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Left atrial to coronary sinus fenestration
(partially unroofed coronary sinus)
Morphological and angiocardiographic observations
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SUMMARY The necropsy findings and characteristic angiocardiographic appearance of left atrial to
coronary fenestration are presented. This fenestration is probably afonne fruste of the developmental
complex previously described of termination of the left superior vena cava in the left atrium, atrial
septal defect, and absence of the coronary sinus. The partially unroofed coronary sinus provides an
alternate or accessory route for blood flow when the atrium has no other functional exit. The
angiocardiographic diagnosis is facilitated by selective injection of contrast material in the left atrium
(or pulmonary vein) or left superior vena cava when the cava connects to the coronary sinus and left
atrium via the fenestration.

Congenital fenestration between the coronary sinus
and left atrium is rare,'"' and when present may
provide an alternative or accessory, though vital, route
for the flow of blood in the patient with a severely
obstructive, absent, or imperforate atrioventricular
connection and inadequate interatrial septal communi-
cation.24 8-10 Sometimes, even less frequently, this
unusual form of intracardiac fenestration may be an
incidental necropsy finding or associated with an
otherwise uncomplicated atrial septal defect.2 6 7
Though the morphological appearance of left atrial

to coronary sinus window has been recorded in a few
instances,'`0 this fenestration is rarely diagnosed
during life and we wish, therefore, to present our
pathological and angiocardiographic experience with
six patients, and to comment on the circulatory and
clinical implications of this anomaly.

Subjects

A communication between the floor of the left atrium
and coronary sinus (partially unroofed coronary sinus)
was identified in six patients. The sex distribution was
equal, and the age at diagnosis ranged from 2 months to
9 years and 7 months. The fenestration was diagnosed
only at necropsy in two patients; at operation in one
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patient, who is still alive; and by angiocardiography
and confirmed at necropsy in three.

All the patients had laevocardia with situs solitus.
Two had obstructive anomalies of the tricuspid valve.
A 2-month-old infant had tricuspid atresia, intact atrial
septum, ventricular septal defect, and pulmonary
stenosis and died after attempted systemic to pul-
monary anastomosis. The fenestration was recognised
at necropsy. The other patient, a boy aged 9 years and 7
months, had pulmonary atresia, an intact ventricular
septum, a diminutive and hypertensive right ventricle,
and persistence of the left superior vena cava. The
diagnosis of coronary sinus to left atrial window was
made by angiocardiography and confirmed at necropsy.
The diagnosis was also made angiographically and con-
firmed at necropsy in two patients with obstructive
anomalies of the mitral valve. One had mitral atresia
with normal ventriculoarterial connections, and the
other, mitral stenosis, Taussig-Bing type double outlet
right ventricle, subpulmonary infundibular ventricular
septal defect, a small ventricular septal defect, a poorly
expanded subaortic infundibulum, thoracic coarctation
of the aorta, and an atrial septal defect.

In two cases the sole other intracardiac anomaly was
a secundum atrial septal defect. In one of them, a
patient who died in 1959 after surgical repair of the
atrial defect, the fenestration was recognised only at
necropsy. In the other the window was diagnosed in
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Table Hearts associated with left atrial to coronary sinus window

Type ofheart No. examined Status ofatrial septum Comments

Mitral atresia with normal aortic root 1 Intact
Secundum atrial septal defect I 2-5x2-5 cm Died after surgery in 1959, had a paradoxical

embolus
Mitral atresia, Taussig-Bing, double outlet

right ventricle, coarctation 2 Secundum atrial septal defect
Tricuspid atresia with normal ventriculoarterial

connections and severe pulmonary stenosis I 1-0mm fenestration in septum primum
Pulmonary atresia, intact ventricular septum,

diminutive and hypertensive right ventricle 1 4x4 mm secundum atrial septal defect Stenosis of right atrial ostium of coronary sinus;
LSVC to coronary sinus

Secundum atrial septal defect 1 Patch closure 2x 1-0 cm

1979 in a 13-year-old boy undergoing surgical closure
of the atrial septal defect. The window was diagnosed sL
intraoperatively (operation performed at The Hospital .4..

..........

for Sick Children by DrW G Williams).

ANATOMY OF CORONARY SINUS AND LEFT
ATRIAL TO CORONARY SINUS WINDOW K

In the five recognised patients (patients 1-5) the
coronary sinus occupied its normal position, and no
patient had morphological features of the develop-
mental complex described by Raghib and his coleagues
in 1965,' oftermination of the left superior vena cava in
the left atrium, atrial septal defect, and absence of the
coronary sinus.
The fenestration between the coronary sinus and the

left atrium was a discrete defect in the posterior wall of Fig. 2 A boyjust uider lOyears ofage with pulmonary atresia,
the left atrium, above the level of the annular insertion intact ventricular septum, severe tricuspid stenosis, a diminutive
of the posterior mitral leaflet, either a circle (two and hypertensive right ventricle, myocardial sinusoidal-coronary
patients) or ellptical (two patients) (Fig. 1 and 2). artery communications, and a nearly sealedforamen ovale.Whlena circle,

cthewdiameterofpthewindow averaged90*Internal view ofenlarged left atrium (LA). The mitral valve is
When a circle, the diameter ofthe window averaged 9.0 well seen. The posterior wall ofthe left atrium, superior to posterior

leaflet ofthe mitral valve, isfenestrated (curvilinear arrow) and
p Thconnects to the coronary sinus (CS).

mm, and when elliptical, the dimiensions of the long
and short axis averaged 12sx6 mm, respectively. No
patient had multiple fenestrations.' A persistent left
superior vena cava was found in one patient at necropsy,
and had been found at angiography in another.
The ostium of the coronary sinus appeared ofnormal

calibre in all but one case. This patient, with pulmonary
atresia, intact ventricular septum, severe tricuspid
stenosis, a diminutive and hypertensive right ventricle,
and a 2 x 3 mm secundum atrial septal defect, had
severe stenosis of the right atrial ostium of the coronary

Fi1g-. 1 Internal viewe ofleft atrium (LA) in an infant with tecrnrsinus ( seFig.2)and6).tspeirvnacv onetdt

Taussig-Bing double outlet right ventricle, a small ventricular tecrnr iu seFg n )
septal defect, mild mitral stenosis, and subaortic stenosis. TheleftANICR OG PHCF DNS
atrium (LA) is slightly dilated, and there is a small atrial septal ANGIOCARDIOGRAPHIC FINDINGS
defect (ASD). A fenestration in the left atrium superior to the The diagnosis of left atrial to coronary sinus window
annulus ofthe posterior mitral leaflet connects with the coronary was made by selective injection of contrast material in
sinus (curvilinear arrow). the left atrium or pulmonary vein in three patients and
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Left atrial to coronary sinus fenestration

Fig. 3 Same patient as in Fig. 2. Internal viev ofright atrium
(RA) with magnified view ofthe right atrial ostium ofcoronary
sinus (CS). The valve ofthe coronary sinus (black arrmows) is seen.
There is severe stenosis ofthe ostium ofthe coronary sinus (white
arrow) which would admit only a 2-0 mm probe.

in a left superior vena cava connecting to both the
coronary sinus and the left atrium in one patient.
The left atrium varied considerably in size, from

small to moderately enlarged, as in the patient with
pulmonary atresia. In one patient with mitral atresia,

injection of contrast material into a left pulmonary vein
was followed sequentially by opacification of the left
atrium and coronary sinus (Fig. 4). The lateral view
clearly shows contrast passing posteriorly from the left
atrium to the coronary sinus by way of the fenestration
between the floor of the left atrium and the roof of
coronary sinus (Fig. 4b).
The patient in whom the diagnosis was made by left

superior vena cava injection had pulmonary atresia, an
intact ventricular septum, and a severely hypertensive
right ventricle, and the right atrial mean pressure was
6.0 mmHg higher than the left atrial mean pressure.
Injection of contrast material in the right superior vena
cava above the level of the left brachiocephalic vein
showed dense opacification of the left brachiocephalic
vein, a persistent left superior vena cava, and the left
atrium and left ventricle, despite the course of the left
superior vena cava which appeared typical of a connec-
tion to the coronary sinus (Fig. 5a).

Selective injection in the left superior vena cava in
the anteroposterior projection showed dense opacifica-
tion of the left atrium (Fig. 5). In the lateral view, the
contrast material divided into two streams (Fig. 5b),
one passing superiorly and the other inferiorly. A little
later, the atrial septum was clearly outlined (Fig. 5c).
The anatomy in this case was confirmed at necropsy
(see Fig. 2 and 3).

Fig. 4 Selective leftpulmonary vein injection inapatientwith mitral atresia, 20 mmfenestration in septum primum, and left atrial to
coronary sinus window. The venous catheter has entered the left atrium through the tiny atrial septal defect. (a) The arteroposterior
injection in the leftpulmonary vein (PV) leads to sequential opacification ofthe small left atrium (LA) and coronary sinus (CS). (b) The
lateral view ofthis injection demonstrates the smoothfloor ofthe left atrium consistent with mitral atresia. Passage ofcontrast material is
from left atrium (LA) inferiorly to coronary sinus (CS), and then forward to the right atrium (RA).
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FUNCTIONAL SIGNIFICANCE OF LEFT ATRIAL TO
CORONARY SINUS WINDOW
When this unusual fenestration occurs in isolation, or
together with an uncomplicated atrial septal defect, the
left atrial to coronary sinus window carries a left-to-
right shunt.24 6`10 If a left superior vena-cava is con-
nected to the coronary sinus, however, systemic venous
blood may be diverted to the left atrium via the fenes-
tration, resulting in systemic desaturation. This right-

Fig. 5 Same patient as illustrated in Fig 2 and 3.
(a) Anteroposterior injection ofcontrast material into the
left superior vena cava (LSVC). The course ofthe left
superior vena cava suggests connection to the nrght atrium
via the coronary sinus. Relatively more dense opacification
ofthe left atrium (LA) and left ventricle (LV) is, however,
evident. Coronary venous connections (arrow) are also
present. (b) Lateral view of this injection shows tzwo
streams ofcontrast (curvilinear black arrows) with one
stream passing superiorly and the other directed inferiorlv.
The more superiorly directed passage is more denselv
opacified. (c) 0 4 s later in this cineangiocardiogram (film
rate: 60 frames/second), the more inferiorlv positioned
stream (thin black arrow) is still only faintlv opacified
(suggesting stenosis ofthe more inferiorly positioned
coronarv sinus ostium), while there is more dense
opacification ofthe left atrium (LA). The atrial septum
(small black arrows) is clearlv shown.

to-left shunt can be substantial if there is, in addition,
atresia, stenosis, or hypoplasia of the coronary sinus
ostiumn8 " and further augmentation may occur if an
hepatic vein is connected to the coronary sinus'2 with
an obstructed ostium.
The presence of a left atrial to coronary sinus fenes-

tration recently complicated complete repair in a
patient thought to have an uncomplicated secundum
atrial septal defect. The clinical findings, chest radio-
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Left atrial to coronary sinus fenestration

graph, electrocardiogram, M-mode, and two-
dimensional echocardiogram were all consistent with a
large left-to-right shunt through a secundum atrial
septal defect. Preoperative cardiac catheterisation was
therefore not deemed necessary. At the time of cardiac
surgery, the secundum defect was characterised as
"quite small", but the ostium ofthe coronary sinus was
significantly enlarged. Exploration excluded anomalous
systemic or pulmonary venous connections as being
responsible for enlargement of the coronary sinus, and
a left atrial to coronary sinus fenestration was identified.
Both the atrial septal defect and the ostium of the
coronary sinus were patched, and thus the coronary
veinsnowdrained to the left atrium via the window. The
postoperative result was excellent, and radionuclide
angiography from the left arm showed a left brachio-
cephalic vein connected normally to a right superior
vena cava, and no evidence of intracardiac shunting.
When the atrioventricular valve is severely obstruc-

ted and when the naturally occurring atrial septal defect
is small, the left atrial to coronary sinus window
provides a vital route for the flow of blood.24 8-10
Thus, in situs solitus, when the left atrium is potentially
"blind", the window decompresses the left atrium
causing a left-to-right intracardiac shunt. The reverse
should be true for the patient with a severely obstructed
right-sided atrioventricular valve. One ofour patients,
however, had such a right atrioventricular valve but
also had significant stenosis of the right atrial coronary
sinus ostium, and the coronary sinus to left atrial
window facilitated right atrial decompression by a
circuitous route because of the connection of the left
superior vena cava to the coronary sinus (see Fig. 2, 3,
5,6).

Discussion

Abnormalities ofthe coronary sinus are notuncommon,
but before the review by Mantini from Edwards's
laboratory in 1966,3 such abnormalities had not been
studied systematically. They include enlargement of
the sinus resulting from anomalously connected sys-
temic (hepatic or left superior vena caval veins) or
pulmonary veins; absence of the sinus; atresia of its
ostium; hypoplasia with direct connection ofthe cardiac
veins to the right or left atrium, or displacement.'113
Eight months earlier, also from Edwards's laboratory,
Raghib and his colleagues described the complex
characterised by termination of the left superior vena
cava in the left atrium, atrial septal defect, and absence
of the coronary sinus,' the fundamental developmental
abnormality being, they suggested, failure of comple-
tion ofthe left atriovenous fold. Given a heart with a left
superior vena cava draining normally to the coronary
sinus, this complex can be created by excising the
entire common partition wall or roof of the coronary

sinus separating it from the left atrium.'4 We would
endorse the view of Rose from Edwards's laboratory2
and others,'4 that the relatively "isolated" fenestration
between the left atrium and coronary sinus represents a
formefruste ofthe developmental complex described by
Raghib et al.'

Alternative pathways for systemic or pulmonary
venous flow in the presence ofobstructive anomalies of
the atrioventricular junction are uncommon, and the
morphological expression ofthese alternative pathways
has been summarised in the papers of Mantini et al.,3
Beckman et al.,4 Rose et al.,2 and others. 1519
When the obstruction involves the left atrioventricu-

lar valve, the alternative pathways include (1) left atrial
to coronary sinus window4; (2) anomalous pulmonary
venous connections4; (3) the so-called laevoatrio-
cardinal vein or other left atrial to systemic venous
connection.1517 The coronary sinus to left atrial
window provides an alternative (right-to-left) pathway
when there is extreme tricuspid stenosis or tricuspid
atresia. Thus the same anatomical defect (coronary
sinus to left atrial window) may provide either a right-
to-left, or a left-to-right alternative pathway depending
on which atrioventricular valve is obstructed.
When both the atrial septal defect and ostium of

coronary sinus are small and cause obstruction as in our
patient with pulmonary atresia, intact ventricular
septum, and extreme tricuspid stenosis, the connection
of the systemic venous system to the left atrium via the
coronary sinus to left atrial window is of structural and
functional importance. Indeed, our angiographic and
haemodynamic data support the possibility that much
of the venous return from the head and neck is diverted
to the left superior vena cava and thence into the left
atrium via the window. This pathway seems to
"decompress" the right atrium.
The clinical and angiocardiographic recognition of

the coronary sinus to left atrial window has more than
academic merit. The recent emphasis on the mor-
phology, diagnosis, and palliation of patients with the
hypoplastic left heart syndrome20-29 necessitates a
complete understanding of the haemodynamic and
morphological variables including these alternative
pathways.30 31 Similarly, the aggressive surgical
approach to patients with pulmonary atresia and intact
ventricular septum recently summarised by Moulton
and his colleagues from Columbia,32 and by Patel et al.
from this institution33 must be based on knowledge of
real and potential circulatory pathways.
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