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Abstract

Background/Objectives: Giant atrial chambers are rare but clinically important condi-
tions, most often linked to rheumatic mitral valve disease, though they may also occur
in congenital or other acquired disorders. Despite their low prevalence, they entail major
hemodynamic, arrhythmogenic, and extracardiac risks. This study aimed to review recent
evidence on giant atrial pathology—including giant left atrium (GLA), giant right atrium
(GRA), and atrial appendage aneurysms—and to illustrate its relevance through cases of
symptomatic extracardiac compression. Methods: A PubMed search on 15 September 2025
using “giant atrium” and limited to human, free full-text studies from the last 10 years
yielded 93 results. After screening, 21 reports describing 24 cases were analyzed and
compared with institutional experience. Results: GLA is most often defined by an antero-
posterior diameter >6.5 cm or >8 cm, while criteria for GRA and appendage aneurysms
remain inconsistent. Reported complications include atrial fibrillation, thromboembolism,
and compression of mediastinal structures, with presentations such as dysphagia or airway
obstruction. While valve surgery alone may suffice, many authors recommend concomitant
atrial reduction or aneurysm resection in symptomatic patients. Conclusions: Giant atrial
pathology, though uncommon, carries significant cardiac and extracardiac implications.
Management should be individualized, and awareness of atypical manifestations is critical
for timely diagnosis and treatment.

Keywords: giant left atrium; atrial fibrillation; dysphagia; atrial reduction surgery;
reintervention
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1. Introduction

Extreme enlargement of the atrial chambers, most often described as giant left atrium
(GLA), represents a rare but clinically significant condition. First reported in the nineteenth
century, GLA has been classically associated with chronic rheumatic mitral valve disease,
particularly in the presence of combined stenosis and regurgitation. Although definitions
vary across studies, an anteroposterior diameter greater than 6.5 cm on echocardiogra-
phy, or >8 cm in some series, is generally accepted as the diagnostic threshold. The
reported incidence remains low, approximately 0.3-0.6% among patients with rheumatic
heart disease [1-3].

While left atrium has been the primary focus of most reports, other forms of extreme
atrial enlargement are increasingly recognized. Giant right atrium (GRA), though far
less common, has been described in association with tricuspid valve disease, congenital
malformations, or idiopathic dilatation [1,4]. Similarly, atrial appendage aneurysms—most
frequently involving the left but occasionally the right appendage—constitute another rare
manifestation with overlapping clinical risks [4,5].

The clinical importance of these entities derives not only from their rarity but also
from their complications [2,6-11]. Severely enlarged atria create a favorable substrate
for atrial fibrillation. This arrhythmia further promotes atrial remodeling and increases
the risk of systemic or pulmonary thromboembolism. Massive atrial enlargement may
also produce external compression of mediastinal structures. Such compression can lead
to dysphagia, airway obstruction, or recurrent laryngeal nerve palsy. These features
contribute to excess morbidity and mortality, including elevated rates of stroke and sudden
cardiac death [7,12-14].

From a therapeutic perspective, consensus remains limited [6,13,15,16]. Some authors
advocate for correction of the underlying valvular lesion alone, while others recommend
concomitant atrial reduction or aneurysm resection, particularly in patients with com-
pressive symptoms or recurrent embolic events. Recognition of the full spectrum of giant
atrial pathology—encompassing GLA, GRA, and atrial appendage aneurysms—is therefore
essential to guide timely diagnosis and individualized management.

2. Materials and Methods

The systematic review was prompted by the presentation of a patient with extreme
left atrial dilatation and dysphagia at our institution. To better contextualize this clinical
presentation and guide therapeutic decisions, we conducted a systematic literature search.

A structured query was performed in PubMed on 15 September 2025, using the fol-
lowing Boolean string: (“giant atrium” OR “giant left atrium” OR “giant right atrium”
OR “atrial appendage aneurysm”) AND (“case report” OR “case series”). Filters were
applied to include only human studies, free full-text articles, and publications from the
last ten years (2015-2025). Only English-language articles were considered; non-English
and subscription-based reports were excluded. No additional databases (e.g., Embase,
Scopus) were searched, as PubMed provided adequate coverage for the targeted case-level
literature. The search initially identified 93 records. Titles and abstracts were screened
by two reviewers, and after full-text evaluation, 21 publications were retained, describ-
ing a total of 24 individual cases. A summary of the published cases is provided in
Table A1 (Appendix A).

We focused on case reports and case series that provided original patient data. Studies
were included if they reported clinical presentation, diagnostic findings, management, or
outcomes. Reviews without primary cases, animal studies, abstracts without full text, and
duplicates were excluded.
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For each eligible case, we extracted information on demographics, presenting symp-
toms, comorbidities, diagnostic methods, atrial dimensions, arrhythmias, complications,
treatment strategies, and patient outcomes. Data extraction was performed independently
by two authors and cross-checked for accuracy.

Discrepancies were resolved by consensus discussion to ensure consistency and min-
imize subjective bias. Given the descriptive and heterogeneous nature of the included
case reports, no formal risk-of-bias score was applied; however, potential sources of re-
porting bias—such as incomplete follow-up or missing imaging data—were qualitatively
considered during synthesis.

Due to the heterogeneity of reported cases and the descriptive study designs, a meta-
analysis could not be conducted. Instead, the findings were synthesized narratively, with
descriptive statistics used where applicable, and results illustrated through tables and
figures to highlight recurrent clinical patterns. The synthesis aimed to summarize de-
mographic characteristics, diagnostic approaches, management strategies, and outcomes,
while qualitatively addressing potential reporting biases and incomplete data. The study
selection process is presented in the PRISMA flow diagram (Figure 1), and the review was
conducted in accordance with the PRISMA 2020 guidelines, with the completed checklist
included as Supplementary Material.

Records identified through
PubMed searching
(n=93)

!

Records excluded at
title/abstract level
(n=68)

l

Full-text articles assessed
for eligibility
(n=22)

Full-text articles excluded (n=1)
Narrative review
Editorial commentary
Duplicate

Studies included in
systematic review
(n=24)

Additional studies used for
outcome-specific data (n=0)

Figure 1. PRISMA flow diagram of study selection process.

3. Results

From the 21 publications reviewed, a total of 24 individual cases of giant left atrium
were identified. Whenever percentages are reported, the corresponding denominators
are provided for clarity (e.g., “12/24 cases = 50%"). Measures of dispersion such as stan-
dard deviation or range were included when extractable from source reports; however,
most values derived from single-case data, precluding calculation of uniform statistical
measures. The mean age at presentation was 58.5 years, with a median of 60 years and
a wide range between 22 and 89 years [17,18]. Most patients were in late middle age or
elderly, but isolated reports also described younger individuals, reflecting the chronic
progression of the condition. A female predominance was noted, with 15 women [5,18-30]
and 8 men reported [17,24,31-35], while in one case sex was not specified [4]. This de-
mographic distribution suggests that women are more frequently represented among the
published cases.
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Analysis of the temporal distribution of published cases showed variability in report-
ing across the last decade, with a modest clustering in certain years. When stratified by
sex, female patients consistently outnumbered males. The grouped bar chart illustrates
that, although cases were reported intermittently, the female-to-male ratio remained rela-
tively stable over time (as shown in Figure 2). These findings emphasize both the rarity of
giant left atrium and its demographic pattern, suggesting that women are more frequently
affected in published reports.

Reported Cases of Giant Left Atrium by Year and Sex

6 Sex
Male
B Female

Number of Cases

Publication Year

Figure 2. Temporal and Sex Distribution of Reported Giant Left Atrium Cases (2015-2024).

These demographic findings reinforce the concept that giant left atrium is primarily
encountered in older patients with a long-standing history of mitral valve pathology. The
female predominance may reflect both the higher burden of rheumatic mitral valve disease
among women and a potential sex-related susceptibility to atrial remodeling.

In the analyzed cases, dyspnea emerged as the leading symptom, present in the
majority of patients and reflecting both elevated left atrial pressure and concomitant
pulmonary hypertension. Palpitations were frequently reported and were most often
related to atrial fibrillation, which affected nearly half of the cohort [17,24,31]. Signs of
right-sided congestion, such as peripheral edema, were also observed, indicating the
chronic hemodynamic burden of the markedly dilated chamber [18,20,26].

Compressive symptoms, although less frequent, carried particular diagnostic value.
Dysphagia, stridor, and hoarseness were reported in a minority of patients, but they
represented clear markers of extreme atrial enlargement with direct mechanical impact
on adjacent structures [24,29]. Figure 3 illustrates the distribution of compressive and
cardiorespiratory symptoms reported in the reviewed cases. These atypical presentations
are of special interest, as they may lead to delayed recognition if not correlated with
cardiac imaging [4,27].

The overall distribution, summarized in the donut chart, demonstrates the predomi-
nance of cardiorespiratory complaints, while highlighting the importance of vigilance for
rarer extracardiac manifestations that can decisively influence clinical management.
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Clinical Presentations of Glant Left Atrium
Hoarseness

Lower extremity edema
. Chest pain + Dyspnea
5. 3%
5.3%
Dyspnea + Edema
15.7% Asymptomatic
15.8%

Orthopnea

Dyspnea

Palpitation

Figure 3. Spectrum of Clinical Presentations in Reported Cases of Giant Left Atrium.

Echocardiography represented the primary diagnostic tool in the majority of cases,
being employed in two-thirds of the cohort [4,17-21,23,24,28,29,31,32,34,35]. Its central role
reflects not only the widespread availability of the technique, but also its capacity to provide
precise measurements of atrial dimensions, to characterize valvular pathology, and to assess
hemodynamic consequences. Chest radiography was reported in a minority of patients
and generally served as an initial screening modality, demonstrating gross cardiomegaly or
displacement of adjacent structures. In a smaller subset, computed tomography was used
as the first-line investigation, particularly in cases where compressive symptoms prompted
evaluation of the mediastinum [22,24,26,27,30].

Complementary imaging was frequently required. Computed tomography was the
most common adjunct, performed either in isolation or in combination with echocardiogra-
phy, and offered superior delineation of the anatomical relationships between the enlarged
atrium and neighboring organs such as the esophagus and bronchi. Cardiac magnetic
resonance imaging was applied less frequently but provided incremental value in selected
patients, especially when detailed volumetric quantification or tissue characterization
was sought [4,5,19,29,33,35]. Advanced echocardiographic techniques, including speckle-
tracking analysis, were reported only sporadically. Taken together, these data confirm the
primacy of echocardiography in establishing the diagnosis, while cross-sectional imaging
plays a crucial complementary role in documenting extracardiac compression and refining
preoperative planning.

Among the 24 cases identified, the vast majority involved left atrium, consistent with
existing literature. However, two patients presented with extreme right atrial dilatation,
underscoring that this phenomenon, although exceptional, is not confined to left atrium.
Clinical manifestations and complications were broadly similar, with arrhythmias and
hemodynamic compromise being predominant, but compressive symptoms were less
consistently reported in right-sided cases. These observations highlight the need to consider
giant atrium as a spectrum that may affect either chamber, though left atrial involvement
remains far more frequent.

Atrial fibrillation was the most frequent arrhythmic manifestation, documented in
12 patients, accounting for 50% of the cohort. This high prevalence confirms the strong
arrhythmogenic potential of extreme atrial dilatation and its role as both a clinical marker
and a prognostic factor [4,18,20-22,24,27,29-32,34,36]. Other arrhythmias were reported
only sporadically and did not demonstrate a consistent pattern (as shown in Figure 4).
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Clinical Manifestations by Atrium Type
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Figure 4. Distribution of Clinical Complications by Atrium Type.

Associated conditions were heterogeneous. Hepatomegaly was described in three
cases, reflecting chronic venous congestion, while systemic arterial hypertension was
present in two patients, one of whom also had cirrhosis [18,24]. Less common associa-
tions included Hurler-Scheie syndrome [19], colon cancer [33], pneumonia [5], pleural
effusion [26], and amaurosis [27]. Although individually rare, these comorbidities illustrate
the diverse systemic contexts in which giant atrium may be encountered. Overall, the
coexistence of atrial fibrillation and extracardiac comorbidities highlights the multifactorial
burden carried by these patients and underscores the complexity of clinical management.

A small number of patients had a history of prior cardiac surgery before the diagnosis
of giant atrium was established. Documented procedures included mitral valve replace-
ment, excision of left atrial myxoma, and, in one instance, cardiac transplantation. In most
cases, atrial enlargement persisted or progressed despite surgery, underscoring the chronic
and progressive nature of atrial remodeling once established.

Intracavitary thrombus was identified in seven patients [4,18-20,22,34,35]. Among
patients with documented thrombus, 71.4% (n = 5) had concomitant atrial fibrillation,
reinforcing its role as the main prothrombotic driver in giant atrial chambers, supporting
the concept that extreme atrial dilatation combined with electrical remodeling creates
a prothrombotic substrate. Four patients (57.1%) with thrombus also had a history of prior
cardiac surgery, yet no specific operative technique emerged as a consistent antecedent.
Taken together, these findings suggest that atrial fibrillation represents the predominant
risk factor for thrombus formation in giant atrium, while surgical history appears to
play only a secondary role. “Early mortality” was defined as death occurring within
30 days postoperatively, and “thromboembolic events” included clinically confirmed stroke,
transient ischemic attack, or systemic embolism. Follow-up duration was highly variable
among reports, ranging from immediate postoperative observation to several years, limiting
direct comparison between cases.

Echocardiographic data were available in a subset of cases. The mean anteroposterior
atrial diameter was 13.4 cm, with extreme enlargement up to 20.6 cm (Figure 5). In four
patients the dilatation was biatrial, while in most cases the enlargement was confined to
left atrium [20,23,24]. Left ventricular systolic function was variably reported: although
individual measurements suggested preserved or only mildly impaired ejection fraction in the
majority, inconsistencies in reporting limited pooled analysis. Pulmonary artery hypertension
was documented in 11 cases, most frequently graded as severe [18-20,24-27,30].
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Atrial Dimensions by Chamber
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Figure 5. Boxplot of Reported Atrial Diameters: Giant Left versus Giant Right Atrium.

Therapeutic strategies varied widely across the reported cases. Most patients (1 = 17)
received conservative management consisting of anticoagulation, diuretic therapy, and rate
control. Although this approach prevented further deterioration in several instances, atrial
fibrillation and thromboembolic risk persisted, underscoring the limitations of medical
therapy in this population.

Among the reviewed cases, atrial appendage aneurysm was a recurrent find-
ing, either explicitly reported or documented through measurement of appendage
dimensions [4,5,17,19,21-23,31,33]. While several patients were managed conservatively
despite marked aneurysmal dilatation, others underwent surgical treatment, most fre-
quently resection or closure of the aneurysm as part of a more complex procedure including
atrial reduction or valve surgery. The choice of technique appeared to depend on con-
comitant pathology and surgical indication, rather than on appendage size alone. These
observations highlight both the frequent involvement of the appendage in the context of
giant atrium and the lack of a standardized operative strategy for this anatomical substrate.

Surgical management was reported in six patients and encompassed a heterogeneous
spectrum of procedures. Atrial reduction was performed in three cases [24], usually in
association with mitral valve surgery, aiming to decrease chamber volume and alleviate
compressive symptoms. Reconstructive approaches were described in another three pa-
tients, including techniques addressing the atrial wall or auricular aneurysm. In several
instances, closure or resection of the appendage was performed concomitantly, reflecting
its frequent aneurysmal involvement and potential thromboembolic risk.

Postoperative outcomes were available for six surgically treated patients. In this
subgroup, five procedures were not followed by early complications, while one patient
developed pneumonia and mesenteric ischemia. The distribution of published cases
is documented in Appendix A, Table Al. Survival ranged from 6 months to more than
10 years, although three patients eventually died, two in late follow-up and one within
202 days of surgery. In contrast, among the 17 patients managed conservatively, compli-
cation data were largely unavailable; however, isolated reports described heart failure,
arrhythmia, and multiorgan dysfunction. Early mortality was noted in two conservatively
treated patients, both within the first two weeks of follow-up [28,35]. A summary of treat-
ment modalities and reported outcomes is presented in Tables 1 and 2, illustrating the
relationship between management strategy and major clinical endpoints.
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Table 1. Reported mortality by management type in published cases of giant atrial dilatation.

Management Type No. of Patients Early Mortality * Late Mortality

Surgical

(atrial reduction =+ valve surgery)

6 1(16.7%) 2 (33.3%)

Conservative

(medical therapy, anticoagulation, diuretics)

17 2 (11.8%) Not reported

* Early mortality defined as death within 30 days postoperatively.

Table 2. Reported complications and follow-up duration by management type.

Management Type Major Complications Follow-Up Duration
Surgical Pneumonia, mesenteric ischemia 6 mo-10 yr
Conservative Heart failure, arrhythmia, multiorgan Weeks—years

dysfunction (isolated reports)

These findings highlight the clinical heterogeneity of giant atrial dilatation, the diag-
nostic primacy of echocardiography, and the need for tailored treatment approaches. The
reviewed cases demonstrated substantial variability in etiology, symptom presentation, and
management strategies, reflecting the absence of standardized definitions and therapeutic
consensus. Despite these differences, echocardiography consistently emerged as the princi-
pal diagnostic modality, while cross-sectional imaging provided valuable complementary
information in patients with suspected extracardiac compression.

4. Case Presentation

A 51-year-old male patient with a history of severe left atrial enlargement and sec-
ondary dilated cardiomyopathy related to valvular disease underwent double-valve re-
placement surgery in 2019 at our institution, receiving a mechanical mitral prosthesis and
a biological tricuspid prosthesis. At that time, surgical intervention had been delayed
for personal reasons until left atrium was already markedly enlarged, although left ven-
tricular systolic function was preserved. Following surgery, the patient did not attend
regular follow-up.

In 2025, he presented to our clinic with progressive dyspnea, dysphagia, and severe
dysphonia as the main complaints. Clinical evaluation revealed decompensated heart
failure, chronic liver disease with cirrhosis and splenomegaly, and chronic kidney disease.
He was in permanent atrial fibrillation with a controlled ventricular rate.

Transthoracic echocardiography showed a severely dilated left atrium, measuring
10.3 cm in diameter with an estimated volume of approximately 2000 mL (as shown in
Figure 6). The left ventricle was dilated and hypertrophied, globally hypokinetic, with
a reduced ejection fraction of 35-40%. The mitral mechanical prosthesis and tricuspid
bioprosthesis were both normally functioning, with only mild intraprosthetic tricuspid
regurgitation. Degenerative aortic regurgitation of moderate severity was also present. The
right ventricle was dilated with systolic dysfunction and reduced TAPSE, while pulmonary
artery pressures were severely elevated but could not be precisely quantified.

A preoperative non-contrast chest CT confirmed massive cardiomegaly, predomi-
nantly due to left atrial enlargement measuring 11 x 19.2 cm, increased compared to
a previous scan in December 2022 (9.2 x 15.5 cm). The atrium displaced the esophagus to
the right, elevated the carina, and compressed the left lower lobe bronchus, leading to at-
electasis. Additional findings included a pericardial effusion of up to 1.2 cm, a moderate left
pleural effusion, and impaired ventilation of the left lower lobe. The examination was per-
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formed without intravenous contrast administration owing to coexisting renal impairment
(see Figure 7).

(-] *
1 Ld 142 cm
Ad 1846 cm2
EDV(A-L) 2042 ml
EDV(MOD) 2132 ml

Figure 6. Apical echocardiographic view showing a massively dilated left atrium with traced
endocardial border and calculated volume > 2000 mL.

Figure 7. (A) Anterior CT scout view, demonstrating marked cardiomegaly, the prosthetic mitral
valve, and the skeletal frame of a bioprosthetic tricuspid valve. (B) Axial non-contrast CT image at the
mid-thoracic level showing severe left atrial (LA) enlargement with a prosthetic mitral valve in situ.

Abdominal ultrasound revealed hepatomegaly with advanced fibrosis, portal vein
dilatation, splenomegaly, and moderate ascites, consistent with congestive hepatopathy
and possible cardiac cirrhosis.

During hospitalization, the patient experienced repeated decompensations affecting
the cardiac, renal, hepatic, and respiratory systems, with bilateral pleural effusions requir-
ing multiple thoracenteses and suspected bilateral pneumonia. He required prolonged
inotropic support.

After multidisciplinary evaluation, the patient and his family consented to high-risk sur-
gical intervention. A left atrial reduction was performed using linear endoplication reinforced
with pledgeted mattress sutures and prolene sutures (as shown in Figures 8 and 9).
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Figure 9. Intraoperative aspect of left atrium following plication, demonstrating reduction in atrial

cavity size.

Postoperatively, the patient remained in critical condition, intubated, and dependent
on maximal inotropic and vasopressor support. Early echocardiography showed compres-
sion of the right-sided cardiac chambers with features of impending collapse. Preoperative
laboratory parameters, including coagulation profile, were within acceptable limits and con-
sistent with a compensated clinical status, while postoperative deterioration reflected the
onset of acute hemodynamic compromise. The associated coagulation disorders, secondary
to hepatic dysfunction, further amplified the hemodynamic instability and contributed to
the unfavorable evolution of the physiopathological cascade. Emergency re-exploration
revealed hemopericardium with tamponade, which was evacuated with surgical drainage.
Perioperative anticoagulation was adjusted and monitored according to institutional proto-
cols, but the patient’s condition remained unstable despite maximal supportive therapy. He
subsequently suffered an irreversible cardiac arrest due to electromechanical dissociation,
unresponsive to advanced resuscitation.

Taken together, these findings highlight the diverse clinical spectrum of giant atrial
dilatation, the central role of echocardiography in diagnosis, and the continued need for
individualized therapeutic approaches in the absence of standardized guidelines.

5. Discussion

The present synthesis emphasizes that giant atrial dilatation, although uncommon,
is a condition with significant clinical and prognostic implications. Historically described
in the context of rheumatic mitral valve disease, it is now recognized across a broader
spectrum of etiologies, including congenital malformations, degenerative valvular lesions,
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and idiopathic enlargement [37]. This demographic pattern aligns with previous reports
suggesting sex-specific susceptibility to chronic atrial remodeling [9,10,37].

Clinically, dyspnea and palpitations constitute the predominant symptoms, reflecting
both hemodynamic congestion and the high incidence of atrial fibrillation. Extracardiac
manifestations such as dysphagia, stridor, or hoarseness are less common but remain
clinically significant. These atypical presentations are particularly relevant for gastroen-
terologists and pulmonologists, as failure to consider cardiac enlargement in the differential
diagnosis may delay recognition [1,4,32,38—40]. Our institutional case, marked by severe
dysphagia due to esophageal compression, exemplifies the diagnostic and therapeutic
challenges posed by such atypical manifestations.

Atrial fibrillation was documented in 50% of patients, closely associated with throm-
bus formation in one-third of cases. This correlation highlights the dual substrate of
stasis and electrical remodeling inherent to giant atria, which fosters both arrhythmia and
thrombogenesis. Pulmonary hypertension, severe in many cases, further compounds the
hemodynamic burden. Collectively, these features place patients at high risk of stroke,
right-sided heart failure, and systemic organ dysfunction [19,21,41-44].

Therapeutic strategies remain heterogeneous and controversial. Conservative treat-
ment, consisting of anticoagulation, diuretics, and rate control, was the most frequently
employed approach, yet it did not reliably prevent progression or thromboembolic
events [41,45-47]. Surgical interventions—including atrial reduction, aneurysm resec-
tion, and valve procedures—were reported in a minority of cases [46,48]. Although surgery
offers the potential to relieve compressive symptoms and reduce thromboembolic risk,
postoperative outcomes have shown marked variability. In our case, the patient did not
survive despite timely surgical reduction. This outcome underscores both the technical chal-
lenges of atrial reduction procedures and the significant impact of advanced comorbidities
on prognosis [13,15,16,46,48].

The decision to operate should therefore be individualized, taking into account symp-
tom severity, hemodynamic compromise, arrhythmic burden, and extracardiac manifesta-
tions. Multidisciplinary evaluation, ideally involving cardiologists, surgeons, and imaging
specialists, is essential. Equally important is early recognition; delayed referral, as in our
patient, limits the potential benefits of surgery and increases procedural risk [44,49].

To translate current evidence into practical clinical guidance, we propose a simplified
diagnostic and management algorithm (Figure 10). This flowchart outlines the recom-
mended pathway for evaluating patients with suspected giant atrial dilatation, beginning
with echocardiographic confirmation and extending to etiologic assessment, risk stratifi-
cation, and individualized treatment selection. Conservative management is appropriate
for stable or high-risk patients without compressive symptoms, while surgery should be
considered in those with compressive or embolic complications, concomitant valve disease,
or progressive enlargement despite optimal medical therapy. The final step emphasizes
structured follow-up and standardized data recording—such as atrial dimensions, rhythm
status, treatment type, and outcomes—to facilitate future registry-based research and
improve comparability across studies.

Our review has several strengths, including a structured search strategy, defined
inclusion criteria, and systematic data extraction, which enhance transparency and repro-
ducibility. However, several limitations must be acknowledged. The analysis was restricted
to a single database (PubMed) and to open-access English-language publications, which
may have introduced selection and language bias. The available evidence consists mainly
of individual case reports and small series with heterogeneous design, incomplete follow-
up, and variable reporting quality, precluding quantitative synthesis or meta-analysis.
Definitions of “giant” atrium remain inconsistent—particularly for right atrium and atrial



J. Clin. Med. 2025, 14, 7832

12 of 19

appendage aneurysms—making cross-study comparisons difficult. Publication bias is also
possible, as unusual or surgically treated cases are more likely to be reported.

Patient with suspected giant atrium
(Symptoms: dyspnea, dysphagia, hoarseness, palpitations,
history of mitral/tricuspid valve disease, or cardiomegaly)

l

Initial evaluation
-Transthoracic echocardiography (confirm atrial enlargement)
- ECG (assess rhythm: AF/flutter/sinus)
- Chest CT or MRl if compression suspected or for surgical planning

!

Identify etiology and complications
- Rheumatic, degenerative, congenital, or idiopathic cause
- Assess: thrombus, atrial appendage aneurysm, pulmonary
hypertension, extracardiac compression

Risk and surgical assessment
- Evaluate comorbidities, organ function, previous surgery,
and surgicalrisk

Management decision

/ \ / Surgical treatment \

- Compressive symptoms

Conservative treatment (dysphagia, airway obstruction)
- Anticoagulation - Recurrent embolic events or
- Rate/rhythm control intracavitary thrombus
- Heart failure management - Concomitant valve surgery
- Regular follow-up with indicated
echocardiography -Progressive enlargement

despite medical therapy
- Procedures: Valve

/ Qpair/replacement /
Follow-up and registry data
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Figure 10. Diagnostic and management algorithm for giant atrial dilatation. The flowchart summa-
rizes clinical evaluation, risk assessment, treatment decision-making, and key follow-up parameters
for future registry data collection.

Despite these constraints, our synthesis provides a comprehensive and clinically rele-
vant overview of current evidence, highlighting diagnostic patterns, management dilemmas,
and practical implications derived from both literature and institutional experience.
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Extreme atrial dilatation should be regarded not merely as an anatomical curiosity, but
as a clinically significant condition with important implications for morbidity and mortality.
Our synthesis of 24 published cases, supplemented by our institutional experience, reveals
a consistent demographic pattern—predominantly middle-aged to elderly women with
underlying rheumatic mitral valve disease. Arrhythmias, particularly atrial fibrillation,
represented the most prevalent complication, documented in approximately 50% of cases,
highlighting the need for vigilant rhythm monitoring and systematic anticoagulation.
Extracardiac compression, though less frequent, emerged as a critical clinical milestone,
emphasizing the role of multimodality imaging in recognizing atypical presentations.

Future research should prioritize establishing standardized diagnostic criteria, devel-
oping consensus-driven surgical indications, and prospectively evaluating outcomes in
patients managed conservatively or surgically. Advances in imaging and surgical tech-
niques hold promise to improve risk stratification and broaden treatment options for this
rare but clinically significant pathology [16,50,51]. In parallel, translational studies explor-
ing the molecular and biomechanical remodeling of the atrial wall—particularly alterations
in biomechanical signaling pathways and extracellular matrix composition (e.g., AT1R,
TGE-, Collagen I/1II)—may provide deeper insight into disease progression and identify
potential antifibrotic therapeutic targets [1,44].

6. Conclusions

Extreme atrial dilatation should be regarded not merely as an anatomical curiosity,
but as a clinically significant condition with important implications for morbidity and
mortality. Our synthesis of 24 published cases, supplemented by our institutional experi-
ence, reveals a consistent demographic pattern—predominantly middle-aged to elderly
women with underlying rheumatic mitral valve disease. A recurrent constellation of com-
plications was identified, most notably atrial fibrillation, thromboembolic events, and
pulmonary hypertension.

Although less frequently observed, extracardiac compression—manifesting as dyspha-
gia, stridor, or airway obstruction—represents a critical diagnostic clue often prompting
advanced imaging and intervention

Arrhythmias, particularly atrial fibrillation, represented the most prevalent complica-
tion, documented in approximately 50% of cases. Its strong association with intracavitary
thrombus formation underscores the interplay of structural and electrical remodeling in-
herent to giant atria. Additionally, pulmonary hypertension—frequently severe—further
compounds the hemodynamic burden, contributing to right-sided heart failure and sys-
temic congestion. These findings highlight the importance of vigilant rhythm monitoring
and appropriate anticoagulation in all patients with extreme atrial enlargement.

Therapeutic strategies remain heterogeneous. Conservative management is most com-
monly employed and may offer symptomatic relief; however, it does not reliably prevent
disease progression or reduce long-term thromboembolic risk. Surgical interventions—
although potentially effective in relieving compressive symptoms and reducing atrial
volume—are associated with substantial perioperative risk, particularly in patients with
advanced comorbidities or multi-organ dysfunction. Our institutional case underscores
the prognostic impact of delayed referral, which may limit the benefits of surgery despite
technical success.

In clinical practice, echocardiography should remain the first-line diagnostic tool,
complemented by cross-sectional imaging when compressive symptoms are present.

Management decisions should be guided by an integrated assessment of arrhythmic
burden, thromboembolic risk, and the presence of extracardiac compression. Given the
high prevalence of intracavitary thrombi, anticoagulation is advisable for all patients,
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even those maintaining sinus rthythm. Conservative therapy may be appropriate for
stable, asymptomatic patients, particularly when surgical risk is prohibitive. However,
surgical intervention should be strongly considered in cases of persistent compressive
symptoms, when there are recurrent embolic events despite adequate anticoagulation,
or when concomitant valve surgery is indicated. Timely intervention before irreversible
end-organ damage remains critical for improving outcomes

Future research should aim to establish standardized diagnostic criteria and prospec-
tive registries to refine risk stratification and optimize long-term management. Giant atrial
pathology thus constitutes a rare but clinically significant condition at the interface of
valvular, arrhythmic, and extracardiac diseases, where early recognition and risk-adapted
treatment are pivotal for improving patient prognosis.
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toms idities nostic Diag- . . . Thromb? thmia ment Concomi-  lication come
2 Before Atrium tation Aneurysm? pertension
nostic tant
renal
failure,
14 years myocar-
Brazilian asympt- prior conser- throm- dial deceased
- 2019 60 m ymp ns echo mri orthotopic 19.8 no no ns ns yes no N infarct, in1l
[35] omatic h vative bectomy
eart acute res- days
transplant piratory
disfunc-
tion
Internat orthopnea, conser- heart deceased
2018 55 f dyspnea, ns echo ct no 115cm no no ns ns no ns N na . in3
[28] vative failure
hoarseness days
dyspnea, 15 years
Balkan = 554 89 f lower hepato- echo ct prior 18cm yes no 63 moderate yes atrial fib-  conser- na na ns
[18] extremity megaly myxoma rillation vative
edema excision
cachexia,
difficulty pul- mitral s
Texas 2016 65 f swallow- monary echo CT, mri valve re- 119cm no no ns ns no a’Fnal.flb- conser- na na ns
[29] . . rillation vative
ing right lobe placement
atelectasis
Hellenic 2018 88 f dyspnea X-ray echo, CT no 111.9 no no ns severe no aFnal.ﬁb- conser- na na ns
[30] rillation vative

na = not available; ns = not specified.



J. Clin. Med. 2025, 14, 7832 18 of 19

References

1.  El Maghraby, A.; Hajar, R. Giant Left Atrium: A Review. Heart Views 2012, 13, 46. [CrossRef] [PubMed]

2. Ozkan, A.; Tuncer, A.; Ozkan, M. Giant Left Atrium. J. Am. Coll. Cardiol. 2012, 60, e13. [CrossRef]

3. Left Atrial Enlargement (LAE): Symptoms, Causes & Treatment. Available online: https://my.clevelandclinic.org/health/
diseases/23967-left-atrial-enlargementhttps:/ /my.clevelandclinic.org/health /diseases /23967-left-atrial-enlargement (accessed
on 29 September 2025).

4. Sivakumaran, L.; Sayegh, K.; Mehanna, E.; Sanchez, EW.; Fields, J.; Cury, R. Use of Cardiovascular Magnetic Resonance in the
Evaluation of a Giant Right Atrial Appendage Aneurysm: A Case Report and Review of the Literature. BMC Res. Notes 2017,
10, 681. [CrossRef]

5. Sauza-Sosa, ].C.; De la Cruz-Reyna, E.L.; Velazquez-Gutierrez, C.N. An Unusual Congenital Heart Disease: Giant Left Atrial
Appendage. Methodist. Debakey Cardiovasc. J. 2022, 18, 106-107. [CrossRef]

6. Majeed, F; Abdelsalam, M.; Nashad, T.; Sule, A.A. Giant Atrium, Giant Clot: Need for Anticoagulation. BM] Case Rep. 2017, 2017,
bcr2017222748. [CrossRef]

7.  Biscione, C.; Sergnese, O.; Forleo, G.B.; Costantino, M.E,; Andreotta, P.; Romeo, F. Giant Left Atrium 30 Years after Surgical Mitral
Valve Replacement: An Assessment of Conservative Therapy. Int. ]. Cardiol. 2013, 166, e6—e8. [CrossRef] [PubMed]

8.  Vincent, M.L.; del Valle, K.T.; Bennett, C.E. Giant Left Atrium Causing Inferior Vena Cava Obstruction and Dysphagia. Mayo Clin.
Proc. 2023, 98, 1254-1255. [CrossRef] [PubMed]

9. Hurst, ].W. Memories of Patients with a Giant Left Atrium. Circulation 2001, 104, 2630-2631. [CrossRef]

10. Kelesidis, T.; Maysky, M.; Kelesidis, I. Giant Right Atrium with Severe Pulmonary Hypertension. CMA] 2010, 182, E147.
[CrossRef]

11. Cozma, D,; Streian, C.G.; Petrescu, L.; Mornos, C. Subclinical Left Atrium Remodelling in Patients with Frequent Premature
Ventricular Contractions. Pol. Heart ]. 2014, 72, 1141-1147. [CrossRef]

12.  Maloku, A.; Hamadanchi, A.; Bdz, L.; Richter, M.; Bargenda, S.; Mobius-Winkler, S.; Schulze, P.C.; Franz, M. Management of Giant
Left Atrial Thrombus Late after Transcatheter Mitral Valve-in-Ring Replacement Using a Transcatheter Aortic Valve: A Case
Report. BMC Cardiovasc. Disord. 2024, 24, 644. [CrossRef]

13.  Apostolakis, E.; Shuhaiber, ].H. The Surgical Management of Giant Left Atrium. Eur. ]. Cardiothorac. Surg. 2007, 33, 182-190.
[CrossRef]

14. Le Roux, B.T,; Gotsman, M.S. Giant Left Atrium. Thorax 1970, 25, 190-198. [CrossRef]

15.  Johnson, J.; Danielson, G.K.; MacVaugh, H.; Joyner, C.R. Plication of the Giant Left Atrium at Operation for Severe Mitral
Regurgitation. Surgery 1967, 61, 118-121. [PubMed]

16. Ias, J.; los-Ortega, C.R.; Talledo-Paredes, L.; Yepez-Calder On, C.; Callalli-Mattos, E.; Gonzales-Castro, S.; Al-Kassab-C Ordova,
A.; Aguilar-Carranza, C.; Erez-Valverde, P.Y.; Hernandez, A.V,; et al. A New Surgical Technique for Left Atrial Reduction in Giant
Left Atrium. JTCVS Tech. 2023, 17, 56—64. [CrossRef]

17.  Celik, O.; Ustabasloglu, FE.; Uygur, B.; AkIncl, O. Giant Right Atrial Appendage Aneurysm: Diagnosis with Cardiac Magnetic
Resonance Imaging. Diagn. Interv. Imaging 2017, 98, 171-172. [CrossRef]

18. Borizanova, A.; Kinova, E.; Getsov, P.; Goudev, A. Giant Left Atrium in an Octogenarian with a Complex Etiology. Balk. Med. ].
2024, 41, 226-227. [CrossRef]

19. Brazier, A.; Hasan, R.; Jenkins, P; Hoschtitzky, A. Urgent Resection of a Giant Left Atrial Appendage Aneurysm and Mitral Valve
Replacement in a Complex Case of Hurler-Scheie Syndrome. BM]J Case Rep. 2015, 2015, bcr2015211551. [CrossRef]

20. Shao, Q. Tian, R.; Zhang, X.; Gao, X,; Lai, J.; Tian, Z.; Yan, X.; Zhang, S. Chronic Disseminated Intravascular Coagulation Induced
by Left Atrial Thrombus in a Patient with Giant “Normal” Heart A Case Report. Medicine 2016, 95, e5501. [CrossRef] [PubMed]

21. Kahraman, E; Ari, H. Giant Left Atrial Appendage That Appeared as Pericardial Effusion in Hypertrophic Cardiomyopathy. Turk
Kardiyol. Dern. Ars. 2016, 44, 170.

22. Khanra, D.; Tiwari, P.; Kodliwadmath, A.; Duggal, B. Giant Left Atrial Appendage Aneurysm and Atrial Fibrillation: Chicken or
the Egg? BM]J Case Rep. 2019, 12, €231300. [CrossRef]

23.  Chen, Y,; Mou, Y,; Jiang, L.].; Hu, S.J. Congenital Giant Left Atrial Appendage Aneurysm: A Case Report. ]. Cardiothorac. Surg.
2017, 12, 15. [CrossRef] [PubMed]

24. Mitrev, Z; Klincheva, M.; Anguseva, T.; Zdravkovski, I.; Rosalia, R.A. Cardiac Autotransplantation and Ex Vivo Surgical Repair
of Giant Left Atrium: A Case Presentation. BMC Cardiovasc. Disord. 2018, 18, 239. [CrossRef] [PubMed]

25.  Grzeskowiak, M.Z.; Ahmed, N. Case of Giant Left Atrium from Congestive Heart Failure. BM]J Case Rep. 2018, 2018, bcr2018226043.
[CrossRef]

26. Tan,].L.; Thakur, K.; Finkel, J. Giant Left Atrium: Look before You Leap into Invasive Procedures. BM] Case Rep. 2018, 2018,
bcr2018224777. [CrossRef] [PubMed]

27. Xiong, Q.; Hu, J.; Zhou, Q.; Huang, L.; Yu, J.; Li, J.; Chen, Q.; Hong, K. Successful Implantation of Leadless Pacemaker in a Patient

with Giant Right Atrium and Tricuspid Valve Stenosis. Ann. Noninvasive Electrocardiol. 2022, 27, €12905. [CrossRef]


https://doi.org/10.4103/1995-705X.99227
https://www.ncbi.nlm.nih.gov/pubmed/22919448
https://doi.org/10.1016/j.jacc.2012.02.078
https://my.clevelandclinic.org/health/diseases/23967-left-atrial-enlargement
https://my.clevelandclinic.org/health/diseases/23967-left-atrial-enlargement
https://doi.org/10.1186/s13104-017-3046-2
https://doi.org/10.14797/mdcvj.1059
https://doi.org/10.1136/bcr-2017-222748
https://doi.org/10.1016/j.ijcard.2012.12.079
https://www.ncbi.nlm.nih.gov/pubmed/23360822
https://doi.org/10.1016/j.mayocp.2023.04.001
https://www.ncbi.nlm.nih.gov/pubmed/37536809
https://doi.org/10.1161/hc4701.100775
https://doi.org/10.1503/cmaj.090671
https://doi.org/10.5603/KP.a2014.0133
https://doi.org/10.1186/s12872-024-04260-9
https://doi.org/10.1016/j.ejcts.2007.11.003
https://doi.org/10.1136/thx.25.2.190
https://www.ncbi.nlm.nih.gov/pubmed/4224936
https://doi.org/10.1016/j.xjtc.2022.10.013
https://doi.org/10.1016/j.diii.2016.06.011
https://doi.org/10.4274/balkanmedj.galenos.2024.2024-1-64
https://doi.org/10.1136/bcr-2015-211551
https://doi.org/10.1097/MD.0000000000005501
https://www.ncbi.nlm.nih.gov/pubmed/28002328
https://doi.org/10.1136/bcr-2019-231300
https://doi.org/10.1186/s13019-017-0576-6
https://www.ncbi.nlm.nih.gov/pubmed/28302138
https://doi.org/10.1186/s12872-018-0966-2
https://www.ncbi.nlm.nih.gov/pubmed/30563455
https://doi.org/10.1136/bcr-2018-226043
https://doi.org/10.1136/bcr-2018-224777
https://www.ncbi.nlm.nih.gov/pubmed/29776941
https://doi.org/10.1111/anec.12905

J. Clin. Med. 2025, 14, 7832 19 of 19

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Yang, M.; Zhang, L. Giant Left Atrium with Left Lung Damage: A Case Report. J. Int. Med. Res. 2018, 46, 4821-4824. [CrossRef]
Gajanana, D.; Morris, D.L.; Janzer, S.E; George, ].C.; Figueredo, V.M.; Stainback, R.F. Giant Left Atrium Causing Dysphagia. Tex.
Heart Inst. ]. 2016, 43, 469—471. [CrossRef]

Ntalas, I.; Niederer, S.; Aziz, W.; Chambers, ].B.; Rajani, R. Giant Left Atrium: Adaptive or Maladaptive? Hell. ]. Cardiol. 2019,
60, 400-401. [CrossRef]

Li, M.; Wang, Y,; Liu, S.; Yang, J.; Ma, C. Giant Left Atrial Appendage Aneurysm Compressing the Left Ventricular Wall Diagnosed
by Multiple Imaging Technology. Cardiol. |. 2019, 26, 416—417. [CrossRef]

Kilit, C.; Amasyali, B.; Ali Astarcioglu, M. Spontaneous Echo Contrast in a 73-Year-Old Man with Mitral Stenosis and a Giant Left
Atrium. Tex. Heart Inst. ]. 2017, 44, 424-425. [CrossRef]

Nam, ].H.; Lee, C.H. Giant Right Atrial Aneurysm—Multimodality Imaging. Circ. J. 2017, 81, 415-416. [CrossRef]

Kadoya, Y.; Yamano, M.; Matoba, S. Sludge A Giant Left Atrium. BMJ Case Rep. 2016, 2016, bcr2016217660. [CrossRef] [PubMed]
Bartus, K.; Litwinowicz, R.; Kapelak, B.; Filip, G.; Wierzbicki, K.; Lee, R.J. Giant Left Atrium Associated with Massive Thrombus
Formation 14 Years after Orthotopic Heart Transplantation. Braz. ]. Cardiovasc. Surg. 2020, 35, 1010-1012. [CrossRef]

Cozma, D,; Streian, C.G.; Vacarescu, C.; Mornos, C. Back to Sinus Rhythm from Atrial Flutter or Fibrillation: Dabigatran Is Safe
without Transoesophageal Control. Kardiol. Pol. 2016, 74, 425-430. [CrossRef]

Mahla, H.; Bhairappa, S.; Chikkamuniswamy, R.; Manjunath, C.N. Giant Left and Right Atrium: Spectrum of Rheumatic Heart
Disease. BM]J Case Rep. 2013, 2013, bcr2013201853. [CrossRef] [PubMed]

Tan, J.L.; Taware, V.; Finkel, J.; Thakur, K. The Great Mimickers of Giant Left Atrium. J. Am. Coll. Cardiol. 2018, 71, A2272.
[CrossRef]

Flores Umanzor, E.J.; Mimbrero, M.; San Antonio, R.; Caldentey, G.; Vannini, L. Giant Left Atrium as a Rare Cause of Dysphagia.
Am. J. Med. 2016, 129, e335-e336. [CrossRef]

Urbina, E.M.; Bhagat, K.M.; Bevill, T.B. A Giant Left Atrium Causing Extrinsic Compression of the Left Lower Lobe in a Patient
WITH Pulmonary Hypertension and Mitral Valve Disease. Chest 2022, 162, A1127. [CrossRef]

Toldo, C.M.; Puga, S.E.; Kairuz, P.V,; Barreto, R.A. Giant Left Atrium. Int. Phys. Med. Rehabil. ]. 2018, 3, 72-73. [CrossRef]
Darwazah, A K.; El Sayed, H. Giant Left Atrium Associated with Massive Thrombus Formation. Thromb. J. 2013, 11, 5. [CrossRef]
Ahmed, I.; Sarkar, A.; Pande, A.; Kundu, C. A “Non-Rheumatic” Giant Left Atrium. Ann. Pediatr. Cardiol. 2015, 8, 95-97.
[CrossRef]

Adrian, L.H.; Sanjaya, C.R.; Hutomo, S.A.; Negari, A.D.S. Prognostic Value of Left Atrial Volume Index in Patients with Rheumatic
Giant Left Atrium. Eur. Heart J. 2023, 44, ehad655.1725. [CrossRef]

Voltarelli, C.L.; Erbano, B.O.; Magalhaes, T.; Erbano, L.H.O.; Mialski, T.B.R.; Miyazima, R.M.; Marques, G.L.; Voltarelli, C.L.;
Erbano, B.; Magalhaes, T.; et al. Giant Right Atrium: An Extreme Structural Damage Case Due to Rheumatic Heart Disease.
Cureus 2023, 15, e44898. [CrossRef] [PubMed]

Med Sidi El Moctar, E.; E1 Hadj Sidi, C.; Abdulrazzak, M.; Eldeghedi, M.; Thoraya, A.; Boye, K. Giant Left Atrium and Management
Modalities (Surgical vs. Conservative): A Case Report from Mauritania. Ann. Med. Surg. 2023, 85, 4624-4628. [CrossRef]
[PubMed]

Cujec, B.; Bharadwaj, B.; Orchard, R.C.; Lopez, ].F. Transesophageal Echocardiography in the Diagnosis of Left Atrial Appendage
Aneurysm. J. Am. Soc. Echocardiogr. 1990, 3, 408—411. [CrossRef] [PubMed]

Kerim Bu Gra, A.; Kadirogullari, E.; Onan, B. Reduction Plasty for Giant Left Atrium Causing Dysphagia: Case Report. Authorea
Prepr. 2020, 69, 546-549. [CrossRef]

Kim, YW.; Kim, H.J.; Ju, M.H,; Lee, ] W. The Treatment of Left Atrial Appendage Aneurysm by a Minimally Invasive Approach.
Korean ]. Thorac. Cardiovasc. Surg. 2018, 51, 146-148. [CrossRef]

Krishan, K.; Pinney, S.; Anyanwu, A.C. Management of Giant Left Atrium in Patient Undergoing Left Ventricular Assist Device
Placement. Ann. Thorac. Surg. 2010, 90, e17-e19. [CrossRef]

Jang, W.S.; Kim, ].B.; Lee, S.J.; Kim, J.H. Impact of Volume Reduction in Giant Left Atrium during Surgical Ablation of Atrial
Fibrillation. J. Thorac. Dis. 2019, 11, 84-92. [CrossRef]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM] 2021, 372, n71.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1177/0300060518799268
https://doi.org/10.14503/THIJ-15-5682
https://doi.org/10.1016/j.hjc.2018.06.017
https://doi.org/10.5603/CJ.2019.0079
https://doi.org/10.14503/THIJ-15-5171
https://doi.org/10.1253/circj.CJ-16-0964
https://doi.org/10.1136/bcr-2016-217660
https://www.ncbi.nlm.nih.gov/pubmed/27756759
https://doi.org/10.21470/1678-9741-2018-0390
https://doi.org/10.5603/KP.a2015.0209
https://doi.org/10.1136/bcr-2013-201853
https://www.ncbi.nlm.nih.gov/pubmed/24259537
https://doi.org/10.1016/S0735-1097(18)32813-4
https://doi.org/10.1016/j.amjmed.2016.05.046
https://doi.org/10.1016/j.chest.2022.08.893
https://doi.org/10.15406/ipmrj.2018.03.00078
https://doi.org/10.1186/1477-9560-11-5
https://doi.org/10.4103/0974-2069.149542
https://doi.org/10.1093/eurheartj/ehad655.1725
https://doi.org/10.7759/cureus.44898
https://www.ncbi.nlm.nih.gov/pubmed/37814738
https://doi.org/10.1097/MS9.0000000000001132
https://www.ncbi.nlm.nih.gov/pubmed/37663704
https://doi.org/10.1016/S0894-7317(14)80141-7
https://www.ncbi.nlm.nih.gov/pubmed/2245034
https://doi.org/10.22541/AU.158981356.68857477
https://doi.org/10.5090/kjtcs.2018.51.2.146
https://doi.org/10.1016/j.athoracsur.2010.03.120
https://doi.org/10.21037/jtd.2018.12.118
https://doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/33782057

	Introduction 
	Materials and Methods 
	Results 
	Case Presentation 
	Discussion 
	Conclusions 
	Appendix A
	References

