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Abstract: MCS (mechanical circulatory support) has shown great efficacy in treatment of respiratory and cardiovascular diseases when 
conventional therapy is insufficient. The use of ECMO (extracorporeal membrane oxygenation) for the treatment of cardiogenic shock 
secondary to sepsis is still controversial. Studies have shown that ECMO should be considered as a valuable therapeutic option in cases 
of refractory cardiovascular dysfunction in severe septic patients, although more studies are needed to consolidate its efficacy. We 
report the case of two patients, without previous history of cardiopathy, subjected to temporary MCS, with use of ECMO for the 
treatment of refractory cardiogenic shock secondary to sepsis. 
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1. Introduction 

MCS (mechanical circulatory support) has shown 

great efficacy in treatment of respiratory and 

cardiovascular diseases when conventional therapy is 

insufficient. ECMO (extracorporeal membrane 

oxygenation) is a means of providing support to 

patients who otherwise would evolve to death. It is 

recommended to use this circulatory assistance device 

for diseases with reversible potential and refractory to 

conventional therapies. The use of ECMO for the 

treatment of cardiogenic shock secondary to sepsis is 

still controversial [1, 2]. 

The ECMO is a temporary invasive mechanical 

support therapy designed to promote a 

cardiopulmonary support for patients with cardiogenic 

shock refractory and/or acute breathing failure, 

unresponsive to oxygenation and recruitment 

maneuvers. This therapy is used in patients with 

potential functional recovery (class I, evidence level C), 
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as a bridge to decision (class I, evidence level C), as a 

bridge to transplant (class IIa. evidence level C) or as a 

bridge for long-term mechanical circulatory assistance 

device—Artificial Heart for target therapy (class I, 

evidence level C) [1]. 

Septic shock can be defined as the presence of SIRS 

(systemic inflammatory response syndrome) with a 

known site of infection, combined with tissue 

hypoperfusion and persistent hypotension. Its 

connection with the impairment of cardiac function is 

related to an increase in the production of procoagulant 

substances and a decrease in anticoagulant factors, 

which may result in ischemia due to thrombus, and 

valvular and vascular impairment. Furthermore, during 

sepsis, a large amount of nitric oxide is released, which 

is responsible for myocardial depression and cardiac 

injury due to the formation of peroxynitrite, a potential 

oxidant agent. Both contribute to cardiac dysfunction 

and failure [3]. 

ECMO can rescue patients in severe septic shock 

associated with depression of cardiac function by 

restoring adequate perfusion to vital organs, reversing 

multiple organ failure, which gains time to control 
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infection with antibiotics [4]. In this way, the ECMO 

should be considered as a valuable therapeutic option 

in cases of refractory cardiovascular dysfunction in 

severe septic patients, although more studies are 

needed to consolidate its efficacy [5]. 

2. Objective 

Report the case of two patients, without previous 

history of cardiopathy, subjected to temporary MCS, 

with use of ECMO for the treatment of refractory 

cardiogenic shock secondary to sepsis. 

3. Case Presentation 

3.1 Case 1 

Patient in the 20th week of pregnancy, is admitted in 

a maternity with mild pelvic pain and vaginal bleeding. 

Ultrasonography evaluation demonstrated the 

protrusion of the amniotic sac of one of the fetuses. 

Polyhydramnios of both amniotic sacs was seen. At 

that time, the patient was in good general condition, 

eupneic, hydrated, acyanotic, anicteric, afebrile, 

conscious, and demonstrated natural skin tone and 

good mental status. Absolute rest was indicated and 

indomethacin, utrogestan, and nifedipine were 

prescribed. On the second day of hospitalization, a 

failed attempt to inhibit preterm labor was performed, 

resulting in the rupture of the amniotic sac of one of the 

fetuses. Expectant management was maintained. After 

approximately 24 hours, followed by tachycardia, 

tachypnea, hypotension and leukocytosis, being 

diagnosed with septic abortion and uterine infection, 

she was then transferred to tertiary hospital where an 

emergency hysterectomy was performed, due to severe 

septic endometritis. Vancomycin and meropenem were 

administered. During the procedure, the patient had 

two episodes of cardiorespiratory arrest, both rapidly 

reversed. After the completion of surgery, the patient 

was transferred to an intensive care unit with MV 

(mechanical ventilation); FiO2 100% and 14 cm H2O, 

tachycardia (HR (heart rate): 159 bpm), and in shock 

(MAP (mean arterial pressure): 60 mmHg). A TTE 

(transthoracic echocardiography) revealed severe LV 

dysfunction, with an estimated ejection fraction of 18%, 

requiring supramaximal doses of vasoactive drugs 

(noradrenaline 3.5 µg/kg/h, adrenaline, and 

vasopressin 0.05 U/min). The patient was anuric; thus, 

HD (hemodialysis) was indicated. She also 

demonstrated hepatic insufficiency and disseminated 

intravascular coagulation (platelets: 22,000/µL). 

Arterial blood gas analysis revealed mixed acidosis, 

with pH: 6.8; pO2: 52 mmHg; pCO2: 80 mmHg; HCO3: 

27.9 mmol/L; and lactate 135 mg/dL. 

Considering the patient’s clinical history and 

evolution, a circulatory assistance device installation 

was indicated. To prevent imminent death and reverse 

the clinical condition with potential recovery of vital 

organs, ECMO in the venoarterial mode was installed. 

Cannulation was performed through the right 

femoral artery (17F cannula) and the right femoral vein 

(23F cannula). After initiating the circulatory 

assistance, it was possible to reduce the VA 

(vasoactive) drug infusion (adrenaline substituted by 

dobutamine, 5 µg/kg/h; noradrenaline, 0.7 µg/kg/h; and 

vasopressin 0.02 U/min). Platelet transfusion (10 IU) 

and 450 mL of red cell concentrate were required. The 

ECMO flow was initiated at 4,300 mL/min. 

During the initial hours of circulatory assistance, 

there was deterioration, with evidence of distal 

ischemia in the RLL (right lower limb) confirmed by 

bedside arterial Doppler examination. We opted to 

perform the reinstallation of the device in the 

contralateral LL (lower limb). During the procedure, a 

significant volume of blood was lost—approximately 

1,000 mL—and transfusion was required. 

On the second day of ECMO, HD was initiated 

(Prismaflex). The patient presented signs of thrombosis 

in her LLL (left lower limb); as a result, a catheter (8F) 

was installed for distal perfusion of the LLL. On 

physical examination, decreased peripheral perfusion 

with bilateral absence of peripheral pulses, phlyctenule 

on the upper limb and LL, acyanotic, pallor, anasarca, 

afebrile, distended abdomen with abolished 
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hydroaerial sounds, and hypophonic heart sounds with 

no heart murmur were found. There was a 

hemodynamic improvement, with a reduction in the 

vasoactive amine infusion (noradrenaline: 0.3 

µg/kg/min; vasopressin: 0.01 U/min; dobutamine: 10 

µg/kg/min). Improvement in the blood gas parameters 

was also seen. On neurological evaluation, miotic and 

isochoric pupils, and a Richmond Agitation-Sedation 

Scale score of 5 following sedation with midazolam 

and fentanyl was found. A TEE (transesophageal 

echocardiography) was performed, demonstrating 

severe LV (left ventricular) systolic dysfunction at the 

expense of diffuse hypocontractility, with an LVEF 

(LV ejection fraction) of 26%. A discrete improvement 

in the patterns of contractility in basal and mid 

segments of the back wall was verified when compared 

with the previous day’s echocardiography. Laboratory 

exams evidenced an increase in transaminases, 

hypocalcemia at 0.9 mmol/L, creatinine at 2.4 mg/dL, 

thrombocytopenia at 39,000/µL, leukocytosis at 

16,800/µL, indirect bilirubin at 1.01 mg/dL, and direct 

bilirubin at 3.78 mg/dL. Arterial blood gas analysis 

revealed pH, 7.42; pO2, 153 mmHg; pCO2, 30 mmHg; 

HCO3, 19.5 mmol/L, BE (base excess), 1; and lactate, 

113 mg/dL. 

On the third day of ECMO, the patient was evaluated 

using arterial Doppler, which identified a decrease of 

flow in the LL and RUL (right UL) and flow absence in 

the LUL (left UL). TEE identified an improvement of 

cardiac function with LVEF at 33%. In the ECMO 

circuit, fibrin and clots were present in the 

pre-membrane phase, but without intercurrence during 

the period. 

On the fifth day of ECMO, laboratory exams 

evidenced hypomagnesemia and a decrease in 

C-reactive protein, CPK (creatine phosphokinase), and 

transaminases. On TEE, an LVEF of 42%, and discrete 

pericardial effusion was seen. Heparin was at 16 

U/kg/h, then decreased to 14 U/kg/h, and subsequently 

discontinued. The ECMO weaning process was then 

initiated with heparin discontinuation, flow reduction 

to 3.51 L/min, and frequency reduction to 3,461 RPM. 

On the sixth day of circulatory assistance, a TEE was 

performed, and an improvement in the cardiac function 

was identified, with LVEF at 70%. In the ECMO 

inspection, clots in the venous phase and fibrils in the 

arterial phase were identified. Arterial blood gas 

analysis exhibited a mixed acidosis with pH at 7.5, pO2 

at 83 mmHg, pCO2 at 34 mmHg, HCO3 at 25.7 

mmol/L, and lactate at 54 mg/dL. 

Considering the improvement in cardiac function, 

ECMO explantation was indicated. Noradrenaline was 

initially discontinued (MAP at 104 mmHg), but due to 

a decrease in blood pressure (MAP at 59 mmHg), it 

was resumed at a dose of 0.089 µg/kg/h. After the 

procedure, the patient developed atrial fibrillation with 

HR at 160 BPM; a loading dose of amiodarone (atlansil) 

was administered and dobutamine reduced to 6 

µg/kg/h. 

Four days after ECMO withdrawal, bilateral 

amputation of the infrapatellar region of the lower 

limbs, left upper forearm (as shown in Fig. 1), and right 

upper limb digital pulps were performed. One week 

after explantation of the circulatory assistance device, 

the patient evolves with a new sepsis episode resulting 

in death. 

3.2 Case 2 

A 42 years old female patient, with early recidivant 

abdominal desmoid tumor 4 months ago was submitted 

to laparotomy with resection of mesenteric tumor 

(enterectomy/roux-Y entero-entero anastomosis in 

Treitz ligament/partial pancreatectomy). She was 

hospitalized due to acute abdomen symptoms 

(abdominal distension, suspension of stool elimination 

and pneumoperitoneum). She undergone exploratory 

laparotomy, and was diagnosed with retrogastric 

abscess, that was drained, followed by abdominal 

cavity lavage. There were no complications during the 

procedure. She was forwarded to ICU (intensive care 

unit), was extubated and maintained in spontaneous 

ventilation with 95% of SpO2 without supplemental O2.  
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Fig. 1  Left upper limb after the septic cyanosis. 
 

 
Fig. 2  TT-ECO before ECMO (LVEF: 17%).  
 

About 6 hours after extubation, the patient exhibited 

anxiety and tachypnea, evolving with desaturation, 

hypotension and sudden depression of consciousness 

level. The patient was intubated, needing crescent 

levels of vasoactive amines (max of 3 mcg/kg/h of 

noradrenaline, 20 mcg/kg/h of dobutamine and 

vasopressin). Laboratorial exams demonstrated 

important metabolic acidosis (pH: 7.00; HCO3
-: 9.3) 

and troponin increase from 0.02 to 4.2 in one day. 

TT-ECO (transthoracic echocardiography) was 

performed, showing increased dimensions of LV (left 

ventricle), with severe systolic dysfunction due to 

apical akinesia and hypokinesia of the basal segments 

(LVEF: 17% in Fig. 2), PASP (pulmonary artery 

systolic pressure): 35 mmHg, as well as discreet 

systolic dysfunction of right ventricle. In the moment, 

there was absence of pericardial effusion. The patient 

evolved with worsening of lactate (135 mg/dL) and 

significative reduction of urinary debt. 

Considering the favorable prognostic of the disease 

and de sudden evolution, the installation of venoarterial 

ECMO, with the objective of imminent death 

prevention, organ rescue and bridge to 

decision/recovery was indicated. The IABP 

(intra-aortic balloon pump) was associated. 

Twelve hours after the beginning of circulatory 

support, patient already presented with improved 

hemodynamics (noradrenaline suspended, dobutamine 

in 8 mcg/kg/h and vasopressin in 0.012 U/min), urinary 

volume and acidosis (pH: 7.4; HCO3: 25.4; lactate: 74 

mg/dL and 17 mg/dL 24 hours after). Continuous 

heparin infusion was initiated after 24 hours of assistance, 
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Fig. 3  TT-ECO after ECMO (LVEF > 70%).  
 

maintaining aPTT (activated partial thromboplastin 

time) in therapeutic range (60 to 80 seconds). On the 

second day of assistance, just dobutamine (5 mcg/kg/h) 

and milrinone (0.2 mcg/kg/h) maintained. Dialysis 

initiated with the objective of lowering the fluid 

balance, since the renal function is still normal (urea: 

32 mg/dL; creatinine: 0.5 mg/dL). For the infection, 

meropenem, amikacin and ecalta, were used, resulting 

in reduction of leukocytosis (26,600 to 17,000 in 24 

hours). There was an upper gastrointestinal bleeding in 

the 5th day of MCS. An upper digestive endoscopy was 

performed that showed a peptic ulcer with no signs of 

bleeding. At the same day, signs of ventricular recovery 

were demonstrated and, on the 6th day, MCS was noted, 

through the TT-ECO; LV with hyperdynamic systolic 

performance, without contractility alterations and 

LVEF: 70% (Fig. 3). The MCS weaning was performed, 

followed by ECMO and IABP explant. Fifteen days after 

the explant of the device, patient presented abdominal 

distension and new sepsis. She was diagnosed with 

mesenteric ischemia, evolving to death. 

4. Discussion 

Although the ECMO be used for cardiorespiratory 

diseases since 1970’s, the usage of this device was 

criticized due to high rate of complications, besides not 

having greater survival rate when compared to 

conventional treatment. However, recent 

improvements, like the possibility to monitor the 

coagulation trough thromboelastography and the 

longer duration oxygenation membranes, have changed 

the risk-benefit ratio by increasing levels of evidence of 

ECMO usage [1, 6, 7]. 

The use of ECMO in septic patients is still 

controversial, with few published experiences [8]. The 

efficacy of ECMO-VA is lower in septic patients when 

compared to non-septic patients. Therefore, the 

risk-benefit should be evaluated individually in the 

cases of patients in septic shock with myocardial 

dysfunction [9]. Park et al. [10] showed that the 

survival rate after hospital discharge in adult patients 

with septic shock remains at low levels, despite the use 

of ECMO. The implantation of this device during 

septic shock should therefore be avoided in patients 

who received cardiopulmonary resuscitation [10]. On 

the other hand, Cheng et al. [8] demonstrated that about 

30% of septic patients with cardiopulmonary 

insufficiency rescued with ECMO. Despite the low 

survival rate, this circulatory assistance device 

represents the only alternative when conventional 

therapies fail to reverse this clinical picture [8]. In the 

cases presented, despite the observed outcome, the use 

of ECMO allowed the total recovery of the ventricular 

function until the infectious process was solved. 

In the specific case of myocardial depression in 

sepsis, the MCS indication criteria are the same as 
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those listed in the treatment of refractory cardiogenic 

shock, the ECMO [6]. Recommendations for ECMO 

implantation are bridge to recovery (class I, level of 

evidence C) and bridge to transplant (class IIa, level of 

evidence C) when the disease is refractory to 

conventional therapy [1]. 

The ECMO showed greater efficacy in patients 

younger than 75 years and in the first 4 days of 

hospitalization, with community-acquired infections. 

Inversely, the ECMO revealed less success rate when 

implanted in prolonged hospitalization, severe fungi 

infections and in patients that needed cardiopulmonary 

resuscitation during the installation of the dispositive 

of circulatory assistance. Therefore, patients with  

such characteristics can be prioritized in ECMO 

implantation [8].  

While monitoring ventricular function, signs of 

improvements in hemodynamics and ventricular 

performance, and the presence of the pulse pressure 

must be observed. For explant evaluation, the use of 

echocardiography and pulmonary artery catheter is 

recommended, and the following recovering indicators 

should be observed, with the flow of ECMO between 

1.5 and 1.0 L/m: improvement of LV function with an 

ejection fraction between 40% and 45%, appropriate 

hemodynamic standards, reduction of cardiac cavities, 

and a good opening of the aortic valve [1, 11]. 

Thromboembolic complications are more frequent 

during low-flow and have difficult-to-measure 

incidence since the majority of events manifest in a 

hidden or subclinical form.[1] In a period shorter than 

31 days, the major thromboembolic complications are 

clots formed in the circulatory assist device, especially 

in the oxygenator (11.5% of cases), bladder (5.7%) and 

hemofilter (4.2%). DICs (disseminated intravascular 

coagulations) are also among the thromboembolic 

complications, with an incidence of 3.9% in the same 

period [7, 11]. 

5. Conclusions 

In the cases presented, despite the outcome, the use 

of ECMO was effective for the recovery of myocardial 

function in patients with sepsis. 
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