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SUMMARY
Seven autopsied cases of the Taussig-Bing Heart diagnosed at the Heart Institute of Japan

were reexamined for this report. Three cases had been correctly classified according to the origi-
nal description of the Taussig-Bing Heart. The remaining four cases provided examples of a rare
variation of this malformation. Characteristic features included the following: the mitral valve
straddled the ventricular septum in all cases; the chordae of the anterior leaflet crossed over the
septum into the right ventricle through a large subpulmonary ventricular septal defect; and an
abnormal muscle ridge, extending from the caudal part of the parietal band, covered the right
ventricular side of the ventricular septal defect. Although these four cases differ anatomically from
the original Taussig-Bing Heart, their hemodynamics are similar. We have called this anomaly the
Taussig-Bing Heart with mitral valve straddling.
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V; ARIOUS TYPES of cardiac malformations are
known to develop due to an abnormality in

the origin of the two great arteries. Included in
these is a type in which the aorta is transposed to
the right, originating entirely from the right
ventricle, while the origin of the pulmonary trunk is
normal. This type is known as a double outlet right
ventricle. A severe heart malformation known as the
Taussig-Bing Heart' falls into this category.24
Before diagnostic techniques such as angiocardiog-
raphy were widely available, these cases were only
rarely diagnosed during the patient's lifetime and
frequently only attracted the attention of highly
specialized anatomists and pathologists. With
recent developments in cardiovascular surgery,
cases of severe heart malformations have begun to
draw the clinician's attention and radical surgery
can now be performed in patients with the Taussig-
Bing malformation. The disease is now being
extensively studied by pathologists, and successful
operations have been reported by Hightower et
al.,5 Thomson,6 Wedemeyer,7 and Kawashima.8
To further clarify the anatomy, seven autopsied
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cases, which had been classified as the Taussig-Bing
Heart at the Heart Institute of Japan, were
reexamined. Three cases9 fit the original description
of the Taussig-Bing Heart. The remaining four
cases were found to represent a distinct although
similar heart malformation. While the clinical
symptoms and hemodynamics were similar to the
findings in Taussig-Bing Heart, significant differ-
ences were found. Detailed pathological studies
were made of these four cases and they have been
classified as the Taussig-Bing Heart with mitral
valve straddling.

Pathological Findings
All four patients died following surgery and

postmortem examination was performed at the Insti-
tute. The surgical procedures included banding of the
pulmonary artery in one patient. Two patients had
undergone the Blalock-Hanlon procedure. A staged
operation was planned in the remaining case, but the
patient died following the initial Mustard procedure.

Case 1
Examination of the closed heart showed the aorta

located to the right of and slightly anterior to the
pulmonary trunk. The diameter ratio of the aorta to the
pulmonary trunk was 2 to 3. The free wall of the right
ventricle was noted to be markedly hypertrophied but
its cavity was well developed.
The aorta, transposed to the right from its normal

position, arose completely from the right ventricle (fig.
1). A well developed parietal band extended forward
and backward between the aortic valve and the
pulmonary valve. The pulmonary valve was located
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Figure 1

Right ventricidlar view of the Taussig-Bing Heart with
nmitral valve straddling (ease 1). Aor - aorta; PA - pul-
monar.y artery; CS - crista suipraventricuilacris (parietal
banid); TV -tricuspid valve; VSD=ventrictular septal de-
fect; RV = right venitricle; X = muscle band extending from
the tail of the parietal band (CS).

above the ventricular septal defect (VSD) and arose to
the riglht of the septuim witlhouit overriding. The VSD
was situated in front of an-d above the crista
suipraventricularis and its diameter xvas as large as 35
mm. The right side of the venltricular septal defect was
covered by the projection of a tlhick muscle band anid
thlick aniterior papillary musele. The muscle banid
extended from the tail of the parietal band while the
anterior papillary muscle originated from an area close
to the apex. Because of thils.anatomic relationship, it
was impossible to obtain a clear outline of the VSD
fr-om the right ventrictular aspect.

Figture 2 illustrates the heart viewed from the left
ventricle. The left ventricular cavity was founid to be
extremnely ulnderdeveloped, and the large VSD was
readily visualized. All chordae of the anterior leaflet of
the mitral valve ran through the VSD anld xvere
attached to a thick anterior papillary muscle within the
riight ventr-icle. Also, there was nio fibrous conitinuity
between the anterior mitral leaflet and the pulmonary
vatlve.

Otlher associated anomalies inicluded a small patent
dulcetus ai-teriosus (PDA), patent foramen ovale of
about 5 mm in diameter, and mild coaretation of the
aoi-ta. There was also a right aortic arch with a right
deseendinig aorta.

Case 2
Wl-hen the heart xvas viewed from the outside, both

great vessels were parallel to a line drawn betveen the

Figure 2
Left ventricuilar view of case 1. The left ventricle is hypo-
plastic. LA =left atriuim; LV =left veentricle; MV-P=
p)oster.ior leaflect of the mitral valve; MV-A = anterior leaflet
of mitral calve straddling the ventricuilar septtum.

atria. The aorta traversed to the right of the pulmonary
trullnk aindl lhad a diameter ratio of 2 to 3. The wall of
the right ven-triele slhowed miarked hypertrophiy, but the
developneiit of the veintricular cavity xvas normal. Both
great vessels had subvalvular. conuses and arose enitirely
firom the top of the riglht ventricle. A vell developed,
thick parietal band xas noted between the two vessels
(fig. 3). The pulmoiairy vallve was situated above the
VLSD aiid to the righit of the veniti icuilar septum xvithout
oXverriiding observed. The VSD, which was lar-ge
(30 X 20 mm), was located in front of the uipper part
of the crista siupravenitrictilar]is. The right ventricular
side of the defect was covered with thiree thiick muscle
Lands xvhicl bralched ouit from the tail of the parietal
baind, a formationi which obscured the VSD in the right
venitric-ular perspective. The cavity of the left ventricle
was ulniderdeveloped (fig. 4) anid the mrtial valve wvas
seeni to be niormal. However, all chordae of its aniterior
leaflet anid some cholrdace of its posterior leaflet entered
the riiglht ventricle through the VSD. These chordae
wervie attached to a short papillary muscle extenidinig
f[-oin tlhe miglht anid uipper part of the septum.

As nioted in case 1 tlhere xvas nio fibrous continuiity
between the mitral valve anid the pulmoniary valve. A
patent ductus arteriosus was the onlyvassociated
anomaly. A defect in the atrial septum, 20 x 10 mm in
size, created by the Blalock-Hanloni operation, couild be
seen.
Case 3

Wlheni the heait is viewed from the ouitside, both
great vessels wvere parallel with a line draxn betveen
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Figure 3
Right ventricular view of case 2. The ventricular septal
defect (VSD) is covered with three thick muscle bands
which branch out from the tail of the parietal band (CS).
RV= right ventricle; PA =pulmonary artery.

Figure 4
Left ventricular view of case 2. All chardae of MV-A and
some of MV-P pass through the VSD to the right ventricle
and attach to a short papillary muscle extending from the
right and upper part of the septum. LA = left atrium;
MV-A _ anterior mitral valve leaflet; VSD =ventricular
septal defect; LV = left ventricle.
Circulation, Volume XLIX, Apri 1974

the atria. The aorta was located to the right of the
pulmonary trunk. The ratio of the diameter of the aorta
to the pulmonary trunk was 2 to 3. The walls of the
right ventricle were hypertrophied, but the cavity was
fully developed and normal. The valves of both great
vessels were side by side, originating entirely from the
right ventricle. Each valve had a subvalvular conus.
A well developed parietal band extended forward

and backward between the two vessels (fig. 5). The
pulmonary valve was immediately above the VSD and
arose completely from the right ventricle without
overriding the VSD. The VSD was large (40 x 20
mm) and was located in front of and above the crista
supraventricularis. However, since the anterior leaflet of
the mitral valve protruded through the defect and the
chordae of the leaflet descended from the VSD in a
waterfall-like aspect. a complete outline of the VSD
could not be seen from a right ventricular view. As
compared with the right ventricle, the left ventricle was
extremely underdeveloped (fig. 6). The entire anterior
leaflet of the mitral valve passed through the VSD into
the right ventricle, where it was attached to the divided
heads of the anterior papillary muscle of the right
ventricle. In this case again no continuity existed
between the mitral valve and the pulmonary valve. No
other anomaly was found. The atrial septum had the
pericardial baffle of the Mustard procedure.
Case 4
When the heart was viewed from the outside, the

aorta was located to the right of and slightly anterior to

Figure 5

Right ventricular view of case 3. The entire anterior leaflet
of the mitral valve passes through the VSD and falls into
the right ventricle. PA = pulmonary artery; CS =crista
sup>aventricularis; TV -tricuspid valve; RV=right ven-
tricle; VSD ventricular septal defect; MV=mitral valve.
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Figure 6
Left ventricuilar view of case 3. MV-A falls into the RV
through a large VSD. LA = left atrium; MV-A - anterior
mitral valve leaflet; MV-P - posterior mitral valve leaflet.

the pulmonary trunk. The ratio of the diameter of the
aorta to the pulmonary trunk was 1 to 3, indicating that
the latter was far more dominant.
The interior of the right ventricle revealed a fully

developed cavity (fig. 7). The aorta originated entirely
from the right ventricle. The aorta then passed to the
right of the pulmonic trunk. Each great vessel had a
conus under its semilunar valve. The two valvular rings
were situated side by side, on the same level, and there
vas a fully developed parietal hand between them. The
pulmonic valve was located immediately above the
VSD but originated completely from the right ventricle
without overriding the VSD, which lay in front of and
above the crista supraventricularis. The VSD viewed
from the right ventricle was covered with twvo thick
muscle bands xvhich hiung down from the subpulmonary
c-onus (conal free wall), obstructing a full view of the
VSD. The view from the left ventricle revealed that the
VSD was large, 30 x 30 mm (fig. 8).

This case also had an underdeveloped left ventricle.
All chordae of the anterior mitral valve and some
chordae of the posterior leaflet passed through the VSD
into the right ventricle and joined the two papillary
muscles arising from the right side of the septum. No
associated anomaly was observed.

Discussion
The complex heart malformation which is now

commonly known as Taussig-Bing Heart was first
described by Taussig and Bing in 19491 in a case
report entitled "Complete transposition of the aorta
and a levoposition of the pulmonary artery."

Figure 7

Right ventricular view of case 4. The pulmonary valve is
located immediately above the VSD. PA =pulmonary ar-
tery; CS crista supraventricularis (parietal band); VSD
ventricular septal defect; RV= right ventricle; TV - tri-
cuispid valve; X =abnormal muscle ridge which covers the
right ventricular side of the VSD.

Figure 8

Left ventricular view of case 4. LA = left atrium; MV-A =

anterior mitral valve leaflet; MV-P =posterior mitral valve
leaflet; VSD= ventricular septal defect; LV = left ventricle.
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Although the anomaly was presented schemati-
cally (fig. 9), the report gave only a generalized
description of the location of the VSD, the spatial
relationship of the valvular rings of both great
alteries, and the extent to which the pulmonary
valve overrides the VSD. Furthermore, it failed to
mention the presence of a bilateral conus. Some
confusion arose over the diagnosis and definition of
this anomaly because of this broad description.
Some groups10-13 classified "complete transposition
with a posteriorly overriding pulmonary artery" as
the Taussig-Bing malformation. Later this variation
was referred to as false or spurious4 Taussig-Bing
Heart, a change that only aggravated the confu-
sion.

Keith et al.'4 stressed the differences in life
expectancy and prognosis between these types and
favored classifying the two anomalies separately.
Beuren'5 published detailed descriptions of these
two different anomalies. The definitions of transpo-
sition, by Van Mierop,3 4 Grant,'6 and Van Praagh
and Van Praagh,17 and the descriptions by Neufeld
et al.2 18 and Lev et al.19 of "Origin of Both Great
Vessels from the Right Ventricle" clarified the
anatomy of the Taussig-Bing Heart. In an attempt
to confirm these facts, Van Praagh20 reexamined
one of the original cases of the Taussig-Bing Heart.
He found that only an edge of the pulmonary valve
extended over the septum rather than the gross over-
riding of the pulmonary valve shown in figure 9.
There are a number of intermediate types

between "Origin of Both Great Vessels from the
Right Ventricle" and transposition of the great
arteries, and these are called by some "partial
transposition." While it is clear that the classifica-
tion of the Taussig-Bing Heart has been given to
cases of malformations which occupy a very
specialized part of the spectrum of double outlet
right ventricle, its definition varies slightly from one
author to another. Lev et al.19 and Kawashima2'
accept a range of pulmonary artery overriding too
wide to completely coincide with the morphology
of the original Taussig-Bing Heart. Lev et al. set

Figure 9

Modified schema from the
original description of the VS
Taussig-Bing Heart.' VSD = -v
ventricular septal defect; VS
= ventricular septum; RV = R SD
right ventricle; LV = left
ventricle; A = aorta; P =
pulmonary artery.

two extremes in this spectrum-the right-sided type
in which the pulmonary trunk arises completely
from the right ventricle, and the left-sided type in
which the pulmonary trunk originates completely
from the left ventricle.

It is extremely difficult to define the extent of
pulmonic overriding. In a strict sense, the angle of
inclination of the upper part of the ventricular
septum should be taken into consideration but this
complicates the definition without giving any
information or clinical significance. Therefore, in
our definition, we placed little emphasis on the
extent of pulmonary valve overriding as long as the
VSD is located in the pulmonic position.
Other criteria of the Taussig-Bing Heart used at

our Institute to define the malformation are as
follows:

1) The ascending aorta originates entirely from
the right ventricle, lying to the right of the
pulmonary trunk

2) The aortic valve is higher than normal and is
located at about the same cross-sectional level and
on the same coronal body plane as the pulmonic
valve, i.e., the aorta as well as the pulmonary trunk
have a subvalvular conus

3) The anterior leaflet of the mitral valve lacks
fibrous continuity with the aortic valve or the
pulmonary valve.

The four hearts presented in this report are
somewhat different from the original Taussig-Bing
Heart in that the mitral valve straddles the
ventricular septum. However, the other morpho-
logical features closely match the definition of the
Taussig-Bing Heart. These cases were then classi-
fied as the "Taussig-Bing Heart with Mitral Valve
Straddling." The mitral valve straddled the septum
in all cases and the chordae of the anterior leaflet
crossed over the septum through the large subpul-
monary ventricular septal defect and were attached
to the papillary muscles of the right ventricle. Three
of the four patients had an abnormal muscle ridge,
arising from the caudal part of the parietal band,
which covered a large VSD as viewed from the
right ventricle. The cavity of the left ventricle is
seemingly underdeveloped. (This feature was
especially marked in case 1.) The anterior half of
the ventricular septum was abnormally shifted
laterally to the left so that its upper margin was
tilted over the left ventricular cavity. We postulate
that this shift allowed the anterior leaflet of the
mitral valve to straddle the septum (fig. 10) in
these patients.
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vs vs

Figure 10
Original Taussig-Bing Heart (left panel) as compared with
the Taussig-Bing Heart with straddling mitral valve. T=
tricuspid valve; M mitral valve; A = aorta; P= pul-
monary valve; CS = crista supraventricularis; VS = ven-

tricular septum; RV = right ventricle; LV=left ventricle.

Therefore the degree of straddling depends upon

the degree of shift and the inclination of the
septum. In case 2, a lesser degree of septal shift
caused less straddling of the valve, and the mitral
chordae were inserted on the upper margin or the
right side of the septum.
A particular atrioventricular valvular malforma-

tion termed "Straddling of the mitral valve" has pre-

viously been described.22 Characteristic features
of this malformation generally include straddling
of the mitral orifice over the ventricular septum
and the presence of an atrioventricular communis
type of VSD. In sharp contrast to these cases,

the atrioventricular orifice in our patients is clearly
different, with straddling of only a part of the
mitral chordal structures over the anteriorly sit-
uated VSD being present. This type of straddling is
associated with a unique shift of the anterior half of
the ventricular septum, in which the upper margin
shifts toward the left ventricular cavity as illus-
trated in figure 10. This shift of the septum has
made it possible for the mitral chordae to be
attached on the right ventricular side of the septum.
Therefore, this type of straddling mitral valve
differs significantly from the conventional strad-
dling that is caused by a developmental anomaly in
the sinus portion of the septum.
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