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The majority of clinical pathways and paradigms utilized in the treatment and management of cardiogenic
shock with temporary mechanical circulatory support (MCS) are largely based on individual physician
intuition and ad hoc problem-solving. Substantial mortality gains in the acute myocardial infarction
cardiogenic shock (AMI-CS) population were observed with the reported outcomes of the SHOCK trial
in 1999 compared to previous populations with AMI-CS. Nonetheless even in the age of percutaneous
coronary intervention (PCI) of the infarct related artery, survival rates continue to be only approximately
50%. The conventional focus since the SHOCK trial has centered on revascularization strategies and the
subsequent medical management of these patients post-PCI with ever diminishing returns. Perhaps we have
hit the “glass ceiling” with current strategies and it is time to explore novel strategies to salvage not only the
heart but more importantly the patient and potentially more of both. Going forward, researchers need to
focus on developing a systematic approach to problem solving in utilizing MCS for patients with cardiogenic
shock. Effective methodologies that are evidence based will help physicians in their decision-making when

considering temporary MCS for patients.
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Introduction year, the 50th anniversary of Cardiac Critical Care Units

. . . was celebrated in recognition of how these specialty units
Approximately 10% to 15% of patients with acute ST . . . .
have substantially contributed to improved outcomes in

these patients (4). The SHOCK trial, reported in the New

England Journal of Medicine in 1999, revealed a significant

segment elevated myocardial infarction (STEMI) will
develop cardiogenic shock which equates to approximately

60,000 cases per year (1). Cardiogenic shock in the setting
of an acute STEMI generally occurs due to left ventricular
(LV) dysfunction in approximately 80% of cases (2). One of
the original definitions of cardiogenic shock was developed
by Dr. Thomas Killip III, Chief of Cardiology at the New
York Hospital during the development of Cardiac Critical
Care units in the late 1960s which were specifically designed
to care for patients with cardiogenic shock (3). This past
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survival benefit at six months and at 12 months in those
individuals who received percutaneous coronary intervention
(PCI) of the infarct-related artery, as compared to individuals
managed medically using thrombolytic therapy (5). Of note,
during the index cardiogenic shock hospitalization, there
was no significant survival benefit observed between the
two patient groups. Subsequent to the outcomes reported
in this trial, there has been an emphasis in the United States
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and internationally on improving door-to-balloon times (6).
Within the United States, this has become a nationally
tracked quality metric and is directly tied to Centers for
Medicare and Medicaid Services reimbursement (7).

Revascularization of the infarct related artery has improved
mortality outcomes from approximately 70% preceding
this strategy to approximately 50%. The adage “time is
muscle” has become a familiar slogan across all emergency
departments and cardiac catheterization labs. Approximately
two decades since the SHOCK trial, the vast majority of
the randomized control trials or large meta-analyses of
trials have focused on revascularization strategies and the
medical management of patients with AMI-CS that received
PCI of the infarct related artery. One of these trials is the
CULPRIT-SHOCK trial, which investigated the benefit of
multi-vessel PCI including the culprit artery against the PCI
of the culprit artery only (8). The SHOCK 2 trial looked
at a post-PCI population who were randomized to either
receive or not receive an intra-aortic balloon pump (9).
Similarly, a large Cochrane database systematic review
evaluated inotropic and vasodilatory agents used in the
treatment of cardiogenic shock in an myocardial infarction
(MI) population to assess the potential benefits of certain
inotropes or vasodilator therapy (10). In this trial, the
researchers specifically focused on a novel calcium
sensitizer, levosimendan, compared to conventional agents
administered (10). The TRIUMPH trial assessed medical
treatment of patients with acute MI and specifically looked at
a non-specific inhibitor of nitric oxide synthetase, tilarginine,
to see if this could potentially improve patient outcomes (11).
Unfortunately, none of these recently performed studies
revealed any significant improvements in survival.

Even in the age of PCI of the infarct related artery,
survival rates in most contemporary studies regarding AMI-
CS continue to be only approximately 50%; substantial gains
in this patient population have not been observed since the
reported outcomes of the SHOCK trial in 1999 (12). With
the current focus on revascularization and the subsequent
medical management of AMI-CS patients, perhaps we have
hit the “glass ceiling” with this strategy and perhaps it is time
to explore newer, novel strategies to further impact one of
the highest mortality conditions that an individual can be
admitted with to a hospital.

Mechanical circulatory support (MCS) for acute

cardiogenic shock

When you look at the trials that have utilized MCS for
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cardiogenic shock, these studies are very few in number
and include very few patients. Currently, there are only
four randomized control trials involving temporary MCS
in cardiogenic shock and none of these trials have revealed
any survival benefit (13-16). Some of the trials did reveal
some modest hemodynamic benefits, but this was not
necessarily translated into survival benefit. Overall, out of
all these studies, only approximately 200 patients in total
have been involved in randomized trials utilizing MCS.
Nonetheless, over the past few decades, there has been a
significant increase in the utilization of MCS devices for
this patient population (17,18). In addition, there has been
a very substantial growth in the utilization of extracorporeal
membrane oxygenation (ECMO) in patients with
cardiogenic shock and not necessarily with any significant
improvement in survival in this ECMO population over
these time periods (19).

Due to the paucity of clinical trials involving temporary
MCS, most of the information in this manuscript is really
based on fairly anecdotal evidence. I do believe that “what
we know here is very little and what we are ignorant of is
immense”. The majority of clinical pathways and paradigms
utilized in AMI-CS have been derived from individual
practitioner intuition and ad hoc problem-solving “on
the fly”. Going forward, researchers need to focus on
developing a systematic approach to utilizing MCS in AMI-
CS and pool resources nationally and even internationally
to guide evidence-based strategies. Performing randomized
control trials in patients with AMI-CS may be neither
practical nor ethical especially in regard to utilizing or not
utilizing MCS. Nonetheless, scientifically sound evidence-
based methodologies have to be derived using alternative
study designs and statistical methods to guide physicians
with appropriate decision-making in applying MCS.

Cardiogenic shock management and trauma
systems

Recently, there was a call for a national initiative to develop
a state level regionalized cardiogenic shock management
system (20,21). One of the fundamental observations made
from this initiative came from looking at the national
trauma system, which has been successfully applied in the
US with noted improvements in patient outcomes. The
system was modeled after the national trauma system as
there are parallels between acute trauma care and acute
cardiogenic shock care. A proposed three tier system was
originally proposed with the goal of implementation at the
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regional level through statewide initiatives supported by
different resources available at the participating institutions.
This plan focused on regionalization of care through inter-
institutional collaboration in the development of highly
coordinated care delivery models based on individual
institutional resources. There were multiple factors that
helped to foster these inter-institutional partnerships.
During this time period, there was the development of
statewide initiatives in public reporting of outcomes in
cardiac surgery and interventional cardiology. Overall, we
found that quality reporting initiatives had consequences
that were not necessarily readily apparent, especially when
risk adjustment was not felt to be adequate. The potential
negative implications of public quality reporting in relation
to cardiogenic shock patients has been illustrated in studies
concerning New York and Massachusetts, where there was
a noted decrease in the utilization of PCI and coronary
artery bypass grafting (CABG) in populations with acute
MI cardiogenic shock (22,23). The perceived institutional
risk associated with AMI-CS patients helped foster inter-
institutional partnerships that may not have normally
developed. This did provide an opportunity to develop a
regionalized network of care to help provide more effective
management for this AMI-CS population. To aid with the
inter-institutional transition of care of this population,
we developed a cardiogenic shock critical care transport
team approximately two decades ago. The development
of the cardiac critical care transport team provided safe
transport of these critically ill patients by a specialized team
as well as it greatly facilitated the regional partnerships.
Through this collaborative effort, inter-institutional care
delivery models were developed for patients which helped
break down institutional barriers. Through these efforts
and partnerships there was the development of a highly
clinically integrated regionalized network to improve care
delivery models to cardiogenic shock patients.

MCS systems of the past

In the past, the majority of mechanical support systems
deployed in cardiogenic shock were initially pulsatile
systems. The ABIOMED BVS 5000 biventricular support
system (ABIOMED BVS 5000 Inc., Danvers, Massachusetts,
USA) was the first FDA approved device for this use in
1992. This device was very cumbersome, difficult to implant,
required full cardiopulmonary bypass with a sternotomy,
and required in most instances, full cardiopulmonary bypass
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support to explant the system (Figure I). For this reason,
the sternum was either left open or had to be reopened for
explant. The device was also associated with a moderately
high incidence of adverse complications, especially in
relation to thromboembolic complications and bleeding.
The threshold for implanting these systems was very high
given the complexity and limitations of the technology
available and the vast majority of patients that received these
systems had either ongoing cardiopulmonary resuscitation
(CPR) or recently administered CPR and established
multisystem organ failure. Nonetheless, despite the clear
obstacles to this, survival rates ranged from 29-60% in a
reported series, and some of these individuals were able to
go on to live full lives (Figure 2).

Current MCS systems—peripheral continuous
flow support devices

Opver the past two decades, since the FDA approval of the
Impella ABIOMED BVS 5000, there has been a transition
away from surgically placed central pulsatile pumps to more
peripherally placed continuous flow devices. The peripheral
devices can be broken down broadly into two groups: (I)
the micro axial flow pumps which are represented by the
AbioMed Impella and (II) the centrifugal para-corporeal
temporary pumps. The centrifugal pumps are typically
deployed as veno-arterial ECMO (VA-ECMO) systems
or as percutaneous or surgically placed ventricular assist
devices (VAD). One important point to consider regarding
the peripherally placed pumps is that flow is proportional to
cannula size. The larger the cannulas, typically the greater
the flow. The most serious adverse events including limb
ischemia and bleeding, are common to all the peripherally
placed temporary systems. Limb ischemia and bleeding are
directly proportional to the arterial cannula sizes utilized
which is proportional to the flows achieved rather than the
individual system brand. The larger the arterial cannula, the
greater the flow but the higher the risk of bleeding or limb
ischemia.

The temporary devices are mainly deployed for rapid
circulatory support to reverse or prevent multi- system
organ dysfunction. In many instances, they are utilized as
bridges to more durable systems or cardiac transplantation.
One factor to keep in mind regarding these systems,
especially in relation to bridging to recovery, is the short
durations of FDA approval for these devices; the Impella
systems are approved for up to 6 days of use and the
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Figure 1 Patent with multisystem organ failure bridged with the
Abiomed BVS 5000.

Figure 2 The same patient (Figure 1) after being successfully
bridged by the Abiomed BVS 5000.

para-corporeal centrifugal pumps are only approved for
6 hours of use; this should be taken into consideration when
looking at temporal patterns of native cardiac recovery. If
in situations where there are favorable indicators for early
native cardiac recovery or in circumstances where recovery
is deemed the only option, these devices can be utilized
for longer time periods with serial assessment for native
cardiac recovery. Otherwise, if the duration for recovery
is going to be much longer than a week to 10 days, then
earlier transitioning over to a more durable system should
be considered if the patient meets candidacy thresholds.
Deciding on which pump to deploy in which circumstance
typically depends on the degree of flow that the clinical
circumstance warrants, how rapidly one needs to restore flow,
certain particular clinical circumstances, and the institutional
and individual physician preference and skill. There are

certain circumstances where it may be contraindicated to
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place a certain device. If a patient has a thrombus involving
the left ventricle or the left atrium, it is best to avoid
deploying devices within these cavities. In a clinical situation
involving a ventricular septal defect, it is best to avoid devices
that directly unload the left ventricle since this could increase
right to left shunting and worsen hypoxemia. In a patient
with moderate to severe aortic insufficiency, typically none of
the devices will adequately restore systemic perfusion due to
a reflow phenomenon. In the patient with significant aortic
insufficiency, the patient will need to have the aortic valve
addressed surgically or percutaneously to provide adequate
tissue perfusion.

VA-ECMO

The VA-ECMO system is fairly easy to insert and requires
only minimal surgical skills. Many professionals in a wide
variety of disciplines, including intensivists, emergency
room physicians, and interventional cardiologists have
been trained to place a patient on VA-ECMO. Establishing
VA-ECMO support does not necessarily require
echocardiographic or fluoroscopic guidance, and for that
reason it can be deployed in any location within the hospital
or even outside the hospital in remote locations, such as in
military and first responder situations. An important factor
to consider when placing a patient on VA-ECMO is that it
is not the most favorable system for myocardial recovery. It
can be very effective at restoring tissue perfusion and can
provide optimal flow, but unfortunately does significantly
increase afterload, increases left ventricular end diastolic
pressure (LVEDP), and increases myocardial oxygen
demand.

VA ECMO is most rapidly deployed percutaneously in
the femoral artery (15-21 Fr) and femoral vein (19-23 Fr)
(Figure 3). It is important to prophylactically place either a 6
to 8 Fr distal perfusion cannula to significantly decrease the
incidence of distal limb mal-perfusion. The wires for this
should be placed prior to placing the wires for the arterial
cannula. Utilizing the subclavian artery cannulation through
an 8-mm vascular graft has also been done frequently. In
this setting, there is a possibility for hyperperfusion of the
upper extremity; however, this can be fairly easily controlled
by utilizing vessel loops distal to the arterial cannulation
site, which can be adjusted at the bedside using an ipsilateral
radial arterial perfusion pressure. By using the subclavian
artery as an outflow and the right internal jugular vein as an
inflow, the patient is more readily mobilized.

VA-ECMO increases afterload and in some situations
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Figure 3 Veno-arterial ECMO. (A) Cannulation of femoral

artery and femoral vein; (B) pump and oxygenator. ECMO,

extracorporeal membrane oxygenation.

can lead to significant LV distention and elevations in
LVEDP requiring ventricular unloading. There are many
different techniques that can be utilized to address LV
distention. The initial step should be to decrease VA-
ECMO flow while utilizing mild to moderate doses of
dobutamine to increase contractility and decrease afterload
to restore native heart pulsatility on the arterial line (24). If
the initial method fails to restore pulsatility, the preferred
and most efficacious technique that has been utilized is
atrial septostomy with a trans-atrial cannula placement as
an additional inflow cannula to the system. This cannula
can also be placed across the mitral valve if necessary. This
method to vent the LV is the safest method in regard to
bleeding risk as access to the arterial system is through the
peripheral venous system and this approach is the most
effective for protecting the lungs from pressure induced
microvascular damage. LV venting is considered in patients
with severe LV dysfunction and lack of pulsatility on arterial
line tracing. Echocardiogram reveals the aortic valve is not
opening and there is relative distention in the presence
of “smoke” within the left ventricle, signifying stasis. A
Swan-Ganz catheter is always utilized on VA-ECMO
patients for continuous monitoring of pulmonary artery
diastolic pressure. A pulmonary artery diastolic pressure of
approximately 20 mmHg in the presence of corroborating
ECHO findings should trigger methods to address LV
unloading. The advantages for unloading the LV outweigh
the cons, as it promotes LV recovery, prevents LV stasis and
thrombus formation, and protects the lungs from pressure
related microvascular damage (Figure 4).

One of the other concerns while using femoral VA-
ECMO is the so-called Harlequin syndrome; this is
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where the patient essentially develops a blue upper body
(deoxygenated blood directed to the upper half of the body)
and a red lower body (oxygenated blood directed to lower
half of the body). The syndrome is basically derived from
competition of the native heart with the ECMO system
within the aortic column where the patient can have a
transition zone of oxygenated and deoxygenated blood
in the presence of an ejecting native heart and poorly
functioning lungs. For this reason, in femoral arterial VA-
ECMO monitoring of the right radial arterial saturations,
upper extremity and head saturation probes or monitoring
of cerebral near-infrared spectroscopy is essential to detect
this potentially life-threatening complication that can
lead to irreversible neurologic injury. Unfortunately, we
are currently unable to monitor the relative amounts of
hypoxemia within the aortic sinuses which could impact
myocardial recovery.

Experience in mobilizing temporary MCS supported
patients was gained through hybrid systems of temporary
right VADs (RVADs) and implantable left VADs (LVADs)
(Figure 5). A method was developed that allows for
sternotomy closure and subsequent remote decannulation
in these patients. It was possible to ambulate patients
within the intensive care unit and take them off positive
pressure ventilation; this was beneficial for rehabilitation
as well as for preventing complications associated with
sedation and recumbency in positive pressure ventilation.
This led to improved survival and explant rates in this
hybrid population. Simultaneously with this was an
increased utilization of ambulation and extubation in
the veno-venous ECMO group. There have been some
initial positive outcomes observed in VA-ECMO patients
in regard to mobilization and active rehabilitation
and this will likely continue in the future. The biggest
obstacle to this is the fear of inadvertent decannulation
as the majority of the systems are not designed with this
in mind. However, this is a technical issue and is easily
solvable.

ECMO support and advancements in oxygenators

One of the major areas of technological development
and improvement has been in the oxygenators and the
development of biocompatible coatings. The Macquet
QUADROX-D polymethyl-pentene hollow fiber
membrane oxygenator with a Bioline coating improved
biocompatibility, decreased flow resistance, and enhanced
diffusion parameters in a fairly small sized membrane
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Figure 4 Thrombi being extracted from the left ventricle; thrombi

formation can occur without adequate unloading.

Figure 5 Patient on a biventricular support including a temporary
RVAD and an implantable LVAD. RVAD, right ventricular assist

device; LVAD, left ventricular assist device.

area (25). Previously utilized microporous hollow fiber
polypropylene oxygenators were noted for significant blood
trauma, higher resistances to flow and plasma leakage
after 6 hours of utilization (Figure 6). These systems were
unforgiving in attempts to forego anticoagulation.

Overall, given the improved performance of the
oxygenators and pumps, anticoagulation is given during
the initial placement with an activated clotting time
(ACT) goal of approximately 250 seconds. At least 12 to
24 hours of time for stabilization is then allotted without
anticoagulation. Anticoagulation is then typically resumed
with ACT goals of approximately 150 to 180 seconds.
Heparin boluses are always avoided after the initial
placement. If a situation arises where anticoagulation
cannot be utilized, these systems have become safe and
biocompatible enough that withholding heparinization may
be feasible and well tolerated with appropriate monitoring
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Figure 6 Plasma leakage from the microporous hollow fiber
polypropylene oxygenators in ECMO. ECMO, extracorporeal

membrane oxygenation.

of the system membrane oxygenator.

The Maquet CardioHelp system

The Maquet CardioHelp system was specifically
designed for transportability. The CardioHelp system
is ergonomically designed with an integrated pump and
oxygenator specifically designed for being able to move
patients within hospitals and between hospitals and at the
same time provide important clinical information such
as system pressures, mixed venous oxygen saturation and
hematocrit utilizing the incorporated sensors within the
circuit. It is a small area system that can be fully primed in
less than 15 minutes.

The Tandem system

The Tandem system is a paracorporeal LVAD with a
21-Fr inflow cannula placed trans-septal into the left atrium
through the femoral vein that is coupled with a 17 to 19 Fr
outflow cannula placed in the femoral artery. The Tandem
system also has the capabilities for RVAD support, utilizing
a unique dual lumen cannula called the Protek Duo
(CardiacAssist, Pittsburgh, PA, USA) that can be placed
within the right internal jugular vein and subsequently
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through the pulmonary valve. An oxygenator can also be
added with the Tandem Lung. The Tandem Life centrifugal
pump utilizes a hydrodynamic bearing and an infusion
line integral to the pump to continuously flush through
the motor housing a heparin solution in order to cool the
bearings as well as to prevent deposition of fibrin within
the lower pump chamber. It can provide flow of up to 4 L/
min. It is typically placed in the cardiac catheterization lab
utilizing fluoroscopic and echocardiographic guidance and
it does require a special skill set to be able to transverse the
septum with the inflow cannula.

The ABIOMED system

The AbioMed Impella system is a unique micro axial flow
temporary LVAD system that is either percutaneously
or surgically placed depending on the cannula and
corresponding flow capabilities required. The pump is
designed with an integrated motor and an impeller within
a cannula that draws blood from the LV to the aorta while
traversing the aortic valve. The system comes in multiple
sizes ranging from a 13 Fr/2.5 LPM, 14 Fr/3.5 LPM up to
a 22 Fr/5 LPM model. The patients are heparinized during
the initial placement of the pump, but do not require any
subsequent systemic heparinization; the system is flushed
with a heparinized solution through its purge system.
In theory, the Impella system would produce the most
favorable cardiac hemodynamics for myocardial recovery
by directly unloading the left ventricle and increasing
myocardial oxygen delivery while decreasing myocardial
oxygen demand. The AbioMed Impella system (Danvers,
MA, USA) is one of the first devices that specifically
introduced a temporary LVAD system to interventional
cardiologists and it has sparked a “Renaissance” within
the field in relation to AMI-CS. There are problems with
malposition of the pumps, hemolysis, and variable flows
especially with the smaller percutaneously placed pumps.

Theoretical underpinnings and operational
designs

It is clear the original intent in the development of MCS
was to support patients in critical cardiogenic shock and it is
the foundation upon which all subsequent developments in
MCS were based upon as illustrated by the 1971 article by
Dr. Michael DeBakey describing some of the first LVADs
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placed in three patients with post-cardiotomy cardiogenic
shock. Dr. DeBakey pointed out it is essential to restore
flow in a timely manner and prevent the development of
multisystem organ failure. The current national algorithms
for AMI-CS that are utilized today address only the 50%
of patients that will survive their PCI of the infarct related
artery and do not adequately address the other half of the
equation (26). Even in the age of PCI, the mortality rates in
varying levels of cardiogenic shock still continue to range at
approximately 50% (27). There have been major advances
in the field of MCS and LVADs for patients with chronic
heart failure (Figure 7). There are devices at our disposal
that can be readily implanted through minimally invasive
incisions that reliably pump blood for years with low
adverse event profiles (28).

A lot has been learned from shock trauma and many
parallels exist between cardiogenic shock and shock trauma.
One of the lessons learned was the need to get people out
of shock within a timely manner. In shock trauma, much
emphasis is placed on getting people out of shock within
one hour, the so-called “Golden Hour”. If patients are
not brought out of shock within that hour, they will likely
die subsequent to multisystem organ failure and systemic
inflammatory response, despite having their underlying
problem ameliorated. In the SHOCK trial, the time to
revascularization from the onset of symptoms especially
in the group that underwent CABG, the median time was
approximately 20 hours and even out to 30 hours (29).
This has to stimulate some questions: were these patients
remaining in continuous shock for 30 hours? In these
roughly 50% of people that died, at what point did they die,
and at what point did they cross the “event horizon” to the
point of no return, where despite restoration of flow they
would continue to die from multisystem organ failure? If
we could predict these outcomes on presentation, would
that change what we did? In the patients that are going to
improve with revascularization versus those who are not,
would we address these patients differently? It is ultimately
about time and not unlike with in door to balloon time
where “Time is Muscle”—time was of the essence where
there is certainly a time point that could be crossed in AMI-
CS, where even if ultimately implanting systems to restore
flow would nonetheless be futile.

We previously designed algorithms to implant durable
continuous flow LVADs (CF-LVADs) prior to the

establishment of the irreversible cascade of multisystem
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Figure 7 X-ray films of patients with HeartMate XVE LVAD (A) and HeartMate II LVAD (B). LVAD, left ventricular assist device.

organ failure and systematic inflammatory response
as shown in Figure 8 (30). This was based on a single
institutional non-randomized case series of a select patient
population, and in the study, a survival rate of approximately
88% was reported in patients defined to have refractory
cardiogenic shock who underwent primary implantation of
CF-LVADs (31). Refractory cardiogenic shock was defined
as a continuous shock state, which is clearly distinct from
compensated device- or drug-dependent states. The key
component of this algorithm is time. Even though this was
originally arbitrary, we felt that we could restore flow and
simultaneously save the patient if they did not cross the
event horizon. Also incumbent in adopting this protocol,
it is important to recognize that: (I) myocardial unloading
promotes recovery and that recovery was still an ultimate
option (II) that these devices had changed over time; lower
adverse event profiles, increased durability of these devices,
and easier implant methods justified their use. In the design
we had placed our focus on saving the patient and not
having that immediately dependent on the native heart. In
patients implanted in refractory cardiogenic shock, they
could recover their native heart function and subsequently
undergo cardiac transplantation or remain on the device
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This is our current algorithm that we utilize today. As
shown in Figure 9, one of the particular aspects of our
algorithm is that we utilize hemodynamic parameters as
well as clinical signs of organ system perfusion to drive
the progression through the decision tree. Within these
algorithms, we utilize cardiac power, as we feel that it
is one of the more predictive methods of gauging these
patients (32). It is also important to develop weaning
algorithms for different temporary systems so that weaning
is performed in a systematic manner (33).

The development of an acute MCS multidisciplinary
team which has the capability to initiate a timely evaluation
of the patient’s candidacy for the different support strategies
and is given the authority to implement these decisions is
essential to a programs’ success and efficiency. The most
important aspect of these algorithms and decision trees is
not necessarily in how we do it versus how others do it.
The most important element is that a systematic approach
is developed across your enterprise encompassing all the
phases of care encountered in this population of patients
that can be implemented, tracked and refined in a proactive
manner to improve their outcomes within individual systems.

Ann Cardiothorac Surg 2019;8(1):32-43
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No
Yes ?

Figure 8 Previous algorithm of MCS strategies for cardiogenic

shock, as used by our institution. MCS, mechanical circulatory
support; AMICS, acute myocardial infarction with cardiogenic
shock; VAD, ventricular assist device; CPR, cardiopulmonary
resuscitation; ECMO, extracorporeal membrane oxygenation;
CFVAD continuous flow ventricular assist device. Recreated from

Tchantchaleishvili ez 4/., 2014 (30).

Going forward in temporary mechanical support,
we certainly need systems that are more biocompatible,
more durable, can be minimally invasively deployed and
minimally invasively decommissioned that have full flow
capabilities with low adverse event profiles. The more
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durable highly biocompatible implantable LVAD systems
have continued to develop along the lines of smaller systems
with full flow capabilities utilizing less invasive implantation
techniques. In time, the acute temporary pumps and chronic
systems will to continue to converge and there will be less
discrepancy between the systems in utilization.

The new heart allocation system

The new heart allocation system that is soon to be adopted
in the United States is changing the system urgency listing
criteria. The system for urgency listing is increasing the
urgency status for patients requiring temporary MCS and
VA-ECMO. It is unclear what the ramifications of this will
be. Due to the strict time limits on device support, there is
some concern that individuals may be compelled to remove
someone’s native heart prior to adequate assessment for the
potential of recovery in the fact they may lose a window
to transplant an individual at a higher urgency status.
The other area of concern is that individuals who have no
potential for recovery may actually remain on temporary
support systems longer than previously anticipated, in
hopes of getting a direct heart transplant and potentially
miss a window to be safely transitioned to a long-term
support system. For current strategies, the majority of
patients on temporary MCS are to utilize these systems
to restore perfusion and end organ function to adequately
support patients to early native cardiac recovery or to
transition to implantable CF-LVAD systems if candidacy
criteria are met. The majority of patients supported with
temporary MCS systems can be safely transitioned to CF-
LVADs or total heart replacement. By primarily and more
broadly funneling donor hearts to all cardiogenic shock
patients on temporary MCS we may inadvertently explant
native hearts that ultimately may have recovered, and we
may run the risk delaying implant of CF-LVADs, missing
a window of survival.

Conclusions

The use of temporary mechanical support for patients with
AMI-CS has substantially increased during the past few
decades. Future clinical trials as well as the development and
implementation of a systematic evidenced based approach
regarding MCS may further guide caregivers in managing
patients with cardiogenic shock.
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Figure 9 Current algorithm of MCS strategies for cardiogenic shock, as used by our institution. RCS: SBP <90/MAP <60, symptoms of
malperfusion (lactic acidosis, oliguria, altered sensorium); or CI <2.2, PCWP >15, MAP <60; or CPO <0.6 W (CO x MAP/451). MCS,
mechanical circulatory support; RCS, refractory cardiogenic shock; SBP, systolic blood pressure; MAP, mean arterial pressure; CI, cardiac
index; PCWP, pulmonary capillary wedge pressure; CPO, cardiac power output; W, Watt; CO, cardiac output; AMICS, acute myocardial
infarction with cardiogenic shock; ECHO, echocardiography; R/O MECH, rule out mechanical heart complications; PCI IRA, percutaneous
coronary intervention of the infarct related artery; CS, cardiogenic shock; CPR, cardiopulmonary resuscitation; IABP, intra-aortic balloon
pump; tVAD, temporary ventricular assist device; MSOF, multi-system organ failure; VA-ECLS, veno-arterial extracorporeal life support;
Med Rx, medical management.
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