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ABSTRACT Of 466 fetuses who underwent cardiac ultrasound examination with cross-sectional and
M mode echocardiography and pulsed Doppler ultrasound and in whom we were able to follow the
natural history, 12 were found to have atrioventricular valve insufficiency and nonimmune hydrops.
Eleven fetuses (all of whom had structural heart disease) died either in utero or during the early
postnatal period. In the one surviving hydropic fetus with supraventricular tachyarrhythmia and
atrioventricular valve regurgitation but without structural heart disease, all the abnormalities disap-
peared on treatment with digoxin and verapamil. Seven fetuses who had atrioventricular valve insuffi-
ciency but did not develop nonimmune hydrops all survived pregnancy and the early neonatal period.
The syndrome of atrioventricular valve insufficiency, nonimmune hydrops, and structural heart disease
has a poor prognosis. The hydrops in this instance reflects fetal cardiac failure related to venous

hypertension and low colloid oncotic pressure.
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ADVANCES in ultrasound technology have made it
possible to examine human fetal cardiac development
and function in utero'-13 and have even permitted the
study of early embryogenesis in experimental ani-
mals. 14 Structural and functional heart disease in utero
has been examined by a number of investigators apply-
ing M mode and cross-sectional echocardiographic
imaging techniques to the examination of the human
fetus during the second and third trimesters of pregnan-
Cy. 1-13 This information has been used to counsel pro-
spective parents and, in several instances, to formulate
management for the remainder of pregnancy, during
delivery, and in the neonatal period.'5-23

Recently several workers have applied range-gated
pulsed Doppler ultrasound to quantitate fetal de-

From the Departments of Pediatrics and Obstetrics, Gynecology. and
Reproductive Sciences, and the Cardiovascular Research Institute, Uni-
versity of California, San Francisco, and the Departments of Pediatrics,
Genetics, and Obstetrics and Gynecology, Yale University School of
Medicine, New Haven, CT.

Supported in part by a grant from the March of Dimes Birth Defects
Foundation.

Address for correspondence: Norman H. Silverman, M.D., M342A,
University of California, San Francisco, San Francisco, CA 94143.

Received Dec. 11, 1984; revision accepted June 27, 1985.
Presented in part at the Society of Pediatric Research Meeting. May

1984, San Francisco.

Vol. 72, No. 4, October 1985

scending aortic and/or umbilical blood flow by mea-
suring mean flow velocity and cross-sectional vessel
area.11 12. 2t28 This method has also been used to pro-
vide qualitative information about intracardiac blood
flow.'' 12. 24. 25, 28
We used the combination of cross-sectional echo-

cardiography and pulsed Doppler ultrasound to evalu-
ate 466 fetuses referred to our centers for evaluation of
the presence of congenital heart disease. We detected
atrioventricular valve insufficiency in 23 of these 466
fetuses in the second and third trimesters of pregnancy.
Of these fetuses, 16 had associated nonimmune hy-
drops. Four of the pregnancies were terminated. Elev-
en of the 12 fetuses with structural heart disease either
died in utero or within the first week after birth. Seven
fetuses with atrioventricular valve insufficiency and
structural heart disease but without nonimmune hy-
drops survived pregnancy and the neonatal period.

Methods
Four hundred sixty-six fetuses, ranging from 16 to 40 weeks

gestational age, whose mothers had been referred to the fetal
echocardiographic laboratories of the University of California
San Francisco Medical Center or the Yale University School of
Medicine underwent cross-sectional and M mode echocardio-
graphic studies as described in previous reports, with either
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Advanced Technologies Laboratories MK-500 or MK-600 ul-
trasonographs.4 7 10, 15 29
The two-dimensional equipment was interfaced with 3.5 or 5

MHz transducers. Range-gated pulsed Doppler examination
was guided from the cross-sectional image where the Doppler
carrier frequency was 3.0 or 5 MHz. The sample volume was
always kept to minimum size, 1.5 mm in axial direction, and
could be placed at any position within the 90 degree sector arc
up to a depth of 16 cm. The direction of flow was depicted on
the videomonitor as a "positive" deflection when flow was
toward the transducer, whereas flow away from the transducer
face was depicted as a "negative" deflection with respect to the
baseline. The Doppler frequency shift was analyzed by fast
Fourier transform algorithm with the intensities of the spectral
frequencies depicted in shades of gray. Doppler interrogation
was usually performed at 5 to 14 cm distance from the trans-
ducer. Atrioventricular valve insufficiency was recognized by
the audio output and from the characteristics of the spectral
output with reference to the systolic portion of the visible atrio-
ventricular valve motion on the simultaneous M mode display.
In the normal heart this period was quiet in systole but showed
either disturbed flow consistent with the direction of tricuspid
insufficiency or marked systolic aliasing (figure 1). The type of
signal displayed depended to some extent on the distance from
the transducer. We attempted to obtain flow signals by placing
the sample volume as parallel as possible to the direction of
blood flow.

In all 466 fetuses we examined, atria, ventricles, and great
arteries and veins were defined in each study. Characteristic
flow signals were defined in each location.26 Doppler, M mode
signals, and cross-sectional images were recorded on videotape.
The Doppler signals were also recorded on paper at speeds of 75
mm/sec for a permanent record with a Tektronix page printer.

Tricuspid or atrioventricular valve insufficiency was assessed

as mild, moderate, or marked based on multiple serial position-
ing of the sample volume in the atria to define how localized the
regurgitant jet was and how far from the valve this jet could be
recorded.

Results
Among the 466 fetuses we studied, using a com-

bined two-dimensional echocardiographic/Doppler
approach, we found 16 fetuses with a combination of
atrioventricular valve insufficiency and nonimmune
hydrops. Four pregnancies were terminated and there-
fore excluded from this report. This report is con-
cerned with the 12 remaining fetuses and their natural
history. The relevant history, findings, and outcome
are summarized in table l. In addition there were seven
fetuses with atrioventricular valve insufficiency with-
out associated hydrops whose data are displayed in
table 2. Although the pathologic spectrum is similar to
that in table l, there was no associated nonimmune
hydrops and most of the infants survived the first week
of life. There were an additional 26 fetuses with non-
immune hydrops in whom there was no atrioventric-
ular valve insufficiency. Results from many of these
fetuses have been reported previously.'030
Of the 12 instances of atrioventricular valve insuffi-

ciency associated with nonimmune hydrops, 11 with
structural heart disease died either in utero or shortly
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FIGURE 1. Top panel.s, Cross-sectional echocar-
diographic images showing the Doppler cursor and
sample volume within the atria (small arrows). Bot-
torn panels, M mode tracing with the sample volume
(large arrow) located behind the echo of the tricuspid
valve (TV) (small arrow). Below the M mode record
ings the spectral Doppler output is shown. The scale
marker is 1 kHz per division. Flow above the central
baseline represents flow toward the transducer, flow
below the baseline represents flow away from the
transducer. Left, The top frame is an apical four-
chamber view of a normal 20 week fetus with the
Doppler cursor directed through the right heart and
the sample volume placed behind the tricuspid valve
within the right atrium (RA). In the bottom panel, the
characteristic pattern with forward flow in diastole
(D). The A peak from atrial contraction is higher than
the V peak of venous filling. In systole (S), there is
no flow signal. Right, Image from fetus 3, short-axis
plane through the right heart. The sample volume is
proximal to the tricuspid valve in the right atrium
(RA). AO = aorta; Asc = ascites; LA = left atri-
um; RV = right ventricle. A 1 cm marker is shown.
At bottom right, the systolic portion of the image (S)
shows marked flow disturbance with aliasing (the
dominant negative direction away from the right ven-
tricle and the transducer). The diastolic V and A
points are present but less clearly separated than in
the normal patient.
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TABLE 1
Presentation and outcome of fetuses with atrioventricular valve insufficiency and nonimmune hydrops

Fetus Weeks
No. gest. Presenting problem Findings Outcome

1 20 Lithium ingestion

2 36 Arrhythmia

3 20 Twin pregnancy with
hydropic twin

4 35 Hydropic fetus

5 34 Lithium treatment for
depression, hydrops
noted 24 wk gesta-
tion

6 38 Polyhydramnios and
hydrops

7 29 Polyhydramnios, sus-
tained tachycardia
(240/min)

8 26 Fetal hydrops, brady-
cardia, Sjogren's
syndrome, arthritis,
ANA positive to
1:160

9 23 Nonimmune hydrops
at 23 wk gestation

10 25 Ascites, pericardial ef-
fusion; mother has
Ebstein's anomaly
at 24 weeks

11 29 Bradycardia
(45-50/min)

12 31 Maternal polyhydram-
nios and nonim-
mune fetal hydrops

20 wk: tricuspid insufficiency and question-
able valve displacement; 24 wk: definite
displacement of tricuspid valve characteris-
tic of Ebstein's anomaly; 34 wk: hydrops

Complex bradyarrhythmia, AV canal defect,
AV valve insufficiency, interrupted IVC,
polysplenia, hydrops

Tricuspid valve insufficiency, no recordable
pulmonary valve, small main pulmonary
artery segment, 1 twin hydropic, I normal

Aortic atresia, diminutive left ventricle and
mitral valve, tricuspid insufficiency, hy-
drops

Ebstein's anomaly noted on echo and tricus-
pid insufficiency by Doppler exam

Right atrial and right ventricular dilatation,
pulmonary outflow not clearly seen, tricus-
pid insufficiency

Normal cardiac anatomy, hydrops, mother
given digitalis, verapamil, and eventually
furosemide

Complete heart block with ventricular rate of
55/min, hydrops, AV valve insufficiency

AV canal defect, mild AV valve insufficien-
cy, pulmonary atresia, asplenia

Ebstein's anomaly. same degree as maternal
disorder, nonimmune hydrops, moderate
AV valve insufficiency

Ambiguous atrial situs, AV canal defect, dou-
ble-outlet right ventricle and pulmonic ste-
nosis, mild atrioventricular valve insuffi-
ciency by Doppler exam

AV canal defect and AV valve insufficiency

Vaginal delivery, born cyanotic, maintained
on PGE,, presented with low blood pres-
sure, died at 30 hr, autopsy confirmed diag-
nosis of Ebstein's anomaly

Vaginal delivery, presented with low blood
pressure and cardiac failure, died at 20 hr,
autopsy confirmed diagnosis

Twin died and pregnancy aborted spontane-
ously, autopsy refused

Vaginal delivery, died within 20 hr, autopsy
confirmed diagnosis

Died on second day of life, autopsy confirmed
diagnosis

Died at 4 hr, autopsy confirmed dysplastic
pulmonary valve

Hydrothorax and ascites, resolved 14 days
after treatment, born at 38 wk gestation

Spontaneous abortion at 30 wk, at postmor-
tem tricuspid valve thickened and right
ventricle hypertrophied

Died on first day of life, could not be resusci-
tated, postmortem refused

Born with hydrops, severe tricuspid valve in-
sufficiency after birth with right-to-left
atrial shunt, died at 5 days

Maintained on terbutaline to prevent prema-
ture labor, heart rate increased to 70/min,
AV valve regurgitation increased, nonim-
mune hydrops developed, baby died on
first day of life, autopsy confirmed right
isomerism and other in utero findings

Amniocentesis showed trisomy 21, baby de-
livered at term, died on first day of life

ANA = antinuclear antibody; AV = atrioventricular; IVC = inferior vena cava.

after delivery. The sole survivor was a 29 week fetus
with sustained supraventricular tachycardia whose ta-
chyarrhythmia, atrioventricular valve regurgitation,
and hydrops fetalis resolved in utero after transplacen-
tal therapy with digoxin and verapamil.
Our first fetus discovered to have atrioventricular

valve insufficiency was a 20 week product of a 42-
year-old gravida IV para III who had received high-
dosage lithium for depression during the first trimes-

Vol. 72, No. 4, October 1985

ter. The examination showed an enlarged right atrium
and probable displacement of the tricuspid valve.
Doppler insonation of the right atrium from a four-
chamber view showed marked tricuspid insufficiency.
The diagnosis of Ebstein's anomaly was suspected
(figure 2). At 24 weeks gestation the degree of tricus-
pid insufficiency appeared qualitatively unchanged but
there had been further enlargement of the right atrium
and the umbilical vein, possibly reflecting venous hy-
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TABLE 2
Presentation and outcome of fetuses with atrioventricular valve insufficiency and without nonimmune hydrops

Fetus Weeks
No. gest. Presenting problem Findings Outcome

1 34 Severe growth retarda- Pulmonary insufficiency, tricuspid insuffi- Cesarean section undertaken, severe growth
tion ciency retardation with birth weight 1250 g, post-

natal echocardiogram confirmed pulmo-
nary and tricuspid insufficiency, infant
alive and well

2 34 Bradycardia (85/min) Right isomerism, AV canal defect, double- Prenatal findings confirmed after birth, Bla-
outlet right ventricle and pulmonary steno- lock-Taussig shunt performed, patient alive
sis, AV valve insufficiency at 2 mo of age

3 38 Intermittent bradycar- Complete heart block at echocardiography, Epicardial pacemaker inserted, baby doing
dia to 50/min, anti- mild AV valve insufficiency well
Rho antibody posi-
tive

4 26 Bradycardia to 60/min, Complete heart block with AV valve insuffi- No problem with heart block since delivery
mother had hepatitis ciency
during pregnancy

5 34 Dermatomyositis, bra- Complete heart block and mild AV valve in- Situs inversus, baby born with dextrocardia,
dycardia sufficiency catheterization showed small atrial septal

defect and patent ductus arteriosus, asymp-
tomatic at 6 mo

6 32 Bradycardia Isolated levocardia, atrial isomerism, com- Delivery at 36 wk gestation, cardiac catheter-
plete AV canal defect, severe subpulmon- ization showed right isomerism and mild
ary stenosis, mild AV valve insufficiency, AV valve regurgitation, child alive after
sinus bradycardia Blalock-Taussig shunt

7 32 General ultrasound Complete AV canal defect with mild AV Small for dates, operation to bypass duodenal
exam showed du- valve insufficiency, chromosome analysis atresia, echocardiography after birth con-
odenal atresia showed normal complement firmed in utero findings

AV atrioventricular.

pertension. The tricuspid valve showed obvious dis-
placement of its septal leaflet. Examination at 35
weeks gestation showed fetal hydrops in addition to the
atrioventricular valve insufficiency. Analysis of the
amniotic fluid showed fetal pulmonary maturity. La-
bor was induced and the infant delivered. She was
cyanotic (Pao2 34 mm Hg) and had marked hydrops
and poor peripheral perfusion, with an arterial blood
pressure of only 40/20 mm Hg. Postnatal echocardio-
graphic and Doppler examination confirmed the pre-
natal findings. Contrast echocardiography showed
marked right-to-left atrial shunting.

Despite administration of prostaglandin E1, isopro-
terenol, and dopamine, the baby died 30 hr after deliv-
ery. Autopsy confirmed the diagnosis of Ebstein's
anomaly.

The second fetus we encountered was the product of
a gravida IL para I referred for evaluation of a fetal
cardiac arrhythmia at 35 weeks gestation. The fetus
was noted to be hydropic with atrioventricular valve
insufficiency on Doppler examination and complex
congenital heart disease consisting of an atrioventric-
ular canal defect associated with left atrial isomerism

(figure 3). Labor was induced and delivery was un-
eventful. Neonatal ultrasound examination confirmed
the prenatal diagnosis of atrioventricular valve insuffi-
ciency. The blood pressure was low and could not be
maintained despite infusion of isoproterenol and dopa-
mine. The infant died 32 hr after birth and autopsy
confirmed the findings.
The next case involved a 23 week monoamniotic

twin pregnancy. Nonimmune hydrops was noted dur-
ing an obstetric ultrasound examination and the patient
was referred for cardiac ultrasound study, which
showed the presence of pulmonary atresia. The right
ventricle and right atrium appeared enlarged in the
four-chamber view (figure 4). Doppler insonation of
the main pulmonary artery showed no forward flow
into the pulmonary artery. There was no observable
pulmonary valve motion. Pulsed Doppler insonation
of the right atrium showed marked tricuspid insuffi-
ciency (figure 1, right). The other twin was morpho-
logically normal. The pregnancy terminated spontane-
ously 4 weeks later. Both fetuses were stillborn and
severely macerated. Postmortem examination was re-
fused.
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FIGURE 2. Four frames in equivalent orientation, four chamber plane, from fetus 1 with Ebstein's anomaly. showing the
findings at 20 weeks (top left), 24 weeks (top right), 32 weeks (bottom left), and atet- birth at 35 weeks (bottom right). The four
chambers identified are the right atrium (RA), right ventricle (RV), left atriuir (LA), and left ventricle (LV). The arrows indicate
the septal insertion of the tricuspid and milral valves. At 20 weeks the heart appears structuially normal (although other views
suggested right atrial enlargement). At 24 weeks right atrial enlargement and tricuspid displacement are apparent At 32 weeks
the tricuspid displacement is marked, the right atrial enlargement has progressed, and pleural effusions are noted. After birth
there is a similar pattern to that at 32 weeks. A large right-sided pericardial effusion can be seen.

The tourth tetus was examined at 32 weeks of gesta-
tion and was found to have nonimmune hydrops with
marked ascites and pericardial effusion. Fetal echocar-
diography confirmed the presence of aortic atresia, a
minute ascending aorta, and a diminutive mitral valve
and left ventricle (figure 5). Doppler flow study
showed marked systolic flow disturbance within the
enlarged right atrium with aliasing indicating tricuspid
insufficiency. The jet could be recorded only toward
the lateral atrial wall, suggesting that the insufficiency
was mild. The baby died within 6 hr of delivery. The
autopsy findings confirmed the sonographic observa-
tions in utero. Data pertaining to the other fetuses in
this study are summarized in tables 1 and 2.

Discussion
These cases demonstrate the ability of range-gated

pulsed Doppler echocardiography to detect flow dis-

Vol. 72, No. 4, October 1985

turbances in fetuses with cardiovascular compromise
related to abnormalities either of cardiac structure or of
rhythm.

Hydrops fetalis was present in all 12 fetuses who
demonstrated atrioventricular valve regurgitation. The
11 fetuses with structural heart disease died in utero or
during the first few days of life.
We encountered an additional seven fetuses who

had atrioventricular valve insufficiency without non-
immune hydrops. The prognosis appears somewhat
better than that of the group in whom there was atrio-
ventricular valve insufficiency and nonimmune hy-
drops (table 2). Although the prognosis of nonimmune
hydrops in general is poor, 82% mortality,50 our series
suggests that nonimmune hydrops associated with
atrioventricular valve insufficiency makes the progno-
sis even poorer.
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pressure. Several studies in fetal lambs have shown
that the ventricular output is near the peak at ventricu-
lar end-diastolic pressures that are present in the nor-
mal resting state; any further increase in preload has a
limited effect on stroke volume.3'-" This could be the
result of either myocardial immaturity with limited
inotropic reserves or reduced compliance of the fetal
ventricles.34 Because the foramen ovale provides a
large communication between the left atrium and sys-
temic veins, the volume loading causes systemic ve-
nous hypertension regardless of whether there is in-
sufficiency of a mitral, a tricuspid, or a common
atrioventricular valve.
The elevated systemic venous hypertension coupled

with low colloid osmotic pressure during fetal life

FIGURE 3. Four-chamber view taken fromn the examnination in utero

trop) and after birth (bottuon). The top panel shows the single large
common atrium (A) and the commoiniiio atrioventricLular valve (CAVV).
The left ventricle (LV) and right venitricle (RV) are separated by the
vcntricular septum ancl a large ventricular septal lefect. There is poly-
hydraninios filling the amrnliottic cavity (Am Cav). A I cm scale mliarker
is shown. A apex: B base; L = left. R = riiht. The bottomi panel
shows the saame intracardiac anatoomy after bii-th except a large coronary
sinus (CS) can be seen. I = inferoi; L left; R = right; S superiur.

The high incidence of cardiac pathology in the pres-
ence of nonimmune fetal hydrops has been recog-
nized,'] suggesting that hydrops fetalis represents
end-stage fetal cardiac decompensation in some cases.

It has been assumed that hydrops is the result of fetal
systemic venous hypertension. The response of the
fetal circulation to obstructive lesions such as hypo-
plastic left heart syndrome with aortic atresia or pul-
monary atresia is to redistribute flow, thereby bypass-
ing the obstruction. Thus cardiac failure and fetal
hydrops appear to be uncommon findings in the pres-
ence of valvular stenotic lesions at birth. However,
atrioventricular valve insufficiency is associated with a
mandatory increased volume load on the heart. The
fetal heart has only a limited ability to increase its
output in response to an increase in ventricular filling

830

FIGURE 4. T[p. LongitLudinal view through one twin fetus at 23 weels
showing the finding of hydrops witlh skin edema. ascites (Asc). and
pericardial cffusion (EF1`). The heart orientation is ill a plane equivalent
to a short-axis planie showing a large right atritumn (RA). smaller left
atrium (LA). aorta (A0). alnd pulmonary artery (PA). The ptulnionary
valve leaflets didl not open and there was rno recordable Doppler signal
within the ptulmiconary arteiy. L = liver. A 1 cmii maIker is shown.
Bottomn, A foulr-chamber planc with the enlarged righlt at-inum (RA) and
right ventricle (RV). The fossa ovalis (1-0) is patent (airow) anld the
smialler left atrium (LA) and left venti ile (I V) are seen.

CIRCULATION

D
ow

nloaded from
 http://ahajournals.org by on M

arch 13, 2022



DIAGNOSTIC METHODS CONGENITAL HEART DISEASE

FIGURE 5. Short-axis projection in fetus 4 shows a minute aortic root

(Ao) and large right atrium (RA). Right ventricle (RV) and pulmonary
artery (PA). A 1 cm marker shows the aorta to be no larger than 4 mm.

RV = right ventricle; PA = pulmonary artery.

leads to the presence of edema and hydrops in the
fetus. The physiologic low serum albumin level may

be further aggravated by decreased hepatic albumin
formation in the presence of retrograde inferior vena

caval flow and loss of albumin into the extravascular
space. The venous pressure could not be measured in

our fetuses, but the atrium receiving regurgitant flow
was usually large and the umbilical vein dilated when
compared with the umbilical artery cross-sectional
area.

Pulsed Doppler ultrasound has provided the means

to ascertain the presence of atrioventricular or semi-
lunar valve regurgitation and would seem to confirm
the postulate that the severity of the venous hyperten-
sion load attending such valve dysfunction may be the
factor that distinguishes the hydropic fetus from the
nonhydropic fetus with the same underlying cardiac
lesion. We have been able to follow the natural history
of seven other fetuses with similar lesions and atrio-
ventricular valve insufficiency without nonimmune
hydrops, all of whom have survived through pregnan-

cy and the early neonatal period (table 2). The atrio-
ventricular valve insufficiency appears to have been
less severe by the limited methods we were able to use

to define severity.
The difference in the clinical manifestations of the

fetuses with atrioventricular valve insufficiency could
be related to the severity of the lesion. However, it
could also be the result of the duration of the insuf-
ficiency, as well as changes in the degree of insuffi-
ciency associated with growth. This is exemplified in
fetuses 1 and 1 1, in whom atrioventricular valve insuf-

Vol. 72, No. 4, October 1985

ficiency was noted before hydrops was observed. The
increasing severity of the hemodynamic disturbance
could well be related to increase in heart size with
increasing valvular insufficiency occurring in associ-
ation with increased size of the valve anulus caused by
growth and dilatation.
A relatively small subgroup of patients with con-

genital heart disease develop hydrops fetalis (i.e., ab-
sent pulmonary valve syndrome, Ebstein's malforma-
tion of the tricuspid valve, as well as atrial isomerism
with atrioventricular canal defects) largely secondary
to atrioventricular or semilunar valve insufficiency
rather than systolic pump failure.
The findings in our patients suggest that early identi-

fication of atrioventricular valve regurgitation in utero
may, in selected cases, identify the fetus with structur-
al or functional cardiac impairment who may be at risk
for the development of hydrops fetalis. In such cases,
prompt transplacental medication or early delivery
may be considered.
The detection of atrioventricular valve insufficiency

may be used to direct efforts at in utero therapy of
arrhythmias and may be used to formulate plans for
delivery of the affected fetus and, in the future, may be
useful for identifying fetuses who may be candidates
for cardiac surgery in utero. The detection of tricuspid
insufficiency in aortic atresia, which occurred in one
fetus in this series, may suggest that palliative surgery
would not make these infants appropriate candidates
for a subsequent Fontan operation.35

Although it is possible to criticize this study on the
basis of not assessing interobserver and intraobserver
error, we kept the exposure of the fetuses to ultrasound
to a minimum in accordance with recent recommenda-
tions.36

These studies suggest that the detection of atrioven-
tricular valve insufficiency provides practical informa-
tion of value for managing the high-risk pregnancy.
The combined ultrasound technique augments our un-
derstanding of the pathophysiologic nature of the hu-
man fetus affected with congenital heart disease.

We thank Ms. Martha Prince for preparation of the manu-
script and photographic material, Ms. Mary Helen Briscoe for
the artwork, Mr. Rick Soloway for the photography, and Mrs.
Heather Silverman for editorial assistance.
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