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Abstract

Background: Left atrial appendage aneurysm (LAAA) is a rare cardiac abnormality associated with thromboembolic events and ar-
rhythmias. This systematic review aimed to provide a comprehensive evaluation of literature reports on the demographics, clinical
presentation, electrocardiographic and imaging findings, treatment, and outcomes of patients with LAAA.Methods: A literature search
was conducted using the PubMed, MEDLINE, and Scopus databases through September 2025. Only case reports and series explicitly
describing LAAA were included. Extracted data included age, sex, clinical symptoms, electrocardiogram (ECG) characteristics, imag-
ing findings, associated cardiac abnormalities, treatment modalities, and outcomes. Results: A total of 216 cases were included. The
mean age at diagnosis was 30.41± 22.39 years, with a slight predominance of males (50.5%). Symptoms included palpitations (32.4%),
dyspnoea (17.2%), and thromboembolic events (7.8%). Atrial fibrillation and flutter were the most commonly detected arrhythmias.
Echocardiography was the most frequently used initial diagnostic tool, with computed tomography (CT) and magnetic resonance imag-
ing (MRI) providing additional anatomical details. Chest X-rays often yielded non-specific findings. The mean aneurysm diameter was
6.87 ± 2.64 cm. Surgical treatment, mainly aneurysm resection, was the most commonly used approach (72.7%), while conservative
and device-based therapies were applied selectively. Concomitant cardiac anomalies were present in 13.7% of cases and influenced
case management. The mortality rate was 4.6%, although significant morbidity was observed. Multivariate logistic regression analysis
revealed that atrial fibrillation/flutter was the sole variable significantly linked with clot formation/embolism (p < 0.05). Conclusion:
LAAA is a rare, although clinically significant, entity with variable presentation and management challenges. However, early recognition
and individualized treatment are essential. Further research is needed to define standardized diagnostic criteria and treatment guidelines.
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1. Introduction
Left atrial appendage aneurysm (LAAA) is an excep-

tionally rare cardiac anomaly involving abnormal dilatation
or outpouching of the left atrial appendage. First described
in 1960 by Dimond et al. [1] as the “giant dog ear”, LAAA
has since been reported sporadically in medical literature,
primarily in individual case reports and small case series.
It is considered both a congenital and, less commonly, ac-
quired malformation that occurs across a wide range of age
groups—from neonates to the elderly [2].

The precise pathophysiological mechanisms underly-
ing LAAA are still not fully understood. Congenital forms
are thought to result from localized muscular dysplasia or
incomplete muscularization of the embryonic left atrium,
leading to wall weakness in the appendage. Acquired
LAAA may develop secondary to chronically elevated left

atrial pressure, commonly in the context of mitral valve dis-
ease or left ventricular dysfunction [3].

Clinically, LAAA may be asymptomatic and discov-
ered incidentally during imaging, or present with a range
of symptoms, including palpitations, dyspnea, chest pain,
or systemic thromboembolic events such as stroke. The
aneurysmal appendage may serve as a substrate for atrial
arrhythmias and contribute to the onset of cardioembolic
complications due to thrombus formation [4]. See Fig. 1
(Cardiacmagnetic resonance imaging showing a dilated left
atrium and LAAA as evaluated from a vertical 3-chamber
long-axis view. Despite the size of the aneurysm, it con-
tains no clot formation. This imaging technique is particu-
larly useful in assessing the precise anatomical relationship
of the aneurysm with surrounding structures, thus facilitat-
ing pre-surgical planning).
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Fig. 1. Cardiac MRI. Sagittal 3-chamber view from cardiac MRI
showing a giant left atrial appendage dilatation. LAAA, Left atrial
appendage aneurysm. MRI, Magnetic Resonance Imaging.

In view of its rarity, variable clinical presentation, and
potential for serious complications, LAAA poses numerous
diagnostic and therapeutic challenges. The present study
aims to provide themost comprehensive and up-to-date sys-
tematic review of reported cases of LAAA, focusing on de-
mographic features, clinical presentation, imaging findings,
treatment strategies, and outcomes.

2. Search Methodology and Data Collection
A comprehensive literature search was conducted to

identify all published cases of LAAA through September
2025. A search was undertaken on PubMed, MEDLINE,
and Scopus databases using a combination of keywords and
medical subject headings (MeSH), such as “left atrial ap-
pendage aneurysm”, “giant left atrial appendage”, “mitral
valve disease”, and “rheumatic heart disease”. Boolean op-
erators were employed to optimize sensitivity. Two authors
(KM and PPB) extracted the intended data separately, and
any disputes were discussed and resolved by a third inves-
tigator (MC). Reference lists of relevant articles were also
screened manually to identify additional eligible studies.

The inclusion criteria were extended to all case reports
and case series explicitly documenting LAAA in human
subjects. No observational studies were detected, and no
articles were excluded based on language, publication date,
or geographic origin. Manuscripts not reporting at least five
of the eight analyzed features (age, sex, symptoms, elec-
trocardiographic characteristics, imaging, association with
other congenital cardiac abnormalities, treatment modali-
ties, and outcome) were excluded. Cases referring solely to
left atrial aneurysms not arising from the appendage were

also excluded. This review adhered to the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses) statement [5]. See Fig. 2.

Four hundred and seventy-two single papers were ini-
tially selected, 265 of which were subsequently excluded
(i.e., 98 were duplicates, 106 records were excluded af-
ter a title check, and 61 following an abstract check). At
the end of the selection process, 207 studies were included
for quantitative analysis (202 single case reports and 5
case series, the largest of which had studied 5 patients).
Data were extracted using a standardized data collection
form. Extracted variables included patient age, sex, clini-
cal presentation, electrocardiographic features, chest X-ray
findings, echocardiographic details, Computed Tomogra-
phy (CT) and/or Magnetic Resonance Imaging (MRI) re-
sults, aneurysm dimensions, presence of associated cardiac
abnormalities, treatment mode (surgical, conservative, or
device-based), and clinical outcomes. Descriptive statis-
tics, including frequency, percentages, mean values, and
standard deviations for continuous variables, were calcu-
lated. The final dataset comprised a total of 216 individual
cases of LAAA suitable for inclusion in the analysis [6–
212]. See Supplementary Table 1.

Statistical Analysis
Binary logistic regression analysis was used to iden-

tify predictors of the formation and embolism of LAAA-
related clots (in the left atrium or LAAA), i.e., the odds ra-
tios. Statistical significance was set at p < 0.05. Statistical
power for multivariate logistic regression was greater than
0.80, ensuring a robust analysis. Power was calculated us-
ing established equations, where effect size (logarithm of
the odds ratio) and standard error were derived from sam-
ple size and variance of predictor variables. Variables in-
cluded age, sex, LAAA size, and atrial fibrillation/flutter.
All the selected variables are known to be potential triggers
of clot formation and were extrapolated from the reviewed
case reports.

3. Results
A total of 216 cases were included in the final analysis.

The main findings are summarized in Table 1.
Gender distribution was relatively balanced, with a

modest predominance of males (50.5%). Age at diagno-
sis varied from infancy to advanced age, with a mean age at
diagnosis of 30.41 ± 22.39 years. Common clinical symp-
toms included palpitations, shortness of breath, and throm-
boembolic events. The main electrocardiographic findings
were atrial fibrillation and flutter. Echocardiography was
the most frequently utilized initial diagnostic tool, with CT
and cardiac MRI playing crucial roles in confirming diag-
noses and clarifying anatomical details. Surgical interven-
tions, mainly aneurysm resection or clipping, represented
the most common therapeutic strategies, whereas conserva-
tive management and device-based therapies were less fre-
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Fig. 2. PRISMA flow diagram.

Table 1. Features of patients with left atrial appendage aneurysm.
Male-to-female ratio 1.02/1
Mean age at diagnosis 30.41 ± 22.39 years
Symptoms asymptomatic (42.6%, n = 92)

palpitations (32.4%, n = 70)
dyspnoea (17.2% n = 37)
thromboembolic events (7.8%, n = 17)

ECG changes Atrial fibrillation (33.3%, n = 72)
Atrial flutter (8.1%, n = 17)

Diagnosis by means of echocardiography (99.1%, n = 214)
by means of cardiac magnetic resonance/computed tomography (73.1%, n = 158)

Mean dimensions of aneurysm 6.87 ± 2.64 cm
Associated congenital heart disease 13.7% (n = 31)
Death 4.6% (n = 10)
ECG, electrocardiogram.
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quently applied. 13.7% of cases presented with concomi-
tant cardiac anomalies that influenced therapeutic decisions
and clinical outcomes. While mortality rates were rela-
tively low, the morbidity associated with LAAAwas signif-
icant. This underlines the importance of incidental imaging
findings in at-risk populations and supports the case for in-
creased awareness among non-cardiology specialists.

3.1 Clinical Presentation
Clinical symptoms were reported in the majority of

cases. Palpitations were the most common symptom
(32.4%), followed by dyspnea (17.2%) and thromboem-
bolic events (7.8%), including cerebrovascular accidents.
Additional symptoms included chest pain, fatigue, and
presyncope. Notably, a significant portion of patients
(27%) was asymptomatic and diagnosed incidentally dur-
ing imaging performed for unrelated reasons.

3.2 Electrocardiographic and Imaging Findings
Electrocardiographic data were available for 186 pa-

tients (86.1%), indicating the presence of atrial fibrillation
in 31.4% of cases and atrial flutter in 8.1%. Other arrhyth-
mias and conduction abnormalities were less commonly ob-
served.

Transthoracic and/or transesophageal echocardiogra-
phy represented the primary diagnostic tool and was per-
formed in 214 cases (99.1%). CT and cardiac MRI were
used in 158 patients (73.1%) to confirm diagnosis and pro-
vide a detailed anatomical assessment. However, even the
most advanced techniques at times fail to detect small or
atypically located aneurysms, therefore highlighting the im-
portance of maintaining a high index of clinical suspicion
and adopting a multimodal diagnostic approach. Chest X-
rays, performed in 73.3% of patients, frequently yielded
non-specific findings, but occasionally revealed left-sided
cardiomegaly.

3.3 Aneurysm Characteristics and Associated Findings
Mean dimension of aneurysms was 6.87 ± 2.64 cm.

Thirty-one patients (14.3%) presented with associated car-
diac anomalies, mainly atrial septal defects and mitral valve
abnormalities.

3.4 Management and Outcomes
Surgical intervention was the first-line treatment strat-

egy adopted in 157 patients (72.7%). Surgical techniques
included aneurysmectomy, clipping, and concomitant cor-
rection of structural defects, when present. Conservative
management was opted for in 42 cases (19.4%), typically
in asymptomatic patients or those deemed high-risk surgi-
cal candidates. Device-based closure was reported in 13
cases (6.0%). In four cases, the therapeutic approach was
not documented in the original publication, reflecting lim-
itations in source reporting rather than incomplete data ex-
traction.

Mortality directly attributable to LAAA was reported
in 10 patients (4.6%). Postoperative outcomes were gen-
erally favorable, with resolution of symptoms and arrhyth-
mias in the majority of surgically treated cases.

Long-term follow-up data were available for 104 of
the 216 cases (48.1%), with a mean follow-up duration of
464.77 ± 89.6. days. The majority of patients remained
asymptomatic during follow-up; however, detailed clinical
outcomes were inconsistently reported and often limited in
scope.

Statistics revealed how atrial fibrillation/flutter was
the sole variable significantly linked with clot forma-
tion/embolism (p < 0.05) (Table 2).

Regarding age, sex, and size of aneurysm, the related
odds ratios (i.e., a number that quantifies the strength of the
association between two events) values were less than 1. It
means that their presence reduces the odds of the other event
(thrombus/thromboembolism) occurring. Conversely, as to
atrial fibrillation/flutter, the odds ratio value was greater
than 1, which is associated with the risk of clot formation
and migration.

No statistically significant differences in terms of
LAAA size were detected between patients in atrial fibril-
lation or flutter and those in sinus rhythm (p = ns).

4. Discussion
This systematic review, currently the largest in the

field, provides a fully comprehensive evaluation of LAAA
to date, accounting for 216 cases reported across the liter-
ature. Although rare, LAAA represents a clinically con-
sequential anomaly featuring a series of different manifes-
tations, which is often diagnosed late and occasionally in
the context of significant complications [6]. This analysis
provides clarity on its epidemiological distribution, clinical
manifestations, diagnostic modalities, therapeutic strate-
gies, and associated outcomes.

LAAA has been observed across a wide age spectrum,
with a mean age at diagnosis of approximately 30 years,
aligning closely with earlier reports. In the same way as
right atrial appendage aneurysms—featuring a strong male
predominance—our cohort was likewise characterized by
a slight male majority. This observation, consistent with
findings from a recent 2024 review, may suggest the pres-
ence of shared embryological mechanisms underlying the
development of atrial appendage [3,210].

Clinical presentation remains heterogeneous. Pal-
pitations and dyspnea were the most frequently reported
symptoms, although more than one-quarter of patients were
asymptomatic at diagnosis. This aligns with the findings of
previous systematic analyses and underscores the diagnos-
tic ambiguity that often surrounds LAAA [2,3]. Notably,
nearly 8% of cases presented with cerebrovascular events,
reaffirming the role of aneurysm as a potential substrate for
thromboembolism. In this context, arrhythmogenicity ap-
pears central: atrial fibrillation was identified in one-third
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Table 2. Binary logistic regression analysis to identify predictors of thrombus/thromboembolism in the study population.
95% CI of the Odds ratio Predictor Odds ratio Lower level Upper level p value

Age 0.98 0.96 1.00 0.79
Sex 0.89 0.35 2.33 0.89
Presence of atrial fibrillation/flutter 3.1 1.6 7.88 0.04
Size of aneurysm 0.96 0.84 1.08 0.88

CI, Confidence Interval. Significance was set at p < 0.05.

of patients, supporting its mechanistic link to both embolic
and hemodynamic consequences, as confirmed at multi-
variate analysis [95].

Imaging strategies were largely consistent with cur-
rent practice. Transthoracic and transesophageal echocar-
diography were the main methodologies applied, in con-
junction with advanced imaging techniques such as CT and
MRI to provide added value in anatomic delineation and
preoperative planning [107,127]. Despite the use of these
advanced technologies, diagnosis was often delayed, high-
lighting the need for increased clinical awareness, particu-
larly in the presence of unexplained arrhythmias or embolic
events.

Approximately 14% of patients presented with con-
comitant structural heart disease, the most common of
which included atrial septal defects, patent ductus arterio-
sus, and mitral valve anomalies [50,51,58,175]. While no
causality should be inferred, the clustering of congenital
anomalies suggests a potential developmental basis in se-
lect cases, and highlights the importance of a detailed car-
diac workup in young patients with LAAA.

Importantly, aneurysm size was characterized by
marked variability, with diameters ranging from approxi-
mately 1 cm to more than 15 cm. Our analysis yielded
a mean aneurysm diameter of 6.87 ± 2.64 cm across 176
quantifiable cases. This considerable anatomical diversity
likely influences both clinical presentation and therapeu-
tic decision-making. While smaller aneurysms may remain
clinically silent, larger or thrombus-filled aneurysms often
require surgical management to mitigate risks of emboliza-
tion or rupture [163].

Treatment strategies were largely dictated by symp-
tom burden, aneurysm dimensions, and thromboembolic
risk. Surgical resection or clipping represented the main ap-
proach and was associated with excellent outcomes [14]. In
appropriately selected patients, particularly asymptomatic
patients or those at high surgical risk, conservative man-
agement or percutaneous occlusion was successfully imple-
mented. Device-based LAAA closure, although reported
in only 6% of cases, represents a promising alternative in
anatomically suitable patients [27,53]. In the examined
case reports, no complications associated with device im-
plantation were reported, despite the challenges represented
by the large size of the left atrial appendage. In patients with
non-valvular atrial fibrillation, the left atrial appendage rep-

resented the source of clot development in 91–99%of cases.
Accordingly, oral anticoagulation treatment for stroke pre-
vention has become the standard of care in these patients.
Nevertheless, oral anticoagulants are associated with a risk
of bleeding, and their efficacy depends on optimal patient
compliance [213]. Generally speaking, the efficacy of de-
vice implantation, first introduced more than 20 years ago,
is deemed on a par with oral anticoagulants, although, con-
versely to medical treatment, it is not associated with long-
term bleeding. Following significant improvements in pro-
cedural safety over the years, left atrial appendage closure,
largely achieved using a catheter-based, device implanta-
tion approach, is increasingly applied in the prevention of
thromboembolic events in patients unable to achieve effec-
tive anticoagulation [214]. However, in an LAAA setting,
specific criteria relating to the choice of the most appropri-
ate candidates for device closure are still lacking [215].

The prognosis for LAAA, when appropriately man-
aged, is generally favorable. In our cohort, the mean
follow-up duration across the 104 documented cases was
approximately 465 days, although featuring a high degree
of variability (± 89.6 days). The majority of surgically
treated patients achieved resolution of their symptoms and
arrhythmias, supporting the efficacy of operative interven-
tion. However, the considerable heterogeneity and limited
duration of follow-up data hamper the drawing of definitive
conclusions with regard to long-term durability, recurrence
risk, or late complications. Furthermore, treatment strate-
gies were not reported in 2.4% of cases, highlighting the
presence of persistent gaps in the literature.

Taken together, our findings highlight the critical need
for earlier recognition and tailored management strategies
for LAAA. A standardized diagnostic algorithm, includ-
ing multimodal imaging, thromboembolic risk stratifica-
tion, and structured follow-up, would result in improved
clinical outcomes and a reduction inmissed or delayed diag-
noses. Despite the rarity of LAAA, taking into account the
potential for serious complications, this abnormality should
be considered in the differential diagnosis of arrhythmias
and embolic events, particularly in younger patients.

The present study, however, features several impor-
tant limitations. Firstly, it is based on a retrospective anal-
ysis of cases previously reported in the literature, which
inherently introduces some degree of bias, namely selec-
tion and publication bias. Moreover, since asymptomatic
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cases of LAAA frequently go undetected, the cases in-
cluded may not accurately reflect the broader population
affected by LAAA. Another limitation is the lack of a uni-
versally accepted definition for what constitutes an LAAA.
Foale and colleagues proposed criteria for use in diagnosing
congenital left atrial aneurysms, to include the following:
(1) origination from an otherwise normal atrial chamber,
(2) a clearly defined connection with the atrial cavity, and
(3) an intrapericardial location that distorts the left ventri-
cle [216]. Despite this definition, by far the most compre-
hensive in the Authors’ opinion, an unequivocal agreement
on the size threshold for classification of an aneurysm is
still lacking. Measurement techniques likewise feature a
wide variation, with some studies reporting the maximum
width and depth obtained using transthoracic echocardiog-
raphy (TTE), whilst others use two-axis measurements of
the neck via transesophageal echocardiography (TEE), and
some completely fail to specify the measurement method
adopted. In an autopsy study of 500 normal hearts, Veinot
et al. [217] provided baseline LAA sizes across different
ages and sexes. We maintain that a standardized definition
of LAAA is mandatory in order to facilitate more effective
reporting and management of this entity. Our analysis was
based on single case reports or very small case series, and
it was impossible to ascertain whether or not the defini-
tion provided by Foale had been used. Indeed, the analy-
sis we conducted adopted a multivariate logistic regression
with a limited number of variables, thus yielding a some-
what limited statistical power and a high potential for bias
due to the heterogeneity of the collected literature sources.
It proved impossible to provide a quality score for the in-
cluded studies due to the lack of extensive investigations
in the field. Moreover, due to the nature of the included
literature (mostly case reports and small case series), the
level of evidence is limited, and follow-up data are lack-
ing in approximately fifty percent of cases. Future work
should focus on the development of multicenter registries
and prospective studies for the purpose of establishing ro-
bust, evidence-based guidelines to be used in the diagnosis,
surveillance, and treatment of this often-overlooked condi-
tion [218,219].

Additionally, LAAA might be considered part of a
wider and more modern concept, i.e., atrial cardiomyopa-
thy. The latter is a term used to describe any structural, ar-
chitectural, contractile, or electrophysiological change af-
fecting the atria that has the potential to produce clinically
relevant aftermaths. It is not a single disease, but rather
a pathophysiological concept encompassing different atrial
abnormalities, grouped as follows according to the EHRA
(European Heart Rhythm Association) classification:

-Type I–Mostly cardiomyocyte-dependent changes. It
is characterised by primary abnormalities of the atrial mus-
cle cells. LAAA, often resulting from pectinate muscle dys-
plasia, might belong to this type [210].

-Type II–Mostly fibrotic changes. It is characterized
by interstitial fibrosis and collagen deposition, leading to
stiff atria, conduction slowing, and increased arrhythmia
risk.

-Type III–Combined cardiomyocyte pathology and fi-
brosis. It is characterized by both myocyte damage and fi-
brosis.

-Type IV–Primarily non-collagen infiltration/deposits
such as in amyloidosis, hemochromatosis, and fat infiltra-
tion [220].

LAAA might itself contribute to or be a manifestation
of a broader atrial cardiomyopathy. The altered anatomy
and poor contractility of the LAA in an aneurysmmay result
in sluggish blood flow, promoting clot formation and poten-
tially triggering arrhythmias. However, whether LAAA is
the reflection of a severe underlying atrial cardiomyopathy
(as the association with heart failure and atrial fibrillation
might suggest) or a primary disease due to embryological
reasons and tissue weakness is still under debate.

As mentioned above, future work should focus, as
a matter of priority, on the development of a multicenter
registry geared to use a universally accepted definition of
LAAA.
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