kyo, R. Omoto, T. Ishida, S. Shimizu and

H. Koshizuka . .
A Close Collaboration between Obstetr1c1ans and Pedlatrrc Cardlologlsts
Allows Antenatal Detection of Severe Cardiac Malformations by
Two-Dimensional Echocardiography

L. Fremont, B. deGeeter, M.C. Aubry, J. Kachaner, and D. Sidi .
The Investigation of Human Fetal Heart by 2DSS Cardiogram
and Comparison with the Autopsy of Fetal Heart in Midgestation

Xiu-qin Wei, Y.L. Xing, David Ho, J.L. Li, and H. Yan. .
Comparison of Echocardiographic Assessment in Normal Human Fetuses
with Measurements from Postmortem Fetal Hearts

Y. Onoda, K. Ninomiya, T. Ishikawa, M. Saito, T. Teshirogi, S. Kamoi,

T. Araki, and I Nakamura . e
The Uses of Pulsed Doppler Ultrasound in the Human Fetus

Norman H. Silverman, Claudio Ramaciotti, and Marlene A. Enderlein .
Intrauterine Treatment of Fetal Heart Failure Monitored by Combined
Doppler Ultrasound Technique

G. Lingman, K. Marsal, and N.-R. Lundstrom .

11

15

21

26

28

31

34

38

41

52



Contents

The Role of Cross-Sectional Echocardiography in Children with Pulmonary
Outflow Tract Obstruction

N. Adleman, J.F. Smallhorn, W.G. Williams, and R.D. Rowe .
Subcostal Two-Dimensional Echocardiography Imaging of Patent Ductus
Arteriosus in Newborns

E. Di Segni, A. Bakst, I. Chetboun, D. David, M. Sharon, and

H. Shapira
Lack of Correlation betwecn Chmcal Status and R1ght Heart Functlon in
Ebstein’s Anomaly: An Echocardiographic Study

P. Nihoyannopoulos, S. Karas, W. McKenna, and R. Foale.

Two-Dimensional Echocardiographic Diagnosis of Vascular Ring in Infancy

James C. Huhta, Howard P. Gutgesell, Michael R. Nihill, and

Dan K. Seilheimer. .o
Contrast Echocardiography in Congenltal Heart stease An
Underutilized Technique

William A. Lutin, Norman H. Silverman, and Marlene Enderlein.
Ultrasonic Assessment of Cyanotic Heart Disease in Newborns: The
Current State of the Art

Eric Harinck, Gertjan van Mill, and André J. Moulaert . .
Double-Outlet Left Ventricle: Echocardiographic-Pathologic Correlatlon
and Surgical Implications

Alvin J. Chin, Peter Lang, Barbara J. Deal, Rene Arcilla,

William I. Norwood, and Aldo R. Castaneda. .

Double-Inlet Ventricle: Anomalies of the Atrioventricular Valves Assessed
by Cross-Sectional Echocardiography

M. Carminati, O. Valsecchi, A. Borghi, R. Pignatelli, G. Crupi,

L. Parenzan, G. Invernizzi, M.L. Rigby, and R.H. Anderson .
Accuracy of Color-Encoded Doppler Flow Mapping Techniques for
Defining Stenotic Jets: Studies in an In Vitro Model of Valve Stenosis and
in the Clinical Setting

Lilliam M. Valdes-Cruz, Ajit P. Yoganathan, David J. Sahn,

Frederick Sherman, and Richard E. Swensson . .
Localization of Ventricular Septal Defects Using a Slmultaneous Color
Doppler and Cross-Sectional Echocardiographic Display

R.K.H. Wyse, P.J. Robinson, F.J. Macartney, J. Deanfield, R. Franklin,

and E. Ortiz.

Noninvasive Evaluation of the Pulmonary Vascular Res1stance by Pulsed
Doppler Echocardiography

Hideshi Tomita, Shigekazu Nakaya, Shiho Futaki, Toru Nakajima,

Yoshio Arakaki, and Tetsuro Kamiya . . .
Detention of the Draining Site in Total Anomalous Pulmonary Venous
Connection by Two-Dimensional Color Doppler Echocardiography

Gengi Satomi, Atsuyoshi Takao, Kazuhiro Mori, Michiko Ando,

Kan Touyama, Takayuki Konishi, and Hirofumi Tomimatsu
Disproportionate Lengthening of the Left Ventricular Tract in the
Obstructive Aortic Arch Anomalies

Toyoki Fukuda, Toshiyuki Katoghl leoyasu Koyanaghl and

Yutaka Oda . . o . .
Echocardiography with Doppler

R.G. Williams . .

57

63

67

71

76

80

83

87

89

91

95

100

102



Contents xi

Surgery without Angiography in Neonates and Infants with Congenital
Abnormalities of the Aorta

James C. Huhta, Howard P. Gutgesell, Daniel J. Murphy,

David A. Ott, and Dan G. McNamara. . . . 105
Two-Years’ Experience and Clinical Significance of Color Flow Mappmg
Real Time Two-Dimensional Doppler Echocardiography and its
Intraoperative Use in Congenital Heart Diseases

Shunei Kyo, Ryozo Omoto, Shinichi Takamoto, Eiko Takanawa,

Hideaki Shime, Izumi Yamada, and Yuichi Yokote . . . 108
Mechanism of Spontaneous Partial Closure of Perimembranous Vcntncular
Septal Defect: A Two-Dimensional Echocardiographic Study with Surgical
Correlation

Paulo Zielinsky, José Carlos Haertel, Iran Castro,

Leonardo Guillermo-Cal, Domingos Vitola, Marinez Rossi, Paulo Prates,

Renato Kalil, Jodao Ricardo Sant ’Anna, Ivo Nesralla, Fernando Lucchese,

and Rubem Rodrigues . . . ... . 113
Pulsed Doppler Assessment of the Pulmonary Venous Pathway
following Mustard and Senning procedure for Transposition of the Great
Arteries

J. Smallhorn, R. Gow, R. Freedom, P. Olley, G. Trusler, and

J. Gibbons . . . . 118
Systemic Venous and Pulmonary Arterlal Flow Patterns after Fontan s
Procedure for Tricuspid Atresia or Single Ventricle

Thomas G. DiSessa, John S. Child, Joseph K. Perloff, Roberta G. Williams,

William F. Friedman, and Hillel Laks . . . . 124
Accuracy of Two-Dimensional Echocardiography in Prospectrve Dmgnosrs
and Postoperative Long-Term Follow-up of Total Anomalous Pulmonary
Venous Connection

Alvin J. Chin, Frederick Sherman, Stephen P. Sanders, Peter Lang,

Roberta G. Williams, William I Norwood, and Aldo R. Castaneda . . 127
Quantitative Evaluation of Pulmonary Regurgitation after Correction of
Tetralogy of Fallot by Two-Dimensional (Real Time Color) Pulsed Doppler
Echocardiography

Junjiro Kobayashi, Hajime Hirose, Susumu Nakano, Hikaru Matsuda,

Hidefumi Kishimoto, Hiroshi Kato, Jun Arisawa, and

Yasunaru Kawashima . . . . 129
Echocardiographic Assessment after Palllanve Surgery for Hypoplastrc
Left Heart Syndrome

N.C. Pelz, D.C. Wood, B.A. Aglira, A.A. Alston, B.L. Sands, and

SE.Gill. . . . . 133
Echocardiographic Assessment of the Newborn Past Present and Future
Richard A. Meyer. . . . ... . 136

Clinical Usefulness of Color-Coded Two D1mens10nal Doppler
Echocardiography in Congenital Heart Disease

M. Takarada, Y. Miyazawa, S. Yasui, and H. Horigome. . . . . 138
Evaluation of Ventricular Septal Defect by Real Time Two-Drmenswnal
Doppler Flow Imaging System: Location and Herniation of Right Coronary
Cusp

I. Sato, Y. Arakaki, H. Tomita, S. Nakaya, O. Takahashi, and

T Kamiya . . . . . . . . . . . . .. . ... ... 14



xii Contents

Continous Wave Doppler Estimation of Ventricular Septal Defect Gradient

Achi Ludomirsky, Daniel J. Murphy, Stephen E. Bash, and

James C. Huhta . . . .. 144
Growth and Function of the Trlcuspld Valve in Patlents w1th
Transposition of the Great Arteries following Mustard Repair: A 2-D
Echo/Doppler Study

C.M. Whight, G.F. Sholler, J.M. Celermajer, and R. Bender . . . . 147
Cross-Sectional Echocardiographic Evaluation of Left Ventricular Outflow
Tract Obstruction in Transposition of the Great Arteries with Intact
Ventricular Septum

Peter K. Robinson, Richard K.H. Wyse, and Fergus J. Macartney . . 150
Two-Dimensional Echocardiographic Demonstration of Both Coronary
Arteries in Bland—White-Garland Syndrome

J.R. Pfefferkorn and F. Hilgenberg . . . . . 153
Right Ventricular Outflow Tract Assessment by a New Two Dlmenswnal
Echocardiographic Approach: The Subcostal Elongated Right Oblique
View

Karl Isaaz, Jean L. Cloez, and Claude Pernot . . . .. . 156
Echocardiography in PPHN: Usefulness in Predicting Response to
Tolazoline

G. Hammer, R. Robinson, A. D’Harlingue, S. Higashino, B. Phillips,

and D. Durand. . . . . . 159
Prospective Diagnosis of Ventnculoarterlal Connectlons by Subx1ph01d
Two-Dimensional Echocardiography

Carlos Alva . . . . . 162
Echocardiographic Type of Ventrlcular Septal Defect Present in Patlents
Who Survived Heart Failure in the First Year

H. Capelli, P. Marantz, G. Kreutzer, L. Becu, and G. Berri . . . . 166
Determination of Atrial Situs by Two-Dimensional Echocardiographic
Imaging of Atrial Appendage Morphology

Alvin J. Chin and Roberta G. Williams . . . . 170
Predictability of Coarctation of the Aorta from the Degree of Transverse
Aortic Arch Hypoplasia: An Echocardiographic-Angiographic Correlation

R.S. Lappen, A.J. Muster, C.E. Duffy, K. Berdusis, and M.H. Paul . . 172
Diagnosis of Total Anomalous Pulmonary Venous Return with Combined
Pulsed Doppler, M-Mode, and Two-Dimensional Echocardlography

Soraya Nouri . . . .. 176
Two-Dimensional and Doppler Echocardlographlc Assessment of
Anatomic Correction for D-Transposition of the Great Arteries

J.A. Quinones, C.E. Duffy, S.S. Gidding, F.S. Idriss, M. Ilbawi,

S. DeLeon, A.J. Muster, and M.-H. Paul . . . . ... . 183
Echocardiographic Evaluation of Patients with Umventrlcular
Atrioventricular Connection Prior to Surgery

M. Lépez Zea, M. Quero Jiménez, M.J. Maitre Azcérate,

J. Pérez de Le6n, and J.M. Brito Pérez. . . . 187
Thallium-201 Myocardial Imaging in Patients w1th Transposmon of the
Great Arteries: Assessment of Systolic Pressure of the Left Ventricle

T. Mitomori, Y. Ono, N. Fujino, T. Kohata, K. Kishida, S. Echigo,

T. Kamiya, Y. Naitoh, T. Nishimura, and T. Kozuka. . . . . . . 192



Contents

Myocardial Damage in Patients with Cyanotic Heart Disease Assessed by
Thallium-201 Myocardial Imaging

Y. Ono, T. Mitomori, N. Fujino, T. Kohata, O. Takahashi, T. Kamiya,

T. Nishimura, and T. Kozuka. .
Radionuclide Angiographic Evaluation of Ventrlcular Funct1on in Isolated
Congenitally Corrected Transposition of the Great Arteries

L.N. Benson, R. Burns, M. Schwaiger, H.R. Schelbert, A.B. Lewis,

R.M. Freedom, P.M. Olley, P. McLaughlin, and R.D. Rowe
Two-Dimensional Doppler Color Flow Mapping for Detecting Atrial and
Ventricular Septal Defects: Studies in Animal Models and in the Clinical
Setting

Frederick S. Sherman, Lilliam Valdes-Cruz, David J. Sahn,

William Elias, Michael Jones, Sandy Hagen-Ansert, Sarah Scagnelli,

and Richard Swensson . .
Noninvasive Evaluation of Ventrlcular Functlon in Chlldren using the
Nonimaging Cardiac Probe (Nuclear Stethoscope)

Linda J. Addonizio, Lynne Johnson, and Welton M. Gersony .
X-Ray Computed Tomographic Evaluation of Cyanotic Congenital Heart
Disease

Osahiro Takahashi.
Cardiac Phosphate Potential in Ammals and Humans An NMR
Spectroscopic Study

B. Clark, M. Gewitz, M. Schnall, H. Subramanian, R. Kelly, J.S. Leigh,

J. Egan, J. Marris, M. Hilberman, B. Chance, and W. Rashkind .
Comparison of ECG-Gated Magnetic Resonance Imaging and
Two-Dimensional Echocardiography in the Evaluation of Patients with
Congenital Heart Disease

Mark D. Jacobstein, Barry Fletcher, Stanley Goldstein, and

Thomas A Riemenschneider .
Magnetic Resonance Imaging in Chlldren w1th Congemtal Heart Dlsease

Robert A. Boxer, Michael A. LaCorte, Mitchell Goldman,

Sharanjeet Singh, C. Winterfeldt, C. Burke III, and Harry L. Stein .

Exercise Testing

Exercise Testing in Children with Heart Disease

Claes Thorén . .
Dynamic Exercise Echocardlography in Chlldren Normal Flndlngs as a
Basis for the Abnormal

E.M. Oyen, G. Ingerfeld, K. Ignatzy, and P. Brode
Anaerobic Threshold in Healthy Preadolescent Children Performmg
Graded Exercise Tests

R. Washington, C. Cohen, J. Fasules, M. Florentine, E. Daberkow,

W. Stark, M. Dickson, and R. Wolfe
Children’s Cardiovascular Reactivity: Racial Dlﬂ'erences in Cardlac Index
and Systemic Resistance Responses to Exercise

Bruce S. Alpert, Darlene M. Moes, Robert H. DuRant, and

William B. Strong .

xiii

195

198

201

205

207

211

215

218

227

231

236

238



Xiv Contents

Hemodynamic Responses to Exercise in Children with Cyanotic Forms
of Heart Disease

Bruce S. Alpert, Darlene M. Moss, Robert H. DuRant, and

William B. Strong . 241
Oxygen Uptake (Voz) Response to Progress1ve Work Rate Increments of
One and Four Minute Duration in Pediatric Patients with Congenital
Cardiac Defects

H.U. Wessel, M.H. Paul, and R.L. Stout . . . . ... 246
Multifactorial Analysis of Exercise Performance in Chlldren w1th
Congenital Heart Disease

Robert A. Matthews, Frederick J. Frlcker Lee B. Beerman,

Donald R. Fischer, William H. Neches, and Robert J. Stephenson . . 249
Ventricular Function at Rest and during Exercise after Fontan Procedure

Stefano del Torso, Michael J. Kelly, Victor Kalff, and

Alexander W. Venables . . . . .. . . . 255
Maximal Exercise Hemodynamics after the Fontan Procedure

G.R. Cumming. . . . 257
The Cardiorespiratory Response to Exercrse of Patlents wrth Ebstem s
Anomaly

Gerald Barber, Gordon K. Danielson, Charles T. Heise, and

David J. Driscoll . . . . 267
Treadmill Test in Children after Cardrac Surgery Comparlson to Cardrac
Catherization Data

Shiho Futaki, Osahiro Takahashi, Hideshi Tomita, and Tetsuro Kamiya 269

Diagnostic and Interventional Cardial Catheterization

Coronary Anomalies in Congenital Heart Disease

Phillip H. Keyser, Douglas S. Moodie, Robert E. Hobbs, and

Matthew Passalacqua. . . . 275
Changing Hemodynamics and Lung Perfusmn before and after Anatomrc
Correction of Transposition of the Great Arteries by Computer
Angiography

L.M. Gravinghoff, R. Radley-Smith, M. Yacoub, and E.W. Keck. . . 278
Angiographic Recognition of Overriding Atrioventricular Valves: An
Anatomic-Angiographic Correlate

B. Soto, R. Ceballos, E. Diethelm, and P.H. Nath . . . . . .. 282
Selection of Patients for Pulmonary Valve Implantation in Repalred
Tetralogy of Fallot with Lost Pulmonary Function

A.J. Muster, F.S. Idriss, T.E. Berry, M.N. Ilbawi, S.Y. DeLeon, and

M.H. Paul . . . . 288
Patterns of Ventricular Wall Motron in Tetralogy of Fallot before and
after Surgery Assessed by Fourier Analysis of Radionuclide Angiograms

O. Ratib, B. Friedli, A. Righetti, I. Oberhaensli, and V. Stucki . . . 292
Is There a Role for Hemodynamics?
Ernst W. Keck. . . . . 298

Is There a Role for Anglography in the D1agnos1s for Congemtal Heart
Disease?
Lionel Bargeron, Jr. . . . . . . . . . . . . . . . . . . 301



Contents

Right Ventricular Volume Determination in Children: Value of Digital
Subtraction Angiocardiography
P.E. Lange, W. Budach, D.G.W. Onnasch, W. Radtke, H.J. Hahne, and
P.H. Heintzen . .
Improved Diagnostic Informatlon from Dlgltal Anglography Performed
Simultaneously with Cineangiography in Pediatric Patients
David J. Sahn, Kenneth H. Gerber, Allan Simon, Richard E. Swensson,
Lilliam M. Valdes-Cruz, William E. Hellenbrand, Frederick Sherman,
and Kyung J. Chung . . .
Angiocardiographic Volume Determrnatron of the Left Ventncle in
Children: Value of Digital Subtraction Techniques after Selective Injection
P.E. Lange, B. Ewert, W. Radtke, H.-J. Hahne, D.G.W. Onnasch, and
P.H. Heintzen .
Cath III: Transcatheter Therapy
Charles E. Mullens
Balloon Dilation Angioplasty for Drscrete Coarctatlon of the Aorta
Rubin S. Cooper, Samuel B. Ritter, and Richard J. Golinko
Percutaneous Transluminal Balloon Valvuloplasty for Pulmonic Valve
Stenosis
Valmir F. Fontes, J. Eduardo, M.R. Sousa, M. Virginia D. Silva,
Ceasar A. Esteves, and Sergio C. Pontes, Jr. .
Percutaneous Balloon Aortic Valvuloplasty in Infancy and Chlldhood
G. Rupprath and K.L. Neuhaus . e
Percutaneous Balloon Aortic Valvuloplasty
Zuhdi Lababidi, Joseph Walls, and Harry Steockle.
The Myocardial Factor in Chronic Rheumatic Heart Disease: A
Hemodynamic and Pathologic Study using Endomyocardial Biopsy
Galalm El-Said, Medhat El-Refaee, Ali Hindawy, and
Fathi A. Sallam
Postmyocarditic State in Chlldren Assessment w1th Radlonucllde Imagmg
and Encomyocardial Biopsy
T. Saji, N. Matsuo, R. Hashiguchi, R. Itoh, T. Umezawa, K. Sato,
S. Yamamoto, Y. Yabe, N. Koyama, J. Yamazaki, and H. Sagawa
Endomyocardial Biopsy in Infants and Children
Michael R. Nihill, J. Timothy Bricker, and Debra K. Kearney.
Endomyocardial Biopsy in Pediatrics: An Overview
Paul R. Lurie
Balloon Angioplasty- Pulmomc Stenosrs
Jean S. Kan .
Transcatheter Closure of Atr1a1 Septal Defect and Patent Ductus
Arteriosus
William J. Rashkind . .o
The Promise and Potential of Laser Irradlatron for Treatment of
Congenital Heart Disease
Thomas A. Riemenschneider .
Biplane Axial Angiography in Congenital Heart Dlsease
David C. Schwartz
Arterial Thrombosis following Retrograde Catheterlzatlon in Chrldren
Noninvasive Recanalization by Systemic Fibrinolytic Therapy
R. Schreiber, G. Schummacher, and K. Biihlmeyer

XV

304

307

312

316

318

326

331

334

336

340

342

348

352

355

359

361

364



xvi Contents

Electorphysiologic Study in Children: Safety vs. Complications

Suzanne E. Brickley, George Luks, James Rauch, Iain F.S. Black, and

Ashok V. Mehta . . . . 370
Tachycardia after Atrial Baffle for Transposmon Role of Transesophageal
Study

Fouad Butto, Ann Dunnigan, and D. Woodrow Benson Jr. . . . . 372
Preoperative Assessment of Pulmonary Vascular Resistance in Tetralogy
of Fallot

S. Ohtake, Y. Kawashima, H. Hirose, H. Matsuda, and S. Nakano . . 376
Pulmonary Arterial Branching Angle and Distribution of Pulmonary
Blood Flow in Transposition of the Great Arteries

S. Tdma, C. Ruth, and M. Samanek . . . . .. . . 39
Cardiac Involvement in Kawasaki Disease: Selective Coronary
Cineangiographic Findings and Histopathologic Analyses of
Right Ventricular Endomyocardial Specimens

K. Baba, K. Kitami, K. Mitsudo, and M. Tanaka . . . .. 381
A Comparative Study between First-Pass Nuclear Anglography and
Cardiac Catheterization in the Detection and Quantitation of Left-to-
Right Shunts in Congenital Heart Disease

Jia-Kan Chang, Wei-Lain Chen, Yu-Kung Chou, Chih-Chung Chao,

and Fu-Ken Chang . . . 384
Right Ventricular Growth in Normal Infants and Chrldren Its Assessrnent
through Simple Angiographic Parameters, Normal Values, and
Correlations

R. Bermudez-Canete, A. Garéia, V. Abraira, 1. Herraiz,

L.C. do Nascimento, F. Acerete, and M. Quero Jiménez. . . . . . 388
Therapeutic Techniques in the Cardiovascular Laboratory

Jean S. Kan. . . 391
Balloon Angioplasty of Pulmonary Artery Stenoses after Tetralogy of Fallot
Repair

Guillermo R. Sanchez, Ashok V. Mehta, Suzanne E. Brickley,

and Iain F.S. Black . . . . .. 393

Valvular Pulmonary Stenosis: Natural Hlstory and nght Ventncular
Function

P.E. Lang, D.G.W. Onnasch, and P.H. Heintzen . . . .. 395
Noninvasive and Quantitative Evaluation of the Severity of Isolated
Pulmonary Valvular Stenosis by Two-Dimensional Pulsed Doppler
Echocardiography

A. Ishizawa, M. Nichida, J. Kobayashi, T. Ninomiya, M. Ikuma,

Y. Igarashi, and T. Yamaguchi . . . . o399
Noninvasive Determination of Peak Pulmonary Artery Pressure in
Children with Congenital Heart Disease

Gerald A. Serwer, Allen G. Cougle, John M. Eckerd, and

Brenda E. Armstrong. . . . 401
Cine CT Scanning in the Diagnosis of Congemtal Heart Dlsease Analys1s
of the First 42 Cases

W.J. Eldredge, S. Bharati, S. Flicker, D.L. Clark, and M. Lev. . . . 404
Pediatric Cardiac Surgery without Cardiac Catheterization

L. George, J.J. Lamberti, J.D. Waldman, J.W. Mathewson,

S.E. Kirkpatrick, S.W. Turner, and S.J. Pappelbaum . . . . . . . 406



Contents

Cardiac Rhythm Disorders and Electrophysiology

New Antiarrhythmic Drugs: Treatment Based on “Mechanism”
Arthur Garson . .
Use of Cardiac Pacing after the Mustard Procedure
Paul C. Gillette, Deborah G. Wampler, Cathleen Shannon, and
David Ott
Surgical Management of Cardrac Arrhythmras in Chlldren
Will C. Sealy
State of the Art: Electrophys1ology 1985
Henry Gelband . .
The Discontinuous Nature of Electrlcal Propagatlon in Cardlac Muscle of
the Child
Madison S. Spach, Paul C. Dolber, James W. Lowe, and
H. Newland Oldham .
Automaticity in Human Atrial Flbers Relatlonshrp to Membrane
Potential and Modification by Pharmacologic Agents
Allan Hordof, Luc Mary-Rabine, and Michael Rosen .
The Effect of Right-to-Left Intracardiac Shunting on Arterial erocalne
Levels in a Canine Model
G.W. Henry, D.T. Castro, E. Criado, J.I. Ferreiro, E.G. Frantz, and
B.R. Wilcox . .o
Clinical Characteristics of Ventrrcular Tachycardra in Chlldren
Masaki Matsushima .
Atrial Fibrillation in Adolescents w1th Wolﬁ‘—Parkmson—Whrte
Syndrome
Richard Sterba and James D. Maloney .
Symptomatic Sinus Node Dysfunction in Infants w1th Symcoplal and
Apnoeic Attack: Its Diagnosis and Treatment
A. Simcha, A.J.J.T. Rein, G. Uretzky, A. Applebaum, and I. Tamir.
The Evolution of the Sinus Heart Rate and Variability as a Function of
Age from Birth to 16 Years
P. Attuel, M.A. Leporho, J. Ruta, V. Lucet, A. Steinberg, A. Azancot,
and P. Coumel . .
Side Effects of Long-Term Amlodarone Therapy in Infants and
Children )
Gabriele Vignati, Gian Battista Danzi, Margherita Mascarello,
Paola Austoni, and Alberto Figini
Relationship between Amiodarone Efficacy and Serum Drug Levels in a
Young Population
Ramaswamy Kannan, Steven M. Yabek, Arthur Garson, Jr., Pat McVey,
and Bramah N. Singh .
Efficacy and Side Effects of Amlodarone for Rcsrstant Arrhythmlas in
Childhood
B.R. Keeton, C.A. Bucknall, P.V.L. Curry, M.C. Joseph, G.R. Sutherland,
and D.W. Holt . .
Postoperative Electorphysiologic Studles in Patrents w1th Transposmon of
the Great Arteries and Tetralogy of Fallot
Victoria L. Vetter . .o

Xvii

411

415

417

422

427

430

433

436

441

443

446

451

454

457

463



Xviii Contents

Prognotic Significance of Ventricular Arrhythmia after Repair of Tetralogy
of Fallot: A Prospective Study
J. Deanfield, R. Franklin, W.J. McKenna, S. Dickie, W. Gersony, and

K. Hallidie-Smith . . . . . e e .. 467
Pediatric Pacing Experience in Blrmmgham
J.V. De Giovanni, E.D. Silove, L.D. Abrams, and K.D. Roberts . . . 469

Conversion from a Single to a Dual Chamber Pacing System of Patients
with Congenital or Postsurgical Heart Block
J. Ernesto Molina, Naip Tuna, Ann Dunnigan, D. Woodrow Benson,

and David G. Benditt . . . . . . . . . . . . . . . . . 4012
Congenital Complete Heart Block

S.Y. Ho, E. Esscher, R.H. Anderson, and M. Michaelson . . . . . 475
Medical Treatment of Arrhythmias: New Antiarrhythmic Agents

Philippe Coumel . . . . 480
Fetal Heart Arrhythmia: Clmlcal Expenence w1th Antlarrhythmlc Drugs

Roberto Blandon and Icaro Leandro . . . . . . . . . . . . 483
Surgery for Pediatric Cardiac Arrhythmias

T. Iwa, T. Misaki, E. Kamata, and K. Mukai . . . . . . . . . 485

Cardiovascular Surgery and Surgical Symposia

Repair of the Tetralogy of Fallot in Infancy

Aldo R. Castafieda, Richard A. Jones, John E. Mayer, Jr., Peter Lang,

and Michael D. Freed . . P 1)
Corrective Surgery of Tetralogy of Fallot in Chlldhood

Wang Zeng-wei, Fei Cheng-jian, Zhang Ren-fu, Xu Feng-xiang, and

Qian Wu-yang . . . 493
Surgical Management of Tetralogy of Fallot at the Natlonal Instltute of
Cardiovascular Diseases, Karachi, Pakistan

M. Rehman, Kalimuddin Aziz, F. Rehman, and A.D. Memon . . . 498
Intracardiac Repair of Tetralogy of Fallot in the Adult

Stanley John, N.K. Kejriwal, V.V. Bashi, P.S. Jairaj, and I.P. Sukumar 505
Systemic Subclavian Pulmonary Shunts with PTFE in the First Week of
Life

Carlo Vosa, Attilio Renzulli, and Maurizio Cotrufo . . . . . 508
Management of Congenital Heart Defects in Patients under One Year of
Age: Is Emergency Surgical Total Correction so Frequently Necessary?

G. Azzolina, V. Sperandeo, V. Vangi, F. Frosini, A. Marchese, and

E.Gali . . . . - 1
Critical Aortic Stenos1s in Infancy

Constance J. Hayes, Welton M. Gersony, Frederick O. Bowman, and

James R. Malm. . . . ... 513
Surgical Repair of Congenital M1tral Valve Dlsease in Infancy and
Childhood

G. Shindo, K. Sudo, H. Okabe, F. Miyawaki, A. Furuse, A. Mizuno,

and K. Asano . . . - § o
Palliative Procedures for Double Inlet Ventrlcle

G. Crupi, R. Pignatelli, M. Carminati, P. Ferrazzi, P. Abruzzese, and

L.Parenzan. . . . . . . . « « « « « « « « .« . . . . 518



Contents

Acute Liver Failure after Fontan Procedure
Elvio Covino, Hikaru Matsuda, Yuji Miyamoto, Yoshikado Sasako,
Tetsuya Sano, Minoru Ogawa, Hajime Hirose, and
Yasunaru Kawashima
Extended Indications for the Modlﬁed Fontan Procedure in Patlents w1th
Anomalous Systemic and Pulmonary Venous Return
R.M. King, F.J. Puga, G.K. Danielson, and P.R. Julsrud
Growth and Function of the Autologous Pulmonary Valve after Modlﬁed
Fontan Procedure with Retroaortic Translocation of the Right Ventricular
Infundibulum
J.D. Sink, E.H. Austin, B.E. Armstrong, G.A. Serwer, and
H.N. Oldham, Jr. . .
Ventricular Septal Defect: Indlcatlons for Correctlve Surgery and
Results
Lucio Parenzan, Tiziano Bianchi, Giancarlo Crupi, and
Giovanni Salamone .
Multiple Ventricular Septal Defects Results of Surgrcal Treatment
J. Petit, J. Losay, C. Barrey, D. Brunet, J.D. Pito, J. Langlois, and
J.P. Binet.
Surgical Treatment of Supracrlstal Type of Ventrlcular Septal Defect
Chau-Hsiung Chang . .
Closed Transventricular Valvotomy for Cntlcal Aortlc Stenos1s in the
Neonate
Frank M. Midgley, Lowell W. Perry, Stephen R. Shapiro,
Frank M. Galioto, Jr., Roger N. Ruckman, Karen S. Kuehl, and
Lewis P. Scott .
Solution for the Complex Left Ventrlcular Outﬂow Tract Leswns
Jane Sommerville and Donald Ross . .
Second Procedures after Repair of Coarctation of the Aorta in Infants and
Children: 27 Years of Experience
W. Ruschewski, E.R. de Vivie, G. Rupprath, A.J. Beuren, and
J. Koncz .
Serial Measurements of Plasma CK CK B and CK BB after Deep
Hypothermia with Total Circulatory Arrest in Pediatric Cardiac
Surgery
R. Ekroth, B. Change, V. Tsang, A. Jackson, M. Scallon, R. Tompson,
and C. Lincoln . e . . ..
Surgical Treatment in Atrial Isomensm
John W. Kirklin, Albert D. Pacifico, John G. Coles,
Eugene H. Blackstone, Benigno Soto, and L.M. Bargeron, Jr. .
Is the Fontan Procedure Feasible in Patients under 3 Years of Age?
E. Atik, M. Barbero-Marcial, R. Macruz, N. Ikari,
AM.T. Albuquerque, M. Ratti, M. Ebaid, G. Verginelli, F. Pileggi,
and A.D. Jatene .
Hemodynamic Results of anary Anatomlc Repalr of Transposmon of
the Great Arteries
Hrodmar Helgason, Thomas J. Hougen, Marshall Jacobs, Marsha Elixson,
Steven D. Colan, William 1. Norwood, Richard A. Jonas, and
Aldo R. Castaneda

Xix

521

523

527

531

535

537

540

542

544

546

549

553

558



XX Contents

Midterm Results of Anatomic Correction of Transposition of the Great
Arteries with End-to-End Anastomosis for Pulmonary Artery
Reconstruction: A Study of 25 Patients

Y. Lecompte, D. Sidi, A. Batisse, E. Villain, and J. Kachaner . .
Pulmonary Artesia with Intact Ventricular Septum and Right Ventricle-
Coronary Artery Fistulae: Selection of Patients for Surgery

U. Sauer, L. Bindl, V. Pilossoff, W. Hultzsch, K. Biihlmeyer,

A.C. Gittenberger-de-Groot, M.R. DeLeval, and J.D. Sink . .
Right Ventricular Growth in Pulmonary Atresia and Intact Ventricular
System

Alan B. Lewis, Winfield Wells, and George Lindesmith . .
Results of Physiologic Correction of Previously Palliated Pulmonary
Atresia with Intact Ventricular Septum

Ernerio T. Alboliras, Paul R. Julsrud, Gordon K. Danielson,

Francisco J. Puga, Hartzell V. Schaff, Dwight C. McGoon,

Donald J. Hagler, and David J. Driscoll
Timing for Second Procedures after Surgical Relief of Left Ventncular
Outflow Tract Obstruction in Infants and Children

A.C. Yankah, D. Regensburger, P.E. Lange, and A. Bernhard .
Surgical Experience with Rheumatic Mitral Valve Disease in Children

Ricardo Lima, Claudio Gomes, Jorge Rodrigues, Mozart Excobar,

Mauro Arruda, Ivan Cavalcanti, Edgar Victor, and Carlos Moraes
Subvalvular Aortic Stenosis: Anatomic Features and Surgical Treatment
of 61 Consecutive Cases

G. Bloch, P. Menu, J.P. Cachera, W. Tamari, P. Vouhe, H. Poulain,

A. Casasoprana, S. Magnier, T. Legendre, P. Vernant, P. Aubry, and

Y. Heurtematte. e e ..
Pediatric Use of Intraaortic Balloon Pumpmg

L. George Veasy, Holly W. Webster, and Mark M. Boucek . .
Recovery of Absent Pulmonary Arteries by Thromboendarterectomy and
Modified Blalock Shunting Procedure

A. Schlichter, M. Granja, and G. Kreutzer .

Pectoralis and Rectus Abdominus Muscles for Potential Correctlon of
Congenital Heart Defects

Terrumun Bitto, John D. Mannion, Robert Hammond, John A. Macoviak,

William J. Rashkind, L. Henry Edmunds, Jr., and

Larry W. Stephenson. .
Heart Transplantation and Acute Re_]ectlon Hemodynamlc Consequences
of Calcium Deprivation in Conscious Dogs

L. Dumont, P. Stanley, and C. Chartrand.

Experience with Heart Transplantation in Children

F. Jay Fricker .

Surgical Management of Transposition of the Great Arteries

Management of Infants with Transposition of the Great Arteries and
Intact Ventricular Septum
B.G. Barratt-Boyes

562

566

579

584

587

592

596

600

603

609

613

616

619



Contents xxi

Primary Anatomic Repair of Transposition of the Great Arteries with
Intact Ventricular Septum in the Neonate
Aldo R. Castaneda, William I. Norwood, Thomas Hougen,

Richard A. Jonas, and John E. Mayer, Jr.. . . . .. .. 621
Management of Complex Transposition of the Great Artenes
JoStark . . . . . . . . L L L . . . . . ... ... 624

The Establishment of Right Atrial and Right Ventricular-
Pulmonary Arterial Continuity

Ventricular Septal Defect with Pulmonary Atresia

Donald Ross. . . . ... 627
Surgical Management of Trlcuspld Aters1a w1th a Subpulmonlc
Ventricular Chamber

Frederick O. Bowman, Jr. . . . . . . . . . . . . . . . . 629
Right Ventricle to Pulmonary Conduit
Paul A.Ebert . . . . . . . . . . . . . . . . . . . . 631

Surgical Management of Complex Congenital Heart Disease

Surgical Management of Double-Inlet Ventricle

Albert D. Pacifico. . . . .. 632
Surgical Treatment of Complex Left Ventncular Outﬂow Obstructlon
Denton A. Cooley and Michael Sweeney . . . . . . . . . . . 636

Total Correction of Double-Outlet Right Ventricle
Yasuharu Imai, Yoshinori Takanashi, H1r0m1 Kurosawa, and

Atsuyoshi Takao . . . . P 7 [
Pulmonary Atresia with Intact Ventrlcular Septum

James R. Malm . . . B . ¥
Palliation for Hypoplastic Left Heart Syndrome

William I. Norwood . . . . . . . . . . . . . . . . .. 64

Surgical Management of Cyanotic Heart Disease

Anatomic Correction for Complete Transposition of the Great Arteries and
Double-Outlet Right Ventricle

Christopher Lincoln . . . . 646
Late Results of Surgical Repair for Tetralogy of Fallot and Corrected
Transposition of the Great Arteries at the Mayo Clinic

Douglas D. Mair . . . . . . . . . . . . . . . . . . . 651

Surgical Management of Acyanotic Heart Disease

Critical Aortic Stenosis: Surgical Results in Infancy

Jean Paul Binet . . . ... .. 653
Ventricular Septal Defect: Surglcal Management in Infancy

J.M. Brito, R. Gémez, J.P. Léon, F. Vlllagra P.A. Sanchez, and

SL.Checa . . . . . . . . . . C e e e e o 65T
Ebstein’s Disease

Hillel Laks . . . . . . . . . . . . . . . . . . . . . 660



xxii Contents

Surgical Management of Coarction of the Aorta

Management of Coarctation of the Aorta in Older Children

B. Hu¢in . . . . . . . . . . 664
Management of Infants w1th Coarctatlon of the Aorta
John A. Waldhausen, David B. Campbell, and Victor Whitman . . . 666

Is Paraplegia following Repair of Coarctation of the Aorta Due
Principally to Distal Hypotension during Aortic Cross-Clamping?
Frank E. Spencer . . . . . . 669
Postcoarctectomy Cuff Preesure and Systollc Doppler Gradrents in
Adolescents
Magnus Michaelsson, Jan Sunnegérd, and Torkel Aberg B YA !

Cardiac Transplantation during Childhood

Cardiac Transplantation in Small Children

Eric A. Rose . . . . . 676
Postoperative Management of Chrldren Recewmg Heart Transplants

David Baum, Philip Oyer, Edward B. Stinson, and

Norman E. Shumway. . . .. . 678
Clinical Trials of Cardiac Xenotransplantatlon in Newboms w1th
Hypoplastic Left Heart Syndrome

Leonard L. Bailey. . . . . . . . . . . . . . . . . . . 68

Postoperative Care

Evaluation of Cardiac Function in the Intensive Care Unit

Thomas P. Graham . . . Y 17
The Pharmacologic Management of Shock
David K. Driscoll . . . . . 690

Possible Harmful Effect of E-type Prostaglandms leen to Patlents w1th
TGA before Balloon Septostomy

M. Vogel, R. Schreiber, K.D. Miiller, and K. Bithlmeyer . . . . . 693
Use of Oral Prostaglandin E; in Ductus-Dependent Congenial Heart
Disease (DDCHD)

G. Diaz, S. de Onatra, A. Marquez, and F. Rodriguez . . . .. 697
Assessment of the Postoperative Cardiovascular State by Intravenous
Digital Angiography

J.H. Biirsch, W. Radtke, H.J. Hahne, and P.H. Heintzen . . . . 701
Midterm Results of the Senning Procedure for Simple Transposition of
the Great Arteries in 74 Patients

G. Lemoine, F. Lacour-Gayet, A. Batisse, L. Zannini, and

J. Karam. . . . Y (0 2]
Surgical Results in Dlscrete Subaortlc Stenosrs

R. Sota, F. Attie, R. Chavez Dominiguez, J. Ovseyevitz, A. Buenida,

and C. Zamora. . . . 708
Standardized Patch Infundlbuloplasty for Tetralogy of Fallot Prehmmary
Report

H. Kurosawa, Y. Imai, A. Takao, S. Nakata, Y. Takanashi, C. Kondo,

G. Statomi, and M. Nakazawa . . . . . . . . . . . . . . 1712



Contents xxiii

Dynamics of Tricuspid Regurgitation in Transposition of the Great
Arteries

Jan Skovranek, Tomas First and Milan Samének . . . . . . . . 714
Left Ventricular Performance after Anatomic Correction of
D-Transposition of the Great Arteries

G. Hausdorf, L. Gravinghoff, K. Seig, E.W. Keck, R. Raddley-Smith,

and M.H. Yacuob. . . . . .. 11T
Left Ventricular Dysfunction in Slmple D Transposmon of the Great
Arteries

G. Hausdorf, L.M. Grévinghoff, and EW. Keck . . . . .72
Myocardial and Lung Function after a Total Correction of Tetralogy of
Fallot

B. Hugif, M. Samanek, J. Skovranek, O. Reich, A. Zapletal,

M. Vofiskova, and J. Hurda . . . . 7125
Anticoagulation May Be Avoidable in Chlldren w1th Mechamcal Cardlac
Valve Prostheses

Robert M. Sade, Fred A. Crawford, Jr., and Derek Fyfe. . . . . . 728
Low-Dose Streptokinase Infusion in Children

J.A.G. Culham, J.G. Leblanc, K.W. Chan, M.W. Patterson,

M.A. Tipple, and G.G.S. Sandor. . . . . . . . . . . . . . 1730
Postpericardiotomy Syndrome
Mary Allen Engle. . . . . . . . . . . . . . . . . .. 173

Cardiovascular Nursing

The Evolution of Cardiovascular Nursing

Vivian Z. Shor . . . . e L &
Cardiovascular Pharmacology
Janis Bloedel Smith . . . . . 746

The Child with a Congenital Heart Defect An Overv1ew of Physncal
Assessment Principles and Parental Counseling Strategies

Sarah S. Higgins and Iraj A. Kashani . . . .o o o ... 758
The Critically Ill Infant with Congenital Heart Dlsease
Welton M. Gersony and Linda D. O’'Neill . . . . . 760

Effects of the Intensive Care Unit Environment on Parents of Cardlac
Surgery Children
Margaret Shandor Miles, Melba C. Carter, Jean Hennessey,
Irene Riddle, and Tamara Williams Eberly . . . . 764
A Study of the Surgical Decision-Making Process of Parents Who Have
Infants with a Congenital Heart Defect

Linda D. O’Neill and Eugene J. D’Angelo . . . . . . . . . . 767
Preoperative Preparation Programs: An Overview
Patricia Richard . . . . .. . . 1770

Preoperative Preparation Programs A Multlmedla Approach to
Preparation of the Cardiac Child and Family

Karen Uzark . . . N K
Care of the Patient Undergomg Heart/Lung Transplantatlon
Joann Lamb. . . e e e L. TT6

Benefit vs. Risk Pulmonary Procedures
Cheryl L. Sikes. . . . . . . . . . . . . . . . . . .. 7118



Xxiv Contents

Intraaortic Balloon Pumping in Children

H. Webster and L.G. Veasy
Care of the Child in the Neonatal Intenswe Care Umt Role of PDA in
the Very Low Birth Weight Infant

Cheryl L. Sikes.

Care of the Infant in the Neonatal Intensrve Care Umt Use of ECMO in

Infants—Nursing Implications
Margaret C. Slota .

Nursing Perspectives on Hypoplastlc Left Heart Syndrome
Ruth A. Fisk e

Cardiac Development; Neonatal Cardiopulmonary
Disease; and Cardiac Pathology

The Cardiac Myosin Heavy Chain Genes and Their Modulation during
Development and Cardiac Hypertrophy
Bernardo Nadal-Ginard and Vijak Mahdavi .
Development of the Aortic Arch System: A Three- D1mens1onal Study
Eric L. Effmann .
Hemodynamic Function of the Embroyomc Heart
Edward B. Clark .
Developmental Aspects of Oxygen Transport
George Lister
Hormonal Influences in Cardlovascular Development
Abraham M. Rudolph .
Reguration of Myosin ATPase in Developlng Heart

Toshio Nakanishi, Kazuhiko Abe, Machi Nagae, and Atsuyoshi Takao .

Adrenergic Contribution of Increased Myocardial Oxygen Consumption
during Hypoxemia in Newborn Lambs
David J. Fisher.
Regional Blood Flow D1str1butlon and Oxygen Dehvery in Chronlcally
Hypoxemic Newborn Lambs
Daniel Bernstein, David Teitel, Daniel Sidi, Michael A. Heymann, and
Abraham M. Rudolph

Milrinone Blunts Leukotriene D, (LTDr) Induced Pulmonary Artenolar

Constriction in Newborn Lambs

J.Y. Coe, T. VanHelder, R. Soni, F. Coceani, and P.M. Olley .
Characteristic Constriction of the Fetal Ductus Arteriosus by
Indomethacin Administered to the Mother Rat

Kazuo Momma, Takayuke Konishi, and Atsuyoshi Takao .
Experimental Cyanotic Heart Disease in the Newborn Lamb

David Teitel, Daniel Sidi, Dan Bernstein, Michael A. Heymann, and

Abraham M. Rudolph .
Evidence of Presynaptic Alpha and Beta Adrenoceptors in the Human
Pulmonary Artery: Characterization and Possible Functional Role

F. Hentrich, M. Géthert, and D. Greschuchna .
Response of Primitive Veins of Chick Embryos to Expenmenta]
Transection

Stuart Berger, Frank Manasek, and Rene A. Arcilla .

780

783

787

790

797

801

814

817

821

824

827

832

836

839

842

847

850



Contents XXV

Amiodarone Effects on Developing Myocardium

Steven M. Yabek, Rinya Kato, and Bramah N. Singh. . . . . 854
Extravascular Lung Water in Infants and Children with Congenital Heart
Disease

Robert N. Vincent, Peter Lang, E. Marsha Elixson, Richard Jonas, and

Aldo R. Castaneda . . . . . 858
Resetting of the Baroreceptor-Heart Rate Reﬂex in Coarcted Neonates

John M. Luber, Jr., Peter G. Griswold, Shmuel Diamant, Barbara J.

Buckley, Norman Gootman, Bartol Matanic, and Phyllis M. Gootman . 860
Comparison of Velocity Patterns in Infants and Children: Pulsed Doppler
vs. Electromagnetic Flow Velocity Catheter Measurements

M. Witsenburg, T.C. Jansen, A. Penning, and V.H. de Villeneuve. . . 865
Comparison of Light and Electron Microscopic Studies of the Normal and
Persistent Ductus Arteriosus in Humans and Dogs

J.L.M. Strengers, R.E. Poelmann, D.F. Patterson, E. Harnick, and

A.C. Gittenberger-de Groot . . . .. . . . 868
Pharmacology of the Fetal and Neonatal Ductus Artenosus

Ronald I. Clyman. . . . B - 74|
Neonatal Pulmonary Hypertensmn Cllmcal Revxew

Welton M. Gersony . . . . . 876

Structural Adaptation to Extrautenne Llfe in Normal and Neonatal
Pulmonary Hypertension
Sheila G. Haworth . . . . . . . 880
Physiology of the Pulmonary Clrculatlon in Pers1stent Pulmonary
Hypertension Syndrome of the Newborn

Michael A. Heymann . . . 822
Ventricular Volume Variables in Patlents w1th Persnstent Fetal Clrculatlon
Syndrome

Satoshi Hiraishi . . . . 885

Clinical Problems of the Permatal Clrculatlon Developmental Aspects of
Myocardial Function

William F. Friedman. . . . 889
Pharmacologic Approaches to Pulmonary Hypertens1on in the Newbom

Peter M. Olley and F. Coceani . . . ... .. 891
The Pathology of Univentricular Amoventncular Connectlon

Robert H. Anderson, Siew Yen Ho, and James R. Zuberbuhler . . . 89%4

The Importance of Ventriculoatrial Malalignment in Anomalies of the
Atrioventricular Valves, Illustrated by “Mitral Atresia” and Congenital
Mitral Stenosis with Large Left Ventricle

Richard Van Praagh . . . . 901
A Malformation Compex Resemblmg DlGeorge Syndrome Produced in
Rat by Bis-Diamine

T. Okishima, S. Ohdo, and K. Hayakawa. . . . .. 904
Potentiating Effects of Caffeine on Ephedrine-Induced Conotruncal
Malformations of the Embryonic Heart in the Chick

T. Nishikawa, E.F. Gilbert, and H.J. Bruyere, Jr. . . . . . . 908
Anatomic Correlations between Left Ventricular Inflow and Outﬂow
Tract in Atrioventricular Septal Defect with Separate Valve Orifices

T. Ebels, E.J. Meijboom, R.H. Anderson, M.J.M. Schasfoort-van Leeuwen,

A. Eijgelaar, and JN. Homan vander Heide . . . . . . . . . 911



XXVi Contents

Double-Orifice Atrioventricular Valves: Pathologic Anatomy in 28
Postmortem Cases with Diagnostic and Surgical Implications

Antonio Baiio-Rodrigo, Stella Van Praagh, Eckardt Trowitzsch,

Pedro Hernandez-Latuff, and Richard Van Praagh. . . . . 915
The Spectrum of Hearts with One Underdeveloped and One Dommant
Ventricle

W.R. Thies, R.M. Bini, L.M. Bargeron, and E.V. Colvin . . . . . 920
Cardiovascular Malformations in the Conotruncal Anomaly Face
Syndrome

Atsuyoshi Takao, Masaru Terai, Masahiko Ando, and

Kazuo Momma. . . . .. 926
Involvement of the Aortic Valve Cusps in Dlscrete Subaortlc Stenosrs

Ami Feigl, Dan Feigl, Russell V. Lucas, Jr., and Jesse E. Edwards . . 929
Pulmonary Vascular Disease: Lung Biopsy Studies

Marlene Rabinovitch. . . . . Coe. . 932
Lung Biopsies in Congenital Heart Drsease Computer-As51sted
Correlations between Structural and Hemodynamic Abnormalities

Sheila G. Haworth . . . . 942
Open Lung Biopsy in the Assessment of Surgery for Congenltal Heart
Defects with Elevated Pulmonary Vascular Resistances

D. di Carlo, A.E. Becker, G. de Simone, A. Averardi, C. Marcelletti,

and C.A. Wagenvoort . . . . 946
Hydraulic Energy Dissipation in the Pathogenesm of Pulmonary Vascular
Disease Associated with Congenital Cardiac Lesions: An Analysis Based
on Pulsatile Hemodynamics

Richard A. Hopkins . . . . . 949
Response to Prostacyclin Predicts Response to Subsequent Vasodllator
Therapy in Children and Young Adults with Primary Pulmonary

Hypertension

R.J. Barst, J.C. Hall, and S.A. Stalcup. . . . . . . . . . . . 952
Experimental Studies of Pulmonary Circulations

Lynne M. Reid. . . . . . . . . . . . . . . . . . . . 94

Acquired Heart Disorders: Inflammatory Heart Disease
and Myocardiopathies

Acute Myocarditis

S. Pelargonio . . . .. 961
Cardiac Injury in Expenmental Coxsackle V1rus Induced Myocardltls
Results from Autoimmunity to Cardiocyte Antigens

S.A. Huber, D.C. Lyden, and P.A. Lodge. . . . . . . . . . . 964
Myocardiopathy: Clinical Picture and Prognosis

Hymie S. Joffe . . . L. .. 967
An Enedemic Cardlomyopathy in Chrna Ke Shan D1sease

Yang Shih-Yuen . . . e e ... 975
Constrictive Pericarditis in Pedratnc Patlents 1974—1983

Ali Ertugrul. . . ... . 978

Acute Pericarditis: Mllwaukee Chlldren ] Hospltal 1973—1983
John P. Thomas, Jr., William J. Gallen, and Allen D. Wilson . . . . 982



Contents XXvii

Combined Use of Two-Dimensional Echocardiography and Pulsed
Doppler Technique in the Evaluation of Mitral Rheumatic Valve Disease

Simén Muiioz, Carmen Berti, Cecilia Pulido, and Pablo Blanco . . . 987
Circulating and Tissue-Fixed Immune Complexes in Cases of Rheumatic
Heart Disease

P.S. Bidwai, N.K. Ganguly, D. Niyogi, J.S. Gujral, R.K. Suri,

R.N. Chakravarty, and P.L. Wahi . . . . ... 994
Rheumatic Heart Disease and Streptococcal Carrlage in Brathan
Children

Alberto de Oliveira, Maria Jose de Souza, and Leslie C. Benchetrit . . 998
Mitral Regurgitation in Chinese Infants and Children: Etiology and
Clinical Implication

Chih-Chung Chao, Yuh-Tsuen Wu, Jia-Kan Chang, Hung-Chi Lue,

C.C. Laura Meng, and Betau Hwang . . . 1000
Clinical Pattern of Admitted Rheumatic Heart Dlsease and Rheumatlc
Fever in Bangkok

Virojna Sueblinvong . . . 1004
Late Results after Valve Replacement in Chlldren w1th Rheumatxc Heart
Disease

J.Ph. Girardet, S.A. Amalou, M. Zibouche, J. Losay, A. Ben Semouci,

J.P. Grangaud, and J.L. Fontaine . . . . 1009
Rheumatic Fever: Interaction between Host, Mlcrobe and Genetlcs

John B. Zabriskie . . . . e (0]
Rheumatic Fever: Diagnosis and Therapy

Choompol Vongprateep . . . . B (0]
Antistreptococcal Prophylaxis is Recons1dered

Hung-Chi Lue . . . . ... . 1021

Surgery for Rheumatic Valvular Dlsease in the Young Sub]ect

Stanley John, V.V. Bashi, P.S. Jairaj, Afroz Faruqi, and

LP. Sukumar . . . .. 1025
Ineffective Endocarditis: Aspects Umque to Chlldren and of Spe01al
Interest to Pediatric Cardiologists

Edward L. Kaplan . . . . . . . . . . . . . . . . . . 1030
Takayasu Arteritis in Children

J. Ovseyevitz, F. Attie, C. Pineda, M. Martinez-Lavin, A. Osornio,

A. Buendia, and G. Sanchez-Torres. . . . 1038
Periodic Echocardiographic Evaluation of Cardlac Manlfestatlons of the
Mucopolysaccharoidoses in Eight Patients

Akio Tada, Yasuo Sakai, Tetushisa Takechi, Akemi Tanaka,

Shinobu Higami, and Gen Isski . . . . 1041
Metabolism of Syrian Hamster Hearts with Congestlve or Hypertrophlc
Cardiomyopathy

J.T. Whitmer and S. Kaplan . . . . 1044
Long-Term Results in Different Forms of Hypertrophlc Cardlomyopathy

J. Vogt, F. Klostermann, G. Rupprath, E.R. de Vivie, H. Wesselhoeft,

G. Eigster, U. Miiller, and A.J. Beuren . . ... . 1049
Histologic Findings of Biopsied Right Ventricular Myocardla in
Congenital Heart Disease before and after Heart Surgery

T. Tanimoto, T. Tsuchiya, T. Kamiya, C. Yutani, and T. Naito . . . 1053
Long-Term Cardiac Follow-up 4-13 Years after Anthracycline Therapy

L. Steinherz, M.L. Murphy, P. Steinherz, J. Robins, and C. Tan . . . 1058



XXviii Contents

Comparison between M-Mode and Digitized Echocardiography in the
Detection of Anthracycline Cardiotoxicity
George G.S. Sandor, Paul C.J. Rogers, Ka-Wah Chan,
Zubeda Sadaruddin, Marion Tipple, Michael W.H. Patterson,
Shirley Hazell, Mavis Teasdale, and Marty Puterman. . . . . . 1062
A Possible Eitology for Infantile Hypertrophic Cardlomyopathy
and Explanation for the Rarity of Single Coronary Artery in
Adults
J. Hagesh, A. Schneeweiss, Z. Rotzein, A. Shem-Tov, and
H.N. Neufeld . . . . .. . 1068
Abnormalities of Cardiac and Skeletal Muscle in Cardlomyopathy
Ventricular Tachycardia Versus Heart Failure
A. Dunnigan, S.A. Smith, N.A. Stanley, M.E. Plerpont D.L. Judd,

D.G. Benditt, and D.W. Benson, Jr.. . . . . B (074 |
Cardiovascular Problems in Kawasaki Disease
Hiroshisa Kato. . . . . . 1074

Possible Role of Streptococcal Exotoxms in the Etlology of Kawasakl
Disease
E. Ohtsu, S. Yamai, T. Kuroki, Y. Obara, K. Hachimura, Y. Ohnuki,
H. Takamiya, K. Takayama, N. Ohsawa, S. Suzuki, H. Shirai, and
K. Yashiro . . . . .. 1077
Prevention of Coronary Artery Involvement in Kawasak1 Dlsease by
Early Intravenous High-Dose Gamma Globulin
Mitsuji Iwasa, K. Sugiyama, A. Kawase, N. Yoshino, S. Nakano,

T. Katoh, and Y. Wada. . . . . . . . 1083
Factors Influencing Resolution of Coronary Aneurysms in Kawasak1
Syndrome

Masato Takahashi and Wilbert Mason . . . . 1086

Follow-up Study of Coronary Arterial Lesion and Cardlac Performance
in Kawasaki Disease

Atsuko Suzuki and Testuro Kamiya. . . . . . . . 1091
Kawasaki Disease: Epidemiologic Aspects and Cardlovascular
Manifestations in a Homogeneous Population

A. Fournier, N. van Doesburg, R. Guérin, J. Lacroix, J.C. Fouron, and

A. Davignon . . . . 1094
Abnormal Diastolic Functlon after Kawasakl Dlsease A Radlonuchde
Assessment

Linda J. Addonizio, Lynne Johnson, Jerry Jacobs, and

Welton M. Gersony . . . 1097
Fate of Coronary Aneurysm in Kawasakl Dlsease Analys1s of Prognostlc
Factors

E. Ichinose, O. Inoue, Y. Hiyoshi, and H. Kato. . . . . . 1099
Experimental Allergic Angitis in Rabbits: Comparative Study of the
Coronary Arterial Involvement between Infants and Adults

Z. Onouchi, H. Tamiya, T. Fujimoto, K. Ikuta, N. Nagamatsu,

N. Kiyosawa, and T. Minaga . . . ... .. 1102
Kawasaki Disease: A Pathology Survey in Western Europe

AntonE. Becker . . . . . . . . . . . . . . . . . . . 1105



Contents

Results of an International Cooperative Study of Kawasaki
Disease
L. Van der Hauwaert, A. Takao, R.D. Rowe, W. Gersony, and
D.H. Cook . R

Heritable Heart Disease; Pediatric Cardiology Practice;
and Preventive Cardiology

Electrocardiographic Responses to Exercise in Sickle Cell Anemia
Jay Brown, Major Geer, Wesley Covitz, William Hellenbrand,
Sandord Leff, Norman Talner, and Lawrence Robinson .

Exercise and Metabolic Abnormalities in Patients with Sickle Cell Drsease
William E. Hellenbrand .

Genetics of Congenital Heart Drsease A Study of 1 094 Famlhes
Pierre Corone, Catherine Bonaiti, Josué Feingold, Anita Touchot, and
Julia Luciana

Glycogen Storage Dlsease Type II (Pompe s Dlsease)

Electrocardiographic and Echocardiographic Features
J. Lam, L.J. Lubbers, M.S.J. Naeff, and G. Losekoot .

Isomerism: A Genetic Analysis
J. Burn, R. Coffey, L.D. Allan, P. Robinson, M.E. Pembrey, and
F.J. Macartney . .o

Review of 75 Cases of Ventncular Septal Defect wrth Aortlc

Regurgitation
Takashi Kimura, Tokio Tamura, Hirofumi Ogawa,

Yoshihisa Yamazaki, and Shigehito Miki .
Conotruncal Septal Defect: A Congenital Disease of Western Pac1ﬂc
Countries
" Shu-Hsun Chu, Shou-Sien Hou, Chi-Ren Hung, Shoei-Shen Wang,
Yu-Ren Yang, Hung-Chi Lue, Yuan-Teh Lee, Chiou-Shiong Liau,
Wen-Pin Lien, and Teh-Lu Wu .

Two-Dimensional Echocardiographic Features of Aortrc Valve Prolapse

Associated with Ventricular Septal Defect
B. Craig, J. Smallhorn, P. Burrows, G. Trusler, and R. Rowe .

A High Risk of Heart Defects among the Offspring of Parents Affected

with Four Types of Congenital Heart Disease
Vera Rose, Reynold M.J. Gold, and Gail Lindsay . .

Patent Ductus Arteriosus in Adults: Natural History Versus Surglcal

Therapy
Russell G. Fisher, Douglas S. Moodie, Richard Sterba, Carl C. Gill,
and Robert Stewart .o e e

Syndromes Associated with Cardrovascular Defects
Jacqueline A. Noonan

The Modern Day Stetoscoptist
Joseph K. Perloff . .

Results of First Years of Centrahzed Care for Chlldren Suﬁ‘enng from

Heart Disease
Milan Samanek .

XXix

1107

1111

1117

1121

1124

1126

1129

1133

1138

1142

1145

1148

1151

1153



XXX Contents

The Cost Effectiveness of Pediatric Cardiology Outreach Clinics in
Northern Alberta

N. Borroughs and R.L. Collins-Nakai . . .
A Collaborative Cardiac Diagnostic and Surgical Program in a Small
Island Community for the Management of Patients with Congenital and
Rheumatic Heart Disease

R.G. Ishmael, T. Harris, T.A. Hassell, E.R. Walrond, and T. Alleyne .

Prevalence of Heart Disease in Children at the National Institute of
Cardiovascular Disease in Pakistan
Kalimuddin Aziz .

Cardiac Atrophy and Ventncular Functron in Infants w1th Severe Proteln

Calorie Malnutrition (Kwashiorkor Disease)

Ibrahim Shoukry, Ahmed Safwat Shoukry, M. Mohsen Ibrahim,
Nahed Fahmy, M. Aziz Madkour, and Galal El Said . .
Experience with Congenital Heart Disease in Children from Developmg

Countries

Michael A. LaCorte, Robert A. Boxer, Sharanjeet Shingh,

Ilene Gottesfeld, S. Dorothy Ammon, Michael Hall, M. Andre Vasu,

and Vincent Parnell . . R
Congestive Cardiomyopathy in Infants and Chlldren Inc1dence,
Diagnosis, and Follow-up

J. Areias, 1. Valente, A. Duarte, J. Maciel, and D. Cunha .

Cardiovascular Survey for Pupils and Cardiac Sudden Death on Campus

K. Baba, Y. Tomita, T. Fukaya, and M. Yamakawa .

Sudden Unexpected Cardiac Death in Adolescence
P. Harris, C. Alexson, E. Lewis, and J. Manning

Diet and Serum Lipids in Japanese Children
M. Okuni, S. Ryo, T. Fuchigami, and U. Juen .

Juvenile Atherosclerosis in Northern Italy: A Postmortem Study
G. Thiene, A. Angelini, A. Carini, F. Cefis, C. Frescura, and
G. Baroldi

Tracking of Blood Pressure in Chlldhood
Ronald M. Lauer, Larry T. Mahoney, and William R. Clarke .

Diet Recommendations for Normal Children
William H. Weidman. .

Physical Activity: Its Relatlonshlp to Chromc Heart Dlsease
William B. Strong .

Tracking of Left Ventricular Muscle Volume Index in Upper and Lower

Blood Pressure Quintile Groups: The Shimane Heart Study
C. Mori, T. Nishio, M. Saito, N. Haneda, Y. Kajmo, K. Watanabe,
K. Abe, and Y. Kijima . e .o ..

Cardiovascular Pharmacology: Symposia on Congestive
Heart Failure and Cardiac Glycosides

Clinical Setting for Cardiac Failure
Mary Allen Engle .

Congestive Heart Failure: Dlgltalls and Dluretlc Therapy
William Berman, Jr. . .

1155

1157

1163

1169

1172

1175

1180

1183

1186

1189

1195

1200

1202

1206

1213

1216



Contents

Congestive Heart Failure Vasodilators
Ammon Rosenthal. .
Some New Approaches to the Management of Congestlve Heart Fallure
Norman S. Talner . .
Introduction to Symposium on Cardlac Glycosrdcs
Marcus M. Reidenberg . .
Digoxin Receptors in the Neonate
John G. Kelly .
Digoxin Dosing in the Premature and Newbom
Goran Wettrell .

Inactivation of Digoxin by the Gut Flora and 1ts Reversal by Ant1b10t1cs

Jay F. Dobkin and John Lindenbaum .
Digoxin Elimination in Adolescents

Linda A. Linday .

Serum Levels of Digoxin and Endogenous Factor in the Newbom

Margarita Burgueros Valero, Dolores Rubio,

Carmen Sanchez Jesus Perez, Fernando Benito, and Felipe Moreno .
Endogenous Immunoreactive Substances Mimicking Digoxin in Blood
Level Testing

S.J. Soldin .
New Problems in the Pharmacokmetlcs of Drug Dlgltahs Interactrons

Karin Schenck-Gustafsson .

Digoxin-Specific Fab Fragments in the Treatment of Dlgltalls Intox1cat10n

Thomas W. Smith .

Natural History and Long-Term Follow-up

The Unnatural History of Patients after Surgical Closure of Atrial Septal
Defects in Adulthood

Douglas S. Moodie, Carl C. Gill, Richard Sterba, and

Sarah Forsythe .
Natural Hemodynamic H1story of Atnal Septal Defect Study of 1 189
Patients

J. Losay, J. Petit, F. Bouchard, M. Issad, and P. Lucet .
Ventricular Septal Defect: Presentation and Evolution

L. Goldstein, V.H. de Villeneuve, N.J. Elzenga, P. Teeuw, and

L. Versluis
The Natural History of Ventncular Septal Defects A Long-Term
Prospective Two-Dimensional Echocardiography Study

G.R. Sutherland, M.J. Godman, F. Soul, B.R. Keeton, and

J.E. Burns
Natural History of Aortrc Valve Prolapse in Subpulmomc Ventrlcular
Septal Defect in Chinese People

Hung-Chi Lue, Tsu-Ko Wang, Shou-Hsien Hou, Tseng-Chen Sung,

Shu-Hsun Chu, and Chi-Ren Hung . .
Postoperative Ventricular Septal Defect: Twenty four-to-Thlrty Year
Follow-up of 245 Patients

James H. Moller, Cecelia Patton, Richard L. Varco, and

C. Walton Lillehei.

XXXi

1221

1227

1231

1233

1237

1240

1242

1246

1248

1251

1255

1261

1264

1268

1271

1274

1278



XXxii Contents

Postoperative Tetralogy of Fallot: Twenty-Four-to-Thirty Year Follow-up
of 98 Patients

Cecelia Patton, James H. Moller, Richard L. Varco, and

C. Walton Lillehei. . . . . 1280
Coarctation of the Aorta: Long-Term Follow -up after Surglcal Repalr in
Adults

Carl C. Gill, Douglas S. Moodie, Richard Sterba, and Sarah Forsythe . 1282
Aortic and Mitral Valve Replacement in Children: Retrospective
Comparison of Tissue Versus Bjork-Shiley Valves

William G. Williams, Michael L. Spector, George A. Trusler,

Rodney S. Fowler, and Richard D. Rowe. . . . 1285
Ten-to-Twenty Year Follow-up after the Mustard Procedure for Complete
Transposition of the Great Arteries: The Mayo Clinic Experience

D.A. Fyfe, R.H. Feldt, D.G. Ritter, D.J. Hagler, G.K. Danielson,

D.C. McGoon, and D.D. Mair . . . e e oL 1287
Late Outcome of the Palliative Mustard Operatlon

John T. Cockerham, John F. Keane, Richard C. McFaul, and

Aldo R. Castaneda . . . 1292
Long-Term Follow-up of Left- to—nght Shunts Compllcated by Pulmonary
Vascular Obstructive Disease

Valentin Fuster, Peter M. Steele, Donald G. Rigger, and

Dwight C. McGoon . . . 1294
Superior Vena Cava—Pulmonary Artery Anastomos1s in the Treatment of
Cyanotic Heart Disease

William W.L. Glenn, William E. Hennenbrand, Anna Henisz,

Hillel Laks, Gary Kopf, Horace C. Stansel, Jr., and Norman S. Talner . 1298
Long-Term Results of Fontan Procedure for Tricuspid Atresia

J. Ottenkamp, J. Rohmer, J.M. Quaegebeur, B. Buis, A.G. Brom, and

F. Fontan. . . 1303
Mitral Valve Replacement in Chlldren under 16 Years of Age Expenence
with the Bjork-Shiley Prosthesis

J. Martinez, F. Attie, F. Lopez Soriano, M. Gil, A. Beundia,

J. Ovseyevitz, R. Chavez Dominquez, and R. De La Cueva. . . . . 1308
Ten-Year Clinical Experience with Aortoventriculoplasty: Long-Term
Results of 72 Patients

E.R. de Vivie, J. Koncz, W. Ruschewski, J. Vogt, G. Rupprath, and

AlJ. Beuren . . . . 1311
Isolated Transposition of the Great Arterles The Present Unnatural
History

G.A. Trusler, J.C. Gonzales, B.G. Craig, W.G. Williams,

R.M. Freedom, and R.D. Rowe . . . .. . . .o.o1313
Long-Term Follow-up of Surgical Patients Bom Cyanotlc

Catherine A. Neill. . . . . . . . . . . . . . . . . . . 132

Closing Remarks

Alexander S. Nadas . . . . . . .« o « « v o« o o . . .o 1323

Index - - - - - -« « - . . oo oo oo 1327



Presenters

Apams, ForresT H. Hospital Research Center, San Diego, California, USA

ApDONIzIO, LINDA J. Babies Hospital, New York, New York, USA

ADLEMAN, NEIL. The Hospital for Sick Children, Toronto, Ontario, Canada

ALBOLIRAS, ERNERIO T. Department of Pediatrics, Mayo Clinic, Rochester,
Minnesota, USA

ALEXANDER, JAMES A. Thoracic/Cardiovascular, University of Florida,
Gainesville, Florida, USA

ALLAN, LINDSEY. Department of Pediatrics, Guy’s Hospital, London, England

ALLEN, HuGH D. Department of Pediatrics, University of Arizona Health
Sciences Center, Tucson, Arizona, USA

ALPERT, BRUCE S. Associate Professor of Cardiology, Le Bonheur Children’s
Medical Center, Memphis, Tennessee, USA

ALvA, CarLOs. Odesa 1222-402, Col Portales, D.F., Mexico City, D. F.,
Mexico

AmaTO, JosepH J. Children’s Hospital of New Jersey, United Hospitals,
Newark, New Jersey, USA

ANDERSON, ROBERT H. Cardiothoracic Institute, Brompton Hospital, London,
England

ANDERSON, ROBERT W. University of Minnesota, Mayo Building, Minneapolis,
Minnesota, USA

ARrcILLA, RENE. Section of Pediatric Cardiology, The University of Chicago,
Chicago, Illinois, USA

AREIAS, Jost C. Rua Damiao de Gois, Porto, Portugal

ATIK, EDMAR. Rua 13 de Maio, Sao Paulo, Brazil

ATTIE, FAUSE. Instituto Nacional de Cardiologia Ignacio Chavez, Juan Badiano
1, Mexico, D. F., Mexico

ATTUEL, PAaTrICK. Cardiology Department, Hospital Lariboisiere, Paris,
France

Azancot, ANNABELLE. Hopital Bretonneau, 7 bis rue Carpeaux, Paris, France

Aziz, KaLiM U. National Institute of Cardiovascular Diseases, Rafiqui
Shaheed Road, Karachi, Pakistan



XXXiV Presenters

AzzOLINA, GAETANO. Tuscan Heart and Chest Center, Via Manzoni 12,
Florence, Italy

BaBA, KUuNIzOH. 4-6 Nimatojima Nakamachi, Chuoh-ku, Kobe, Japan

BaBa, KivosHi. Kurashiki Central Hospital, 1-1-1 Miwa, Kurashiki, Okayama,
Japan

BalLEY, LEONARD. Loma Linda University Medical Center, Department of
Surgery, Loma Linda, California, USA

BaLBONI, FiLIPPO A. Pediatric Cardiology, St. Francis Hospital, Roslyn, New
York, USA

BaNo-RoDRrIGO, ANTONIO. Children’s Hospital, Cardiac Registry, Boston,
Massachusetts, USA

BARBER, GERALD. Department of Pediatrics/Cardiology, UCLA School of
Medicine, Los Angeles, California, USA

BARGERON, JR., LIONEL M. Department of Pediatric Cardiology, University of
Alabama in Birmingham, University Station, Birmingham, Alabama, USA

BARRATT-BOYES, BrIAN. Green Lane Hospital, Green Lane West, Auckland,
New Zealand

BARsT, RoBYN J. Columbia University College of Physicians & Surgeons,
Pediatric Cardiology, New York, New York, USA

BARTLETT, ROBERT H. University of Michigan Medical Center, Ann Arbor,
Michigan, USA

BAuM, DaviD. Department of Pediatrics, Stanford University Medical Center,
Stanford, California, USA

BECKER, ANTON. Department of Pathology, Perste Helmersstraat 104,
Amsterdam, The Netherlands

BENDER, JR., HARVEY W. Vanderbilt University Medical Center, Nashville,
Tennessee, USA

BENsoON, LEE N. Division of Cardiology, The Hospital for Sick Children,
Toronto, Ontario, Canada

BERGER, STUART. Wyler Children’s Hospital, Chicago, Illinois, USA

BERMAN, JR., WiLLIAM. University of New Mexico Medical Center,
Albuquerque, New Mexico, USA

BERMAN, MICHAEL A. University of Maryland, Baltimore, Maryland, USA

BErMUDEZ-CANETE, R. Servicio de Cardiologia Pediatrica, Centro Especial
Ramon y Cajal, Crta. Comenar, Madrid, Spain

BERNSTEIN, DANIEL. University of California at San Francisco, San Francisco,
California, USA

Bipwal, P. S. Department of Cardiology, Postgraduate Medical Institute,
Chandigarh-160012, Chandigarh (U.T.), India

BierMAN, FREDRICK Z. Columbia Presbyterian Medical Center, Babies
Hospital, New York, New York, USA

BINET, JEAN-PAUL. Center Chirurgical Marie Lanelongue, Paris, France

BLACKMAN, MARIE S. Physician’s Office Building, 725 Irving, Syracuse, New
York, USA

BLANDON, RoBERTO. Cardiology Department, Children’s Hospital, Panama
City, Panama

BLocH, GErRARD. Hopital Henri Mondor, Creteil, France

BLUMENTHAL, SIDNEY. 50 East 89th Street, New York, New York, USA

BLUMENTHAL, SIDNEY. Chaim Sheba Medical Center, Heart Institute Center,
Tel Hashomer, Israel



Presenters XXXV

BorrOUGHS, NEL. Walter Mackenzie Health Sciences Centre, Edmonton,
Alberta, Canada

BowMaN, FREDERICK O. Columbia University Medical Center, New York,
New York, USA

BoXER, ROBERT A. North Shore University Hospital, Manhasset, New York,
USA

BRrICKLEY, SUZANNE E. St. Christopher’s Hospital for Children, Philadelphia,
Pennsylvania, USA

BRrITO-PEREZ, JOSE M. Carretera Colmenar Vieso, Centro Ramon y Cajal,
Madrid, Spain

BroM, A. GERARD. Department of Thoracic Surgery, University Hospital,
Leiden, The Netherlands

BrROWN, JOHN W. Department of Surgery, Indiana University School of
Medicine, Indianapolis, Indiana, USA

BruUINs, CAROLINE. University Leiden, Wassenaar, The Netherlands

BupacH, WILFRIED. Abteilung Kindercardiologie, Schwanenweg, Kiel, Federal
Republic of Germany

BUHLMEYER, KONRAD. Deutsches Herzzentrum, Munchen, Federal Republic
of Germany

BURQUEROS VALERO, MARGARITA. Neuva Zelanda, Madrid, Spain

BURN, JoHN. Department of Human Genetics, University of Newcastle upon
Tyne, Newcastle upon Tyne, England

BurscH, JoacHiM H. Abt. Kinderkardiologie, Schwanenweg Kiel, Federal
Republic of Germany

Burtro, Fouap. Pediatric Cardiology, University of Minnesota, Minneapolis,
Minnesota, USA

CAPELLI, HorAcI10. Olivos, Buenos Aires, Argentina

CARMINATI, MARI1O. Via Fogazzaro, Bergamo, Italy

CARPENTIER, ALAIN. Hopital Broussais, 75014 Paris, France

CARR, IaN. Cook County Children’s Hospital, Chicago, Illinois, USA

CASTANEDA, ALDO R. Children’s Hospital, Harvard Medical School, Boston,
Massachusetts, USA

CASTELLANOS, AGUSTIN W. 9741 S. W. 20th Street, Miami, Florida, USA

CHANG, CHAU-HSIUNG. 199 Tun-Hwa North Road, Taipei, Taiwan

CHANG, Jia-KAN. Ta-Tung St., Hsin-Tien, Taipei, Taiwan

CHAO, CHIH-CHUNG. Shyh-Yuann Road, Taipei, Taiwan

CHAauvauDp, SyLvAIN. Hopital Broussais, Paris, France

CHEATHAM, JOHN P. Pediatric Cardiology, The University of Nebraska Medical
Center, Omaha, Nebraska, USA

CHIN, ALVIN J. Pediatric Cardiology, Children’s Hospital of Philadelphia,
Philadelphia, Pennsylvania, USA

CHoussaT, ALAIN. Hopital Cardiologique du Haut Leveque, Bordeaux Pessac,
France

CHu, SHU-HsuN. National Taiwan University Hospital, Taipei, Taiwan

CLARK, Epwarp B. Division of Pediatric Cardiology, Hospitals & Clinics,
University of Iowa, Iowa City, Iowa, USA

CLARK, BERNARD J. Division of Cardiology, Children’s Hospital of
Philadelphia, Philadelphia, Pennsylvania, USA

CLYMAN, RONALD. Mt. Zion Medical Center/University of California at San
Francisco, San Francisco, California, USA



XXXVi Presenters

CoCKERHAM, JoHN T. Children’s Hospital, Boston, Massachusetts, USA

COE, JAMES YAsHU. Department of Cardiology, Hospital for Sick Children,
Toronto, Ontario, Canada

CoLEs, JoHN. The University of Alabama in Birmingham, University Station,
Birmingham, Alabama, USA

CoLL1, ANNA. National Heart Hospital, London, England

CoLVIN, STEPHEN. New York University Medical Center, New York, New
York, USA

CooLEY, DENTON A. Texas Heart Institute, Houston, Texas, USA

CooPER, RUBIN. The Brookdale Hospital Medical Center, Brooklyn, New
York, USA

CoRONE, PIERRE. Hopital de la Pitie, Paris, France

CorONEL, ALFREDO R. Clinica Bazterrica, Buenos Aires, Argentina

CouMEL, PHILIPPE. Hopital Lariboisiere, Paris, France

CoviNo, ELvio. Department of Surgery-Osaka University Hospital, Osaka,
Japan

Covirz, WESLEY. Medical College of Georgia, Augusta, Georgia, USA

CrAIG, Brian. The Hospital for Sick Children, Toronto, Ontario, Canada

Crupri, GIANCARLO. Department of Cardiac Surgery, Bergamo, Italy

CuLHAM, J. A. GorpoN. Children’s Hospital, Vancouver, British Columbia,
Canada

CuUMMING, GORDON R. University of Manitoba, Winnepeg, Manitoba, Canada

CuURRIE, PHILIP J. Department of Cardiology, Mayo Clinic, Rochester,
Minnesota, USA

DANIELSON, GORDON K. Mayo Medical School, Mayo Clinic/Foundation,
Rochester, Minnesota, USA

DaNiLowicz, DELORES. New York University Medical Center, New York,
New York, USA

DAVIGNON, ANDRE L. Hopital Ste-Justine, Montreal, Quebec, Canada

De SMEDT, MARYSE. Department of Pediatrics, University Hospital Gronigen,
Gronigen, The Netherlands

DEe Vivig, E. RAINER. Clinic for Thoracic and Cardiovascular Surgery,
Goettingen, Federal Republic of Germany

DEGIOVANNI, J. V. Department of Cardiology, Children’s Hospital, Ladywood,
Birmingham, England

DEVL0OO-BLANCQUAERT, ANNE. State University of Gent, Academic Hospital,
Gent, Belgium

DEANFIELD, JOHN E. Thoracic Unit, The Hospital for Sick Children, London,
England

D1 CarLo, Duccio. Dipartimento di Cardiologia Pediatrica, Ospedale Bambino
Gesu, Rome, Italy

D1 SeGNI, EL10. Department of Cardiology, Meir General Hospital, Kfar-Saba,
Israel

DiSEssA, THoMAs G. Department of Pediatric Cardiology, UCLA School of
Medicine, Los Angeles, California, USA

Diaz, GaBrieL F. Hospital Pediatrico la Misericordia, Bogota, D. E. Colombia

Dick, MacpoNAaLD. II. C. S. Mott Children’s Hospital, University of
Michigan, Ann Arbor, Michigan, USA

DoNLEN, Jupy. Children’s Hospital of Philadelphia, Philadelphia,
Pennsylvania, USA



Presenters XXXVil

DooLEY, KENNETH J. Department of Pediatrics, Emory University School of
Medicine, Atlanta, Georgia, USA

DoyLE, EUGENIE F. New York University Medical Center, New York, New
York, USA

DriscoLL, DAvID. Mayo Clinic, Rochester, Minnesota, USA

DumMmonT, Louis. Chirurgie Cardiaque, Hopital Sainte-Justine, Montreal,
Quebec, Canada

DunN, JEFFREY M. Cardiovascular Surgery, St. Christopher’s Hospital for
Children, Philadelphia, Pennsylvania, USA

DUNNIGAN, ANN. Pediatric Cardiology, University of Minnesota, Minneapolis,
Minnesota, USA

Duruis, CLAUDE. Department of Pediatric Cardiology, Cardiology Hospital,
Lille, France

DyMNICKA, STANISLAWA. Cardiological Department Pediatric, Institute Medical
Academy, Gdansk, Poland

EBELS, TJARK. Department of Thoracic Surgery, University Hospital,
Groningen, The Netherlands

EBERT, PAUL A. Department of Surgery, University of California, San
Francisco, San Francisco, California, USA

EbpwARDSs, JESSE E. United Hospitals Medical Center, St. Paul, Minnesota,
USA

ErrmaN, Eric L. Department of Radiology, Duke University Medical Center,
Durham, North Carolina, USA

EHLERS, KATHRYN H. New York Hospital, New York, New York, USA

EISENBERG, ROBERT. Albert Einstein College of Medicine, Montefiore Medical
Center, The Bronx, New York, USA

EkRrOTH, ROLF. Department of Thoracic and Cardiovascular Surgery,
Sahlgrenska Hospital, Goteborg, Sweden

EL-SaID, GALAL M. Cairo University, Maadi, Cairo, Egypt

ELDREDGE, W. J. Deborah Heart and Lung Center, Browns Mills, New Jersey,
USA

EMMANOULIDES, GEORGE. Harbor UCLA Medical Center, Torrance,
California, USA

ENGLE, MARY ALLEN. Cornell University Medical Center, New York, New
York, USA

ERTUGRUL, ALI. Medical Faculty of Marmara University, Haydarpasa,
Istanbul, Turkey

EweRrT, BIRGIT. Abteilung Kindercardiologie, Kiel, Federal Republic of
Germany

FAHEY, JoHN T. Department of Pediatrics, Yale University School of
Medicine, New Haven, Connecticut, USA

FERMONT, LAURENT. Service de Cardiologie Pediatrique, Hopital des Enfants—
Malades, Paris, France

FieGcL, Am1. Ramat Gan, Israel

FisHER, RUSSELL G. Cleveland Clinic Foundation, Cleveland, Ohio, USA

FisHER, DavID J. Pediatric Cardiology, Texas Children’s Hospital, Houston,
Texas, USA

FisHER, ELIZABETH, A. University of Illinois College of Medicine, Chicago,
Illinois, USA

Fisk, RutH A. 382 High Plain Road, Andover, Massachusetts, USA



XXXViii Presenters

FixXLER, DAvID E. Department of Pediatrics, University of Texas Health
Sciences Center, Dallas, Texas, USA

FonTtaN, FraNncis. Hopital Cardiologique du Haut Leveque, Bordeaux—Pessac,
France

FonTEs, VALMIR F. Instituto Dante Pazzaneze, Sao Paulo, Brazil

FOURNIER, ANNE. Department of Pediatric Cardiology, Jackson Memorial
Hospital, University of Miami, Miami, Florida, USA

FRANKLIN, RODNEY C. G. Thoracic Unit, The Hospital for Sick Children,
London, England

FreeD, MICHAEL D. Children’s Hospital, Boston, Massachusetts, USA

FRICKER, F. JAy. 125 DeSoto Street, Pittsburgh, Pennsylvania, USA

FriepLi, BEAT. Cardiac Unit, Clinique de Pediatrie HCU, Geneva, Switzerland

FriEDMAN, SIDNEY. Children’s Hospital of Philadelphia, Philadelphia,
Pennsylvania, USA

FrIEDMAN, WILLIAM F. Department of Pediatrics, UCLA School of Medicine,
UCLA Medical Center, Los Angeles, California, USA

FuHRMAN, BRADLEY P. University of Minnesota, Minneapolis, Minnesota,
USA

Fukubpa, Toyoki. Tokyo Metropolitan Children’s Hospital, Tokyo, Japan

FusTER, VALENTIN. Mayo Clinic, Rochester, Minnesota, USA

Furaki, SHIHO. Department of Pediatrics, National Cardiovascular Center,
Suita-shi, Japan

FyrE, DEREK A. Pediatric Cardiology, Medical University of South Carolina,
Charleston, South Carolina, USA

FyLER, DoNALD. Children’s Hospital, Boston, Massachusetts, USA

GAETANO, THIENE. Istituto di Anatomia Patologica, Padova, Italy

GARDNER, TiMoTHY J. Department of Surgery, The Johns Hopkins Hospital,
Baltimore, Maryland, USA

GARSON, ARTHUR JRr. Texas Children’s Hospital, Pediatric Cardiology,

. Houston, Texas, USA

GAY, WILLIAM A. Jr. University of Utah Medical Center, Salt Lake City,
Utah, USA

GEER, MaJor. Division of Cardiology, Harlem Hospital, New York, New
York, USA

GELBAND, HENRY. University of Miami, School of Medicine, Miami, Florida,
USA

GEORGE, LiLY. Division of Cardiology, Children’s Hospital, San Diego,
California, USA

GERSONY, WELTON M. Columbia-Presbyterian Medical Center, Babies
Hospital, New York, New York, USA

GESSNER, IrA H. University of Florida College of Medicine, Gainesville,
Florida, USA

GEwITZ, MICHAEL. Department of Pediatric Cardiology, New York Medical
College, Munger Pavilion, Valhalla, New York, USA

GiLL, CARL C. The Cleveland Clinic Foundation, Cleveland, Ohio, USA

GILLETTE, PAUL C. Director Pediatric Cardiology, Medical University of South
Carolina, Charleston, South Carolina, USA

GIRARDET, J. P. Hopital Trousseau, Paris Cedex, France

GiroD, DoNALD A. Section on Cardiology, Indiana University Medical Center,
Indianapolis, Indiana, USA



Presenters XXXiX

GLENN, WiLLIAM W. L. Department of Surgery, Yale University School of
Medicine, New Haven, Connecticut, USA

GobpMAN, M. Royal Hospital for Sick Children, Edinburgh, Scotland

Goki, SHINDO. Department of Thoracic Surgery, University of Tokyo, Tokyo,
Japan

GOLDBERG, STANLEY J. University of Arizona, Tucson, Arizona, USA

GoLDsSTEIN, LiL1. Tkacka 22B, Lodz, Poland

GoLINKO, RicHARD J. Brookdale Hospital Medical Center, Brooklyn, New
York, USA

GoobpwiN, JouN. Royal Postgraduate Medical School, London, England

GootrMAN, NorMAN L. Children’s Hospital, Long Island Jewish Hospital, New
Hyde Park, New York, USA

Gow, RoBERT. The Hospital for Sick Children, Toronto, Ontario, Canada

GraHAM, THoMAS P., Jr. The Hospital for Sick Children, London, England

GraHAM, THOMAS P. 6511 Brownlee Drive, Nashville, Tennessee, USA

GraHAM, GERALD. The Hospital for Sick Children, London, England

GRAVINGHOFF, L. M. Department of Pediatric Cardiology, University of
Kinderklinik Hamburg, Hamburg, Federal Republic of Germany

GRIEPP, RANDALL. State University of New York, Downstate Medical Center,
Brooklyn, New York, USA

GRIFFITHS, SYLVIA. Babies Hospital, Columbia-Presbyterian Medical Center,
New York, New York, USA

GUTGESELL, HOWARD P. University of Virginia Medical School,
Charlottesville, Virginia, USA

Harr, GERsHON. Montefiore Hospital, The Bronx, New York, USA

HALLIDIE-SMITH, KATHERINE. Department of Pediatric Cardiology,
Hammersmith Hospital, London, England

HamMoON, JoHN W. Medical Arts Building, Nashville, Tennessee, USA

HARDESTY, ROBERT L. Department of Surgery, University of Pittsburgh,
Pittsburgh, Pennsylvania, USA

Harinck, Eric. Wilhelmina Children’s Hospital, Utrecht, The Netherlands

HARNED, HERBERT S. Jr. Department of Pediatric Cardiology, North Carolina
Memorial Hospital, Chapel Hill, North Carolina, USA

HaARrris, PETER. Department of Pediatrics, East Carolina University School of
Medicine, Greenville, North Carolina, USA

HAausporr, GERD. Abt.f.ped. Kardiologie, Universitats-Kinderklinik,
Hamburg, Federal Republic of Germany

HAwoORTH, SHEILA G. Reader in Paediatric Cardiology, Hospital for Sick
Children, London, England

HAYES, ConsTANCE J. Babies Hospital, Columbia-Presbyterian Medical
Center, New York, New York, USA

HEGESH, JuLius. Heart Institute, Sheba Medical Center, Tel Hashomer, Israel

HEeiNTZEN, PAUL H. Department of Pediatric Cardiology and Bioengineering,
University Children’s Hospital, Kiel, Federal Republic of Germany

HELGASON, HRODMAR. Department of Cardiology, Children’s Hospital,
Boston, Massachusetts, USA

HELLENBRAND, WILLIAM. Yale University School of Medicine, New Haven,
Connecticut, USA

HENRY, GEORGE W. University of North Carolina School of Medicine, Chapel
Hill, North Carolina, USA



x1 Presenters

HenTRrICH, FRANK. Kinderkardiol. Abt., Universitats-Kinderklinik, Essen,
Federal Republic of Germany

HEYMANN, MICHAEL A. University of California, San Francisco, San
Francisco, California, USA

HiGGENS, SARAH. Oakland Children’s Hospital Center, Oakland, California,
USA

HicGINs, CHARLES B. Department of Radiology, University of California, San
Francisco, Medical Center, San Francisco, California, USA

HiralsHi, SATosHI. Kitasato University School of Medicine, Sagamihara,
Kanagawa, Japan

Ho, S. Y. Department of Paediatrics, Cardiothoracic Institute, London,
England

HouN, ArRNO R. Children’s Hospital of Los Angeles, Los Angeles, California,
USA

HopkINS, RicHARD A. Thoracic Unit, The Hospital for Sick Children, London,
England

Horpor, CAROL A. Columbia-Presbyterian Medical Center, Maywood, New
Jersey, USA

HorpoF, ALLAN J. Babies Hospital, Columbia-Presbyterian Medical Center,
New York, New York, USA

HUBER, SALLY A. Department of Pathology, University of Vermont,
Burlington, Vermont, USA

HucinN, BoHuMiL. Center of Pediatric Cardiology and Cardiac Surgery,
University Hospital Motol, Prague, Czechoslovakia

Hunra, JAMES C. Pediatric Cardiology, Texas Children’s Hospital, Houston,
Texas, USA

Hurwitz, RoGER. Indiana University, Indianapolis, Indiana, USA

IcHINOSE, Eiskel. Pediatrics, Kurume University School of Medicine, Kurume,
Fukuoka, Japan

IMaI1, YAasUuHARU. Tokyo Women’s Medical College, Sinjukuku, Tokyo, Japan

Isaaz, KARL. Service de Cardiologie, Vandoeuvre, France

IsHIZAWA, AKIRA. Department of Pediatrics, Hamamatsu University School of
Medicine, Hamamatsu-City, Shizuoka Pref. Japan

ISHMAEL, RICHARD G. St. Michael, Bridgetown, Barbados, West Indies

IsoM, WAYNE. The New York Hospital, New York, New York, USA

Iwa, TakasHI. Department of Surgery, Kanazawa University, School of
Medicine, Kanazawa, Japan

IwasA, Mitsuii. Department of Pediatrics, Nagoya City University Medical
School, Nagoya, Japan

JACOBSTEIN, MARK. Rainbow Babies and Children’s Hospital, Cleveland, Ohio,
USA

JARMAKANI, JAY M. Department of Pediatrics, UCLA Medical Center, Los
Angeles, California, USA

JATENE, ApiB D. Instituto do Coracao, Faculdade de Medicina, Universidade
de Sao Paulo, Sao Paulo, Brazil

JESSE, MARY JANE. University of Miami, School of Medicine, Miami, Florida,
USA

Jorre, HYMIE S. Bristol Royal Hospital for Sick Children, Bristol, England

JouN, STANLEY. Department of Thoracic & CV Surgery, Christian Medical
College & Hospital, Vellore, India



Presenters xli

KAMIYA, TETSURA. 5-125 Fujishirodai, Suita, Osaka, Japan

KapLaN, EDWARD L. Department of Pediatrics, University of Minnesota
Medical School, Minneapolis, Minnesota, USA

KaPLAN, SAMUEL. University of Cincinnati, Children’s Hospital Medical
Center, Cincinnati, Ohio, USA

KasHANI, IRAJ A. Oakland Children’s Hospital Center, Oakland, California,
USA

Kato, HiroHIsA. Kurume University Hospital, Kurume, Japan

Kawasaki, ToMisako. Department of Pediatrics, Japan Red Cross Hospital,
Tokyo, Japan

KEeck, ERNsT W. University Hamburg Children’s Hospital, Federal Republic
of Germany

KEETON, B. R. Consultant Paediatric Cardiologist, Wessex Cardiothoracic
Centre, Lev. E, Southampton General Hospital, Shirley, Southampton,
Hants, England

KELLY, JouN J. Institute of Biopharmaceutics, Athlone, Ireland

KEYSER, PHILIP. Cleveland Clinic Foundation, Cleveland, Ohio, USA

Kipp, LANGFORD. Division of Pediatric Cardiology, The Johns Hopkins
Hospital, Baltimore, Maryland, USA

KIMURA, TAKASHI. 200 Mishima-cho, Tenri City, Nara pref., Tenri, Japan

KING, R. M. Mayo Clinic, Rochester, Minnesota, USA

KIrRBY, MARGARET L. Department of Anatomy, Medical College of Georgia,
Augusta, Georgia, USA

KIRKLIN, JOoHN W. Department of Surgery, University of Alabama at
Birmingham, University Station, Birmingham, Alabama, USA

KLEINMAN, CHARLES S. Yale University School of Medicine, New Haven,
Connecticut, USA

KoBAyasHI, JuNJIrRO. First Department of Surgery, Osaka University Medical
School, Osaka, Japan

KORFHAGEN, JoAN. Department of Cardiology, Children’s Hospital Medical
Center, Cincinnati, Ohio, USA

KREUTZER, GUILLERMO O. Clinica Bazterrica, Buenos Aires, Argentina

KRONGRAD, EHUD. Babies Hospital, Columbia-Presbyterian Medical Center,
New York, New York, USA

Kurosawa, Hiromi. Heart Institute of Japan, Tokyo Women’s Medical
College, Tokyo, Japan

Kyo, SHUNEI. Department of Surgery, Saitama Medical School, Saitama-ken
Japan

L’ENFANT, CLAUDE. National Heart, Lung and Blood Institute, Building 10,
Bethesda, Maryland, USA

LACoRTE, MICHAEL A. North Shore University Hospital, Manhasset, New
York, USA

LaBaBiIDI, ZUHDI. University Hospitals, Pediatric Cardiology, Columbia,
Missouri, USA

Laks, HILLEL. UCLA Medical Center, Cardiothoracic Surgery, Los Angeles,
California, USA

LAMB, JOoANN. Columbia-Presbyterian Medical Center, N2w York, New York
USA

LANG, PETER. Department of Cardiology, Children’s Hospital, Boston,
Massachusetts, USA

b}



xlii Presenters

LANGE, PETER E. Pediatric Cardiology Clinic, Christian Albrechts University—
Kiel, Kiel, Federal Republic of Germany

LaPPEN, RHONDA S. Pediatric Cardiology Associates, San Jose, California,
USA

LAUER, RONALD M. Department of Pediatrics, University of lowa Hospitals,
Iowa City, Iowa, USA

LEMoOINE, G. Centre Medico-Chirurgical de la Porte de Choisy, Paris,
France

Lev, MAURICE. Deborah Heart and Lung Center, Browns Mills, New Jersey,
USA

LEVIN, AARON R. Cornell University Medical Center, New York, New York,
USA

LEewis, ALAN B. Children*s Hospital of Los Angeles, Los Angeles, California

LiEBMAN, JEROME. Rainbow Babies and Children’s Hospital, Case Western
Reserve University, Cleveland, Ohio, USA

LiLLEHEI, C. WALTON. 73 Otis Lane, St. Paul, Minnesota, USA

LiMma, RicARDO. Ave Boa Viagem 3160 apt°® 502, Recife-Pe Brazil 50.000

LiNcOLN, CHRISTOPHER. Brompton Hospital, London, England

LinpAy, LINDA. 1300 York Avenue, New York, New York, USA

LINDENBAUM, JOHN. Harlem Hospital, New York, New York, USA

LisTER, GEORGE. Yale University School of Medicine, New Haven,
Connecticut, USA

Lock, JaMEs E. Children’s Hospital, Boston, Massachusetts, USA

Lorez ZEA, MATILDE. Cardiologica Pediatrica, Hospital Del Nino Jesus,
Madrid, Spain

LosaAy, J. Centre Chirurgical Marie Lannelongue, 133 Avenue de la
Resistance, Le Plessis-Robinson, France

Losekoot, Tom G. Section of Pediatric Cardiology, Academic Medical Center,
Amsterdam, The Netherlands

LUBBERS, L. J. Academical Medical Centre, Amsterdam, The Netherlands

LUBER, JoHN M. Jr. Division of Cardiothoracic Surgery, Schneider Children’s
Hospital, Long Island Jewish Hospital, New Hyde Park, New York, USA

Lucas, RusseLL V. University of Minnesota, Mayo Building, Minneapolis,
Minnesota, USA

LUDOMIRSKY, AcHI. Pediatric Cardiology, Texas Children’s Hospital, Houston,
Texas, USA

LuEg, HUNG-CHI. National Taiwan University, Taipei, Taiwan

LUNDSTROM, NILS-RUNE. Department of Obstetrics and Gynecology, General
Hospital, Malmo, Sweden

LURIE, PAuL. Albany Medical College, Albany, New York, USA

LUTIN, WiLLIAM A. University of California, San Francisco, San Francisco,
California, USA

MACARTNEY, FERGUS J. Department of Paediatric Cardiology, Institute of
Child Health, London, England

MalIgr, DougLas D. Mayo Clinic and Medical School, Rochester, Minnesota,
USA

MaLM, Erik K. A. Fabriksgatan 4C 18, 00140 Helsinki, Finland

MALM, JAMES R. The Atchley Pavilion, New York, New York, USA

MANNING, JAMES A. University of Rochester Medical Center, Rochester, New
York, USA

MARIN, Josk. Children’s Hospital of New Jersey, Newark, New Jersey, USA



Presenters xliii

MARrkowitz, MiLTON. Department of Pediatrics, University of Connecticut
Health Center, Farmington, Connecticut, USA

MaARrx, GERALD R. Department of Pediatrics, Health Sciences Center,
University of Arizona, Tuscon, Arizona, USA

MATHEWS, ROBERT A. 125 DeSoto Street, Pittsburgh, Pennsylvania, USA

MATsUSHIMA, MAsAKI. Tenpakuku Omoteyami 1 Chyome 1602,
Yagotoomoteyamajyutaku 3-104, Nagoya, Japan

MAYER, JoHN E. Children’s Hospital, Boston, Massachusetts, USA

McGRATH, LYNN B. Deborah Heart and Lung Institute, Browns Mills, New
Jersey, USA

McNaMARA, DAN G. Texas Children’s Hospital, Houston, Texas, USA

‘MEYER, RICHARD A. Children’s Hospital Medical Center, Cincinnati, Ohio,
USA

MICHAELSSON, MAGNUS. Department of Pediatrics, University Hospital,
Uppsala, Sweden

MIDGLEY, F. M. Children’s Hospital Medical Center, Washington, District of
Columbia, USA

MILES, MARGARET. School of Nursing, University of North Carolina, Chapel
Hill, North Carolina, USA

MILLER, ROBERT A. Department of Pediatrics, Chicago Medical School, Cook
County Hospital, Chicago, Illinois, USA

MoLINA, J. ERNESTO. Mayo Building, University of Minnesota Hospital,
Minneapolis, Minnesota, USA

MOLLER, JAMES H. University Hospitals, Minneapolis, Minnesota, USA

Momma, Kazul. The Heart Institute of Japan, Tokyo Women’s Medical
College, Shinjuku-ku, Tokyo, Japan

Mori, CHuUZzoO. Department of Pediatrics, Shimane Medical University, Izumo,
Japan

Morikawa, YosHIYUKI. College of Physicians and Surgeons, Columbia
University, New York, New York, USA

MuLLINS, CHARLES. Baylor College of Medicine, Houston, Texas, USA

MunNoz, SIMON. Apartado 47037, Caracas, Venezuela

Munoz, AGUSTIN. Puerto Rico Society of Cardiology, Santa Maria, Rio
Pedras, Puerto Rico

MurPHY, JoHN. Children’s Hospital of Philadelphia, Philadelphia,
Pennsylvania, USA

MurpHY, DANIEL J. Texas Children Hospital, Houston, Texas, USA

MUSTER, ALEXANDER J. The Children’s Memorial Hospital, Chicago, Illinois,
USA

NADAL-GINARD, BERNARDO. Children’s Hospital, Boston, Massachusetts, USA

NaDAS, ALEXANDER S. Children’s Hospital, Boston, Massachusetts, USA

NakaNisHI, TosHiO. Heart Institute of Japan, Tokyo Women’s Medical
College, Tokyo, Japan

NAYLOR, DEBORAH J. The Johns Hopkins Hospital, Baltimore, Maryland, USA

NEDELJKOVIC, VLADISLAVA. Mother and Child Health Institute, Novi Beograd,
Yugoslavia

NEeiLL, CATHERINE. The Johns Hopkins Hospital, Baltimore, Maryland, USA

NEWBURGER, JANE W. Department of Cardiology, Children’s Hospital, Boston,
Massachusetts, USA

NiHiLL, MICHAEL R. Pediatric Cardiology, Texas Children’s Hospital,
Houston, Texas, USA



xliv Presenters

NIHOYANNOPOULOS, JOHN. Aghia Sophia Children’s Hospital Athens, Greece

NiHoyAaNNopouLOS, P. RPMS, Hammersmith Hospital, London, England

NisHIKAWA, TosHIO. Department of Pathology, Tokyo Women’s Medical
College, Tokyo, Japan

NoGUIERA, NADIA. New York University Medical Center, New York, New
York, USA

NOONAN, JACQUELINE A. University of Kentucky, Lexington, Kentucky, USA

Norwoobp, WiLLiaM T. Children’s Hospital of Philadelphia, Philadelphia,
Pennsylvania, USA

Nourl, SoraYA. Cardinal Glennon Children’s Hospital, St. Louis, Missouri,
USA

NUGENT, EL1ZABETH. Department of Pediatrics, Emory University School of
Medicine, Atlanta, Georgia, USA

OBERHANSLI, INGRID. Pediatric Cardiology, Hopital Cantonal Universitaire,
Geneva, Switzerland

OH, JAE K. Mayo Clinic, Cardiovascular Division, Rochester, Minnesota, USA

OHTAKE, SHIGEAKI. Division of Cardiovascular Surgery, Children’s Medical
Center/Osaka, Osaki, Japan

Onrtsu, Eul. Department of Pediatrics, Kitasato University, School of
Medicine, Sagamihara, Japan

OkisHIMA, TAkKAHIRO. Department of Pediatrics, Miyazaki Medical College,
Miyazaki-gun, Miyazaki, Japan

OkuNI, MasaHIKO. Department of Pediatrics, Nihon University School of
Medicine, Tokyo, Japan

OLIVEIRA, ALBERTO. Rua Paula Freitas 89, Rio de Janeiro, Brazil

OLLEY, PETER. Hospital for Sick Children, Toronto, Ontario, Canada

O’NEILL, LINDA D. Babies Hospital, Columbia-Presbyterian Medical Center,
New York, New York, USA

ONo, Yasuo. Department of Pediatrics, National Cardiovascular Center,
Suita-shi, Japan

ONoODA, YosHIAKI. Department of Pediatrics, Nippon Medical School, Tokyo,
Japan

ONoOUCHI, ZENSHIRO. Department of Pediatrics, Aichi Medical University,
Aichi-ken, Japan

OTTENKAMP, JAAP. Department of Pediatric Cardiology, University Hospital,
Leiden, The Netherlands

OvVSEYEVITZ, JACOBO. Instituto Nacional De Cardiologia I, Ignacio Chavez,
Mexico, D.F. Mexico

OYEN, EvA-MARIA. Johanniter Kinderklinik, Sankt Augustin, Federal Republic
of Germany

PacirFico, ALBERT D. University of Alabama in Birmingham, Cardiothoracic
Surgery, University Station, Birmingham, Alabama, USA

PabMavaTi, S. Safdarjung Enclave, New Delhi, India

PARENZAN, Lucio. Department of Cardiac Surgery, Bergamo, Italy

PauL, MiLTON. Children’s Memorial Hospital, Chicago, Illinois, USA

PEARSON, HOWARD A. Yale University Medical School, New Haven,
Connecticut, USA

PELARGONIO, SALVATORE. Catholic University, Via Pineta Sacchetti, Rome,
Italy

PeLTZ, NANCY C. Division of Cardiology, The Children’s Hospital of
Philadelphia, Philadelphia, Pennsylvania, USA



Presenters xlv

PENNINGTON, D. GLENN. St. Louis University Medical Center, St. Louis,
Missouri, USA

PERLOFF, JosePH. Division of Cardiology, University of California, Los
Angeles, UCLA Center Health Science, Los Angeles, California, USA

PerNOT, CLAUDE. University de Nancy, Nancy, France

PETIT, J. Centre Chirurgical marie Lannelongue, Le Plessis-Robinson, France

PFEFFERKORN, JOACHIM. Department of Pediatric Cardiology, Miinster, Federal
Republic of Germany

PieroNI, DANIEL R. 219 Bryant Street, Buffalo, New York, USA

PiNsky, WILLIAM W. Tulane University School of Medicine, New Orleans,
Louisiana, USA

QuERO-JIMENEZ, MANUEL. Central Especial Ramon y Cajal, Madrid, Spain

QUINONES, Jost A. Division of Cardiology, The Children’s Memorial Hospital,
Chicago, Illinois, USA

RaBINOvITCH, MARLENE. Hospital for Sick Children, Toronto, Ontario,
Canada

RADLEY-SMITH, ROSEMARY C. Harefield Hospital, Middlesex, England

RAPHAELY, RUSSELL. Children’s Hospital of Philadelphia, Philadelphia,
Pennsylvania, USA

RAsHKIND, WiLLIAM J. Children’s Hospital of Philadelphia, Philadelphia,
Pennsylvania, USA

RATIB, OsMmaN. Cardiology Center, University Hospital of Geneva, Geneva,
Switzerland

REeMTsMA, KEITH. The Atchley Pavilion, New York, New York, USA

REHMAN, M. National Institute of Cardiovascular Diseases, Karachi,
Pakistan

REeD, LYNNF M. Children’s Hospital, Boston, Massachusetts, USA

REIDENBERG, MARCUS M. Cornell University Medical College, New York,
New York, USA

REITz, BRUCE A. The Johns Hopkins Hospital, Baltimore, Maryland, USA

RicHARD, PaTRrICIA. Yale University Medical Center, Yale New Haven
Hospital, New Haven, Connecticut, USA

RIEMENSCHNEIDER, THOMAS. Rainbow Babies & Children’s Hospital,
Cleveland, Ohio, USA

RITTER, DONALD G. Mayo Clinic, Rochester, Minnesota, USA

RoBERTS, WILLIAM C. National Heart, Lung & Blood Institute, National
Institutes of Health, Bethesda, Maryland, USA

RoBINSON, PETER J. Hospital for Sick Children, London, England

RoBINSON, SAuL. University of California Medical Center, San Francisco,
California, USA

RoBINSON, R. Children’s Hospital Medical Center, Oakland, California, USA

RoccHINI, ALBERT. Ann Arbor, Michigan

Rosg, Eric A. Columbia-Presbyterian Medical Center, New York, New York,
USA

Rosg, VERA. The Hospital for Sick Children, Toronto, Ontario, Canada

RoseN, MICHAEL R. Columbia University Pharmacology, New York, New
York, USA

ROSENTHAL, AMNON. University of Michigan, C.S. Mott Children’s Hospital,
Ann Arbor, Michigan, USA

Ross, DoNALD. 25 Upper Wimpole Street, London, England

Rowe, RicHARD. Hospital for Sick Children, Toronto, Ontario, Canada



xlvi Presenters

RupoLprH, ABRAHAM M. University of California, San Francisco, San
Francisco, California

RupPRATH, GERHART. Pediatric Cardiology, University of Goettingen,
Goettingen, Federal Republic of Germany

RuscHEWSKI, WOLFGANG. Clinic for Thoracic and Cardiovascular Surgery,
Goettingen, Federal Republic of Germany

SADE, ROBERT M. 171 Ashley Avenue, Charleston, South Carolina, USA

SAHN, Davip J. Division of Pediatric Cardiology, University of California, San
Diego Medical Center, San Diego, California, USA

San, Tsutomu. Department of Pediatrics, TOHO University School of
Medicine, Tokyo, Japan

SAKORNPANT, PaNTPIS. Cardiothoracic Unit, Rajavithi Hospital, Bangkok,
Thailand

SAMANEK, M. Center for Pediatric Cardiology, Hospital Motol, Czechoslovakia

SANCHEZ, GUILLERMO R. St. Christopher’s Hospital for Children, Philadelphia,
Pennsylvania, USA

SANDOR, GEORGE G. S. Children’s Hospital, Vancouver, British Columbia,
Canada

SANYAL, SHYAMAL K. Department of Pediatrics, King Faisal University
Medical College, Al-Khobar, Saudi Arabia

SATO, IsaMu. Department of Pediatrics, National Cardiovascular Center, Suita,
Osaka, Japan

Satomi, GENGI. Heart Institute of Japan, Tokyo Women’s Medical College,
Tokyo Japan

SAUER, UrsuLA. Department of Paediatric Cardiology, Deutsches
Herzzentrum, Miinchen, Federal Republic of Germany

ScHENCK-GUSTAFSSON, KARIN. Division of Cardiology, Medical Department,
Huddinge University Hospital, Sweden

SCHIEBLER, G. Department of Pediatrics, University of Florida Medical Center,
Gainesville, Florida, USA

ScHIEKEN, R. Division of Pediatric Cardiology, Richmond, Virginia, USA

SCHLICHTER, ANDRES JORGE. Jose Hernandez 2045, 8° piso “‘D’’, Buenos
Aires, Argentina

SCHREIBER, B. Department of Pediatric Cardiology, Deutsches Herzzentrum
Miinchen, Miinchen, Federal Republic of Germany

ScHwaRTZ, DaviD C. Children’s Hospital Medical Center, Cincinnati, Ohio,
USA

ScHWARZ-MCcGREGOR, DEBORAH. Columbia-Presbyterian, New York, New
York, USA

Scort, LEwis. 111 Michigan Avenue, Washington, District of Columbia, USA

SEALY, WILL C. Medical Center of Central Georgia, Macon, Georgia, USA

SERIEANT, GRAHAM. M.R.C. Laboratories, University of the West Indies,
Jamaica, The West Indies

SERWER, GERALD A. Section on Cardiology, Duke University Medical Center,
Durham, North Carolina, USA

SHAPIRO, STEVEN R. Children’s Hospital, National Medical Center,
Washington, District of Columbia, USA

SHERMAN, FREDERICK S. Division of Pediatric Cardiology, University of
California, San Diego Medical Center, San Diego, California, USA

SHiMizu, TosHio. Department of Pediatrics, National Cardiovascular Center,
Suita-shi, Osaka, Japan



Presenters xlvii

SHOR, ViviaN. 90 High Rock Terrace, Chestnut Hill, Massachusetts, USA

SHOUKRY, IBRAHAM. As Salam International Hospital, Cairo, Egypt

SHuMwAY, NOrRMAN. Department of Cardiovascular Surgery, Stanford
University Medical Center, Stanford, California, USA

Sip1, DANIEL. Service de Chirurgie Cardiaque, Centre Medico-Chirurgical, de
la Porte de Choisy Paris, France

SIKEs, CHERYL J. 1411 E. 49th Street, Chicago, Illinois, USA

SiLBERT, DANIEL. Long Island Jewish Hospital, New Hyde Park, New York,
USA

SILVERMAN, NORMAN H. University of California Medical Center, San
Francisco, California, USA

SiMcHA, ARIE. Hadassah University Hospital, Ein Karem, Jerusalem, Israel

SiNK, JAMES D. Department of Surgery, Duke University Medical Center,
Durham, North Carolina, USA

S1vAKOFF, MARK. Rainbow Babies & Children’s Hospital, Cleveland, Ohio,
USA

SKOVRANEK, JaN. Center of Pediatric Cardiology, and Cardiac Surgery,
University Hospital Motol, Prague, Czechoslovakia

SLoTA, MARGARET C. 160 Western Avenue, Morristown, New Jersey, USA

SMALLHORN, J. F. Division of Cardiology, The Hospital for Sick Children,
Toronto, Ontario, Canada

SmitH, THOMAS W. Brigham & Women’s Hospital, 75 Francis Street, Boston,
Massachusetts, USA

SmitH, Janis B. Children’s Hospital of Philadelphia, Philadelphia,
Pennsylvania, USA

SMITH, RAE NADINE. Medical Communicators & Associates, Salt Lake City,
Utah, USA

SoLpIN, STEVEN J. The Hospital for Sick Children, Toronto, Ontario, Canada

SOMERVILLE, JANE. National Heart Hospital Westmoreland Street, London,
England

Sotos, RicarDo. Instituto Nacional de Cardiologia Ignacio, Chavez, Juan
Badiano 1, Mexico, D.F., Mexico

Soto, BENIGNO. University of Alabama in Birmingham, Birmingham, Alabama,
USA

SpacH, MADISON S. Duke Medical Center, Durham, North Carolina, USA

SPENCER, FRANK C. New York University Medical Center, New York, New
York, USA

STARK, JAROSLAV. Hospital for Sick Children, London, England

STEEG, CARL. Columbia-Presbyterian Medical Center, Babies Hospital, New
York, New York, USA

STEINFELD, LEONARD. Mt. Sinai Medical Center, New York, New York, USA

STEINHERZ, LAUREL J. 1275 York Avenue, New York, New York, USA

STEPHENSON, LARRY W. 3400 Spruce Street, Philadelphia, Pennsylvania, USA

SterBA, RICHARD. The Cleveland Clinic Foundation, Cleveland, Ohio, USA

STEVENSON, J. GEOFFREY. Cardiology, Children’s Hospital, Seattle,
Washington, USA

STRENGERS, J. L. M. Department of Anatomy and Embryology, State
University-Leiden, Leiden, The Netherlands

STRONG, WiLLIAM B. Department of Pediatrics, Medical College of Georgia,
Augusta, Georgia, USA

SUBRAMANIAN, SAMBAMURTHY. 219 Bryant Street, Buffalo, New York, USA



xlviii Presenters

SUEBLINVONG, VIROINA. Department of Pediatrics, Chulalongkorn Hospital
and University, Bangkok, Thailand

SUKUMAR, L. P. Cardiology Department, Christian Medical College Hospital,
T. Nadu, India

SUTHERLAND, G. R. Cardiac Department, Royal Hospital for Sick Children,
Edinburgh, Scotland

Suzuki, ATSUKO. Department of Pediatrics, National Cardiovascular Center,
Suita Osaka, Japan

TADA, Ak1o. Department of Pediatrics, Osaka City University Medical School,
Osaka, Japan

TAkAHASHI, MasaTo. Children’s Hospital of Los Angeles, Los Angeles,
California, USA

TAkAHASHI, OsaHIRO. National Cardiovascular Center, Osaka 565 Japan

TAKAO, ATSUYOSKI. Department of Pediatric Cardiology, The Heart Institute
of Japan, Tokyo Women’s Medical College, Tokyo, Japan

TAKARADA, MasaHATA. Kanagawa Children’s Medical Center, Yokohama,
Japan

TALNER, NORMAN S. Yale University Medical Center, New Haven,
Connecticut, USA

TaNIMOTO, TAKESHI. 3-30 Nakajima-cyo, Naka-ku Hiroshima, Japan

TARANTA, ANGELO. Cabrini Medical Center, New York, New York, USA

Taussio, HELEN B. Crosslands, Kennett Square, Pennsylvania, USA

TAYLOR, JAMES. Hospital for Sick Children, London, England

TEITEL, DAvVID. University of California, San Francisco, California, USA

THIES, WOLF-RUDIGER. University of Diisseldorf, Children’s Hospital, Federal
Republic of Germany

THOMAS, JOHN P. Jr. 1700 West Wisconsin Avenue, Milwaukee, Wisconsin,
USA

THoMAS, LEwis. Memorial Sloan-Kettering, New York, New York, USA

THOREN, CLAEs. Department of Pediatrics, St. Goran’s Children’s Hospital,
Stockholm, Sweden

Tomita, HipesHI. Department of Pediatrics, National Cardiovascular Center,
Suita, Osaka, Japan

DEL TORSO, STEFANO. Ospedale Civile di Padova, Clinica Pediatrica Dell
““Universita’’, Via Giustiniani 3, Padova, Italy

TosHIHIRO, MITOMORI. Department of Pediatrics, National Cardiovascular
Center, Suita-shi, Japan

TrowiTzscH, ECKARDT. Department of Cardiology, Children’s Hospital,
Boston, Massachusetts, USA

TRUSLER, GEORGE A. The Hospital for Sick Children, Toronto, Ontario,
Canada

Tuma, S. Center of Pediatric Cardiology and Cardiac Surgery, University
Hospital Motol, Prague, Czechoslovakia

TyNAN, MicHAEL. Eveline Children’s Department, Guys Hospital, London,
England

UzArk, Karen. C.S. Mott Children’s Hospital, University of Michigan
Medical Center, Ann Arbor, Michigan, USA

VALDES-Cruz, LiLLiaAM M. Division of Pediatric Cardiology, University of
California, San Diego Medical Center, San Diego, California, USA

VAN DER HAUWAERT, Luc G. Department of Pediatrics, Leuven, Belgium



Presenters xlix

VAN Mierop, L. H. S. Department of Pediatrics, University of Florida College
of Medicine, Gainesville, Florida, USA

VAN PraAGH, RicHARD. Children’s Hospital, Boston, Massachusetts, USA

VEASY, L. GEORGE. Primary Children’s Medical Center, Salt Lake City, Utah,
USA

VENABLES, ALEXANDER W. Department of Pediatrics, University Hospital,
Ann Arbor, Michigan, USA

VETTER, VICTORIA L. Children’s Hospital of Philadelphia, Philadelphia,
Pennsylvania, USA

VIGNATI, GABRIELE. Piazza Leonardo Da Vinci, Milano, Italy

VINCENT, ROBERT N. Variety Children’s Heart Centre, Winnipeg, Manitoba,
Canada

VOGEL, MICHAEL. German Heart Center, Lothstrasse 11, Miinchen, Federal
Republic of Germany

VocTt, JoHANNES. Kinderkardiologische Abteilung der, Universitits-
Kinderklinik, Waldweg 33, Gottingen, W-Deutschland, Federal Republic of
Germany

VONGPRATEEP, CHOOMPOL. Heart Association of Thailand, Children’s Hospital,
Bangkok, Thailand

Vosa, CARLO. Via Tasso 426, Napoli, Italy

WAGNER, HENRY. St. Christopher’s Hospital for Children, Philadelphia,
Pennsylvania, USA

WALDHAUSEN, JoHN A. College of Medicine, Pennsylvania State University,
Hershey, Pennsylvania, USA

WANG, ZENG-WEL. 2-5 Wu Hua Road, Shenyang, People’s Republic of China

WARD, O. ConNNOR. University College, Our Lady’s Hospital for Sick
Children, Dublin, Ireland

WasHINGTON, REGINALD L. Children’s Hospital, Pediatric Cardiology, Denver,
Colorado, USA

WEBSTER, HoLLY. 1285 East 3rd Avenue, Salt Lake City, Utah, USA

WEI, X1U-QIN, Department of Pediatrics, Shanxi Medical College, Taiyuan,
Shanxi, People’s Republic of China

WEIDMAN, WILLIAM H. Mayo Clinic, Rochester, Minnesota, USA

WESSEL, HaNs U. Children’s Memorial Hospital, Chicago, Illinois, USA

WESsT, T. DIANE. Department of Cardiology, Children’s Hospital Medical
Center, Cincinnati, Ohio, USA

WETTRELL, GORAN. Department of Pediatrics, Karnsjukhuset, Karn Hospital,
Skovde, Sweden

WHIGHT, CHRISTOPHER. Royal Alexandra Hospital for Children, Adolf Basser
Institute of Cardiology, Camperdown, Sydney, Australia

WHITMER, JEFFREY T. Division of Cardiology, Children’s Hospital Medical
Center, Cincinnati, Ohio, USA

WHITTEMORE, RUTH. Yale University Medical Center, New Haven,
Connecticut, USA

WiLLiams, W.G. (BiLL). Hospital for Sick Children, Toronto, Ontario,
Canada

WiLLiAMS, ROBERTA G. Department of Pediatrics, UCLA Medical Center, Los
Angeles, California, USA

WITSENBURG, M. Sophia Children’s Hospital, Rotterdam, The Netherlands

WoLFF, GRACE S. P.O. Box 520875, Miami, Florida, USA



1 Presenters

Woob, DenNis. Jr. Children’s Hospital of Philadelphia, Philadelphia,
Pennsylvania, USA

YABEK, STEVEN M. Department of Pediatrics, University of New Mexico,
School of Medicine, Albequerque, New Mexico, USA

Yacous, M. H. National Heart Hospital, London, England

YANG, SHIH-YUEN. Shanghai Children’s Hospital, Shanghai, People’s Republic
of China

YANKAH, A.C. Department of Cardiovascular Surgery, University Kiel, Kiel,
Federal Republic of Germany

YouskeF, A. M. Faculty of Medicine, Kuwait University, Kuwait

ZABRISKIE, JOHN B. The Rockefeller University, New York, New York, USA

ZIELINSKY, PauLo. Rua Marques Do Pombal, 788 apt. 104, Porto Alegre,
RS-Brazil 90.00

ZUBERBUHLER, JAMES R. Children’s Hospital, Pittsburgh, Pennsylvania, USA



Noninvasive Diagnostic
Methods



Echocardiography 1985 and Beyond

David J. Sahn

Substantial advances in two-dimensional and Doppler echocardiography in
the last few years have significantly changed the practice of pediatric cardiol-
ogy [1]. High-resolution echocardiography has provided detailed anatomic
diagnostic information that often obviates the need for cardiac catheterization,
especially in infants with heart disease. The addition of quantitative Doppler
velocimetry has provided physiologic information related to pulmonary and
systemic blood flow volume, intracardiac and great artery pressure, and pres-
sure gradients. Additionally, these techniques have proved to be applicable
in the human fetus where they provide information for evaluation, diagnosis,
and management of structural heart disease, rhythm disturbances, or derange-
ments of cardiac function that can be studied in detail as early as the 15th
or 16th week of pregnancy [2]. The purpose of this paper is to review changes
in ultrasound technology that are already occurring and that will probably
provide in the next few years:

1. Higher resolution for fetal and postnatal ultrasound imaging.

2. More dynamic and spatially oriented information about blood flow within
the heart.

3. Information about myocardial structure and function from ultrasound
studies.

4. Safe, reproducible, and quantifiable methods for achieving contrast echo-
cardiography.

5. Expanded roles for echocardiographic investigation at the time of cardiac
surgery.

A short summary of expected changes in these areas will be presented
in this paper.

Resolution

Higher resolution in ultrasound imaging will be gained through increasing
use of higher frequencies for imaging. For mechanical systems, these higher
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frequencies will be combined with annular array technology to provide the
opportunity for three-dimensional dynamic focusing. For phased arrays, tech-
nology now exists for the extreme precision necessary to cut and build the
very small element arrays that are necessary for going to 7.5 MHz, and
newer digital circuits are fast and accurate enough to provide delays for
steering and focusing. Lateral resolution accuracy will probably be doubled
by these efforts. For fetal echocardiography, it is likely that the depths of
interrogation will, to some extent, limit going to very high frequencies unless
the newer transducer materials provide substantially improved sensitivity.
However, large aperature approaches using 128 (or even 256) channels on
sector scanners or linear array technologies can be applied to fetal scanning,
where the maternal abdominal wall is not so window-limiting as the chest
wall [3].

Advances in Doppler

Efforts in beam focusing and defocusing and defocusing will be increasingly
used to improve the ability to tailor the size of sample volumes for pulsed
Doppler. The sample volume can be made small in its lateral dimension by
focusing; it can be made shorter by decreasing either pulse burst or return
sampling time. The samle volume, as an alternate, can be made wider to
improve sensitivity by beam defocusing, or it can be made longer. Beam
defocusing can also provide a range bias to allow selectivity in sampling to
be applied in continuous Doppler as well (Figure 1). A major advance in
Doppler will obviously occur with improvements and wider applications of
the very exciting flow-mapping techniques, which give spatial orientation
to velocity information (Figure 2) [4]. Velocity calculations in these systems
will be more accurate and more discrete. If the mapped information is stored
digitally in real time, rather than just being color-coded, then quantitative
velocity information can be retrieved either in real time or upon study review
to allow calculations and temporal, as well as spatial, integration of velocity.
For instance, flow calculation can be made by a continuous integration of
velocity information over time and space from within a valve orifice; adding
and integrating all of the velocities across the valve orifice regardless of velocity
profile and multiplying them by the changing flow orifice while the flow
orifice is also determined from flow mapping. It is also more likely that
when performed in this fashion, these procedures can be more intelligently
automated. Comprehensive application of Doppler to fetal echocardiography
will provide profiles of systolic and diastolic performance, of right and left
heart flows, and of foramenal shunting, as well as an estimate of placental
function and blood flow [5].
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Figure 1. Doppler interrogation in continuous Doppler mode is performed with a
phased array system that allows the direction of continuous Doppler interrogation
to be steered within the sector. It uses the same transducer for continuous Doppler
as it does for imaging. In the example, a patient with a single ventricle who has
absent pulmonary valve syndrome and substantial pulmonic stenosis and insufficiency
is under study. The pressure gradient across the pulmonary annulus was 100 mm
Hg at catheterization.

Myocardial Characterization

Continued application of computer control of scanning parameters and use
of faster and more powerful computational methods will probably provide
on-line tissue identification by using autocorrelation or spectral solutions of
radio frequency, raw ultrasound frequency-related attentuation measure-
ments. [6]. This technique and image-processing textural analysis approaches
to tissue signature should allow ultrasound devices to display information
related to myocardial architecture as it changes through the cardiac cycle
and information about collagen content, scarring, or myocardial or papillary
muscle fibrosis. Some of the basic scientific work on the ultrasonic characteri-
zation of the ischemic myocardium may become clinically relevant if newer
devices can derive and display this information on-line.
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Figure 2. Example of color Doppler flow mapping shows imaging of a very small
ventral septal defect that is barely discernible on the two-dimensional echo, but the
flow coming towards the transducer color encoded as orange can be clearly seen
coming from the left ventricle into the right ventricle in the short-axis view in the
middle panel. When the sample volume is placed in the area where the shunt has
been imaged on the flow map, the characteristic waveform Doppler of high velocity
turbulent flow coming towards the right ventricle is obtained.
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Contrast Echo

Even in an era of color Doppler, which provides an almost ultrasonic angio-
graphic effect, contrast echo will still be important, since it provides_the
possibility of using indicator dilution approaches either to quantitate regional
flow by echo or to provide information about myocardial perfusion. Of course,
this will not be a result of the older “shake and bubble”” methods for contrast
echo, but it will result from gas-producing, pharmacologically prepared, steri-
lizable, reproducible, and quantifiable echo contrast agents [7]. Polysaccharide
suspension right heart agents fulfilling most of these criteria have already
undergone human testing in Europe and are pending FDA supervised investi-
gation in the United States in our laboratory and other centers. Technologies
involving tailored crystallization procedures to time the dissolution of these
agents in blood, so that their gas release is delayed until they reach the left
ventricle, have already been employed to produce similar contrast agents
capable of traversing the pulmonary vascular bed and producing left heart
echo contrast after intravenous injection.

L2
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Figure 3. Intraoperative echocardiography study shows a combination of imaging
and Doppler in evaluating a patient with obstruction of the anastomosis of a common
pulmonary vein to the left atrium 1 year after a primary repair for TAPVD. In the
intraoperative study performed before the revision of the anastomosis, the connection
of the common pulmonary vein (CPV) to the left atrium appears narrowed. The

Figure 3. Continued
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intraoperative Doppler shows high-velocity “percolating” flow throughout the cardiac
cycle. In the third panel, after the reanastomosis, the phasic nature of flow and
velocities for pulmonary venous flow have normalized, verifying the result of surgery.
Since intraoperative pressure measurements across this area far behind the heart are
difficult, the case serves as an example of the utility of intraoperative imaging and
Doppler.
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Intrasurgical Echocardiography

Advances in resolution and in Doppler flow mapping will be applied with
semiautomated pedal-operated scanners that use small array technologies
to make it easy for the surgeon to derive dynamic information about cardiac
structure and function before and after surgical repairs. This will be used
to clarify and elucidate additional lesions, to evaluate septations and baffling,
to look at function and flow across divided, suspended, and reconstructed
valves, to localize intramyocardial-coursing coronary vessels, and to evaluate
flow in anastomosed coronary vessels (Figure 3). The devices to be used
will be small, gas sterilizable, and easy to operate, and they will provide
dynamic and easily understood displays of anatomy and flow to assist the
surgeon in planning and evaluating cardiac repairs.

Summary

In this era of exploding technology, if one thinks that ultrasound is “down
and out” and has reached the end of its incremental growth curve, one has
only to look (for instance) at the recent introduction of flow-mapping technol-
ogy or the performance of a 7.5-MHz phased array to be reassured of the
potential for continuing major advances in echocardiography. Ultrasound
technology is portable, safe, and relatively inexpensive compared to other
imaging methods, and it will continue its expanding applications in pediatric
cardiology, perinatology, and reproductive and fetal medicine.
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Magnetic Resonance Imaging
of Congenital Heart Disease

Charles B. Higgins and Madeleine R. Fisher

Magnetic resonance (MR) imaging is an entirely noninvasive technique for
the visualization of cardiovascular anatomy, and it is well suited for the
evaluation of congenital heart disease. Clinical MR uses high-strength static
magnetic fields, low-strength changing magnetic fields, and radiofrequency
pulses to generate images of the body with high soft-tissue contrast. However,
to visualize cardiac anatomy, an electrocardiographic (ECG)-gated technique
is necessary for synchronization of the MR pulse sequences to specific phases
of the cardiac cycle. This technique greatly improves cardiac image quality
and provides excellent differentiation of the internal cardiac structures.

Analysis of complex cardiac relationships is facilitated by a series of
transverse images spaninng the base of the heart to the superior aspect of
the liver. This series defines the type of ventricular loop, the relationship
of the atria to the ventricles, the relationship of atria to visceral situs, and
the atrial connections of the systemic and pulmonary veins.

Relationships and Abnormalities of the Great Vessels

Positional abnormalities of the great vessels are clearly demonstrated on
transaxial images. These include anterior and right-sided positions of the
aorta with D-transposition, anterior and left-sided positions of the aorta with
L-transposition of the great vessels, and side-by-side position of the great
vessels with double-outlet right ventricle.

Sagittal imaging is beneficial for defining several of the anomalies involving
the great vessels. The origin of the aorta from the right ventricle and the
pulmonary artery from the left ventricle in patients with transposition of
the great vessels is clearly demonstrated on sagittal images. Both truncus
arteriosus straddling the two ventricles above a large ventricular septal defect
and the origin of the pulmonary artery from the truncus are also well seen
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Figure 1. Parasagittal image demonstrating a juxtaductal type of coarctation (open
arrow). Note the associated poststenotic dilatation of the descending thoracic aorta.

on sagittal images. Sagittal imaging displays the pulmonary annulus in tetral-
ogy of Fallot and the small posteriorly positioned pulmonary artery with
L-transposition. Coarctation of the aorta (Figure 1) is also well seen on the
sagittal or left anterior oblique images.

Ventricular Abnormalities

Magnetic resonance consistently demonstrates ventricular septal defects.
These include defects of both the inflow (posterior) and outflow (anterior)
portions of the septum, which are particularly well delineated on transverse
images. In patients with tetralogy of Fallot and truncus arteriosus, it is possible
to identify large septal defects, and their positions are localized beneath the
aorta and the truncus, respectively. Even small ventricular septal defects
are identified on transverse images as abrupt truncations of the septum com-
pared to the usual appearance, where the septum is seen to smoothly taper
from the muscular into the membranous portion. Delineation of the common
ventricle with a rudimentary septum and a single ventricle with a hypoplastic
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Figure 2. Transverse image through the midportion of the heart in a patient with a
secundum atrial septal defect (curved arrow). An abrupt transition is visualized be-
tween the atrial septum and the defect. The connection of the left lower pulmonary
vein to the left atrium is demonstrated (open arrow).

inverted right ventricular outflow chamber is possible on transverse and co-
ronal images.

As a consequence of the superb natural contrast provided by rapidly flowing
blood in the cardiac chambers, dilatation and hypertrophy of the ventricles
are readily apparent on transverse images, as is the severity of right ventricular
hypertrophy seen in patients with Eisenmenger’s syndrome, tetralogy of Fal-
lot, and transposition of the great vessels. Contour alterations of the ventricles
are also found in association with some congenital complexes; the normal
elliptic contour of the left ventricle is altered by reversal of the septal curvature
in patients with transposition and an intact ventricular septum and in those
patients with Eisenmenger’s complex.

Atrial Abnormalities

Atrial septal defects are well defined on transverse images. In the secundum
type, the cranial portion of the atrial septum is clearly visible, as is the
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residual septum adjacent to the central portion of the septum, where signal
dropout is occasionally observed (presumably the region of the fossa ovalis).
The caudal portion of the atrial septum is absent and the inflow ventricular
septum is truncated on transverse images in primum atrial septal defect.
Additionally, in patients with atrial septal defects, it is possible to assess
the pattern of drainage of the pulmonary veins, which may often be anomalous.

Conclusion

The apparent advantages of MR are its capability to provide a large field
of view, the clear definiton of the endocardial interface with the cardiac
walls, and the superb demonstration of the main and central pulmonary
arteries. This is important in evaluating pulmonary atresia and some forms
of truncus arteriosus. The ultimate role of MR in relation to other modalities
for the evaluation of congenital heart disease remains to be determined.



Cardiac Imaging:
How Many Dimensions?

Paul H. Heintzen

The problem of imaging is handled both by artists and by engineers. Mondrian
was asked for a painting for the town hall of Einthoven. The canvas contained
two bars that were precisely perpendicular (Figure 1). His hidden message
was stay upright, be clear and correct, put things in right lines and perspec-
tives, and make concise, simple, and clear decisions. He presented a complex
idea in the simplest manner. Engineers handle the problem of simplification
of complex data by electronic filtering. The fundamental principle involved
is selection—separating wanted from unwanted, relevant from irrelevant infor-
mation to enhance the message. This can be achieved by abstraction or by
filtering. The cardiac imager must follow this process: 1) to handle and digest
the overwhelming and often confusing amount of data, information, and
messages, and 2) to concentrate and enhance the relevant information and
messages without paralyzing our brains or computers by overloading them.
Order is obtained by selection, segmentation, subtraction, comparison, and
similarity detection, separation, sorting, and classification.

Quantitative angiocardiographic image processing requires advanced bioen-
gineering technology.

Problem 1

X-ray equipment was not designed for quantitative measurements. There
are marked and irregular fluctuations in brightness recorded on the output
screen of an image intensifier. We studied radiation and brightness pulses
under all possible conditions and at all sites of the X-ray image intensifier
television chain. This led to the high-voltage radiation and brightness stabiliza-
tion that are now standard features of most modern X-ray equipment.
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Figure 1.

Problem 2

The laws governing X-ray attenuation by contrast material were not quantita-
tively established. When studying this relationship under all possible condi-
tions, we found that X-ray absorption was characterized by a phenomenon
that has been graphically symbolized by Hartung—a pioneer abstract artist
who painted an asymptotic line reflecting many physical and biological phe-
nomena (Figure 2). Its slope is decreasing, but it never falls completely to
the ground.

Scientists do not like such curved exponential or power functions. They
prefer to deform the coordinate system (single or double logarithmic), trying
to convert charming curves into straight lines. We have “straightened” the
lines obtained by transmission studies, defined the conditions under which
Lambert Beer’s law could be applied in X-ray densitometry, and started
quantitative roentgen-densitometric studies. Using experiences from dye dilu-
tion, we started to study quantitative cinedensitometry using the television
chain by converting brightness into an electrical signal. Vasarely depicted
in an attractive way the possibility of representing three-dimensional objects
from a stack of slices (Figure 3). In videoangiocardiography, the horizontal
information is continuous, but there are spaces between the lines that cause
a different vertical and horizontal “resolution.” Using the sphere for cali-
bration, the “shape” of the object imaged can be derived.

Videodensitometry, which is based on temporal density changes, can be
used for quantitation of ejection fraction, cardiac output or index, and end-
systolic and end-diastolic volume. The most helpful clinical application is
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in quantitation of valvular regurgitation, particularly at the pulmonic and
aortic valves. Videometry uses computer manipulation or biplane cineangio-
grams. Buchholz illustrates that an object may look like a sphere en face,
but from another angle, it might be very flat (Figure 4). Biplane images,
stored on analog tape or disc, are used to determine volume slices. These
can be filtered and the computer can be manipulated to obtain left and right
ventricular end-diastolic and end-systolic volumes. Combined determination
of pressures and volumes, wall thickness, and derived parameters, such as
muscle volume index, have had great clinical value in helping to determine
the adequacy of the left ventricle for the arterial switch procedure for transpo-
sition of the great arteries.

In digital angiocardiography, color resolution is combined with spatial
and density resolution. By analog-to-digital conversion, the analog voltage
is transferred into a matrix of discrete values; an array of picture elements
in the form of small cubes called pixels. Jasper Johns has created a well-
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known picture of a matrix of colorful numbers (Figure 5). Digitization may
deteriorate image quality, but the proper selection, rotation, and computer
manipulation can yield highly accurate images. The development of this tech-
nology in our laboratory has led to digital subtraction angiography, image
combination and synthesis that allows the simultaneous display of dextro-
and levocardiograms recorded sequentially, and methods for left ventricular
muscle mass determination, myocardial perfusion, and wall motion studies.

Functional or parametric imaging may be achieved if the whole angiocardi-
ographic image series is digitized. The stored data represent a matrix of
pixel-densograms, with each comparable to a small videodensitometric win-
dow. By computer selection of appropriate pixels, low patterns can be detected
and flow can be calculated. This has been applied in pediatric cardiology
to quantitate flow through aortopulmonary anastomoses and several other
vessels.

Figure 5.
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What Is the Future of Imaging?

Cineangiocardiography will be replaced by electronic imaging techniques,
because cineangiocardiography has largely replaced full-size angiocardiogra-
phy. Technology will soon be available for the filmless laboratory. Then,
with less contrast material and less radiation, we will obtain (in addition to
our current information) better images and more quantitative information.
Returning to the Mondrian message: complex things must be well prepared
and organized; they must be brought and kept in strict order and the right
perspective.



Fetal Echocardiography:
A 7-Year Experience

Charles S. Kleinman and Joshua A. Copel

During the past several years, noninvasive imaging techniques have, for the
first time, made prenatal diagnosis of heart disease a reality. The pediatric
cardiology community is now faced with the clinical, moral, and ethical
problems that attend the identification and management of fetal disease. We
have found ourselves faced with such questions as: Who should have these
studies performed? Who should perform them? Of what use is the information
so obtained?

We present a 7-year experience from the Yale Fetal Cardiovascular Center
in the hope that this information will provide a perspective that may, in
part, answer these questions.

Structural Heart Disease

Using commercially available m-mode, two-dimensional, and pulsed Doppler
echocardiographic equipment (Hewlett-Packard 77020A phased array scan-
ner; Advanced Technology Laboratories MK600 mechanical scanner), ap-
proximately 2200 patients have undergone fetal ECHO study during a 7-
year period. During the first 2-3 years of this experience, we were investigating
the feasibility of imaging the fetal heart and had ill-defined criteria for identify-
ing the “at risk” population. During this 7-year period, 51 fetuses were identi-
fied to have major abnormalities of cardiac structure and/or position (Table
1). A review of the prenatal-cardiac diagnoses to date provides several impor-
tant insights. There is an obvious weighting toward “major” cardiac malfor-
mations involving the “central fibrous body” (including complete atrioven-
tricular (AV) septal defects and/or splenic syndromes); defects that impart a

This work was supported by Clinical Research Grant #6-225 of The March of Dimes Birth
Defects Foundation, White Plains, New York.
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Table 1. Fetal structural heart disease

No. No.
Diagnosis diagnosed surviving
Aortic stenosis 1 0
Atrioventricular septal defect (complete) 6 2
Cardiac tumor 1 0
Cardiomyopathy (diabetic hypertrophic) 3 3
Coarctation of the aorta 1 1
Dextrocardia; no heart disease 1 1
Double-outlet right ventricle 4 0
Ebstein’s malformation tricuspid valve 5 0
Ectopia cordis 4 0
Hypoplastic left heart 2 0
In utero closure of foramen ovale 1 0
Myocardial infarction 1 0
Pulmonary atresia intact ventricular septum 1 1
Pulmonary stenosis 1 0
Pulmonary valve—absent 1 1
Single ventricle 2 0
Splenic syndromes 6 1
Asplenia (4)
Polysplenia (2)

Tetralogy of Fallot 3 1
Thoracopagus twins 2 0
Transposition of the great arteries 1 0
Tricuspid atresia 2 1
Truncus arteriosus 1 0
Ventricular septal defect 1 0
Total 51 12

major impact on relative ventricular dimensions (e.g. hypoplastic right or
left heart, Ebstein’s malformation) and/or great arterial malposition (e.g.,
double-outlet right ventricle, Tetralogy of Fallot, truncus arteriosus). Hence,
rather than representing a cross-section of the incidence of congenital heart
disease (CHD) in the general population, our experience demonstrates (due
to selection criteria of the population under study and the sensitivity of the
imaging technique) a weighting toward malformations that have major struc-
tural impacts on the developing heart. As might be expected, the mortality
rate in this population has been quite high (76%). Five of the 39 fetal deaths
were the result of therapeutic termination of pregnancy (three cases with
Ebstein’s disease; two with complete AV septal defect). In 32 of the remaining
34 cases that resulted in fetal or neonatal demise, aggressive efforts at medical
and/or surgical treatment were unsuccessful. In the other two cases, the
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parents chose to refuse operative delivery; these hydropic fetuses were stillborn
or died in the immediate neonatal period. Sixteen of the 51 fetuses were
hydropic at the time of delivery. None of these fetuses survived, despite
vigorous therapy in 14 of the 16 cases. Of the 12 surviving patients from
our population of 51, five were “ductus-dependent” for pulmonary or systemic
blood flow and received prostaglandin E,; therapy from the time of delivery
through their successful surgical palliation.

In a prospective survey during the past year, 300 fetal echocardiograms
were performed in 266 patients. The largest single indication for study was
a history of congenital heart disease in a previous child (84), in the pregnant
woman (18), or in a more distant relative (10). Only one case of congenital
heart disease was found in this group of patients. No congenital malformations
were found in the fetuses of 33 diabetic mothers, although two of these
fetuses had hypertrophic cardiomyopathy. Of 16 patients who were exposed
to potential cardiac teratogens during the first trimester, a single case of
Ebstein’s malformation was diagnosed (in a fetus exposed to lithium carbon-
ate).

A total of five patients with documented trisomy 21 were scanned, one
of whom had a complete AV septal defect. An additional patient, scanned
due to maternal polyhydramnios and fetal hydrops, was found to have a
complete AV septal defect, with trisomy 21 subsequently documented at
genetic amniocentesis.

Fifty percent of the patients (5 of 10) scanned due to a suspicion of abnor-
mal cardiac structure on general obstetric scan were found to have congenital
heart disease. Another group with a high frequency of abnormal cardiac
scans contains patients with previously documented extracardiac anomalies.
We found cardiac anomalies in one of four with ventral wall defects and in
one of three with gastrointestinal anomalies. Only one of eight fetuses with
hydrops fetalis in the past year had structural heart disease; two additional
cases with sustained tachycardia were identified.

Fetal Cardiac Arrhythmias (Table 2)

During the past 7 years, 199 patients with fetal cardiac arrhythmias have
been examined. Of these patients, 164 had isolated extrasystoles. In only
14 of these (9%) did the extrasystoles persist beyond the fifth postnatal day.
There were 35 of our patients with sustained fetal arrhythmias. In 15 of
these cases, sustained supraventricular tachycardia was diagnosed.

The latter group represents the first success that we have had in the prenatal
diagnosis and treatment of fetal heart disease. These patients ranged from
19-34 weeks gestation, and all but one was hydropic at diagnosis. Using
maternally administered antiarrhythmic therapy consisting of digoxin, either
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Table 2. Fetal cardiac arrhythmias

No.
Arrhythmia diagnosed
Isolated extrasystoles 164

Supraventricular (145)
Ventricular (19)
Supraventricular tachycardia 1
Atrial flutter
Atrial fibrillation
Ventricular tachycardia
Second-degree AV block
Complete heart block
Sinus bradycardia

Total 199
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alone or in combination with verapamil or propranolol, the arrhythmia was
controlled in utero in all but one patient. The latter patient responded to
antiarrhythmic therapy after premature delivery at 34 weeks gestation.

Conclusion

We have concluded that fetal echocardiography is a technique that may
identify major forms of structural heart disease during the second and third
trimesters of pregnancy. While it is unrealistic to perform detailed echocardio-
graphic studies as a routine part of all obstetric ultrasound scans, the high
percentage of patients identified on the basis of suspicious general obstetric
scan and/or the identification of extracardiac anomalies demonstrates the
importance of encouraging a close consulting relationship between obstetri-
cians performing general screening examinations and pediatric cardiologists
with an interest in echocardiography and fetal cardiology. If one hopes to
identify most major forms of CHD that will have an impact on immediate
neonatal survival, in particular those malformations with “‘ductus-dependent”
pulmonary or systemic blood flow, the single most useful view (and fortunately
the easiest to obtain) is the four-chamber view of the fetal heart. In this
view, relative ventricular dimensions and the integrity of the central portion
of the fetal heart are evident. This view would have detected all of the poten-
tially lethal forms of CHD that were encountered in our laboratory during
the past year.

The high incidence of detectable fetal heart disease in certain patient groups
(e.g., aneuploidies, 16%; extracardiac structural anomalies, 26%; suspected
cardiac anomalies, 50%; and maternal ingestion of cardiac teratogens, 6%)
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have convinced us that prenatal evaluation should not be considered complete
in these subpopulations unless fetal echocardiography is included in the assess-
ment. We also believe that while the percentage of positive scans is smaller
in the subgroups with family histories of congenital heart disease or maternal
diabetes mellitus, these groups are at higher than average risk for fetal cardio-
vascular disease; fetal echocardiography should ideally be available in such
cases.

The potential for identifying abnormalities of cardiac structure, rhythm,
or function that are potentially treatable in utero makes fetal echocardiogra-
phy essential in fetuses with arrhythmias and/or nonimmune hydrops.

While remaining a challenging discipline that offers new methods for clini-
cal investigation of the developing cardiovascular system, fetal echocardiogra-
phy, during the past several years, has evolved from a purely “research tool”
into an important component of perinatal assessment and management.
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Fetal Echocardiography

L.D. Allan, D.C. Crawford, and M.J. Tynan

Over a 5-year period, 2000 pregnancies have been examined prenatally by
echocardiography. Normal cardiac connections can be established in every
case prior to 20 weeks gestation. Accurate measurements of intracardiac
chambers can be made by m-mode echocardiography. The velocity of blood
flow through the heart can be measured by Doppler evaluation.

Only pregnancies at increased risk for congenital heart disease are now
selected for study. These include those with a family history of congenital
heart disease, maternal diabetes, exposure in early pregnancy to teratogens
such as phenytoin, lithium, or rubella, and pregnancies where an abnormality
has been identified that has a known association with structural heart disease;
for example, an extracardiac structural fetal anomaly, a fetal arrhythmia,
or nonimune fetal hydrops. An increasing number of referrals are cases where
the ultrasonographer suspects a cardiac malformation on a routine antenatal
scan.

Structural heart disease can be accurately delineated from 16 weeks gesta-
tion up to term. Image quality will be diminished by maternal obesity, oligohy-
dramnios, and late gestation, rendering precision in diagnosis more difficult
in such cases. The distortion of intrathoracic contents that occur in, for
example, pleural effusions or diaphragmatic hernia can also limit diagnosis.
Sixty-five cardiac abnormalities have been correctly identified. These include
tetralogy of Fallot, 6; coarctation/interrupted arch, 7; atrioventricular septal
defects, 11; isolated ventricular septal defects, 6; hypertrophic obstructive
cardiomyopathy, 6; hypoplastic left heart syndrome, 5; Ebstein’s anomaly,
4; mitral atresia DORYV, 5; and miscellaneous other complex combinations
of anomalies.

The incidence of anomalies in the referred pregnancies has increased stead-
ily since the start of the study: 1980, 3; 1981, 7; 1983, 12; 1983, 24; and 8
in the first 2 months of 1985. This partly reflects an increased number of
referrals (190 in 1982, 266 in 1983, and 385 in 1984), but also a greater
awareness of very high-risk groups such as extracardiac fetal anomalies or
fetal hydrops. Increasingly, cardiac scanning is included in routine obstetric
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scanning; a high incidence of cardiac anomaly is confirmed when suspected
by the referring ultrasonographer.

No major false-positive diagnoses have been made. Three abnormalities
of connection were overlooked early in our experience. Five minor abnormali-
ties have been overlooked: atrial septal defect, 1; ventricular septal defect,
2; discrete coarctation, 2. Such anomalies, although sometimes detectable,
may be impossible to exclude.

Thirty-four pregnancies have been terminated because of the complexity
of congenital heart disease (13) or because of associated extracardiac anomalies
(21). Of the remaining 31 cases, there are only two survivors, which is partly
due to the high incidence of associated anomalies, but mainly due to the
severity of congenital heart disease detected by the technique.



Two-Dimensional Echo Doppler
Characterization of Right and Left
Ventricular Flow in the Human Fetus

E.J. Meijboom, M.C.H. De Smedt, G.H. Visser, T.J. Ebels,
and D.J. Sahn

Ultrasound accompanied by advanced technology has allowed noninvasive
assessment of the human fetal heart and circulation. Enormous progress has
been made in antenatal diagnosis of congenital heart disease and in the recogni-
tion of abnormal flow patterns that are related to severe disturbances of
the fetal circulation. The purpose of this investigation was to extend our
information about the fetal circulation by obtaining quantitative data on com-
bined ventricular output and the relationship between right and left ventricular
output in a longitudinal study of the normal human fetus.

Methods and Materials

Thirty-four uncomplicated pregnancies were followed from 1640 weeks ges-
tation by 250 serial two-dimensional Doppler echocardiograms. The fetus
were dated by crown rump length, biparietal diameter, and first day of the
last menstrual period. A 3- or 5-MHz pulsed Doppler sector scanner (ATL
600) provided two-dimensional cardiac images and Doppler velocity shift
recordings. During the investigation, the mothers lay in a semirecumbent
position. The transducer placed on the maternal abdominal wall was oriented
in a transverse fetal plane to produce an apical four-chamber view of the
fetal heart; then right and left ventricles and atria were identified Tricuspid
and mitral Doppler velocity shift recordings were obtained in this view by
positioning the Doppler sample volume in the center of the atrioventricular
valve orifice at the ventricular side just beyond the valve. The angle between
the Doppler interrogation beam and the direction of flow was measured and
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was kept as small as possible. In all studies, measurements obtained at angles
over 30° were rejected. The areas of flow at the atrioventricular orifice were
derived from the diameters of these orifices, which were measured on the
apical four-chamber view freeze-frames. The insertions of the atrioventricular
valve leaflets in the atrioventricular fibrous body are clearly visible on these
freeze-frames as bright echo-dense clots. Blood flow was calculated for both
ostia with the formula:

VXA
Blood flow = Y
cos 0

in which V is the mean temporal velocity in cm/s™1, A is the area of flow
in cm?, and 0 is the angle between the Doppler interrogation beam and the
direction of blood flow.

Results

Mean temporal velocities, areas of flow, and calculated blood flow (mean
and standard deviation) during pregnancy are shown in Table 1.

Right ventricular velocities were always greater than left ventricular veloci-
ties.

Intercept angles did not change over pregnancy (mean, 11° * 8° 50).
The ratio between right and left ventricular output changed from 1:32 at
22 weeks to 1:17 at 38 weeks.

Combined ventricular output divided by the estimated fetal weight yielded
250 ml/min/kg, and it stayed constant during pregnancy. The combined
ventricular output at the end of the pregnancy was 2 liters/min.

Maximal velocity for the mitral valve was 41.9 ml/min (range, 36-54
cm-s™!), and it was higher for the tricuspid: 48.8 cm-s~! (range, 32-63
cm-s™t).

Flow velocity curves obtained at the atrioventricular valves differ consider-
ably from those of the great arteries. The curves have a biphasic character,

Table 1.

MTV (cm-s™?) Area (cm?) Q (ml/min)

Site 22w 38w 22 w B w 22 w 38 w

MV  11*2 162 0.13+£0.04 0.99+0.21 93 +37 872 £250
TV 12£2 162 0.17x0.06 124=*0.16 123+40 1024 +280

MYV, mitral valve; TV, tricuspid valve; MTV, mean temporal velocity; Q, blood flow; and w,
weeks gestation.
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with an early passive part (“E” wave) and a late postatrial contraction part
(“A” wave). After birth the E wave dominates a much smaller A wave. In
the fetus, a reverse pattern is shown with a small E wave, as compared to
the A wave. With progressing gestation, however, the E wave increases and
the ratio between early and late velocity (E/A ratio) for the left heart changes
from 0.60 = 0.09 at 23 weeks to 0.93 = 0.16 at 39 weeks; for the right
ventricle, these values are 0.68 = 0.07 and 0.92 * 0.07, respectively.

Discussion

Our study indicates that measurements of flow over the fetal tricuspid and
mitral orifice are possible, and that differences between right and left ventricu-
lar output are distinguishable.

Recordings of Doppler velocity shift are possible early in pregnancy and
yield measurements with acceptable reproducibility (SEM < 5%). The record-
ings show a minimal spectral broadening that suggests a flat flow profile;
therefore, it allows us to use the mean temporal velocity in our formula.

The area of flow as calculated in our study from the orifice diameter
certainly represents the most important source of error in the flow calculations.
The assumption of circular shape orifices is one source; the actual measure-
ment is the second. Errors of this measurement will be squared in the formula;
in a separate study, they yielded a variability of 11% (SEM) when measured
from one cardiac cycle and 3.4% (SEM) from 10 consecutive cycles. In
our fetal study, we measured five diameters. Finally, limited lateral resolution
(< 0.3-6 cm in depth) will systematically produce an underestimation of
the area of flow.

Combined ventricular flow increases during gestation, whereas flow related
to estimated fetal weight stays relatively constant. Differences between right
and left ventricular velocities and flow are a constant feature (the right being
higher than the left) until the end of gestation, where they become almost
equal. Their relationship differes from the relationship found for the fetal
lamb (1.8:1), which is most likely due to a larger brain mass in the human
fetus.



Evaluation of the Cardiovascular Blood
Flow in the Fetus by Color Flow Mapping
Doppler Echocardiography

T. Motoyama, S. Kyo, R. Omoto, T. Ishida, S. Shimizu,
and H. Koshizuka

Evaluation of the fetal circulation by conventional pulsed Doppler has several
difficulties in total visualization due to small heart size, rapid fetal rate, and
motion of the fetus in the uterus [1]. Newly developed real time two-dimen-
sional Doppler echocardiography (2-D Doppler) has been demonstrated to
be advantageous in visualizing the cardiovascular blood flow in the newborn
and premature infants without any sedation [2]. To demonstrate the usefulness
of 2-D Doppler in the evaluation of fetal circulation, we examined 14 normal
pregnant women (19-33 years old) with average gestational ages of 31 weeks
and 1 day (28-39 weeks). Three fetuses took the sacral position. The 2-D
Doppler evaluation of fetus cardiovascular circulation was performed every
other week on these cases until delivery. Within 1 week after delivery, the
cardiovascular system of the newborns was also evaluated by 2-D Doppler.

Results and Discussion

By 2-D Doppler, we obtained clear total visualization of the blood flow in
the ascending aorta, the aortic arch, and the descending aorta in eight cases
(57%), with an average maximum velocity of 108 cm/s. We were able to
obtain ventricular ejection blood flow images from the ventricular outflow
tract to the ascending aorta in all 14 case (100%). We achieved a clear
cardiac four-chamber view in 11 cases (79%), but we could only demonstrate
the right-to-left intracardiac shunt flow through the foramen ovale in five
cases (36%). In our series, the fetal cardiovascular blood flow images were
most crearly visualized in the middle of pregnancy (28-32 weeks) and in
cases of left occipitoanterior position and right sacroanterior position. In
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Figure 1. Representative umbilical arterial blood flow in the uterus (25 weeks and
6 days). The blood flow toward the transducer is displayed in red and the flow
away from the transducer is displayed in blue.

Figure 2. FFT spectral analysis and M-mode color flow mapping in the same case.
The velocity of the umbilical arterial blood flow is estimated at 60 cm/s.
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all 14 cases (100%), the blood flow in the umbilical vein and artery were
clearly demonstrated even in the middle stage of pregnancy, with obscure
visualization of the umbilical vascular structure (Figures 1 and 2). Seven of
the observed 14 fetuses have been born and are without any cardiac abnormali-
ties, with the exception of a small left-to-right intracardiac shunt flow through
the foramen ovale in the early postnatal stage.

In conclusion, 2-D Doppler can be a useful tool for evaluating the fetal
cardiovascular circulation and can be effective for the early detection of con-
genital heart disease in the fetus.
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A Close Collaboration Between
Obstetricians and Pediatric Cardiologists
Allows Antenatal Detection of Severe
Cardiac Malformations by Two-
Dimensional Echocardiography

L. Fermont, B. deGeeter, M.C. Aubry, J. Kachaner, and D. Sidi

The incidence of cardiac malformation in the population is 0.7%. One third
are severe cardiac malformations that may really benefit from antenatal diag-
nosis. This low incidence does not make a direct antenatal diagnosis by physi-
cian specialists profitable, because adequate and complete study of cardiac
structure by fetal echocardiography is a difficult, time-consuming, and expan-
sive investigation that requires experienced pediatric cardiologists. Therefore,
a selection of patients is necessary.

We report, in this paper, a Parisian experience resulting from a close
collaboration between pediatric cardiologists and obstetricians.

Material and Methods

From 1982-1984, we performed echocardiographies on 695 fetuses (gesta-
tional age is shown in Table 1). These patients were divided in three groups
shown in Table 2:

Group 1 refers to first-intention fetal echocardiography by specialists be-
cause of a familial history of cardiac malformations.

Group 2 regroups high-risk fetuses because of high-risk pregnancy (group
2a), extra cardiac malformation or genetic disease (group 2b), or cardiac
rhythm disturbances (group 2c).

Group 3 refers to a routine obstetric echography screening of about 28,000
pregnant women followed in six centers in or around Paris. Each patient
had at least one echography during gestation, and the obstetricians were
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Table 1.
Gestational age at
first examination

Weeks Number

14-20 62
21-27 223
28-35 333
3641 77

trained to look at the heart in the “four-chamber view.” Abnormal or question-
able cases were all referred to the specialist for complete cardiac evaluation.

Each time a malformation was found, the diagnosis was checked either
by autopsy in case of fetal death or by interruption of pregnancy—either
by neonatal examination including two-dimensional echocardiography. There
was no systematic check of all the babies with normal hearts on either special-
ists’ or obstetricians’ echographies. However, because all serious cardiac mal-
formations from these six centers are referred to our unit, we have an indirect
control on the population as a whole.

Results

Global results for each group are shown in Table 2. In group 1, the incidence
of cardiac malformation was low. There was no false-positive, but we missed
a transposition of the great artery (TGA). In group 2, the incidence was
high, especially in the group with extracardiac anomalies. There was no
false-positive or false-negative. In group 3, the incidence was 13%, and most
of the cardiac malformations were severe and involved atrioventricular (AV)

Table 2. Repartition of the population and incidence
of cardiac malformation®

Number of Number of
patients cardiac malformations
Group 1 203 4
Group a 23 3
b 47 8
c 26 6
Group 3 326 39

a See text for details.
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Table 3. 1984 results of obstetric
screening by centers

N1 N2 N3

Center 1 3,500 7 0
2 1,200 2 0

3 2,000 4 1

4 2,000 3 1

5 1,500 4 1

6 3,500 3 5

Total 11,700 23 8

valves and/or inlet ventricular septum: 5 were hypoplastic left heart; 12
were single ventricle with either mitral atresia (2), tricuspid atresia (4), or
AV canal (4); 5 were AV canals; 3 were Ebstein anomalies; 2 were AV
discordances, 4 were tumors; and 2 were mitral anomalies. Also diagnosed
were 2 tetralogy of Fallot, 2 TGAs, 1 dextrocardia, and 1 aortic stenosis.
There were 2 false-positives (1 tetralogy of Fallot and 1 hypoplastic aortic
annulus) and 6 false-negatives (3 ventricular septal defects, 2 coarctations,
and 1 TGA). Concerning the population screened by the obstetricians, the
results were unequal according to the centers. The 1984 results are shown
in Table 3. We do not have the exact numbers of cases missed in 1982 and
1983.

For the entire group, 13 abortions were performed; always before 28 weeks
gestation; and the diagnosis was always correct.

Discussion

Improvement in ultrasound imaging allows adequate study of cardiac struc-
ture by echocardiography of the fetus as early as 16 weeks gestation [1, 2,
3]. This technique, which was eventually associated with range-gated Doppler,
is extremely useful for the follow-up of high-risk fetuses. It is also psychologi-
cally important for patient with a family history of congenital cardiac malfor-
mation. Actually, with double-checking in case of a positive diagnosis, a
false-positive should be avoided. The real problem in the detection of cardiac
malformations concerns the screening of the general population; that has
to be done by obstetricians by a simple and quick examination. Searching
by the four-chamber view seems to satisfy these two conditions. However,
the examination with this view is limiting; it misses a majority of benign
cardiac malformations and some serious ones such as TGA, tetralogy of
Fallot, truncus arteriosus, or aortic stenosis. Our results are encouraging,
as we detected a majority of serious malformations by studying only 1%
of the population. About three quarters of the malformations were diagnosed
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in 1984 (Table 3); considering the incidence of malformation and the popula-
tion screened, about the same ratio was obtained in 1982 and 1983. Results
are dependent on the quality of the obstetric training shown in Table 3;
therefore, it should still improve by applying the same simple technique.

Conclusion

A routine echographic screening by obstetricians increases the incidence of
severe cardiac malformation in the referred sample to over 10% and allows
a precise antental diagnosis by the specialist in the majority of cases.
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The Investigation of Human Fetal Heart by
2DSS Cardiogram and Comparison with the
Autopsy of Fetal Heart in Midgestation

Xiu-qgin Wei, Y.L. Xing, David Ho, J.L. Li, and H. Yan

Methods

The 2DSS cardiogram in various planes of the human fetal heart (FH) in
42 fetuses of midgestation in utero were observed by two-dimensional echocar-
diographic real-time imaging system (ATL MK 300 with 3.5-MHz Trans-
ducer) from April 1983 to September 1984. An autopsy of these fetuses
were done within 48 hours of induced abortion. Normal development of
FH and detection of cardiovascular malformations by 2DSS Echocardiogram
(2D echo), and comparison with findings by autopsy of FH in midgestation,
could be studied. The data was collected on videotape and analyzed statisti-
cally with a PC-1500 computer.

Pregnant women in midgestation were examined in the decubitus position
before induced abortion. The transducer should be oriented to the left lateral
chest or toward the anterior or posterior chest of the fetus as to obtain the
proper views. Good views in magnified image (2 or 3 times of FH) were
obtained in about 30 minutes. By 2D echo examinations the biparietal or
frontal occipital diameter, length of long bones, circumference of head, chest,
and FH, the thickness of the ventricular walls and ventricular septum, and
the diameter of aorta were measured and compared to autopsy findings.

Materials and Results

In these 42 fetuses, body weight (BW) averaged 503.88 + 268.93 grams.
Thirty four fetuses were under 700 grams and eight were between 700 and
1,200 grams. The heart weights (HW) were 4.12 = 2.33 grams. The HW/
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Table 1. Various views by 2DSS cardiogram (42 fetuses)

Cases
Various views (n) %

Four-chamber View (FCV) 37 88.09

FCV with ascending aorta (AO) 21 (50.00)
Long-axis view of various parts of AO 25 59.52
Short-axis view at level of AO valve 22 52.38
Long-axis view of left ventricle 23 54.75
Short-axis view of both ventricles 5 11.95
Abdominal AO parallels IVC 1 2.38
Left ventricle—Ascending aorta—internal carotid artery 3 7.14
IVC to right atrium 3 7.14

BW ratio was 0.839% = 0.00184%. This ratio was inversely proportional
to fetal age.

Findings of FH by 2DECHO (Table 1)

The circumference of FH along the long axis by 2DSS cardiogram was uni-
formly larger when compared to the circumference of FH by autopsy. This
may reflect that fact that the pericardium was not included in the autopsy
measurement. Several dysrhythmias were found in 14 fetuses (33.33%) by
2DSS cardiogram; they included paraxysmal bradycardia and sinus arrhyth-
mia or arrest seen for a few seconds. Respiratory movements were detected
by 2DSS in 3 cases at 19 or 20 weeks gestation. One had regular chest
movement (16 times/min) for several minutes; the other two were irregular.
Several malformations of FH were found. Three fetuses with an HW of 3.5
grams revealed clear echocardiographic dropout at the atrial septum. Autopsy
revealed patent foramen ovale. Hypertrophy of both ventricular walls and
septum were detected in two fetuses; 1 fetus had tricuspid atresia. All were
confirmed at autopsy.

Conclusions

Kleinman [1], Lange [2], Leslie [3], Sahn [4], and Yamaguchi [5], have re-
ported their results, in comparing 2DECHO findings with autopsy data. In
our studies, the FH was observed by 2D echo in utero and compared with
the results by autopsy of FH after induced abortion. Using high resolution
high sensitivity, and good penetration by 2DSS echocardiography, normal
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development and malformations of FH in utero can be evaluated at midgesta-
tion.

References

1. KLEINMAN CS, HoBINS JC, JAFFE CC, ET AL: Echocardiographic studies of
the human Fetus: Prenatal diagnosis of congenital heart disease and dysrhythmias.
Pediatrics 6:1059, 1980, and Am J Cardiology 51:237, 1983.

2. LANGE LW, SAHN DJ, ALLEN HD, GOLDBERG J, ET AL: Qualitative real-time
cross-sectional echocardiographic imaging of the human fetus during the second
half of pregnancy. Circulation 4:799, 1980.

3. LESLIE J, SHEN S: The human fetal heart in the second trimester of gestation.
Am J Obstet Gynecol 145:321, 1983.

4. SAHN DJ, LANGE LW, ALLEN HD, ET AL: Quantitative real-time cross-sectional
echocardiography in the developing normal human fetus and newborn. Circulation
3:588, 1980.

5. YAMACHI DJ: Ultrasonic evaluation of the fetal heart. Am J Obstet Gynecol 134:422,
1979.



Comparison of Echocardiographic
Assessment in Normal Human
Fetuses with Measurements

from Postmortem Fetal Hearts

Y. Onoda, K. Ninomiya, T. Ishikawa, M. Saito, T. Teshirogi, S. Kamoi,
T. Araki, and I. Nakamura

Many investigations of fetal hearts in animals and autopsy studies of human
fetal hearts have shown right ventricular dominance [1], while others have
not supported-this theory [2]. Also, recent echocardiographic (ECHO) studies
of normal human fetuses have provided conflicting results as to relative ventri-
cular sizes [3, 4]. The purpose of this study is to assess chamber size, architec-
ture, and function of the normal human fetus by ECHO and to compare
these findings with measurements of postmortem fetal hearts.

We preformed two-dimensional echocardiography and two-dimensionally
directed m-mode echography on 168 normal human fetuses, ranging in gesta-
tional age from 20-39 weeks. Left ventricular (LV) and right ventricular
(RV) diameters, septal thicknesses, LV and RV wall thicknesses, right ventri-
cle mitral valve and tricuspid valve dimensions, and aortic diameters all
increased linearly with age (Table 1). However, there was no significant differ-
ence between RV and LV dimensions and wall thicknesses throughout the
gestational study period; the ratios of LV and RV diameter, LV and RV
wall thickness, LV and septal wall thickness, and RV and septal wall thickness
consistently approximated unity (1.01 = 0.07, 0.99 % 0.21, 0.96 * 0.26,
1.01 = 0.28). On the study of 14 postmortem hearts, ranging from 18-36
weeks in gestational age, these intracardiac ratios also remained constant
(1.13 £ 0.15, 0.99 =+ 0.14, 0.90 % 0.09 and 0.97 = 0.16, respectively). The
LV and RV volumes also showed no significant difference, and the ratio
was 1.02 = 0.17. We also calculated LV volumes from the dimensions of
the postmortem hearts by eight mathematic models, which were compared
with the measured LV volumes of the postmortem hearts. The calculated
LV volumes by the ellipsoid model showed the highest correlation with the
measured volumes (Figure 1). Thus, we calculated LV volumes from ECHO
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Figure 1. Calculated vs Measured LV volumes.

measurements by this formula. The LV end-diastolic and end-systolic volumes
increased linearly with age (r = 0.85; r = 0.78),, but LV ejection fractions
and cardiac output per kilogram did not show significant differences through-
out the period (Table 1).

We concluded that left and right ventricles grow linearly with gestational
age, and that the findings from ECHO and from postmortem hearts did
not support the presence of the right ventricular dominance.
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The Uses of Pulsed Doppler Ultrasound
in the Human Fetus

Norman H. Silverman, Claudio Ramaciotti, and Marlene A. Enderlein

High-quality images of the fetal heart obtained in the second and third trimes-
ters of pregnancy can be supplemented by pulsed Doppler ultrasound on
the human fetus [1-7]. We present our experience with 205 fetuses between
18 weeks gestation and term who underwent combined ultrasonography.

Methods

We used ATL Mark 500 and Mark 600 scanner with 3- or 5-MHz transducers
to generate pulsed Doppler images. Doppler insonation was performed as
an integral part of the complete ultrasound examination. Attempts were made
to perform the insonation as close to the flow vector as possible. The scan
line was directed in any position within the sector arc, and the sample volume
range gate was kept at 1.5 mm. All fetal cardiac chambers and vessels were
insonated as part of the examination. Doppler display was conventional,
with flow directed toward the transducer represented above the baseline and
flow away from the transducer represented below the baseline.

Results

Characteristic arterial signals could be obtained from the aorta, pulmonary
artery, and umbilical artery (Figure 1). Venous signals, such as that from

Figure 1. The top frame shows a cross-sectional image in a plane equivalent to the
parasternal short axis showing the cursor and mark of the Doppler sample volume
(bar) in the pulmonary artery (pa). The arrow indicates the direction of blood flow
(abbreviations: ao, aorta, rv, right ventricle). The bottom frame shows the resulting
Doppler spectral output. The scale marker in kilohertz (kHz) is shown. The large
vertical bars indicate 1-second intervals. The direction of blood flow is directed below
the baseline away from the transducer.
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the umbilical vein, are more amorphous (Figure 2). Transatrioventricular
blood flow and, to a lesser extent, atrial flow have characteristic biphasic
flow in diastole related to rapid ventricular filling and subsequently to atrial
contraction (Figure 3). We have recorded abnormal signals with atrioventricu-
lar valve insufficiency in six fetuses (Figure 4). Five had a variety of structural
heart disease and one had complete heart block. In all five, fetal hydrops
was present.

We used arterial Doppler signals to define fetal cardiac arrhythmias. The
heart rate, the present ectopic beats, assessment of postsystolic potentiation,
and the length of the compensatory pause can all be assessed. In six fetuses
with paroxysmal atrial tachycardia, the stroke output per beat was observed
to fall when the tachycardia was initiated. In complete heart block in five
fetuses, intracardiac Doppler was used to define the ventricular and atrial
rate (Figures 4 and 5).

Discussion

Pulsed Doppler ultrasound has been used to evaluate fetal cardiac output;
by defining direction of flow and chamber localization, it has been a valuable
addition in the in utero diagnosis of congenital heart disease. Our study
suggests that pulsed Doppler ultrasound will be useful for determining intra-
cardiac turbulence such as that arising from atrioventricular or semilunar
valve deformities. Doppler has proved to be a valuable adjunct to m-mode
echocardiography in defining fetal cardiac arrhythmias and congenital heart
disease.
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Figure 2. The top frame shows the Doppler sample volume within the umbilical
vein (UV) of a 26-week-old fetus within the liver (abbreviations: LV, left ventricle;
RV, right ventricle). The arrow shows the direction of blood flow. Below is the
resulting, almost continuous flow below the baseline of the umbilical venous signal.
Distal venous signals have characteristic smooth flow and have been used to calculate
cardiac output.



Figure 3. The top frame from a 26-week-old fetus shows the sample volume (bar)
in the tricuspid funnel (TV) between right atrium (RA) and right ventricle (RV).
The aorta (4o) lies posteriorly. The arow indicates the vector of diastolic blood flow,
the resulting Doppler spectral output with venous flow wave (v), and that resulting
from atrial contraction (2). The A wave has a slightly greater frequency shift than
the V wave. The bars indicate diastolic periods with the V and A waves and systolic
period where no flow is recorded.
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Intrauterine Treatment of Fetal Heart
Failure Monitored by Combined Doppler
Ultrasound Technique

G. Lingman, K. Marsal, and N.-R. Lundstrém

Intensified antenatal care and development of ultrasound techniques for rou-
tine use have made possible the intrauterine detection of fetal cardiac arrhyth-
mias, malformations, and failures. Fetal arrhythmias are often found at routine
auscultation of fetal heart sounds; sometimes, fetal heart failure is found to
be associated with a clinically diagnosed polyhydramniosis. The diagnosis
can be confirmed by two-dimensional ultrasound. Intrauterine treatment has
been previously suggested by a number of authors [2-4]. Monitoring of the
therapeutic effects can be done with a new combined ultrasound technique.

Methods and Material

A combined real time and 2-MHz pulsed Doppler ultrasound technique [1]
was used for measurements of blood flow volume in the descending fetal
aorta and for recording blood velocity in the fetal inferior vena cava. This
paper describes three cases of fetal heart failure with different etiologies—
all treated in utero with digoxin administered to the mothers (0.25 mg intrave-
nously twice on the first day, and then 0.25-0.375 mg/day orally).

Case 1

A 37-year-old woman was referred to the hospital because of fetal ascites
and irregular fetal heart sounds detected in the 33rd gestational week. A
congenital heart disease with atrial septal defect and an aberrant inlet of
the superior vena cava with a grade 3 atrioventricular (AV) block were diag-
nosed by ultrasound. It was not possible to draw conclusions on the operability
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Figure 1. Blood flow in the descending aorta of a fetus with total artrioventricular
block (case 1). The shaded area represents the normal range.

of the cardiac malformation. Digoxin treatment was initiated when blood
volume in the descending aorta was decreasing (Figure 1) and the ascites
was aggravated. The flow increased and the ascites was diminished. A circula-
tory well-compensated child was born vaginally at term. However, the antena-
tally diagnosed malformation turned out to be inoperable and the infant
died after 1 week.

Case 2

Fetal ascites was found in the 34th gestational week of an uncomplicated
pregnancy. During a real time ultrasound examination, strong echoes corre-
sponding to the outline of the right heart ventricle were seen, but no other
abnormality of the heart anatomy was seen. Aortic blood flow was very
low, as seen in Figure 2. Digoxin treatment was started without any effect
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Figure 2. Blood flow in the descending aorta of a fetus with endocardial fibroelastosis
(case 2).

on blood flow volume or fetal ascites. The child died in utero in the 35th
gestational week and labor was induced. An autopsy revealed an isolated
endocardial fibroelastosis of the entire right ventricle.

Case 3

Episodes of tachycardia with a frequency of 250-280 beats/min were heard
in the 35th gestational week of an otherwise uncomplicated pregnancy in a
healthy primagravida. Blood velocity recording from the fetal inferior vena
cava showed reflected atrial contractions at a rate of 380 per minute. The
aortic pulse frequency was 190 beats/min, revealing a 2:1 blocked atrial
flutter. No signs of congenital heart disease were found. During the flutter,
the aortic blood flow diminished (Figure 3) and slight fetal ascites occurred.
At this stage, the intrauterine digoxin treatment was started. The heart rhythm
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Figure 3. Blood flow in the descending aorta of a fetus with atrial flutter (case 3).

was normalized within 5 days, but the flutter reoccurred despite the treatment
in the 36th gestational week. The fetal aortic flow diminished again, and
the infant was then delivered by Caesarean section. The infant with atrial
flutter received additional digoxin, and conversion of the rhythm was achieved
after 3 days. The treatment was seponated after 3 months, and the child is
alive and healthy.

Discussion

The improved possibilities of diagnosing fetal heart diseases in utero allows
the physician to consider intrauterine treatment of fetus. The indication for
intrauterine treatment of fetal heart failure has to be individualized, and
the ethical aspects in relation to medical possibilities must be thoroughly
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evaluated. The selection of cases where treatment should be initiated is facili-
tated by the use of combined real time and pulsed Doppler ultrasound tech-
niques for fetal blood flow measurements. A more reliable diagnosis can be
made, and the hemodynamic consequences of an arrhythmia and/or congeni-
tal heart disease can be determined [5].

Recording blood velocities in the inferior vena cava can reflect the atrial
contractions. Atrioventricular (AV) dissociation in cases of AV block (case
1) can be clearly demonstrated, as well as the type of atrial arrhythmia
(case 3). The therapeutic effects of the treatment can be followed and an
optimal timing of delivery can be planned based on the momentary circulatory
state. Satisfactory therapeutic effects of digoxin medication are seen in cases
1 and 3, where increased aortic blood flow followed the digoxin treatment.
In case 2, no therapeutic effect of the treatment was recorded, probably
due to the difficulties in increasing the myocardial function in the presence
of endocardial fibroelastosis. A similar situation is sometimes seen in infants
with this disease [6].

In conclusion, the antenatal ultrasonic evaluation of fetuses with cardiac
abnormalities should include both morphologic and functional examinations
(real time ultrasound, time-motion recording, and blood flow measurement).
This technique facilitates diagnosis and decision making regarding intrauterine
treatment and/or timing of delivery. Furthermore, valuable information is
provided to pediatric cardiologist during early postnatal examination and
treatment.
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The Role of Cross-Sectional
Echocardiography in Children with
Pulmonary Outflow Tract Obstruction

N. Adleman, J.F. Smallhorn, W.G. Williams, and R.D. Rowe

Palliative surgery, in the form of a systemic-to-pulmonary artery shunt, is
still the main form of treatment in neonates and young infants with pulmonary
outflow tract obstruction. Cross-sectional echocardiography (CSE) can accu-
rately define the intracardiac anatomy [1-3]; thus far, however, it has provided
some limitations in assessing the supracardiac structures. Before performing
a shunt, in addition to ascertaining the intracardiac anatomy, it is important
to assess: 1) the laterality of the aortic arch [4], 2) the branching pattern
of the brachiocephalic arteries (BCAs), 3) the confluence of the pulmonary
arteries (PAs), and 4) the size of the subclavian and pulmonary arteries.
This study evaluates the role of CSE in determining these factors.

Infants 6 months of age or younger were considered for this study if
they had undergone CSE assessment for significant pulmonary outflow tract
obstruction during the 2-year period between January 1983 and December
1984. Those who had been previously catheterized were excluded. The CSEs
were reviewed with respect to the intracardiac anatomy, the laterality of
the aortic arch, and the brachiocephalic and branch pulmonary artery origins
and sizes. These were compared to the findings at subsequent catheterization
and surgery, as well as at postmortem examinations when available. All com-
parative measurements were obtained within 1 month of the CSE.

Results

A total of 66 infants ages 1 to 156 days were included. The patients were
subcategorized into 5 groups: 1) tetralogy of Fallot (T/F) or pulmonary
atresia/pulmonary stenosis (PA/PS) with a ventricular septal defect (VSD)
(38), 2) PA/PS with an IVS (13), 3) PA/PS and univentricular connection
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(UVC) (8), 4) PA/PS and VA discordance (2), and 5) PA/PS and atrial
isomerism (5) (Table 1).

Twenty-four patients underwent cardiac catheterization and 55 surgical
procedures within 1 month of CSE. There were six postmortem examinations.

The side of the aortic arch was correctly identified in 62 of 63 cases
(including 12 of 13 cases of right aortic arch). The laterality was not able
to be identified in three cases. As well, two aberrant subclavian arteries were
identified; however, three others were not, including one that composed part
of a vascular ring.

Confluence of the right and left pulmonary artery was identified in 61
of 62 cases, while nonconfluent pulmonary arteries were identified in all
four patients with angiographic confirmation of the latter. The CSE consis-
tently underestimated by 1-2 mm the size of the PAs obtained at surgery.
This is not surprising, considering that the CSE measurement was the internal
diameter, while the surgical measurement represented the external diameter.
When the CSE-obtained dimensions were compared to those obtained at
catheterization, they were invariably within 2 mm of each other, although
one set of measurements was not consistently larger than the other.

The surgically obtained diameter of the subclavian arteries compared favor-
ably to the CSE measurement. The latter tended to be about 1 mm less
than the surgical diameter.

The intracardiac anatomy was reliably demonstrated by CSE in all but
five patients. In one patient, an adequate CSE was not able to be performed.
In three patients, CSE was interpreted as showing the presence of pulmonary
atresia, which was subsequently shown to be critically severe pulmonary
stenosis. In the remaining case, mitral valve stenosis was not recognized
prior to shunt surgery, even with Doppler assessment.

Of the 66 patients, 55 underwent palliative surgery, with 31 having no
prior cardiac catheterization (Table 1). Bearing in mind the limitations of

Table 1. Patient population

Total Total Surg./ Total
patients cath. no cath. surg.
Group 1 (T/F, PA/PS, VSD) 38 12(32%) 25(66%) 32(84%)
Group 2 (PA/PS, IVS) 13 10(77%) 3(23%) 13(100%)
Group 3 (PA/PS, UVC) 8 5(62%) 2(25%) 5(62%)
Group 4 (PA/PS, VA discordance) 2 2(100%) 0(0%) 2(100%)
Group 5 (PA/PS, situs ambiguous) 5 4(80%) 1(20%) 3(60%)
Total 66 33(50%) 31(47%) 55(83%)

Cath., catheterized patients; Surg./no cath., surgery with no previous catheterization; and Total surg.,

Total patients undergoing surgery.

The percentage represents the percentage of the total patients in each group undergoing the indicated

procedure.
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echocardiography, our current policy is to perform cardiac catheterization:
1) in those patients requiring balloon atrial septostomy, 2) where confluent
central PAs cannot be identified, 3) in the presence of PAs with an internal
diameter by CSE less than 3 mm in size, 4) to exclude RV sinusoids in
pulmonary atresia and IVS, or 5) where the laterality of the aortic arch
and the origins of the brachiocephalic arteries cannot be adequately elucidated.
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Subcostal Two-Dimensional
Echocardiography Imaging of Patent
Ductus Arteriosus in Newborns

E. Di Segni, A. Bakst, I. Chetboun, D. David, M. Sharon,
and H. Shapira

The suprasternal and parasternal views are currently used for two-dimensional
echocardiographic imaging of the patent ductus arteriosus (PDA) [1, 2]. In
these views, however, the PDA cannot always be adequately shown. As an
alternative, we developed a new approach for the two-dimensional echocardio-
graphic imaging of the PDA from the subcostal view in newborns.

Thirty patients 5 hours to 2 weeks of age were studied. In 20 cases, confir-
mation of the diagnosis of PDA was obtained at angiography, surgery, and/
or autopsy performed within 48 hours of the echocardiogram. In the remaining
10 cases (seven with persistent fetal circulation, two with hypoplastic left
heart, and one with tetralogy of Fallot), the diagnosis was based on clinical
and echocardiographic data only.

Two-dimensional echocardiograms were performed with an Aloka 700
or 720 mechanical scanner using a 5-MHz transducer. The standard paraster-
nal, apical, suprasternal, and subcostal views were recorded in each case.
For subcostal imaging of the PDA, the transducer was first positioned in
the subcostal short-axis position to visualize the inferior vena cava. The trans-
ducer was then moved slightly to the patient’s left until the descending aorta
was seen. Minor tilting of the transducer from this position revealed the
PDA as a continuation of the pulmonary artery into the descending aorta.

In two patients, the ductus was closed and its absence was diagnosed at
echocardiography. In 28 cases, the PDA was present. It was imaged in the
subcostal view in 25 patients, in the suprasternal view in 19 patients, and
in the parasternal view in 18 patients. The quality of the parasternal images
of the PDA was usually less satisfactory than the subcostal and suprasternal
ones. In the subcostal view, the PDA usually appeared as a slightly curved
vessel continuing from the main pulmonary artery into the descending aorta
(Figure 1). In four cases, however, the ductus looked tortuous. The width
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Figure 1. Two-dimensional echocardiogram in the subcostal short-axis view. The
patent ductus arteriosus is imaged (abbreviations: 4, anterior; AOD, descending aorta;
DA, ductus arteriosus; I, inferior; P, PA, pulmonary artery.

of the ductus varied from 2-8 mm. The ability to visualize the PDA in the
different views did not depend on its size. The patients could be divided
into two groups according to the size of the pulmonary artery. The first
group of 22 patients had either a normal or a large pulmonary artery. In
these patients, the PDA was clearly imaged in the subcostal view in 20
cases, while an adequate image was obtained in the suprasternal view in 14
patients and in the parasternal view in 17 patients. A second group was
comprised of six patients with a small pulmonary artery (pulmonary valve
atresia). In five of them, the PDA was imaged in the subcostal view, but
less satisfactorily than in the suprasternal view. In only one patient of this
group was the PDA imaged in the parasternal view.

Subcostal contrast echocardiography by injection into an arm vein was
performed in eight patients. In cases with pulmonary hypertension sequential
opacification of the pulmonary artery, the ductus and the descending aorta
were shown. In two cases with pulmonary atresia, retrograde filling of the
pulmonary artery through the PDA was clearly demonstrated.

In conclusion, the PDA can be adequately imaged in newborns using a
slightly modified, subcostal short-axis two-dimensional echocardiographic
view. The PDA was detected in 89% of our patients in the subcostal view
and in 67% in the suprasternal view. Parasternal imaging of the PDA, ob-
tained in 64% of our patients, was usually not as satisfactory. Combining
the suprasternal and subcostal views, we obtained a clearly diagnostic image
of the PDA in 100% of cases. It appears from our study that the size of
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the pulmonary artery influenced our ability to visualize the PDA from the
different views. The superiority of the subcostal approach for imaging the
PDA was manifested in the group of patients with a normal or a large
pulmonary artery, while the suprasternal view was better for imaging the
PDA in patients with a small pulmonary artery.

The usefulness of a highly sensitive noninvasive technique for the detection
of a PDA in newborns cannot be overemphasized. In this age group, a PDA
is an important component of various cardiac malformations. the addition
of the subcostal approach for the echocardiographic diagnosis of a PDA
may improve the management of infants with complex cardiac malformations
or persistent fetal circulation.

References

1. SMALLHORN JF, CHUHTA JC, ANDERSON RH, MACARTNEY FJ: Suprasternal
cross-sectional echocardiography in assessment of patent ductus arteriosus. Br Heart
J 48:321-330, 1982.

2. SAHN DJ, ALLEN HD: Real time cross-sectional echocardiographic imaging and
measurement of the patent ductus arteriosus in infants and children. Circulation
58:343-354, 1978.



Lack of Correlation between Clinical Status
and Right Heart Function in Ebstein’s
Anomaly: An Echocardiographic Study

P. Nihoyannopoulos, S. Karas, W. McKenna, and R. Foale

The excellent correlation between the echo description and surgical and post-
mortem findings have established cross-sectional echocardiography as the
technique of choice in evaluating tricuspid valve morphology in patients with
Ebstein’s anomaly. An evaluation of right ventricular function, which is a
potential indicator of prognosis, has not been assessed.

We performed cross-sectional echocardiographic studies in 16 patients with
Ebstein’s anomaly to define the relative sizes of proximal and distal right
ventricular chambers in relation to the three tricuspid leaflets, and also to
relate the right ventricular function to clinical status and outcome.

The patients were 1 day to 25 years of age (median, 8 years); 10 were
male and 6 were female. Eleven were in functional Class I, three in Class
II, and two in functional Class III or IV of the New York Heart Association
classification. For each patient, a complete cross-sectional echocardiographic
examination was performed, with particular attention to right ventricular
views. Ten normal people who had adequate recordings enabling right ven-
tricular measurements were studied for comparison. To best visualize the
total right ventricle with proximal and distal segments, right ventricular inflow
tract and apical four-chamber views were carefully selected to include both
clear definition of the apical region and the location of anomalous tricuspid
valve leaflet insertion.

The irregular geometry of the right ventricle has made accurate volume
determination difficult. To evaluate right ventricular function, we calculated
the fractional area contraction (FAC) as the difference between the end-
diastolic and end-systolic areas normalized to the end-diastolic area that is
assessed from the right ventricular inflow tract and apical four-chamber views.
A joystick-operated cursor was used to planimeter the areas of the right
ventricle, right atrium, and proximal right ventricle in both end-diastole and
end-systole.
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The anterior tricuspid leaflet was abnormal in all patients with various
degrees of tethering, but it was never shown to be displaced. The septal
tricuspid leaflet was displaced in 14 patients by 1-3.6 cm/m? (mean, 2.5
cm/m?). In one patient, this leaflet was attached to the crux chordae at
the same level as the mitral valve, and it had an associated large ventricular
septal defect involving the inlet septum. No septal leaflet tissue was seen in
another patient. The posterior leaflet was identified in all patients from the
right ventricular inflow tract view. It was displaced 1.3-6 cm/m? (mean,
3.4 cm/m?) in 11 patients (69%).

Right ventricular end-diastolic area and FAC were significantly larger
in patients with Ebstein’s anomaly than in normals persons from both right
ventricular views (Figure 1 a and b). The FAC for the total right ventricle
and its proximal right ventricular chamber were similar from both right
ventricular views. It was always positive for the total right ventricle. For
the proximal right ventricular chamber, however, it was negative in those
patients who had end-systolic areas larger than end-diastolic (Figure 2 a
and b). This indicated systolic expansion of the proximal (atrialized) portion
of the right ventricle. Three patients died suddenly. Of these, two had severely
abnormal tricuspid valves and were in functional Class III or IV of the
NYHA classification; the third patient had been asymptomatic, but had severe
tethering of the anterior leaflet (Figure 2 a and b). There was no association
of symptoms, arrhythmia, sudden death, reduced FAC of the total right
ventricle, or paradoxic systolic expansion of the proximal right ventricular
chamber.

Sudden death is the major complication in the management of patients
with Ebstein’s anomaly. In our study, 3 of 16 patients died suddenly over
4 years. Functional characteristics and careful search for arrhythmias during
electrocardiographic monitoring failed to identify those at greatest risk. In
addition, we were unable to demonstrate morphologic or right ventricular
function abnormalities that were particular to those who died suddenly. This
suggests that other factors, such as the propensity to electrical instablity,
may be important.
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Figure 2. Fractional area contraction of the total and proximal right ventricle in
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the (a) apical four-chamber and (b) right ventricular inflow tract views. Abbreviations:
P.RV = proximal right ventricle, SVT = supraventricular tachycardia, and T.RV =
total right ventricle.



Two-Dimensional Echocardiographic
Diagnosis of Vascular Ring in Infancy

James C. Huhta, Howard P. Gutgesell, Michael R. Nihill,
and Dan K. Seilheimer

Stridor due to upper airway obstruction in an infant may have many etiologies,
and one of the most important is vascular ring. Because vascular ring may
result in severe respiratory distress and can be treated surgically, a rapid,
accurate, and relatively nontraumatic, noninvasive method of diagnosis would
be useful. Barium swallow may be nonspecific and angiography may be haz-
ardous, and it requires either arterial or transseptal entry to the left heart.

Two-dimensional echocardiography is accurate in the diagnosis of most
abnormalities of the aorta [1]. It has been used to diagnose double aortic
arch [2]. Therefore, we prospectively evaluated 22 infants (ages 2 weeks to
7 months; mean, 3 months) with stridor to evaluate the diagnostic accuracy
of echocardiography:

(1) to detect vascular ring as the cause of stridor, and

(2) to diagnose the anatomic details of the fourth and sixth aortic arch
derivatives.

Methods

Between July 1982 and February 1985, 22 patients less than 1 year of age
presented at Texas Children’s Hospital with stridor. In a blinded, prospective
manner, each was examined by a pediatric cardiologist (Dr. Huhta or Dr.
Gutgesell) and echocardiographic evaluation was performed using 5- or 7.5-
MH:z two-dimensional scanning (Advanced Technology Laboratories) and
a segmental approach.

Vascular ring was excluded by visualization of both a normal right innomi-
nate artery (Figure 1) and normal origin of the left pulmonary artery and
left ductus arteriosus ligamentum. Pulsed Doppler echocardiography was
used to determine the patency of the vascular ring segments including the
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ductus arteriosus. All 22 infants had confirmation either at surgery or by
angiography for those with vascular ring, or by a negative barium swallow
for the others.

Results

Stridor was due to vascular ring in eight infants (36%). The vascular ring
was due to a double aortic arch in five infants, and a right aortic arch with
both anomalous left subclavian artery and left ductus ligamentum with diver-
ticulum in three infants. In each patient, echocardiography correctly detected
the presence of vascular ring (no false-positives or false-negatives).

Comparing the findings at surgery and catheterization with echocardiogra-
phy, there was no significant error in the diagnosis of anatomic details of
the vascular rings. Two of the infants with vascular ring and a right aortic
arch also had a ventricular septal defect, which was correctly diagnosed by
echocardiography. Surgery was performed for release of the vascular ring,
using echocardiography as the principle diagnostic test in four infants (two
with double aortic arch and two with a right arch and Kommeroll’s diverticu-
lum).

Discussion

Stridor in infancy may have many causes, such as laryngomalacia, prolonged
intubation, choanal atresia, or infection. Until the present, the barium esopha-
gram has been the least traumatic and most useful investigative procedure,
and, in cases of right aortic arch with anomalous subclavian artery, surgery
has been performed without other tests [3, 4]. Angiography of the aorta is
usually reserved for difficult cases, but it may be hazardous and can be incon-
clusive if vessels are superimposed or if one of the arches in double aortic
arch is not patent.

In this study, echocardiography was highly accurate in the detection of
vascular ring, including double aortic arch. Although few false-positive reports
appear in the literature, infants with stridor may be investigated in many
ways, including bronchoscopy, before the correct diagnosis is made. Therefore,
echocardiography should be performed early in the work-up of stridor. We
conclude that a careful segmental approach to the diagnosis of structures
that are involved in a vascular ring can be performed accurately and with
little or no morbidity, even in the very distressed infant. High-resolution
two-dimensional imaging with 7.5-MHz capability is necessary to achieve
these results, and it can allow surgery without other investigations in selected
infants. Where a rare form of vascular ring is suspected [S], angiography
should be performed.
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Contrast Echocardiography in Congenital
Heart Disease: An Underutilized Technique

William A. Lutin, Norman H. Silverman, and Marlene Enderlein

Contrast echocardiography (CE) is a sensitive and safe technique for the
definition of congenital cardiac anomalies. We have used CE in 283 patients
since 1980. To stabilize the microcavitations, 1-2-ml saline boluses were with-
drawn from a bottle of normal saline—to which had been added approximately
0.1-0.5 ml of the patient’s blood obtained on the initial venoclysis using a
3-ml syringe. This contrast medium was then rapidly injected into an arm
or scalp vein, a radial artery, or via a catheter into a central vein, artery,
or cardiac chamber. There was no recognizable complication from CE in
any of the patients studied via this technique.

Twenty-eight (10%) of the studies showed no abnormal result. Atrial septal
defects were present in 43 patients; 35 of these with right-to-left shunts and
eight with left-to-right shunts visualized as a negative contrast jet (Figure
1). Of 35 patients studied up to several years following an intraatrial baffle
procedure, 71% had right-to-left baffle leaks visualized by CE. The proportion
of baffle leaks following Senning or Mustard repair were the same. Of these
35 patients, 15 (43%) had some degree of superior vena cava (SVC) obstruc-
tion demonstrable by CE [1].

When the coronary sinus was enlarged, a left arm injection was performed,
and seven left superior vena cava coronary sinus connections were detected.
In addition, two patients with total anomalous pulmonary venous return to
the coronary sinus were identified by absence of contrast in the dilated coro-
nary sinus [2]. Total anomalous pulmonary venous connection below the
diaphragm was present in 14 patients in whom CE opacified the inferior
vena cava and descending aorta, but not the common pulmonary vein (Figure
2) [3].

At the ventricular level, 21 of 41 patients with native ventricular septal
defects had right-to-left ventricular shunts (Figure 3), and two had left-to-
right shunts visualized with CE. Of 12 patients with isolated ventricular
septal defect, eight (67%) had residual right-to-left shunting after repair.
Similar results were seen in five patients with atrioventricular canal defects.
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Figure 1. The top frame shows an apical four-chamber view of a patient with a
secundum atrial septal defect after venous injection of contrast medium, as explained
in the text. The left atrium was opacified, indicating the right-to-left shunt (abbrevia-
tions: I, inferior; L, left; LA, left atrium; LV, left ventricle; R, right; RA, right
atrium; RV, right ventricle; and S, superior). The bottom frame shows a subcostal
four-chamber view of a different patient, showing a diastolic negative jet of contrast
representing left-to-right shunting through the atrial septal defect (black arrows).
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Figure 2. The top frame shows a subcostal parasagittal view in a patient with infradia-
phragmatic total anomalous pulmonary venous return (abbreviations: A, anterior;
CPV, common pulmonary vein; DAo, descending aorta; I, inferior; and RA, right
atrium). The bottom frame shows that a venous contrast injection has opacified the
adnexae, but not the common pulmonary vein, which was highlighted in silhouette
(black arrows).

Nine patients with tetralogy of Fallot were studied after repair. Of these,
only two had residual right-to-left shunts shown by CE.

Extracardiac shunting was also detected with CE. Right-to-left ductal flow
with retrograde filling of the pulmonary artery was seen in four patients
with pulmonary atresia. We defined a galenic aneurysm in five patients and
extralobar pulmonary sequestration in one patient by venous contrast injec-
tion, using the presence of severe pulmonary hypertension and large right-
to-left shunting [4]. Intraarterial contrast injection has demonstrated left-
to-right ductus shunt, aortic atresia, subclavian arteriovenous fistula, coronary
cameral fistula, and anomalous origin of the left coronary artery from the
pulmonary artery.

Contrast echocardiography has also demonstrated intracardiac space-occu-
pying lesions, including one aneurysm of the sinus of Valsalva, one subvalvar



74 Noninvasive Diagnostic Methods

Figure 3. The top frame shows an apical four-chamber view of a patient with an
apical muscular ventricular septal defect (VSD). (abbreviations are the same as in
Figure 1). The bottom frame is the same as in the top panel, but after venous injection
of contrast medium. A jet of contrast traversed the ventricular septal defect, demon-
strating the right-to-left shunt.
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mitral aneurysm [5], and atrial and ventricular septal aneurysms. Delayed
forward filling of a hypoplastic right ventricle outlined a minute tricuspid
valve in two patients. A CE examination was also helpful in aiding determina-
tion of complex situs problems by defining the left superior vena cava-to-
left atrial connection.

In summary, CE is a very sensitive method for detecting shunts at the
atrial, ventricular, and extracardiac levels. In addition, the absence of contrast
opacification can be used to define space-occupying lesions and anomalous
pulmonary venous connections. As an adjunct to cardiac catheterization,
CE is helpful in delineating the optimal site for contrast injection in the
extremely ill child for whom the volume and/or osmolar load of radiographic
contrast media must be kept to a minimum. We have found that CE is an
extremely valuable additional technique that can define congenital cardiac
anomalies and that is without deleterious effects.
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Ultrasonic Assessment of
Cyanotic Heart Disease in Newborns:
The Current State of the Art

Eric Harinck, Gertjan van Mill, and André J. Moulaert

Cyanotic cardiovascular lesions often lead to urgent intensive care admission
early in life. Less than 1 decade ago, emergency cardiac catheterization and
angiocardiography were necessary for diagnostic confirmation before com-
mencing, or abstaining from, certain therapeutic actions. At present, the
structural pathology can be visualized noninvasively by two-dimensional echo-
cardiography (2-D echo); additional or confirmative information can be gained
by the detection of abnormal blood flow patterns with pulsed Doppler echocar-
diography (pD). It is important to exclude an abnormality with precision
equal to diagnosing it. For instance, in the hypoxic newborn, persistent fetal
circulation must be rapidly differentiated from structural heart disease. This
presentation deals with the ultrasonic diagnosis of the different types of life-
threatening cyanotic cardiovascular diseases in the neonatal period.

Transposition of the Great Arteries (TGA)

The TGA becomes manifest when the actual ventriculo-arterial discordance
is established, which is possible with 2-D echo by identification of the ventricles
and the great arteries and by visualization of the connections. Echo contrast
studies and pD are only of additional value if only m-mode echocardiography
is available. Concomitant lesions, such as large ventricular septal defect (VSD),
large patent ductus arteriosus, left ventricular outflow tract obstruction, or
aortic coarctation (CoA), can also be visualized. Application of pD can give
additional information about the existence of small VSDs by finding the jet
stream at the left side of the interventricular septum. Abnormal flow patterns
in the great arteries are additional indirect indications for the existence of
pulmonary stenosis, patent ductus arteriosus, or CoA. Rashkind balloon sep-
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tostomy can be carried out in the intensive care unit during 2-D echo imaging.
One of the recent surgical possibilities is to switch the great arteries in the
early neonatal period. It is our present policy to perform a Rashkind balloon
septostomy after 2-D echo diagnosis of ““isolated” TGA and to start a prosta-
glandin E, infusion to maintain patency of the duct in preparation for an
arterial switch operation in the first week of life. The effect of these procedures
can be readily evaluated by 2-D echo and pD in combination with determining
Po, and oxygen saturations.

Hypoplastic Left Heart (HLH)

Two-dimensional echocardiographic visualization of the HLH pathology con-
firms the diagnosis. Because the LV and the Ao may be very small, care
must be taken not to miss them and not to derive at the erroneous diagnosis
of univentricular heart. The 2-D echo analysis will identify the dilated ventricle
as the anatomic RV, and the wide anteriorly located arterial vessel as the
pulmonary artery. After careful search, the hypoplastic ascending Ao and
LV can now be located; it is even possible to visualize the coronary arteries.
By the severity of the structural pathology, pD does not have much additional
value for the diagnosis of the syndrome. The expected HLH flow pattern
consists of absence of flow in the LV, reversed flow in the ascending Ao,
ductal flow in the descending Ao, and obligatory L-R shunt on the atrial
level.

Pulmonary Atresia (PA)

In PA with VSD, 2-D echo shows overriding of the Ao as in tetralogy of
Fallot, but with an absence of a connection between the RV and central
pulmonary artery. With modern echo equipment, failure to visualize this
connection in full-term neonates indicates absence. In ductus-dependent emer-
gencies, the central pulmonary artery, with its branches, can be visualized
normally. In cases with valvular pulmonary atresia and intact interventricular
septum, the RV and tricuspid valve are commonly underdeveloped, the degree
of which can be estimated by 2-D echo. Pulmonary valve opening and closing
movements can not be demonstrated, and there will be no antegrade flow
in the right ventricular outflow tract wit pD. In both types of ductus-depen-
dent PA, a continuous ductal flow pattern can be detected in the pulmonary
artery by pD. Pulmonary atresia can be part of a more complex pathology,
such as univentricular heart; 2-D echo imaging can elucidate all the possible
combinations.
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Total Abnormal Pulmonary Venous Drainage (TAPVD)

In total abnormal pulmonary venous drainage (TAPVD), the structure of
the heart is normal on first examination. The essential feature of the diagnostic
procedure is the recognition of the common pulmonary vein, with its continua-
tion into the innominate vein, coronary sinus, or liver. The pD is a valuable
confirmative aid for detecting abnormal flow directions in the venous channels
(Figure 1).

Persistent Fetal Circulation of the Newborn (PFC)

Exclusion of structural pathology of the heart or great vessels is of primary
importance, and it can be readily accomplished by 2-D echo. The absence
of structural cardiopulmonic pathology in combination with intracardiac R-
L shunt indicates persistent fetal circulation (PFC). In the past, we visualized
the R-L atrial shunt by venous echo contrast injection; at present, we use
pD at the foramen ovale.

In several patients, we were able to detect a R-L ductal shunt via echo
contrast injections by using the parasternal sagittal view. The absence of
diastolic backflow in the pulmonary artery on pD examination, in combination
with a wide persistent duct on 2-D echo examination, may indicate a very
high pulmonary resistance. The PFC with dilated RV, secondary tricuspid
insufficiency, and functional PA can still be difficult to distinguish from valvu-
lar PA or critical pulmonary stenosis with well-developed RV and severe
(dysplastic) tricuspid insufficiency. The pD examination is described as helpful
by their samplings in the RVOT and PA.

Conclusion

In recent years, increased expertise and improved image quality made it
possible to diagnose cyanotic heart disease in the newborn period in a fast
and accurate way with relatively cheap, commercially available real time
ultrasound equipment. The direct analysis of structural pathology is the firm
basis of noninvasive diagnostic procedure. The pD flow pattern analysis,
which is an additional ultrasound method, can reveal the expected flow distur-
bances in cases with severe structural pathology. It can act as a confirmative
aid in less clear cases. There is not much indication left for echo contrast
studies. In institutions equipped for early medical and surgical therapy, confir-
mative invasive investigations are no longer needed in these newborns.
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Double-Outlet Left Ventricle:
Echocardiographic-Pathologic
Correlation and Surgical Implications

Alvin J. Chin, Peter Lang, Barbara J. Deal, Rene Arcilla,
William I. Norwood, and Aldo R. Castaneda

Double-outlet left ventricle (DOLYV) is a rare cardiac anomaly that was first
described in 1967. Several complex classification schemes have been reported
[1-3]. Otero Coto [3] has pointed out the difficulty in making the correct
preoperative diagnosis, even with axial angiography. Nevertheless, it is impor-
tant to understand DOLYV in detail, since most varieties are surgically correcta-
ble if recognized.

In order to define the major surgical subsets, we examined the two-dimen-
sional echocardiographic (2-DE) and angiographic features of 11 cases of
DOLV with atrioventricular concordance (diagnosed at two institutions,
1978-1983), 9 of whom had undergone surgery.

Based on great arterial alignments vis-a-vis the trabecular septum, we
found four basic types of DOLV with atrioventricular concordance. Four
cases had type I arterial alignment (rightward aorta, subaortic ventricular
septal defect [VSD], and subpulmonary stenosis of varying severity), which
simulates tetralogy of Fallot and transposition of the great arteries (TGA)
with posterior aorta [3]. Seen in two cases were type II alignment (aorta
directly anterior or leftward, subaortic VSD, and subpulmonary stenosis of
variable degree), which resembles TGA with anterior or left-sided aorta (TGA
{S,D,A} and TGA {S,D,L}). One case had type III alignment (leftward aorta,
subpulmonary VSD, and subpulmonary stenosis), which is similar to anatomi-
cally correct malposition {S,D,L}. Four cases displayed type IV arterial align-
ment (rightward aorta, subpulmonary VSD, together with subaortic stenosis
and aortic arch hypoplasia of varying degree). Type IV cases are similar to
patients with normally related great arteries and either simple infundibular
(conal) septal VSD or malalignment-type VSD, where the infundibular (conal)
septum is deviated leftward and posteriorly, thus producing subaortic narrow-
ing.

Four of the 11 cases had significant anomalies of the right ventricle and/
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or tricuspid valve. Two-dimensional echocardiography correctly diagnosed
DOLY in six of seven cases. One type I case with valvar pulmonary atresia
was incorrectly diagnosed as tetralogy of Fallot with pulmonary atresia. Angi-
ography was correct in 7 of 11 cases; one case of each type was missed. A
high index of suspicion was vital for making the diagnosis, and axial views
were essential.

Just as in double-outlet right ventricle, the malalignment-type VSD in
DOLY can be subaortic, subpulmonary, doubly committed, or noncommitted.
This does not mean that the VSD in DOLV “moves around.” A malalignment-
type VSD always lies between the limbs of the septal band (septomarginal
trabecula); thus, the structure forming the inferior rim of the VSD is constant.
It is the position of the conotruncal portion of the heart (which forms the
superior border of the VSD) that is variable [4]. Specifically, alignment of
the infundibular septum (or truncal septum, since hypoplasia or absence of
the infundibular septum is common in DOLV) vis-a-vis the limbs of the
septal band, along with the amount of infundibular muscle under each great
artery, determine whether the VSD is close to one semilunar valve or the
other, or neither or both. For example, DOLV with “doubly committed”
VSD occurs when the infundibular septum is absent and both great arteries
are aligned so that they straddle the ventricular septum. Outflow tract stenosis
results from deviation of the infundibular septum into either subsemilunar
region.

Types I-III are fixed by slight modifications of the Rastelli procedure.
The repair of type IV DOLV depends on the degree of posterior leftward
deviation of the infundibular septum. In those cases with little or no deviation
of the infundibular septum, and thus little or no subaortic stenosis, the VSD
can simply be patched. In cases with moderate or severe posterior leftward
deviation of the infundibular septum, we advocate patch closure of the VSD,
aligning the LV with the pulmonary artery, and then performing the Damus-
Kaye-Stansel procedure. In any of the four types of DOLV with atrioventricu-
lar concordance, anomalies of the right ventricle and/or tricuspid valve may
necessitate Fontan-type repair.
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Double-Inlet Ventricle:

Anomalies of the Atrioventricular Valves
Assessed by Cross-Sectional
Echocardiography

M. Carminati, O. Valsecchi, A. Borghi, R. Pignatelli, G. Crupi,
L. Parenzan, G. Invernizzi, M.L. Rigby, and R.H. Anderson

From January 1981 to June 1984, 80 patients with double-inlet ventricle
with two atrioventricular (AV) valves were studied by cross-sectional echocar-
diography at Ospedali Riuniti (Bergamo, Italy) and Brompton Hospital (Lon-
don, United Kingdom). According to Anderson’s classification [1], 69 patients
had double-inlet left ventricle, six had double-inlet right ventricle, and five
had double-inlet solitary ventricle of indeterminate morphology; identification
of the rudimentary ventricle and its relationships with the dominant ventricle
allowed the echocardiographic categorization into these three groups [2—4].
Anomalies of the atrioventricular valves were found in 34 cases (42.5%)
(Table 1).

Straddling of one AV valve was the most frequent lesion found (27.5%),
with near the same incidence for right and left AV valve. Some of these
straddling valves also had an obvious diastolic doming of the leaflets, which
is consistent with associated stenosis (Figure 1). Six patients (7.5%) had
isolated stenosis and/or hypoplasia of one AV valve. In six patients (7.5%)
the AV valves rings were at right angles to each other, and crossing of the
subvalvular apparatus was noted; typically, in such an anomaly, it was impos-
sible to visualize both AV valves with the same cut. This could be interpreted
as absence of one AV connection, unless right atrial inflow and left atrial
inflow are separately examined by different transducer angulations (Figures
2A and 2B).

The options available for “corrective” surgery in double-inlet ventricles
are the ventricular septation operation or the ventricular exclusion operation
(modified Fontan); preoperative recognition of AV valve anomalies is manda-
tory for determining the type of surgical technique.
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Table 1. Atrioventricular valves anomalies

Straddling 22 (27.5%) 12, right AV valve (3, stenosis)
10, left AV valve (4, stenosis)
Stenosis and/or hypoplasia 6 (7.5%) 2, right AV valve

4, left AV valve
Crossing of tension apparatus 6 (7.5%)

Figure 1. Apical four-chamber view in a patient with double-inlet left ventricle, left-
sided rudimentary right ventricle, straddling, and moderate stenosis of the left AV
valve. (R4, right atrium; LA, left atrium; LV, left ventricle; RV, right ventricle;
and ts, trabecular septum).
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Figure 2. Apical four-chamber cuts (with two different transducer angulations) in a
patient having double-inlet left ventricle and two AV valves with crossing of tension
apparatus (abbreviations are the same as in Figure 1).
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Accuracy of Color-Encoded Doppler Flow
Mapping Techniques for Defining

Stenotic Jets: Studies in an In Vitro
Model of Valve Stenosis and

in the Clinical Setting

Lilliam M. Valdes-Cruz, Ajit P. Yoganathan, David J. Sahn,
Frederick Sherman, and Richard E. Swensson

An important source of error in Doppler examinations lies in the estimation
of the angle of incidence between the direction of flow and the direction of
the Doppler beam. This becomes most important in studies to determine
the peak instantaneous flow velocity across a stenotic lesion for calculating
gradients—since with the Bernoulli equation (gradient = 4 peak velocity?),
any under- or overestimation of peak velocities is magnified. With the advent
of two-dimensional color Doppler flow mapping, there is the potential for
accurately defining the direction of the stenotic jet in at least two dimensions.
In order to define the spatial accuracy of this new flow mapping technique
for outlining jets, we compared the widths of the jets measured with Doppler
flow mapping and with a triple beam helium neon laser Doppler anemometer
in an in vitro pulsatile model of simple valve pulmonic stenosis.

The in vitro model is a physiologically shaped blown glass pulmonary
artery bifurcation inserted into a pulse duplicator system, which contains
an electronic timer regulator and a pneumatic bladder producing physiologic
right ventricular and pulmonary artery pressure and flow curves. The model
could be adjusted to vary downstream resistances and cardiac outputs. Flow
was measured with electromagnetic flow meters, and pressure gradients were
obtained with fluid-filled catheters positioned both upstream and downstream
from the stenotic valve. In order to permit laser anemometry, the pulse dupli-
cator was filled with a 2% cornstarch solution adjusted to a physiologic
viscosity of 3.5 cp. Three bioprosthetic valves, having flow areas of 3.5 cm?,
1 cm?, and 0.5 cm?, were set within the glass pulmonary artery model. Flow
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through the duplicator was then varied from 0.7-7.1 liters/min, producing
21 transvalve gradients ranging from 5-150 mm Hg.

The echocardiographic transducer was placed at the bifurcation of the
pulmonary artery with contact gel and was aimed directly down the barrel
of the visualized jet. Recordings of the Real time color flow images were
made on videotape to permit frame-by-frame playback during analysis of
results. The widths of the jets were measured simultaneously, with the laser
system 22 mm downstream from the valve orifice. These ranged from 8.5-
30 mm in width.

The color flow images were analyzed by two independent investigators
who were unaware of the laser results. The videotapes were analyzed in
slow motion and frame by frame, the position of the valve was identified,
and the width of the jet was measured with calipers 22 mm downstream
from the visualized valve plane. Color Doppler clearly imaged the jets in
all cases, and these were often layered with a pattern of color changes resulting
from aliasing of the velocities. The jet widths measured by the flow mapping
correlated very well with the laser measurements over the entire range of
gradients (r = 0.87, see = = 1 mm). As theoretically expected, the widths
of the jets narrowed substantially in the more severe stenoses.

We then studied 18 patients with stenotic lesions by conventional continu-
ous wave (CW) two-dimensional Doppler and color flow Doppler to calculate
the difference between the actual direction of the visualized jet and the direc-
tion of the jet assumed from the conventional Doppler examination. The
patients’ diagnoses were: aortic stenosis/insufficiency (n = 7), pulmonic valve
stenosis (n = 4), mitral stenosis/insufficiency (n = 3), and ventricular septal
defect with pulmonary artery banding (n = 4). The CW conventional Doppler
examination was performed first, and the maximal jet velocity was obtained
with the usual guidelines of audio signal, spectral display, and real time
two-dimensional image. No angle corrections were made; rather, the direction
of the jet was calculated in its relation to the surrounding cardiac structures,
as is done normally in conventional Doppler examinations. The study was
then repeated with the color flow mapping system. In all instances, the jets
were visualized clearly as superimpositions of different colors related to the
relative velocites within the flow stream.

For the 18 patients, the mean error from the 0° assumed with the conven-
tional Doppler was 14.4 *+ 1.8° (range = 0-41°), with a potential gradient
underestimation ranging from 0-34 mm Hg. Analysis of these results based
on the Doppler equation and the Bernoulli relationship determined that the
percent underestimation equalled 1 — cos?.

Our results suggest potentially significant errors in the estimation of peak
instantaneous gradients in the clinical setting when using conventional Dop-
pler techniques. The excellent accuracy and sensitivity of color Doppler flow
mapping for defining the spatial orientation and width of stenotic jets should
significantly improve the clinical accuracy of gradient estimations.



Localization of Ventricular

Septal Defects Using a Simultaneous
Color Doppler and Cross-Sectional
Echocardiographic Display

R.K.H. Wyse, P.J. Robinson, F.J. Macartney, J. Deanfield,
R. Franklin, and E. Ortiz

Precise noninvasive ultrasonic localization of the site of a small ventricular
septal defect can often be difficult, particularly within the trabecular septum
[1-3]. There remains a sizeable number of patients in whom the diagnosis
of ventricular septal defect is based solely on clinical findings, such as the
character and location of the systolic murmur. This study aimed to determine
if a diagnosis could be improved by the detection of transseptal blood flow
in patients with small ventricular septal defects by using a new color-coded
Doppler system (Aloka SSD-880). This scanner encodes the direction of blood
flow in terms of color, and it instantaneously superimposes this information
in real time across a standard cross-sectional echocardiographic display. This
system has already been proven useful in assessing acquired valvular diseases,
particularly regurgitation [4, 5]. The emitting frequency used was 2.5 or
3.5 MHz as appropriate. Real time signals were stored by using a Sony
SLO-420 Betamax videotape recorder; later, they were transferred to a Sony
U-matic format. Color Doppler images were studied in detail by replay either
at normal speed or in slow motion, as required.

We studied 23 patients (ages 90 days to 15.1 years; median, 3.4 years)
with unoperated ventricular septal defects; an additional eight patients were
studied (ages 78 days to 6.75 years; median, 2.6 years) following surgical
closure (mean time elapsed since surgery, 5.9 months). Twelve children (ages
60 days to 10.5 years; median, 5.6 years) with normal hearts served as controls.
A color-coded blood flow jet entering the right ventricle during systole was
identified in all 23 unoperated patients; in 11 of them, the defect was too
small to be visualized by conventional cross-sectional echocardiography. The
color Doppler technique precisely located 19 perimembranous defects and
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five trabecular defects (one patient had two defects). Five of the eight postoper-
ative patients were without clinical evidence of a significant shunt, but they
had pansystolic murmurs; in each of these five, transseptal shunt blood flow
was demonstrated by color Doppler, while in only three of these five patients
was the residual defect large enough to be visualized by conventional cross-
sectional echocardiography. Three postoperative patients had no systolic mur-
mur; on color Doppler, we found no blood flow jet emanating from the
patch site, suggesting the absence of a residual shunt. This was confirmed
in each of these three patients upon cardiac catheterization. There were no
false-positives among the control subjects.

We found that direct visualization of transseptal blood flow by color Dopp-
ler was reliable and reproducible. The technique permitted detection and
localization of ventricular septal defects in patients whose defects were too
small to be visualized by standard cross-sectional echocardiography. Color
Doppler may provide clinical help in excluding ventricular septal defects in
patients with innocent murmurs and in those patients whose ventricular septal
defects are thought to have been surgically closed. Most important, the tech-
nique permits accurate localization of defects that are otherwise invisible to
cross-sectional echocardiography. Since there is increasing evidence of the
key role of the site of the defect to its natural history and probability of
spontaneous closure, the method should help to provide more accurate prog-
nostic information for the individual patient in the future. Therefore, we
conclude that this technique is useful for more accurate diagnosis and location
of ventricular septal defects, and it may help in assessing their natural or
surgical closure.
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Noninvasive Evaluation
of the Pulmonary Vascular Resistance
by Pulsed Doppler Echocardiography

Hideshi Tomita, Shigekazu Nakaya, Shiho Futaki, Toru Nakajima,
Yoshio Arakaki, and Tetsuro Kamiya

In congenital heart disease with left-to-right shunt, surgical indications and
postoperative courses are critically influenced by associated pulmonary hyper-
tension (PH). The purpose of this study is to evaluate the clinical validity
of pulsed Doppler echocardiography (PDE) in assessing the reversibility of
PH by surgical intervention in congenital heart disease associated with left-
to-right shunt.

Subjects and Method

We studied 47 patients with left-to-right shunt (Table 1) whose ages ranged
from 4 months to 20 years (mean age, 3 years). All of these cases showed
PH (mean pulmonary pressure more than 25 mm Hg) upon cardiac catheter-

Table 1.

Subjects

VSD, PH 2
VSD, PDA, PH

VSD, ASD, PH

VSD, ASD, PDA, PH
CAVC, PH

CAVC, PDA, PH

ASD, PH

Total 47
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ization. Pulmonary blood flow patterns were observed with PDE before and
after tolazoline administration (1 mg/kg). The patterns with PDE were com-
pared with the hemodynamic data obtained by cardiac catheterization, which
was performed within a few days of the PDE study. Pressure studies by
catheterization were done by catheter-tip micromanometer, and cardiac out-
put was calculated by Fick’s method. In 32 cases, changes in hemodynamics
via tolazoline administration were also observed at the time of catheterization.

Results

The correlation between the maximal velocity of pulmonary blood flow (Vinax)
measured by PDE and the total pulmonary resistance (TPR) calculated by
the catheterization data before and after tolazoline administration was hyper-
bolic (r = —0.85, p < 0.01) (Figure 1). The Vpax increased from 1.23 +
0.36 m/s (mean = SD) to 1.55 = 0.48 m/s following administration of tolazo-
line. The percent changes of the Vpa.x Were more pronounced in patients
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Figure 1. PA maximal velocity and TPR.
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Figure 2. Changes of PA maximal velocity and Heath Edwards grades.

with TPR below 10 microns (mm Hg/liters/min/m?) at rest than those over
10 microns. In patients with TPR of 8 microns or more at rest, those whose
TPR fell down below 8 microns at the time of catheterization after tolazoline
administration showed a significant increase in Vmax by PDE than those
whose TPR remained more than 8 microns. Except for one patient with
marked pulmonary emphysema (*), in patients with histologic evidence of
minimal pulmonary vascular obstruction (Heath Edwards grade 2 or less),
the Vmax after tolazoline administration was more than 1 m/s. Advanced
pulmonary vascular obstruction (Heath Edwards grade 3 or more) was noted
in patients whose Vax Was less than 1 m/s even after tolazoline administra-
tion. (Figure 2)

Discussion

Calculations of pulmonary vascular resistance and pharmacologic manipula-
tion of pulmonary blood flow using tolazoline upon catheterization are widely
used for clinically estimating the reversibility of PH after surgical intervention.
In general, severe pulmonary vascular obstruction is suggested by pulmonary
vascular resistance more than 10 microns, and the range between 8—10 microns
is considered to be borderline. Our study showed that the changes in Vpax
in pulmonary blood flow by PDE with tolazoline administration were useful



94 Noninvasive Diagnostic Methods

noninvasive indices for clinical estimation of the reversibility of PH after
surgery.

In conclusion, circumspection is required to decide the operative indication
in patients whose Vmax remains below 1 m/s by PDE even after tolazoline
administration.
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Detection of the Draining Site

in Total Anomalous

Pulmonary Venous Connection
by Two-Dimensional

Color Doppler Echocardiography

Gengi Satomi, Atsuyoshi Takao, Kazuhiro Mori, Michiko Ando,
Kan Touyama, Takayuki Konishi, and Hirofumi Tomimatsu

Two-Dimensional Color Doppler echocardiography is a new echocardio-
graphic method that displays the information of Doppler signals from the
bloodstream and superimposes a color-coded flow map on a black-and-white
two-dimensional echocardiographic image. Although the mapping of Doppler
signal using conventional pulsed Doppler echocardiography has often been
difficult to perform in pediatric patients, because it is time-consuming and
the heart rate is increased, two-dimensional Doppler color flow mapping
has made this possible even in neonates and infants. In total anomalous
pulmonary venous connection, surgical requirements require clarification of
the site of drainage of the anomalous veins. We had an opportunity to use
the two-dimensional color flow mapping system in six patients with anomalous
pulmonary venous connection. The purpose of this study is to show the
ease of detection of the draining site of anomalous pulmonary veins using
this new sophisticated instrument.

Study Subjects and Method

Study subjects consisted of five patients with total anomalous pulmonary
venous connection and one patient with partial anomalous pulmonary venous
connection: five females and one male. Two were 10 days old and there
was one each at 16 days, 4 months, 6 months, and 6 years. The diagnoses
were confirmed by surgery and/or angiography in all cases. The pulmonary
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veins drained into the innominate vein through the vertical vein in two cases,
into the superior vena cava in one case, into the coronary sinus in two cases,
and into the posterior wall of the right atrium in one case. The instrument
used for this study was a two-dimensional Doppler flow mapping system
(Aloka SSD-880) with a 3.5-MHz and/or 5-MHz transducer. This instrument
was modified to visualize neonates and infants by increasing the spatial resolu-
tion using a 5-MHz transducer and increasing the frame rate up to 20 per
second. Blood flow toward the transducer is represented by red-yellow and
that away from the transducer by blue-green.

Results

In cases of anomalous pulmonary venous drainage into the innominate vein
through the vertical vein, flow away from the transducer was detected in
the echo space behind the atria in the subxiphoid four-chamber approach
(Figure 1). Suprasternally, flow toward the transducer was detected at the
junction of the vertical vein to the innominate vein (Figure 2). In the case
of the anomalous pulmonary vein connecting directly into the superior vena
cava, a forward flow area of triangular shape was detected in the dilated
superior vena cava (Figure 3). In the two cases where pulmonary veins drained
into the coronary sinus, forward flow was observed at the ostium of the
coronary sinus in the subxiphoid four-chamber view (Figure 4). In the case
of drainage into the posterior wall of the right atrium, the forward flow
was displayed higher into the right atrium than in the cases with drainage
into the coronary sinus (Figure 5).

Figure 1. Subxiphoid four-chamber view in a supracardiac-type case of total anoma-
lous pulmonary venous connection. (R4, right atrium; LA, left atrium; and VV,
vertical vein).



Detection of the Draining Site 97

Figure 2. Suprasternal notch view in a patient with supracardiac type of total anoma-
lous pulmonary venous connection (4o, aorta; Inn. V, innominate vein; V¥V, vertical

vein).

Figure 3. Right suprasternal notch view in a patient with partial anomalous pulmonary
venous connection that drains into the superior vena cava (SVC, superior vena cava;
RA, right atrium).
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Figure 4. Subxiphoid four-chamber view in a patient with paracardiac type of total
anomalous pulmonary venous connection that drains into the coronary sinus (CS,
coronary sinus; R4, right atrium; and RV, right ventricle).

Figure 5. Subxiphoid four-chamber view in a patient with paracardiac type of total
anomalous venous connection whose draining site was the posterior wall of the right
atrium.
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We conclude that the site of drainage in patients with total and partial
anomalous pulmonary venous connection may be detected easily and accu-
rately by using two-dimensional Doppler color flow mapping.
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Disproportionate Lengthening
of the Left Ventricular Tract
in the Obstructive Aortic Arch Anomalies

Toyoki Fukuda, Toshiyuki Katoghi, Hiroyasu Koyanaghi,
and Yutaka Oda

It is commonly know that a diminished blood flow through the embryologic
preductal aorta may be the common factor responsible for coarctation of
the aorta (CoA) and interrupted aortic arch (IAA). These obstructive aortic
arch anomalies in infancy are subsequently almost always associated with
intracardiac abnormalities that divert ventricular blood flow into the pulmo-
nary trunk and away from the aorta. Regarding those with ventricular septal
defect (VSD), several reports have pointed to the coexistence of subaortic
stenosis as the distinctive morphologic feature that might interfere with the
antegrade blood flow through the left ventricle into the aorta. These reports
attributed this anatomic substrate to the posterior deviation of the infundibular
septum (IS [1-3], anterolateral muscle bundle of the left ventricle [4], or
overriding of the aorta [3]. In the present study, various degrees of dispropor-
tionate lengthening of the left ventricular outflow tract were noted as addi-
tional potentials for subaortic stenosis.

From the collection of the Laboratory of Pathology at Tokyo Metropolitan
Children’s Hospital, only those with atrioventricular and ventriculoarterial
concordance and normal arterial relations were selected; 11 heart patients
with the combination of VSD and obstructive aortic arch anomalies were
included in the study. Seven of the patients had CoA and the remaining
four had IAA. The VSDs involved the IS in six patients; in two of these,
the membranous septum was also involved. Three had malalignment-type
VSD with posterior deviation of the IS, which lay beneath the aortic valve
and distally to VSD in the left ventricle. In two patients with total absence
of the IS, the aortic valve was contiguous with both atrioventricular valves.
Measurement of the inflow and outflow tracts of the left ventricle in this
group of specimens revealed disproportionate lengthening of the outflow tract.
The outflow-to-inflow ratios ranged from 1:03 to 1:23, with a mean of 1:13.
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Infracristal perimembranous VSD was present in five patients. In one of
these, the septal insertion of the IS was deviated leftward and posteriorly
so that it crossed the VSD at almost right angles to the trabecular septum.
The infundibular septa of the other four patients were similarly deviated,
and they straddled the anterior ventricular septum in two patients and consti-
tuted the anterior infundibular wall of the left ventricle in the rest. The
VSD was always inferior to the infundibular septum, with its posterior edge
abutting on the central fibrous body. This group of specimens also revealed
disproportionate lengthenings of the left ventricular outflow tract, and the
outflow-to-inflow ratios ranged from 1:0 to 1:23 with a mean of 1:15.

In normal ontogenesis, bulbar absorption brings the bulbar ridges down
into the bulbar cavity, and the left portion of the bulbar septum is incorporated
into the bulboventricular septum. However, posteriorly deviated IS might
have failed to be incorporated into the ventricular septum, so that the left
ventricular outflow tract was disproportionately lengthened and narrowed.
Thus, not only narrowing but also lengthening of the left ventricular outflow
tract might be the crucial factors responsible for diminished blood flow
through the embryologic preductal aorta. In fact, cross-sectional echocardio-
grams of the surviving patients demonstrated the findings to be compatible
with these intracardiac morphologic features. As for those with total absence
of the IS, the exact mechanisms for lengthening the left ventricular outflow
tract remains obscure.

These morphologically characteristic features could be applied clinically
as a clue for the diagnosis and cross-sectional echocardiographic demon-
stration of VSD, posteriorly deviated IS; and disproportionately lengthened
left ventricular outflow tract might suggest the coexistence of the obstructive
aortic arch anomalies. Our current policy in dealing with these complexed
cardiac abnormalities is to avoid pulmonary artery banding (PAB); PAB
may develop subaortic stenosis in cases of hypertrophy of the posteriorly
deviated IS [5].
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Echocardiography with Doppler

R.G. Williams

The addition of Doppler hemodynamic studies to two-dimensional echocar-
diographic imaging has added specificity to the noninvasive diagnosis of some
congenital lesions, and it has provided new hemodynamic information in
unsuspected areas. As a quantitative tool, Doppler is used to estimate gradients
in stenotic lesions, blood flow in the heart and great vessels, and severity
of valvar regurgitation. This paper will focus on some of the benefits and
problems encountered in both qualitative and quantitative uses of Doppler
echocardiography.

Qualitative Doppler

By detecting continuous and/or retrograde flow in the pulmonary arteries,
Doppler has greatly increased the sensitivity and convenience of the noninva-
sive diagnosis of patent ductus arteriosus, particularly in small premature
infants in whom imaging may be limited. The use of Doppler has decreased
the need for more time-consuming contrast injections, and it provides a spe-
cific diagnosis in infants without an umbilical artery catheter.

Doppler echocardiography also increases the accuracy of the echocardio-
graphic diagnosis of coarctation of the aorta. Although this lesion is usually
well defined by two-dimensional echocardiography, a significant number of
false-positive and false-negative diagnoses occur. Recognition of a high-veloc-
ity jet at the site of the coarctation and decreased pulse flow in the descending
aorta has greatly increased the sensitivity and specificity of the echocardio-
graphic diagnosis.

Doppler echocardiography substantiates a left-to-right shunt at the site
of echo dropout in patients with small ventricular septal defects. This is
particularly helpful in cases of multiple defects. Doppler sampling over the
entire ventricular septum to detect a small defect is a very time-consuming
process. However, this can be accomplished more quickly with color-coded
Doppler flow mapping.
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Diagnosis of critical pulmonary stenosis by two-dimensional imaging alone
occasionally is difficult. It may be wrongly assumed that an infant with an
abnormal pulmonary valve and evidence of elevated right ventricular pressure
must have severe pulmonary stenosis. Use of Doppler echocardiography tc
define the presence of high-velocity jet at the pulmonary valve level has
eliminated this type of misdiagnosis.

Doppler echocardiography has aided in the recognition of various fistulous
connections between the systemic and pulmonary circulations. Frequently,
these are not well visualized and are first recognized by disturbed flow patterns
on Doppler examination.

Quantitative Echocardiography

Doppler echocardiography is becoming a valuable tool for estimating flow
in both vessels and cardiac chambers. However, sources of error in flow
quantification exist. These include: 1) error in the estimation of valve area,
2) error in estimation of the angle between the ultrasound beam and blood
flow, and 3) unrecognized perturbations of flow. Nevertheless, with careful
technique, this method provides an estimate of flow that is accurate enough
to direct clinical management. Moreover, serial evaluations provide quick
and reliable indications of changes in physiologic state.

As described in previous papers, Doppler examination provides quantifica-
tion of stenotic lesions within precise limitations. High-velocity flow must
be registered without signal ambiguity, and the alignment of the jet with
the ultrasound beam must be accurately defined in three dimensions. When
these prerequisites are not satisfied, stenotic gradients may be underestimated.
Nevertheless, clinically useful information may be provided by establishing
a probable lower limit of gradient in a stenotic lesion.

Doppler examination provides a sensitive diagnosis of valvar regurgitation.
In fact, it tends to be more sensitive than auscultation or angiography. The
“normal” physiologic range of mild valve regurgitation is unknown. Hence,
the clinical significance of mildly positive Doppler findings cannot be placed
in proper perspective. Mapping the area of a regurgitant jet can be accom-
plished by conventional Doppler examination, but it is time-consuming. As
flow mapping technology improves, this task should become increasingly
convenient and less subjective.

Impact of Doppler on the Noninvasvie Laboratory

As the quantity and quality of the information provided by echocardiography
approaches that of cardiac catheterization, so does the time required. As a
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result, there is a frequent need for patient sedation, which necessitates holding
areas to maintain optimal patient flow. The demands of these procedures
stress a busy laboratory. Moreover, the time required for data review and
analysis has increased exponentially. These problems are partially circum-
vented by the proper use of specifically directed echocardiographic studies
and by computerized data acquisition and analysis. The challenge of the
echocardiographic laboratory in the 1980s is to meet the higher expectations
for complete and accurate diagnosis in an increasing patient volume by the
efficient utilization of these new modalities.



Surgery without Angiography
in Neonates and Infants

with Congenital Abnormalities
of the Aorta

James C. Huhta, Howard P. Gutgesell, Daniel J. Murphy,
David A. Ott, and Dan G. McNamara

Neonates and infants with congenital abnormalities of the aorta may present
as critically ill and require urgent surgical intervention. Diagnosis of the
specific type of aortic abnormality usually requires angiography of the aorta;
however, such invasive procedures may compromise a sick baby, and a nonin-
vasive method that could provide equivalent information would be useful.
If such an infant has a congenital cardiac defect or combination of defects
that require patency of the ductus arteriosus for adequate supply of blood
to the systemic circulation, the negative effects of angiography may be in-
creased, especially on the renal circulation.

Two-dimensional echocardiography can be used for the diagnosis of abnor-
malities of the aorta [1]. It has been used in the diagnoses of many of the
common defects of this structure [2-4]. There is little information available
concerning the use of echocardiography as the definitive imaging modality
in congenital heart disease [5]. Therefore, we reviewed our experience in
the surgical management of infants and neonates with abnormalities of the
aorta to determine the limitations of this approach, and when and to what
extent it can be used.

Methods

Between July 1982 and March 1985, 44 neontates and infants had repair
of one or more congenital abnormalities of the aorta without prior angiogra-
phy. The ages at surgery ranged from 3 days to 7 months (mean, 2 months),
and 27 (63%) were less than 1 month old. The diagnosis was made by a
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combination of physical examination, chest x-ray film, electrocardiogram,
and two-dimensional Doppler echocardiography. Echocardiography equip-
ment came from Advanced Technology Laboratories, and 5- or 7.5-MHz
imaging was done. Pulsed Doppler complemented the imaging, and a 5- or
3-MHz frequency was used. A complete segmental analysis of anatomy was
performed in each patient. Complete information regarding the intracardiac
anatomy, the pulmonary arteries, the venous return, and the presence of
coronary arteries was obtained in each patient. The results were stored on
videotapes for later review. Specific attention was paid to the aorta in a
segmental-fashion, examining the ascending, arch branching, isthmus, and
descending aorta. The decisoin to proceed with surgery without angiography
was individualized. Only after consultation with parents, cardiologists, and
surgeons was this course chosen on a case-by-case basis.

Results

Aortic abnormalities were divided into five subgroups. The largest group
was coarctation of the aorta. This group included 14 neonates: eight with
simple coarctation and congestive heart failure, four with coarctation and
ventricular septal defect, and two with coarctation and complex intracardiac
anatomy. There were no errors in diagnosis in this group, and pulmonary
artery banding was performed at the time of coarctation repair and ductus
division in five patients.

Nine neonates had interrupted aortic arch, and all but one was correctly
diagnosed. Eight neonates had interruption between the left carotid and left
subclavian arteries (type B); and the presence of anomalous origin of one
or both subclavian arteries was correctly diagnosed in each patient. One
neonate had interupted aortic arch between the left subclavian artery and
the isthmus (type A), and associated aortopulmonary window was also cor-
rectly diagnosed. The single diagnostic error occurred in a premature infant
with interrupted aortic arch and a right-sided descending aorta. Due to an
error in the diagnosis of the side of the aortic arch, an attempt at surgical
repair via a left thoracotomy was unsuccessful. After this exploration and
intraoperative examination, a complete repair of the ventricular septal defect
and the interruption was performed via a midline sternotomy without angiog-
raphy.

Six neonates had a large patent ductus arteriosus, causing severe congestive
heart failure. Echocardiography excluded any other cause of left-to-right shunt
or outflow obstruction, and each had a dramatic improvement following
surgery.

The nine neonates with aortic atresia had an attempt at palliative surgery.
The anatomy of the aorta was confirmed as predicted in all patients, including
one with associated coarctation of the aorta.
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Other congenital abnormalities included four patients with vascular ring
and two with truncus arteriosus. In each of these, it was decided that the
poor clinical condition of the patients warranted omitting angiography from
the preoperative evaluation.

Discussion

As a result of this experience, we believe that most congenital abnormalities
of the aorta in infancy can be managed without angiography. Care must be
exercised to avoid making a diagnostic error; in a case where there is doubt,
the usual methods of angiographic diagnosis should be employed.
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Two-Years’ Experience

and Clinical Significance of
Color Flow Mapping

Real Time Two-Dimensional
Doppler Echocardiography
and its Intraoperative Use

in Congenital Heart Diseases

Shunei Kyo, Ryozo Omoto, Shinichi Takamoto, Eiko Takanawa,
Hideaki Shime, Izumi Yamada, and Yuichi Yokote

Newly developed real time two-dimensional Doppler echocardiography (2-
D Doppler) can provide effective diagnostic information [1, 2] about congeni-
tal heart disease (CHD), including the anatomic structure of the heart and
the normal and abnormal intracardiac blood flow [3]. It is especially useful
for noninvasive evaluation of the effects of medical and surgical therapy [4,
5]. The main purpose of this study is to demonstrate its clinical usefulness
in the diagnosis of CHD, including its intraoperative use.

Materials and Methods

A series of 209 patients with CHD were examined by 2-D Doppler, including
73 infants, 83 children, and 53 adults from January 1983 to September 1984
(Table 1). These diagnoses were confirmed by cardiac catheterization and/
or surgery, with the exception of PDA in premature infants. In six patients,
intraoperative 2-D Doppler evaluations were performed for confirmation of
diagnosis in the one case of triatrium + PAPVC + VSD + MS, for confirma-
tion of the completeness of surgery in four patients (VSD + PH, two;
ASD + MR, one; and AR + MR, one), and for 2-D Doppler echo-guided



Color Flow Mapping Real-Time Two-Dimensional Doppler 109

blade atrioseptostomy by direct right atrial approach in the single case of
d-TGA with bilateral iliac venous obstruction. The 2-D Doppler system was
Aloka SSD-880, which incorporates a transducer with 2.5 MHz and 3.5
MHz of 4,6,8-kHz repetition frequency.

Results

In 204 patients (98%), abnormal intracardiac blood flow (shunt flow, stenotic
flow, and regurgitant flow), in association with anatomic abnormalities, was
clearly visualized by 2-D Doppler examination. In 12 patients, palliative

Table 1. Materials

Diseases Infant Child Adult Total
ASD 11 23 28 62
VSD 21 23 10 54
TOF 4 8 5 17
TGA 8 1 0 9
PDA 14¢ 4 2 20
PS, PA 4 7 0 11
ECD 5 2 2 9
Others 6 14 6 26
Total 73 82 53 208

@ Premature infants, catheter examination (—), January 1983 to September 1984, at SMS.

surgery (Blalock-Taussig shunt, five; Brock procedure, two; and Pulmonary
arterial banding, five) was performed, based mostly on 2-D Doppler diagnosis.
The results were confirmed by 2-D Doppler immediately after surgery.

Case 1: Y.Y., 4-Month-Old Male
Pulmonary Atresia with PDA

According to the clinical condition of the patient and the 2-D Doppler obser-
vation, prostaglandin therapy and several surgical palliations were performed;
the effects were checked by 2-D Doppler (Figure 1). After the Brock proce-
dure, right ventricular ejection flow was observed in the main pulmonary

artery (Figure 2) and the ASD shunt flow pattern changed to a bidirectional
and biphasic pattern.
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Figure 1. Clinical course in the case of pure pulmonary atresia. After a Brock proce-
dure, the right ventricular (R¥) ejection flow was observed in the main pulmonary
artery.

Fourteen premature infants with PDA and respiratory failure were fol-
lowed up with 2-D Doppler during sulindac (prostaglandin antagonist) ther-
apy. Two infants resistant to Sulindac therapy had surgical ligation of the
ductus. Intraoperative 2-D Doppler provided more precise information of
intracardiac abnormalities, and the choice of surgical procedure could be
determined before closure of the thoracotomy.

Discussion and Conclusion

The 2-D Doppler examination can be a useful noninvasive diagnostic tool
for CHD, and it is effective for both intraoperative evaluation of multiple
cardiac abnormalities in complex CHD and confirmation of the completeness
of surgery. It is suggested that surgery can be performed without cardiac
catheterization in some types of CHD.
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Case Y.Y. 4mon. M. PA
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Figure 2. After a Brock procedure, bidirectional and biphasic shunt flow pattern

through ASD was observed.
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Mechanism of Spontaneous Partial Closure
of Perimembranous Ventricular Septal
Defect: A Two-Dimensional
Echocardiographic Study

with Surgical Correlation

Paulo Zielinsky, José Carlos Haertel, Iran Castro,

Leonardo Guillermo-Cal, Domingos Vitola, Marinez Rossi,

Paulo Prates, Renato Kalil, Jodo Ricardo Sant’Anna, Ivo Nesralla,
Fernando Lucchese, and Rubem Rodrigues

It is a well-known fact that one fifth of ventricular septal defects (VSD)
close spontaneously, especially before the age of 5, and that one third of
them present at least some evidence of decreasing their size at any time.
This study was carried out to test the hypothesis that the most frequent
mechanism of spontaneous partial or complete closure of perimembranous
VSD is the apposition of accessory tissue from the tricuspid valve to the
margins of the defect, and that cross-sectional echocardiography is a safe
and reliable tool to demonstrate it in the living person.

Material and Methods

The patient group consisted of 20 children 914 males and 6 females) ages
14 months to 13 years (mean, 3.75 years). Eleven cases showed isolated or
associated perimembranous VSD as the main diagnosis, and one patient was
a candidate for mitral and aortic valvoplasty and presented a completely
closed perimembranous VSD. The eight remaining patients were candidates
for surgical correction of tetralogy of Fallot; they were included in the study
as “negative controls.” Preoperative two-dimensional echocardiography (2-
D echo) evaluation was performed in every patient, using ALOKA SSD-
720 or ATL MK 300LX equipment. The diagnosis and anatomic categoriza-
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tion of VSD followed the criteria of Sutherland et al [1], and the presence
of accessory tricuspid tissue over the margins of the defect was assessed in
standard subcostal and precordial views. During surgery, the presence and
distribution of accessory tricuspid tissue adhering to the margins of the VSD
have been searched. In one case, a necropsy specimen was obtained. Material
excised from the “closing tissue” around the defect was available for histologic
study in five cases. Data were analyzed by calculating sensibility, specificity,
positive and negative predictive values, and the overall accuracy of the method.

Results

Table 1 summarizes the correlation between 2-D echo and surgical findings,
regarding the presence of accessory tricuspid tissue over the VSD as a mecha-
nism for spontaneous closure of the defect. In one case with exuberant tricus-
pid tissue around the defect, autopsy confirmation was also vailable (Figure
1). In all five cases in which histologic examination of material excised from
the “closing tissue” was performed, the presence of valvar connective tissue
was demonstrated. There was no false-negativity at surgical exploration of
the eight cases of tetralogy of Fallot (negative controls) in which no accessory
tricuspid tissue had been observed over the VSD at 2-D echo examination.
Figure 2 summarizes the parameters used in analysis of 2-D echo efficacy
as a diagnostic method of accessory tricuspid tissue involved in partial or
complete spontaneous closure of perimembranous VSD. The overall accuracy
was 95%, the sensibility was 100%, the specificity was 88.9%, the positive
predictive value was 91.7% and the negative predictive value was 100%.

Table 1. Two-dimensional echo detection of accessory triscuspid tissue as mech-
anism of spontaneous closure of perimembranous VSD

Accessory tricuspid Accessory tricuspid
tissue observed tissue not observed
at surgery at surgery Total

Accessory tricuspid

tissue present at

2-D echo 11e 12 12
Accessory tricuspid

tissue absent at

2-D echo 0 8¢ 8

Total 11 9 20

@ Ten cases with partial closure and one case with complete closure of the VSD.
b VSD partially occluded by the septal tricuspid leaflet, without adhesion.
¢ Eight cases of tetralogy of Fallot (negative controls).
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Perimembranous Ventricular Septal Defect
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ACCURACY 95 %
2-D ECHO SENSIBILITY 100%
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Figure 2. (Left) Diagram of 2-D echo and surgical findings regarding accessory tricus-
pid tissue as a mechanism of closure of perimembranous VSD. (Right) Parameters
used in the assessment of 2-D echo efficacy in its detection. (+) Accessory tricuspid
tissue present; (—) accessory tricuspid tissue absent.

Discussion

The reported incidence of spontaneous decrease in size of a VSD varies from
15-60% [2] according to the methodology employed in its assessment. In
the recent postmortem study of Anderson et al. [3], 38% of perimembranous
VSD showed spontaneous partial or complete closure. In the present duty,
the vast majority of defects (excluding the cases of tetralogy) showed at
least some evidence of decreasing their size. There are several proposed mecha-
nisms by which a VSD may decrease its diameter: accessory tricuspid tissue
(85% of the cases studied by Anderson) [3], “aneurysm of the membranous
septum” [4, 5], aortic leaflets prolapse, relative decrease according to heart
growth, and fibrosis around the defect. Figure 2 shows that 2-D echo was
able to predict the presence of spontaneous partial (or total) closure of VSD
in every patient in which it occurred, the mechanism being always the same—
adherence of accessory tissue from the tricuspid valve to the margins of
the defect. The valvar origin of the fibrous tissue involved in the closing
mechanism was confirmed by histologic examination whenever available.
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There was one ““false-positive” 2-D echo in which the tricuspid septal leaflet
itself, without adhesion, gave the false appearance of abnormal tissue over
the defect. No case that was diagnosed as “negative” at 2-D echo showed
any discrepancy at surgical observation.

In this study, 2-D echo was not able to clearly discriminate every type
of accessory tricuspid tissue as tissue tags, attachments of leaflets across
the defect, leaflet reduplication, valve folds, or pouches. In the near future,
high-resolution equipment will hopefully provide the answers to that question.
We point out the fact that the very presence of accessory tricuspid tissue
over a VSD cannot be viewed as a “good prognosis” factor, regarding sponta-
neous closure, since virtually all patients of the present series became surgical
candidates because of the large communications. Based on the findings of
this study, we conclude that: 1) the incidence of spontaneous partial closure
mechanism of isolated or associated perimembranous VSD is high, even
among candidates for corrective surgery; 2) the most frequent mechanism
of spontaneous partial or complete closure of perimembranous VSD is apposi-
tion of accessory tricuspid valve tissue over the defect; and 3) 2-D echo is
a highly sensitive and a very specific method for the detection of this mecha-
nism.
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Pulsed Doppler Assessment

of the Pulmonary Venous Pathway
following Mustard and Senning Procedure
for Transposition of the Great Arteries

J. Smallhorn, R. Gow, R. Freedom, P. Olley, G. Trusler,
and J. Gibbons

Interatrial rerouting of pulmonary and systemic venous blood by the Mustard
or Senning procedure is still the most common procedure for patients with
simple transposition of the great arteries. Both procedures may be complicated
by systemic or pulmonary venous obstruction and, rarely, by isolated pulmo-
nary vein stenosis [1-4]. Unless pulmonary venous obstruction is severe, clini-
cal recognition is difficult; it necessitates catheterization to assess this limb
of the baffle. First, this study defines the role of pulsed Doppler echocardiogra-
phy in the assessment of pulmonary venous atrial function from pulmonary
vein flow patterns, which experimentally mirror left atrial pressure events
following Mustard or Senning procedure. Second, it attempts to determine
whether the technique is sensitive enough to detect the presence of pulmonary
venous obstruction, either at midbaffle or pulmonary vein level.

Three groups of patients were studied. Group I consisted of 47 post-Mus-
tard patients (>>1 year after surgery). Group II consisted of 18 patients who
were studied pre- and post-Mustard. Group III consisted of 19 patients who
had undergone a Senning procedure. In group I, two patients had documented
midbaffle obstruction and six had isolated vein stenosis. In Group III, two
had documented significant midbaffle obstruction. All of the patients were
studied from a subcostal and precordial four-chamber cut, with Doppler
interrogation of the right- and left-sided pulmonary veins, midportion of
the pulmonary venous atrium, and through the tricuspid valve.
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Figure 1. Precordial four-chamber cut demonstrating normal pulmonary venous flow
following a Mustard procedure. Note the triphasic pattern (4, a wave; ES, early
systole; LS, late systole; dias, diastole; PVS, pulmonary venous atrium; RPV, right
pulmonary vein; and RV, right ventricle).
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Results

Flow was detected in the right veins in each case, while left-sided veins
were sampled in 75 patients, with flow being detected in 74. In one patient,
previous left-vein stenosis had been surgically relieved, but a perfusion scan
demonstrated no flow to that lung. In Group I, 80% were in sinus rhythm
and the remainder were in either junctional or intermittent sinus and junc-
tional. In those in sinus rhythm with no or mild tricuspid regurgitation,
80% had normal flow patterns corresponding with dominant forward flow
during ventricular systole and diastole, and they had reversed flow during
the a wave (Figure 1). In the remainder, the systolic peak was smaller, which
corresponded with a small “X” descent at cardiac catheterization (Figure
2). In Group II, only 42% had normal flow patterns, with evidence of signifi-
cant variations corresponding with baffle movement due to respiration. In
Group III, all patients had a normal pulmonary venous flow pattern (Figure
3). Variations were seen in those patients with significant tricuspid regurgita-
tion, where the systolic velocity tended to be lower with a correspondingly

Figure 2. A Doppler trace from a Mustard patient demonstrating a dominant diastolic
with a smaller systolic peak.



Pulsed Doppler Assessment of the Pulmonary Venous Pathway 121

e e .= == —

Figure 3. Doppler trace from a postoperative Senning patient demonstrating equal
systolic and diastolic flow in the pulmonary veins.

higher diastolic velocity. This corresponded with an increased “Y” and de-
creased “X” descent in the atrial pressure curve.

In those patients in junctional rhythm, the atrial component through the
tricuspid valve was lost and, in two patients the systolic peak was reduced.
In two others with junctional rhythm, the systolic component was preserved.

In all patients with documented midbaffle obstruction, a turbulent high-
velocity systolic jet with diastolic spillover was identified (Figure 4). As the
sample volume was moved more distally, the flow became continuous—not
unlike that observed in a patent ductus arteriosus.

In three postoperative Senning patients who were asymptomatic, a pressure
drop between the upper and lower limbs of the baffle was present, with
associated spectral broadening.

In three post-Mustard patients in Group I, stenosis of the left-sided veins
was present with a characteristic high-velocity, turbulent continuous-velocity
profile being detected. In three other patients with documented left vein
obstruction, a similar pattern could not be detected due to no flow being
present in one patient and grossly reduced flow in the other two by radionu-
clide perfusion scans.
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Figure 4. The upper panel, which is a subcostal cut, demonstrates a narrowing in
the pulmonary venous atrium. The lower panel is a spectral trace from this patient.
Note the high-velocity turbulent jet detected just distal to the site of obstruction
(SVA, systemic venous atrium; and PVA, pulmonary venous atrium).
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Systemic Venous and Pulmonary Arterial
Flow Patterns after Fontan’s Procedure for
Tricuspid Atresia or Single Ventricle

Thomas G. DiSessa, John S. Child, Joseph K. Perloff,
Roberta G. Williams, William F. Friedman, and Hillel Laks

Despite increasing use of the Fontan or modified Fontan repairs, the compara-
tive hemodynamic efficacies of different types of connections are unresolved.
Accordingly, we undertook a prospective study designed to determine postop-
erative flow patterns after Fontan’s procedure. Nine subjects had tricuspid
atresia and 12 had single ventricle. Ages ranged from 2-38 years (mean,
14 years). Fifteen subjects had a nonvalved right atrial to pulmonary artery
connection, and five had a nonvalved right atrial to right ventricular communi-
cation. A valved conduit established continuity between the right atrium
and right ventricle in one subject. Doppler flow profiles were recorded in
the pulmonary artery and in the superior and inferior vena cavae. A reference
electrocardiogram (ECG) was used for timing purposes. In all patients, for-
ward flow in the pulmonary artery was biphasic. Flow began at the end of
the T wave (early ventricular diastole), peaked at or prior to the P wave
(atrial systole), and returned to baseline by the peak of the R wave. Forward
flow recommenced at the peak of the R wave (ventricular systole) and returned
to baseline at the end of the T wave. Between the end of the P wave and
peak of the R wave (atrial systole), flow in the superior and inferior vena
cava was reversed. Forward flow in the cavae occurred between the peak
of the R wave and the end of the T wave, and it was either continuous or
biphasic.

Discussion

Our results are in agreement with those of Nakazawa et al. [1]. However,
we have extended the patient population to include not only those with tricus-
pid atresia, but also subjects with single ventricle. Moreover, we have studied
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and compared patients with right atrial to pulmonary artery and right atrial
to subpulmonary chamber anastomoses.

Pulmonary artery forward flow is biphasic; the first phase begins between
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