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Tricuspid Valve Disease With Significant Tricuspid Insufficiency in the

Fetus: Diagnesis and Qutcome
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The echocardiographie studies and clinical eourse af 27 fetuses
(mean gesttiona) age 26.9 weeks) diagnosed in utero with tricus-
pid valve diseasc and tricuspid were
reviewed. The diagnosis of Ebstein’s anomaly was made in 17 of
the fotuses, 7 had valve dysp with poorly develup
but norrally attached leaflets and 2 had an unguarded tricuspid
valve orifice with little or no identifiable tricuspid tissue. One fetus
was excluded from data analysis because a more camplex heart
lesion was documentzd at antopsy. All fetuses had massive right
atrial dilation and maest who were serially studied had progressive
right-sided cardlomegaly. Hydrops fetalis was found in six cases
and atrial Hulter in five.

Assoctated cardiac lesions included pulmonary stenosis in five
cases and puimonary atresia in six. Four fetuses with normal
forward pulmonary artery flow at the initizl examination were
found at subsequent study to have retrograde pulmuu:-ry artery
and ductal Aow in iation with the of

clinical course of the 23 Tetuses {excluding 3 with elective abor-
tion), 48% of the fetuses died im utern and 355 who were liveborn
died dewpile viperous medical and, whem mecessary, surgical
management, nmany of whom had severe congestive beart fnilure.
OF the [our infants who survived the neonaial period, thiee bad &
henign nennatal course, ol of whom were diagnosed with mild to
moderate Ebstein’s anomaly; onky one had pulmonsry ootfiow
obstruction, An additional Bndieg at sutopsy was significant kg
hypoplasia docemented im 19 of 19 autopsy reports.

Tricuspic valve anomaiies with tricuspid insuificieacy can be
identified echocardiographically in the fetus and should be
searched for in the presence of right atrial enlarpement. The
prognosis for {he fetus diagy in utero with sigi tricus.
pid valve disease is extremely poor, with a prenstal course that
includes progressive right heart dilation, with cardiac faitnre and
lung hvpnplasm in many and development of pulmonary stenasis

stenosis (n = 1) and pulmonary atresia (n = 3), On review of llle

orp y atresia later in gestation in some.
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Congenital tricuspid valve disease associated with tricuspid
regurgitation, including both Ebstein’s anomaly and so-
called tricuspid valve dysplasia, is usually well tolerated in
older infants, children and adolescents {1-4}. The majority
of patients have minimal or no disabilicy and many live well
into adulthood (3). Although there is a greater incidence of
death among affectcd infants who present in the newborn
period with cardiomegaly, cyanosis and comgestive heart
failure (2,5-9), many survive with marked clinical imprave-
ment as their pulmonury vascular resistance decreascs
(3.4.9). In neonates with milder tricuspid valve disease.
there may even be complete or near complete resoiution of
symptems, as previously reporled (3.4,100.
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The diagnosis of any type of congenital heart disease in
utero has been ¢ with poor possibly
becausc a more severe spectrum of disorders is identified
and there appears 1o be a higher incidence of associated
malformations and chromosomal anomalies in this pre-
natally “presenting'* group of patients (11-14). Preliminary
studies (11,15) directed toward the prenatal diagnesis of
congenital heart disease and a mumber of case reports
(16,17 suggest a substantally warse prognosis for the
fetus diagnosed with wricuspid valve disease, particularly
when associated with significant tricuspid insufficiency. To
date, however, no lage study with a high percent of ana-
tomically verified patients has fovused specifically on
the diagnosis and follow-up of prenatally di J
tricuspid valve discase. Therefore, in the prescat study,
we retrospectively studicd the combined experience of
three targe fetal echocardiography referral centers with
tricuspid valve disease and tricuspid regurgitation to docu-
ment the forms of Iricuspid disease encountered in viero
and the subsequent outcome of these fetuses, with elucida-
tion of associated findings that could be of progmestic
importance,
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Table 1, Tricuspid Valve Disease in the Fetus (26 cases)
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Case Initial Add Cardiac Lunp

No. EGA (wk) VD Anomaly Other Findings Hypoplesia Course
1 19 ug — Hydreps. A Autler - IUFD (21 wha

T il ™ - Hydrons. ascites - 1UFD (25 wk)

3 0 mn -_ Hydrops. A Auter + ND (2R

4 2% Ea - - - 1UFD (29 wk)

$ n EA - Efydrops + LUFD (32 wky

5 hig EA - - t [UFD (3] wK)

T kil EA viD Trisomy 13 Suspectod NE (! doy)

3 29 FA BS — Survivar s'p valviloplasty
? L] EA - — + Elcctive sbortion
10 ki) EA - - + ND {10 days)

1 » FA - Hydrops, A flutter NA 1UFD {32 wk)

12 21 LA - — Sarviver

12 26 ™ - A flutter - TUFD 25 wki

14 » TD PAtr - NA Death al 4 mos
13 19 EA — - - Etective abortion
16 2% EA — Hydraps, A fluller t IUFD (30 wky

7] 25 EA — - - Eleclive abortion
18 28 uG Pat - + IUED (28 wk)
19 3z EA — - - IUFD (35 wk)
0 3 EA PAw - + ND (2 dayst

2 n T s - + ND(12hy

n n T s - - NA {2 daysh

i} 27 ™ PAl — - LUFD (28 wk)
) 7 EA PS - - NA (4 days)

25 Kl EA - — Survivor

% 35 EA PAlR - Suspecled ND 2 days)

Add = additional; A fiovter = atrial Autter: EA = Ebstein's anomaly: EGA = estimated restational age; [UFD = in wizro fetal demise; NA = no autopsy:
ND = neonatal demise; PAlc = plmonary stresia; PS = pulmonary slenssis: TD = tricuspid dysplasia: TVD) = tricaspid valve disease; UG = unguarded

tricuspid valve orifice; VSD — ventricular septaf defect; + = yes - = na.

Metheds

Study cases, We revicwed the history and echocardio-
gtaphlc studxes of 27 fetuses wn‘n lrll:uspld vaIvE dlsease and
din
uleroaltth'“ Haven Hospital, the University of
Arizona Medical Center and the University of California—
San Diege Medica! Center. Referral to one of the three
centers for fetal echocardiographic study was initiated pri-
marily because of abnormal findings on a routing obststric

that included an ak 1 atrioventricular valve
(Fig. 1) or an asymmetric four chamber view (predominantly
right atrial enlargement). This was the ¢e for 17 of the 27
fetuses studied. Other reasons for referral included the
presenee of nonimmune hydrops fetalis in threc, maternal
|.I.L|.Il|l.m ingestion in three. a family fisiory of congenital heart
0, & positive rubella titer in onc and in utero
lachycardla in one. Mo ferus had knuwn ErD EXPOSHTE t0

t or similar pr din inhibi

described (18-20). kmaging was performed with 2 3.5 or 5
MHz wransducer; 2 3.5 MHz transducer had been used for
the majority of Dappler studies. Doppler echocardiographic
and color flow mapping studies were performed on either an
Acuson, Toshiba or Hewlett Packard instrument. The sever-
ity of tricuspid valve regurgilalion was judged on the basis of
spatial cxtension of the regurgitant signal by color flow or
speciral Doppler mapping and its relation to right atrial size.

Resulfs

Clinical characterislics, associated lesions and outcome
{Table 1), The estimated gestational age of the 27 fetuses at
the time of the initial examinat.on, based on standard 50n0-
graphic measurements of biparietal di and abd,
circumference or femuy lenglh orboth, ranged from 1910 35
weeks. One of the cases involved a twin gestation with one
of the fetuses affected. Only one fetus was known to have a

Echocardiographic study. All fetuses had been evaluated
using third generation, high resolution linear array or elec-
tronic sector scanners with Doppler capabilities. Fetal echo-
cardiographic imaging of the two-dimensional cardiac anat-
omy and puised or continuous wave Doppler interrogation
were performed using techniques that have been previously

chr 1 at lity (trisomy 13). No other fetus had
any decumented noncardiac defect. Autopsy confirmation of
the diagnesis was available for 19 of the fetuses whose

course resulted in in wiero demise or death im the neonatal
riod,

One of the 27 fewses was subsequently documented ta
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Flgure 1, Case 22, Two-dimensional echocardiogram of tricuspid
dysplasia initially diagnesed in a fetos at 20 weeks of geslation, The
dysplastiv-apparing Wncespid septal leaflet (SL) prolapses behind
the thickened, seundkant anterior leaflet (AL). RA = nght alriwm:
RV = right venlricle.

have a more complex heart lesion than suggested by the
initial prenatal echocardiogram and was cxcluded from con-
sideration as it rclates 1o the natral history aspect of this
series of cases, Of interest. this fetus had 4 very rare form of
L-transposition with left-sided Uhl's anomaly of the right
ventricle, severe Ebstein's anpmaly of the tricuspid valve
and aortic atresia established at autopsy (infant died at 5
days of age). To our knowledge, such a combination of
cunliac anomalies has not been previously described.

Types of tricuspid valve disease. On review of the 26
cases, three types of tricuspid valve anomalies were identi-
fied, all of which were associated with significant tricuspid
regurgitation as demonstrated using spectral Doppler and
cotor flow imaging in the presence of marked right atriai
enlargement. The presence of significant tricuspid regurgita-
tion was suspected if at least two of the following criteria
were present: 1) marked right atrial enlargement, 2) half of
the right atrial area filled with the tricuspid regurgitant jet on
color flow imaging. or 3) the pulsed Doppler signal of
tricuspid regurgitation was detectable at least haliway back
to the right atrial wall from the tricuspid valve.

Ebstein's malfermation. Seventeen fetuses were diap-
nosed with Ebstein's malformatian of the tricuspid valve,
with displacement of the leaflets (septal and posterior) into
the right ventricular sinus and atrialization of the proximal
right veniricular chamber. This was confirmed at autopsy in
1L cases and at cardiac catheterization. surgery or postnatal
echacardiagraphic examination in four. By color flow imag-
ing, the Wicuspid (ERUIZItaNt jet in fetuses with Ebstein's
anomaly appears ¢o originate at a level midway into the right
ventricle (Fig. 2).
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Tricuspid valve dysplusia. Seven of the 26 fetuses were
diagnosed with tricuspid valve dysplasia, having normal
insertion of all three leaflets at the tricuspid valve anulus.
Murphnhglcally, the leaﬂels appeared mhickened and were

quently red or hypoplastic, with abnormal tether-
ing of the anterior tricuspid leaflet to the right ventricular
free wall. Six of the seven fetuses diagnosed with tricuspid
valve dysplasia had autopsy confirmation of the abaormally
structured valve. In one fetus {Case 2), all three leaflets were
hypoplastic and nonfunctional, verging toward an essentially
unguarded tricuspid valve orifice. In another fetus (Case 3),
there were thi id leaflets d with idio-
pathic hypertrophic card,lomyopaihy and notable right side
involvement.

Figure 1 is a conventicnal two-dimensional echocardio-
graphic image obtained in one fetus (Case 22) with tricuspid
valve dysplasia and shows a very thickened, elongated
anterjor leaflet in addition to a dysplastic-appearing septal
leaflet that prolapses behind the thickened leaflel. At au-
topsy, the tricuspid valve leaflets in this fens were floppy
and redundant and had a ““mucoid" appearance. In fetuses
with tricuspid valve dysplasia, two-dimensional color flow
imaging demonstrated a trictspid regurgitant jet that ofigi-
nated at the level of the tricuspid valve anulus.

Unguarded tricuspid vaive orifice (Fig. 3). The diagnosis
of unguarded tricuspid valve osifice, using the initial defini-
tion of Kanjuh ct al. (21), was made in two fotuses. At
ultrasound examination, there was no identifiable tricuspid
leaflet tissue visualized at the tricuspid valve anulus along
the ventricular septum er posterior iree wall. At autopsy in
both fetuses. only rudimentary leaflers were idemified deep
within the right ventricuiar chamber, which were not signif-
icantly mobilized frora 1he ventricular wall.

Associated cardiac findings at echocardiography. Ail 26
fetuses had marked right atrial dilation. In several serially
studied fotuses, there was progressive right-sided cardio-
megaly. including three feluses who had normal right ven-
tricular size when initially studied. Right 1o teft ventricular
diameter ratio measured in seven cases from University of
California-San Diego Medical Center ranged from 1.410 3.8,
with a mean of 2.1 (normal ratio = 1.15).

I addition 1o right-sided cardiomegaly, other findirgs in
the fetuses on initial examination included hydrops fetalis in
six. with significant body edema, pleural effusions and
ascites in one and atrial flutter ia five (Cases 1,3, 11, 13 and
16). Documentation of atrial flutter in all five was by 1wo-
dimensional M-mede imaging. as previously described by
Klginman et al. (22).

In seven fetuses, there were additional cardiac Ieﬂons
discovered at the initial ech iographic
These included pulmunary atresia in two and pulmonary
stenosis in four. In the fets with trisomy-13 (Case 7), a
malaligned ventricular septal defect was associated with
Ebstein's anomaly.

Development of pulmosary obstruction. At the initial ex-
amination performed in the second irimester, four fetuses




Figure 2. Case 20. Doppler flow echacardiogram obtained in a 32 week old
Tetus with Ebstein’s anomaly of the tricuspid velve, The tricuspid septal
leaflet s inferiorly displaced along the interventricular seplum, with the
fricuspid regurgitant jet (arrow) originating al a level midway inte the right
ventricle (RV). Abbreviations as in Figure |

Figure 3. Case 18, Two-dimensiona) echucardio-
gram and pulsed Doppler recording obtained ina 28
week old fetus with an unguarded tricuspid valve
arifice, showing low velocity bidirectional flow
between the right atrium (RA) and right ventricle
(RV). By pulsed Doppler ultrasaund (below), sys-
tolic and diastolic flow velovities across the mask-
edly dilated tricuspid valve anulus are essentially
identical and 0o tricuspid leaflet tissue is visible in
1he two-dimensional image (above),

Figure 4. Doppler cnlar ﬂnw echocsrdmgram in 2 28 week old
fetus with progr e e v of p ¥ outflow ob-
struction that " d ta poh ry valve alresia
(PVL ATR). Bldlrecuona] flow js observed in the main pulmo-
aary artery (PA), with retrograde flow (arrow) from the ductus
aneriosus (PDA).
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among those serially studied (three with tricuspid dysplasia
and one with Ebstein’s malformation) had normal forward
pulmonary artecy flow by pulscd or continucus wave Dop-
pler and color flow mapping. At serial follow-up swudy of
these fetuses, however (at a mean gestational age of 34
weeks), there was retrograde ductal flow in assaciation with
the development of critical pulmonary stenosis in one and
valvar pulmonary atresia in the thtee others (Fig. 4. All four
had awtopsy confirmation of a right ventricular cnflow
obstructive lesion or shert segmemt pulmoenary atresia. All
four fetuses were also found to have a nontortuons ductus
arteriosus, with an ebtuse inferior angle a1 fts junction with
the descending aoria, suggesting the presence of normal
anterograde flow from the ductus arteriosus to the aorta
through most of gestation.

Clinical course im utero. On review of the clinical course
of the 23 fetuses disgnosed with iricuspid valve disease and
significant tricuspid regurgitarion, excluding three cases of
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improvementi beyond the immediate neonatal period. None
of these three infants required prolonged ventilation or
supplemental oxygen. One of the three infants also had
pulmonary stenosis and underwent successful pulmenary
balleen valvulsplasty in the neonatal period. She was
weaned from oxygen at 3 days of age and now, at 5 years of
age, this child is equal in size w her twin and has mild
pulmonary stenosis, mild tricuspid regurgitation and a small
patent ductus arteriosus. A second infant with Ebstein’s
ly had anly mild cy is and Wolff-Parkinson-White
syndrome by electrocardiagraphy in the newborn period. At
age 3 years. this child has no arrhythmias and remains on a
prophylactic antiarthythmic regimen. The fast infant with
Ebstein's anomaly was discharged without any problems
afler a 5 day nwrsery course with 2 days on supplemental
oxypen. She is presently asymptomatic at 4 years of age.
Pulmonary hypoplasia. One additional finding among the
fewuses in this scries was a high incidence of pulmonary

Ebstein’s malformation with elective of preg-
nancy, we found the outcome of in utere tricuspid valve
disease to be more dismal than what might have initially
been predicted. Fleven (48%) of the 23 fetuses died in utera
al a gestational age ranging from 21 to 38 weeks (mean 299,
including 44% of the fetuscs with Ebstein’s anomaly. 437 of
those with tricuspid dysplasia and both fetuses with an
unguarded tricuspid orifice. Associated findings among these
fetuses were hydrops fetalis in five, pulmonary atresia in two
and atrial flutter in four.

Clinical course in neonatsl pevied. Eight fetuses who had
survived to delivery died within the first 2 weeks of life
despite aggressive resuscitative and therapeutic efforts,
Among the eight were 36% of the fetuses with Ebstein’s
anomaly and 43% with tricuspid dysplasia. Five of the eight
had pulmonary stenosis or pulmonary atresia. All eight were
delivered prematurely at a gestational age ranging from 30 to
37 weeks (mean of 15), including two with an induced
delivery. Five neonates whose lesions did not require sur-
gery and who were medically managed were difficull o
ventilate adequately, Two of thgse neonates were in severe
congestive heart failure and another was in atrial fumer.
Three other neonates, two with pulmonary atresia and one
with eritical pulmoenary stenosis. who had surgery for central
shunt placement remained in severe cardiac failure and died
12 10 48 h postopgratively.

Survivers beyomd the peonatal period. Amony the 23
fetuses, there were only 4 who survived beyond the neonatal
period. One of these infants with tricuspid dysplasia and
puimonary airesia wuas hypoxiv vn prostaglandin and under-
went placement of a 4 mm modified Blalock-Taussig shuntat
10 h of age. She was discharged after © difficult 3 week
course (requiring 10 duys of mechunical ventiation and 17
days with supplemental oxygen) and dicd suddenly at 4
months of age despite an apparentdy functioning shunt. The
three vthers who survive to dale all were beligved to have
moderate Ebstein’s anomaly at the postnata} echocardio-
graphic study. and all demonstrated progressive clinical

hypuplasia {23). This finding was established in 10 of 19
fetuses who died, with fung weights consistently nearly fess
than half of that ¢xpected for total body weight. Pulmonury
hypoplasia was suspected clinically in two additional neo-
nates withuut posimortem study, who could not be ade-
quately ventilated and eventually died at <2 days of age.
Only 40% of the fetuses (or infants) with autopsy confirmed
or clinically suspected pul y hypoplasia had i
right ventricular cutflow obstruction.

Discussion

Prenatal diagnesis of tricuspid valve disease. In our retro-
spective study. we have shown that two-dimensional echo-
cardiography with high resolution imaging in the fetus per-
mits description ef tricuspid leaflet morphology, including
proximal and distal aitachments, for making the diagnosis of
ong of three types of tricuspid valve disease: Ebstein's
anomaly. tricuspid valve dysplasia with normal proximal
attachment of the leaflets and the extremely uncommon
unguarded tricuspid valve orifice. Color flow mapping and
spectral Dappier imaging provide information related to the
presence of assogiated tricuspid regurgitation and aid in the
identification of abnormal right ventricular outflow tract and
pulmonary artery flow suggesiive of pulmonary outflow
obsiruction, a commenly associated cardiac lesion, or poor
right ventricular function. The finding of right atrial enlarge-
ment on an early sonogram should prompt the search for
tricuspid valve abnormalities with tricuspid regurgitation
and the presence of development of pulmonary atresia or
stenosis, With the information provided, early detection of
tricuspid valve disease should be possible so that the option
of therapeutic abostion can be offered.

Development or progression of lesions in the second and
third trimester. Although the majority of congenital heart
lesions probably develop within the first 8 weeks of gesta-
tion, during the period of cardiac embryogenesis, some have
suggested. with recent docus.2ntation of cases (24-29), that
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certain vardiac lesions niay be acquired or progress o a
greater degree of severity later in mera. In 1984, Allan el al.
(27}described a case of in utero progression of coarctation of
the aorta. More reeently, Todros ct al. (29 described the
development of pulmonary stznosis by 34 weeks of gestation
in onc fetus whose initial cardiac examinatiou at 20 weeks of
gestation was belicved to be entircly within normal limits by
two-dimensional and M-mode echocardiography. In the
present study, we provide further evidence for the evolution
of heart diseasc later in gestation. We have dc d the
development of pulmonary stenosis and afresia in fetuses
who were diagnosed initially only with tricuspid valve dis-
ease and who by colar and spectral Doppler imaging at the
initial examination had narmal farward pulmonary artery
flow.

The appearance of the dictus arteriosus and the angle ar
which it joins the descending aorta have been thought
(25,26) to provide clucs as to the timing of the development
ol the right ventricular vutflow obstruction with concomitan!
retrograde ductal flow. Qur swdy provides support for this
theory. with the four fetuses with documented late develop-
ment of pulmonary abstruction having a normal-appearing
ductus arlenosus juining the aerla at an obiuse inferior
angle. This was also an observation made in the case
documented by Todros et al. (29,

The etiology of ilie in wiero acquired pulmonary obsiric-
tion in the presence of tricuspid valve disease is at present
unknown. One might speenlate that tiie development of
pulmonary stenosis or atresia may in part be due to inade-
quate right ventricular forward flow. ‘Ihis concept may also
be supported in the ¢ase of the fetus with keft-sided Uhl's
anomaly of (he right ventricle (L-lcop) and Fhstein's anom-
aly, with the aorta rather than the pulmonary anery affected.

Irrespective of the etiology. the potential for the devel-
opment or significant progression of a primary r associnted
cardiac lesion in the mid and third trimester letus poses a
difficult problem for the fetal ultrasonczrapher. Because the
in utero cardiac chamber aml great artery growth progresses
in part as a function of cardiac flow, a *“'normal’ fetal
echocardiographic ¢xamination early in the second trimester
does not ensure absence of a serious cardiac lesion later in
gestation or at term. [n the picsence of any fetal abnormal-
ity, especially tricuspid valve disease, it would seem un-
equivacally advamageous to seriaily moniter the fetus
through o term.

Clinical course af fetuses with in utero tricuspid valve
disease. The most significant finding in our collaborative
review relates to the extremely poor outcome of fetuses
diagnosed in utero with tricuspid valve disease. OF the 23
fetuscs follewed up, 48% had died in utern and 356 survived
delivery only to die within the first 10 days of lite, making (he
total mortality rate as high as 837,

The high overall mortality rate obscrved in [eluses with
tricuspid valve disease is similar to that associated with
ota¢r forms ol prematally diagnased heart disease (13.14.24);
however, as yet, nu study of prematal heart disease has
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demonstrated such a high in utero mortality rate as observed
in our series of fetuses, especially in the absence of other
major congenital abnormalities. In an earlier study (14} of 29
fetuses with atrioventricular canal d=f=ct, although the neo-
natal mortality rate was 479%. there were only four deaths
(27%} in utero, In another study (24) of seven cases with
prenatally diagnosed pulmonary atresia and intact ventricu-
lar septum, only two did not survive to term. with four other
deaths in the newborn period.

Although prior %nowledge of the disease resulted in
aggressive planning of resuscitative efforts, medical therapy
and. when indicated., surgical in the i
aconatai period, the outcome of the fetuses with tricuspid
valve disease who survived to delivery was still poor.
Among those fetuses who died in the newborn period, there
was a high incidence of massive cardiomegaly. congestive
heart failure (62%) and pulmonary outflow uvbstruction
(62%). Based on previons natural history studies (2-4,7.9),
all three associated findings have been thought ta confer a
WOrsg prognosis in the infant Jizznosed with tricuspid valve
disease and tricuspid regurgitation, Likewise, the presence
of lung hypoplasia in the majority of infants who died in the
neonatal perind undoubtedly also contributed to the poor
survival rate, making adequate ventitation difficult in the
neonate with an already reduced arterial oxygen saturation
due to right to left st Appropriate of his
combination of heart and lung disease would require thera-
peulic planning ageressive enough to include extracorporeal
membranc oxygenation support.

Given 1he relatively smonth neanatal courses, we suspect
that the three surviving children have tricuspid valve disease
that represents the milder spectrum of the discase encoun-
tered prenataily. In retruspect. however. the echocardio-
graphic images of the tricuspid valve with significant tricus-
pid regurgitation and cardiomegaly observed in utero in
these fetuses could not he readily distinguished from thosc
whose course ended in nconatal death. The outcome of Lhe
fetnses who survive to delivery is probably best predicted on
the basis of the early neonatal course and need for extensive
medical intervention and potential surgical palliation.

Lung hypoplasia. As we recently demonstrated (23), pul-
monary hypoplasia appears 10 be related at least in part to
the presence of massive in utero cardiomegaly, with the
heart occupying most of the intrathoracic space necessary
for normal tung growth. Its association with congenital heart
disease diagnosed in utero was first described (24) in several
fetuses with the combination of pulmonary atresia and intact
vénirivular septum and a dilated right ventricle. Many of the
cases in olr previous serics (23) did not have righl-sided
abnormalities with reduced pulmonary flow or decreased
pulmonary sriery size, and mare than haif of the cases in our
present study did not have right ventricular outflow obstruc-
tion. We believe that changes in pulmonary flow and the
space-oucupying effect of the massive cardiomegaly ilself
may both be factors that contribute 10 lung hypoplasia. In
support of the latter. the pulmonary findings described at
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autopsy in OUr patients ar¢ similar to those described in the
presence of diaphragmatic hernia, further suggesting a rela-
tion between available thoracic volume and lung develop-
ment.

Cendusion, Although our collaborative study includes a
group of patients thal may have been selecied because of
more severe disease recognized and referred by outside
obstetricians, it appears that the prognosis for fetuses with
tricuspid valve disease and significamt tricuspid regurgita-
lion, including Ebstein’s anomaly, tricuspid dysplasia and
unguarded tricuspid valve orifice, diagnosed in utero is
extremely puor, The infermation provided in Lis relrospec-
tive study is of significant importance in counseting parents
about the expected outcome of their pregnancy and planning
the most effective posinata} treatment in those fetuses who
survive tg delivery.
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