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Case Report: Can preoperative implantation of veno-arterial extracorporeal membrane oxygenation lead to embolic events in infective endocarditis?
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Early-stage infective endocarditis (IE) can lead to severe complications, including infarctions and metastatic infections caused by inflammatory embolus shedding. Common embolism sites include the brain, spleen, kidneys, lungs, and intestines. Additionally, acute heart failure (AHF) can occur in up to 40% of cases, and its presence can impact the clinical outcomes of patients with IE. Cardiogenic shock (CGS) is often more likely to occur after AHF has taken place. If bacteria invade the blood, infectious shock can occur. Patients with IE can experience simple CGS, septic shock, or a combination of the two. Extracorporeal membrane oxygenation (ECMO) typically serves as a Bridge for Heart failure and Cardiogenic shock. Previous research indicates that there are limited reports of ECMO support for patients with IE after CGS has occurred. Because CGS may occur at any time during IE treatment, it is important to understand the timing of ECMO auxiliary support and how to carry out comprehensive treatment after support. Timely treatment can help to reduce or avoid the occurrence of serious complications and improve the prognosis of patients with IE. Our work combines a case study to review the ECMO support of IE patients after CGS through a literature review. Overall, we suggest that when patients with IE have large bacterial thrombosis and a greater risk of shedding, it is recommended to carefully evaluate the indications and contraindications for ECMO after discussion by a multidisciplinary team (MDT). Still, active surgical treatment at an early stage is recommended.
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Introduction

Infective endocarditis (IE), also known as bacterial endocarditis, is an infection caused by bacteria that enter the bloodstream and settle in the heart lining, a heart valve, or a blood vessel. This infection has a high incidence and mortality rate (1). Complications are often caused by infarcts and metastatic infections due to inflammatory embolus shedding. Common embolic sites include the brain, spleen, kidneys, lungs, and intestines. Among all sites, neurological complications are the most common and serious extracardiac complications (2). Acute heart failure (AHF) occurs in 19%–44% of cases (3, 4), and it can seriously affect the clinical outcomes of patients with IE. Although previous research has been conducted on IE and extracorporeal membrane oxygen (ECMO) for mechanical circulatory support, information is limited on the diagnosis and treatment of patients with IE after cardiogenic shock (CGS) has occurred.

This report describes the first case of a patient who showed both AHF and CGS at the time of consultation and received veno-arterial extracorporeal membrane oxygenation (VA-ECMO) auxiliary support while in emergency care. However, there was eventually necrosis of the nasal alar and both lower limbs, along with multiple intracranial and spleen infarctions. Our work, combined with a comprehensive literature review, reveals how ECMO techniques can reduce or avoid strategies for multiple embolism and even death when applied to similar patients.



Case report

A 48-year-old woman was admitted to the hospital with the chief complaint of general weakness and cardiac tiredness for over two months. The patient was also aggravated with somnolence for 8 days. Previously, the patient was in good health and had no special medical history, family history, or social psychological history. The color Doppler ultrasound examination at the local hospital showed normal cardiac structure and function. However, her condition worsened over time. She appeared to be unconscious, with cold limbs and skin mottling on her thighs. The doctor established an artificial airway for ventilator treatment and quickly treated the patient with 2,000 ml of crystalloid solution; her arterial blood pressure was only 78/39 mmHg (norepinephrine 1.2 ug/kg min−1), and pink foam sputum could be aspirated from the airway. She was eventually transferred to the Municipal People's Hospital. An emergency echocardiogram showed irregular and isoechoic mass attachment in the anterior leaflet of mitral valve, with a size of about 45 × 27 mm (Figure 1) and EF of 30%. The patients’ blood pressure was still progressively decreasing, and the arterial blood gas results showed a pH of 7.10 and lactate of 15 mmol/L. She was given peripheral VA-ECMO, fluid infusion, vasoactive agents, and antibiotics. Subsequently, her piebald lower limb condition improved. Due to the lack of extracorporeal circulation surgery facilities at the local hospital, she was transferred to our hospital the next afternoon for further treatment. Upon admission, the patient's VA-ECMO blood pressure was maintained at 79/61 mmHg (ECMO flow 3.4 L/min, norepinephrine 0.3 ug/kg min−1). Additionally, she was unconscious and the tip and both sides of the nose were partially dark (Figure 2). Cardiac auscultation showed a systolic rumbling murmur in the auscultation area of the mitral valve, as well as coolness, swelling, and cyanosis of both lower limbs (Figure 2). The right leg circumference was larger than that of the left and the pulse of the bilateral dorsalis pedis arteries was not palpable. The echocardiogram showed that there was a neoplasm in the front valve of the mitral valve with a size of about 15 × 12 mm. This measurement was smaller than the local hospital's result. A venous ultrasound of both lower limbs also showed venous thrombosis in the right lower limb. CT examination showed multiple cerebral infarction and splenic infarction (Figure 1). A full blood cell analysis revealed a white blood count of (WBC) 19.710 × 109 /L, neutrophil rate 95.0%, HGB 87 g/L, Plt 14 × 109 /L; and BNP 1,552.0 pg/ml; as well as MYO 9,528.7 ng/ml, hypersensitivity troponin I 154,579.2 ng/L; DIC: PT 16.6 s, APTT 74.3 s, and D-dimer > 64.00 mg/L FEU. The final diagnoses were: (1) IE, (2) acute heart failure, (3) cardiogenic shock, (4) splenic infarct and cerebral infarction, and (5) necrosis of both lower limbs, nasal necrosis, and terminal finger necrosis of both hands. On the same day, the multidisciplinary team (MDT) considered that the patient had an emergency surgery indication, but CT indicated that multiple infarctions were likely caused by thrombus shedding. Therefore, the patient's long-term prognosis was poor, and the risks of surgery was extremely high. Her family decided to forgo treatment and the patient died on the same day after she was discharged. The following day, blood NGS results showed the presence of Streptococcus mitis (Table 1). and the blood culture result was negative.


[image: Figure 1]
FIGURE 1
Patient's emergency echocardiography, abnormal CT scans of the patient's head and abdomen. (A) The patient's apical four-chamber view of echocardiography. (B) An irregular isoechoic mass of approximately 45 × 27 mm in size was attached to the anterior mitral valve (indicated by the white arrow). (C) On the left side of the anterior horn of the lateral ventricle, the left thalamus, the left parietal-occipital lobe, and the left side of the splenium of the corpus callosum, a patchy low density shadow with clear boundaries is visible (indicated by the white arrows). (D) Patchy low-density shadow (indicated by the white arrows) on the spleen.



[image: Figure 2]
FIGURE 2
Patient's facial and lower limb skin. (A) The tip of the patient's nose and both sides of the nose are partially dark. (B) The skin on both lower limbs is swollen with a bluish color.



TABLE 1 The patient's blood NGS results indicated the presence of Streptococcus mitis.
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Discussion

AHF is the most common and serious complication of active IE, causing an increased risk of death (5, 6). Extracorporeal membrane oxygenation (ECMO) is an artificial in vitro support system (7). By circulating the patients’ blood through an artificial “lung” or “membrane, the system delivers oxygen and removes carbon dioxide to meet the patient’s metabolic needs. ECMO can be applied to patients with cardiac arrest, acute severe heart failure, acute severe respiratory failure, or other serious threats to respiratory and circulatory functions. However, IE is not a common contraindication of ECMO. Our literature review of IE and ECMO for mechanical circulatory support resulted in a total of 10 articles. Nine of them were case reports and one was a retrospective case study describing patients requiring ECMO auxiliary support during the treatment of IE (Table 2). Among the patients studied, a majority were supported by ECMO following surgery and the prognosis was generally positive (9–11, 13). In the case reports in which patients received ECMO support before surgery, individual cases were also successful (12, 14, 16, 17). The only multicenter retrospective case study was published by Handa K et al. (8), in which two patients needed ECMO support before surgery due to cardiogenic shock and 10 patients needed ECMO support due to postoperative cardiogenic shock. The final prognosis of these patients was not described in the article.


TABLE 2 Patients with IE requiring ECMO auxiliary support.
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When the patient we reported was transferred to the Municipal People's Hospital, high-dose vasoactive drugs were unable to maintain a normal blood pressure, and there was skin mottling on both thighs, as well as anuria. The arterial blood gas showed severe acidosis, with lactate of 15 mmol/L. Emergency echocardiography showed the formation of mitral valve vegetation, mitral valve insufficiency, and an EF of 30%. The patient was diagnosed with AHF and CGS, and they had a VA-ECMO surgical indication. After placement of the VA-ECMO system, the patient's condition improved for several hours, with norepinephrine reduced to 0.8 ug/kg min−1, arterial blood lactate reduced to 12.6 mmol/L, and bilateral thigh skin mottling disappearing. The patient showed low platelet levels and she did not use heparin anticoagulation. After admission to our hospital, the CT showed multiple brain and spleen infarctions, and the nasal tip displayed cyanochroia. There were no reports of nasal ischemia and necrosis due to severe shock and IE, but cases of cavernous sinus thrombosis caused by primary nasal infection have been previously reported (18). When observing the development of the patient's condition after receiving ECMO, the echocardiogram revealed that the size of the mitral valve Neoplasm was 15 × 12 mm, which was smaller than the 45 × 27 mm found in the local hospital. We speculated that the patient had experienced an embolic event and the possibility of bacterial embolus shedding was high. Unfortunately, there was no pathological result of nasal necrosis or pathogenic bacteria result to confirm our original assumption.

The risk of embolism events occurring within the first four weeks of IE treatment is very high, so it is necessary to treat with antibiotics early on. The patient did not use anticoagulants due to low platelet levels and eventually developed multiple embolisms throughout the body. Through our literature search, we found no related reports on whether this patient was suitable for ECMO and whether bacterial embolus shedding is related to it. However, according to previous reports (19), the probability of embolism events and death in patients with neoplasms larger than 10 mm increased compared to patients with IE who have neoplasms smaller than 10 mm in size. The patient's tumor was approximately 45 × 27 mm and was prone to detachment and vascular embolism.

Because general VA-ECMO blood flow in the aorta was reversed, there was an increased risk of mitral valve neoplasms falling out in patients with aortic insufficiency. This can increase the probability of embolic complications. Common ECMO complications in a patient's body include bleeding from surgical wounds and intubation sites, embolism, hemolysis, renal dysfunction, infection, and abnormal nervous system function (8, 20). Among them, the probable cause of embolism in ECMO patients is that ECMO flow is too high, leading to insufficient blood flow to the left ventricle. At the same time, the aortic valve also needs to overcome the pressure from ECMO reverse blood flow. Some patients may experience obstruction of the opening of the aortic valve and stagnation of blood flow in the left ventricle, which can form an adjoining wall thrombus. When the valve reopens, it may push the thrombus towards the distal end, leading to an embolic event. During this time, it is possible to reduce the probability of associated embolic events by adjusting the amount of anticoagulant, monitoring the left ventricular blood flow with echocardiography, and observing whether the aortic valve opens to guide the regulation of ECMO flow. In this case, due to abnormal coagulation function and low platelet counts, anticoagulants were not used. An ultrasound showed that the aortic valve was open, that there was no left ventricular blood stasis or thrombosis, and the possibility of thrombus detachment leading to infarction was extremely low. However, since the site of attachment of the neoplasm was on the mitral valve and there were larger valvular neoplasms with a high risk of shedding, we were not able to determine whether we promoted shedding of the neoplasm after applying ECMO.

In a review of the Osaka Cardiovascular Research (OSCAR) group database, Kazuma Handa et al. discovered that from 2009 to 2017, only two patients required VA-ECMO mechanical-assisted support (due to cardiogenic shock) before surgery, and 10 patients received ECMO support following surgery (8). The current guidelines recommend early surgical intervention for AHF patients, especially those with cardiogenic shock (21, 22). Further, most of the emboli of arterial embolisms caused by IE are bacterial thromboses; it is difficult to achieve blood vessel revascularization solely through thrombolytic and anti-coagulant medication for this condition. Typically, after the embolism event is diagnosed, the patient's overall condition should be immediately assessed. If the patient can withstand the operation, surgery should be initiated immediately.



Conclusions

When patients are highly suspected of having experienced cardiogenic shock caused by IE and there is a risk of vegetative shedding, it is necessary to carefully evaluate the indications for ECMO. This is especially true for patients with IE who are at greater risk of neoplasm shedding. If there are patients with IE who have been placed with VA-ECMO, we need to dynamically observe the size and location of the neoplasm and perform emergency surgical treatment as soon as possible. If the treatment facility cannot support adequate conditions for surgery, the patient should be transferred to a facility that can perform surgery as soon as possible before serious complications arise. Naturally, this conclusion still requires further support from additional research data.
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