
ADULT: MECHANICAL CIRCULATORY SUPPORT
When NOT to use short-term mechanical
circulatory support
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CENTRAL MESSAGE

The use of short-term mechani-
cal circulatory support has
emerged as an increasingly pop-
ular therapy for a wide variety of
cardiac pathologies. While the
alternative to providing support
is usually imminent death, this
should not force clinicians into
providing therapy if the outcome
is deemed to be futile.

See Commentaries on pages 111 and 112.
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The use of short-term mechanical circulatory support
(MCS) is increasingly being offered to patients with acute
cardiogenic shock.1 The results of therapy have been
improving consistently, with survival to hospital discharge
exceeding 60% for selected cohorts.2,3 One-year survival
after hospital discharge is also encouraging, suggesting
that those patients who survive short-term MCS have
reasonable mid-term outcomes.4 In contrast to durable de-
vices, patients who present with acute decompensated heart
failure do not always have the luxury of time to determine
their transplant candidacy, social supports, or important co-
morbidities. Usually, the clinical history is brief and per-
tains to the events leading up to the acute presentation
(acute infarct, pulmonary embolus, viral prodrome, etc).
Thus, clinicians are faced with assessing the prognosis of
the patient in front of them. Common questions include
the following: Has there been a significant period of low
cardiac output? How long were resuscitative efforts in place
before return of spontaneous circulation (ROSC)? Most ex-
perts agree that failure to achieve ROSC within 30 minutes
is a poor prognostic indicator of survival.5

In addition, assessments of end-organ function are
critical. While renal failure is common, it is helpful to
distinguish acute kidney injury from an acute-on-chronic
process. In patients with known chronic kidney disease
who are not dialysis dependent, acute cardiogenic shock
usually results in a permanent loss of renal function. Hepat-
ic function is also critical to assess and while severe eleva-
tions in transaminase levels are frequently reversible, the
onset of auto-anticoagulation with elevations in interna-
tional normalized ratio is a poor prognostic marker.
Likewise, the concept of metabolic shock compounding cir-
culatory shock is gaining favor as a prognostic indicator. Pa-
tients who are profoundly acidotic (pH<7.0) or with high
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lactate levels (>15 mmol/L) have poor prognosis and likely
should not be offered support.

When medical history is available, the presence of co-
morbid conditions will influence our decision to offer me-
chanical support. Patients with pre-existing neurologic
deficits or those with a known degenerative neurologic
disorder are poor candidates for MCS. Similarly, patients
with previous vascular surgical interventions and/or
known carotid or aorto-iliac disease are at high risk for
complications during MCS. Patients with known metasta-
tic malignancies should not be offered support. Other
chronic disease states such as end-stage pulmonary dis-
ease or heart failure may also preclude support. In the
case of known heart failure, we will offer short-term sup-
port as a bridge to decision in a patient who is potentially
a transplant candidate. However, in a patient previously
declined for transplant, we will not offer emergency
short-term support as a bridge to destination therapy-
ventricular assist device. Table 1 illustrates the common
predictors of poor outcome in patients being considered
for short-term MCS.
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TABLE 1. Predictors of poor outcome following short-term mechanical circulatory support

Predictor Comments

Advanced age Variable based upon institutional guidelines. Generally, survival falls after age 60 y.

Prolonged resuscitation Influenced by quality of resuscitation (ie, monitored blood pressure, external compression device). Failure to achieve

spontaneous circulation within 30 min predicts poor outcome.

Renal failure Acute kidney injury is common; however, underlying chronic kidney disease is worrisome.

Metabolic shock Absolute cut-offs may vary by institution. The following are considered contraindications to initiating support at our

institution: pH<7.0, bicarbonate<15, lactate>15 mmol/L, INR>5 in the absence of anticoagulation.

Neurologic deficit Pre-existing neurologic deficit or degenerative neurologic disorder.

Peripheral vascular disease Previous surgical intervention or known history of carotid or aortoiliac disease.

Comorbid disease Known malignant disease with poor prognosis. Chronic obstructive pulmonary disease. Pre-existing heart failure in a

nontransplant candidate.

INR, International normalized ratio.
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An acute septic process is also associated with poor prog-
nosis and while this remains a controversial topic, extracor-
poreal life support (ECLS) for primary sepsis, in the
absence of a reversible cause, is associated with poor
outcome. Veno-venous extracorporeal membrane oxygena-
tion (ECMO) is commonly offered for acute respiratory
failure due to overwhelming pneumonia, but this is primar-
ily to provide oxygenation and not circulatory support. Pa-
tients with sepsis usually have a high cardiac output, so the
development of cardiac dysfunction likely predicts an irre-
coverable situation.

Postcardiotomy shock remains a common indication for
ECLS. Table 2 is a summary of the 2016 ELSO (Extracor-
poreal Life Support Organization) registry report.3 In this
report, acute fulminant myocarditis portends the best sur-
vival (65%). While the adult cardiogenic shock population
is not otherwise specified, the vast majority of these patients
represent either acute ischemic shock or postcardiotomy
shock. In our own unpublished observations, we see very
poor survival in these subgroups, particularly if the patient
is older than 60 years. While it is often difficult to decline
therapy for an otherwise-healthy-appearing 65-year-old pa-
tient with acute cardiogenic shock secondary to an infarct,
one must recognize that advanced age is associated with
comorbidities such as renal dysfunction, diabetes, and pe-
ripheral vascular disease, all of which may have been unrec-
ognized before presentation.

An important observation is that the average duration of
support for cardiac ECLS is approximately 5 to 7 days,
TABLE 2. Indications and survival for adult cardiac extracorporeal life su

Indication Number of patients

Shock 2083

Myocarditis 227

Cardiomyopathy 704

Congenital 420

Modified from the 2016 Extracorporeal Life Support Organization Registry.
which is in stark contrast to respiratory (particularly veno-
venous) ECLS, which commonly provides therapy for
weeks. This is likely due to the fact that cardiac ECLS is
usually used as a bridge to decision. In our experience, 48
to 72 hours of support is usually sufficient to establish
adequate end-organ perfusion to assess reversibility of or-
gan failure and importantly, to assess neurologic status.
While native myocardial recovery may not be evident at
48 hours, one usually has had an opportunity to assess can-
didacy for transplant or long-term mechanical support.
Therefore, by 7 days, a decision has been made to withdraw
support, explant for recovery, or upgrade to a durable device
as either a bridge to transplant or long-term therapy. De-
pending upon jurisdiction, donor organ availability may
favor the prolonged use of ECLS as a direct bridge to
transplant.

RISK SCORES TO PREDICT SURVIVAL
FOLLOWING ECLS
Several predictive models have been developed to help

clinicians in their decision-making process with this chal-
lenging patient population. Perhaps the most quoted score
is the Survival After Veno-Arterial ECMO (SAVE) score.6

Using 12 pre-ECMO variables, the authors developed 5
risk categories: SAVE score risk categories I (�5), II (1-
5), III (�4 to 0), IV (�9 to �5), and V (��10). Mortality
increases as the SAVE score drops from category I to V.
Similarly, the ENCOURAGE (prEdictioN of Cardiogenic
shock OUtcome for Ami patients salvaGed by VA-
pport

Mean support time, h Survival

144 42%

188 65%

162 51%

129 37%
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ECMO) score used 7 pre-ECMO variables to derive a pre-
dictive model.7 Compared with SAVE, this model had
better predictive capability, albeit in a homogeneous
population of patients suffering refractory cardiogenic
shock secondary to acute myocardial infarction. The 5
ENCOURAGE risk categories showed progressively
greater mortality out to 30 days.

ALTERNATIVE SHORT-TERM MCS DEVICES
While the focus thus far has been on cardiac ECLS as the

primary therapy for acute cardiogenic shock, there are other
options available depending on institutional preference and
experience.8 The Impella line of devices (ABIOMED Corp,
Danvers, Mass) consist of small axial flow devices that are
usually inserted percutaneously via either the femoral or
axillary artery. The smaller devices are capable of providing
greater than 3 L/min of support and are increasingly being
used to support high-risk percutaneous coronary artery in-
terventions. There is a larger Impella 5.0 device that usually
requires surgical cut-down to insert and can provide in
excess of 5 L/min of flow. Unfortunately, a randomized trial
comparing Impella with intra-aortic balloon pump support
in acute cardiogenic shock failed to demonstrate any sur-
vival benefit, and use of Impella was associated with greater
adverse events.9 An interesting concept is to use the Impella
device to prevent subsequent left ventricular (LV) dysfunc-
tion by unloading the acutely ischemic ventricle before
revascularization. The door to unloading STEMI (ST Eleva-
tion Myocardial Infarction) trial randomized patients to im-
mediate versus delayed (30-minute) Impella support before
percutaneous revascularization. This small, 50-patient trial
demonstrated that there were no safety or feasibility issues
with delayed reperfusion, and there was a nonsignificant
trend to a reduction in infarct size (15% to 13%).10 A larger
pivotal trial to determine the efficacy of such a strategy has
been recommended. We have employed the Impella device
in selected clinical situations for the treatment of acute
cardiogenic shock. Patients must have adequate right ven-
tricular (RV) function, no evidence of pulmonary edema,
and no evidence of apical thrombus. In addition, they
need adequate femoral access for either percutaneous or
surgical insertion. Once in place, the Impella can act as an
effective LV decompression device should ECLS subse-
quently be required. Several centers routinely employ the
Impella after the initiation of ECLS; however, in our expe-
rience, this is cost-prohibitive and associated with a greater
incidence of limb ischemia, hemolysis, and aortic insuffi-
ciency. Our preferred venting strategy is a percutaneous
left atrial vent inserted via the femoral vein.11

For patients with an open chest suffering from post-
cardiotomy shock, we prefer to use central cannulation
supported by a CentriMag device (Abbot Laboratories,
Abbot Park, Ill). This device allows for isolated left,
right, or biventricular assistance and can be connected
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to an oxygenator to provide full cardiopulmonary
support.

There are other percutaneous mechanical support devices
in development. The TandemHeart (LivaNova; Pittsburgh,
Pa) is approved by the Food and Drug Administration and
uses a trans-septal cannula to provide left-sided support
and has a unique dual lumen catheter (Protect-Duo) to pro-
vide isolated RV support. Again, this device can be con-
nected to an oxygenator to provide full cardiopulmonary
support if required.

The decision to use percutaneous or central cannulation
is dependent on a lot of patient-specific factors, including
body habitus, the mode of presentation (de novo vs postcar-
diotomy), and the presence of antiplatelet agents that
may complicate sternotomy or thoracotomy. A unique
approach to provide acute support has been proposed by
the Columbia group.12 The authors employ standard periph-
eral cannulation for ECLS consisting of femoral venous to
axillary artery flow. A small left thoracotomy incision is
made to facilitate the insertion of an LV apical vent which
is then connected to the venous inflow line. An oxygenator
(if needed) can be spliced into the femoral venous circuit
and removed if pulmonary function recovers. If RV function
also recovers, the femoral venous line is removed rendering
the patient dependent on isolated LV support. This may be a
useful strategy as a bridge to transplant, but in the event a
durable device is required, the LV apical cannulation site
can be employed for LVAD inflow. Figure 1 illustrates our
institutional algorithm for consideration of short-term me-
chanical support and the decision tree for device selection.

CLINICALVIGNETTE
To further illustrate the issues surrounding the decision to

provide short-term MCS, we will frame the decision-
making process around a clinical case. A 55-year-old
male patient with no previous cardiac history presented to
an outside hospital with evidence of an acute anterior ST
elevation myocardial infarction complicated by cardiogenic
shock. Successful percutaneous coronary intervention was
performed to the culprit left anterior descending artery
lesion, but there was residual 3-vessel coronary artery dis-
ease. Percutaneous coronary intervention was complicated
by recurrent ventricular tachycardia with hemodynamic
compromise. We were consulted and advised the local cen-
ter to proceed with peripheral ECLS. They decided to stabi-
lize the patient with an intra-aortic balloon pump and an
intravenous lidocaine and amiodarone infusion.

Overnight, the patient displayed progressive oliguria and
increasing pressor requirements. The following morning,
we were re-consulted and agreed to accept the patient in
transfer for consideration of advanced heart failure thera-
pies. On admission to our unit, the patient was not intubated
and supported with oxygen at 4 L/min by nasal prongs. He
had evidence of shock liver with transaminases 2 to 3
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FIGURE 1. Proposed algorithm for the management of patients with refractory cardiogenic shock.MCS, Mechanical circulatory support; LV, left ventric-

ular; ECMO, extracorporeal membrane oxygenation; BiVAD, biventricular assist device; CPR, cardiopulmonary resuscitation; DT-VAD, destination

therapy-ventricular assist device.
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times above normal but a normal bilirubin and preserved
coagulation. He was oliguric but not anuric and responded
to a diuretic challenge. His creatinine was elevated at
200 mmol/L and appeared to have plateaued.

He was hemodynamically stable on dobutamine and
norepinephrine. He received ticagrelor 24 hours before
admission, and thus the decision was made to manage
him conservatively with a plan to offer peripheral ECLS
if he deteriorated. In the following 48 hours, a rudimen-
tary transplant screen was performed, and no obvious
contraindications to cardiac transplantation were present.
The patient had excellent social supports and both the
family and the patient consented to advanced therapies,
realizing that long-term MCS was a possible outcome.
He underwent surgical revascularization supported by car-
diopulmonary bypass and weaned with the aid of a Cen-
triMag LV assist device. He was extubated the following
morning and displayed recovery of LV function by post-
operative day 3. After aggressive diuresis, he was re-
turned to the operating room on postoperative day 5 for
decannulation of the LV assist device. His subsequent
postoperative course was uneventful, and he was dis-
charged on postoperative day 9.

Reviewing the preceding course of events, there are mul-
tiple decision points that may have resulted in us declining
therapy. First, if his ventricular tachycardia deteriorated
into ventricular fibrillation and ROSC was not obtained
within 30 minutes, we would have advised against ECLS
cannulation. Second, if he deteriorated precipitously over-
night such that on transfer he had evidence of irreversible
end-organ injury (elevated bilirubin and international
normalized ratio>3) and/or metabolic compromise (lactate
>15 mmol/L or pH<7.0), we would not have offered MCS.
Conversely, if he displayed a slow progressive deterioration
several days after presentation but had similar biochemical/
metabolic derangements and/or sepsis, we would conclude
that the likelihood of recovery was poor and not offer
support.
During transplant screening if we found that he had ev-

idence of underlying chronic kidney disease and pre-
sented with anuric renal failure, it would be unlikely
that we would have offered him advanced therapies.
Lastly, if the family and/or patient was unwilling to accept
the possibility of long-term mechanical support and thus
raise the potential for withdrawal of care in the event of
non-recoverable LV function, we would not proceed to
intervention.

PREDICTING FUTILITYAND WITHDRAWAL OF
SUPPORT
As described, there are several risk indices that can be

employed to determine whether provision of short-term
MCS can yield a successful outcome or if it is a futile exer-
cise. Sadly, it is an emotional decision to decline support in
JTCVS Open c Volume 3, Number C 109
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a young patient with a very dismal prognosis, and often the
patient is given the opportunity to benefit from MCS. A
less-emotional decision process can be employed to deter-
mine when withdrawal of support is appropriate. Clearly,
failure to demonstrate neurologic recovery is an indication
to withdraw support. Often, these patients may present as
suitable organ donors, particularly if hepatic, renal and res-
piratory function has recovered.13

Once circulatory support has been established, a more
detailed medical and psychosocial assessment can be per-
formed. An expedited transplant evaluation along with
consideration of candidacy for durable mechanical support
should be completed. Evidence of progressive end-organ
failure, onset of sepsis refractory to pressor support and
lack of an “exit” strategy (ie, transplant or durable ventric-
ular assist device), should prompt consideration of with-
drawal after 5 to 7 days of support.

As clinicians dealing with acute cardiogenic shock, it is a
reflex to offerMCS as a bridge to decision. Often, this results
in the tragic need to withdraw support in a neurologically
competent patient who is either septic or displaysmultiorgan
failure despite adequate circulatory support. When such an
outcome is predictable, it behooves us to NOToffer circula-
tory support. The desire to prolong life can easily transform
into an unintentional prolongation of death.
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