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ABSTRACT

OBJECTIVE: This study aimed to evaluate the early surgical outcomes according to the dominant clinical presentation in
adult patients undergoing cardiac myxoma resection.

METHODS: A total of 315 patients who underwent cardiac mass resection procedures in a single center were retrospec-
tively analyzed. After the exclusion criteria were applied, 133 consecutive adult patients who underwent surgical resection
of histopathologically confirmed cardiac myxoma between January 2004 and December 2024 in a single center. Patients
were categorized into four groups according to their dominant clinical presentation at diagnosis: asymptomatic, cardiac/ob-
structive, embolic, and constitutional. Baseline characteristics, tumor features, operative variables, and early post-operative
outcomes were compared among the groups.

RESULTS: The median age was 63 years, and 63.9% of patients were female. Cardiac/obstructive symptoms represented
the most frequent dominant presentation (47.4%). Major early post-operative outcomes were comparable among groups,
whereas post-operative atrial fibrillation (AF) and intensive care unit/hospital stay were significantly higher in the cardiac/
obstructive group.

CONCLUSION: Dominant clinical presentation was not associated with differences in major early post-operative out-
comes following cardiac myxoma resection. Cardiac/obstructive presentation was associated with more post-operative AF
and longer recovery.
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Primary cardiac tumors are rare, and myxomas rep-
resent the most common benign primary cardiac
tumor in adults [1]. These benign tumors most fre-
quently originate from the interatrial septum, partic-
ularly in the left atrium (LA), though they can rarely
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occur in other cardiac chambers [2]. The tumor’s loca-
tion, size, and structure influence the clinical presenta-
tion and are crucial for planning the surgical approach
(3]. Although myxomas are benign, they can cause life-
threatening hemodynamic and embolic complications.
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These complications may include acute heart failure
due to valvular dysfunction or intracardiac obstruc-
tion, as well as systemic or pulmonary embolization
(4]. Embolization most frequently transpires in the
vessels of the central nervous system and may mani-
fest as a stroke or transient ischemic attack [5]. These
risks can lead to sudden clinical deterioration or death.
Therefore, eatly diagnosis and prompt surgical inter-
vention are essential.

The clinical presentation of myxoma is highly
heterogeneous [6]. Clinical presentation can be cat-
egorized into four groups: l-asymptomatic, 2-car-
diac/obstructive symptoms, 3-embolic symptoms,
and 4-constitutional symptoms. Cardiac/obstructive
symptoms, including dyspnea, chest pain, and palpita-
tions, can mimic other cardiac pathologies [1]. Consti-
tutional symptoms such as fever, fatigue, sweating, and
weight loss represent the most insidious form of the
disease given the fact that these symptoms may occur in
a wide range of other conditions [7]. Given this hetero-
geneous clinical presentation, evaluating early post-op-
erative outcomes according to dominant presentation
phenotype may provide clinically useful information
for perioperative risk assessment. The literature on car-
diac myxomas offers valuable insights into their clinical
spectrum, surgical management, and outcomes. How-
evet, in most reports, clinical presentation is reported
as part of baseline clinical characterization rather than
being used as the primary axis of post-operative out-
come analysis [8]. Although presentation-oriented
analyses exist, including studies focused on embolic
events and series using broader clinical categories such
as hemodynamic or systemic manifestations, these ap-
proaches do not fully capture the dominant symptom
phenotype in relation to early post-operative outcomes
(9, 10]. These studies highlight the clinical relevance of
presentation at diagnosis, but they do not fully address
whether the dominant presenting phenotype is associ-
ated with early post-operative outcomes after surgical
resection. Therefore, evaluating patients according to
dominant clinical presentation may add a clinically ori-
ented perspective to existing anatomical and surgical
outcome data.

This study aimed to evaluate baseline characteris-
tics, tumor-related features, operative findings, and early
post-operative outcomes according to dominant clinical
presentation in adult patients undergoing surgical resec-
tion for cardiac myxoma.

Highlight key points

e Cardiac/obstructive symptoms were the most common dom-
inant presentation of cardiac myxoma.

e Major early post-operative outcomes were comparable
across dominant clinical presentation phenotypes.

e Cardiac/obstructive presentation was associated with a
higher incidence of post-operative atrial fibrillation.

e Patients with cardiac/obstructive symptoms experienced
longer intensive care unit and hospital stays.

e Dominant clinical presentation may contribute to periopera-
tive risk stratification despite similar early surgical safety.

MATERIALS AND METHODS

Study Design and Patient Population

This retrospective, single-center, observational cohort
study included 133 adult patients with surgically treated,
histopathologically confirmed cardiac myxoma between
January 2004 and December 2024 at our institution. The
study was approved by The Uskiidar University Ethics
Committee (Approval number: 61351342/020-126).
Demographic, clinical, laboratory, and surgical data were
obtained from patient files and the hospital database. The
study was conducted in accordance with the Declaration
of Helsinki. Among 315 patients who underwent surgical
treatment for a cardiac mass, 144 had histopathologically
confirmed cardiac myxoma. After application of the ex-
clusion criteria, 133 patients were included in the final
analysis. Patients were excluded if they were younger than
18 years at the time of surgery (n=5), had incomplete
medical records preventing adequate assessment of clin-
ical or operative variables (n=5), or had undergone pre-
vious surgery for recurrent cardiac myxoma (n=1). The
flow diagram shows the cohort of the study (Fig. 1).

Pre-operative Work-up and Operative Technique

In the pre-operative assessment, patients’ demographic
data, clinical profiles, comorbidities, and presenting
symptoms were documented. All patients underwent
transthoracic echocardiography before surgery. The sur-
gical strategy was then developed based on a compre-
hensive echocardiographic evaluation, which included
assessment of the tumor’s location, size, and anatomical
relationships to the relevant valve and adjacent struc-
tures. Transesophageal echocardiography (TEE) and
cardiac computed tomography (CT) or magnetic reso-
nance imaging (MRI) were not routinely performed but
only in cases deemed necessary.
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Final analytic cohort: 133 patients

FIGURE 1. Data-flowchart of the study cohort.

Median sternotomy was performed under general
anesthesia. Following aortic and bicaval cannulation, cat-
diopulmonary bypass (CPB) was established. The aorta
was cross-clamped, and myocardial arrest was achieved via
cardioplegia. Cardiac incisions were individualized con-
sidering the tumor location, size, and anatomical relation-
ships. When appropriate, right/left atriotomy, transseptal
approach, and right/left ventriculotomy were employed.
Tumors attached to the atrial septum were resected en
bloc with their base whenever feasible. Interatrial septal
resection, if required, was followed by primary closure or
patch repair of the resulting defect. In all cases, intraop-
erative fragmentation was avoided. After tumor excision,
concomitant cardiac procedures were performed if needed.
Upon weaning from CPB, all patients underwent TEE to
confirm absence of residual tumor. The resected tissue
was sent to the pathology department for histopathologi-
cal examination and diagnostic confirmation.

Outcome Measures and Definitions

Early post-operative outcomes were analyzed accord-
ing to the dominant clinical presentation at diagnosis.
Patients were stratified into four mutually exclusive
clinical phenotype groups based on the predominant
presenting manifestation recorded at diagnosis: 1-
asymptomatic, 2-cardiac/obstructive, 3-embolic, and
4-constitutional presentations.

Early post-operative outcomes included 30-day
mortality, post-operative atrial fibrillation (AF), post-
operative stroke, post-operative pulmonary throm-
boembolism (PTE), low cardiac output syndrome
(LCOS), reoperation for bleeding, permanent pace-
maker implantation, length of intensive care unit
(ICU) stay, and total hospital stay. Thirty-day mortal-
ity was defined as any death occurring within 30 days
after surgery or during the index hospitalization. Post-
operative AF was defined as new-onset AF occurring
during the index hospitalization after surgery; patients
with pre-existing AF were excluded from this outcome.
Post-operative stroke was defined as any new focal or
global neurological deficit, whether transient or per-
manent, confirmed by clinical assessment and cere-
bral CT or MRI. Post-operative PTE was defined as a
clinically suspected pulmonary thromboembolic event
confirmed by appropriate imaging. LCOS was defined
as post-operative hemodynamic compromise requiring
continuous inotropic support for more than 24 h to
maintain adequate systemic perfusion and cardiac out-
put, or the need for mechanical circulatory support, in-
cluding an intra-aortic balloon pump or extracorporeal
membrane oxygenation, in the absence of hypovolemia
or other reversible causes.

Statistical Analysis

Statistical analyses were performed using IBM Sta-
tistical Package for the Social Sciences Statistics for
Windows, Version 25.0 (IBM Corp., Armonk, NY,
USA). Continuous variables were presented as me-
dian (range), and categorical variables were presented
as number (n) and percentage (%). Comparisons
among dominant clinical presentation phenotype
groups were performed using the Kruskal-Wallis test
for continuous variables. Categorical variables were
compared using Pearson’s Chi-square test or Fisher’s
exact test, depending on the expected cell counts. All
statistical tests were two-sided, and a p<0.05 was con-
sidered statistically significant.
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RESULTS

The demographic and clinical characteristics of the
overall cohort are presented in Table 1. The median
age was 63 years, and 85 patients were female (63.9%).
The most common dominant presentation was car-
diac/obstructive symptoms (47.4%), followed by
asymptomatic presentation (18.8%), embolic presen-
tation (18.0%), and constitutional symptoms (15.8%).
Most tumors were located in the LA (82.0%). Post-
operative AF occurred in 21 patients (15.8%), post-
operative stroke in 5 patients (3.8%), and 30-day mot-
tality in 5 patients (3.8%).

Baseline and tumor-related characteristics accord-
ing to dominant symptom group are presented in
Table 2. Median age was 59 years in the embolic group,
63 years in the cardiac/obstructive group, 67 years in
the constitutional group, and 63 years in the asympto-
matic group, with no statistically significant difference
among groups (p=0.127). Tumor location, tumor di-
mensions, pre-operative ejection fraction (EF), prior
cardiac surgery, pre-operative AF, and history of other
cancer were also similar among the four groups.

Operative characteristics according to dominant
symptom group are presented in Table 3. Operative
variables did not differ significantly according to dom-
inant symptom group. Median CPB time was 72.5
min in the embolic group, 80 min in the cardiac/ob-
structive group, 68 min in the constitutional group,
and 70 min in the asymptomatic group (p=0.170).
The distribution of concomitant procedures was not
significantly different between groups (p=0.143).

Eatrly post-operative outcomes were compared
across the dominant symptom groups. ICU stay dif-
fered significantly among groups, although the median
value was 1 day in all groups (p=0.046). Median hos-
pital stay was 8 days in the cardiac/obstructive group,
whereas 7 days same in the embolic group and in the
constitutional, and 6 days in the asymptomatic group
(p=0.043). Post-operative AF was more frequent in
the cardiac/obstructive group than in the embolic,
constitutional, and asymptomatic groups (25.4% vs.
8.3%, 4.8%, and 8.0%, respectively; p=0.038). Perma-
nent pacemaker implantation, post-operative stroke
or PTE, reoperation for bleeding, LCOS, and 30-
day mortality were not significantly different among
groups. The data regarding these parameters are given

in Table 4.

TABLE 1. Clinical and perioperative characteristics

Characteristic Value (n=133)
Age 63 (18-92)
Female sex (%) 63.9
HT (%) 45.9
DM (%) 35.3
CAD (%) 30.1
Dominant symptom (%)

Embolic 18

Cardiac/obstructive 47.4

Constitutional 15.8

Asymptomatic 18.8
Tumor location (%)

LA 82

RA 11.3

Lv 3

LA+RA 2.3

RV 1.5
Tumor size (max. diameter, mm) 35 (12-90)
Pre-operative EF (%) 60 (35-68)
Prior cardiac surgery (%) 31.6
Pre-operative AF 9.8
Other cancer 8.3
CPB time (min) 76 (28-146)
Cross-clamp time (min) 41 (14-111)
Concomitant procedure (%)

CABG 14.3

Valve 8.3

CABG+Valve 0.8
ICU stay (days) 1(1-9)
Hospital stay (days) 7 (1-28)
Post-operative AF 21 (15.8)
Permanent pacemaker implantation 8 (6)
Post-operative stroke/PTE

Stroke 5(3.8)

PTE 2 (1.5)
Reoperation for bleeding 6 (4.5)
Low cardiac output syndrome

IABP 3(2.3)

ECMO 1(0.8)

30-day mortality 5(3.8)

Continuous variables are presented as median (range), and categorical vari-
ables are presented as n (%). AF: Atrial fibrillation; CABG: Coronary artery
bypass grafting; CAD: Coronary artery disease; CPB: Cardiopulmonary by-
pass; DM: Diabetes mellitus; ECMO: Extracorporeal membrane oxygenation;
EF: Ejection fraction; HT: Hypertension; IABP: Intra-aortic balloon pump; ICU:
Intensive care unit; LA: Left atrium; LV: Left ventricle; PTE: Pulmonary throm-

boembolism; RA: Right atrium; RV: Right ventricle.
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TRABLE 2. Baseline and tumor characteristics according to dominant symptom groups

Characteristic Embolic (n=24) Cardiac/obstructive (n=63) Constitutional (n=21) Asymptomatic (n=25) p
Age 59 (23-78) 63 (18-86) 67 (35-83) 63 (33-92) 0.12701
Female sex (%) 50 66.7 76.2 60 0.28901
HT (%) 50 47.6 52.4 32 0.4681
DM (%) 41.7 34.9 47.6 20 0.2230]
CAD (%) 45.8 30.2 28.6 16 0.1570]
Tumor location (%)

LA 75 82.5 90.5 80 0.59901

RA 20.8 9.5 0 16

Lv 4.2 3.2 4.8 0

LA+RA 0 3.2 0 4

RV 0 1.6 4.8 0
Tumor size (mm) 34.5 (15-76) 36 (15-90) 34 (12-69) 36 (12-76) 0.6661
Pre-operative EF (%) 60 (40-68) 60 (35-65) 60 (35-60) 60 (35-65) 0.1010
Prior cardiac surgery (%) 20.8 30.2 52.4 28 012700
Pre-operative AF (%) 16.7 11.1 9.5 0 0.2591
Other cancer (%) 12.5 7.9 4.8 8 0.8181

Continuous variables are presented as median (range), and categorical variables are presented as n (%). a: Kruskal-Wallis test; b: Pearson Chi-square test; c: Fisher’s
exact test. P<0.05 was considered statistically significant. AF: Atrial fibrillation; CAD: Coronary artery disease; DM: Diabetes mellitus; EF: Ejection fraction; HT: Hyper-

tension; LA: Left atrium; LV: Left ventricle; RA: Right atrium; RV: Right ventricle

TABLE 3. Operative data according to dominant symptom groups

Constitutional (n=21) Asymptomatic (n=25) p

Characteristic Embolic (n=24) Cardiac/obstructive (n=63)
CPB time (min) 72.5 (34-146) 80 (28-146)
Cross-clamp time (min) 37.5 (15-101) 46 (14-111)
Concomitant procedure

CABG 20.8 19

Valve 4.2 9.5

CABG + Valve 0 0

68 (41-145) 70 (36-132) 0.170°
37 (23-94) 39 (15-92) 0.204°
0.143¢

9.5 0

14.3 4

0 4

Continuous variables are presented as median (range), and categorical variables are presented as n (%). a: Kruskal-Wallis test; c: Fisher’s exact test. P<0.05 was
considered statistically significant. CABG: Coronary artery bypass grafting; CPB: Cardiopulmonary bypass

DISCUSSION

In this study, we evaluated early post-operative outcomes
after surgical resection of cardiac myxoma according to
the dominant clinical presentation at diagnosis. Clinical
presentation in cardiac myxoma has traditionally been
categorized into obstructive or hemodynamic symp-
toms, embolic events, constitutional manifestations, and

asymptomatic or incidental presentation [9, 11]. How-
ever, previous studies have mainly used these categories
for descriptive clinical characterization rather than for
evaluating early post-operative risk [12]. In this context,
the present study may provide a clinically practical per-
spective by focusing on presentation phenotype rather
than only on anatomical or surgical variables. The main
finding was that dominant presentation groups were
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TABLE 4. Early post-operative outcomes according to dominant symptom groups

Constitutional (n=21) Asymptomatic (n=25) p

Characteristic Embolic (n=24) Cardiac/obstructive (n=63)
ICU stay (days) 1 (1-6) 1(1-9)
Hospital stay (days) 7 (1-27) 8 (5-18)
Post-operative AF 2 (8.3) 16 (25.4)
Permanent pacemaker
. . 2 (8.3) 5(7.9)
implantation
Post-operative stroke/PTE
Stroke 1(4.2) 1(1.6)
PTE 0 2(3.2)
Reoperation for bleeding 0 5(7.9)
Low cardiac output syndrome
IABP 1(4.2) 0
ECMO 0 1(1.6)
30-day mortality 14.2) 3(4.8)

1(1-2) 1 (1-5) 0.046°
7 (4-11) 6 (2-28) 0.043°
1(4.8) 2(8) 0.038¢
1(4.8) 0 0.533¢
2 (9.5) 1 (4) 0.544¢
0 0
0 1(4) 0.303¢
2 (9.5) 0 0.151¢
0 0
0 1(4) 0.93¢

Continuous variables are presented as median (range), and categorical variables are presented as n (%). a: Kruskal-Wallis test; c: Fisher’s exact test. P<0.05 was
considered statistically significant. AF: Atrial fibrillation; ECMO: Extracorporeal membrane oxygenation; IABP: Intra-aortic balloon pump; ICU: Intensive care unit; PTE:

Pulmonary thromboembolism.

broadly comparable in terms of baseline, tumor-related,
and operative characteristics, and major early adverse
outcomes were generally similar among groups. Although
embolic presentation is generally considered one of the
most clinically concerning manifestations of cardiac
myxoma, it did not translate into higher early post-oper-
ative mortality or morbidity in our cohort. This finding
suggests that a pre-operative embolic event may define
the mode of presentation without necessarily indicating
a worse early surgical prognosis after resection. Patients
presenting with cardiac/obstructive symptoms had a
higher rate of post-operative AF and a longer ICU and
hospital stays, with statistically significant differences
among the groups. These findings suggest that dominant
symptom phenotype may not substantially alter early
surgical safety after myxoma resection but may still offer
useful perioperative information regarding rhythm-re-
lated complications and post-operative recovery.

The overall cohort profile was broadly consistent with
the classical clinical pattern of cardiac myxoma, in which
female predominance, LA location, and cardiac/obstruc-
tive symptoms are commonly reported [11, 13]. In the
present cohort, women constituted 63.9% of patients,
LA tumors accounted for 82.0% of cases, and cardiac/
obstructive symptoms were the most frequent dominant
presentation. These findings closely parallel the world-

wide meta-analysis by Oktaviono et al. [12], which in-
cluded 8150 patients and reported a female prevalence of
64.3%, LA location in 85.3%, and cardiovascular symp-
toms as the most common clinical manifestation. How-
ever, our cohort differed in terms of age, with a median
age of 63 years compared with a mean age of 51 years in
the meta-analysis. This difference is clinically relevant be-
cause older age may increase perioperative vulnerability
and may partly contribute to the higher early mortality
observed in our series. In the meta-analysis, early mortal-
ity after myxoma surgery was 1.27%, supporting the fa-
vorable early outcomes of surgical excision [12]. Similarly,
Shah et al. [14] reported a low operative mortality rate of
0.5%. Jiang et al. [15] reported an eatly in-hospital mor-
tality rate of 0.7%. In this context, the 30-day mortality
rate of 3.8% in our cohort was higher than that reported
in some large series. Nevertheless, early mortality after
myxoma surgery is not uniformly negligible across all co-
horts. Nektaria et al. [16] reported an in-hospital mor-
tality rate of 2.8%, whereas Alhasso et al. [17] reported
a 30-day mortality rate of 3.75%, with fatal outcomes
occurring in the setting of concomitant valve surgery or
reoperation. Therefore, the mortality rate in our cohort
appears to be higher than some low-mortality series, but
comparable to reports involving more complex surgical
settings. This difference may be partly explained by the
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older age and higher surgical complexity of the present
cohort. Prior cardiac surgery was present in 31.6% of pa-
tients, and concomitant coronary artery bypass grafting
and/or valve procedures were performed in 23.4%. Thus,
early mortality in the present cohort should not be in-
terpreted as the risk of isolated myxoma excision alone,
but within the broader context of advanced age, redo
surgery, concomitant cardiac procedures, and real-world
perioperative complexity. All patients in the present co-
hort underwent surgery via median sternotomy, and no
minimally invasive tumor excision was performed. This
provides a relatively homogeneous surgical framework
for interpreting perioperative outcomes. However, in
the contemporary era, minimally invasive approaches are
increasingly being applied even to complex cardiac pro-
cedures, underscoring that the absence of minimally in-
vasive cases should be considered when positioning our
experience within current surgical practice [18].

The most notable phenotype-related difference in
early post-operative outcomes was post-operative AF. In
our cohort, post-operative AF was more frequent in the
cardiac/obstructive group than in the embolic, constitu-
tional, and asymptomatic groups (25.4% vs. 8.3%, 4.8%,
and 8.0%, respectively, p=0.038). This finding is clini-
cally relevant because pre-operative AF, EE, CPB time,
cross-clamp time, and concomitant procedures were not
significantly different among the dominant symptom
groups. Therefore, the higher post-operative AF rate
in the cardiac/obstructive group may not be explained
solely by baseline rhythm status or operative complex-
ity. Sahin et al. [19] identified older age and increased P-
wave dispersion as factors associated with post-operative
AF, supporting the concept that an underlying atrial sub-
strate may contribute to post-operative rthythm instabil-
ity. In the present study, cardiac/obstructive presentation
may reflect greater pre-operative hemodynamic burden,
intermittent mitral inflow obstruction, increased atrial
wall stress. These factors, together with perioperative
atrial irritability, could predispose to post-operative AF.
Although these mechanisms cannot be confirmed with-
out variables such as LA size, pulmonary pressure, or
transmitral gradient, the findings suggest that patients
presenting with cardiac/obstructive symptoms may re-
quire closer post-operative rhythm surveillance despite
having similar major early adverse outcomes compared
with other presentation groups.

In addition to post-operative AF, ICU stay, and hos-
pital stay differed significantly across dominant symptom
groups. Although the median ICU stay was 1 day in all

groups, the range was widest in the cardiac/obstructive
group (p=0.046). Hospital stay was also longest in the
cardiac/obstructive group (p=0.043). Therefore, pro-
longed post-operative stay in the cardiac/obstructive
group may reflect a combination of post-operative AF
surveillance, hemodynamic stabilization, symptom-re-
lated pre-operative vulnerability, and discharge decision-
making rather than an increase in severe post-operative
morbidity. This interpretation is consistent with the
broader cardiac surgery literature showing that hospi-
tal stay is a multifactorial outcome. Ceylan et al. [20]
reported that patients with extended hospital stay after
cardiac surgery were older, more frequently had coronary
artery disease and chronic obstructive pulmonary dis-
ease, and had longer CPB time. Although their cohort
differs from ours, these findings support the concept that
post-operative stay reflects the combined effect of patient
profile, operative complexity, and post-operative events.
In the present study, CPB time, cross-clamp time, and
concomitant procedures were not significantly different
among symptom groups, suggesting that the longer ICU
and hospital stays in the cardiac/obstructive group may
be more closely related to presentation phenotype and
post-operative thythm-related recovery than to operative
complexity alone.

This study has several limitations. Its retrospective
single-center design, limited sample size, and reliance
on medical records may introduce selection bias, limit
causal inference, and restrict the generalizability of the
findings. Dominant symptom classification was based on
available clinical records, and overlap between embolic,
cardiac/obstructive, constitutional, and asymptomatic
presentations may not have been completely eliminated.
Although the overall cohort size was acceptable for a
single-center myxoma series, some symptom subgroups
were relatively small and unbalanced, limiting statistical
power for less frequent outcomes. The number of early
adverse events was limited, which restricted the use of
robust multivariable adjustment. Late mortality and re-
currence were not included in the final analysis because
of incomplete follow-up data.

Conclusion

Dominant symptom phenotype was not associated with
significant differences in major early adverse outcomes,
including 30-day mortality and post-operative stroke or
PTE. However, cardiac/obstructive presentation was
associated with a higher rate of post-operative AF and
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longer ICU and hospital stays. These findings suggest
that presentation phenotype may provide clinically use-
ful perioperative information, particularly for anticipat-
ing rhythm-related complications and post-operative re-
covery, without necessarily indicating an increased risk of
major early morbidity or mortality. Further studies with
larger cohorts, standardized symptom classification, and
detailed echocardiographic and hemodynamic data are
needed to confirm these observations.
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