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Left atrium
The prognostic role of left atrium (LA) size has
been demonstrated in various pathologies such as
valve diseases, cardiomyopathies and heart failure.1
M-mode has been the first technique to assess LA
dimensions, however it expresses a linear measure
that consequently can be inaccurate, with a tendency towards chamber size underestimation. Bidimensional echocardiography (2DE) using the
Simpson biplane method is recommended, because
it provides a more accurate estimation of LA volume. Lastly, 3D echocardiography (3DE) is a novel modality in view of the good correlation with
computer tomography (CT) and magnetic resonance-derived volumes and, translated into clinical
practice, with cardiovascular events. The importance of 3DE is growing because of the increasing
number of percutaneous electrophysiological and
structural procedures that require a deep knowledge

Figure 1.1 3D overhead perspective of the LA. The anterior
wall of the LA is in close relation with the aortic valve and the
ascending aorta. Left pulmonary veins and, caudally, the LAA
originate from the antero-lateral wall of the LA. The interatrial
septum, on the right, separates the LA from the right atrium. Arrow: fossa ovalis. AO: aorta; PV: pulmonary veins; MV: mitral
valve.

of its anatomy, as well as the possibility of a safe
navigation into this cardiac chamber.
The LA is the most posterior of the cardiac chambers, anatomically delimited by the pulmonary
veno-atrial junctions on the postero-superior aspect
and the fibrous tissue of the mitral valve (MV) caudally2 (Figure 1.1). The muscular wall is smooth,
and its thickness varies from 2 mm to 5 mm. The
walls of the LA can be described as superior, posterior, left lateral, septal (or medial), and anterior.3
The superior wall is located just below the pulmonary trunk and the right pulmonary artery. The anterior wall and the anterior part of the interatrial
septum (IAS) are in close proximity to the aortic
root through the transverse pericardial sinus (Figure
1.1), and this anatomic relationship explains the
risk of LA wall perforation and aortic root injury
during percutaneous procedures requiring transseptal puncture or implanting devices to close atrial
septal defects or patent foramen ovale (PFO).
Four anatomic structures of interest can be described: pulmonary venous portion, septal portion,
vestibule and left atrial appendage (LAA).
The IAS is a complex structure composed of the
septum primum and septum secundum. The fossa
ovalis is an oval depression located in the lower and
posterior part of the IAS, primarily composed of
thin fibrous tissue (Figure 1.2A). In approximately
10-35% of adults a persistent PFO is present, representing a nonadherent flap valve of the septum and
the rims of the fossa ovalis, connecting both atria
(Figure 1.2B,C). This aspect is visible as the crescent-like edge on the endocardial surface of the LA
and can be accurately explored by 2D TEE at the
mid-esophageal level. The “true” IAS is composed
of the floor of the fossa ovalis and its muscular inferior-anterior rim; this small area, that corresponds
to approximately 20% of the whole IAS area, can
be resected without leaving the cavities of the heart,
hence it represents the target area for a safe transseptal puncture.4
Pulmonary veins are usually four, and they enter
the posterior wall of the LA through isolated ostia,
albeit common ostia can be observed in around
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Figure 1.2 A) 3D en-face perspective of the IAS and the fossa ovalis as seen from left side; B,C) PFO (arrow); B) en-face perspective of IAS observed from LA; C) lateral perspective of IAS.
IAS: interatrial septum; FO: fossa ovalis; MV: mitral valve; LA: left atrium; RA: right atrium.

30% of individuals5 (Figure 1.3A). The right superior pulmonary vein passes behind the junction between the RA and the superior caval vein, whereas
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Figure 1.3 A) 3D zoom “en-face” view of LAA and LUPV
orifices, with the interposed LLR; B) longitudinal perspective of
LAA showing the proximity of LAA ostium with circumflex artery.
LUPV: left upper pulmonary vein; LLR: left lateral ridge; LAA:
left atrial appendage; MV: mitral valve; Cx: circumflex artery.

the inferior pulmonary vein passes behind the intercaval area. The left superior pulmonary vein originates from the posterolateral atrial wall, just above
the left lateral ridge and the orifice of LAA.
The vestibule is the outlet of the atrium characterized by a smooth endocardial aspect.
The LAA is a narrow structure departing from
the supero-lateral surface of the LA. It is directed
towards the antero-lateral direction, overlapping the
base of the pulmonary trunk, the left coronary artery
or the anterior descending branch and the great cardiac vein, even though different orientations can be
observed. It demonstrates a great variability in volume, orifice shape and dimensions among individuals.6 Its interior surface is irregular, crossed by pectinate muscles that are muscular trabeculations largely
running parallel to each other. The study of its morphology has captured interest in view of its thrombogenic potential as well as in case of a planned percutaneous closure. A classification of LAA shape has
been proposed, identifying four anatomic morphologies (chicken wing, cactus, windsock, cauliflower),
demonstrating that the single-lobed and a larger volume LAA is predominant in subjects suffering from
cerebrovascular events.7 The thinness of LAA walls
explains the risk of perforation and cardiac tamponade during wires and catheters manipulation within the LA. Likewise, caution must be taken during
percutaneous procedures because of the proximity of
the orifice of LAA to relevant anatomical structure,
such as left superior pulmonary vein, MV and circumflex artery (Cx). The left lateral ridge, also called
coumadin ridge, is a band-like structure that extends
between the ostia of the left superior pulmonary

2
AGRICOLA 24-1-2020.indd 2

26/03/20 12:49

1 • Echocardiographic anatomy of the heart

A

B

C

D

Figure 1.4 2D mid-esophageal TEE views useful to explore LAA and evaluate its dimensions and
morphology, as well as the presence of intracavitary echocontrast or thrombus. The main views are
obtained angling the ultrasound beam at the mid-esophageal level at 0°-20° (A) and 45°- 60° (B),
both exploring the morphology of LAA, at 90° (C) evaluating the maximal depth of LAA, and further
to 120°-135° (D), where the number of lobes is revealed.
Cx: circumflex artery; LUPV: left upper pulmonary vein.
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Figure 1.5 3D reconstructions of LAA: A,B) “En-face” perspective of LAA orifice showing its elliptical orifice; C,D) cropping and rotation. Longitudinal cuts showing the morphological details of the
interior parts of the lobes and pectinate muscles, the latter highlighted with arrows.

vein and the LAA, useful as a landmark to orient the
3D volume (Figure 1.2).
LAA can be visualized with different echocardiographic modalities and views. Bidimensional TEE
explores this structure at the mid-esophageal level

(Figure 1.4). Angling the ultrasound beam at 20°
and 60°, LAA is cut according to transversal and
longitudinal planes and visualized as a small triangular cavity; angling further to 120° and providing
an anticlockwise rotation, a sagittal cut explores the
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Figure 1.6 A, B) 3D model of mitral valve obtained with a MV quantification software (QLab, Philips®) showing the close relationship of the mitral and aortic valves, the mitro-aortic angle and the D- and non-planar saddle-shape of MV; C) axial plane of MV
annulus obtained after multiplanar reconstruction.
A: anterior; P: posterior, Ao: aortic valve; PM: postero-medial; AL: antero-lateral.

long axis of the LAA, useful to appreciate the great
anatomical variability of the LAA.
LA can be also evaluated with 3D real time echocardiography, including the whole chamber into
the acquired 3D volume, especially reference structures such as LAA, mitral and aortic valve, IAS, in
order to correctly orient the dataset. Alternatively,
a 3D zoom modality focuses on a precise detail of
LA, selecting a region of interest. As illustrated in
Figure 1.5, LAA 3D perspectives are the en-face,
useful to image its orifice, the lateral (longitudinal
cut) and the oblique perspective that explores the
longitudinal extent of this structure.
The diagnosis of intracavitary thrombosis or
sludge is clinically relevant, e.g. for the evaluation
of the feasibility of a cardioversion of atrial fibrillation and LAA percutaneous closure. The differential
diagnosis with pectinate muscles can be sometime
difficult. Echocardiographic features that point in
favour of thrombosis are a softer texture than LAA
wall and pectinate muscles, the presence of intracavitary spontaneous echocontrast and a dyssynchronous movement during LAA contraction.

A

Mitral valve
MV apparatus is composed of mitral annulus,
leaflets, tendinous chords and papillary muscles.8
Mitral annulus is a three-dimensional structure separating the LA from the LV and marking the hinge
line of valve leaflets. It is a fibrous, pliable structure
with a D- and non-planar saddle-shape, with apical-displaced commissures (Figure 1.6A,B).
The anterior straight border of the D-shape, represented by the anterior MV leaflet, accommodates
the aortic valve, being in continuity with the left
and non-coronary cusps of the aortic valve through
the aorto-mitral curtain. The annulus is characterized by a major diameter, named commissural, and
a minor diameter, the antero-posterior one. The an-

B
Figure 1.7 A) Schematic representation of heart valves
according to the surgical view, with the aortic valve at 12
o’clock; the close proximity of the anterior leaflet of the MV to
the aortic valve can be appreciated; B) 3D en-face perspective of MV showing the segmentation of both the anterior and
posterior leaflets in scallops (A1, A2, A3 and P1, P2, P3),
the anterior-lateral and posterior-medial commissures, arrows:
clefts. AL: anterior leaflet, PL: posterior leaflet, APM: anterolateral papillary muscle, PPM: posteromedial papillary muscle,
AC: anterolateral commissure; PC: posteromedial commissure.
LT: left trigone; RT: right trigone; AV: aortic valve; PV: pulmonary valve; TV: tricuspid valve; LAD: left anterior descending
artery; Cx: circumflex artery; RCA: right coronary artery; CS:
coronary sinus.
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tero-medial portion of the D-shape is adjacent to
the right and left trigones and to the mitro-aortic
junction, which is a fibrous resistant zone, while the
postero-lateral one is fibromuscular (Figure 1.6C).
The anterior leaflet is semicircular or triangular,
broader than the posterior one which is quadrangular and occupies two-third of the circumference;
the two are separated by the posteromedial and the
anterolateral commissures.
The two leaflets are named anterior (or aortic) and posterior (or mural). The posterior leaflet
shows indentations that separate three segments
named scallops (P1, P2, and P3 from the antero-lateral towards the postero-medial commissure),
corresponding to the more artificially defined anterior scallops (A1, A2 and A3) (Figure 1.7A,B).
The leaflet is anatomically divided in three zones,
from the hinge point to the free edge, named basal,
clear and rough zones (Figure 1.8). The basal zone,
specific of the mural leaflet only, shows insertions
of basal cords to its ventricular side. The clear zone
is devoid of chordal attachment. The thick rough
zone of the leaflet underside is the main site of
chordal attachment, furthermore its atrial surface is
the region of coaptation and apposition, where the
leaflets meet and overlap respectively (Figure 1.8).
A significant part of the closure line of MV leaflets
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Figure 1.8 Schematic representation of the mitral valve
apparatus, with a detailed illustration of the subdivision of
mitral leaflet in the basal (a), clear (b) and rough (c) zones,
from the hinge point towards the free edge. Cx: circumflex
artery; VS: veins (figure drawn by Stefano Stella).

Figure 1.9 Bidimensional transgastric two-chamber view
showing the MV and the subvalvular apparatus, in particular
the chordal origin from both the antero-lateral papillary muscle
(APM) and postero-medial papillary muscles (PPM).

lies below the plane of the atrioventricular junction,
rising toward the commissures leading to the saddle-like configuration.
There are usually two groups of papillary muscles
disposed in the antero-lateral and postero-medial
locations of the LV, originating from its mid-to-distal portion and representing an anatomic continuity between LV and MV (Figure 1.9). Whereas the
antero-lateral is often a single pillar, more variation
has been observed for the postero-medial group.
The chordae are string-like structures that connect leaflets to two closely organized groups of
papillary muscles or directly to the infero-posterior
ventricular wall, forming the tensor apparatus (Figure 1.9). Chordae arise from the apices of the papillary muscles, branch distal to their muscular origins
and attach to both aortic and mural leaflets of the
valve. They are divided into primary or marginal,
secondary and tertiary.9 The first order chordae,
numerous and delicate, insert on the free edge of
the leaflet. Second order chordae, thicker than the
previous, insert on the leaflet underside beyond the
free edge, forming the rough zone.
Third order chordae arise directly from the ventricular wall or from small trabeculations and attach
only to the basal portion of the mural leaflet.
Subsequent classifications in relation to function
have been proposed, identifying the commissural
cords, strut cords, and cleft cords; distinction between leaflet and interleaflet or commissural cords
has been advised.
3DE allows a more realistic representation of
MV apparatus than 2DE through infinite possibilities of cutting planes and multiple orientations,
improved assessment of valve dysfunction and the
option of a quantitative analysis. TEE is more advantageous than TTE because of the closer position
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Figure 1.10 A) Schematic representation of the mitral valve; B-D) biplane mode. The MV is scanned from the antero-lateral to the
postero-medial commissure, using commissural view as main view. AC: antero-lateral commissure; PC: postero-medial commissure.

of the probe to the MV, which allows greater quality and a more anatomically detailed analysis.
The acquisition modalities for MV are multiplane, live 3D, full volume, zoom mode, color-flow
3D live. Multiplane display allows to obtain multiple scanning planes without probe manipulation,
with high frame rate (Figure 1.10).
Live 3D, that is particularly useful for the intraprocedural monitoring of percutaneous interventions, can be acquired in single-beat or multi-beats
modality. The lowest is the volume width the higher
is spatial resolution, because of increased line density and temporal resolution. Zoom mode, that can
be acquired in single-beat or multi-beats mode, allows to manually adjustment of the volume of interest, providing direct viewing of particular structures.

It is mostly used for the study of MV morphology.
Practical suggestions for the acquisition are: including landmarks (LAA, LV outflow tract), optimizing
2D image in terms of image gain and depth, reduce
the sector to the smallest possible in order to increase resolution. Full volume/multi-beats (zoom
and no zoom modalities) stitches data from several
cardiac cycles, necessitating an electrocardiographic
(ECG) triggering. Since the acquisition is ECGtriggered, it can suffer from stitch artifacts in case
of irregular rhythm (atrial fibrillation, premature
ventricular beats). Color flow 3D live, available for
all 3D acquisition modalities (single or multi-beats,
zoom and no zoom modalities), superimposes the
color on 3D volumes. It is important to keep tissue gain settings and color gain in the same ranges
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Figure 1.11 Three-dimensional perspectives of MV: A) en-face view (or surgical view); B) en-face view from LV (or LV perspective);
C) antero-lateral commissural perspective; D) postero-medial commissural view; E) posterior scallop perspective; F) lateral perspective
showing a section of the anterior and posterior leaflets according to a sagittal plane perpendicular to the commissural line.
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Figure 1.12 A) Posterior scallop perspective showing a subcleft of the prolapsing P2 scallop (arrow); B) en-face view showing a
cleft in P2 scallop (arrow); C,D) annular calcification of the posterior mitral annulus (arrows) as displayed in the 3D reconstruction
(C) and in the multiplanar reconstruction (D).

as in 2D color imaging, and to optimize resolution
reducing depth and sector size. Whenever possible,
the multibeats acquisition should be used to obtain
higher resolution images to increase the frame rate.
With regard to MV display, several perspectives
can be used. The en-face perspective of the MV is
pivotal for its morphological assessment, since it allows a proper visualization of MV components (mitral annulus, leaflets and commissures). Its higher
accuracy than 2D facilitates the assessment of localization and extension of MV disease (i.e. prolapse,
vegetation attachment point and dimensions, leaflet
perforation, cleft, commissural disease). The MV
can be imaged in several possible orientations (Fig-

ure 1.11). The surgical view represents the viewing
direction of the surgeon towards the MV during
operation, with the aortic valve at 12 o’clock. The
posterior scallop perspective is obtained with a 7090° anticlockwise or clockwise rotation and 20-30°
medial tilt of the antero-lateral view. The en-face
perspective is important in the differential diagnosis between sub-cleft, extending less than 50% of
the leaflet’s depth (from the hinge line to the free
edge of the leaflet), and clefts (more than 50%)
in the pre-operative study of MV disease (Figure
1.12A,B). Three-dimensional echocardiography can
add information about mitral insufficiency in terms
of scallops affected by the pathology, commissural
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Figure 1.13 Multiplanar reconstruction of the MV. In this figure the axial plane (right bottom panel)
crosses the tip of the leaflets getting the most accurate MV area.

involvement, the presence of calcifications, lack of
valve tissue and its extent, abnormality of MV apparatus, the presence of annular dilatation (Figure
1.12,C-D). When mitral stenosis is detected, 3D
adds information about commissural involvement,
calcifications, site and extension, leaflets restricted
motion, site and grade of associated regurgitation.
Additional perspectives are the anterolateral commissural perspective obtained by 90-110° anticlockwise rotation and 60-70° backward tilting of the
en-face view, useful to evaluate the involvement of
the anterolateral commissure as well as A1 and P1,
and posteromedial commissural perspective, obtained by a 70-90° clockwise rotation and 20-30°
medial tilting of the antero-lateral view, is useful
to visualize the posteromedial commissure, P3 and
A3. Lateral perspectives can be obtained through a
cropping of the dataset according to sagittal planes
perpendicular to the commissural line. Multi-planar
reconstruction is useful for planar measurements
(valve area, annulus) and characterization of mitral
disease (i.e. flail detection and localization) (Figure
1.13).

Left ventricle
The left ventricle (LV) has a cone-shape, and is
anatomically divided in the inlet tract, apex and
outlet tract (Figure 1.14). The inlet extends from

the atrio-ventricular junction to the attachment of
the papillary muscles, enclosing the MV. The outlet, that leads to the aortic valve, can be roughly
divided into septal, posterior, and lateral portions.
LV free wall is thickest at the cardiac base and gradually becomes thinner towards the apex, where the
musculature is only 1-2 mm thick and the endocardial aspect is characterized by thin muscle bundles,
namely trabeculations. The interventricular septum
is convex towards the RV chamber, and mostly
muscular with the exception of a small fibrous area
below the aortic valve which encases the atrioventricular conduction bundle.
3DE flow-chart encompasses imaging acquisition, display and rendering processes. Single beat
(real-time) acquisition has a valuable application
in the study of ventricular masses, interventricular
septal defects and for monitoring interventional
procedures (i.e. ventricular tachycardia transcatheter ablation). In the multi-beats ECG-gated acquisition the entire LV should be included, possibly
preceded by a multi-slices acquisition. Three image
displays are achievable, with specificity related to
diverse clinical applications (i.e. the study of LV
volumes, mass, function and structural definition).
Volume rendering is useful for LV morphological
characterization and portrays a detailed surface
similar to a virtual dissection (Figure 1.14A). Surface rendering evaluates the myocardium-blood
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