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Figure 8
External appearances of ascending aorta and of aortico-left ventricular tunnel as
seen at operation. Left, case 1. The ascending aorta (Aorta) is greatly dilated. Fromn
its anterior aspect a wide, vessel-like structure (T.) arises: the beginning of the tunnel.
As this approaches the heart, it lies to the right of the pulmonary trunk (P.). It then
disapp,ears from view to enter the ventricular septum. Right, case 3. Arising from the
grossly dilated ascending aorta is the tunnel (T.). In its external aspect, this structutre
bears a closer resemblance to an aneurysm of the aorta than it does to the vessel-like
nature which characterized this part of the tunnel in cases 1 and 2.

omy. In case 1, the aortic valve was congen-

itally bicuspid and appeared slightly stenotic.
In the same case, the pulmonary valve showed
minor degrees of commissural fusion, lesions
which may have contributed to the demon-
strated pulmonary stenosis. Nevertheless, some

of this functional derangement, as suggested,
may have been caused by the distortion of the
wall of the right ventricular infundibulum
imparted by the tunnel passing through the
ventricular septum.

In case 1, the necropsy revealed hyper-
trophy of the left ventricular wall and en-

largement of the left ventricular cavity. These
changes were not different from those which
are observed in common types of aortic val-
vular insufficiency. The right and left coro-

nary arteries were demonstrated to be present
and to follow usual patterns of origin and
distribution. Histological examination was

made of the entire length of the wall of the
tunnel in case 1 (fig. 11). At its origin from
the aorta, the outer layer of the tunnel was

composed chiefly of elastic fibers which ap-

peared to be an extension into the wall of

the tunnel from the aortic media. This layer
persisted until the tunnel penetrated the ven-
tricular septum. Beyond that, the wall was
composed of nonspecific, hyalinized collagen
containing irregularly distributed elastic fi-
bers. In this region, the wall of the tunnel bore
resemblance to that of a myocardial sinusoid.
Throughout the entire length of the tunnel,
the inner aspect of the wall was composed of
irregularly deposited connective tissue, some
cellular and some hyalinized. The inner layer
showed variable amounts of elastic tissue; in
some areas these were exceedingly numerous
and closely packed.

Representative examples of the ascending
aorta at zones removed from the origin of the
tunnel showed no histological changes of sig-
nificance. No features which are exhibited in
Marfan's syndrome or in so-called idiopathic
dilatation of the aorta8 were encountered.

In case 3, at operation, a specimen for his-
tological examination had been obtained of
the junction of the aorta and the tunnel. The
histological picture was like that observed at
a comparable area in case 1.
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Figure 9
Necropsy specimen from case 1. The ascending
aorta has been openzed, exposing a somewhat
stenotic bicuspid aortic valve (A.V.) from above.
In the anterior wall of the ascending aorta is the
opening (Ost.) of the aortico-left ventricular
tunnel. (Sutures with which this had been closed
surgically have been removed.)

Operative Treatment
Each of the three patients was operated

upon by means of extracorporeal circulation.
Selective coronary perfusion9 was not used in
the first case (which was followed by a fatal-
ity), but was utilized in cases 2 and 3. The
operative approach in each instance was

through a midline sternotomy. The ascending
aorta was greatly dilated and a to-and-fro
thrill was readily apparent at the aortic ori-
gin. The duration of cardiac arrest was 60,
42, and 62 minutes in cases 1, 2, and 3, re-

spectively.
From the exterior, a vessel appeared to arise

from the ascending aorta above the levels of
the coronary arteries. With the aortic lumen
then exposed, the opening of a channel was

identified in the anterior wall of the ascending
aorta above the right coronary artery. Prob-
ing of the channel readily led to the left ven-

tricular cavity.
In each instance, the aortic ostium of the

abnormal communication was closed by multi-
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Figure 10
Case 1. A frontal section through the ascending
aorta (Aorta), the aortico-left ventricular tunnel
(arrow), and the left ventricle (L.V.) viewed from
the front. When this section was prepared, the
plane of section was passed behind the pulmonary
valve and the upper part of the right ventricular
infundibulum, which have been removed. Inf. and
P.T. indicate the level at which the two afore-
mentioned structures have been sectioned. The
probe passes from the left ventricle through the
undisturbed aortic valve into the ascending aorta.
It is apparent that the aortico-left ventricular
tunnel bypasses the aortic valve as the tunnel
passes behind the right ventricular infundibulum
between the aorta and the left ventricle.

ple interrupted mattress sutures of silk, fol-
lowed by a running over-and-over continuous
stitch as a second layer. In cases 2 and 3,
no further procedure was done, while in case
1 it was evident that the aortic valve was bi-
cuspid and stenotic. The commissure, repre-
senting the center of the conjoined cusp, was
divided to effect a greater opening of the aor-
tic valve. In the same case, in whom pulmonary
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Figure 11
Case 1. Photomicrographs through wall o f aortico-left ventricular tunnel. Upper left.
Low-power photomicrograph of junction of aortic wtall (right side of illustration) and
beginning of aortico-left ventricular tunnel. The aortic media extend into the outer wall
of the tunnel. The inner wall of the tunnel is composed of irregular masses of connective
tissue. Elastic tissue stain, X 3. Upper right. Epicardial portion of wall of aortico-left
ventricular tunnel. In the outer portion of the teall, the structure is comparable
to that of aortic media. The inner wall is composed of connective tissue in which
irregular masses of elastic tissue are contained. Elastic tissue stain, X 25. Lower. Two
views of that portion of the aortico-left ventricular tunnel which passes through
the ventricular septum. In each instance, the lumen of the tunnel appears above and
the tissue of the ventricular septuem appears belowc. Lower left. Ceentral part of intra-
mural portion of tunnel. The wall does not contain any elements which can be identified
as aortic in origin. The inner wall is composed of densely arranged fibers of elastic
tissue. The outer wall contains nonspecific connective tissue. Elastic tissue stain, X 40.
Lower right. The wall of the tunnel as it approaches the left ventricular cavity. The
outer wall is composed of collagent in which elastic fibers a,re present. The thick inner
aspect of the wall is composed of acellular collagen. Elastic tissue stain, X 40.

stenosis also had been identified, the pulmo-
nary valve was exposed through the pulmo-
nary trunk after completion of the aortic
phase of the operation. The pulmonary valve
appeared stenotic on the basis of fusion of
the cusps; this process was relieved by divi-
sion of the commissures. Following closure of
the heart and before completion of the opera-

tion, it was noted that the pressure differen-
tial between the right ventricle and the pul-
monary artery had fallen materially to 50
nmm. Hg systolic in the right ventricle and 40
mm. Hg systolic in the pulmonary trunk. Left
ventricular obstruction appeared to have been
overcome since, after the aorta was closed,
the aortic pressure was 105 mm. Hg systolic
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and 75 mm. Hg diastolic, while the left ven-
tricular pressure was recorded as 100 systolic
and 5 diastolic.

The patients in cases 2 and 3 experienced
an uncomplicated postoperative course, while
the first patient developed postoperative com-
plications. In the early phase of the postop-
erative period, the patient's (case 1) condition
appeared satisfactory. Electrocardiograms re-
vealed short episodes of ventricular extrasys-
tole. Approximately 12 hours after operation,
the systemic blood pressure dropped; the pa-
tient became apprehensive and cyanotic.
Vasopressor agents were administered and
tracheostomy was performed. Although these
measures were followed by temporary im-
provement, the patient's condition gradually
deteriorated and cardiac arrest occurred sev-
eral hours later.

Comment
Two theories concerning the fundamental

nature of the aortico-left ventricular tunnel
may be presented. One view is that it is an
acquired lesion; the other is that it is a con-
genital anomaly. On the theory that the proc-
ess is acquired, the lesion might be viewed as
a rupture of the aorta leading to a dissecting
hematoma which finds its way through the
base of the ventricular septum and finally into
the left ventricle. In case 1, the presence of
aortic stenosis would support such a theory,
for it is recognized that in rare cases of aortic
valvular stenosis a rupture of the aseending
aorta may appear as a complication, and vary-
ing degrees of dissecting hematoma may fol-
low.10' 11 In cases 2 and 3, the aortic valve did
not appear stenotic when observed at opera-
tion. Also, the recorded pressures across the
aortic valve excluded the presence of aortie
stenosis in the second and third cases.

Continuing with a consideration of the
possibility of the aortico-left ventricular tun-
nel 's representing an acquired rupture, one
must consider the questions of Marfan's syn-
drome and so-called idiopathic dilatation of
the aorta. Each of these conditions may be-
come complicated by dissecting aneurysm of
the aorta. Tissue examination of the aorta,
CiTculation, Volume XXVII, April 1963

which was done in cases 1 and 3, did not re-
veal any of the histological features of these
conditions.8 The nmarked dilatation of the as-
cending aorta and of the aortic arch, which
characterized our cases, must be accepted as
a response to the functional derangement
caused by the tunnel (aortic insufficiency)
rather thani as a manifestation of intrinsic
disease of the aorta.
The similarity in appearance of the abnor-

mal process among the three cases and the
very early presence of abnormal physical signs
strongly suggest a congenital basis.
Demonstration of continuation of aortic

media into the wall of the tunnel suggests that
it is an anomalous vessel rather than an ac-
quired tract. Although the histological nature
of the wall is not an exact counterpart of that
of a coronary artery, the possibility remains
strong that the aortico-left ventricular tunnel
is, in effect, an accessory coronary artery
which communicates, through an enlarged
myocardial sinusoid, with the left ventricular
cavity.
The aneurysmal nature of the origin of the

tunnel in case 3 deserves some mention. Fig-
ure 1, which represents a case previouslv
observed by Edwards, shows a saccular
aneurysm of the tunnel shortly beyond its
origin. It is possible in that case, as well as in
case 3 of this presentation, that the aneurysm
was an acquired complication of a congeni-
tal malformation-the aortico-left ventricular
tunnel. It will be recalled that secondary
aneurysm formation is not uncommon in those
anomalous coronary arteries that communicate
with cardiac chambers.12- 4
As pointed out earlier, the tunnel should

not be confused with aortic sinus aneurysm,
since the aortic origin of the tunnel is above
the level of the coronary arterial ostia. True
aortic sinus (Valsalva) aneurysms arise below
the coronary ostia.15 In keeping with this dis-
tinetion is the observation that the origin of
an aortico-left ventricular tunnel lies above
the level of the heart and may be visualized
roentgenographically as an abnormal extra-
cardiac shadow. True aortic sinus aneurysms
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lie within the roentgenographic shadow of the
heart and do not lend an abnormal shape to
the cardiac silhouette.
The clinical differential diagnosis of aor-

tieo-left ventricular tunnel includes aortic
valvular incompetence and ruptured aneu-
rysm of an aortic sinus (Valsalva). A specific
diagnosis may be derived from radiological
studies. In an aortico-left ventricular tunnel,
the aseending aorta seems to be dilated in a
fusiform aneurysmal fashion; this usually is
not seen in aortic valvular incompetence,
where the dilatation is more cylindrical. The
aneurysmal dilatation in aortico-left ventric-
ular tunnel is quite similar to the aneurysmal
dilatation encountered in Marfan's syndrome.
In the aortogram, visualization of the round,
double-density shadow above the aortic sinuses
(in the region of the pulmonary trunk), cou-
pled with lack of radiopaque material entering
the pulmonary arteries, should establish the
correct diagnosis of aortico-left ventricular
tunnel and eliminate aortic sinus aneurysm.
Such findings also exclude the diagnosis of
isolated aortic valvular incompetence.
The angiographic appearance of aortico-

left ventricular tunnel might be confused with
an aneurysm of a left coronarv artery. Dem-
onstration of both coronary arteries quite
apart from the abnormal channel should serve
to distinguish aortico-left ventricular tunnel
from aneurysmal coronary artery.

Summary
To be distinguished from aneurysm of an

aortic sinus (Valsalva) is the rare condition
in which an abnormal channel begins in the
ascending aorta (above the right coronary
artery), bypasses the aortic valve, and leads
through the ventricular septum into the left
ventricular cavity. This entity, which has not
previously been diagnosed during life, to our
knowledge, is herein named aortico-left ven-
tricular tunnel.
The cases of three patients (aged 3, 5, and

10 years) with this rare condition are de-
scribed. The clinical, electrocardiographic,
and radiological featu-res were similar in each

case and resembled those in aortic valvular
insufficiency.
The diagnosis may be established clinically

through selective aortography. This reveals
that the origin of the abnormal communica-
tion lies in the anterior wall of the aseending
aorta above the levels of the coronary arterial
origins. The abnormal communication leads
to the left ventricle. The condition is distin-
guished from aortic sinus aneurysm by its
origin above the level of the aortic sinuses.

Identical anatomical findings and the pres-
ence of abnormal physical findings since in-
fancy in each of the three patients suggest
that this peculiar condition is a congenital
malformation.
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