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Abstract
Objective—To review the anatomical structure of the right atrioventricular junction, including
the specialised atrioventricular conduction system, in hearts with Ebstein’s malformation, to
identify potential substrates for the abnormalities in conduction.
Methods—Five heart specimens representing the morphological spectrum of Ebstein malforma-
tion were examined grossly and histologically.
Results—On the endocardial surface, the atrioventricular junction was marked by a faint line in
two hearts, and by a small ridge in the other three. Analysis of the right parietal junction in four
hearts revealed only two accessory muscular atrioventricular connections. A plane of fibrofatty
tissue separated atrial from ventricular myocardium in the right parietal junction in all hearts.
The compact atrioventricular node was closer to the coronary sinus than usual. Accessory
nodoventricular connections were present in four hearts, while accessory fasciculo-ventricular
connections were found in one. The right bundle branch was hypoplastic or absent in four hearts.
Conclusions—In this small series, the parietal atrioventricular junction was better developed
than previously thought. Structural abnormalities of the atrioventricular conduction system,
however, were present. These may account for some of the conduction abnormalities frequently
observed with the Ebstein malformation.
(Heart 2000;83:444–449)
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The malformation first described by Wilhelm
Ebstein in 18661 is diagnosed on the basis of
displacement into the right ventricle of the
annular attachment of the septal, and usually
the mural, leaflets of the tricuspid valve.
Although individual cases can show a wide
spectrum of valvar displacement, together with
dysplasia of the leaflets, Ebstein’s malformation
is unmistakable in the necropsy room. This is
not always so in the clinical setting, but the fre-
quent association with abnormalities of atrio-
ventricular conduction is a salient feature that
aids diagnosis. The classical ECG is well
known, showing right atrial hypertrophy, a pro-
longed PR interval, right bundle branch block,
and small QRS voltages over the right chest
leads. Left bundle branch block and atrioven-
tricular block are common.2 3 The reported
association of pre-excitation syndromes ranges
between 10% and 23%,3 4 and most of the
accessory pathways identified thus far are
located around the orifice of the malformed tri-
cuspid valve. The accessory muscular pathways,
often multiple in the same patient, are thought
to be caused by faulty formation of the insulat-
ing tissues at the atrioventricular junctions.
Despite the common occurrence of disorders of
atrioventricular conduction, few anatomical
studies have examined the conduction system
and the state of atrioventricular insulation.5–8

Apart from one case studied in detail by Lev et
al,6 a systematic analysis of the entire junctional
areas, with emphasis on the mechanisms
producing insulation, is lacking. In this study,
therefore, we reviewed the anatomical structure
of the right atrioventricular junction, including
the specialised atrioventricular conduction sys-
tem, in five heart specimens. In order to be able

to provide sections of the complete heart in one
block of tissue, we specifically selected fetal and
infant specimens for our study. These hearts are
also more likely to reveal all the potential
congenital substrates for abnormal atrioven-
tricular conduction.

Methods
Four heart specimens from aborted fetuses of
gestational ages 15 to 22 weeks and one speci-
men from an infant of eight days were selected
for histological preparation. The hearts showed
a range of displacement of the tricuspid valve
representative of the known spectrum of
Ebstein’s malformation, as seen in postnatal
life.9 Clinical history was not available for any
of the cases.

Following morphological examination and
fixation, the specimens were photographed to
document the level of the right atrioventricular
junction and to identify the area of the triangle
of Koch. The entire hearts from the fetuses
were then processed and blocked in paraYn
wax for serial sectioning at 10 µm thickness
along the four chamber plane. Only the septum
and the paraseptal areas of the heart from the
infant were processed. Initially, every 25th sec-
tion was mounted and stained using Masson’s
trichrome technique. Further sections were
mounted and stained as necessary, following
the preliminary studies.

For comparison, we examined the gross mor-
phology of the tricuspid orifice in five normal
hearts, all obtained from neonates who died of
non-cardiac causes. We probed underneath the
septal leaflet to determine the level of its hinge
at the septum. From our archives, for further
comparisons we retrieved serial histological
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sections of normal hearts that had been
obtained from two normal fetuses (23 and 37
weeks’ gestation) and four normal infants who
died of non-cardiac causes.

Results
GROSS MORPHOLOGY

The junction between the right atrium and the
right ventricle was readily distinguishable in all
the normal hearts. On the epicardial aspect, the
right coronary artery ran within the fatty
tissues of the atrioventricular groove. Within
the heart, the hinge of the tricuspid valve pro-
vided the landmark to the atrioventricular
junction. Along the parietal junction, the
ventricular wall turned inwards, resulting in the
valvar hinge being positioned 2 to 3 mm more
apically than indicated by the epicardial
landmarks. Along the septum, the hinge line
was curved, with a dip of up to 2.5 mm toward
the apex in three hearts. All three leaflets—
septal, mural, and anterosuperior—were thin
and pliable, being anchored by tendinous cords
either to the septum or to distinct papillary
muscles (fig 1, normal). The region between
the atrioventricular junction and the insertions
of medial, anterior, and posterior papillary
muscles constitutes the inlet portion of the
right ventricle, while the free standing muscu-
lar infundibulum leading to the pulmonary
valve is the outlet. The trabecular component is
situated apically. Three zones of apposition
within the overall curtain of leaflet tissue,
permitting distinction of three leaflets, were
seen in all the normal hearts. At the peripheral
margins of the zones of apposition (the “com-
missures”), the adjacent leaflets were sup-
ported by fan shaped tendinous cords. The
separation between the leaflets was well
defined, and the gaps in the free edge reached
close to the atrioventricular junction at the
commissures, but never extended completely
to the annular attachments.

All four malformed hearts from the fetuses
had Ebstein’s malformation of the tricuspid
valve as the sole lesion. As anticipated for fetal
hearts, the oval fossa and arterial ducts were
patent. In addition to Ebstein’s malformation,
the heart from the infant had an associated peri-
membranous ventricular septal defect which
excavated toward the outlet portion of the right
ventricle (fig 1, heart 5). The tricuspid valve was
malformed in all cases. Dysplasia, defined as
thickening of the leaflets and/or abnormalities
of the tendinous cords and papillary muscles, or
adhesion of leaflet tissue to the ventricular wall,
aVected the tricuspid valves to greater or lesser
degree.10 The plane of fatty tissue demarcating
the epicardial aspect of the atrioventricular
junction was clearly seen in four hearts. In the
remaining heart, the epicardial atrioventricular
groove was indistinct. This was the only heart in
which the inferior wall of the right ventricle was
very thin, resembling the atrial wall (fig 1, heart
1). In this case, the atrioventricular junction
could be discerned grossly only after dissection
in the shallow atrioventricular groove had
revealed the right coronary artery.

In contrast to the normal hearts, it was not
possible to distinguish three valvar leaflets in

any of the malformed hearts. A small compo-
nent, corresponding to the septal leaflet, was
recognisable in three fetal hearts. In two hearts,
this component resembled the “dreigroschen”
(three penny piece), or discoid appearance, as
had been noted by Ebstein (fig 1, heart 1). Val-
var tissue was lacking in the region of the infe-
rior commissure. In the third heart, the septal
leaflet was better formed. Its hinge was moder-
ately displaced distal to the atrioventricular
junction, where its free edge was short and
thickened (fig 1, heart 3). In this heart, the
leaflet corresponding to the normal mural leaf-
let was hinged at the atrioventricular junction
and was separated from the septal leaflet by a
well formed commissure. In the first two fetal
hearts, the “mural” leaflet was severely dis-
placed, being limited to a small flap attached at
the junction of the inlet and trabecular compo-
nents of the right ventricle (fig 1, heart 1). In all
three hearts, there was no commissure between
the “mural” and anterosuperior leaflets. The
anterosuperior leaflet was sail-like and hinged
normally at the atrioventricular junction (fig 1,
hearts 1 and 3). Distally, the leaflet was
attached linearly to a muscular shelf marking
the junction between the inlet and apical
trabecular components of the right ventricle.

The fourth fetal heart showed the most severe
malformation. The trifoliate arrangement of the
valvar leaflets was totally eVaced. The “septal”
and “mural” components were smooth, being
devoid of tendinous cords or papillary muscles.
There was no separation of leaflets from the
ventricular walls, apart from a very small portion
toward the ventricular apex. As a consequence,
the inlet part appeared like a smooth sac (fig 1,
heart 4). The anterosuperior component was the
only tissue that resembled a valvar leaflet. It was
hinged at the atrioventricular junction, but its
distal margin was continuous with the “mural”
and “septal” components, with a keyhole
between its medial free edge and the ventricular
septum as the only communication between
inlet and outlet portions.

The septal leaflet was moderately displaced
in the heart from the infant. Tissues of the
leaflet were found along with a tiny medial
papillary muscle (fig 1, heart 5). There was
minimal displacement of the mural leaflet.

Within the overall group, owing to the
displaced attachments of the septal or mural
leaflets, or both, the only part of the atrioven-
tricular junction that was always clearly seen on
the endocardial surface was that along the
anterosuperior margin. The hinge of the
anterosuperior leaflet corresponded to the level
of the junction that could be discerned on the
epicardial aspect. A faint line was seen along
the septal and mural margins of the atrioven-
tricular junction in two hearts. In the other
three hearts, a small ridge was visible. Along
the septal margin, the line or ridge corre-
sponded to the normal hinge line of the tricus-
pid valve, an important landmark to the trian-
gle of Koch which contains the atrioventricular
node. The other two borders of the triangle, the
Eustachian ridge and the coronary sinus, were
as clearly seen as in the normal hearts.

AV junctions in Ebstein malformation 445

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heart.83.4.444 on 1 A

pril 2000. D
ow

nloaded from
 

http://heart.bmj.com/


HISTOLOGICAL FINDINGS IN MALFORMED HEARTS

In all four fetal hearts with Ebstein’s malforma-
tion, the parietal right atrioventricular junction,
as in the normal heart, was well defined by
fibrofatty tissues. The atrioventricular groove
was less deep in the hearts with atrialisation of
the inferior inlet wall (hearts 1 and 2). In heart 2,
there was a small bridge of muscular continuity
on the right side which linked ventricular
myocardium to a small node-like structure
formed at the base of the atrial wall. This short
accessory pathway passed through the fibrous
tissue of the valvar hinge at the acute cardiac

margin. An accessory pathway was found in the
obtuse margin of the left atrioventricular junc-
tion of heart 1. This took the form of a bridge of
muscle which passed through the fibrous hinge
of the mural leaflet of the mitral valve. In the
heart from the infant, a strand of accessory
muscular tissue extending from a tiny node-like
structure was found in the inferior paraseptal
part of the right atrioventricular junction. This
strand skirted the epicardial side of the fibrous
tissue that marked the junction.

As in the normal hearts, the triangle of Koch
was delineated on one side by the Eustachian

Figure 1 The right atrioventricular junction (broken black and white line) displayed in a normal heart and four
malformed hearts. The lateral borders of the triangle of Koch are formed by the atrioventricular junction on the septal aspect
and the Eustachian ridge (› › ›). The displaced hinge of the septal (S) and mural (M) leaflets are marked by the dotted
line. The anterosuperior leaflet (AS) in heart 1 is attached distally to a muscle shelf (arrowhead). In heart 3, a very pale
specimen, the edge of the septal leaflet is indicated by small arrows. Septal and mural leaflets are not formed in heart 4. The
arrow indicates the keyhole before the specimen was cut for display. Heart 5 shows a perimembranous ventricular septal
defect (VSD) and a tiny medial papillary muscle (MPM). CS, coronary sinus; OF, oval fossa.
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ridge containing the tendon of Todaro, and on
the other side by the tricuspid valve, with the
central fibrous body at the apex (fig 1). With
displacement of the hinge of the septal leaflet,
the atrioventricular junction replaced the
valvar border. This plane of fibrous tissue,
clearly seen in all the malformed hearts, was

continuous with the inferior atrioventricular
groove when traced postero-inferiorly. The
compact atrioventricular node, along with its
zone of transitional cells, was located in the tri-
angle of Koch. Multiple frond-like incursions
of histologically specialised cells into the
central fibrous body were seen in three hearts.
Continuity with musculature of the septal crest
produced strands of nodoventricular muscular
connections in hearts 1, 3, and 5. In heart 4, an
extensive muscular nodoventricular connec-
tion was seen at the border between the atrio-
ventricular node and the penetrating bundle
(fig 2A). On gross examination, the nodal
triangle appeared to be smaller than normal
(fig 1).

When the mouth of the coronary sinus was
taken as a point of reference in histological sec-
tions, the main body of the node was situated
closer to the mouth than normal in four hearts
(hearts 2–5) (fig 3). Only one of the six normal
hearts showed this arrangement. In normal
hearts, only the bifurcating inferior extensions
of the compact node are found in sections that
include the orifice of the coronary sinus. In
hearts 4 and 5, the inferior part of the nodal
body itself was also seen in this location (fig 3,
E, F). When traced superiorly, the atrioven-
tricular node penetrated to become the atrio-
ventricular bundle in all hearts, the transition
being marked by entry into the central fibrous
body (fig 3, C, D). In heart 2, in association
with a small central fibrous body the penetrat-
ing bundle was very short. Accessory fasciculo-
ventricular connections between the non-
branching bundle and the crest of the
ventricular septum were present in heart 4. In
this heart, the atrioventricular bundle contin-
ued into the left bundle branch, without giving
origin to a right bundle branch (fig 2B). From
its narrow origin, the left bundle branch fanned
out as it descended along the septal surface of
the left ventricle. The branching bundle was
astride the septal crest in the remaining hearts,
including the infantile heart with a ventricular
septal defect (fig 2C). In hearts 1 and 2, the
right bundle branch was narrow, tapered, and
terminated a short distance from its origin. The
distance was approximately equivalent to the
distance to the medial papillary muscle antici-
pated in the normal hearts. In contrast, a large
right bundle branch arising from the branching
bundle was seen in subendocardial location in
heart 3 (fig 2D). When traced distally to about
a third of the distance down the ventricular
septum, it terminated abruptly. In this heart,
the atrioventricular conduction bundle itself
continued superiorly along the crest of the ven-
tricular septum as a dead end tract. The cord-
like right bundle branch could be traced to the
base of the medial papillary muscle and toward
the ventricular apex in heart 5.

Discussion
Ever since the description of the index case of
Ebstein’s malformation,1 there have been many
studies on the pathological and clinical spec-
trum of this entity, both in isolation and in
association with other intracardiac defects. The
key feature in diagnosis is annular attachment

Figure 2 (A) An accessory connection between the atrioventricular node (within dotted
line) and ventricular myocardium in heart 4. (B) The same heart shows a large
atrioventricular bundle (white star) which continued into the left bundle branch only. The
ventricular bundle branches are seen descending from the septal crest in heart 5 (C) and in
heart 3 (D). VSD, ventricular septal defect.

Figure 3 (A) The body of the atrioventricular (AV) node (within dotted line) is adjacent
to the mouth of the coronary sinus in heart 3. (B) A more inferior section of the same heart
shows the inferior nodal extensions (within white dots) at the level of the Thebesian valve.
(C) This section from heart 5 shows the atrioventricular (AV) node at a level close to the
mouth of the coronary sinus. The hinge of the septal leaflet is displaced from the
atrioventricular junction. (D) This magnified view shows the extension (white star) of the
conduction tissues from the atrioventricular node into the central fibrous body at the
transition to the penetrating bundle. (E) This inferior section also from heart 5 is through
the middle of the coronary sinus orifice. It is magnified in (F) to show the continuation of
the nodal body at this level.
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within the right ventricle, to greater or lesser
degree, of the valvar leaflets.5 8–12 It is this
feature which aids diagnosis in cross sectional
echocardiography.13 The other abnormal fea-
tures include a malformed but normally hinged
antero-superior leaflet, a displaced valvar
orifice, and almost universal dysplasia of the
valvar leaflets. In our present study, to help
comparisons we have attempted to name the
leaflets of the malformed valve according to
conventional terminology, although there is
often no clear separation between them. Thus
the mural and antero-superior segments of the
valvar curtain were continuous in four of the
five malformed hearts. The mural leaflet was
grossly underdeveloped in the fifth heart.
Indeed, this was also the arrangement in the
index case. Ebstein1 described an extensive
membrane in place of the antero-superior and
mural leaflets. He also considered that only one
leaflet, the septal one, was present, albeit with
an abnormal origin below the “annulus fibro-
sus.” It is interesting that, in the illustration
provided by Wyss, the abnormal membrane
was shown as hinged at the atrioventricular
junction. In contrast, the hinge line corre-
sponding to that of the mural leaflet has been
displaced in most of the cases subsequently
examined at necropsy,8 14 including three of the
five cases in our series. Our single case in which
displacement was confined to the septal leaflet
could be dubbed “micro-Ebstein”,15 or held to
represent a mild form of Ebstein
malformation.7 It would have been diYcult to
diVerentiate this case from the usual slightly
scooped hinge line found in normal hearts had
it not been for the abnormally extensive
antero-superior leaflet and the overall dysplasia
of the valvar leaflets. The term “micro-
Ebstein,” moreover, is probably misleading, as
it detracts from the severity of the defect, which
can be accompanied by potentially life threat-
ening conduction defects.7 15

Apart from a few studies focusing on the
arrangement of the atrioventricular conduction
system in “isolated” Ebstein’s malformation,
only the study by Lev et al has described the
parietal atrioventricular junction.6 On gross
dissection, this area gives the impression of
direct atrial and ventricular myocardial conti-
nuity, especially along the mural quadrant. In
order to account for the prevalence of acces-
sory pathways, it is presumed that the parietal
atrioventricular junction has an inherent weak-
ness, providing “holes” for myocardial
bridges.16 On the contrary, as confirmed histo-
logically by Lev et al,6 and by our study, such
muscular continuity does not exist. In our
cases, the parietal atrioventricular junction was
well formed. A fibrofatty tissue plane, albeit
small in some areas, always intervened to pro-
vide electrical insulation between atrial and
ventricular myocardium. We found only one
accessory right parietal connection among our
four hearts that were sectioned in their entirety,
although one left sided connection was also
found. An anterior connection found in one of
the cases examined by Becker and co-workers17

was more reminiscent of the configuration now
known to be associated with “Mahaim” physi-

ology. In their case, the accessory muscular
connection again took origin from an atrial
node, but continued as a long bundle of
specialised myocardium which was insulated as
it descended within the myocardium of the
parietal wall. If traced in its entirety, it could
have connected with ramifications of the right
bundle branch. Yet another arrangement was
found in the case examined by Lev et al.6 The
accessory muscular pathway located in the
parietal wall was again long, but it coursed
along the anterior quadrant of the atrioven-
tricular groove to the acute margin, sending
multiple small branches to the ventricular and
atrial walls. Accessory pathways have also been
described in Ebstein’s malformation associated
with congenitally corrected transposition.18–20

These varied from broad bands to multiple thin
pathways that perforated the fibrous annulus,
as in the case described by Symons and
coworkers,18 or extended epicardially close to
the fibrous plane of insulation to reach the ven-
tricular wall.

As suggested by recent reports on radio-
frequency ablation of accessory pathways in
patients with Ebstein’s malformation, it appears
that some pathways are long, reaching a fair
distance apically along the ventricular wall.21

These are thought to be associated with atriali-
sation of the ventricular inlet. An alternative
explanation is that they represent the so called
“atriofascicular tracts” which extend apically to
connect with the right bundle branch, and
which produce “Mahaim” physiology. Cer-
tainly, the structure of the muscular accessory
atrioventricular pathways to be found in
Ebstein malformation requires still further elu-
cidation should hearts come to necropsy from
patients known to have had pre-excitation.

Previous accounts of the atrioventricular
conduction system6 7 have revealed muscular
continuity between the conduction axis and the
crest of the muscular ventricular septum in
four cases. The heart examined by Lev et al
revealed a connection between the origin of the
right bundle branch and the right side of the
septum.6 Rossi and Thiene7 described unusual
septal pathways in their three cases of mild
Ebstein malformation. In all cases, the acces-
sory muscular atrioventricular connections
passed from the right side of the atrioventricu-
lar node, and penetrated through a gap in the
right margin of the fibrous insulating plane.
One case was unique in that the accessory
pathway anastomosed with an accessory no-
doventricular connection before reaching ordi-
nary ventricular myocardium. In this case,7 the
investigators concluded that the accessory
muscular connections persisted as a result of
limited maturation of the central fibrous body,
which failed to abolish fetal connections. Such
changes were not seen in our hearts. Accessory
frond-like connections, however, are frequently
seen in normal fetal and neonatal hearts, and
were the original “paraspecific” fibres de-
scribed by Mahaim.22 These structures were
also present in our malformed hearts. Their
potential role as significant bypass tracts
remains to be resolved, as they are seldom
found with such abundance in mature hearts.
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When the accessory connection is broad and
band-like, as in our fourth heart, it is tempting
to assume that it is more likely to persist into
infancy and beyond, then being capable of pro-
ducing pre-excitation.

As suggested by previous studies,8 the land-
mark to the location of the atrioventricular node
in the setting of Ebstein’s malformation remains
the triangle of Koch. Even with displacement of
the hinge line of the septal leaflet of the tricuspid
valve, the valvar margin—representing the atrio-
ventricular junction—was clear on gross exam-
ination in two of our four specimens. On
histological examination, the margin was clearly
marked in all specimens by the fibrofatty plane
of tissues that extended antero-superiorly from
the inferior atrioventricular groove toward the
apex of the triangle at the central fibrous body.
In three hearts, the location of the compact
atrioventricular node was closer to the orifice of
the coronary sinus than in normal hearts. As the
penetrating bundle was normally located, the
node was either more extensive or, conversely,
the nodal triangle was smaller. Further studies
making correlations with aging are needed to
clarify this observation. This feature is particu-
larly relevant because interventions to cure atrial
flutter, atrioventricular nodal reentrant tachy-
cardia, or accessory atrioventricular pathways
may all be carried out in the vicinity of the nodal
triangle.23 24

Despite the frequent occurrence of right
bundle branch block, structural abnormalities
have seldom been reported in the cases exam-
ined histologically. A slightly anomalous course
of the right bundle has been noted in three
cases,8 but none showed interruption. In one
textbook,25 a general comment is made that in
some of the cases studied the right bundle
branch “simply fizzled out.” In our specimens,
the right bundle branch was narrow and short
in the two hearts that had minimally formed
septal leaflets. A thick but short right bundle
branch was found in the heart with moderate
displacement of the septal leaflet. A regular
right bundle branch was found only in the
heart from the infant; in this heart, the septal
leaflet, although displaced, was formed, and
there was a tiny medial papillary muscle. In the
remaining heart, the right bundle was absent,
and there was practically no formation of the
septal leaflet. The right bundle branch, there-
fore, was abnormal or underdeveloped in three
and absent in one of our five cases of Ebstein’s
malformation. Its development seemed to be
related to the formation of the septal leaflet and
the medial papillary muscle.

LIMITATIONS OF THE STUDY

Our study was confined to only five cases, all
fetal and infant hearts. We were unable to make
comparisons with adolescent or adult hearts, as
their larger size poses practical problems for
histological preparations. Clinical information
was not available for any of the fetal cases.
There was insuYcient information in the case
of the infant to make any correlations with
structural anomalies of the conduction system.
Our small series, nevertheless, represented the
range of severity of the gross malformation. It

showed that, while the atrioventricular junction
was well developed, structural abnormalities of
the atrioventricular conduction system were
common. The close relation of the atrioven-
tricular node to the orifice of the coronary
sinus is worthy of note. Whether this relation is
maintained in the older child or adult remains
to be determined. This has implications for
surgical or ablation procedures in the inferior
paraseptal area.
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