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Echocardiography of the Coronary Sinus in Adults
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Summary: The coronary sinus (CS) is a small tubular struc-
ture just above the posterior left atrioventricular junction. The
CS can be imaged in several different echocardiographic
views. Using zoom M-mode recordings of the CS in apical
two-chamber view, CS caliber can be sharply imaged and eas-
ily measured during different phases of the cardiac cycle. We
have recently shown that the CS narrows during atrial contrac-
tion in persons with sinus rhythm, but does not narrow at all if
atrial fibrillation is present. Attenuation of CS narrowing oc-
curs in patients with congestive heart failure and inferior vena
cava plethora. Maximal CS caliber occurs during ventricular
systole. Patients with poor left ventricular systolic function
show mild CS dilatation. Greater CS dilatation is present in pa-
tients with persistent left superior vena cava, and huge dilata-
tion when this anomaly is accompanied by absence of a right
superior vena cava. Injection of sonicated saline into a left and
then a right arm vein is diagnostically useful in confirming
these two venous anomalies. Pulsed-wave Doppler of the CS
can be recorded in the parasternal right heart inflow view.
From this and from the CS cross-section area it may be possi-
ble to estimate coronary blood flow.
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Introduction

The coronary sinus (CS) has been of interest and use to car-
diologists in many ways: to electrophysiologists as an anatom-
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ic landmark during mapping procedures, to anesthesiologists
perfusing the heart retrogradely with cardioplegic solutions, to
researchers sampling coronary venous blood for myocardial
metabolic studies, and so forth. However, the CS has received
limited attention from echocardiographers, especially those
studying adult patients.

Up to the present, the CS has been featured in the echocar-
diographic literature mainly with respect to certain congenital
cardiovascular abnormalities, all of which involve anomalous
drainage of blood into the CS, either directly or via a persistent
left superior vena cava (SVC). The CS is dilated in all these
conditions, which include (1) persistent left SVC;!* (2)
anomalous pulmonary venous drainage into the CS; (3) ab-
sence of the upper inferior vena cava, a large left hemiazygos
vein draining into the CS; (4) coronary arteriovenous fistula;®
(5) unroofing of the CS (septal defect between CS and left atri-
um).” All but the first of these entities are rare and are encoun-
tered mainly by pediatric cardiologists.

Coronary Sinus Anatomy

The CS is a muscular tube about 2to 3 cmlong and | cmin
caliber, about 1 cm above and parallel to the left atrioventricu-
lar junction.8 It is in close contact with the left atrium and is in
factenveloped in a sheath of atrial myocardium. A small valve
(valve of Vieussen) has been described at the junction of the
great cardiac vein and the CS.° In addition to this vein, the CS
receives several other veins draining the posterior and lateral
aspects of the heart; the oblique entry of these small vessels
into the CS may have a valvar effect in preventing reflux of
blood from the CS.!0 This enables efficient transfer of blood
from the CS to the right atrium during active CS contraction.

Unlike other veins, the CS wall is relatively thick and, in-
stead of smooth muscle forming a tunica media, consists of
striated myocardium continuous with that of the atria. This
was shown 40 years ago by Coakley and King in humans and
other mammals!! and mentioned by Keith as early as 1903.12

The CS opens into the lower posterior aspect of the right
atrium, as its orifice is located near the much larger orifice of
the inferior vena cava. A small endocardial fold, the Thebesian
valve, is situated at the CS orifice and is virtually continuous
with the Eustachian valve; the two “valves” share a common
embryological origin from the right valve of the sinus venosus.
Whereas the Eustachian valve is usually visible on two-di-
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mensional (2-D) echocardiography and even conspicuous
when large, the Thebesian valve is generally too small and thin
to be visualized on echocardiography as a separate structure,

Coronary Sinus Dilatation
Congestive Heart Failure

Potkin and Roberts, in an autopsy study of 234 adult hearts
(50 of them normal), found CS size normal in patients with
systemic hypertension, aortic stenosis, hypertrophic cardio-
myopathy, and cor pulmonale.'3 Mild CS dilatation was noted
in patients with dilated poorly contracting ventricles, either is-
chemic or idiopathic dilated cardiomyopathy. '3

In an echocardiographic study published recently in abstract
form, CS size in the parasternal long-axis view was found to be
larger in patients with than in those without pulmonary hyper-
tension. 4 These authors found that CS size correlated posi-
tively with right atrial size and right atrial pressure, but not with
right ventricular pressure or degree of tricuspid regurgitation.

In an echocardiographic study performed by us,!5 CS size
was mildly but significantly increased in patients with con-

gestive failure and significant venous congestion (manifest-
ed echocardiographically by inferior vena caval dilatation
and plethora).

In our study, patients with atrial fibrillation had significant-
ly larger CS than patients with sinus rhythm, whether or not
those with atrial fibrillation were in cardiac failure.'?

Echocardiography of the Normal Coronary Sinus
(Fig. 1)

The CS can be identified in several different 2-D views, '6- 17
In the parasternal long-axis view, it is represented by a small
sonolucency at the posterior left atrioventricular (AV) junc-
tion, which moves with the AV groove during the cardiac cy-
cle. In this view the CS is anterior to and quite separate from
the larger more posterior sonolucency of the descending tho-
racic aorta, which is fixed and does not participate at all in car-
diac motion. In the parasternal long-axis view, the margins,
and therefore the caliber of the CS, are not sharply defined.

The CS is better imaged in the apical 2-chamber and 4-
chamber views. In the latter, the imaging plane is more poste-
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Fig.1 Two-dimensional echocardiogram in apical 2-chamber (A) and modified apical 4-chamber view (B) showing the coronary sinus (CS)
as a small sonolucency between left ventricle (LV) and left atrium (LA). The right ventricular inflow view (C) shows the coronary sinus enter-
ing the right atrium (RA). RV =right ventricle; LV = left ventricle. Pulsed-Doppler sampling at this site (D) shows a biphasic pattern, the systolic

phase (s) taller than the diastolic phase.



I. A. D’Cruz et al.: Echocardiography of coronary sinus 151

rior than the conventional one that shows the mitral leaflets.
We have found that the CS can be easily seen as a sharp round
ororal sonolucency in the apical 2-chamber view. By position-
ing the M-mode cursor through the zoom image in this view,
we obtained well-defined continuous recordings of CS caliber
(Fig. 2) in 133 patients with sinus rhythm and normal ventric-
ular function.!> We noted that the CS narrowed just after the
onset of the P wave, to a mean of a little more than half its cal-
iber before the P wave; during ventricular systole CS caliber
widened to a maximum. '3

In 133 individuals with normal ventricular systolic function
in sinus rhythm, the CS caliber was 8.27 + 2.5 mm just before
onset of the P wave, and 4.75 + 1.89 mm at maximum CS con-
traction. The corresponding values for 42 patients with con-
gestive heart failure and systolic venous congestion (inferior
vena cava plethoric and dilated) were CS caliber 11.09 £3.12
mm just before P wave onset and 9.63 + 3.18 mm at maximal
atrial contraction. From these data, we concluded that (1) the
CS narrows significantly during atrial contraction (p <0.05) in
persons with normal ventricular function; (2) in patients with
congestive heart failure and plethoric inferior vena cava, this
dynamic narrowing of the CS is significantly attenuated (p <
0.05). The mean ratio of the CS caliber at onset of the P wave
to the CS caliber at maximum CS contraction was 1.83 +0.46
in persons with normal ventricular function, and 1.18 +0.21 in
patients with right heart failure and venous congestion, a sig-
nificant difference (p <0.0001).

The decrease in CS size from maximum dilatation (in ven-
tricular systole) to maximum contraction (in atrial systole) is
impressive on M-mode as well as real-time 2-D echocard-
iography. Thus, the CS is not merely a conduit, it has its own
“diastole” and “systole,” which help propel its contents into
the right atrium, the valve-like entry of cardiac veins into the
CS preventing reflux as the CS “pumps” blood forward.

Coronary sinus narrowing, simultaneous with atrial con-
traction, was absent in all 40 patients with atrial fibrillation
studied.'> The CS narrowing was detectable but attenuated to

FiG.2 Zoom M-mode through the coronary sinus (CS) in the same
patient, in apical 2-chamber view, showing narrowing of this vessel
and thickening of its wall, just after onset of the P wave. ECG =
electrocardiogram.

varying degrees in most patients with congestive failure and
systemic venous congestion. Our criterion for the latter was
plethora and dilatation of the inferior vena cava on echocardio-
graphy. We concluded that attenuation of normal CS narrow-
ing during atrial contraction, like attenuation or absence of
normal inspiratory narrowing of the inferior vena cava, is evi-
dence of high central venous pressure. A mildly dilated CS, in
a patient with congestive heart failure, is shown in Figure 3.

Left Superior Vena Cava

In this anomaly, said to occur in about 0.5% of the general
population and in 3 to 10% of those with congenital heart dis-
ease, '8 the left subclavian and left internal jugular veins drain
not into a normal left innominate vein, but instead into a large
venous channel which continues as a dilated CS, conveying
venous blood from the left upper limb and left side of the head
and neck to the heart. In normal persons, the left SVC is vesti-
gial, being represented by a small vein on the posterior left
atrial wall (Marshall’s oblique vein of the left atrinm) and fi-
brous band connecting Marshall’s vein to the left innominate
vein (Fig. 4).

Persistent left SVC is of no intrinsic hemodynamic impor-
tance, because there is no abnormal shunting of blood between
systemic and pulmonary circulations. However, its recogni-
tion may be of significance to cardiologists because of the dif-

Fi6.3 Two-dimensional echocardiogram of a patient with conges-
tive heart failure. (A) Apical 2-chamber view at left, unconventional
view at right, showing a mildly dilated coronary sinus (CS). (B) M-
mode of plethoric inferior vena cava (IVC) in the same patient. Ab-
breviations as in Figure 1.
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FiG.4 Diagrams showing development of the superior caval venous system. (A, B} Anatomy in embryonic life, with (A) being at an earlier stage
than (B). (C) Normal anatomy. (D) Usual type of persistent left SVC, (E) unusual type of left SVC with absent right SVC. The CS is dilated in
patients with persistent left SVC, and even more dilated if persistent left SVC is associated with absent right SVC. ANT CARD V = anterior car-
dinal vein, COMM CARD V =common cardinal vein, POST CARD V = posterior cardinal vein, LHSV = left horn of sinus venosus, CS = coro-
nary sinus, RSV =right subclavian vein, RIJV =right internal jugular vein, RIV = right innominate vein, SVC = superior vena cava, LIV = left
innominate vein, LSV =left subclavian vein, LSIV =left superior intercostal vein, IV = intercostal vein, LM = ligament of Marshall, RSVC =right
superior vena cava, LSVC = left superior vena cava, RA =right atrium, ABS SVC = absent right superior vena cava.

ferent transvenous courses of cardiac catheters or pacemaker
leads on their way to the right atrium, and to the cardiac sur-
geon who may have to modify caval cannulation methods.

Persistent Left Superior Vena Cava: Echographic
Manifestations

The dilated CS manifests as a sonolucency at the posterior
left atrioventricular junction (Fig. 5), much larger than the nor-
mal small sonolucency at this site.!* In the parasternal short-
axis view, the CS sonolucency can be detected in CS long axis
posterior to the left atrial space, and its continuity with the left
SVC may be appreciated by fine adjustment of the imaging
plane. The wide CS tubular space is easily demonstrated be-
tween left atrium and left ventricle in the 4-chamber apical
view, imaged in a posterior plane.

FiG.5 Apical 4-chamber view showing a dilated coronary sinus
(arrows) in a patient with left superior vena cava.

A rare variant of persistent left SVC is absence of the nor-
mal right SVC, so that the entire venous return of the upper
body (normally conveyed by a normal SVC) enters the right
atrium through a hugely dilated CS.1%-2! much larger than that
seen with aleft SVC, forming an “extrachamber” between left
atrivm and ventricle.

Contrast Echography in Persistent Left Superior
Vena Cava

One of the earlier applications of contrast echocardiogra-
phy, still often used in routine clinical practice today, is the
confirmation of a suspected diagnosis of persistent left SVC
by injecting sonicated saline into aleft arm vein and observing
its prompt appearance in the dilated CS before it opacifies the
right atrium (Fig 5). This must be followed by injection of con-
trast into a right arm vein, which produces right atrial opacifi-
cation without CS opacification.

In the above-mentioned rare anomaly of absent right SVC
(Figs. 6 and 7) and an enormously dilated left SVC carrying
the entire upper body venous return, right antecubital saline
injection and left antecubital injection will produce the same
result, that is, opacification of the huge CS just before right
atrial opacification. Several reports of transesophageal visual-
ization of a persistent left SVC have appeared since 1991;22-24
in the case of Konecky et al., absence of a right SVC was also
noted on TEE.?!

Doppler of Coronary Sinus Flow

For many years, Doppler recordings of CS blood flow had
not been done after the CS had been identified in various 2-D
planes. The probable reason for this was that in the apical as
well as parasternal views the direction of flow in the CS was
approximately perpendicular to the transducer. However, the
parasternal right ventricular inflow view, in which the long
axis of the coronary sinus is not far from parallel to the trans-
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FiG.6  Apical 4-chamber view showing a very dilated coronary sinus (CS) entering the right atrium (RA). (B) A few seconds later, saline-contrast
injected into a left arm vein appears in the dilated CS; at this moment the right atrium and right ventricle (RV) are yet unopacified. (C) Contrast
opacifies the right heart chambers. A similar sequence of opacification manifested when saline contrast was injected into a right arm vein.

FiG.7 Visualization of the right innominate vein (RIV), right subclavian vein (SCV), and right internal jugular vein (I}V) from the right supra-
clavicular window; however, no superior vena cava could be visualized. The arrow indicates where the superior vena cava would normally be seen.

ducer beam, has been successfully used recently to record CS
flow.23.26 The flow pattern in the CS, like those in the venae
cavae and other large veins, consists of a systolic and a dias-
tolic phase.?® A practical point arises of distinguishing CS
from inferior caval inflow in the right atrium, since flow is in
the same general direction and the two vessels are close to-
gether; the fact that respiratory fluctuations in flow are larger
with caval flow than with CS flow makes the distinction possi-
ble.? By measuring the velocity-time integral of CS flow and
estimating the CS cross section in apical 4-chamber view,
these authors demonstrated a large (mean 67%) increase in CS
flow after coronary bypass surgery in 15 patients with coro-
nary artery disease.
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