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Significance of annulus fibrosus of heart in
relation to AV conduction and ventricular
activation in cases of Wolff-Parkinson-White
syndrome

Antoine A. Verduyn Lunel
From the Department of Cardiology of the Academic Hospital, andfrom the Laboratory of
Anatomy and Embryology of the State University, Leiden, The Netherlands

A histological examination of accessory atrioventricular connecting fibres in two heart specimens
with a Wolff-Parkinson-White (WPW) syndrome revealed the following findings.

Parietal subendocardial accessory fibres, mostly composed of ordinary myocardium, connected
the atrial with the ventricular wall. In one specimen afew modifiedfibres werefound between the
parietal wall of the right atrium and that of the right ventricle.

Septal accessoryfibres were alsofound. A part of these connexions was morphologically ordinary
myocardium, but many other fibres werefound to be bridges of conduction tissue between parts of
the His-Tawara bundle and the basal rim of the ventricular septum.
Many holes were observed at different locations of the annulusfibrosus, at its parietal as well

as at its septal part. It was noted that each hole was an anatomical pathway for at least one

accessory fibre; more ordinary myocardial or modified connexions passed through a big gap.
It can be stated that the quantity of the accessory muscular atrioventricular connexions was

determined by the degree of discontinuity of the annulus fibrosus. The latter structure appeared
to be the most important component of the morphological substrate which was presumably related
to the existence and a possible progression of atrioventricular and intraventricular conduction
anomalies in cases of WPW syndrome.

The WPW syndrome, electrocardiographic-
ally characterized by a shortened PR interval
and a prolonged QRS complex with an initial
delta wave (Wolff, Parkinson, and White,
I930), was assumed to occur if a pacemaker
impulse was conducted along a fibre which
connected the atrium with the ventricle out-
side the morphologically proven muscular
AV pathway, the His-Tawara bundle (Ta-
wara, I906). This was reported by Ohnell
(I940, I944), Orinius (I967), and Durrer et
al. (I967). Some authors postulated retro-
grade conduction through this fibre (Durrer
et al, I967; Burchell et al., I967; Cobb et al.,
I968; Roelandt and Van der Hauwaert, I968).

Fibres connecting the atrium with the ven-
tricle outside the His-Tawara bundle, de-
scribed by Kent (i893, I914a, b, c), were called
'accessory' (Lev, Gibson, and Miller, 1955;
Lev et al., i96i, I966; Lev, Sodi-Pallares,
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and Friedland, I963; Truex, Bishof, and
HofEman, I958; Truex, Bishof, and Downing,
i960), because they were not found in the
normal heart (Lev and Lerner, I955). In
view of a lapse of more than 20 years between
the first and second paper by Kent it seemed
to be likely that the reported muscular AV
connexions in man, in I914, were related to
a WPW syndrome. Studying the published
reports about accessory fibres which were
presumably related to the WPW syndrome
there was an impression that only ordinary
myocardial AV connexions were concerned
(Wood, Wolferth, and Geckeler, I943; Ma-
haim, I947; Levine and Burge, I948; Truex
et al., I958, I960; Burchell et al., I967;
Cobb et al., I968). However, Kent (I9I4a, b, c)
demonstrated in man bridges of conduction
tissue between the atrial and ventricular wall
at the right lateral AV junction. Histological
examinations of two heart specimens with the
WPW syndrome together with those reported
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(Kent, I9I4; Lev et al., I966) reveal that the
morphological substrate may comprise the
following three components. (a) Parietal sub-
endocardial accessory fibres; (b) septal acces-
sory fibres of which one type was composed
of ordinary myocardium while another type
was found to be modified; (c) a discontinuous
annulus fibrosus.
The quantity of accessory muscular AV

connexions was found to be determined by
the degree of discontinuity of the annulus
fibrosus. The latter structure appeared to be
the most important component of the mor-
phological substrate which was presumably
related to the conduction and activation dis-
orders in cases of WPW syndrome.
The results of this histological study, and

data concerning the same subject already
published, are described and discussed in this
paper.

Case reports
Case i A 3i-year-old woman died during an
operation for a commissurotomy because of severe
mitral stenosis. This was diagnosed at the age of
IS years and at that time the electrocardiogram
showed WPW syndrome. At the time of ad-
mission to the Cardiology Department of the
Academic Hospital of Leiden, shortly before
death, the cardiogram showed sinus rhythm
(Fig. ia). The PR interval was o-i6 sec, QRS
complexes resembled in most leads type A WPW
syndrome. A year before the admission the
electrocardiogram questionably showed the B
type (Fig. ib); in the spatial X, Y, and Z leads
there were complexes without WPW syndrome;
others, respectively, had type A and type A plus
type B pattern (Fig. ic).

Before operation many attacks of ventricular
fibrillation occurred.

Necropsy Distinct enlargement of the left atrium,
moderately dilated right and left ventricle. Very
narrow mitral orifice which barely admitted a
fingertip. Fibrosis of the left atrial endocardium
and ventricular myocardium. Chronic congestion
of the pulmonary veins with severe sclerosis of
the pulmonary artery wall, chronic congestion of
both lungs, and hypertrophy of the right ven-
tricular wall. Chronic congestion of the liver and
spleen and anaemia of the renal cortex.

Histological examination The following tissue
blocks were taken from the heart specimen. The
lateral junction of the right atrial and ventricular
wall; the ventral junction of the right atrial and
ventricular wall; the right lateral junction of the
left atrial and ventricular wall; and the dorsal
junction of the interatrial and interventricular
septum. Each of the tissue blocks was hardened
and then embedded in paraffin. Afterwards each
block was cut transversely, at right angles to the
coronary sulcus, in serial sections, each of which
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FIG. i Case i (a) Electrocardiogram shortly
before death. Type A pattern of WPW syn-
drome. (b) Electrocardiogram of patient one
year before being admitted to hospital. Type B
pattern of WPW syndrome of the complexes,
indicated by arrows. (c) Spatial X, Y, and Z
leads. Complex i: type A.?; compleX 2: no
WPW; complex 3: type A + type B?

was 1o.tm i thickness. All the sections were
stained alternately with haematoxylin and eosin,
azan, silver protein according to Dankmeijer and
Nauta (1939) and with resorcin-fuchsin-iron-
haematoxylin-picric acid-thiazin red according to
Hoefsmit (1967).

Results About i mm ventral to the dorsal inter-
ventricular sulcus were fibres, with features of
conduction tissue as described and reviewed by
Verduyn Lunel (i964), located subendocardially
and connecting the right atrial with the right ven-
tricular wall over a distance of 3 mm through holes
in the annulus fibrosus (Fig. 2). Examining from
here in a ventral direction no connexion was
found over a distance of 2 mm, and then myocar-
dial fibres, together 7 mm in width, connected,
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FIG. 2 Case I. One of the connexions of
conduction tissue between the lateral right
parietal atrial and ventricular wall. (Silver
protein. x 6o.)

subendocardially, the right atrial with the right
ventricular wall through holes in the annulus
fibrosus at right angles to the coronary sulcus
(Fig. 3).
Between the ventral aspect of the right atrial

and right ventricular wall very small myocardial
fibres, together with a breadth of 2 mm, were
observed subendocardially at right angles to the
coronary sulcus through holes in the annulus
fibrosus.

Histological examination of the right lateral
junction of the left atrial and ventricular wall
failed to reveal any accessory connexion.
At the dorsal junction of the interatrial and

interventricular septum the annulus fibrosus was

FIG . 3 Case i. Subendocardial myocardial
fibres (arrows) between the lateral right
parietal atrial and ventricular wall. (Azan.
x 9.)

much more discontinuous than at its parietal part.
Through many holes myocardial fibres connected
the most dorsal part of the interatrial with that of
the interventricular septum.

Reaching the His-Tawara bundle, large and
abundant fibres of conduction tissue connected
the AV node and the common bundle, respec-
tively, with the basal rim of the interventricular
septum through holes in the annulus fibrosus.
The connecting nodal fibres were larger and more
abundant than the bridges between the common
bundle and the cephalic border of the inter-
ventricular septum (Fig. 4a, b, and c).

Case 2 A I7-year-old youth died suddenly at
home. At the age of I3 years he was admitted to a
hospital outside Leiden because of syncope in the
break of a football match. In this condition, which
continued for about one hour, no signs of epilepsy
were noted. It was unknown whether the patient
previously had attacks of tachycardia. The electro-
cardiogram showed type B of WPW syndrome
(Fig. 5). A vectorcardiogram was not available.
At necropsy (performed in the same hospital as
the patient was admitted to at the age of I3 years)
the results were briefly as follows.

Slight hypoplasia of both adrenal glands;
hyperaemia of all organs; macroscopically, the
heart did not show any abnormalities; the heart
weight was 330 g. The heart specimen was
placed at the author's disposal for a histological
examination.

Histological examination The following tissue
blocks were taken from the heart specimen.
The right lateral junction of the right atrial and

ventricular wall, with the dorsal interventricular
sulcus and the adjacent lateral junction of the left
atrial and ventricular wall. The junction of the
left atrial and ventricular wall immediately dorsal
to the tissue already mentioned. The dorsal junc-
tion of the interatrial and interventricular septum.
Each of the tissue blocks was hardened and then
embedded in paraffin. All the blocks were cut in
serial sections at right angles to the coronary sul-
cus. The sections, each I0 sum in thickness, were
stained alternately with haematin-eosin, azan, and
resorcin-fuchsin-iron haematoxylin-picric acid-
thiazin red according to Hoefsmit (i967).

Results About i mm ventral to the dorsal inter-
ventricular sulcus, myocardial fibres connected
the right atrial with the right ventricular wall over
a distance of i mm. These fibres were located
subendocardially at right angles to the coronary
sulcus through holes in the annulus fibrosus
(Fig. 6a).
Between the left atrial and ventricular wall,

immediately dorsal to the tissue block already
mentioned, at the following three locations ordin-
ary myocardial fibres were found subendocardially
at right angles to the coronary sulcus through
holes in the annulus fibrosus: (a) 2-0 cm dorsal to
the dorsal interventricular sulcus, o-8 mm in
width; (b) 2-3 cm dorsal to the mentioned sulcus,
more than i mm in width; (c) at 2-8 cm dorsal to
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FIG. 4 Case I. (a) The most dorsal aspect of the junction of the interatrial and interventricular
septum. Absence of the annulus fibrosus at this location. (Hoefsmit's stain. x 3.) (b) One of the
bridges of conduction tissue between the AV node and the basal rim of the interventricular
septum (arrows). No annulus fibrosus. (Azan. x 3-5.) (c) A bridge of conduction tissue (P)
between the common bundle (CB) and the basal rim of the interventricular septum.
(Azan. x I3.)

the dorsal interventricular sulcus, more than 2
mm in width (Fig. 6b).
At the dorsal junction of the interatrial and the

interventricular septum the following striking
features were observed. (a) More than 3 mm
ventral to the dorsal edge of the septum a 7 mm
broad AV myocardial connexion was found
through a big hole in the annulus fibrosus (Fig.
6c). (b) In this part of the septal AV junction, the
AV node was connected with the underlying myo-
cardium by offshoots of conduction tissue through
holes in a discontinuous portion of the septal
annulus fibrosus over a distance of more than i
mm (Fig. 6d). (c) Between the penetrating portion
of the common bundle and the cephalic rim of
the ventricular septum, offshoots of conduction
tissue were found over a distance of more than i
mm through holes in the annulus fibrosus (Fig.
6e). In addition the initial part of the left bundle-
branch was connected with the basal rim of the
ventricular septum by bridges of conduction
tissue from the branch through holes in the annu-
lus fibrosus.

Discussion
The results of the histological examinations
with regard to ordinary myocardial accessory
communications agree with those described
by Kent (I893), Wood et al. (I943), Ohnell
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FIG. 5 Case 2. Electrocardiogram, showing
type B WPW syndrome.
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FIG. 6 Case 2. (a) Lateral junction of the right parietal atrial and ventricular wall. Continuity
atrial and ventricular myocardium at P. No annulus fibrosus at this location. (Azan. x 2.)
(b) Areas a, b, and c, respectively, indicate subendocardial myocardial bridges between the left
parietal atrial and ventricular wall. LA: left atrium; LV: left ventricle; d.i.s.: dorsal
interventricular sulcus; RV: right ventricle. (c) The most dorsal aspect of the septal junction of
the atrium and ventricle. Continuity of atrial and ventricular myocardium through holes in the
annulus fibrosus. (Azan. x 2.) (d) One of the bridges of conduction tissue (P) between the AV node
(N) and the interventricular septum (V). (Haematin-eosin. X 20.) (e) Continuity of the penetrating
portion of the common bundle (CB) and the basal rim of the interventricular septum (V) at P.
(Silver protein. X 20.)

(I944), Lev et al. (I955, I96I, I963), de

Villeneuve and Schornagel (1958), and Truex
et al. (I960). As far as the occurrence of modi-
fied accessory muscle bundles are concerned,
the present findings were similar to those of
Kent (19I4 a, b, c) and Lev et al. (I966). Kent
was the first author who drewattention to a dis-
continuous annulus fibrosus through which
modified fibres connected the right ventricle
with the right atrium (Fig. 7).1
1 Reproduced by permission of the Editorial Board of
the J'ournal of Physiology.

Truex et al. (I958) stated that the develop-
ment of the annulus fibrosus provided useful
information concerning the origin of AV
accessory muscle bundles and the mode of
attachment ofthe atrial and ventricular muscle
fibres in the adult heart. In ii of i 5 foetal and
newborn human heart specimens under the
age of 6 months, accessory connexions were
observed, the majority of which connected a
residual common bundle tissue mass with the
basal rim of the ventricular septum through
holes in the annulus fibrosus. In very early
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1268 Antoine A. Verduyn Lunel

human embryos the musculature of the
atrium was continuous with that of the ven-
tricle. In I0 mm and I5 mm embryos a thin
fenestrated layer with few connective tissues
arose between atrium and ventricle; these
compartments were connected with each
other by large fascicles of cardiac muscle
tissue through the holes. In advanced stages
of gestation the connective tissue layer be-
came a continuous, thick, and fibrous struc-
ture separating the atrial from the ventricular
myocardium, while in most instances the
muscular fascicles within the limits of the
annulus fibrosus became interrupted. The
atrial and ventricular ends of the interrupted
fascicles behaved as insertions or cord-like
attachments for the muscle bundles of the
atrium and the ventricle. Truex et al. pointed
out that in rare instances a large fascicle being
composed of either conduction or ordinary
myocardial tissue might persist in older em-
bryos and during life as an accessory AV
pathway.

In both heart specimens described in the
present paper many holes were observed at
different locations of the annulus fibrosus, in
the parietal as well as in the septal part; the
latter was found to be more discontinuous
than the former. Through one hole at least
one AV muscular connexion was noted; more
ordinary myocardial or modified accessory
fibres passed through one big gap. It was
found that the quantity of these communica-
tions being potentially pathways of AV con-
duction was determined by the degree of dis-
continuity of the annulus fibrosus, which
appeared to be the most important component
of the histological substrate.
The offshoots of conduction tissue between

the AV node and the common bundle, respec-
tively, and the basal rim of the ventricular
septum through holes in a discontinuous
annulus fibrosus, found in both patients,
would be important to ventricular activation
disorders. The first patient suffered from re-
peated ventricular fibrillation shortly before
death. It was not known whether the second
patient had had previous attacks of tachycar-
dia. However, in view of the sudden death
it would be possible.
A previous example of a case in which only

septal accessory AV connexions occurred was
encountered by Lev et al. (I966) in a man of
34 years with Ebstein's anomaly combined
with type B WPW syndrome. Many copious
and abundant offshoots of parts of the HT
bundle were found through holes in the annu-
lus fibrosus to the basal rim of the ventricular
septum. There were no muscular parietal ac-

-atrIum

- noce

- ventricle

- valve

FIG. 7 Illustrations from Kent (Journal of
Physiology, 1914a, c). On the left, atrial and
ventricular myocardium were connected by
modified tissue. On the right, the AV node
was continuous with the ventricular myocar-
dium. In both sections from the right lateral
AV junction the connecting fibres passed
through holes in the annulus fibrosus.

cessory fibres between atrium and ventricle,
neither right- nor left-sided.
The classification of WPW complexes as

type A or type B was introduced by Rosen-
baum et al. (I945) on the morphological basis
of the praecordial and oesophageal electro-
cardiographic leads. The initial delta wave
and the remainder of the QRS complex were
stated to be primarily positive in both the
right and left praecordial leads in type A
where pre-excitation was assumed to occur in
the left ventricle. The QRS complex with the
initial delta wave was found to be negative in
the right and positive in the left praecordial
leads in cases of type B where pre-excitation
was assumed to occur in the right ventricle.
The following accessory muscular AV con-

nexions which have been described may illus-
trate the importance of the state of the annulus
fibrosus in cases of WPW syndrome:

i) Parietal subendocardial accessory fibres,
either right- or left-sided or at both sides
(Wood et al., I943; Ohnell, 1944; Levine and
Burge, 1948; Lev et al., 1955, I96I, I963;
de Villeneuve and Schornagel, I958).
2) Septal accessory fibres (Truex et al., I960;
Lev et al., I966).
3) Parietal subendocardial and septal acces-
sory fibres (Lev et al., I955, I963; this study).
Any of the accessory muscular connexions
between atrium and ventricle which were
found through one gap or more holes in a
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more or less discontinuous annulus fibrosus
may be related to WPW syndrome.

In normal hearts a few thin conduction
fibres could connect parts of the His-Tawara
bundle with the basal rim of the ventricular
septum while the annulus fibrosus was well
developed (Mahaim and Winston, 1941;
Mahaim, I947).

Other factors may be important to the
genesis of WPW syndrome; the following
data have been previously reported:

a) Inflammatory processes (Mahaim and
Bogdanovic, I948; Lev et al., I963).
b) Coexistence with various forms of heart
disease:-(i) in infants and children, WPW
syndrome was found to be associated with
coarctation of the aorta (Bodlander, I946;
Swiderski, Lees, and Nadas, I962), corrected
transposition, primary myocardial disease
(Swiderski et al., I962), and Ebstein's
anomaly, Swiderski et al., I962; Lev et al.,
1955, I966); (ii) Braunwald (I964) described
a classical WPW pattern of the electrocardio-
gram in 2 patients with hypertrophic sub-
aortic stenosis; (iii) a WPW syndrome of type
B in a 2I year-old-woman with a large dorsal
atrial septal defect (secundum type) was re-
ported by Durrer and Roos (I967); and (iv)
the first patient described in the present study
showed coexistence with mitral stenosis.
c) Heredity factors: isolated familial pre-
excitation was described by Ohnell (I940),
Doumer and Dumez (Ig95), Willis and
Shepard (I953), McIntire and Freed (I955),
Averill (I956), Harnischfeger (I959), and
Schneider (I969).

It is necessary to examine carefully the
parietal and septal junction of the atrial
and ventricular wall in each heart specimen
with WPW syndrome in order to ascertain
whether the state of the annulus fibrosus may
be responsible for the occurrence of accessory
muscular AV connexions which could be
potentially pathways of conduction.

Clinically Lamb (I959) demonstrated in a
4i-year-old man with WPW syndrome a
number of phenomena: multiple variations
in ventricular activation, intermittent normal
conduction, variations in the PR interval with
durations of O-I4 sec in the presence of pre-
excitation and conversion to normal conduc-
tion. Matter and Hayes (I964) reported both
type A and type B pre-excitation in another
man of 4I years with paroxysmal tachycardia
who also showed normal electrocardiograms
at other times; this case seemed to be identical
with the first patient described.
The variations in ventricular activation may

be explained by a discontinuous annulus
fibrosus which apparently showed a certain
quantity of holes at different locations, creat-
ing pathways for accessory muscular AV
connexions. Probably some of these fibres
were conducting impulses at times while
others did not, and conversely. At other
periods none of the accessory fibres behaved
as pathways of AV conduction.
A severely discontinuous annulus fibrosus,

either at its parietal or at its septal part or at
both portions, especially if many big accessory
connexions between atrium and ventricle
occurred, could provoke intraventricular con-
duction disturbances as in the first patient
described and in the man reported by Lev et
al. (I966). The clinical observations men-
tioned above are rare. On the other hand,
one wonders whether those variations would
be found more often if patients with WPW
syndrome were observed continuously, espe-
cially by means of radiotelemetry. Then it
would be possible to decide from moment
to moment whether variations occur in WPW
conduction.

Conclusion
Results of histological examinations of two
heart specimens with WPW syndrome and of
those already published, suggest that a dis-
continuous annulus fibrosus is an important
component of the morphological substrate,
which is related to the existence and pro-
gression of atrioventricular and intraventri-
cular conduction anomalies.

The writer wishes to acknowledge with gratitude
his indebtedness to Dr. G. Blomhert, Dr. F.
Kalsbeek, and Dr. P. M. Bakker for their patho-
clinical information concerning Case 2 where the
heart specimen was placed at the author's disposal
for a histological examination and to The Journal
of Physiology, for their permission to reproduce
two illustrations by Kent (I914).
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