Ligation of the Primitive Left Atrium in Early
Chick Embryo Caused Left Ventricular
Hypoplasia, Irrespective of Changing Patterns of
Intracardiac Flow
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The general flow patterns in the primary heart tube.

Two streams, type 1 (dotted stream) and type 2 (solid stream), are observed. The former
runs along the dorsal portion of the common omphalomessenteric trunk (COT) and sinus
venousus (SV), and proceeds to the ventral portion of the primitive ventricle (PV) and

conotruncus (C).

The latter courses through the ventral part of COT and SV, running

along the dorsal wall of PV and C. Type A; the dye stream from the right lateral
vitelline (RLVV) assumed type 1, whereas that from the left lateral vitelline vein (LLVV)
has a type 2 pattern. Type B ; the stream from RLVV assumed type 2, whereas that from
LLVV has a type 1 pattern. Both type A and B, the two streams run parallel to each
other between COT and SV and between PV and C; no spiral stream is observed.
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Fig.2. The dye stream from the right lateral

vitelline vein (RLVV) observed in the primary
heart tube of the stage 20 chick embryo.
Part A; Before manipulation. Part B after
tying off the primitive left atrium. Both before
and after tying off the primitive left atrium, the
dye stream from RLVV, as shown in Part C; has
a type 2 pattern; passing along the ventral wall
of the common omphalomessenteric trunk (COT)
and sinus venousus (SV), and then along the
dorsal wall of the primitive ventricle (PV) and
conotruncus (C).
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Fig. 4. The manipulated heart of the chick after
8 days of incubation.
The hypoplastic left ventricle (LV) is seen behind
the right ventricle (RV). Star (») represents the
thread tying off the left atrium (LA), that is
smaller than the right atrium (RA).

Fig.5. The microdissected heart.
The left ventricular cavity (LV) is much smaller
than the right ventricular cavity (RV). The wall
of the left ventricle seems to be thicker than that
of the right ventricular cavity.

Fig.3. The intracardiac dye stream from the left

lateral vitelline vein (LLVV) of the same chick
shown in Fig. 2.
Part A ; before manipulation. Part B; after
tying off the primitive left atrium. Schematic
drawing of the intracardiac flow pattern of both
Part A and B. The dye stream has a type 1
pattern, irrespective of ligation of the primitive
left atrium.
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Fig. 6. The volume of the right ventricle (RV) and the left ventricle (LV).
In normal hearts, the volumes of both LV and RV increased proportionally day by
day. Before the 6 th gestational day, the manipulated hearts developed almost
normally and the volumes of both chambers were not much smaller than those of
normal hearts. In contrast, the volumes of both LV and RV were significantly
smaller than in normal hearts after the 7th day of incubation. To determine
whether blood flow patterns play an important role in producing left ventricular
hypoplasia, we compared hearts (which had been incubated for 8 day) in which
ligation of the primitive left atrium led to altered flow patterns with those in which
manipulation had no flow pattern effect. There were no significant differences
between these two groups in either the laft ventricular volume or the right
ventricular volume. ®, normal hearts; ®, manipulated hearts in which tying off
the primitive left atrium did not alter intracardiac flow patterns; 4, manipulated
hearts in which ligation led to changing patterns of intracardiac flow. Each point
represents mean + S.E. The numbers in parentheses are the number of maserials.
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Fig.7. The LV/RV volume ratio.
In the normal hearts, both the left ventricular
volume and the right ventricular volume develop-
ed proportionally day by day. The volume ratio
of the manipulated hearts reduced after the 7 th
day of incubation. In the manipulated hearts
which had been incubated for 8 days, the decrease
in the volume ratio was found to be independent
of alteration of the blood flow patterns. [E&,
normal hearts; {*;4, manipulated hearts in
which tying off the primitive left atrium did not
alter intracardiac flow patterns; [], mani-
pulated hearts in which ligation led to changing
patterns of intracardiac flow. Values are
mean + S.E. * p<0.005 vs normal heart by
Student t-test.
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Mechanical interference of the left side of the primitive atrium makes the “left heart
stream” smaller. Part of this stream flows into the “right heart stream”, and resulted in
an expansion of the right ventricle. The septum forms between the streams. RA and
LA, primitive right and left atrium respectively ; RBA and LBA, right and left branchial
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Ligation of the Primitive Left Atrium in Early Chick Embryo Caused Left
Ventricular Hypoplasia, Irrespective of Changing Patterns of Intracardiac Flow
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Abstract

It is a traditional view that two spiral streams in the primary heart tube play an important role
in the development of the embryonic heart. One stream is the so-called “left heart stream” which
leads into the future left ventricle. The other is the so-called “right heart stream” flowing into the
future right ventricle. Some investigators, supporting this “flow-molding theory”, produced
hypoplastic left heart disease by clipping or tying off the primitive left atrium. Their studies lead
to timilar conclusions as follows. Mechanical interference on the left side of the heart alters the
flow patterns of the “left heart stream” which becomes smaller. The “right heart stream” becomes
larger because part of the “left heart stream” diverts into it. Septation occurs between these
streams. This is thought to be the hemodynamic situation when hypoplastic left heart disease is
induced. It must be noted, however, that previous reports provide only inferential support of this
“flow-molding theory”. We examined whether intracardiac blood flow patterns really play an
important role in producing left ventricular hypoplasia. The intracardiac blood flow patterns of
chick embryos in Hamburger-Hamilton stage 18 to 20 were observed by dye-injection before and
after tying off the primitive left atrium. The embryos were incubated until the 6th, 7th, or 8th
gestational day. The embryonic hearts were perfusion fixed and microdissected in about 20
micrometer thicknesses and the volumes of the right and left ventricular chambers were measured
with an integration method to determine the stage at which left ventricular hypoplasia starts. Our
results confirmed that (1) There are two streams which flow parallel to each other ; spiral streams
were not observed. (2) Ligation of the primitive left atrium did not alter the blood flow patterns
in 72% of the embryos. (3) Left ventricular hypoplasia was induced irrespective of changing
patterns of intracardiac blood flow. (4) Left ventricular hypoplasia was produced after the 7th
gestational day when the septum is almost complete. We concluded that intracardiac blood flow
is not an important factor in the production of left ventricular hypoplasia. The flow volume from
the right to the left atrium may be reduced after atrial septation because the tied left atrium has
decreased compliance. The diminished flow volume might then prevent the full development of
the left ventricular chamber. We concluded that volume atrophy rather than pathway alteration
is a more likely cause of left ventricular hypopalsia after ligation of the primitive left atrium.



