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Predictors of Normalization of Circulating 
Interleukin-6 after Cardiac Myxoma Resection

Shi-Min  Yuan1, MD, PhD; Hui-Zhen Lin2, MD

Abstract
Objective: To disclose the relationships between the anatomic 

features of cardiac myxomas and plasma interleukin (IL)-6 levels.
Methods: Twelve patients undergoing cardiac myxoma 

resection at The First Hospital of Putian, Teaching Hospital, 
Fujian Medical University were enrolled into this study. Pre- and 
postoperative IL-6 levels were determined by an enzyme-linked 
immunosorbent assay method, and correlations between cardiac 
myxoma dimension or volume and plasma IL-6 levels were 
analyzed. C-reactive protein (CRP) levels were also evaluated.

Results: IL-6 and CRP levels were significantly decreased 
one month after cardiac myxoma resection in comparison to 
preoperative values. IL-6 and CRP levels did not differ between 
patients with a cardiac myxoma of irregular appearance and 
those with a myxoma of regular gross appearance, or between 
patients with a pedicled or a sessile myxoma. Decrement of IL-6 of 

patients with irregular cardiac myxomas was much higher than 
that of patients with regular ones, while no intergroup difference 
was noted in decrement of CRP. A close direct correlation was 
noted between IL-6 levels and maximal dimension (length) or 
volume of cardiac myxomas, whereas CRP levels only correlated 
with maximal dimension of cardiac myxomas.

Conclusion: Anatomic features of cardiac myxomas (sessile, 
irregular appearance, maximal dimension, and volume) could 
be determinants of the patients’ circulating IL-6 levels. IL-6 was 
likely to be a more sensitive biomarker than CRP in predicting 
the inflammatory status of patients with cardiac myxoma. 
Sessile and irregular cardiac myxomas might predict more severe 
inflammatory conditions for their more abundant endothelial 
cells and IL-6 overproduction.
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Abbreviations, acronyms & symbols

CRP

IL

mRNA

 = C-reactive protein

 = Interleukin

 = Messenger ribonucleic acid

INTRODUCTION

Interleukins (ILs) are a group of cytokines involved in the 
etiologies of many inflammation-related disorders, trigger 
inflammation-induced immune responses, such as pain, various 
infections and allergic reactions, and cell regeneration[1,2]. 
Meanwhile, an antibody directed against an IL-specific peptide 
shows anti-inflammatory functions[3]. Of the IL family, IL-6 is 

a pro- and anti-inflammatory cytokine, responsible for the 
pathogenesis of many inflammation-related conditions, including 
infectious[1,4-6] and immunological disorders[2,7]. A recent review 
comprehensively described the profile of circulating IL-6 in 
relation to different cardiac operations[8]. As a response to the 
acute phase of an inflammation, IL-6 has been proved to be 
an indicator of immunologic abnormalities and constitutional 
symptoms of cardiac myxoma[9]. Clinical observations revealed 
that circulating IL-6 levels closely correlated with the dimensions 
of cardiac myxomas[9], and that IL-6 levels could be reduced or 
diminished shortly after surgical resection of a cardiac myxoma[9]. 
Soeparwata et al.[10] and Mendoza et al.[9] found a positive 
correlation between the cardiac myxoma size index (i.e., tumor 
volume) and circulating IL-6 levels. We assumed that, besides the 
relationship between tumor size (maximal dimension [length] 
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Of the 12 patients, 11 (91.7%) had 1 cardiac myxoma and 1 
(8.3%) had 1 big and 2 very small myxomas, totaling 14 myxomas 
in all of them. Thirteen left atrial myxomas in 11 (91.7%) patients 
were arising from the atrial septum (5 of them from the fossa 
ovalis) and 1 myxoma in 1 (8.3%) patient was arising from the free 
wall of the left atrium. Seven (50%) myxomas were pedicled and 
7 (50%) were sessile. Except for the 2 very small myxomas, the 
gross appearances of the remaining 12 myxomas were regular in 
7 (58.3%) patients and irregular in 5 (41.7%). One of the regular 
myxomas was capsulated with dense membrane, and 1 of the 
irregular myxomas was villious. Patients’ demographics were 
listed in Table 1.

Blood samples were taken from each patient before operation 
and at 1-month follow-up after the operation. Pre- and postoperative 
IL-6 levels were determined by an enzyme-linked immunosorbent 
assay method. CRP levels were also detected and evaluated.

All data were expressed in mean ± standard deviation, 
and intergroup comparisons were made by Student t-test. 
Correlations between tumor dimensions and IL-6 levels were 
assessed as well.  P<0.05 was considered of statistical significance.

This study was approved by the institutional Ethical Committee 
and it was conducted following the guidelines of the Declaration 
of Helsinki. Informed consent was obtained from each patient.

and volume) and IL-6, there might also be close relations between 
IL-6 or decrement (difference of pre- and postoperative values) of 
IL-6 (∆IL-6) and the anatomic features of cardiac myxomas. In order 
to highlight these hypotheses, we made a retrospective study on 
a small patient population undergoing cardiac myxoma resection 
to evaluate circulating IL-6 levels in parallel with C-reactive protein 
(CRP) levels.

METHODS

In total, 12 patients undergoing cardiac myxoma resection 
at The First Hospital of Putian, Teaching Hospital, Fujian Medical 
University were enrolled into this study. There were 9 (75%) 
female and 3 (25%) male patients. Their ages were 53.3 ± 6.1 
(range, 46-66; median, 51) years. No age difference was found 
between genders (51.4 ± 3.7 vs. 58.7 ± 9.5, P=0.0723).

All 12 patients were diagnosed with left atrial myxoma by 
transthoracic echocardiography and it was verified by surgical 
operation and pathological examinations of the resected tumors. 
They underwent cardiac myxoma resection with the aid of 
cardiopulmonary bypass via a left atriotomy or a right atriotomy 
plus an atrial septotomy approach. All patients survived the 
operation and were followed up. No recurrence of cardiac 
myxoma was found in any patient during the follow-up period.

Yuan SM & Lin HZ - Circulating IL-6 in Cardiac Myxoma

Table 1. Patients’ demographics.

Variable Result

Age, year 53.3±6.1 (range, 47-66; median, 50.5)

Gender, male/female 3/9

Major onset manifestation
Dyspnea (n=5), fatigue (n=3), fever (n=1), hiccups (n=1), vertigo and 

paresthesia of the extremities (n=1), acute cerebral infarct (n=1)

Tumor pathology

Tumor number 14

Singularity/multiplicity Solitude (n=11), multiple (n=1)

Gross appearance Regular (n=7), irregular (n=5)

Attachment
Pedicled (n=7), sessile (n=7) (1 [8.3%] patient had 1 big and 2 very small 

sessile myxomas)

Tumor dimensions, mm

Length 50.0±12.9 (range, 35-76; median, 47.5)

Width 36.1±8.4 (range, 25-46; median, 38.5)

Height 25.2±10.2 (range, 10-38; median, 27.5)

Tumor volume, mm3 53722.1±34940.7 (range, 10750-114380; median, 59515)

IL-6, pg/mL

Preoperative 15.7±6.4 (range, 7.7-28; median, 15.1)

One-month postoperative 2.2±1.9 (range, 0-5.2; median, 1.3)

∆IL-6 13.5±6.9 (range, 4.2-27.7; median, 14.1)

CRP, mg/L

Preoperative 49.6±30.2 (range, 17.8-120.9; median, 37.8)

One-month postoperative 7.1±1.8 (range, 3.4-9.4; median, 7.5)

∆CRP 42.4±29.3 (range, 12.9-110.6; median, 31.9)

∆CRP=decrement of C-reactive protein; ∆IL-6=decrement of interleukin-6; CRP=C-reactive protein; IL-6=interleukin-6
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Irregular versus Regular

Postoperative IL-6 levels were significantly decreased in 
comparison to the preoperative levels in patients with a cardiac 
myxoma of either an irregular or a regular gross appearance. No 
differences were found in pre- or postoperative IL-6 levels of 
patients with a cardiac myxoma of an irregular gross appearance 
and those with a regular gross appearance (Figure 4A). The 
CRP profiles displayed a similar trend to IL-6 (Figure 4B). ∆IL-6 of 
patients with cardiac myxoma of an irregular gross appearance 
was much higher than that of patients with cardiac myxoma of a 
regular one (16.7±6.9 pg/mL vs. 9.1±4.4 pg/mL, P=0.0454; Figure 
5A). No intergroup difference was noted in ∆CRP (Figure 5B).

RESULTS

IL-6 and CRP Levels

Preoperative plasma IL-6 level was much higher than the 
reference value, and IL-6 levels 1 month after cardiac myxoma 
resection were all in normal range. Postoperative IL-6 level was 
significantly lower than preoperative value (15.7±6.4 pg/mL vs. 
2.2±1.9 pg/mL, P<0.0001; Figure 1A). Preoperative IL-6 levels 
between patients without and with constitutional symptoms 
did not differ statistically (15.6±8.2 pg/mL vs. 15.8±5.6 pg/mL, 
P=0.9548).

Preoperative CRP levels were elevated in all patients with 
a mean of 49.6±30.4 (range, 17.8-120.94; median, 37.13) mg/L. 
Postoperative CRP levels were significantly decreased in 
comparison to the preoperative values (Figure 1B). Postoperative 
CRP value was above the reference value in 3 (25%) patients and 
normal in 9 (75%).

There was an approximate direct correlation between 
preoperative IL-6 and preoperative CRP (r=0.4769, P=0.0585; 
Figure 2A). No correlation was found between postoperative IL-6 
and postoperative CRP (r=0.0173, P=0.4787). Nevertheless, there 
was a close correlation between ∆IL-6 and decrement of CRP 
(∆CRP) (r=0.5938, P=0.0209; Figure 2B).

Fig. 1 – Circulating inflammatory biomarkers were significantly 
lower after cardiac myxoma resection than preoperative baseline: 
(A) interleukin-6 (IL-6); and (B) C-reactive protein (CRP).

Tumor Size

A close direct correlation was noted between preoperative 
IL-6 levels and the maximal dimension of cardiac myxoma (Figure 
3A) or tumor volume (Figure 3B). No significant correlationships 
were found between ∆IL-6 and maximal dimension of tumor 
(r=0.0424, P=0.4480) or tumor volume (r=0.0574, P=0.4297). A 
close direct correlation was also noted between preoperative 
CRP levels and maximal dimension of cardiac myxoma (Figure 
3C), but no correlation was found between preoperative CRP 
and tumor volume (r=0.3975, P=1.0003).

Fig. 2 – Correlation between circulating interleukin-6 (IL-6) and 
C-reactive protein (CRP): (A) there was an approximate direct 
correlation between preoperative IL-6 and preoperative CRP; and (B) 
there was a close correlation between decrement of interleukin-6 
(∆IL-6) and decrement of C-reactive protein (∆CRP) values.

A			            B

A

B
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Pedicled versus Sessile

Postoperative IL-6 levels of patients with a pedicled or sessile 
cardiac myxoma were significantly decreased in comparison to 
the preoperative levels. No differences were found in pre- or 
postoperative IL-6 levels of patients with a pedicled and those 
with a sessile cardiac myxoma (Figure 6A). CRP profiles also 
displayed a similar trend to IL-6 (Figure 6B). Both ∆IL-6 (16.4±7.4 
pg/mL vs. 9.5±4.0 pg/mL, P=0.064) and ∆CRP (52.2±35.7 mg/L vs. 
28.9±10.1 mg/L, P=0.1912) showed higher results in patients with 
pedicled cardiac myxoma than in those with sessile myxoma, but 
there was lack of intergroup differences.

Fig. 3 – Correlation between preoperative circulating biomarkers 
and tumor size: (A) close direct correlation between preoperative 
interleukin-6 (IL-6) levels and maximal dimension of cardiac 
myxoma; (B) close direct correlation between preoperative IL-6 levels 
and volume of cardiac myxoma; and (C) close direct correlation 
between preoperative C-reactive protein (CRP) levels and maximal 
dimension of cardiac myxoma.

Fig. 4 – Comparisons of circulating biomarkers between patients 
with cardiac myxoma of an irregular gross appearance and 
those with cardiac myxoma of a regular gross appearance: (A) no 
differences were found in pre- or postoperative interleukin-6 (IL-6) 
levels between these patients; and (B) no differences were found in 
pre- or postoperative C-reactive protein (CRP) levels between these 
patients.

B

A

C B

A
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without constitutional symptoms. In addition, we did not find 
differences in pre- and postoperative IL-6 levels between patients 
with cardiac myxoma of irregular and regular appearances, neither 
between patients with a pedicled or a sessile cardiac myxoma. The 
positive findings of the present study were direct relationships 
between circulating IL-6 levels and tumor volume or tumor 
dimension, which were in accordance to the results reported 
previously by Mendoza et al.[9] and Soeparwata et al.[10]. Irregular 
cardiac myxomas have been proved to have gelatinous and fragile 
extensions with tendency of spontaneous fragmentation[21] and 
to be associated with increased risks of myxoma-related embolic 
events[22]. Moreover, regular cardiac myxomas are prone to 
develop cerebral aneurysms and highly elevated serum IL-6[16]. 

DISCUSSION

Patients with cardiac myxoma have been reported to have 
elevated circulating IL-6 levels as a result of the associated 
inflammatory and immune conditions. Jenni et al.[11] reported that 
IL-6 levels were elevated in 79% of 19 cardiac myxoma patients. 
Mendoza et al.[9] reported that the whole group of their 8 patients 
showed preoperative elevated serum IL-6 levels, and cardiac 
myxoma resection led to a remarkable reduction of IL-6 in these 
patients. Clinical observations revealed that not only circulating IL-6, 
but also IL-6 antigen and IL-6 messenger ribonucleic acid (mRNA), 
were significantly upregulated in cardiac myxoma tissues as a result 
of activated immune reactions[12]. Seino et al.[13] observed increased 
expression of IL-6 mRNA in cardiac myxoma tissues of all their 3 
patients, and their results supported that IL-6 is overproduced by 
cardiac myxoma cells. Yaguchi et al.[14] found that both serum and 
cerebrospinal fluid IL-6 levels were increased in cardiac myxoma 
patients in whom cerebral aneurysm has been developed. This 
phenomenon was also observed by other authors[15,16]. Elevated IL-6 
levels were also associated with occurrence of pertinent sequelae, 
such as renal injury, proteinuria[17], and constitutional signs[12]. Re-
elevation of circulating IL-6 was seen in patients with recurrent 
tumors, and the IL-6 level was even much higher than in the first time 
occurrence[10]. This was explained as more severe cases of cardiac 
myxoma were usually associated with constitutional symptoms and 
embolic events[18,19].

The present patient cohort included 12 cases of cardiac 
myxoma patients; all of them had an elevated plasma IL-6 level 
preoperatively and a remarkable decrease of IL-6 after cardiac 
myxoma resection. Only 1 patient developed acute cerebral 
infarction as a severe complication of cardiac myxoma, while the 
remaining 11 patients had constitutional or mild neurological 
symptoms. Although much attention has been drawn that IL-6 
plays an important role in producing constitutional symptoms 
and severe sequalae in patients with cardiac myxoma[20], we did 
not find any difference in IL-6 levels between patients with and 

Fig. 6 – Comparisons of circulating biomarkers between patients 
with a pedicled or sessile cardiac myxoma: (A) no differences were 
found in pre- or postoperative interleukin-6 (IL-6) levels between these 
patients; and (B) no differences were found in pre- or postoperative 
C-reactive protein (CRP) levels between these patients.

Fig. 5 – Comparisons of decrements of interleukin-6 (∆IL-6) and 
C-reactive protein (∆CRP) levels: (A) ∆IL-6 of patients with cardiac 
myxoma of an irregular gross appearance was much higher than 
that of patients with cardiac myxoma of a regular gross appearance; 
and (B) no intergroup difference was found in ∆CRP.

A			            B A

B



27
Brazilian Journal of Cardiovascular Surgery 

Braz J Cardiovasc Surg 2019;34(1):22-7Yuan SM & Lin HZ - Circulating IL-6 in Cardiac Myxoma

2.	 Mohammadi F, Solgi G, Tajik M, Ahmadpoor P, Nikoeinejad H, Einollahi 
B, et al. Enzyme-Linked Immunosorbent Spot (ELISpot) monitoring of 
cytokine-producing cells for the prediction of acute rejection in renal 
transplant patients. Eur Cytokine Netw. 2017;28(3):93-101.

3.	 Vilia MG, Tocchetti M, Fonte E, Sana I, Muzio M. Characterization of a 
long isoform of IL-1R8 (TIR8/SIGIRR). Eur Cytokine Netw. 2017;28(2):63-9.

4.	 Yuan SM. Acute kidney injury after pediatric cardiac surgery. Pediatr 
Neonatol. 2018. pii: S1875-9572(17)30113-4. 

5.	 Jilma-Stohlawetz P, Kliegel T, Kantner-Schlifke I, Strasser-Marsik C, Mayr FB, 
Jilma B. Upregulation of cytokine mRNA in circulating leukocytes during 
human endotoxemia. Eur Cytokine Netw. 2017;28(1):19-26.

6.	 Aparicio JL, Ottobre M, Duhalde Vega M, Coutelier JP, Van Snick J, Retegui 
LA. Effects of interleukin 17A (IL-17A) neutralization on murine hepatitis 
virus (MHV-A59) infection. Eur Cytokine Netw. 2017;28(3):111-9.

7.	 Zhu L, Zhu L. Sophocarpine suppress inflammatory response in human 
fibroblast-like synoviocytes and in mice with collagen-induced arthritis. 
Eur Cytokine Netw. 2017;28(3):120-6.

8.	 Yuan SM. Interleukin-6 and cardiac operations. Eur Cytokine Netw. 
2018;29(1):1-15.

9.	 Mendoza CE, Rosado MF, Bernal L. The role of interleukin-6 in cases of 
cardiac myxoma. Clinical features, immunologic abnormalities, and a 
possible role in recurrence. Tex Heart Inst J. 2001;28(1):3-7.

10.	Soeparwata R, Poeml P, Schmid C, Neuhof H, Scheld HH. Interleukin-6 
plasma levels and tumor size in cardiac myxoma. J Thorac Cardiovasc 
Surg. 1996;112(6):1675-7.

11.	Jenni R, Uçkay I, Widmer U, Seifert B, Attenhofer C. Usefulness of serum 
interleukin-6 to discriminate between cardiac myxomas and non-
myxomatous cardiac masses. Cardiovasc Med. 2005;8(10):361-9.

12.	Endo A, Ohtahara A, Kinugawa T, Ogino K, Hisatome I, Shigemasa C. 
Characteristics of cardiac myxoma with constitutional signs: a multicenter 
study in Japan. Clin Cardiol. 2002;25(8):367-70. 

13.	Seino Y, Ikeda U, Shimada K. Increased expression of interleukin 6 mRNA 
in cardiac myxomas. Br Heart J. 1993;69(6):565-7.

14.	Yaguchi H, Murakami Y, Sengoku R, Sato H, Inoue K. A case of cardiac 
myxoma presenting with multiple cerebellar hemorrhages and 
elevation of interleukin-6 in the cerebrospinal fluid. Rinsho Shinkeigaku. 
2004;44(10):677-81.

15.	Ezerioha N, Feng W. Intracardiac myxoma, cerebral aneurysms and 
elevated interleukin-6. Case Rep Neurol. 2015;7(2):152-5.

16.	Koo YH, Kim TG, Kim OJ, Oh SH. Multiple fusiform cerebral aneurysms 
and highly elevated serum interleukin-6 in cardiac myxoma. J Korean 
Neurosurg Soc. 2009;45(6):394-6.

17.	Bushnell JR, Weston C, Karamadoukis L. An unusual presentation of atrial 
myxoma with haematuria and proteinuria. NDT Plus. 2011;4(2):124-5.

18.	Yuan SM. Infected cardiac myxoma: an updated review. Braz J Cardiovasc 
Surg. 2015;30(5):571-8.

19.	Yuan SM, Humuruola G. Stroke of a cardiac myxoma origin. Rev Bras Cir 
Cardiovasc. 2015;30(2):225-34. 

20.	Yuan SM, Yan SL, Wu N. Unusual aspects of cardiac myxoma. Anatol J 
Cardiol. 2017;17(3):241-7.

21.	Reynen K. Cardiac myxomas. N Engl J Med. 1995;333(24):1610-7.
22.	Lee SJ, Kim JH, Na CY, Oh SS. Eleven years' experience with Korean 

cardiac myxoma patients: focus on embolic complications. Cerebrovasc 
Dis. 2012;33(5):471-9.

23.	Kinugasa S, Sasaki S, Irie H, Matsuyama N, Okamoto J, Sawada Y, et al. 
Surgical treatment for cardiac myxomas-a review of 13 cases. Nihon 
Rinsho Geka Gakkai Zasshi. 2009;58(5):960-3.

24.	Durgut K, Onoglu R, Gormus N. Primary cardiac myxomas: report of 28 
cases and review the literature. J BUON. 2011;16(2):345-8.

The higher IL-6 levels in patients with irregular myxoma might 
hint an enlarged tumor surface in charge of more abundant 
production of cytokines. The higher IL-6 and CRP levels in patients 
with sessile cardiac myxoma might implicate that more cells or 
exposed endothelium might remain in the large sessile myxomas.

It has been noted that most patients with cardiac myxoma 
had leukocytosis or high CRP levels prior to cardiac myxoma 
resection[23]. Only recently, Durgut et al.[24] described in a 
retrospective study that cardiac myxoma resection led to a 
significant decrease of CRP from preoperative 47.3±14.6 mg/L 
to postoperative 8.4±2.6 mg/L period. The inherent relations 
between IL-6 and CRP in cardiac myxoma patients have been 
described as that IL-6 could trigger the release of CRP. In line 
with this theory, we observed close direct relations between 
preoperative IL-6 and preoperative CRP, and between ∆IL-6 and 
∆CRP. The correlation analyses between IL-6 or CRP levels and 
anatomic features of cardiac myxomas proved that IL-6 levels 
were more sensitive than CRP in predicting the inflammatory 
status of cardiac myxoma patients.

Our study was confined to a limited number of patients and 
the results might have some biases owing to the lack of the 
necessary patient information. As no recurrent cardiac myxoma 
case was included in the present patient cohort, the predictive 
value of IL-6 in tumor recurrence was not evaluated.

CONCLUSION

Anatomic features of cardiac myxomas (sessile, irregular 
appearance, maximal dimensions, and volumes) could be 
determinants of the patients’ circulating IL-6 levels. In comparison 
to CRP, IL-6 was likely to be a more sensitive biomarker in 
predicting the inflammatory status of cardiac myxoma patients. 
Sessile and irregular cardiac myxomas might predict more severe 
inflammatory conditions for their more abundant endothelial 
cells owing to the enlarged dimension and tumor volume that 
are responsible for the overproduction of cytokines.
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