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Abstract

Background—The location of the sinus
node is known to be at best abnormal, or
at worst unknown, in patients with iso-
merism of the morphologically left atrial
appendage. In contrast, the sinus node is
known to be an excellent histological
marker of the morphologically right
appendage, being duplicated in those with
right isomerism. The aim of the study was
to investigate this condition further in
fetal human and mouse hearts.
Methods—Serial histological sections of
the area anticipated to contain the sinus
node were studied in hearts with iso-
merism of the atrial appendages taken
from 14 human fetuses and 13 sv/iv mice,
using 12 mouse hearts with normally
arranged or mirror imaged atrial cham-
bers for controls.

Results—All hearts with isomerism of the
right appendages (two human and four
mouse) had bilateral sinus nodes. The
cases with isomerism of the left
appendages (12 human and nine mouse)
showed absence of a recognisable sinus
node except in four cases (19%) in which a
small remnant of the node was found. In
three of these cases, it was related pos-
tero-inferiorly to the superior cavoatrial
junction.

Conclusions—The concept of isomerism
of the atrial appendages is endorsed by
findings on the morphology of the sinus
node, this being the most reliable histo-
logical criterion for existence of a mor-
phologically right atrium. A small
proportion of hearts with left isomerism
had a structure resembling the sinus
node, but it was hypoplastic and displaced
postero-inferiorly, distant from its
expected position had the hearts pos-
sessed an incompletely formed morpho-
logically right appendage.

(Br Heart ¥ 1995;74:437-442)
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Since the introduction of the concept of iso-
merism to describe the morphology of hearts
with the so called “heterotaxic syndrome”,!
arguments have continued as to whether iso-
merism is really present or whether the con-
stellation of lesions would better be
understood in terms of partial expression of

either the usual or mirror imaged atrial
arrangements.?> One of the ways to confirm
the presence of an isomeric arrangement
would be to provide morphological proof in
such cases of the presence of a histologically
recognisable sinus node.

The sinus node in the human is a distinct
and obvious anatomical structure found
subepicardially at the junction between the
venous component and the appendage of the
morphologically right atrium.* The node is
functionally important in initiating the heart
beat, which begins very early in life and con-
tinues for a long period without changing its
biological and physiological characteristics.” It
may reasonably be presumed that the sinus
node is one of the original anatomical features
of the morphologically right atrium, and is
unlikely to be affected by lesions involving its
venous component. With this premise in
mind, we searched histologically for the sinus
node in human fetal hearts which were part of
a series recognised morphologically as having
an isomeric arrangement of the atrial
appendages.® We have also previously identi-
fied a group of #w/iv mouse hearts with iso-
meric arrangement of the atrial appendages.’
Since the mouse heart is small enough to be
readily studied in its entirety by histological
techniques, we supplemented the human
study with murine hearts to determine
whether the sinus node is also a marker of
right atrial morphology in the mouse.

Methods

We studied 14 human hearts ranging from
12-25 weeks gestation, and from newborn to
one week in age. These formed part of a study
group reported previously.®® Left isomerism
was recognised when both atrial appendages
were finger-like in shape and had narrow junc-
tions with the venous component of the atria.
In addition, pectinate muscles were confined
within the atrial appendage. In contrast, both
atrial appendages were triangular in shape
with broad junctions in hearts with right iso-
merism. Furthermore, the pectinate muscles
which radiate from the terminal crest extended
around the vestibule of the atria to meet at the
crux. Using these criteria, 12 of these fetal
hearts had isomerism of the morphologically
left atrial appendages, while the remaining two
had isomerism of the morphologically right

appendages.
Twenty five v/iv mice of the SI/col back-
ground, originally from the Jackson

Laboratory (Bar Harbour, USA), were also
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Figure 1 Transverse sections through the cavoatrial junction of a fetal heart (18 weeks gestation) with isomerism of the right atrial appendages. Bilateral
sinus nodes (within dotted lines), represented by small interweaving cells clustered around the nodal arteries are shown in panels B and C.

Figure2 A and B are
right and left views
respectively of a fetal heart
of 12 week gestation. The
asterisk indicates the
position of the hypopl.

stnus node as shown in
panel C.
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Figure 3 A section in the coronal plane of an adult mouse
heart with usual atrial arrangement shows the entrance of
the superior caval vein into the right atrium. The sinus
node (within dotted lines) is seen as a collection of spindle
cells around a central artery at the junction between right
appendage and the superior caval vein. The node partly

encircles the vein to reach to the posterior side of the atrium
where there are lobules of brown fat.

studied. There were five adults, 18 fetuses at
18 or 19 days gestation, and two neonates less
than two days of age. As in the human hearts,
right isomerism was recognised on the basis of
the bilateral presence of broad appendages
and terminal crests with pectinate muscles
extending round the vestibule. The atrial
appendages in left isomerism were also broad
bilaterally, but were distinguishable from mor-
phologically right appendages by their narrow
junctions with the venous atrial components
and the absence of pectinate muscles round
the vestibule. Four hearts were identified as
having isomerism of the right atrial
appendages, while nine hearts had isomerism
of the left atrial appendages. The remaining 12
hearts, with usual or mirror imaged arrange-
ment of the atrial appendages, were used to
determine the normal morphology of the sinus
node in the /v/fv mouse.

All heart specimens were fixed in formalde-
hyde and then processed in their entirety for
histological sectioning, blocking them in
paraffin wax for serial sectioning at 10 um
thickness. The sections were collected on
cardboard trays and numbered sequentially.
Every 25th section of the human hearts, and
every fifth section from the mouse hearts, was
mounted on glass slides and stained with a
modified Masson’s trichrome technique.® All
the stained sections were examined and addi-
tional sections mounted and stained where
necessary. The sinus node was identified in
the human hearts using well established histo-
logical criteria.*!°'! For the mouse hearts, the
controls with lateralised atrial arrangement

Figure 4 The heart of a normal fetal mouse sectioned in a
coronal plane. The sinus node (within dotted line) is
horseshoe shaped and draped across the junction between
the superior caval vein and the right atrium. The nodal
cells are less darkly stained than ordinary myocytes.

were used to determine the histological char-
acteristics of the sinus nodes.

Results

HUMAN HEARTS

Isomerism of the right arrial appendages

There were bilateral superior caval veins in
these two hearts. Bilateral sinus nodes were
identified in each heart. The nodes were
recognised by their composition of small inter-
weaving cells within a fibrous matrix, usually
surrounding a small artery.* The nodal cells
stained slightly less intensely than the sur-
rounding atrial myocytes. In one heart, each
node was spindle shaped and located sub-
epicardially in the terminal groove, lateral to
the cavoatrial junction (fig 1). In the other
heart, the sinus node on the right side was nor-
mally located and supplied by an artery which
passed through its centre. The node on the left
was hypoplastic and situated more inferiorly
and posteriorly than usual along the terminal
groove. It was recognised by its composition of
small cells and fibrous network around an
artery.

Isomerism of the left atrial appendages

The sinus node was identified as a recognis-
able structure in only three of the 12 hearts. In
one case, the node was well formed and situ-
ated on the crest of the right sided atrial
appendage (of left morphology) but in the
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Figure 5 The thorax of a fetal mouse (18 day gestation) with isomerism of the right atrial appendages is sectioned in a transverse plane. Enlargements of

the boxed areas (B and C) show sinus nodes (within dotted lines) repr

LPA, left pulmonary artery; RA, right atrium; RPA, right pulmonary artery.
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absence of a superior caval vein. In the second
case, the node was hypoplastic, represented by
a tiny cluster of small cells around a prominent
nodal artery. It was located in the posterior
wall of the right sided atrium, inferior to its
junction with the superior caval vein. The
recognisable sinus node in the third case was
also hypoplastic and situated at the posterior
junction between the right sided atrium and
the right superior caval vein (fig 2). Bilateral
caval veins were present in this case.

MOUSE HEARTS

Usual and mirror image arrangement of the atrial
appendages

The sinus node was located in subepicardial
position at the upper part of the junction of
the terminal groove with the superior caval
vein in the morphologically right atrium. In
contrast to the usual lateral position in human
hearts, the sinus node in the murine heart was
more extensive and straddled the crest of the
morphologically right appendage (fig 3). In
keeping with this, the node was related to the

e :’
naé

atrial appendage|p 0.1mm

d by vacuolated cells around the cavoatrial junctions on both sides.

left sided appendage in hearts with mirror
image arrangement of the atrial appendages.
The node in the fetus was relatively bigger
than the node in the adult. In the fetus, it
partly or almost encircled the junction of the
superior caval vein with the morphologically
right atrium (fig 4). Histologically, the node
was composed of compactly arranged, pale
staining, non-striated short cells which were
not noticeably smaller in diameter than ordi-
nary atrial myocytes. Unlike the situation in
the human, the nodal cells were not arranged
within a prominent fibrous tissue matrix. The
nodal cells in the fetal hearts were slightly big-
ger than ordinary atrial myocytes and their
nuclei and cytoplasm were vacuolated.
Collections of ganglion cells were frequently
found close to the nodes.

Isomerism of the right atrial appendages

Two distinct bilateral sinus nodes were found
in each case. They were bigger than usual,
occupying a transmural position at the lower
end of the superior caval vein at its junction

Left sup.
caval vein

¢ Ty ~Left atrium—
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Figure 6 A transverse section through the thorax of a fetal mouse (19 day gestation) with left isomerism. Collections of vacuolated cells are lacking on
both sides. The left cavoatrial junction is enlarged in panel B.
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Figure 7 Diagram showing the disposition of the sinus node in the four variants of atrial
arrangement. (A) and (B) show lateralised arrangement, while (C) and (D) show
isomeric arrangement of the atrial appendages.

with the appendage (fig 5). Each node strad-
dled the crest of the cavoatrial junction,
extending medially and posteriorly.

Isomerism of the left atrial appendages

In only one case was it possible to identify a
poorly developed sinus node at the junction
between the right sided superior caval vein and
the atrium, this remnant being situated infe-
rior to the position usually seen in hearts with
usual atrial arrangement. The other eight cases
showed no evidence of nodal cells at the
cavoatrial junctions (fig 6), nor could nodal
cells be found elsewhere in the atria.

Discussion
It has been argued that the arrangement of the
atrial chambers, a feature which constitutes
the first step in the logical analysis of any
patient with congenital cardiac defects, can be
determined according to the morphology of
the atrial appendages. It is also argued that
this feature is sufficiently consistent for
appendages always to be recognised as being
of either right or left morphology.'?'* Using
this approach, all hearts can be placed into one
of four groups, namely those showing usual or
mirror imaged arrangements, or else iso-
merism of either the morphologically right or
left appendages.? Others argue, in contrast,
that all hearts have a basically lateralised
arrangement according to the venous connec-
tions, and that hearts with “asplenia and poly-
splenia” (heterotaxy syndrome) can be
categorised into partial forms of these later-
alised patterns.?'*1°

This latter concept, however, has ignored
evidence from earlier studies in both human

specimens’?”® and animal models'*!” which
showed that recognition of the morphology of
each appendage depended on the nature of its
junction with the rest of the atrial chamber,
rather than relying merely on its size and
shape, or upon the venoatrial connections.
The ultimate difference between the two types
of atria, therefore, still remains to be deter-
mined. At the microscopic level, evidence to
date suggests that the presence or absence of a
sinus node' could be the most recognisable
distinction between the two types of atrial
appendage. With this in mind, we have stud-
ied the location and morphology of the sinus
node in both human and mouse hearts in
which isomerism of the atrial appendages had
been diagnosed grossly, as judged from mor-
phological criteria. Our objectives were to
examine the usefulness of recognising the
presence of the sinus node in the determina-
tion of atria of right morphology, and its
absence in atria of left morphology, and to re-
evaluate the concept of isomerism in terms of
its functional significance.

Our material, therefore, included hearts
with isomerism of right or left types from
human fetuses and iw/iv mice. Our earlier
studies offer evidence that the arrangement in
the human fetus can be generalised into the
situation in childhood and adulthood.* The
experimental model of our /v mice, how-
ever, needed to be assessed further to establish
its validity in this context. The /v/fv mouse is a
model of abnormal laterality which has been
said to show mirror image arrangement in
approximately half of adult animals.'®* More
critical examination, nonetheless, has shown
that many v/iv mice show so called hetero-
taxy.'® 71921 Qur previous study on ¢v/iv mice,
for example, showed that 1-5% and 3-3% had
right and left isomerism, respectively.’
Morphologically right and left atrial appen-
dages could be distinguished using criteria
very similar to those applied on human hearts.
The sinus nodes in our control group of
mouse hearts were also histologically recognis-
able structures, consistent with previous
descriptions.?? We are not aware of any previ-
ous study on the sinus node of murine hearts
with isomeric arrangements of the atrial
appendages.

On studying our human and murine hearts,
we discovered bilateral sinus nodes in all
hearts with isomeric arrangement of morpho-
logically right appendages, while a single sinus
node was observed in the superior cavoatrial
junction of each morphologically right atrium
in hearts with lateralised arrangement (fig 7).
Our study has shown, therefore, that the mor-
phologically right appendage is accompanied
by a sinus node irrespective of its location.
The node was almost always found at the
junction of the superior caval vein with the
appendage, albeit that one node was displaced
posteriorly and inferiorly along this junction in
a heart with isomerism of the morphologically
right appendages. Clinical studies on atrial
excitation in hearts with isomerism of right
atrial appendages have also shown the pres-
ence of bilateral sinus nodes,?* ?* while the his-
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tological proof of this gross finding has long
been established by Van Mierop and
Wiglesworth.! Taken together, these findings
support the notion that the junctions of the
appendages with the rest of the atrium are
truly isomeric in those hearts we have charac-
terised grossly as showing bilateral right
appendages. This is also supported by the con-
sistent association of other cardiac lesions,
such as the absence of the atrial septum and
the coronary sinus, and abnormal pulmonary
venous connections.' %

Bilateral absence of the sinus node was a
feature in most hearts with isomerism of the
morphologically left appendages. In three
cases, however, a small nodal replica was dis-
covered in an abnormal position at the pos-
tero-inferior wall of the right sided
morphologically left atrium, while in one case
the node was located more superiorly.
Absence, or virtual absence, of the sinus node
can therefore be taken as a marker of the mor-
phologically left atrium. Clinical studies on
patients with left isomerism have shown the
presence of a P wave which was almost always
abnormal in its axis.???*?* The abnormal loca-
tion of a hypoplastic node, or absence of the
node, is an attractive morphological finding
with which to explain this abnormal P wave.

Our morphological criteria on the recogni-
tion of the atrial arrangements are useful for
anticipating the functional activity of the sinus
node, and conversely have shown that iso-
merism of the atrial appendages exists in con-
junction with the arrangement of the sinus
node. If there is a narrow tubular zone
between the venous component and the
appendage, with pectinate muscles confined to
the appendages, the atrium is of left morphol-
ogy and no well formed specialised junctional
node is expected. In the morphologically right
atrium, in contrast, the transition from the
superior caval vein to the appendage is marked
externally by the terminal groove, which corre-
sponds to the terminal crest on the endocar-
dial aspect. The sinus node can be anticipated
in the terminal groove, even in the absence of a
superior caval vein.?” Further studies on the
processes involved in development of atria of
left or right morphology will provide more
understanding of the differences between
right and left morphologies, as well as those
between right and left isomerism.

1 Van Mierop LHS, Wiglesworth FW. Isomerism of the car-
diac atria in the asplenia syndrome. Lab Invest 1962;11:
1303-15.
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