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ABSTRACT
The relationships between interleukin (IL)-6 and cardiac myxoma remain to be clariﬁed. This article systematically reviewed the
IL-6 properties in cardiac myxoma patients based on retrieval of pertinent literature published between 1998 and 2018. Signiﬁcant diﬀerences were found in circulating IL-6 values between preoperation and 1 and 6 months after operation. Preoperative
circulating IL-6 correlated signiﬁcantly with tumour volume (r=0.8552, p=0.003), while there were no signiﬁcant correlations
with maximal tumour dimension (r=0.2443, p=0.190). No correlation was found between circulating IL-6 at 1 and 6 months
after tumour resection with either tumour volume or with maximal tumour dimension. The positive rate of immunostaining of
IL-6 in cardiac myxoma tissues was 93.3%. Overproduction of IL-6 is responsible for the inﬂammatory presentations, constitutional symptoms, and recurrence and distal embolisation of cardiac myxoma. Cardiac myxoma could be a cellular source of IL-6
release. Cardiac myxoma resection is an absolute choice of eliminating IL-6 production in these patients.
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INTRODUCTION

METHODOLOGY

The interleukin (IL) family is a group of cytokines involved in
the pathogenesis of various inﬂammation-related diseases,
allergic disorders, infections, immune deﬁciencies, tumours,
tissue ﬁbrosis, and hypoxic conditions. Of the cardiac surgical
patients, those with a cardiac myxoma showed particular
1,2
inherent relationships to IL-6.

The preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement guidelines were followed in this
meta-analysis. Publications were systematically searched in
the PubMed, Highwire Press, and the Cochrane Library
databases between 1998 and 2018. The MeSH terms and
keywords used to identify articles included “interleukin-6”,
“cardiac myxoma”, “atrial myxoma”, “ventricular myxoma”,
“valvular myxoma”, “plamsa/serum”, and “immunohistochemistry”. Bibliographic references were also tracked for the
completeness of the literature retrieval. Thirty-eight articles
were found related to the topic and keywords in the literature
search; and 13 articles, which met the inclusion criteria during
preliminary assessment, were included in the review. The exclusion criteria were: unrelative to IL-6 and cardiac myxoma (n=9),
other biomarkers of patients with cardiac myxoma (n=6),
general discussions of IL-6 and cardiac myxoma (n=5), and IL-6
in patients with a cardiac tumour other than cardiac myxoma
(n=5).

It has been recognised that IL-6 is responsible for the constitutional presentations,3 tumour recurrence,4 and distal embolisation of patients with cardiac myxoma.5 Surgical resection of
cardiac myxoma may lead to a quick reduction of circulating
5
IL-6. Even though sporadic reports have been constantly
published on the relations between IL-6 and cardiac myxoma,
an overall statement of this respect is still scanty.
The aim of this research was to present the gathered evidence
regarding IL-6 proﬁles in cardiac myxoma patients.
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Data were carefully extracted for details of the study population, demographics, constitutional symptoms, comorbidities,
locations and dimensions of cardiac myxoma, serum/plasma
IL-6 values, positivity of IL-6 immunostaining, treatment, and
patient’s outcomes, etc.
Quantitative data were presented as mean ±standard deviation. The intergroup diﬀerences were compared by independent samples t-test, and comparisons of frequencies were
made by Pearson’s Chi-square test. Correlation was assessed
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between IL-6 levels and tumour size. p<0.05 was considered
statistically signiﬁcant. IBM SPSS statistics 22.0 was used for
conducting the statistical analyses.

RESULTS
Comprehensive literature retrieval resulted in 13 pertinent articles describing IL-6 in cardiac surgical patients.4-16 There were
53 patients with 35 (66.0%) female and 18 (34.0%) male
patients. A female predominance was found (χ2=10.9,
p=0.001) with a female-to-male ratio of 1.9:1. Their mean age
was 48.3 ±20.3 years (n=34).
Twelve (22.6%) patients had constitutional symptoms.4,5,7-9,13,14,16
A sequal of cardiac myxoma was found in 8 (15.1%) patients:
cerebral infarct (n=4),8,9,12 cerebral aneurysm (n=2),5,6 cerebral
embolism (n=1),12 and systemic embolism (n=1).10

This patient setting had 59 myxomas: 49 (83.1%) were in the
4-13,15,16
12,15
left atrium,
four (6.8%) in the right atrium,
three
(5.1%) from the mitral valve,4,15 two (3.4%) in the right
ventricle,15 and one (1.7%) in the left ventricle.15 Yokomuro et al.
reported 25 cardiac myxomas in 21 patients without indicating
exactly the situations of solitory and multiple cardiac
myoxmas.15 Thus, it was unable to make a comparative analysis
between patients with a solitary and those with multiple cardiac
myxomas in the present study.
The maximal dimension of cardiac myxoma of the patient population was 49.3 ±19.9 mm (n=44). The dimension of the left
cardiac myxoma was 52.5 ±18.8 mm (n=29). The volume of the
cardiac myxoma was 106,976.4 ±196,027.2 mm3 (n=23).
The detection method of circulating IL-6 was described in only 2
(15.4%) of the 13 reports.4,9 Enzyme-linked immunosorbent
assay (ELISA) was used in both reports.
Preoperative circulating IL-6 was detected in 30 patients: it was
elevated in 26 (86.7%) patients and normal in 4 (13.3%) patient
(χ2=32.3, p<0.001). The preoperative IL-6 value was 26.1 ±28.5
pg/mL (n=17). Postoperative circulating IL-6 at 0.5 month was
5.3 pg/mL (n=1).13 At 1 month, 13 patients had their circulating
IL-6 detected; it was normal in 12 (92.3%) patients and it was still
high in 1 (7.7%) patient.6 The mean value of IL-6 was 5.8 ±7.7
pg/mL (n=13).

All 8 patients whose circulating IL-6 was detected at 6 months
had a normal IL-6 value of 2.6 ±1.1 pg/mL (n=7). The circulating
IL-6 values at 1 month and 6 months after operation were signiﬁcantly lower than preoperation (p=0.019 and p=0.043, respectively). No signiﬁcant diﬀerence was found in the circulating IL-6
value between 1 month and 6 months after the operation
(p=0.290). Two patients with a recurrent cardiac myxoma had
extremely high circulating IL-6 levels, up to 77 and 102 pg/mL,
respectively.4 Preoperative C-reactive protein was 8.2 ±19.8
mg/dL (n=23). No signiﬁcant correlation was found between
preoperative IL-6 and C-reactive protein (r=0.2958, p=0.175).
No signiﬁcant diﬀerences were found in IL-6 levels of preoperation, and 1 and 6 months after cardiac myxoma resection
850

between patients with and without constitutional symptoms
(preoperation: 36.0 ±32.5 pg/mL vs. 12.0 ±13.9 pg/mL,
p=0.087; 1 month: 4.1 ±2.3 pg/mL vs. 7.8 ±12.6 pg/mL,
p=0.466; and 6 months: 2.5 ±0.9 pg/mL vs. 2.8 ±1.5 pg/mL,
p=0.783). Even though, there was a disparity in the preoperative values between the two groups. Patients with cerebral
comobidities had higher IL-6 levels before operation and 1
month after cardiac myxoma resection than patients without
(preoperation: 36.7 ±49.2 pg/mL vs. 21.7 ±15.3 pg/mL,
p=0.340; and 1 month: 15.0 ±21.2 pg/mL vs. 3.8 ±2.1 pg/mL,
p=0.066), but lack of a statistical signiﬁcance.
Preoperative circulating IL-6 correlated signiﬁcantly with
tumour volume (r=0.8552, p=0.003), while there were no
signiﬁcant correlations with maximal tumour dimension
(r=0.2443, p=0.190). Circulating IL-6 at 1 month after tumour
resection showed no correlation with either tumour volume
(r=0.5132, p=0.097) or with maximal tumour dimension
(r=-0.1729, p=0.2955).
Neither a correlation was found between circulating IL-6 at 6
month after tumour resection with either tumour volume
(r=-0.2992, p=0.257) or with maximal tumour dimension
(r=-0.2759, p=0.275).
An immunohistochemical study was performed in 30 (56.6%)
patients. A positive reaction was observed in 28 (93.3%) and
negative in 2 (6.7%) patients. In 16 (57.1%) patients with a positive immunohistochemical reaction, the intensities of the
staining were expressed semiqualitatively as + in 4 (25%),9,14,16
1+ in 3 (18.8%),12 2+ in 2 (12.5%),12 3+ in 6 (37.5%) patients,12,15
and 4+ in 1 (6.3%) patient.12 In 12 (42.9%) of the 28 patients with
a positive reaction to IL-6, the immunohistochemical intensities
were expressed quatitatively, as 17.8 ±19.8% (n=13).15 Only
one (1.9%) patient was reported to be died, but the patient’s
detailed information was unavailable.4

DISCUSSION
Interleukin-6 is a multifactorial cytokine that causes diﬀerentiation and proliferation of normal and malignant cells, induction of
the acute phase response and fever. Myxoma is the only cardiac
tumour that causes increased circulating IL-6 levels, and no
patient with other benign or malignant cardiac tumour was
observed with an elevated IL-6.17
IL-6 is known to increase serum concentrations of acute phase
proteins and γ-globulin, favours the production of autoantibodies, and causes fever and even fever of unknown origin.17 It
can be a possible explanation for the inﬂammatory and immune
features in cardiac myxoma patients presenting with constitutional symptoms. Severe inﬂammatory response showed an
elevation of preoperative serum IL-6 level up to 31.0 pg/mL.13
Increases in serum IL-6, IL-6 antigen, and IL-6 mRNA expression
in myxoma tissue were also reported in association with
immunologic abnormalities.17 The positive rate of IL-6 in cardiac
myxoma patients as a whole was reported to be 46%.17 Yokomuro et al. investigated the immunologic and serum IL-6 levels
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in 13 preoperative patients and in 10 postoperative patients.
Preoperatively, 53.8% of the patients were positive for IL-6, and
these values were found to normalise at 4 weeks after surgery.15
Endo et al. reported that, in cardiac myxoma patients
presenting with constitutional symptoms, the positive rate of
IL-6 was 92% in contrast to 0% of cardiac myxoma patients
without any constitutional symptoms.17 As reported in a recent
retrospective study, the preoperative IL-6 levels did not have a
diﬀerence between cardiac myxoma patients with and without
constitutional symptoms, and the two group patients had very
close IL-6 levels.18 Whereas, there was a big gap of IL-6 between
patients with and without constitutional symptoms in this
paper. The heterogenous results collected from the literature
might explain the disparity of the two studies.

6

after operation. They concluded that some subsequent cerebral aneurysm was the cause of constant high IL-6.
Mendoza et al. demonstrated a positive correlation between
serum IL-6 level and tumour size, and that overproduction of
IL-6 by myxoma cells were associated with tumour recurrence
or distal embolisation.4 In the present study, a similar ﬁnding
was illustrated in that preoperative IL-6 levels directly correlated with the tumour volume, but did not correlate with the
maximal tumour dimension.
Acebo et al. illustrated the immunoreactivity to IL-6 observed in
21

35 patients of cardiac myxoma.

Granular cytoplasmic posi-

tive constitutional symptoms and immunologic abnormalities,

tivity was observed in 26 (74%) myxomas. In cardiac myxoma
patients with a positive reaction of myxoma cells with IL-6, a
positive reaction was also observed in the lepidic, endothelial,
smooth muscle cells and cardiomyocytes. Most patients with an
abnormal laboratory parameters, such as anaemia, hypergammaglobulinemia, and increased erythrocyte sedimentation
rate, had myxomas that expressed IL-6, although statistically

and the possible role played by this cytokine in tumour recurrence.4 They measured IL-6 serum levels by enzyme-linked
immunosorbent assay method preoperatively, and 1 and 6

this relationship was not signiﬁcant. They found 76% of cardiac
myxoma patients were positive for IL-6, and most of them had
abnormal laboratory parameters. The irregular surface

months after surgery in eight consecutive patients with nonfamilial myxoma. Two patients had a recurrent tumour, and one of
them died during the second surgical operation for tumour
recurrence. Their study also proved that patients with a ﬁrst
occurrence of cardiac myxoma showed a positive correlation
between circulating IL-6 values and tumour dimensions, but
patients with recurrent tumours had much higher IL-6 levels irrespective of tumour size. Nevertheless, Yokomuro et al. reported
that their patient with recurrent cardiac myxoma did not show
elevated IL-6 values.15

tumours are related to embolism, and large left atrial tumours

The paraneoplastic eﬀects of cardiac myxoma may be related
to tumour-secreted cytokines, including interleukins, implying
tumour growth, recurrence, and distant metastasis.1 Mendoza
et al. studied the correlation of IL-6 serum levels with preopera-

It was also reported that overproduction of IL-6 was also
observed in cardiac myxoma patients with cerebral aneurysm
formation with a signiﬁcant correlation.6 Serum IL-6 level
extremely increased in patients with cardiac myxoma-induced
cerebral aneurysms before surgery, normalised shortly after
surgical resection of cardiac myxoma, but cerebral aneurysmal
regression was not observed.5 A statistic analysis based on
limited patient information revealed a much higher preoperative IL-6 value than postoperative value in such patients, but
lack of a signiﬁcant diﬀerence (30.1 ±25.9 pg/mL vs. 12.4 ±12.6
pg/mL, p=0.266).19 Yaguchi et al. found that IL-6 levels in cerebrospinal ﬂuid and in serum were concurrently elevated in a
patient with cerebral aneurysm associated with cardiac
myxoma.20 Mochizuki et al. observed that IL-6 decreased 1 week
after operation and was undetectable since 3 weeks.14 The
immunohistochemical studies showed that the myxoma cells of
their patients were positive to IL-6. Koo et al. reported a
myxoma patient and a normal IL-6 at 1 month after operation.5
Ezerioha and Feng reported a patient with cardiac myxoma and
cerebral aneurysm, in whom IL-6 levels were signiﬁcantly
elevated before operation but persistently high at one month

are related to atrial ﬁbrillation. Volz et al. found the immunohistochemical staining with anti-IL-6-antibody detected myxoma
cells and scattered macrophages within the myxoma as the
16
source of the elevated serum IL-6 levels.
Moreover, intracellular expression of IL-6 was found in 74.4% of
monocytes in the peripheral blood before surgery; whereas,
only 9% of monocytes were positive for IL-6 at one month after
tumour resection of cardiac myxoma. In contrast, the tumour
necrosis factor-β production was low and similar before and
after surgery, which were 11.02% and 7.78%, respectively.22
The imcomplete data source from the collected reports may
have led to statistical bias in the present study. For example,
comparisons of IL-6 expressions could not be made between left
atrial myxomas and myxomas arising from other cardiac chambers, between patients with and without constitutional symptoms; and between solitary and multiple cardiac myxomas.
Prospective studies with large patient population with precise
evaluations of the roles of IL-6 in cardiac myxoma patients are
warranted.

CONCLUSION
It has been recognised that IL-6 predicts tumour growth, tumour
recurrence, poor prognosis, or death of patients. IL-6 overproduction is responsible for the inﬂammatory presentations,
constitutional symptoms, and recurrence and distal embolisation of cardiac myxoma. The positive correlation between preoperative IL-6 values and tumour volumes, and dramatical reduction of circulating IL-6 values after tumour resection, support
the previous hypothesis that cardiac myxoma could be a
cellular source of IL-6 release. Surgical resection of cardiac
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myxoma is an absolute choice of eliminating the production of
IL-6 in these patients.

antiphospholipid antibodies in a woman with left atrial
myxoma and systemic embolisms. Lupus 2001; 10(11):
815-7.
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