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Abstract
Introduction: Cardiogenic shock is considered a serious stage of heart disease, and there is no better way
to treat this. Veno-arterial Extracorporeal membrane oxygenation (VA-ECMO) is a well-established
technology that can be used as potential life-saving measures in patients who present with cardiac arrest
or severe hemodynamic instability by improving organ perfusion and oxygenation. However, it is usually
complex and needs individualized decisions in a multidisciplinary approach to manage patients receiving
Extracorporeal membrane oxygenation, as de�ned clinical condition’s protocols are still lacking.

Case presentation: one patient was a 44-year-old man with out-of-hospital ventricular �brillation was
transferred to our hospital after initial cardiopulmonary resuscitation. In the emergency department, he
presented with ST-segment elevation extensive anterior wall myocardial infarction and cardiogenic shock
with paroxysmal ventricular tachycardia. After transfer to intensive care unit, VA-ECMO was implanted
due to worsening cardiogenic shock and recovered slowly thereafter. Another patient was a 58-year-old
woman presented refractory hypotension. As a bridge-therapy, VA-ECMO support was implanted and then
the patient was taken to the cardiac catheterization laboratory where she experienced Percutaneous
coronary intervention and implanted a drug-eluting stent in the right coronary artery. Due to acute kidney
injury, continuous renal replacement therapy was given to facilitate the control of �uid access balance,
the removal of in�ammatory media.

Conclusion: VA-ECMO is not only used as a temporary treatment strategy for cardiogenic shock, but also
as a bridge-therapy. It is important to focus on the improve the success rate of VA-ECMO treatment and
avoid complications.

Introduction
Cardiogenic shock, a life-threating state of low cardiac output with systemic hypoperfusion, is often
related to myocardial infarction, refractory arrhythmia or acute myocarditis, which often require maximal
doses of an inotrope medication and optimal loading [1]. The management of cardiogenic shock has
long been and is still a challenging issue. As a rescue maneuver, Veno-arterial Extracorporeal Membrane
Oxygenation (VA-ECMO) can supply circulatory support for patients with cardiogenic shock. However, it is
usually complex and needs individualized decisions in a multidisciplinary approach to manage patients
receiving ECMO, as de�ned clinical condition’s protocols are still lacking. Here, we presented two cases of
cardiogenic shock secondary to acute myocardial infarction and Chronic Total Occlusion of Coronary
Artery, respectively. Both patients recovered with favorable outcome via VA-ECMO support.

Cases Presentation

1. clinical data
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Case 1: a 45-year-old male experienced retrosternal compression pain with radiation to the back, and then
lost consciousness. Immediately, the patient was performed chest compressions and transported to our
emergency room by ambulance. The patient had any conventional cardiovascular risk factor (smoking,
high cholesterol and obese). A physical exam showed an unconsciousness, disappearance of aortic
�uctuations and unresponsive dilated pupils, and then advanced cardiovascular life support continued.
Electrocardiogram showed ST-segment over the extensive frontal wall (V1-V5); And biochemical indices
(CK-MB, TnI) was in accordance with acute myocardial infarction. After 45 min of cardiac massage,
return of spontaneous circulation (ROSC) occurred. The patient needed vasoactive therapy and expansive
�uid volume substitution in post cardiac arrest syndrome after transfer to our department. After
evaluation, he was connected to VA-ECMO (Femoro-femoral) within 45 min in the ward upon arrival.
Furthermore, mild therapeutic hypothermia (34–36℃) was applied to the patient. Within the �rst day, the
clinic status of patient ameliorated signi�cantly with improvement of blood pressure. And then the blood
lactate level gradually decreased. VA-ECMO was successfully weaned on hospital day 3. The patient’s
cardiovascular status remained stable and he was pain-free. On hospital 10 days, he was transferred to
department of cardiology and discharged after 15 days in hospital.

Case 2: a 58-year-old woman, admitted to hospital with a chief complaint of " Palpitation, syncope ". she
had a medical history of diabetes mellitus, hypertension, and documented implant of drug stent in the
right coronary artery. In addition, ICD was implanted due to reduced left ventricular function (LVEF 35%).
Vital signs and lung examination was normal. Heart auscultation revealed a regular cardiac rhythm with
murmurs. ECG showed sinus tachycardia accompanied occasional premature ventricular beats. During
hospitalization, she had a recurrent ventricular arrhythmic (ventricular arrhythmia storms) and required
electrical de�brillations, even injected anti-arrhythmic drugs ( amiodarone, propatonone, and lidocaine). In
addition, her blood pressure needed to be maintained by norepinephrine intravenously. Thus, she
underwent intubation. At present, with hypotensive, ventricular arrhythmia, and hypoxic, it was necessary
to perform coronary angiography. As a bridge-therapy, VA-ECMO support was implanted, and then she
was taken to the cardiac catheterization laboratory and implanted a drug-eluting stent in the right
coronary artery due to totally occlusion of proximal right coronary artery. Continuous renal replacement
therapy (CRRT) was attributed to acute renal failure. Accompanied with normalization of conduction and
improvement of blood pressure, the clinic status ameliorated. After evaluation, VA-ECMO was weaned
successfully on hospital day 5. On day 16, the patient was transferred to the Department of Cardiology
and discharged after 30 days in hospital.

2. ECMO Management
(1) The use of VA-ECMO was based on the following criteria: refractory cardiogenic shock in the setting of
maximum inotropic support (dobutamine > 15 mg/kg/min with norepinephrine > 0.2 mg/kg/min);
recurrent of witnessed cardiac arrest with successful cardiopulmonary resuscitation; (2) Before
cannulation, a prophylactically 6-Fr catheter (TERUMO 6Fr, Radifocus, Inc., Japan) were implanted to
ensure the anterograde perfusion of lower extremities and the cannulas were strengthened with
reinforced purse-string sutures; (3) A continuously intravenous heparin was administrated to achieve an
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activated partial thromboplastin time (50-70s); (4) During VA-ECMO support, a protective lung ventilation
strategy established with a plateau pressure of less than 25cmH2O and/or a maximum PEEP of 12
cmH2O [2]; (5) Bedside transthoracic ultrasound was performed daily to evaluate aortic valve opening,
biventricular function, right ventricular unloading and left ventricular distension, and inferior vena cava;
(6) The weaning criteria include: LVEF ≥ 35% with an aortic time–velocity integral > 10 cm, absence of left
heart distension, ScvO2 ≥ 70%, blood lactate levels < 1.5 mmol/L, and urine output ≥ 0.5ml/kg/h.

Discussion
Cardiogenic shock is usually caused by acute myocardial infarction, acute myocarditis, refractory
arrhythmias or cardiac allograft dysfunction. Since drug therapy may be insu�cient to overcome the
extent and progression of acute heart failure, it is strongly recommended to use a mechanical circulatory
support system in the presence of refractory cardiogenic shock (RCS). Among temporary mechanical
circulatory support systems, VA-ECMO is increasingly employed in patients with acutely cardiac
dysfunction due to lung and biventricular support. Especially, VA-ECMO is used to bridge the �rst critical
few days until the patient recovers or the target therapy is established.

First, careful attention should be paid on the setting of VA-ECMO and ventilator. For the set pump �ow
rate, the primary determinants of in�ow are the size of the venous cannula and the blood volume. And the
tip position of the venous cannula located in the right atrium is optimal. Likewise, it is important to
highlight the interactions between VA-ECMO, mechanical ventilation. Because patients with heart failure
receiving VA-ECMO often have abnormal lung function. Although the Extracorporeal Life support
organization (ELSO) suggested higher PEEP levels may be more suitable if increased alveolar strain and
alveolar over-distension are considered [3], higher PEEP may affect left and right ventricular load in VA-
ECMO and then reduce cardiac output [4–5]. Thus, by frequent cardiac echography monitoring, we
thought that PEEP levels less than 12cmH2O were recommended. Second, Haemorrhage is well-
documented and this risk may be attributed to heparin bolus, cannulation strategy, patient variables [6–
7]. However, the optimal anticoagulation strategy for ECMO has not been established. Compared with the
higher APTT target, the lower APTT target appeared to be less bleeding but be similar thromboembolic
events [7]. Therefore, we adopted a conservative anticoagulation initiation (60u/kg) and therapeutic
range (to maintain APTT between 1.5-2.0 times the normal value). At least, it was possible that lower
target of anticoagulation could be suited for shorter runs of VA-ECMO (in the two cases, VA-ECMO
support was 3 days and 5 days, respectively.). The other dreadful complication of VA-ECMO treatment is
distal limb ischaemia. Almost 20% of peripheral VA-ECMO patients had a degree of distal limb ischaemia.
Thus, it is suggested that a reperfusion catheter is placed in the ipsilateral super�cial femoral artery [8]. In
conclusion, as the use of VA-ECMO increases, future studies are urgently required to determine the best
practice of ECMO and its impact on patient-centered outcomes.

Conclusions
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VA-ECMO is not only used as a temporary treatment strategy for cardiogenic shock, but also as a bridge-
therapy. Although there are many complication during ECMO support, it was still a suitable technology for
short-term treatment of refractory postoperative low cardiac output. As the use of VA-ECMO increases, it
is important to focus on the improve the success rate of VA-ECMO treatment and avoid complications.

Abbreviations
VA-ECMO: Veno-arterial Extracorporeal membrane oxygenation; CRRT: Continuous renal replacement
therapy; ROSC: return of spontaneous circulation; PEEP: positive end expiratory pressure; ELSO: the
Extracorporeal Life support organization; APTT: activated partial thromboplastin time; LVEF: left
ventricular ejection fraction.
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