
Anomalous Mitral Arcade

A Type of Congenital Mitral Insufficiency

By THOMAS E. LAYMAN, M.D., AND JESSE E. EDWARDS, M.D.

SUMMARY
Described in three infants is an anomaly of the mitral valvular mechanism which has

the following characteristic: connection of the left ventricular papillary muscles to the
anterior mitral leaflet, either directly or through the interposition of unusually short
chordae. The condition has been named "anomalous mitral arcade." The anatomic aber-
ration appears to cause incompetence of the mitral valve.
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TO MAINTAIN functional integrity of
the mitral valve, the various components

of the valvular apparatus must be intrinsically
normal and also normally positioned with re-
lation to one another. If these requirements
are not met, mitral valvular insufficiency,
stenosis, or both may occur.
We have had the opportunity of studying

the hearts of three infants in whom mitral
insufficiency resulted from an abnormal re-
lationship of the papillary muscles, chordae
tendineae, and valvular leaflets of a type
herein called "anomalous mitral chordal
arcade."

Description of Cases
Each of the specimens was obtained from an

infant who died suddenly and unexpectedly. The
ages were 2 weeks, 6 weeks and 432 months, re-
spectively, the first being female and the other
two male. In each case cardiac disease with
cardiomegaly had been recognized clinically.
While a systolic murmur had been described in
each case, no special studies had been done, and
no specific type of cardiac disease was identified
clinically. There was no explanation for the sud-
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den death save the cardiac changes to be de-
scribed.

Pathological examination of the hearts revealed
biventricular and biatrial dilatation, and the ven-
tricles were mildly hypertrophied. A valvular-
competent patent foramen ovale was present in
each case.

These findings were considered to be due to
mitral regurgitation caused by abnormal left
ventricular papillary muscles and chordae
tendineae. When the heart was opened in the
conventional manner the two papillary muscles
of the left ventricle participated in the formation
of an arcade that passed through the anterior
mitral leafllet.

In each case a bridge of fibrous tissue arched
between the two papillary muscles. In some
areas the bridge which connected the two pap-
illary muscles was directly attached to the free
edge of the anterior mitral leaflet, while in others,
short, thick, poorly differentiated chordae ex-
tended between the leaflet and the bridge.
Narrow spaces were present between the ab-
normal chordae. Somewhat more differentiated
chordae extended between the posterior mitral
leaflet and the papillary muscles.

The abnormalities were most marked in case 1.
In this case mitral commissures were not iden-
tifiable, since valvular tissue from the anterior
zone extended without distinction into valvular
tissue of the posterior zone (fig. 1 a). The
bridge of tissue joining the two papillary muscles
was composed of connective tissue of varied
appearance. In longitudinal section the bridge
was represented by thickening of the free por-
tion of the anterior mitral leaflet (fig. 1 b). The
tissue at the site of thickening was represented
by loose cellular basophilic connective tissue
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Figure 1

Case 1. Female, 2 w-veeks of age. (a) The contventitonal viewv of left atriumti (L.A.) andI left vUcn-
tricle (L.V.). Runnzing betwveen the antterolateral (A.L.) andl the posterornedial (P.M.) papillary
inuscles i7 a bridge of fibrouis tissue which is conttinuou-is twitl the free aspect of the anterior
mii-itral leaflet (A.M.). Except for a fete short chordae, the papillary millutscles are essentially in
direct continuity wiith the antterior mitral leaflet. The commisstires are not fully developed. Thlet
mizitral valve resembles the stage of developnmernt portrayed in figure 5 a antd b. (b) Low-power
photomicrograph of a longitudinal sectiotn of the left atrial wall and the anterior leaflet of the
mitral valve. The lowermost portion of the valvular leaflet is grossly thickened by tissue repre-
senting the fibrotus tissue which forms a bridge connecting the two papillary mu11yscles. Elastic
tissue stain; X 8. (c) Photomicrograph of tissue forming thle thickenied lowermost portion of
the anterior mitral leaflet. It is composed of fibrotus tissue showing considerable variation in
density. Occasional small bloodl vessels are present. Hematoxylin and eosin; X 100.

whichl was iinter-mingled withl dense acellular
collagen (fig. 1 c).

In caise 2 commissural development, although
somewhat apparent, was rudimentary. The apices
of the two papillary muscles were joined
by a thin, fibr-ous bridge which was an integral
part of the free aspect of the anterior mitral
leaflet (fig. 2 a). Chordal shorteninig was a fea-
ture of this case also. Only a few short chordae
rani from the ventricular aspect of the base of
the anterior leaflet to the papillary muscles, while
the maini support for the anterior leaflet was the
direct attachment throtuglh the afor-emenitioned
bridge, to the papillary muscles. Support for the
posterior leaflet was through short chordae,
tlhickened with loose coninective tissue.

Histologically, the bridge betweeni the pap-
illary muscles was represented by dense acellular
collagenious tissue forming the lower aspect of
thle anterior mitral leaflet. Loose cellular con-
niective tissue containing a rare small blood ves-
sel was deposited on both the atrial and

venitricular surfaces of the valve in this area
(fig. 2 b).

In case 3, the comnisssu-es of the mitral
valve were fairly well formed, buit the major
support for the anterior leaflet came thlrouglh
direct union of the papillary muscles with this
leaflet (fig. 3 a). Between- the attaclhments of
the papillary muscles to the anterior leaflet, the
free aspect of the leaflet was thickened witlh
cellular basophilic loose connlective tissuie (fig.
3 b). Short chordae joined the posterior leaflet
to the papillary muscles.

Comment
Congenital anomalies of the mitral valvular

apparatus which cause or allow mitral in-
sufficiency are not uncommon. These have
been reviewed by Levy and Edwards' and
include the following: cleft anterior or poste-
rior mitral leaflet, deficiency of tissuie of the
anterior mitral leaflet, double mitral orifice,
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Figure 2

Case 2. Male, 6 weeks of age. (a) Coniventional view of left atriuim (L.A.) and left ventricle
(L.V.). Joining the antterolateral (A.L.) and posteromedial (P.M.) papillary muscles is a bridge
of fibratus tissue representing the thickened free aspect of the anterior mitral leaflet, Except for
a few short stranids, chordae betw;een the anterior mitral leaflet (A.M.) and the papillary mulscles
are absent, yielding a state in which there is direct continuity between the leaflet and the sub-
jacent papillary muscles. Short chordae run between the papillary muscles and the posterior
mitral leaflet. (b) Oblique section through the free aspect of the anterior mitral leaflet. The
tissue formring the free aspect of the leaflet is composed of dense collagenous tissue. In addition,
loose connective tissute of embryonic type is deposited upon both the atrial and ventricular
suirfaces of the leaflet. Hematoxylin and eosin; X 40.

anomalouis origin of mitral chordae, Ebstein-
like malformation of the left atrioventricular
valve in corrected transposition, or both.

Moller and associates2 have pointed outt
the frequent associationi of endocardial fibro-
elastosis and mitral regurgitation. In such
cases the left ventricuilar papillary muscles
reach almost to the mitral leaflets, the cbordae
being very short. This condition closely re-
sembles that described in our cases.

In the cases reported herein, the common
features were (1) evidence for mitral in-
sufficiency as follows: (a) left atrial enlarge-
ment, (b) left ventricular hypertropby, and
(c) an adequately sized mitral orifice, and
(2) malformation of the mitral valve, which
in essence represented direct union of the
Circulation, Volune \XXXV. Febrary 1967

papillary muscles with the anterior leaflet. If
one views the left side of the normal heart
opened in the conventional fashion, it is ap-
parent that an arcade is formed by the pap-
illary muscles, the lower edge of the anterior
mitral leaflet, and the intervening chordae.
Deviation from the normal in our cases leads
us to propose the name of anomalous mitral
arcade for this condition.
How this malformation results in mitral in-

sufficiency is not entirely clear. Anatomic
evidence suggests that the lack of inter-
position of chordae between the anterior leaf-
let and the papillary muscles causes undue
restraint upon the motion of the leaflet and
prevents its occupying an optimum position
for valvuilar closure during ventricular systole.
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Case 3. Male, 4,2 nioiths of age. (a) Convenitional view of left atriutm (L.A.), mitral valve,
and a portion of the left ventricle viewed from above. Gross enclargemienit of the left atriumz.
Direct continuity bettween the anterolateral (A.L.) and posteromedial (P.M.) papillary mutscles
with the anterior leaflet of the mtitral valve (A.M.). (b) Lonigitutdinal section through the aniterior?
mitral leaflet and a stujbacent papillary nmuiscle. Thle lowermost portion of the leaflet is thickened
by loose connective tissue. In this planre of section, the union of the leaflet with the papillaryl
muscle is not evident. Elastic tissue stain; X 5.

Some insight may be gained concerning the
basis for the anomaly in our cases by a review
of the essentials in the development of the
atrioventricular valves.

In their earliest forms, the ventricular walls
are composed of a loosely woven meshwork
of undifferentiated epi-myocardium. The en-
dothelium is separated from this tissue by
an acellular jelly-like fluid. This is later in-
vaded by myocardial tissue, bringing the
endocardial tissue into contact with the myo-
cardial tissue.3

In its early state the major portion of the
myocardium has a loosely organized character
(sponge layer) and a thin, compact outer
layer (cortical layer). At this stage of develop-
ment the endocardial cushion tissue has not
yet formed a distinct valvular apparatus but
merely protrudes bluntly into the atrioventric-
uilar orifices (fig. 4 a and b).

As growth anid development continue, the
cortical myocardial layer becomes more pro-
minent, while the sponge layer becomes more
compactly organized into heavy trabeculations.
The valvular primordia which are composed
of endocardial tisstue protrude into the ven-
tricles as thick, buit distinct, valvular leaflets
(fig. 4 c and d). At this stage the myocardial
tissue begins to infiltrate and replace the endo-
cardial elements of the valvular primordia.4
The primordial columnae carneae and pap-
illary muscles which constitute the compact
portion of the sponge layer are in continuity
with the developing valvular leaflets.

Further differentiation causes the entire
myocardium to become compact and, as part
of its differentiation, to develop distinct pap-
illary muscles. The latter are attached to the
developing, relatively thick atrioventricular
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Endocnrdial
Cushion Tissue

Fused Endocardial

L.V

Figure 4
Early stage of cardiac development in frontal view (a) and in a view of left side of heart, com-
parable to that seen following conventional method of opening the left ventricle (b). (Modified
from Shaner5.) At this stage the myocardium is a highly trabeculated structure. The valvular
primordia (fused endocardial cushions and opposite endocardial tissue) are represented by thick
masses of primitive connective tissue which protrude into the lumen of the ventricles. A few
myocardial trabeculations have made contact with the valvular primordia. (c and d) At a later
stage of development, myocardial trabeculations have formed definite connections with the
developing valvular structures and replacement of primordial valvular tissue by myocardial
tissue beginning.

valvular leaflets by thick, heavy chordae of
muscle (chordae musculares4 ) (fig 5 a and b).
The endocardial element of the developing
valvular leaflets becomes replaced by myocar-

dial tissue at this time.4
A final stage of development involves further
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condensation of the myocardium into the usu-
al infantile pattern of small fibers with closely
located nuclei. More pertinent to our cases
is the change which occurs within the muscu-
larized atrioventricular valvular leaflets and
the chordae musculares. These structures
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Figure 5
Later stages in cardiac development. (Drawings developed from descriptions of several authors.)
In a and b the valvular primordia have been totally replaced by myocardial tissue. The mural
myocardium is differentiating into distinct columnae carneae and papillary muscles. At this
stage, muscular trabeculations ("chordae musculares") lie between the developing papillary
muscles, on one hand, and the developing valvular leaflets, on the other. These interposed
trabeculations are the forerunners of the chordae tendineae. It is believed that the malforma-
tion in case 1 represents a developmental arrest at this stage of development, while in cases
2 and 3 the arrest has occurred between this stage and that shown in c and d. (c and d) The
definitive stage. The chordae tendineae are long, delicate, fibrous structures from the precursors
of which the muscle has disappeared.

undergo a process of collagenization which
results in their becoming much thinner and
fibrous, resulting in the definitive stage in the
chordae tendineae and valvular leaflets which

are no longer muscular, but fibrous. The con-
version from muscular chordae and leaflets to
fibrous structures involves thinning and elon-
gation (fig. 5 c and d).
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The malformation reported in this com-
munication is perhaps a result of a develop-
mental arrest at a stage after loss of muscle
in chordae and leaflets but before final
attenuation and elongation of chordae have
occurred. The stage of development portrayed
in figure 5 a and b bears similarity to the
anomaly seen in our first case. The other two
cases, while fundamentally similar to the first,
seem to lie at a stage of development between
the definitive and that represented by our
first case.
The evolution of leaflets and chordae of

the mitral valve is based on processes similar
to those which obtain in the tricuspid valve.
For this reason an anomaly of the tricuspid
valve similar to that described for the mitral
valve is hypothetically possible.
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Recognition of Greatness

What is the reason, we shall want to know, why any man's life, however much it
exceeds the common measure, should be a theme for remembrance, as here we assume
the posture of hero worshippers? In any age a multitude of men are cast on the scene
as in a great jumbled lumber yard, jackstraws, touching, supporting, holding up or
down many others, or as strays or isolates. Their relations are largely unseen; the con-
tacts curious, light or heavy, crucial or irrelevant. In such a jungle of seen and unseen
points of contact is it an idle gesture for a common man to stir the piles of wood and
apply his yardstick to measure greatness, its failures as well as its successes? In this
noisily neurotic age of the debunker, we must cherish whatever residual capacity we
have for wonder and admiration. In our time, when protracted adolescence often be-
comes counterminous with old age, most of us have lost the insatiable curiosity of the
child and his ability for total and prolonged concentration. Too few reach the thought-
ful maturity of the grown man whose knowledge ripens into wisdom. I hold that we
must preserve some Valhalla of heroes. . . -WILLIAM B. BEAN: Osler, the Legend,
the Man and the Influence. Canad Med Ass J 95: 1032, 1966.
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