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ABSTRACT

Acute heart failure is a potentially life-threatening condition that can lead to cardiogenic 
shock, which is associated with hypotension and organ failure. Although there have been 
many studies on the treatment for cardiogenic shock, early mortality remains high at 40–50%. 
No new medicines for cardiogenic shock have been developed. Recently, there has been a 
gradual decline in the use of the intra-aortic balloon pump mainly due to a lack of adequate 
hemodynamic support. Extracorporeal membrane oxygenation and the percutaneous 
ventricular assist device have become more widely used in recent years. A thorough 
understanding of the mechanisms of such mechanical support devices and their hemodynamic 
effects, components of the devices, implantation technique, management, criteria for 
indications or contraindications of use, and clinical outcomes as well as multidisciplinary 
decision making may improve the outcomes in patients experiencing cardiogenic shock.
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ACUTE HEART FAILURE AND CARDIOGENIC SHOCK

Acute heart failure (AHF) and cardiogenic shock (CS) are similar but somewhat different 
concepts. The 2016 European Society of Cardiology (ESC) described AHF as a “rapid onset or 
worsening of symptoms and/or signs of heart failure”.1) CS is defined as a state of circulatory 
shock caused by dysfunction of cardiac pumping. We believe that the cause of both conditions 
is dysfunctional cardiac pumping. However, the presentation is more severe in CS than in 
AHF. Circulatory shock refers to hypotension accompanied by symptoms and signs of organ 
hypoperfusion such as altered mentality, cold and mottled skin, reduced urine output, low central 
venous oxygen saturation, and increased serum lactate.2) Symptoms and signs of heart failure are 
dyspnea, indigestion, peripheral edema, and increased jugular venous pressure and so on.

The causes of AHF and CS are diverse. Acute myocardial infarction (AMI) with subsequent 
ventricular dysfunction, the most frequent cause of CS, accounts for approximately 80% of 
cases. Mechanical complications of AMI, such as ventricular septal (4%) or free wall (2%) 
rupture and acute severe mitral regurgitation (7%) are less frequent causes of CS after AMI.3) 
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Causes of non-AMI-related CS include acute myocarditis, arrhythmias, cardiac tamponade, 
traumatic cardiac injury, pulmonary thromboembolism (PTE), dynamic left ventricular (LV) 
outflow tract obstruction, myocardial depression in sepsis, and acute decompensated heart 
failure superimposed on chronic stable heart failure in conditions such as valvular heart 
disease, dilated cardiomyopathy, and constrictive pericarditis.1)4)5)

CS is associated with a high rate of in-hospital mortality, with in-hospital mortality rate of 
AMI complicated by CS at 33–45%.6-8) Therefore, successful treatment of CS will result in an 
increased survival rate. To treat CS, various mechanical circulatory support (MCS) devices have 
recently been introduced, although medications such as inotropes, vasopressors, or diuretics 
are still priority treatment options. Intra-aortic balloon pump (IABP) has become the most 
widely used hemodynamic support device since its introduction in the 1960s.9) However, 
IABP was replaced by other advanced MCS devices during the recent decade. In Korea, the 
use of IABP decreased by >50% between 2012 and 2017. However, the use of extracorporeal 
membrane oxygenation (ECMO) has dramatically increased in the country (Figure 1).
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Figure 1. Trends in the number of cases involving the use of the IABP and ECMO in Korea. (A) IABP cases in Korea 
from Healthcare Bigdata Hub (http://opendata.hira.or.kr/op/opc/olapDiagBhvInfo.do). (B) ECMO cases in Korea.52) 
ECMO = extracorporeal membrane oxygenation; IABP = intra-aortic balloon pump.

http://opendata.hira.or.kr/op/opc/olapDiagBhvInfo.do


MEDICAL MANAGEMENT OF CARDIOGENIC SHOCK

The key principles of the medical management of CS are as follows: (i) maintenance of 
adequate blood pressure (BP) and organ perfusion, (ii) management of organ failure using 
ventilator and hemodialysis, and (iii) identification and resolution of the cause of cardiac 
failure. To stabilize a patient in CS, physicians attempt to optimize volume status and 
infuse inotropes and vasopressors to maintain adequate BP and organ perfusion. Although 
several inotropes, vasopressors, and combination methods have been used to treat CS, 
their selection is generally based on a physician's judgement and experience. Therefore, 
their use in a patient with CS is extremely diverse. Subgroup analysis in a multicenter, 
randomized trial showed that dopamine, compared to norepinephrine, was associated with 
an increased early mortality rate among patients with CS.10) The role of medical therapy may 
be confined to the stabilization of the patient until the cause is resolved. Current inotropes 
for CS may complicate AHF by increasing myocardial oxygen demand and consumption, 
and vasoconstrictors may impair microcirculation or tissue perfusion of the heart and other 
major organs11); therefore, their use should be restricted to the shortest possible duration 
and the lowest possible dose.5) The ESC recommended that short-term intravenous infusion 
of inotropes may be considered in patients with CS (class IIb recommendation).1) Failure 
of maximal medical therapy is no longer a justifiable endpoint, given the array of available 
mechanical circulatory supports.12-15)

TIMING OF MECHANICAL SUPPORT: STABILIZATION 
PRIORITY STRATEGY
Although the most studied disease among the causes of CS is AMI, there are only a few 
randomized trials for AMI complicated by CS in which better management options 
were investigated. In 1999, Hochman et al. (the SHOCK investigators) found that early 
revascularization did not improve 30-day survival.16) In 2012, Thiele et al.17) (IABP-SHOCK 
II investigators) reported that compared with medical management, IABP did not improve 
30-day survival. Thiele et al.18) (CULPRIT-SHOCK investigators) revealed that the 30-day 
survival of culprit-only revascularization is superior to that of complete revascularization 
in patients with CS caused by AMI. Because the most common cause of 30-day death in 
these patients is multi-organ failure due to profound shock or cardiac arrest, maintaining 
adequate hemodynamic support during the initial stage may be crucial. Therefore, short-
term MCS other than IABP has been recommended in medically refractory CS to unload 
the failing ventricle and maintain sufficient end-organ perfusion; however, the level of 
recommendations and evidence in the guidelines of major cardiology societies is low.1)19-21)

Esposito et al.22) introduced the term “door-to-support time” and recommended that this 
time should be reduced. In fact, the most important factor in the delay of “door-to-support 
time” is thought to be the decision-making time taken to implement MCS rather than the 
MCS procedure time. The SHOCK and CULPRIT-SHOCK trials showed that the timing and 
completeness of revascularization of a coronary artery may not be the critical factor for early 
survival of patients with AMI and CS. The IABP-SHOCK II trial revealed that IABP may be 
insufficient to support such unstable patients, i.e., 45% of patients had cardiopulmonary 
resuscitation (CPR) before randomization. These facts support the recommendation 
of strong MCS followed by cause correction. Cardiac output, BP, and systemic vascular 
resistance have a compound effect on systemic circulation. Esposito et al.22) described 

25https://e-heartfailure.org https://doi.org/10.36628/ijhf.2019.0015

Mechanical Support in Cardiogenic Shock



heart failure that is not complicated by CS as a “hemodynamic” problem and heart failure 
complicated by CS as a “hemometabolic” problem. If hemodynamic derangements persist 
in patients with AHF, a potentially reversible hemodynamic problem transitions to a more 
complex “hemometabolic” problem that may not respond to hemodynamic support alone.

We believe that the decision-making time is usually extended by administering inotropes or 
vasopressors to the maximum dosage. However, as mentioned previously, most medications for 
CS increase myocardial oxygen demand and impair microcirculation. Basir et al.23) described that 
early implantation of an MCS device before the use of inotropes and vasopressors was associated 
with increased survival (p=0.05). Survival was 68%, 46%, 35%, 35%, and 26% for patients 
requiring 0, 1, 2, 3, and ≥4 inotropes before MCS support, respectively (p<0.001). Therefore, 
we believe that the prognosis would be optimal if the decision regarding MCS implementation 
occurs as soon as AHF becomes complicated by CS or when the end-organ perfusion begins to 
decrease. Indicators of end-organ malperfusion are blood lactate level, mixed venous saturation, 
and urine output.22)24) Certainly, early MCS implementation before the patient requires high-
dose medications is theoretically attractive but requires further study in controlled trials. Several 
recent studies have reported improved survival with early initiation of MCS before percutaneous 
coronary revascularization in patients with CS complicating AMI.23)25-28)

In addition, comprehensive consideration should be given to the risk of complications of 
MCS, possibility of MCS weaning (bridge to recovery), and intention of the patient and family 
members to bridge the long-term MCS (bridge to bridge or destination therapy) or heart 
transplantation (bridge to transplant). In addition, MCS devices can be used as a “bridge to 
decision or diagnosis.”29)

MECHANICAL CIRCULATORY SUPPORT DEVICES

Intra-aortic balloon pump counterpulsation
Mechanism
This device uses the counterpulsation of a balloon in the descending thoracic aorta to 
decrease the LV afterload and increase coronary perfusion.

Hemodynamic effects
Inflation occurs at the onset of diastole, just after the dicrotic notch on the aortic pressure 
waveform, which increases the diastolic pressure of the aorta. There is a resulting increase 
in systemic perfusion, including coronary perfusion. Balloon deflation is timed to occur at 
the end of diastole or immediately prior to systole and reduces the LV afterload leading to 
improved cardiac output (Figure 2A).30)

Components and catheterization
The balloon catheter is inserted through the femoral artery and positioned in the proximal 
descending thoracic aorta. The system comprises a dual-lumen 7.5-F to 8.0-F catheter 
with a polyethylene balloon and the control console. The inner catheter lumen accepts the 
guidewire during placement and transduces the aortic pressure for monitoring. The gas 
lumen serves as the conduit for the rapid exchange of helium in and out of the balloon.30)

The proper position of the distal tip is 1–2 cm distal to the left subclavian artery (the 
second to third intercostal space or 2 cm above the carina).31) Balloon obstruction of the 

26https://e-heartfailure.org https://doi.org/10.36628/ijhf.2019.0015

Mechanical Support in Cardiogenic Shock



left subclavian artery and visceral arteries, such as the superior mesenteric artery and renal 
arteries, should be avoided, and balloon positioning should be performed under fluoroscopy 
to avoid these potential complications. If the placement cannot be performed under 
fluoroscopy, immediate verification via a plain chest film is warranted. Serial monitoring of 
the left radial pulse and urine output can indicate IABP malposition.

Management
There are 2 modes for setting the balloon trigger, namely, electrocardiogram and pressure. 
Scenarios including early or late timing of inflation or deflation are undesirable. Early 
inflation or late deflation leads to increased afterload and increased myocardial oxygen 
demand. Late inflation or early deflation does not sufficiently increase coronary perfusion.

Complications
Complications include balloon rupture, bowel ischemia, and stroke.32)

Contraindications
Contraindications to IABP placement include severe aortic insufficiency, aortic disease, and 
peripheral vascular disease.32) Unlike other MCS devices, an IABP needs synchronization with 
the ventricular cycle. Therefore, the implementation is restricted in case of cardiac arrest or 
severe tachy- or brady-arrhythmia.
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Figure 2. Mechanical circulatory support devices. (A) Intra-aortic balloon pump, (B) Venoarterial extracorporeal membrane oxygenation, (C) TandemHeart, (D) 
Impella 2.5/CP/5, and (E) Impella RP. 
LA = left atrium; LV = left ventricular; RA = right atrium; RV = right ventricular.



Clinical outcomes and indications
In 2013, the American College of Cardiology and the American Heart Association 
recommended the use of an IABP in patients with CS after ST-elevation myocardial 
infarction who do not quickly stabilize with pharmacological therapy (IIa, B)19); however, 
contrary results have been reported. IABP does not provide any survival benefit to high-risk 
patients with CS because it only provides modest hemodynamic support (0.5–0.8 L/min).33) 
In the intra-aortic balloon counterpulsation in patients with AMI complicated by CS (IABP-
SHOCK I) trial, the use of IABP for hemodynamic stability was not beneficial.34) In addition, 
the IABP-SHOCK II trial concluded no mortality benefit of IABP compared to that of medical 
therapy.35) The results of the IABP-SHOCK II trial influenced the 2014 ESC guidelines with 
a further downgrading of IABP with a new class III (harm) recommendation for routine use 
in CS.36) The ESC still does not recommend the routine use of IABP in patients with CS (III, 
B).1)20)21) The use of IABP support for patients with AMI-associated mechanical complication 
of acute mitral regurgitation or ventricular septal rupture remains a class II indication in the 
2017 ESC guidelines.20)

Some doctors do not include IABP in MCS devices because IABP is limited in its effect to 
reducing cardiac afterload and increasing coronary perfusion rather than increasing the 
systemic circulation. We suggest that the indication for the use of IABP should be limited to 
only those patients with AHF not complicated by CS.

Right atrial-to-aorta access device: extracorporeal membrane oxygenation
All ECMO cases described in this article used the venoarterial (VA) type of ECMO.

Mechanism
ECMO involves the withdrawal of deoxygenated blood from the venous system through a 
drainage cannula, pumping the blood through a membrane lung, and returning the blood to 
the arterial circulation through a return cannula.

Hemodynamic effects
ECMO does not directly decompress the left ventricle. As blood is pulled from the venous 
system, there is a decrease in the right ventricular (RV) preload and consequently the LV 
preload, which can reduce wall tension and workload. In contrast, as blood returns to the 
arterial system in a retrograde manner, there is an increase in the LV afterload and workload.24) 
Left ventricular end-diastolic pressure (LVEDP) may increase as the ECMO flow increases.37) 
Left ventricular end-diastolic volume (LVEDV) may increase or decrease depending on the 
balance between the decreased LV preload and remnant native LV contractility to overcome the 
increased LV afterload. Without satisfactory ejection, blood will accumulate under pressure 
until it eventually equalizes with systemic arterial pressure (Figure 2B).

Components and cannulation
The basic ECMO circuit includes cannulae for drainage and return, tubing, a pump, and a 
membrane lung. The cannulae can be placed either centrally or peripherally, but most ECMO 
is cannulated peripherally. Peripheral cannulation entails drainage of the venous blood from 
the right atrium (RA) through a cannula that exits through the femoral vein. The arterial 
cannula is a short cannula inserted into the femoral artery with the tip in the common iliac 
artery. It is relatively easy to place and can be inserted without fluoroscopy, making it an ideal 
device to support patients receiving ongoing CPR.4)
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Management
A major advantage of ECMO is the relative ease of implementation; however, some 
disadvantages include the need for specialized perfusion expertise and skillful nursing care.38) 
The reason for specialized skill and expertise is because during ECMO, it is necessary to 
monitor the recovery of adequate systemic perfusion while maintaining sufficient ECMO flow 
and adequate BP.
A. Left ventricular distension: As mentioned earlier, the LV will not eject if the systolic 

function is too poor to overcome the afterload. Without urgent correction, severe 
pulmonary edema will occur, followed by fatal pulmonary hemorrhage. If the left ventricle 
is distended despite the infusion of inotropes or vasodilators, the left heart must be 
physically decompressed.39)40) The benefit of the simultaneous application of ECMO 
and the Impella device for unloading has been recently demonstrated in a multi-center 
retrospective cohort of 157 patients with profound refractory CS compared to patients 
treated with ECMO alone.41) Another method to reduce the load is to decompress the left 
atrium (LA). If a multistage drainage cannula is available, we prefer inserting a single 
multistage drainage cannula over the interatrial septum.24)42) This approach is referred to 
as LV-VA ECMO.43)

B. Harlequin syndrome: During ECMO, perfusate blood from ECMO mixes in the aorta with 
LV blood that has traversed the lungs. Therefore, the content of oxygen and carbon dioxide 
in the patient's arterial blood represents a combination of blood from these 2 sources. 
Thus, the total systemic blood flow is the sum of the extracorporeal flow plus the amount 
of blood passing through the heart and lungs (Figure 3).24)44) Fully saturated blood from 
the ECMO circuit will meet the blood ejected from the native ventricle. The location of this 
mixing point, known as the watershed point, depends upon the amount of ECMO support 
provided and the degree of native cardiac output. If the myocardial dysfunction is severe, 
the mixing point will typically be in the proximal ascending aorta or the aortic root. As the 
myocardial function improves, the mixing point may migrate distally into the descending 
thoracic aorta. The oxygen content of blood ejected by the left ventricle depends on 
the gas exchange ability of the native lungs. If significant pulmonary edema is present, 
hypoxic blood may perfuse the proximal aortic branches, including the coronary arteries 
or aortic arch branches. The patient's upper body will appear blue, while the lower body 
will appear pink; this is the reason it is known as “Harlequin syndrome.” 39) The watershed 
point has been demonstrated in computed tomography or fluoroscopy images in several 
reports.45-48) Therefore, measuring saturations in the right hand and analyzing arterial 
blood gases from the right arm are important.39)

C. Anticoagulation: There may be two sources of thrombi, namely, the native cardiopulmonary 
system and the extracorporeal circuit. The more dangerous site of thrombi is the native 
cardiopulmonary system because it may result in embolism to the coronary arteries or 
cerebral vessels. We recommend maintaining the hypocoagulable status during high-flow 
ECMO because native cardiopulmonary blood flow is slow or static (Figure 4).

Complications
Complications include bleeding, local vascular injury, limb ischemia, thromboembolism, LV 
distension, pulmonary edema, and air embolism.24)49)50)

Contraindications
Contraindications for the placement of the ECMO circuit include severe aortic regurgitation 
(AR) and peripheral arterial occlusive disease.32)
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Clinical outcomes and indications
While the use of ECMO has increased in the USA from 2004–2014, the outcomes remain poor 
with an in-hospital mortality of 47% in 2014.51) The usage trend of ECMO in Korea has also 
increased, and the in-hospital mortality was 63.4% between 2009 and 2014 (Figure 1B).52)
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article of Korean Circ J.24) 
ECMO = extracorporeal membrane oxygenation; VA = venoarterial.



Muller et al.53) assessed the clinical and quality of life outcomes of ECMO in 138 AMI patients 
with CS who did not require CPR. Based on multivariable logistic-regression analyses of 
data of this cohort of patients, the ENCOURAGE score to predict mortality in ECMO-treated 
AMI patients was calculated using the following pre-ECMO parameters: age >60 years, 
female sex, BMI >25 kg/m2, Glasgow coma score <6, creatinine >150 μmol/L, lactate <2, 2–8 
or >8 mmol/L, and prothrombin activity <50%. Six months after ECMO, the probabilities 
of survival were 80%, 58%, 25%, 20%, and 7% for ENCOURAGE score classes 0–12, 13–18, 
19–22, 23–27, and at least 28, respectively.53)

Combes et al.54) analyzed 65 patients receiving ECMO (72% of patients were cannulated 
percutaneously) for CS secondary to dilated cardiomyopathy, fulminant myocarditis, post-
cardiotomy, post-transplantation, and other conditions; their in-hospital mortality was 58%.

Because it is less expensive than other devices, allows rapid improvement in oxygenation, 
and is the only short-term MCS suitable for patients with severe biventricular failure or 
cardiac arrest, ECMO has emerged as the first-line support system, with a growing number of 
accepted indications.55)

The typical indications for the use of ECMO include the following:
A. Cardiogenic shock and cardiac arrest: The best indication for the use of ECMO is CS. 

Common causes of CS are AMI, acute myocarditis, progression of cardiomyopathy, acute 
allograft rejection after heart transplantation, overdose of cardiotoxic drugs, refractory 
ventricular tachycardia, failure to wean off cardiopulmonary bypass, and cardiac failure 
coexistent with severe respiratory dysfunction. It is very important to start ECMO 
before cardiac arrest. The outcome of ECMO before cardiac arrest is much better than 
that of extracorporeal cardiopulmonary resuscitation (ECPR).56)57) ECPR is the rapid 
implementation of ECMO to provide circulatory support in patients under cardiac arrest 
who fail to achieve a sustained return of spontaneous circulation.29) Two studies using 
propensity score matching demonstrated the neurological or survival benefits of ECPR 
over those of conventional CPR.56)58) Previous reports have suggested that the duration of 
CPR before ECMO should be <30 minutes and not >60 minutes.59-61) Another important 
inclusion criterion for ECPR is witnessed arrest with bystander CPR initiation within 5 
minutes.29)62) The 2015 American Heart Association Guidelines recommend that in settings 
where it can be rapidly implemented, ECPR may be considered for selected patients under 
cardiac arrest for whom the suspected etiology of the cardiac arrest is potentially reversible 
during a limited period of ECMO use.63)

B. Pulmonary thromboembolism: ECMO is useful in patients with rapidly deteriorating vital 
signs such as cardiac arrest or refractory shock due to acute PTE, that is, massive PTE.64-68) 
Moreover, if we consider ECMO's ability to offer partial cardiopulmonary bypass, it is the 
most suitable approach for the treatment of right heart failure due to PTE.24) The ESC 2014 
acute PTE guidelines briefly mentioned that ECMO can be used to treat massive PTE as a 
method for hemodynamic support and as an adjunct to surgical thrombectomy.69) Because 
ECMO itself requires systemic anticoagulation, ECMO with or without catheter-directed 
thrombectomy may be used to treat acute PTE.70)

C. Septic shock: Sepsis has been historically regarded as a contraindication to ECMO,71) and there 
are controversies surrounding the benefits of ECMO in septic shock.72) Favorable outcomes of 
ECMO in patients with septic shock combined with heart failure have been reported in recent 
years.73-76) We suggest using ECMO only when there are significant signs of combined CS, such 
as high central venous pressure or pulmonary artery occlusion pressure.29)
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Left atrial-to-aorta access device: the TandemHeart device
Mechanism
The TandemHeart device (CardiacAssist Inc., Pittsburgh, PA, USA) is a support device that 
delivers blood from the LA to the arterial system using an extracorporeal centrifugal pump. 
The TandemHeart works in tandem with the left ventricle. Outflow from the TandemHeart 
device and left ventricle run in tandem, but toward each other.30)

Hemodynamic effect
During the TandemHeart support, the LV preload decreases and the LV afterload increases 
(Figure 2C).

Components and cannulation
The TandemHeart system is composed of a drainage cannula, return cannula, centrifugal 
pump, and control console. The drainage cannula is placed from the femoral vein into 
the LA, whereas the return cannula is inserted retrogradely into the femoral artery. The 
placement of the drainage cannula requires a transseptal puncture. For an experienced 
operator, performing a transseptal puncture is a relatively safe procedure.

Management
The flow provided by the TandemHeart device is dependent on several factors, including the 
systemic and pulmonary resistance, cannula size and position, and fluid balance. Adequate 
RV function is required to maintain the left atrial volume.30) Continued hemodynamic 
monitoring, as well as the utility of a Swan-Ganz catheter, help to assess the total cardiac 
output and filling pressures. Vibration in the system's tubing may signal inadequate filling of 
the LA and should trigger an evaluation of the root cause, which may include hypovolemia, 
pulmonary hypertension, cardiac tamponade, bleeding, RV failure, or arrhythmias. Kinks in 
the tubing, cannula migration, and thrombus in the circuit should also be assessed. Rarely, 
the left atrial cannula can migrate into the RA, causing hemodynamic collapse and profound 
hypoxia.4) If the pulmonary edema and hypoxemia complicating AHF is severe, it is possible 
to insert a membrane lung into the TandemHeart circuit, making it similar to ECMO.77)

Adequate anticoagulation is important because the drainage cannula could form thrombi in 
the LA. The manufacturer of the TandemHeart device recommends using a heparinized purge 
solution. Unlike the Impella devices, the TandemHeart device purge solution is released at a 
fixed rate.78)

Complications
Complications include bleeding, local vascular injury, limb ischemia, air embolism, 
thromboembolism, device dislodgement, arrhythmias, cardiac wall perforation, aortic 
root puncture, pericardial effusion or cardiac tamponade, stroke, and residual atrial septal 
defects.4)30)38)79)

Contraindications
Contraindications include any condition that prohibits anticoagulation. In addition, the 
presence of a left atrial thrombus, ventricular septal defect, or aortic insufficiency precludes 
placement.4)38)79)

Clinical outcomes and indications
In an analysis of 117 patients with severe refractory CS, Kar et al.80) observed significant 
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improvements in the cardiac index, systolic BP, mixed venous oxygen saturation, and urine 
output with the use of TandemHeart support. Thirty-day and 6-month mortality rates were 
40.2% and 45.3%, respectively, even though 47.9% patients underwent CPR immediately 
before or at the time of implantation.

Burkhoff et al.81) randomized 33 patients within 24 hours of developing CS to treatment with 
an IABP or TandemHeart device. Compared with the IABP group, the TandemHeart group 
showed a greater increase in the cardiac index and mean arterial BP and a decrease in the 
pulmonary capillary wedge pressure; however, no difference in severe adverse events or 30-
day mortality was observed between the 2 groups.

Alli et al.82) reported a series of 54 patients who received support of TandemHeart device 
while undergoing high-risk percutaneous coronary intervention (PCI). The procedural 
success was high at 97%, and the 6-month survival was 87%. However, major vascular 
complications occurred in 13% of patients.

Left ventricular-to-aorta access device: the Impella device
The Impella device (Abiomed Inc., Danvers, MA, USA) and HeartMate Percutaneous Heart 
Pump (Thoratec Corporation, Abbott Laboratories, Pleasanton, CA, USA) are current 
percutaneous ventricular assist devices (VADs). The Impella device that is described in this 
article is a left VAD, and a description of the Impella RP, which is a right VAD, is provided later.

Mechanism
The Impella is a percutaneous VAD that uses a microaxial pump to move blood continuously 
from the left ventricle to the ascending aorta. The device utilizes a constant axial flow, does 
not need electronic synchronization, and permits steady output regardless of arrhythmias.83)

Hemodynamic effects
There are 2 primary effects of the Impella device, including (i) unloading of the ventricle 
(lower end-diastolic volume and pressure) and (ii) an increase in forward flow (higher mean 
arterial pressure) (Figure 2D). There is a reduction in LVEDP and LVEDV that translates into 
a decrease in the wall tension and myocardial oxygen demand.38)79) The hemodynamic effect 
of the Impella device is similar to the effect of an IABP, however, the amount of circulatory 
support is considerably higher than that of IABP.

The Impella device effectively empties the left ventricle, lowers the end-diastolic pressure, 
and increases the peak coronary blood flow, resulting in an increased supply and decreased 
demand of myocardial oxygen.84)

Components and catheterization or cannulation
There are three types of Impella devices that are available to provide increasing levels 
of LV support, namely, the Impella 2.5 (2.5 L/min; 12Fr motor pump), the Impella CP 
(approximately 3.5 L/min; 14Fr motor pump), and the Impella 5.0 (5.0 L/min; 21Fr motor 
pump). All three devices have been approved in the United States to provide hemodynamic 
support for up to 6 hours.

The Impella support system is comprised of 3 major components, namely, (i) a catheter, (ii) 
a purge system, and (iii) the automated controller. An impeller and its adjacent motor are 
located near the outlet area in the ascending aorta. As it rotates, negative pressure draws 
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ventricular blood into the inlet area and through the cannula. The rotation speed of the 
impeller has nine settings (P0 to P8). To protect the motor, the purge fluid (5% dextrose 
with heparin) forms a hydraulic pressure shield that prevents blood from migrating past the 
impeller and into the motor housing.

Sizes of the catheters, motor pumps, and introducers and access methods for each type are 
presented in Table 1.85) The motor pump of the Impella 5.0 device (21F) requires an end-to-
side anastomosis of the 10-mm Dacron graft to the femoral or axillary artery.30)

Management
A. Position monitoring: The automated Impella controller continuously monitors the catheter 

based on the placement signal wave and motor current wave. The placement signal wave 
is a pressure wave of the aorta or left ventricle. The motor current wave is a current wave. 
If the catheter needs to be repositioned, then fluoroscopic guidance is the best method. If 
the catheter is either partly (just the pigtail) or completely in the ventricle, the catheter can 
be pulled out under imaging guidance. If the catheter is completely in the aorta, pushing in 
the catheter across the valve should not be attempted without a guidewire. If the catheter is 
in the correct position, the pulse pressure of the placement signal is similar to the normal 
range of arterial pressure, and the motor current wave is pulsatile. However, when a patient 
has severe ventricular dysfunction, the pulse pressure of the placement signal will be low or 
dampened. In this situation, the automated Impella controller may not be able to determine 
the catheter position. In this case, the operator must rely on the patient's hemodynamic 
parameters and imaging to monitor the position.30)

B. Suction alarm: Suction may occur with the Impella device due to improper positioning or 
inadequate LV volume, and the presence of suction may lead to hemolysis.30) The Impella 
position should always be confirmed with imaging, and adjustments should be made to 
space the inlet from the ventricular wall. The device relies on a functional RV to provide LV 
filling. An inadequate LV volume may be secondary to overall volume depletion or poor RV 
function, leading to poor LV preload. During Impella support, the central venous pressure 
should be maintained between 8 and 12 mmHg to prevent suck-down events.83) Echocardi-
ography or Swan-Ganz catheter-guided monitoring can help to assess the root cause of a 
suction alarm. It is paramount to recognize that a suction alarm at the initial placement of 
the catheter may signal the presence of an LV thrombus.

C. Anticoagulation: There is a need for anticoagulation as there is a risk of systemic 
embolization. A unique aspect of the Impella system is the release of a dextrose-based purge 
solution from the motor housing that flows countercurrent to the discharge of blood from 
the outlet area. The resulting pressure barrier prevents the entry of blood into the motor 
housing, thereby reducing the risk of thrombus-related complications. The manufacturer 
also recommends adding heparin to the dextrose purge solution as soon as possible.78)

34https://e-heartfailure.org https://doi.org/10.36628/ijhf.2019.0015

Mechanical Support in Cardiogenic Shock

Table 1. Characteristics of the 3 types of Impella devices
Variables Impella 2.5 Impella CP Impella 5.0
Access technique Percutaneous Percutaneous Surgical
Access artery femoral femoral axillary or femoral
Output (max) 2.5 L/min 4.0 L/min 5.0 L/min
Guiding catheter size 9F 9F 9F
Motor pump size 12F 14F 21F
Introducer size 13F peel away sheath 14F peel away sheath 10 mm Dacron graft
Modified from Burzotta et al.85)



Complications
Abaunza et al.86) reported acute limb ischemia in up to 13% of patients after they had inserted 
the Impella 2.5 or CP, which was related to emergency procedures. Other complications 
included bleeding at the vascular access site, which required transfusion in 24.2% of cases 
and vascular surgery in 4.2% of patients. Hemolysis resulting in blood transfusion was 
reported in 7.5% of patients. In 1.7% of patients, pericardial drainage was necessary because 
of cardiac tamponade. Device malfunction that necessitated the removal of the device 
occurred in 2.5% of patients during long-term support.87)

Contraindications
The presence of a mechanical aortic valve or LV mural thrombi precludes the use of the 
Impella device, as does significant aortic valve stenosis. These clinical parameters do not 
prohibit the use of the TandemHeart device or ECMO.30) The use of the Impella device is also 
contraindicated in patients with moderate-to-severe AR, ventricular septal defect, and severe 
peripheral vascular disease.4)

Clinical outcomes and indications
An evidence-based efficacy study conducted in patients with CS showed that the Impella 
device can improve cardiac output and the cardiac index; however, no significant reduction 
in mortality was observed.88)89) Seyfarth et al.90) randomly allocated 25 patients with AMI 
and CS to receive percutaneous support with either an IABP or the Impella 2.5 device and 
showed that the cardiac index after 30 min of support was greater with the use of the Impella. 
However, the overall 30-day mortality was 46% in both groups.

The PROTECT 2 trial was a randomized clinical trial that enrolled 452 patients who 
underwent high-risk PCI with the support of an IABP or the Impella 2.5 device. There was 
an increased number of 30-day major adverse events in the IABP group. At 90 days, a strong 
trend toward decreased major adverse events was observed in the Impella 2.5-supported 
patients compared with that in the IABP group. This trial was terminated at 69% of the 
planned enrollment for futility.91)

Mechanical right ventricular assist devices
For patients with RV failure complicated by CS, percutaneous RV MCS may be necessary. 
Diagnosing acute RV failure remains a major clinical challenge. Invasive hemodynamic 
measures can be obtained using a pulmonary artery (PA) catheter and are predictive of RV 
failure. The simplest approach to quantify RV dysfunction is to measure the ratio of RA 
pressure to pulmonary capillary wedge pressure.92) In the setting of AMI, Lopez-Sendon et 
al.93) identified that a ratio >0.86 was associated with pathological evidence of RV infarction at 
necropsy. Korabathina et al.94) reported the clinical utility of the PA pulsatility index (<1.0) as 
a measure of RV failure in the setting of AMI.

For a direct RV bypass, the Impella RP or TandemHeart using a Protek-Duo catheter 
(CardiacAssist Inc.) is appropriate. For an indirect RV bypass, ECMO support is suitable.4)

The Impella RP device
The Impella RP device is implanted into the femoral vein for inflow through the inferior vena 
cava to the outlet area in the PA. The Impella RP device is Food and Drug Administration 
approved for patients who develop acute right heart failure or decompensation after left VAD 
implantation, myocardial infarction, heart transplantation, or open-heart surgery (Figure 2E).
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To achieve biventricular support, Pappalardo et al.95) reported the first case of biventricular 
support using 2 Impella pumps, that is, a combination of an Impella CP with an Impella 
RP system, for acute biventricular failure due to suspected acute myocarditis. This concept 
extends the possibilities of different unloading strategies for patients with biventricular 
failure in whom oxygenation is not a major issue.96) For example, for right heart failure due 
to massive PTE, even if the Impella CP and RP devices are supported at the same time, the 
blood of the main or proximal PA cannot be transmitted to the pulmonary veins through the 
thromboemboli in the pulmonary arteries. To date, the ECMO device is the only MCS device 
for massive PTE complicated by CS.

SELECTION OF MECHANICAL CIRCULATORY SUPPORT

Multiple factors must be considered when choosing MCS, including the hemodynamic 
condition of the patient; hemodynamic effects; indications or limitations of the devices; 
technical considerations, including ease and rapidity of insertion; and the ultimate goals of 
support.15)38)97) Some considerations that we believe should be taken into account are as follows:

• Common contraindications for percutaneous MCS such as moderate-to-severe AR 
restricting of LV unloading and peripheral arterial occlusive disease precluding femoral 
cannulation or catheterization.32)

In particular, for ECMO or the TandemHeart device, which requires insertion of a thicker 
cannula cannula than a catheter used for the IABP or Impella, close monitoring of distal 
limb perfusion is important.

• Easy cannulation or catheterization: IABP > ECMO > Impella > TandemHeart
i.	Fluoroscopy is inevitable for the implantation of the Impella or TandemHeart device, 

but the IABP or ECMO device can be implanted at the bedside.
ii.	The practical reason why ECMO is only applicable in cardiac arrest is not only because it 

can support both ventricles as described earlier but also because it can be cannulated at 
the bedside without fluoroscopy support.

• Need for anticoagulation: Impella = TandemHeart > IABP > ECMO
i.	Although all MCS devices require anticoagulation by default, especially for the Tandem-

Heart and Impella devices, stricter anticoagulation is needed because of the high-risk of 
critical systemic embolization.

ii.	 In the case of ECMO, the blood contact surface of the component in the arterial system 
is the smallest, and the membrane lung has the effect of blocking embolism from the 
centrifugal pump or the membrane lung itself. However, anticoagulation is important 
to prevent intracardiac thrombus formation and systemic embolization, especially if LV 
contractility is poor (Figure 4).24)

• Duration of support: TandemHeart > ECMO > Impella

• LV unloading: TandemHeart ≥ Impella > ECMO > IABP

• RV unloading: Impella RP or TandemHeart using a Protek-Duo catheter ≥ ECMO
i.	It is possible to determine which MCS devices will be implemented depending on the de-

gree of LV unloading of each device and whether RV failure is accompanied by LV failure.
ii.	The Impella and TandemHeart devices can be used if only LV dysfunction is present, and 
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RV function is normal or tolerable. Inotropes are often required to support RV function 
after the placement of left-side support devices.38)

iii.	ECMO can be used if there is LV or RV dysfunction because most cardiac chambers and 
lungs are bypassed (Figure 2B). In particular, biventricular failure after cardiac arrest, 
severe pulmonary edema complicating cardiogenic shock, or massive PTE complicated 
by shock are exclusive indications for ECMO. However, because the direct LV loading 
effect is low, there is a risk of LV distension when severe LV dysfunction is present.

iv.	Because the amount of LV unloading and systemic circulatory support of the IABP is the 
lowest, it is only recommended to be implanted in cases of AHF with pre-shock or early shock.

v.	A closer look at Figure 2 shows that MCS devices, except for the IABP, basically act as 
bypasses. Thus, if the function of any cardiac chamber or lung is decreased, an MCS 
device that can bypass the impaired section can be selected.

The algorithm for MCS selection is presented in Figure 5, reflecting the various factors above.

FUTURE DIRECTIONS

Technological developments are ongoing and include simpler and faster cannulation 
or catheterization, less anticoagulation, more ventricular unloading effect, and easier 
management with less complications.
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Early shock

IABP

Aggravating shock
Cardiac arrest

ROSC

LV distension
Pulmonary edema

Hybrid MCS
ECMO+Impella

ECMO with biatrial drainage

VA ECMO

Difficulty in transport to cath lab

Hypoxemia

Pulmonary artery obstruction
: acute massive PTE or CTEPH

Biventricular failure

Isolated RV failure

Impella RP

Biventricular Impella (CP+RP)

Femoral angiogram

Required amount of support Expected support duration

Impella 2.5 Impella CP/5.0

Revascularization if indicated

Weaning or escalation to surgical VAD or heart transplantation

TandemHeart

Little Long

Much Short

Yes
No

Figure 5. Algorithm for mechanical circulatory support device selection in patients with cardiogenic shock and cardiac arrest complicating acute heart failure. 
Modified from Atkinson et al.32), and Chakravarthy et al.4) 
CTEPH = chronic thromboembolic pulmonary hypertension; ECMO = extracorporeal membrane oxygenation; IABP = intra-aortic balloon pump; LV = left 
ventricular; MCS = mechanical circulatory support; PTE = pulmonary thromboembolism; RAVD = right ventricular assist device; ROSC = return of spontaneous 
circulation; RV = right ventricular; VA = venoarterial; VAD = ventricular assist device.



There are multiple open questions regarding MCS devices, as reflected by the high number 
of recommendations with a level of evidence C (limited data or expert opinion) in current 
guidelines.19)36)98) Moreover, randomized clinical trials on CS are difficult to perform, and only 
a few randomized clinical trials came to clinical outcomes with completion of the required 
patient number.16)17) This should be the motivation for future randomized clinical trials 
involving MCS devices.

CONCLUSIONS

MCS for patients with AHF complicated by CS has been increasing in popularity. Proper 
device selection with appropriate timing of application is important. Considering that 
various factors are involved in the complexity of decision making, the hospital should have its 
own standardized approach to patients with AHF complicated by CS.
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