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Abstract

Introduction: The finding of left atria diverticula (LAD) on cardiac computed
tomography images obtained from patients with atrial fibrillation (AF) referred for
pulmonary vein isolation is not uncommon. Prior studies reporting on LAD do not
always provide definitions of LAD resulting in confusion with other anatomical
structures such as left atrial accessory appendages (LAAA) and atrial aneurysms. The
aim of this review is to identify an accurate definition of LAD and to describe
distinctive properties between LAD and other left atrial structures, such as
LAAA and aneurysms. Also, the relation between LAD and development of atrial
tachyarrhythmias is discussed.

Methods: PubMed was searched for studies reporting on atrial aneurysms, left
atrial diverticula, left atrial accessory appendages and atrial congenital aneurysmes,
resulting in 36 papers.

Results: LAD can be distinguished from LAAA by taking into account embryologic
origins of the left atrium and their locations, resulting in the following definitions:
(a) LAAA are contractile, trabeculated structures with circumscriptive ostia and
narrow necks, originating from the primitive atria, (b) LAD are contractile, sac like
structures with either smooth or trabeculated inner surfaces, circumscriptive ostia,
narrow necks, and variable morphologies, originating from the embryologic common
pulmonary vein, that incorporates into the LA, and (c) atrial aneurysms are
non-contractile structures with wide necks and sac like bodies. There are no
differences in prevalences of LAD between patients with sinus rhythm and AF.
Conclusion: The pathophysiology of LAD is not yet fully understood. It is unlikely, that
LAD are related to the development of atrial tachycardia's and AF by either being a
source of ectopic activity or being part of an arrhythmogenic substrate. No differences
in LAD prevalences between patients with sinus rhythm and AF have been found. Thus,

it is unlikely that LAD could potentially be wolves in sheep's clothing.
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1 | INTRODUCTION

The finding of left atria diverticula (LAD) on cardiac computed tomo-
graphy images obtained from patients with atrial fibrillation (AF)
referred for pulmonary vein isolation is not uncommon, though the
exact role of LAD in the pathophysiology of AF is still unclear.? Prior
studies reporting on LAD do not always provide definitions of LAD
resulting in confusion with other anatomical structures, such as left
atrial accessory appendages (LAAA) and atrial aneurysm. There is also
no uniform methodology for describing their anatomical locations. To
identify locations, a method of left atrial segmenting- consisting of
division of the anterior and posterior wall in four equal quadrants- was
introduced.> However, there are no anatomical boundaries used to
split these four quadrants. Another methodology to describe anato-
mical locations uses only predefined anatomical planes, such as the
ventral or dorsal plane.*® As a result, only an overall impression of
regions containing these structures can be provided, but not an
accurate anatomical location. This nonuniformity in methodology of
localizing LAD hampers accurate labeling of atrial structures and
comparison of study outcomes.

The aim of this review is to identify an accurate definition of LAD
and to describe distinctive properties between LAD and other left
atrial structures such as LAAA aneurysm. Also, the relation between

LAD and development of atrial tachyarrhythmias is discussed

1.1 | Definitions and properties of diverticula,
aneurysms, and left atrial accessory appendages

So far, structures extending from the cavity of the atrial wall
have been ambiguously described. These structures have not only
been labeled as diverticula but also as aneurysms’ or LAAA.*°
However, these names are used interchangeably and accurate
definitions discriminating these different types of structures
are often not provided. For example, small diverticula in the left
atrium were labeled as type | LAAA and large diverticula or
aneurysms as type Il LAAA.>%719 |n the right atrium, structures
extending from the endocardial cavity were not only labeled
as diverticula or right atrial aneurysms but also as ‘idiopathic
dilatations.’> A summary of properties of diverticula, atrial
aneurysms, and LAAA as described in literature is provided in the
following paragraphs.

1.2 | Atrial diverticula

Figure 1 shows an example of a typical LAD located at the left
atrial posterior wall. Diverticula have been found in both the right
and left atrium. They have a circumscriptive ostium and their body
shows a variable morphology including cystic, sac like, tubular,
and hooked shaped. Diverticula contract in synchrony with the
surrounding atrial myocardium and their inner surface has been
described as either smooth or trabeculated.>**%'%'? | AD are

FIGURE 1 Computed tomography image from the Maasstad
Hospital showing a typical example of a left atrial diverticulum on the
posterior wall (white arrow). LA, left atrium; LAA, left atrial
appendage; P, posterior

either congenital or acquired origin,® whereas right atrial di-
verticula are generally regarded as only congenital in origin.****
Sites at which congenital LAD have been observed include the
LA appendage and the LA posterior wall.'>*® LA diverticula of
unknown origin have been found at the anterior wall,® antero-
superior wall,"*® and the veno-atrial junction of the right
superior pulmonary vein.'” In the right atrium, diverticula have
been observed at the distal part of the right atrial appendage,

right atrial free wall,*®

13,19

within the coronary sinus, mid cardiac

|14

vein, and the right atrial posterior wal

1.3 | Atrial aneurysms

The upper panel of Figure 2 shows examples of atrial aneurysms in the
right and left atrial appendages. Atrial aneurysms have been observed
in both the right and left atrium and are non-contractile structures
with a wide neck followed by a sac like body. (Figure 2) *°*>2° Some
controversy exists on whether aneurysms are either congenital or
acquired in nature.?° Atrial aneurysms were labeled as congenital in
nature when located at the infero-posterior wall of the left atrium
and 2° the right 2* or left atrial appendage (LAA).?? So far, locations of

acquired aneurysms have not been reported.

1.4 | Left atrial accessory appendages

The lower panel of Figure 2 and Figure 3 show examples of LAAA.
LAAA have been described as trabeculated or cauliflower like
structures, with a circumscriptive ostium and narrow neck,
contracting in synchrony with the atrial myocardium.**? As
indicated by their name, they originate from the LAA and they are
therefore regarded as congenital in nature (Figure 3). “?* Indeed,
they have been found at the antero-superior and © lateral wall.>*
However, in some reports atrial structures observed at sites not
limited to the region of the LAA ¢ were also labeled as LAAA.
It is questionable whether it is legitimate to label these latter
structures as LAAA. One study reported ectopic activity trig-
gering AF originating from within a LAAA located near the ostium
of the right superior pulmonary vein. By ablating this focus,
AF terminated.?”
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FIGURE 2 The upper panel shows
examples of aneurysms (A) of the left (LAA)
and right atrial appendage (RAA). (Figure is
provided by courtesy of The Society of Thoracic
Surgeons). In the lower panel, a computed
tomography image shows an example of left
atrial accessory appendages in the LAA area
(white arrows). (Figure is provided by courtesy
of Oxford Journals). A, aneurysm; LAA, left
atrial appendage; RAA, right atrial appendage

1.5 | Discrimination between left atrial accessory
appendages, diverticula, and aneurysms

The inner surface of LAD has been described as either smooth or

4681012 \vhereas LAAA have only been described as

trabeculated,®
trabeculated.>**? LA contractile, trabeculated structures are thus either

LAD or LAAA. An approach to distinguish LAD from LAAA, is by their

FIGURE 3 Computed tomography image from the Maasstad
Hospital showing a typical example of a left atrial accessory
appendage (white arrow) A, anterior; AO, aorta; L, left; LA, left
atrium; LAA, left atrial appendage; P, posterior; R, right

location. Taking into account the embryologic origin of the left atrium,
the LAA originates from the primitive atrium,>> whereas the posterior
wall of the left atrium, (depicted in purple in Figure 4) has its origin in
the common pulmonary vein, that incorporates into the LA.2"28

As the LA appendage originates from the primitive atrium, only
structures sharing this origin, should be labeled as LAAA (Figure 4).

As LAD and LAAA are both contractile structures, they can be
easily differentiated from the non-contractile atrial aneurysms.%>2°

Based on these observations, we propose the following definitions:

(1) LAAA are contractile, trabeculated structures with a circum-
scriptive ostium and a narrow neck, originating from the
primitive atrium.

(2) LAD are contractile, sac like structures with either a smooth or
trabeculated inner surface, a circumscriptive ostium and a narrow

neck, with a variable morphology,#¢51012

originating from the
embryologic common pulmonary vein, that incorporates into the LA.
(3) Atrial Aneurysms are non-contractile structures with a wide neck

followed by a sac like body.***>2°

1.6 | Arrhythmogenic properties of diverticula

Reports on the correlation between the presence of LAD and develop-
ment of AF are univocal in outcome; there are no differences in
prevalences of LAD between patients with sinus rhythm and AF.* Thus,
it is unlikely that LAD could potentially be wolves in sheep clothing.
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Anterior view

e
\

Posterior view

FIGURE 4 Schematic anterior and posterior view of the left atrium. The LA appendage has its origin in the primitive atrium (blue). Structures
sharing the same origin as the LA appendage should only be labeled as left atrial accessory appendages. Structures located at the posterior wall,
originating from the common pulmonary vein that incorporates into the left atrium, can therefore not be labeled as Left atrial accessory
appendages. Image adapted and used with permission of Starreveld et al.?® LA, left atrium; LAA, LA appendage; LIPV, left inferior pulmonary
vein; LSPV, left superior pulmonary vein; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein

Electrograms recorded from LAD can be fractionated, particularly
close to its orifice.'®?" Fractionation is, for example, caused by
interposition of fibrous tissue between cardiomyocytes giving rise to
local asynchronous activation.””*! Prior studies demonstrated that
complex fractionated atrial electrograms (CFAE's) are indicators of the
AF substrate and may serve as target sites for ablative therapy.’®*?
The exact role of CFAE's recorded from LAD in the pathophysiology of
AF is however unknown. CFAE's are more likely to occur within a
diverticulum.?? Yet, CFAE's found within diverticula are rarely target
sites for ablative therapy as deliverance of radiofrequency current
within a LAD may increase the likelihood of perforation of the
myocardial wall by local tissue overheating.??*°

Coronary sinus diverticula may contain myocardial bundles
connecting the atria and ventricles giving rise to macro-reentry
tachycardia.®* Right atrial diverticula are not only associated with
accessory pathways, but also with AF. For example, resection of a
right atrial diverticulum in a 15-year-old boy resulted in elimination
of paroxysmal AF.>®> The arrhythmogenic nature of congenital di-
verticula seems plausible as they most likely originate from the sinus
venous which give rise to structures like the myocardium of the caval
veins, the coronary sinus, crista terminalis, and the ligament
of Marshall.?® All these structures are known for their role in
arrhythmogenesis of tachyarrhythmias.

Also, a relation between the presence of a giant right atrial
diverticulum and development of ventricular tachycardia has been
described.®®

2 | CONCLUSION

The pathophysiology of LAD is not yet fully understood. It is however
unlikely, that the presence of LAD facilitates the development of
atrial tachycardia's and AF by either being a source of ectopic activity
or being part of an arrhythmogenic substrate as multiple studies, did

not find differences in LAD prevalences between patients with sinus

rhythm and AF. Thus, it is unlikely that LAD could potentially be
wolves in sheep clothing.
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