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CARDIOGENIC SHOCK is a state of inadequate end-organ

perfusion resulting from myriad causes, including ischemia, myo-

carditis, acute and chronic heart failure, postcardiotomy, and post-

transplantation. It is the leading cause of death among patients

experiencing acute myocardial infarction, with a mortality of 40%

to 50%.1 Treatment generally includes revascularization for ische-

mia and supportive care with inotropes, vasopressors, and fluids

as needed. Refractory cardiogenic shock is defined as ongoing

hypoperfusion despite the administration of multiple vasoactive

medications and treatment of the underlying cause.2 Mechanical

support devices, such as the intra-aortic balloon pump (IABP), the

Impella heart pump (Abiomed Inc, Danvers, MA), and venoarte-

rial extracorporeal membrane oxygenation (VA-ECMO) have

become increasingly common in the treatment of refractory car-

diogenic shock.3,4 Oftentimes this support is used as a bridge to

recovery, a bridge to implantation of long-term mechanical circu-

latory support, or as a bridge to heart transplantation. Despite these

advancements, in-hospital mortality and complications from

refractory cardiogenic shock remain high.5 Regardless of the

modality selected for advanced mechanical support, it generally is

accepted that earlier initiation leads to more favorable outcomes.6

Avoidance of multisystem organ failure is the most vital short-

term goal. Even though no head-to-head trials exist comparing the

Impella with VA-ECMO for refractory cardiogenic shock, it is the

authors’ opinion that VA-ECMO is a superior choice.

The Impella is a percutaneous, catheter-based device that is

placed retrograde across the aortic valve into the left ventricle

(LV). When properly positioned, the device is able to generate 2.5

to 5.0 L/min of flow. When compared with the IABP for
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management of cardiogenic shock, the Impella has shown promis-

ing results in hemodynamic improvement and survival.7,8 Despite

this benefit, the adverse side-effect profile of the Impella is well-

described and cannot be overlooked. Major bleeding remains one

of the most common complications, with an incidence of roughly

29%.8 Bleeding may occur from trauma at the insertion site or

remotely at unrelated sites. One theory suggests that the device

may induce abnormalities with the coagulation cascade, leading

to increased bleeding in areas such as the gastrointestinal tract. A

retrospective analysis comparing the IABP with the Impella for

patients undergoing high-risk percutaneous interventions showed

that both groups had a decrease in hematocrit at 48 and 72 hours

and an almost equivalent red blood cell transfusion rate of 38%.

The investigators were unable to determine the source of the

hematocrit drop in a majority of cases; however, 30% of Impella

patients experienced gastrointestinal bleeding.9 The natural ques-

tion as to why Impella patients bleed from areas other than the

insertion site has prompted further investigation. Flierl et al. exam-

ined von Willebrand factor multimers, collagen binding capacity,

and antigens to determine the prevalence of acquired von Wille-

brand syndrome with Impella support. They studied 21 patients

with a mean duration of Impella support of 135 hours and noted

that 20 patients (95%) developed acquired von Willebrand syn-

drome.10 Not only was bleeding from the insertion site a concern,

but bleeding from acquired von Willebrand syndrome was found

to be clinically significant. In addition, bleeding after device

removal, as evidenced by reports of either groin or retroperitoneal

hematoma, often requiring intervention, is of concern.11

Another recognized complication from the Impella is hemo-

lysis, which can contribute to serious organ dysfunction. The

EUROSHOCK and USpella registries report hemolysis rates

in the 7% to 10% range.8,12 Other studies specifically examin-

ing hemolysis, however, paint a different picture. Badiye et al.

sought to specifically assess the incidence of hemolysis with
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Impella support greater than 6 hours. The authors examined 40

Impella implantations that were maintained for an average of

86 hours and noted a significant decrease in hemoglobin and

haptoglobin levels at 24 hours, with an associated increase in

lactate dehydrogenase and bilirubin. They found that at

24 hours post-implantation, 62.5% of patients developed labo-

ratory abnormalities consistent with hemolysis.13 Other serious

complications also may occur in the early stages of Impella

implantation. Abaunza et al. studied 90 patients who had

Impella support for an average of 1 day. Acute limb ischemia

occurred in 12 patients, among whom 4 required amputation

and 6 underwent endovascular repair.11 The occurrence of

complications within this short time frame is partly why

Impella devices are approved only for short-term support of

patients with cardiogenic shock. Depending on the size/flow

capacity of the device, the Impella is not approved for use

beyond 6 days.14 The literature suggests, however, that serious

complications such as bleeding, hemolysis, and limb ischemia

can occur much earlier than the 6th day.8,10�13

Positioning the Impella requires precision, either under fluo-

roscopic or echocardiographic guidance. Malpositioning prob-

lems are common and can lead to inadequate flows with the

potential for devastating consequences. Ideally, the inlet of the

device should be placed in the LV, 3.0 to 4.0 cm from the aortic

valve annulus. When the device is placed too far distally or

proximally, left ventricular unloading with consistent flows

becomes difficult. In addition, patients with valvular lesions

may not be suitable candidates for Impella support because of

positioning constraints, as in the case of aortic stenosis, which is

a relative contraindication because of the need to cross the aortic

valve.7 Inadequate flows are not the only concern with device

migration. Elhussein et al. described a patient supported with an

Impella for post-infarct cardiogenic shock. Six hours post-inser-

tion, insufficient flows were noted and echocardiography con-

firmed posterior mitral valve chordal rupture with acute severe

mitral regurgitation, which likely occurred during device place-

ment or subsequent repositioning. Despite aggressive support,

the patient developed multisystem organ failure and died.15

Bhatia et al. reported on a similar case in which a patient with

post-infarct cardiogenic shock showed adequate myocardial

recovery after 3 days of Impella support; however, when the

device was removed, acute severe mitral regurgitation occurred

secondary to chordal rupture. At some point during placement

or adjustment, the device likely got caught on the chordae,

which were inadvertently damaged during device removal. The

patient underwent mitral valve replacement and coronary artery

bypass surgery but subsequently died from complications.16

The authors of the present report are not implying that VA-

ECMO is without risk. The side-effect profile is well-known,

and in many ways is similar to that of the Impella. Some of the

common complications associated with VA-ECMO are throm-

bosis, bleeding, coagulopathy, infection, and limb ischemia

when using peripheral cannulation strategies.17 However, with

VA-ECMO, there are procedural options that can reduce the

risk of some of these untoward events dramatically. For exam-

ple, with peripheral VA-ECMO, a distal reperfusion catheter

can be placed at the femoral arterial cannulation site to reduce
the risk of limb ischemia.18 This is a safe and feasible option

for high-risk patients based on cannula size or vessel diameter.

Similarly, in order to prevent pump thrombosis, thromboem-

bolic disease, and intracardiac thrombosis, patients are antico-

agulated routinely. This makes catastrophic thrombosis

uncommon in VA-ECMO patients on therapeutic anticoagula-

tion.19 Bleeding continues to be the most common complica-

tion associated with VA-ECMO, with an estimated incidence

of 29% to 50%; however, percutaneous cannulation options

likely will decrease this risk over time.20

A common flaw of all mechanical support devices is that it

often is challenging to completely decompress and unload the

injured ventricle. The peripherally placed arterial cannula deliv-

ers oxygenated blood in a retrograde fashion, which causes an

increase in left ventricular afterload. A severely compromised

LV is unable to eject against this increased afterload, thus wors-

ening left ventricular distention. With continued distention and

ongoing volume overload, the LV can undergo myocardial

strain and increased oxygen demands.21 VA-ECMO is differen-

tiated from other mechanical support devices because of the

option to place a vent in order to decompress the LV. When

used as adjuncts to VA-ECMO, IABPs, and Impella devices,

central left ventricular vents and percutaneous trans-septal vents

all have been shown to be effective at decompressing the LV.22

Not only can innovative venting strategies be used with this

modality, but valvular abnormalities are less of an impediment

to placing a patient on VA-ECMO.

VA-ECMO use has increased worldwide due to advances in

technology and the development of highly specialized multi-

disciplinary teams.23,24 The cannulation strategies for VA-

ECMO can be tailored to accommodate a patient’s specific

needs, as in the case of postcardiotomy cardiogenic shock for

which a patient may be best served with central cannulation

and placement of a left ventricular vent to unload the injured

ventricle.25�27 Conversely, a patient who has experienced an

myocardial infarction and is in cardiogenic shock after percu-

taneous revascularization can be placed on peripheral VA-

ECMO with femoral access easily. Whatever the underlying

etiology of cardiogenic shock, there are several ways in which

a patient can be cannulated for VA-ECMO.

VA-ECMO also offers the added benefit of biventricular

support. Right ventricular (RV) failure is an independent risk

factor for mortality with left ventricular failure and one of the

leading causes of mortality after heart transplantation.28�30

Because the venous or inflow cannula used during VA-ECMO

is easily placed centrally or percutaneously in the right atrium,

the right ventricle is decompressed and rested, thereby facili-

tating RV recovery and reducing the afterload generated by

increased left ventricular end-diastolic pressures and pulmo-

nary hypertension.31 Patients with biventricular failure, RV

failure secondary to left ventricular failure, and isolated RV

failure all can benefit from the reduced RV volume and

upstream pulmonary vasodilation. In contrast to other RV

assist devices, VA-ECMO bypasses the pulmonary vascular

bed, which relieves the right ventricle of increased afterload.32

Conversely, a right-sided Impella does not bypass the pulmo-

nary vasculature and is dislodged easily.33 Cardiogenic shock
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complicated by RV failure is associated with poor outcomes,

and VA-ECMO support is favored over the Impella in this situ-

ation because it provides a safe and easy avenue to protect and

preserve RV function.

Combined cardiogenic shock and respiratory failure are not

uncommon events. The former often is associated with flash

pulmonary edema, pulmonary hypertension, and acute respira-

tory distress syndrom.34 These patients generally present with

rapid accumulation of pulmonary alveolar and interstitial fluid

as a direct consequence of elevated left ventricular end-dia-

stolic pressures.35 VA-ECMO not only supports these patients

from a cardiac standpoint, but it also incorporates a membrane

oxygenator for respiratory support. Patients in refractory car-

diogenic shock with concomitant respiratory failure may need

additional respiratory support after cardiac recovery due to

excess fluid in the lungs and the development of acute respira-

tory distress syndrome.36 VA-ECMO allows providers to

slowly adjust respiratory support while maintaining full car-

diac support and vice versa, which assists with weaning. Con-

versely, the Impella and other percutaneous ventricular assist

devices used in isolation do not support the respiratory system.

VA-ECMO’s added benefit of multiple cannulation options

can be beneficial for early mobilization. For emergency situa-

tions, and when resources are limited, percutaneous femoral

cannulation often is selected. In the case of postcardiotomy

cardiogenic shock, central cannulation is common because in

situ cardiopulmonary bypass cannulae can be used. Novel can-

nulation approaches also are becoming increasingly popular.

Biscotti and Bacchettadescribed an innovative strategy known

as the “sport model,” where by way of a small incision, a 6.0-

or 8.0-mL graft is sewn to the subclavian artery for cannula

insertion. A percutaneously placed right internal jugular vein

cannula provides the venous outflow.37 Upper extremity can-

nulation allows for easier and safer mobilization. Decannula-

tion can be completed either at the bedside or in an operating

room setting. Subclavian or axillary artery cannulation has

been described previously and generally carries an estimated

complication rate of approximately 2%.38,39 McGarrigle and

Caunt retrospectively studied 10 patients who were placed on

central VA-ECMO for cardiogenic shock as either a bridge to

transplantation or a bridge to a long-term left ventricular assist

device. All the patients were in a cardiothoracic intensive care

unit and were able to consent to receiving physical therapy. A

minimum of 4 providers assisted the patients with mobilization

from bed, and 1 member of the team used Hollister clips and

abdominal binders to secure the cannulas. Therapy was initi-

ated by having the patients step or walk in place, with subse-

quent ambulation from 7 to 1,200 meters (median 157 meters).

Minor complications, including transient low flows, occurred

2.4% of the time, but no major adverse events were noted.40

Early mobilization and ambulation lead to a shorter intensive

care unit stay and are quite feasible with the newer cannulation

strategies for VA-ECMO.41

A common criticism of femoral catheters is that patients

must remain on strict bedrest and cannot receive physical ther-

apy. The historical concern that mobilization would lead to

catheter kinking, bleeding, thrombosis, or accidental
dislodgement is being challenged. Perme et al. prospectively

studied 77 patients who were cannulated femorally in a cardio-

vascular intensive care unit. Almost half were ventilated

mechanically during their first physical therapy session. With

the help of an experienced nursing and physical therapy team,

patients underwent 630 separate activities, and 25% of patients

with femoral catheters were able to ambulate during the first

physical therapy session. No major adverse events occurred.42

Damluji et al. prospectively evaluated 239 patients who had

femoral catheters placed in an intensive care unit. Approxi-

mately 23% of patients were able to stand or walk, and 38%

completed in-bed exercises. No catheter-related adverse events

were seen.43 In a safety and feasibility study of physical ther-

apy in 15 femorally cannulated VA-ECMO patients with car-

diogenic shock, Pasrija et al. demonstrated that with the help

of experienced nurses and therapists, physical therapy was

achievable. Cannulae were sutured in place and any displace-

ment of more than 1.0 cm required reevaluation and reposi-

tioning if necessary. The median time from cannulation to out

of bed was 3 days, and the median time from cannulation to

ambulation was 4 days. All patients’ airways were extubated,

and they were able to follow commands. The median ambula-

tion distance was 300 feet, and no major adverse events were

reported.44 Ultimately the decision to cannulate centrally ver-

sus peripherally is dependent on a multitude of variables,

including patient factors, resource availability, time, surgeon

expertise, and hospital infrastructure. Despite this, appropri-

ately selected patients on VA-ECMO can be mobilized and

safely undergo physical therapy, including ambulation.

In summary, refractory cardiogenic shock continues to have

a grim prognosis despite the many advances in mechanical cir-

culatory support. Even though VA-ECMO and the Impella

both offer different approaches to patients in cardiogenic

shock, there are no randomized controlled trials that directly

compare outcomes with both modalities. Etiology of the car-

diac insult and patient characteristics often are the most predic-

tive factors for survival. Patients with myocarditis and heart

transplantation recipients tend to have better outcomes with

VA-ECMO.45 Patients with coronary artery disease undergo-

ing high-risk percutaneous interventions have improved sur-

vival with the Impella.46 Even though VA-ECMO and the

Impella carry their own known sets of complications, both

devices have promise. Numerous groups are striving to risk-

stratify patients in order to identify the best support modality

for different populations, but supporting evidence in the litera-

ture remains scarce.47 VA-ECMO has a tremendous advantage

in that it constantly is evolving, with numerous configurations

available that can be tailored to each specific patient. It has the

ability to offer biventricular support, respiratory support, and

the versatility of adjuncts to augment left ventricular decom-

pression. VA-ECMO is complex and requires a highly special-

ized group of providers to care for these patients. Although

larger trials comparing VA-ECMO with the Impella are

needed, it is the authors’ opinion that VA-ECMO offers supe-

rior options and greater benefits to patients in refractory car-

diogenic shock compared with other short-term mechanical

circulatory support devices.
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