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Intrauterine Closure of Membranous Ventricular Septal Defects: Mechanism
of Closure in Two Autopsy Specimens
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SUMMARY. Anatomic evidence of intrauterine closure of ventricular septal defects (VSDs)
has been reported rarely. Between 1985 and 1990, 112 autopsies were performed at the Mayo
Clinic on third trimester stillborns and infants who died during the first week of life. There were
21 (19%) cases of congenital heart disease. VSD was found in 12 (11%) cases: in eight (7%) as a
part of a more complex heart defect and in four (4%) as an isolated lesion. Two cases with
membranous VSDs with tricuspid valve tissue partially occluding the ventricular septal defect
were found. A 2280-g female infant (case 1) with trisomy 18 died at 4 days of age. Autopsy
revealed bilateral superior venae cavae, a large atrial septal defect, cor triatriatum, an atypical
tricuspid valve with large septal leaflet partially obstructing a large membranous VSD, a hypo-
plastic right ventricle, and severe pulmonic stenosis. A 2610-g female infant (case 2), born with
congenital heart block died at 4 days of age. Autopsy revealed cor triatriatum dexter obstructing
the tricuspid orifice, a large membranous VSD partially obstructed by the septal leaflet of the
tricuspid valve, four small muscular VSDs, and pulmonic stenosis. These cases suggest that
closure of membranous VSDs may begin in utero and the mechanism of closure is similar to that

reported postnatally.
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Spontaneous postnatal closure of ventricular septal
defects (VSDs) is well described {2, 4, 12, 23]. It is
believed to occur, in most cases, in the first year of
life [13, 16]. The possibility of intrauterine closure
of a VSD was suggested in the 1960s [11, 15, 25],
but is still subject to debate [16]. It is thought that
intrauterine closure of VSDs is accomplished by fu-
sion of myocytes without fibrosis, as happens in the
early stages of gestation when many small muscular
defects apparently close and disappear [25]. To our
knowledge, only three cases of possible intrauterine
closure of VSDs have been reported. Nir et al. re-
ported a case of a newborn who died at 5 h of age
and had evidence of a muscular VSD closed by fi-
brotic tissue [17]. In light of this finding, we sought
to identify other cases with anatomic evidence of
prenatal VSD closure to delineate the mechanism of
closure.

Address offprint requests to: Dr. Amiram Nir, Pediatric Cardiol-
ogy, Mayo Clinic, Rochester, MN 55905, USA.

Methods

Hearts from autopsies, performed from 1985-1990 at the Mayo
Clinic on third trimester stillborns and infants (who died at 7 days
of age or younger), were examined by the authors. The study
group included 112 specimens.

Both sides of the ventricular septum were carefully exam-
ined for the presence of any depression, a deep cleft, or the
presence of fibrosis or adhesions near the membranous septum.
Sections perpendicular to the ventricular septum were made at
2-mm intervals, to facilitate the identification of muscular VSDs.
Hearts with either a VSD, a septal depression or cleft, or signs of
fibrous tissue within the septum, were examined histologically
after routine preparation and staining with hematoxylin-eosin
and trichrome.

Results

Among 112 autopsies, 57 (51%) were stillborn, 27
(24%) died in the first day of life, and 28 (25%) died
at 2-7 days of age. Sixty-seven (60%) cases were
premature. Mean gestational age for the whole
group was 34 weeks. There were 21 (19%) cases of
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Fig. 1. (Left) Schematic representation of the complex heart de-
fect: connection between a persistent left superior vena cava and
a single left pulmonary vein, left superior vena cava draining into
a dilated coronary sinus, cor triatriatum, atypical tricuspid valve
with large septal leaflet, and redundant tissue obstructing a large
membranous VSD, and hypoplastic right ventricle. (Right) Path-
ologic specimen showing the LV side with the membranous VSD
(arrow) partially occluded by the tricuspid valve leaflet (*). Ao,
aorta; CS, coronary sinus; IVC, inferior vena cava; LA, left
atrium; LSVC, left superior vena cava; L. pulm. veins, left pul-
monary veins; LV, left ventricle; MV, mitral valve; PA, pulmo-
nary artery; RA, right atrium; R. pulm. veins, right pulmonary
veins; RV, right ventricle; RSVC, right superior vena cava.

congenital heart disease and an additional 14 (13%)
cases with other somatic anomalies and no heart
disease. A VSD was found in 12 (11%) of the pa-
tients; in eight (7%) as part of a more complex heart
disease and in four (4%) as an isolated cardiac
anomaly. Two patients with a membranous VSD
had tricuspid valve leaflets that partially occluded
the defect and are described in detail.

Case 1

A 2280-g female infant was born at term to a 25-year-old G3P2
mother. The pregnancy was complicated by intrauterine growth
retardation. The mother smoked ¥2 pack of cigarettes per day. A
VSD had been suspected using fetal echocardiography. The in-
fant was born vaginally after repeated inductions, with Apgar
scores of 1 and 4. The physical examination revealed features of
trisomy 18, and a karyotype confirmed the diagnosis. Complex
congenital heart disease was found by echocardiography, and the
baby died at 4 days of age. Autopsy revealed a connection be-
tween a persistent left superior vena cava and a single left pulmo-

nary vein, a left superior vena cava draining into a dilated coro-
nary sinus, a large atrial septal aneurysm, cor triatriatum,
atypical tricuspid valve with large septal leaflet, and redundant
tissue partially obstructing a large membranous VSD, right ante-
rior hypoplastic right ventricle with secondary endocardial fi-
broelastosis, and severe pulmonary valve stenosis (near atresia)
(Fig. 1).

Case 2

A 2610-g female baby was born to a 30-year-old mother at 37
weeks gestation. A persistent low heart rate (in the 60s) was
noted the day before delivery. She was delivered by cesarean
section following spontaneous rupture of the membranes. Apgar
scores were 7 and 7. Echocardiography on day 1 showed com-
plex congenital heart disease and an edematous heart. Congeni-
tal heart block was diagnosed and pacing wires were inserted.
The baby died at 4 days of age. Autopsy revealed single right and
left pulmonary veins, cor triatriatum dexter causing obstruction
of tricuspid orifice (Fig. 2), a large membranous VSD partially
obstructed by septal leaflet of the tricuspid valve, four muscular
VSDs 1-2 mm in diameter located in the anteroapical trabecular
septum, pulmonary stenosis, and spongy left ventricular myocar-
dium. The echocardiographic findings of this case were reported
earlier [1].

Discussion

Postnatal spontaneous closure occurs in about 45%
of VSDs [12, 16]. Closure of muscular defects be-
gins with septal muscle adherence, followed by ob-
literation of the defect by a fibrous tissue plug 5, 23,
25]. In closure of membranous defects, the VSD is
“‘covered” by tricuspid valve tissue [3, 7, 9, 13]
(Fig. 3). In the present study two membranous
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Fig. 2. Case 2. (Left) Schematic representation of the complex
heart defect: single right and left pulmonary veins, patent fora-
men ovale, cor triatriatum dexter causing obstruction of tricus-
pid orifice, large membranous VSD partially obstructed by septal
leaflet of the tricuspid valve. (Right) Pathologic specimen show-
ing the LV side with the membranous VSD (arrow) partially
occluded by the tricuspid valve leaflet (*). Ao, aorta; fVC, infe-
rior vena cava; LA, left atrium; LV, left ventricle; PV, pulmo-
nary valve; RA, right atrium; RV, right ventricle; LLPV and
LUPYV, left lower and left upper pulmonary veins; RLPV and
RUPYV, right lower and right upper pulmonary veins.

VSDs were partially obstructed by tricuspid valve
tissue, indicating an early stage in spontaneous clo-
sure of the defects. Because both babies died at
only 4 days of age, it is reasonable to assume that
the process began prenatally. Two similar cases
have been reported. In one case, a muscular VSD
was completely closed by fibrosis before birth [17],
and in another, a membranous VSD was partially
closed by mitral valve tissue in a patient with tricus-
pid atresia [18].

The possibility of intrauterine closure of a VSD
has been suggested in the past [11, 15, 25]. This
concept has served to explain the high incidence of
VSDs in premature infants. Moe and Guntheroth
[16] reported a survey of 222 infants with VSDs,
diagnosed and followed by echocardiography. In
their report the incidence of VSD in premature in-
fants was 7.06/1000, or twice that observed in full-
term infants and about 1.5 times greater than re-
ported previously in premature infants [16]. They
found a similar rate of spontaneous closure of VSDs
in the two groups and argued that if the hypothesis
of intrauterine closure was valid, one should expect

Membranous VSD

Muscular VSD

Fig. 3. Schematic representation of the mechanism of spontane-
ous VSD closure. (Upper panel) Membranous VSD closure;
(lower panel) muscular VSD closure. AS, atrial septum; VS, ven-
tricular septum; STL, septal tricuspid leaflet.

to find a higher rate of spontaneous closure in pre-
term infants. Hoffman and Rudolph [13] suggested
that the high incidence of VSDs in preterm infants
was due to the fact that they are kept in intensive
care units and are examined daily and so nearly no
VSD is missed, as opposed to term infants who
have small VSDs and are asymptomatic and are ei-
ther diagnosed late or not at all if their VSD closes.
The higher incidence of VSDs in preterm infants in
the study by Moe and Guntheroth as compared to
the earlier studies could be, in part, related to the
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greater number of very small premature babies that
survive now in comparison to 25 years ago.

It has been thought that VSDs close in utero by
fusion of myocardial fibers without fibrosis, as hap-
pens in the early stages of gestation when many
small muscular defects disappear [25]. In our study,
however, intrauterine closure of membranous
VSDs occurred by the same mechanism as de-
scribed postnatally.

The very intriguing phenomenon of spontane-
ous closure of physiologically advantageous VSDs,
where the VSD is the only route for blood flow to
the systemic or the pulmonary circulation, has been
studied extensively by Rao and others [8, 14, 18-
20]. Both muscular and membranous VSDs have
been shown to close spontaneously in these cases.
The incidence of VSD closure in cases with tricus-
pid atresia was found to be 42%, similar to that
observed in cases with isolated VSD [18]. Intrauter-
ine closure of physiologically advantageous VSD
was suggested as an explanation for the occurrence
of rare anomalies like double-outlet right ventricle
with intact ventricular septum [4]. In the case re-
ported earlier [17], the VSD that closed completely
served as the only outlet from the left ventricle
(double-outlet right ventricle). In case 1 in the
present study, the VSD was the only outlet of the
right ventricle, and in case 2, the VSD served as the
only inlet to the right ventricle. Rao [18] reported
one case of partial prenatal closure of a mem-
branous VSD in a baby with tricuspid atresia, Also
there is one reported case of spontaneous intrauter-
ine closure of a VSD detected echocardiographi-
caily in an otherwise normal fetus [22].

In two of the three cases ([17] and case 1), the
ventricle with outlet obstruction had endocardial fi-
broelastosis. Endocardial fibroelastosis develops in
ventricles with outlet obstruction and is believed to
be caused by endocardial and subendocardial isch-
emia due to ventricular hypertrophy and high sys-
tolic and diastolic pressures [6].

In the three cases it is reasonable to assume a
high-pressure gradient between the two ventricles
and a high-velocity jet through the defect. In the
normal human fetus the pressure in the right and left
ventricles is nearly the same [10]. The mechanism
of VSD closure is thought to involve endothelial
roughening due to a high-velocity jet which leads to
accumulation of platelets and production of fibrous
tissue. In the membranous VSD it is believed that a
high-velocity jet either damages the endothelium on
the rim of the VSD or traumatizes the septal leaflet
of the tricuspid valve causing it to become *‘sticky’’
and adhere to the rim [16, 21, 24].

The fact that there are more reported cases of
partial or complete intrauterine closure of VSDs of
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the physiologically advantageous type could be ex-
plained in two ways: (1) these babies had a fatal
heart lesion and died early, or (2) the hemodynam-
ics created a high-velocity jet that induced closure
of the VSD by adhesion of tricuspid leaflet tissue.

We conclude that the data presented herein pro-
vide additional support to the concept that sponta-
neous closure of VSDs can begin in utero and the
mechanism of closure is similar to that seen postna-
tally.

References

1. Alboliras ET, Edwards WD, Driscoll DJ, Seward JB (1987)
Cor triatriatum dexter: two-dimensional echocardiographic
diagnosis. J Am Coll Cardiol 9:334-337

2. Alpert SB, Cook DH, Varghese JP, Rowe RD (1979) Sponta-
neous closure of small ventricular septal defects. Pediatrics
63:204-206

3. Anderson RH, Lenox CC, Zuberbuhler JR (1983) Mecha-
nism of closure of perimembranous ventricular septal defect.
Am J Cardiol 52:341-345

4. Becker AE, Anderson RH (eds) (1981) Pathology of congen-
ital heart disease. Butterworth & Co., London, pp 297-307

5. Bloomfield DK (1964} The natural history of ventricular sep-
tal defect in patients surviving infancy. Circulation 29:914—
955

6. Cheitlin MD, Robinowitz M, McAllister H, Hoffman JIE,
Bharati S, Lev M (1980) The distribution of fibrosis in the left
ventricle in congenital aortic stenosis and coarctation of the
aorta, Circulation 62:823-830

7. Chesler E, Korns ME, Edwards JE (1968) Anomalies of the
tricuspid valve, including pouches, resembling aneurysm of
the membranous ventricular septum. Am J Cardiol 21:661-
668

8. Fisher EA, Thanopoulos BD, Eckner AO, Hastreiter JR,
DuBrow IW (1980) Pulmonary atresia with obstructed ven-
tricular septal defect. Pediatr Cardiol 1:209-217

9. Freedom RM, White RD, Pieroni DR, Varghese JP, Krovetz
JL, Rowe RD (1974) The natural history of so-called aneu-
rysm of the membranous ventricular septum in childhood.
Circulation 49:375-384

10. Gest AL, Moise AA (1990) Fetal circulation and changes
occurring at birth. In: Garson A Jr, Bricker IT, McNamara
DG (eds) The science and practice of pediatric cardiology.
Lea & Febiger, Philadelphia, pp 280288

11. Glancy DL, Roberts WC (1967) Complete spontaneous clo-
sure of ventricular septal defect. Am J Med 43:846-853

12. Hoffman JIE (1968) Natural history of congenital heart dis-
ease. Problems in its assessment with specific reference to
ventricular septal defect. Circulation 37:97-125

13. Hoffman JIE, Rudolph AM (1965) The natural history of
ventricular septal defect in infancy. Am J Cardiol 16:634—
653

14. Meng CCL (1969) Spontaneous closure of ventricular septal
defects in tricuspid atresia. J Pediatr 75:697-700

15. Mitchell SC, Berends HW, Clark WM (1967) The normal
closure of the ventricular septum. Am Heart J 73:334-338

16. Moe DG, Guntheroth WG (1987) Spontaneous closure of
uncomplicated ventricular septal defect. Am J Cardiol
60:674—678

17. Nir A, Weintraub Z, Oliven A, Kelener ¥, Lurie M (1950}



Nir et al.: Intrauterine VSD Closure

19.

20.

21.

Anatomic evidence of intrauterine closure of a ventricular
septal defect. Pediatr Cardiol 11:208-210

. Rao PS (1983) Further observations on the spontancous clo-

sure of physiologically advantageous ventricular septal de-
fects in tricuspid atresia: surgical implications. Ann Thorac
Surg 35:121-131

Rao PS (1977) Natural history of the ventricular septal defect
in tricuspid atresia and its surgical implications. Br Med J
39:276-288

Rao PS, Sissman NJ (1971) Spontaneous closure of physio-
logically advantageous ventricular septal defects. Circula-
tion 43:83-90

Roberts WC, Morrow AG, Mason DT, Brounwald E (1963)

22.

23,

24.

25.

37

Spontaneous closure of ventricular septal defect. Anatomic
proof in an adult with tricuspid atresia. Circulation 27:90-94
Sitverman NH, Golbus MS (1985} Echocardiographic tech-
niques for assessing normal and abnormal fetal cardiac anat-
omy. J Am Coll Cardiol 5:205-29S

Simmons RL., Moller JH, Edwards JE (1966) Anatomic evi-
dence for spontaneous closure of ventricular septal defect.
Circulation 34:38-45

Somerville J (1979) Congenital heart disease: changes in
form and function. Br Heart J 41:1-22

Suzuki H (1969) Spontaneous closure of ventricular septal
defects. Anatomic evidence in six adult patients. Am J Clin
Pathol 52:391-402



