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Abstract
Background Primary malignant cardiac tumors are rare in clinic, and surgical resection under cardiopulmonary 
bypass (CPB) remains the main treatment. The non-physiological perfusion process of CPB leads to contact activation, 
and the resulting coagulopathy and systemic inflammatory response syndrome (SIRS) are common complications. 
However, it is difficult to predict the impact of foreign tumor fragments on this pathophysiological process once they 
enter the bloodstream, making this phenomenon more complex and challenging.

Case Presentation We report a case of cardiac intimal sarcoma who developed severe coagulopathy and 
widespread inflammation after excision of massive right ventricular tumor and replacement of tricuspid valve by 
median sternotomy under CPB. Although the procedure was expected to cause tumor cell necrosis and precautions 
were taken, uncontrolled massive postoperative bleeding, persistent fever, abnormally elevated inflammatory 
markers, and recurrent malignant arrhythmias occurred after surgery. In addition to common factors, the most 
possible underlying mechanism is contact activation triggered following surgical procedure for intimal sarcoma with 
CPB.

Conclusion Patients with intracardiac malignant tumors are at a high risk for serious contact activation during CPB. 
Preventive application of comprehensive anti-inflammatory measures such as drugs and adsorptive CPB technology, 
as well as point-of-care (POC) monitoring of coagulation status will be helpful for individualized guidance and 
optimization of CPB management, and improvement of patient prognosis.
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Background
Primary intimal sarcomas are malignant mesenchymal 
tumors originating from vascular intima and usually 
involving great vessels. Cardiac intimal sarcomas are 
extremely rare and have a poor prognosis, characterized 
by spindle and pleomorphic cell clusters that express 
both MDM2 and CDK4 [1]. Radical surgical resection 
to obtain a negative margin remains the only definitive 
mode of treatment.

Cardiopulmonary bypass (CPB), a routine adjunct 
to open-heart surgery, can provoke abnormal coagula-
tion and inflammation. Most patients will experience 
transient laboratory abnormalities after surgery, but in 
extreme cases there will be a series of major complica-
tions that seriously affect the prognosis. Previous stud-
ies have revealed potential triggers for CPB-associated 
inflammation and coagulopathy, including extensive sur-
gical trauma, prolonged contact of blood components 
with the artificial surface of the CPB circuit, ischemia-
reperfusion injury, hypothermia, hemodilution, platelet 
activation and dysfunction, inappropriate use of hepa-
rin and protamine, and so on [2–4]. But there is still no 
single effective intervention to prevent the activation of 
these two interacting pathways. While in patients with 
tumors, it has been suggested that the tumor lysis syn-
drome (TLS) may occur after open-heart surgery [5]. 
During TLS, a large number of tumor cells rapidly lyse to 
form tumor cell fragments and release metabolites into 
circulation, which may be involved in promoting contact 
activation and exacerbating systemic inflammatory sys-
tem and coagulation system disorders.

Here, we report a unique case of resection of giant right 
ventricular intimal spindle cell sarcoma with CPB, which 
was complicated with severe coagulapathy and inflam-
mation, and frequent malignant arrhythmias postopera-
tively. After comprehensive treatment, the patient was 
finally discharged 18 days after surgery.

Case presentation
A 43-year-old previously healthy male patient, weigh-
ing 70 kg, was admitted to hospital due to facial edema 
in the past two months and aggravation of lower extrem-
ity edema recently accompanied by decreased activity 
endurance. Transthoracic echocardiography revealed 
a 90 × 65 × 52  mm large solid mass filled the right ven-
tricular outflow tract and most of the right ventricular 
cavity, which fused and wrapped with the anterior and 
posterior leaflets of tricuspid valve, and only septal leaflet 
activity was seen (Fig.  1A). And a smaller one of about 
20 × 17 × 25  mm occupied the apex. The left ventricular 
function is normal, with an ejection fraction of 60%. Pre-
operative routine laboratory examinations exhibited only 
mild thrombocytopenia with a platelet count of 83 × 109 
/L. There were no obvious abnormalities in liver and kid-
ney function, coagulation function, and inflammatory 
markers.

On the day of surgery, transesophageal echocardiogra-
phy (TEE) further confirmed the mass was approximately 
90  mm in size and the tricuspid valve was seriously 
involved (Fig.  1B). CPB was performed using a roller 
pump, hollow-fiber oxygenator, and moderate hypother-
mia. Two filters were placed in the CPB circuit to prevent 
possible tumor debris and microemboli from entering 
the circulation. The circuit was primed with 200 mL of 
Lactate Ringer’s solution, 1000 mL of Succinylated Gel-
atin Injectiol and 3,750 U of heparin. 27,500 U  (400 U/
kg) of unfractionated heparin was injected intravenously 
after thoracotomy, with a resultant activated clotting 
time (ACT) value of 999 s observed. CPB was then com-
menced, with the flow rate of 2.4–2.6 L/(min·m2). After 
opening the right atrium, the tumor was noted to infil-
trate into the endocardium and myocardium, and extend 
to the anterior, posterior, and septal leaflets of the tri-
cuspid valve. An en-bloc resection was not possible, but 
an aggressive debulking procedure was performed. The 
resected tumor fragments are shown in Fig.  1C. Then, 
under small-dose vasoactive drugs and inotropic support 
with epinephrine (0.03  µg/kg/min) and norepinephrine 

Fig. 1 (A) and (B) represent transthoracic short axis section of LV and the mid-esophageal RV inflow-outflow view. Both TTE and TEE showed a huge 
mass occupying the inflow tract and most of the right ventricular cavity. The mass fused and wrapped with the tricuspid valve, and the demarcation be-
tween the tumor and the myocardium was not clear. The patient had a narrow gap to provide forward blood flow during diastole. (C) shows the excised 
fragmented tumor tissue
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(0.06 µg/kg/min), the patient was gradually weaned from 
CPB with normal heart rate (89 bpm), rhythm and blood 
pressure  (101/56mmHg). TEE showed normal systolic 
function of both ventricles and normal left ventricular 
end-diastolic diameter. The total CPB time was 211 min 
with a cross-clamp time of 162  min. A total of 250  mg 
protamine was used to neutralize heparin (the ratio of 
protamine to heparin was 0.55:1), and the corresponding 
ACT value was 216 s, which was equivalent to the basic 
ACT value of 213 s.

However, the patient’s hemodynamics fluctuated 
greatly before leaving the operating room, and the drain-
age volume was up to 200 mL within 10  min. Hemo-
dynamics could only be maintained under large-dose 
vasoactive drugs and inotropic support with milrinone 
(0.5  µg/kg/min), epinephrine (0.04  µg/kg/min), norepi-
nephrine (0.75  µg/kg/min), m-hydroxylamine (0.75  µg/
kg/min) and pituitrin (5U/h). The surgeons immediately 
performed a second thoracotomy for exploration, but no 
obvious surgical bleeding points were found except for 
extensive oozing in the surgical area. Severe coagulopa-
thy and even acute disseminated intravascular coagu-
lation (DIC) were highly suspected. The result of the 
thromboelastography (TEG) showed that R time and 
K time were prolonged, and alpha angle and maximum 
amplitude (MA) were decreased, suggesting coagula-
tion factors, fibrinogen and platelet deficiency or insuf-
ficiency. The patient received intravenous infusion of 4 U 
of packed red cells, 950 mL of fresh frozen plasma, 1 g of 
fibrinogen, 600 U of prothrombin complex concentrate, 
20  g of 20% albumin within two hours. Besides, 1g and 
1.5  g of tranexamic acid were applied before and after 
rethoracotomy for hemostasis. Hemodynamics gradually 
stabilized with the support of smaller doses of norepi-
nephrine (0.2 µg/kg/min) and pituitrin (3U/h) when the 
patient was transferred to intensive care unit (ICU).

The results of the blood samples taken by the patient 
upon entering the ICU showed thrombocytopenia with 
a platelet count of 38 × 109/L and moderate anemia with 
a hemoglobin level of 78  g/L, and TEG test showed no 
significant improvement compared with that measured 

intraoperatively. Therefore, the patient received 10 U 
of cryoprecipitate, 2 U of platelets, and 3.5 U of packed 
red cells. Besides, the patient’s inflammatory markers 
increased significantly after surgery and peaked within 
three days, and did not return to normal until the patient 
was discharged from the hospital, with peak interleukin-6 
of 474.00 pg/mL and procalcitonin of 38.7 ng/mL on 
postoperative day1 (POD1), and peak C-reactive protein 
of 239.6 mg/L on POD3. The evolution of postoperative 
inflammatory markers is shown in Fig. 2. From POD2 to 
POD6, the patient experienced recurrent moderate-to-
high fevers up to 39.6℃ despite attempted at active cool-
ing. As the blood culture was negative, antibiotic therapy 
was discontinued. At the same time, the patient suffered 
from frequent atrial fibrillation, ventricular tachycardia, 
and supraventricular tachycardia from POD3 to POD6, 
and was treated with antiarrhythmic drugs and electro-
cardioversion. The patient was transferred back to the 
general ward on POD9 and discharged on POD18 after 
his condition stabilized. Postoperative supplementary 
pathological reports supported intimal sarcoma.

Discussion and conclusions
Primary cardiac intimal sarcomas tend to occur in left 
atrium, [1] but have been reported in all four cardiac 
chambers. Intimal sarcoma is a kind of undifferentiated 
invasive sarcoma characterized by overexpression and 
amplification of MDM2, [1] but early diagnosis is diffi-
cult due to its low incidence, insidious and non-specific 
symptoms. The prognosis of these patients remains dis-
mal. Although adjuvant chemotherapy may improve the 
survival of patients, radical surgical resection under CPB 
to obtain a negative incisal margin is still the only defini-
tive treatment [1, 6, 7]. 

Our patient initially presented with progressive lower 
limb edema and fatigue, but did not exhibit specific car-
diac or embolism-related symptoms. In order to improve 
the patient’s outcomes, a right ventricular massive mass 
resection was performed after adequate preoperative 
preparation. The procedure was uneventful, but the 
patient experienced uncontrolled massive bleeding, 

Fig. 2 Laboratory indicators showed an abnormal increase in postoperative inflammatory markers in this patient. The inflammatory response was the 
most serious in the first three days after operation, and then gradually improved, but it did not fall to the normal value in the end. CRP C-reactive protein, 
IL-6 interleukin-6, PCT procalcitonin
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persistent fever and abnormal elevated inflammatory 
markers, and recurrent malignant arrhythmias after sur-
gery. Although spontaneous DIC may have occurred in 
our patient, it seems more reasonable to speculate that 
the massive destruction of tumor cells during surgery, 
combined with the prolonged use of CPB, may have trig-
gered cytokine storms leading to severe coagulopathy, 
SIRS and electrical storms.

Coagulopathy after CPB is very common in most car-
diac surgeries and is generally multifactorial. Extensive 
surgical trauma, prolonged contact of blood with the 
artificial surface of the CPB circuit, unfractionated hepa-
rin residue, inappropriate use of protamine, hypother-
mia, platelet activation and dysfunction, hyperfibrinolysis 
and inflammatory cascade are all possible triggers.

The inflammatory response induced by CPB is also 
inevitable. The early phase is believed to be caused by the 
contact of blood with the artificial material of the CPB 
circuit. Ischemia/reperfusion injury and endotoxemia 
further trigger the late phase through leucocyte depen-
dent and non-leucocyte dependent responses. Surgi-
cal trauma is also a potential cause. SIRS will eventually 
occur when the body’s homeostasis is destroyed [8]. 

Notably, the contact activation caused by blood expo-
sure to the non-endothelial surface of CPB and the cas-
cade of reactions it triggers play a key role in the systemic 
activation of the inflammatory and hemostatic systems 
(fibrin formation, platelet activation/consumption, and 
endothelial damage) during CPB. According to the Vro-
man effect, when blood comes into contact with the non-
physiological surface of the CPB circuit, plasma proteins 
are sequentially absorbed and form a monolayer, which 
in turn mediates the activation of a series of humoral and 
cellular components through changes in protein confor-
mation [9]. Activation of the contact system is accompa-
nied by activation of factor XII-X and further leads to the 
production of bradykinin and kallikrein, which directly 
activates the intrinsic coagulation pathway and neutro-
phils. In addition, the complement system, fibrinolytic 
system, platelets, endothelial cells, monocytes, and lym-
phocytes are also indirectly activated. The production of 
Xa further induces the production of thrombin and leads 
to widespread activation of both intrinsic and extrinsic 
coagulation systems [8–10]. The activation of the above 
five plasma protein systems and blood cells causes exten-
sive cross-talk between the inflammation and coagula-
tion systems, resulting in the continuous consumption 
of clotting factors and platelets, bleeding, thrombosis, 
and the release of various cytokines during CPB, which 
may ultimately leads to end organ dysfunction and other 
potential postoperative complications.

The entry of tumor debris into the bloodstream is likely 
to exacerbate the contact activation process. On the one 
hand, as for patients with tumors, coagulopathy are more 

likely to occur. One possible hypothesis is the Kasabach 
Merritt phenomenon (KMP), which is characterized by 
severe thrombocytopenia [11, 12]. In addition, experi-
mental studies also show that solid tumors and damaged 
endothelial cells may express procoagulant molecules 
(tissue factors and cancer procoagulants), or express 
high levels of fibrinolytic inhibitor PAI-1 to induce a 
hypofibrinolytic state, or, alternatively, express plasmin-
ogen-activating factors (urokinase-type plasminogen 
activator and tissue-type plasminogen activator), which 
may lead to hyperfibrinolytic state [13, 14]. Some cases 
of DIC associated with angiosarcoma have been reported 
[11–13, 15–17]. On the other hand, a large number of 
pro-inflammatory cytokines such as interleukin-6 (IL-
6), IL-8, IL-1 and tumor necrosis factor α  (TNF-α) are 
released during rapid cell lysis, further exacerbating 
systemic inflammatory response [5]. The postoperative 
inflammation markers of this patient, especially procalci-
tonin, were significantly higher than those of non-tumor 
patients in our institution during the same period (38.7 
ng/mL vs. 0.19 ng/mL) and those reported in previous 
literature [18]. 

Tumor lysis syndrome (TLS) is characterized by severe 
electrolyte disturbance, metabolic acidosis, acute renal 
impairment, multiple organ failure, and even death 
[5]. Our patient’s maximum serum potassium was 
5.85 mmol/L, the minimum serum calcium was 0.928 
mmol/L, and there were no obvious abnormalities in 
phosphorus and uric acid. Although our patient did not 
meet the diagnostic criteria for TLS and did not present 
with the above clinical extremes, the presence of tumo-
lytic processes is highly suspected in combination with 
the abnormal coagulation, inflammation, and electrical 
storm in our patient.

This case highlights that the degree of contact activa-
tion during cardiac surgery with CPB in patients with 
malignant tumors may be much greater than expected, 
further complicating CPB-associated inflammation and 
coagulopathy. Therefore, it is necessary to pay great atten-
tion to such patients and take preventive measures. First 
of all, identifying high-risk patients is a priority, includ-
ing malignant tumors, severe infections, severe liver 
dysfunction, and so on. Secondly, it should be equipped 
with primary filtration devices. It seems futile to install 
two blood reservoirs in advance from this case, so more 
advanced adsorptive blood purification devices may be 
necessary, such as CytoSorb. Based on its non-selective 
adsorption properties, concentration dependence, large 
adsorption area, and easy assembly in the CPB circuit, 
CytoSorb can efficiently adsorb cytokines between 5 and 
60  kDa in size and has shown optimistic results in car-
diac surgery, especially in high-risk groups [19]. Thirdly, 
in cases where CPB cannot be avoided, a combination 
of pharmacological and technical anti-inflammatory 
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strategies may be useful. Corticosteroids (dexametha-
sone), serine protease inhibitors (aprotinin), antioxidants 
(mannitol, allopurinol, and N-acetyl cysteine), comple-
ment inhibitors (pexilizumab), phosphodiesterase inhibi-
tors (milrinone), and other pharmacologic drugs have 
been investigated as potential anti-inflammatory agents. 
Technical strategies such as heparin-bonded circuits, 
ultrafiltration and leukocyte filtration may beneficial [20]. 
Fourthly, real-time and accurate monitoring of coagula-
tion is very important. There is evidence to support the 
benefits of rotational thromboelastometry (ROTEM) and 
TEG as point-of-care (POC) tools to assess perioperative 
coagulation [21, 22]. The use of POC hemostasis test can 
comprehensively detect the coagulation function, analyze 
the causes of bleeding, timely and targeted intervention, 
and guide component blood transfusion.

In conclusion, patients with intracardiac tumors need 
careful preoperative evaluation and adequate CPB 
preparations to minimize contact activation. Effective 
monitoring methods and preventive measures are very 
important. The advantages of the rational application 
of anti-inflammatory drugs and adsorptive devices to 
reduce the inflammatory response and POC monitoring 
of coagulation status to guide the reconstruction of coag-
ulation function in CPB cannot be ignored.
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