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Despite medical advances, cardiogenic and pulmonary
shock are associated with high mortality and morbidity.' ™
The availability and use of acute or temporary mechanical
support devices has grown over the years, with the goal of
improving patient outcomes by temporarily providing sup-
port to allow time for organ recovery or for longer term
decisions including transition to durable therapies.”” ' A
collaborative effort commissioned by the International
Society of Heart and Lung Transplantation and the Heart
Failure Society of America has developed this critically
needed guideline for the management of patients requiring
acute mechanical circulatory support (MCS). This docu-
ment covers definitions of cardiogenic and pulmonary
shock, medical treatment and surgical interventions, man-
agement of patients supported with temporary devices,
complications, special populations, and social and ethical
dilemmas. The writing groups include multidisciplinary
members from both societies with a focus on diversity in
gender, geography, area of expertise and level of seniority.
The target audience includes cardiologists, especially inter-
ventional and advanced heart failure specialists, pulmonary
and critical care specialists, intensivists, and cardiothoracic
surgeons, as well as referring providers.

Table Definitions of Class of Recommendation and Level of
Evidence*

Class (Strength) of Recommendation

ClassI Strong recommendation
Class IT Moderate recommendation (benefit likely > risk)
Class III Harm or no benefit

Level (Quality) of Evidence

Level A High-quality evidence from 1 or more RCTs or
meta-analyses of RCTs

Level B Moderate quality evidence from 1 or more RCTs or
meta-analyses of RCTs or well-designed observa-
tional studies

Level C Randomized or non-randomized observational or

registry studies with limitations of design or
execution, or consensus of expert opinion

RCTs, randomized clinical trials.

*Adapted from the American College of Cardiology/American Heart
Association Clinical Practice Guideline Recommendation Classification
system.®

After a review and evaluation of available literature and
incorporation of the collective experience of the group, spe-
cific recommendations were assigned a class of recommen-
dation and level of evidence. The definitions of the class of
recommendation and level of evidence are listed in the
Table and they are simplified into fewer categories given
the paucity of high quality of evidence from randomized
clinical trials of acute MCS.

Task Force Overview

Task Force 1: Timing, Patient and Device Selection
of Acute MCS, and Periprocedural and
Postprocedural Care for Cardiogenic and Pulmonary
Shock

This section provides contemporary definitions and outlines
pathophysiology and epidemiology of cardiogenic and pul-
monary shock. The severity and classification of shock is
further defined along with underlying causes and hemody-
namic profiles. The timing and requirements for acute MCS
are detailed, including the role of shock teams, intensivists,
nursing, and supportive care. Finally, specific indications,
contraindications, techniques, and risks of available devices
for left ventricular (LV), right ventricular (RV) and biven-
tricular (BiV) support are reviewed.

Task Force 2: Adjunctive Pharmacological
Management

This section focuses on the management of bleeding,
thrombosis, and infection. Risk factors for hemocompatibil-
ity-related adverse events are reviewed and the importance
of periprocedural planning is highlighted, including formu-
lation of anticoagulation targets and discontinuation of
background therapy. Device-specific recommendations
regarding periprocedural and postprocedural antithrombotic
therapy are provided along with pharmacokinetic informa-
tion. The management of early and late bleeding, thrombo-
embolism, and heparin-induced thrombocytopenia (HIT)
are discussed. Definitions, types, and rates of infection dur-
ing acute MCS support are outlined, and prophylactic,
empiric, and targeted treatment approaches recommended.

Task Force 3: Specific Patient Populations

The population of patients presenting with CS is heteroge-
nous. A range of patient characteristics, comorbidities, and
specific shock etiologies may alter the risks and benefits of
acute MCS. This section provides guidance in the manage-
ment of women, racial and ethnic minorities, patients with
adult congenital heart disease (ACHD), the elderly or frail,
and those with obesity or cachexia who require acute MCS.
In addition, specific recommendations are provided for
patients with acute fulminant and those with post cardiot-
omy or post—cardiopulmonary resuscitation (CPR)-related
shock. Owing to marked differences in body size, clinical
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presentation, and available devices, pediatric patients are
not covered in this guideline.

Task Force 4: Goals of Care and Role of Palliative
Care, Social Work, and Ethics

Decision-making for acute MCS is typically rapid and com-
plex, and involves a variety of invasive options, a high
degree of uncertainty in outcomes, and the potential for sig-
nificant patient and family suffering. This section highlights
the importance of shared decision-making and informed
consent while engaging necessary stakeholders. Tools to
frame conversations, including use of decision aids, are dis-
cussed. The important roles of palliative care specialists,
social work, ethics consultation, and local religious leaders
are detailed. Finally, the concept of medical futility is
defined and a decommission check-list is provided.

Task Force 1: Timing, Patient and Device
Selection of Acute MCS, and Periprocedural and
Postprocedural Care for Cardiogenic and
Pulmonary Shock

Cardiogenic Shock Definition

Cardiogenic shock (CS) results from a multitude of cardio-
vascular (CV) disorders and remains a highly fatal (30%
—60%) and morbid syndrome despite different therapeutic
approaches. CS is defined as a state of tissue hypoperfusion
and end organ dysfunction owing to a primary cardiac dis-
order with low cardiac output (CO) that can present in dif-
ferent stages (Society for Cardiovascular Angiography and
Interventions [SCAI]/Interagency Registry for Mechani-
cally Assisted Circulatory Support [INTERMACS]).”'”
Notably, invasive hemodynamics are not always required
for the diagnosis of CS.™

Pathophysiology

A primary cardiac insult (eg, acute myocardial infarction
[AMI], acute-on-chronic heart failure (HF), fulminant myocar-
ditis, massive pulmonary embolism) triggers CS. This initial
insult results in an abrupt onset of acute or acute-on-chronic
ventricular dysfunction (either systolic or diastolic) and stimu-
lates a cascade of pathologic and compensatory reactions
including systemic vasoconstriction, systemic inflammatory
response syndrome, fluid retention, and impaired tissue micro-
circulation among others.” These mechanisms in turn result in
progressive tissue hypoperfusion, coronary/myocardial hypo-
perfusion, and increased afterload with resultant further decre-
ment in CO, thus propagating the death spiral of CS.

Epidemiology

AMI is the predominant etiology of CS with ST-elevation
AMI (STEMI) more culpable compared with non—ST-ele-
vation ML™>'" In the United States, analyses using the

Nationwide Inpatient Sample (NIS) and the CATH-PCI
registry, show a rising incidence of CS complicating
STEMI from 6.5% in 2003 to 10.1% in 2010.'*"* European
registry data show trends based on region and type of AMI
(non-ST elevation MI vs STEMI) with incidence ranging
from 5% to 10% for STEML'""*

Data surrounding CS incidence for non—AMlI-related
etiologies are more limited. Recent data from the NIS dem-
onstrate a rising rate of non—AMlI-related CS of 8.7 of
1000 hospitalizations compared with the previous era, with
high mortality and 30-day readmission rates.'> Concomi-
tantly, there is an increase in health care costs. 12,15.16

Racial, gender, and age disparities exist regarding risk of
developing CS. Women, Asian/Pacific Islanders, and
patients over the age of 75 demonstrate a higher incidence
of AMI CS.*'? Furthermore, significant regional and hospi-
tal heterogeneity in CS management persists. Paralleling
data seen with other conditions, higher volume centers are
associated with improved outcomes, and as a result region-
alization of CS care using a hub-and-spoke model has been
proposed.”"”

Shock Classifications by Severity: INTERMACS and
SCAI Classifications

The INTERMACS profiles were developed to classify clini-
cal severity of patients with advanced HF undergoing dura-
ble ventricular assist device (VAD) implantation. 10 Patients
with acute CS by definition belong to INTERMACS 1 (“the
crashing and burning” patient profile), potentially too sick
for durable VAD therapy, with more chronic shock states
being INTERMACS 2 to 4.

To provide further granularity, the SCAI classification
system was created and jointly supported by the American
College of Cardiology, the American Heart Association,
the Society of Critical Care Medicine, and the Society of
Thoracic Surgeons in 2019.” The SCAI classification is an
easily performed, bedside assessment that stratifies patients
with CS into 5 categories: stage A, the at-risk patient; stage
B, the patient with beginning CS; stage C, the patient with
classic CS; stage D, the deteriorating/doom patient; and
stage E, the extremis patient.” By design, the SCAI classifi-
cation has several advantages over the INTERMACS sys-
tem: the SCAI classification system accounts for changes in
clinical trajectory, allows for more granularity in patient
description, is specifically designed for this patient popula-
tion, and can be used to optimize patient selection for future
CS trial enrollment. This classification may further eluci-
date appropriate timing of acute MCS."*

Hemodynamic Profiles

The hemodynamic profile of patients in CS can also be clas-
sified along similar metrics as patients presenting with acute
decompensated HF (ADHF), namely, that of (1) volume
status: wet vs dry and (2) systemic perfusion: warm vs cold.
Patients with CS typically present as cold and wet, charac-
terized by decreased CO with elevated filling pressures and



e4 The Journal of Heart and Lung Transplantation, Vol 42, No 4, April 2023

systemic vascular resistance.” Cold and dry patients or
euvolemic CS may be due to either true CS or due to vol-
ume depletion. The warm and wet CS subset refers to
patients with mixed shock either owing to the well-estab-
lished inflammatory response seen after an AMI or owing
to concomitant infection and sepsis.

Post hoc analyses from the Should We Emergently
Revascularize Occluded Coronaries for Cardiogenic Shock
(SHOCK) trial found that among patients with AMI-related
cardiogenic shock (AMI-CS) with predominant LV shock,
64% of patients were cold and wet, 28% cold and dry, and
5% were warm and wet.'” Analysis of blood pressure data
from the same trial also revealed that despite inclusion cri-
teria of hypotension, 5% of enrolled patients had normoten-
sive shock, defined as a systolic blood pressure of greater
than 90 mm Hg despite evidence of end-organ hypoperfu-
sion, with hemodynamic data demonstrating higher sys-
temic vascular resistance than the remainder of the trial
cohort.'”*” Interestingly, normotensive patients with CS
demonstrated elevated in-hospital mortality rates compared
with hypotensive patients (66% vs 43%; P =.001)."”

RV and BiV Shock

RV dysfunction can either be a primary insult triggering
CS, that is, RV-predominant CS or the result of LV dys-
function precipitating BiV CS.?” RV failure (Table 1.1) is

Table 1.1 Hemodynamic and Echocardiographic Data that
may be Supportive of RV Failure?*%’

Cardiac index <2.2 L/min/m? despite continuous high dose
inotropes or >1 inotrope or vasopressor medication + any of
the following criteria:

CVP >10 mm Hg

CVP/PCWP ratio >0.63

PAPi <2

RVSWI <450 mm Hg*mL/m?

RV dysfunction and/or dilation on
echocardiography:
TAPSE <17 mm
RV systolic TDI S’ velocity <10 cm/sec
RVFAC <35%
RV free wall longitudinal strain <—20%
RV basilar diameter >42 mm
RV short axis (or mid cavity) diameter
>35 mm

Severe RV CVP >15 mm Hg
dysfunction CVP/PCWP ratio >0.8
PAPi <1.5
RVSWI <300 mm Hg*mL/m?
Clinical Ascites
Edema

Bilirubin elevation
Creatinine elevation

CVP, central venous pressure; FAC, fractional area change; PAPi, pul-
monary artery pulsatility index; PCWP, pulmonary capillary wedge pres-
sure; RV, right ventricular; RVFAC, right ventricular fractional area
change; RVSWI, right ventricular stroke work index; TAPSE, tricuspid
annular plane systolic excursion; TDI, tissue Doppler imaging.

associated with poor outcomes.”’ In patients with AMI
without CS, RV involvement is associated with increased
mortality.””*’ Secondary RV involvement in AMI-CS is
noted in more than one-third of patients,”'** whereas pri-
mary RV-predominant CS is rare, representing 3%—5% of
the study population in the SHOCK trial and registry.””~*°
Compared with patients with LV-predominant CS, patients
with RV-predominant CS demonstrate a shorter time to
diagnosis of shock, less prevalence of multivessel disease
or prior MI, and a higher incidence of inferior or posterior
ML RV involvement in non AMI-CS can often be seen
with a variety of etiologies, most commonly with acute-on-
chronic LV failure. RV-predominant shock is also seen in
decompensated pulmonary hypertension, pulmonary embo-
lism, right sided valvular disorders, RV predominant car-
diomyopathies, and right HF after heart transplantation or
after left ventricular assist device (LVAD) implantation.

Etiologies of Shock
AMI-Related CS

CS complicating AMI remains the predominant etiology
accounting for up to 80% of cases.”® CS complicates 5%
—10% of AMI and remains a deadly complication with a
mortality rate of 30%—50% in contemporary registries and
trials.'>** " In patients presenting with AMI-CS, early
revascularization remains the cornerstone of therapy.”*”
~** Ejection fraction, moderate or greater mitral regurgita-
tion, presence of CS on admission or CS developing early
rather than later in the course, successful percutaneous cor-
onary intervention (PCI), and the culprit vessel are indepen-
dent predictors of survival in AMI-CS.*

ADHF

CS owing to non-AMI causes span a range of etiologies and
constitutes about 20% of CS cases. The majority (58% of
non AMI-CS and 11% of total CS population) present with
acute decompensation of chronic HF, 32% with valvular or
mechanical causes (6% of total CS), 10% with stress cardio-
myopathy (2% of total CS), and 10% with myocarditis (2%
of total CS).”® Compared with AMI-CS, non-AMI patients
with CS are younger, more likely to be women, with larger
ventricles, a higher degree of mitral regurgitation, and
higher N-terminal pro-B-type natriuretic peptide levels.”®
Approximately 8% of chronic cardiomyopathies present
with CS as their initial manifestation.”” Takotsubo or stress
cardiomyopathy, typically considered benign, carries a
9.5% incidence of CS with in-hospital mortality ranging
from 15% to 23.5% as compared with 2.3% (P < .001)
in patients with stress cardiomyopathy who do not
develop CS.*

Postcardiotomy Shock

Postcardiotomy shock, defined as CS after cardiac surgery,
affects 1%—6% of cardiac surgical cases depending on the



Bernhardt et al. ISHLT/HFSA Guideline on Acute MCS

e5

definition and criteria used.*' The pathophysiology is char-
acterized by a multifactorial etiology in which vasodilata-
tion and hemorrhage owing to cardiopulmonary bypass
impact the final outcome. The spectrum of clinical settings
varies from the situation in which the heart does not recover
sufficient myocardial function to be weaned from cardio-
pulmonary bypass to abrupt cardiac arrest in the intensive
care unit (ICU) during the postoperative period.

Obstructive Shock

The treatment of specific causes of cardiogenic or obstruc-
tive shock such as acute pulmonary embolism and cardiac
tamponade require timely diagnosis and directed manage-
ment such as drainage, anticoagulation, systemic or directed
thrombolytics, manual thrombectomy, or surgery. Pharma-
cological support with vasopressors and/or acute MCS with
temporary devices may be needed for patient stabilization.

Indications for Acute MCS

The indications for acute MCS in patients in CS vary owing
to the heterogeneity in both etiology and severity of presen-
tation. In addition to the baseline characteristics of patients
with CS, the indication may also vary by the expected end
points of the support (recovery, bridge to decision, mid- to
long-term support). It is important to consider exit strate-
gies from acute MCS to minimize medically futile cases. A
multidisciplinary team-based approach is warranted to
ensure the appropriate referral and timely treatment that are
keys to survival benefit. An overview of selected acute
MCS devices is displayed in Fig. 1.1.

Recently, data from the Detroit Cardiogenic Shock ini-
tiative showed for the first time a higher survival to dis-
charge of 72%. Indeed, such results were achieved through
an aggressive use of right heart catheterization, performed
in 92% and acute MCS implanted in 74% of patients before
PCI.' This study is one of the first demonstrating improved

Fig. 1.1
brane oxygenation; IABP, intra-aortic balloon pump.

outcomes from CS through an organizational effort for
early referral to a shock center, escalation of monitoring
and eventually implantation of acute MCS. The study sug-
gests that implementation of a coordinated shock team can
improve outcomes through a multidisciplinary effort
(Table 1.2).*?

Parameters of Evaluation to Select Device and
Timing

When hypoperfusion persists despite preload and afterload
optimization, the need for more CO should be considered.
A higher inotropic dose and multiple inotropes have been
demonstrated as significant risk factors and should drive
referral to centers or an ICU, where acute MCS is feasible.
The etiology of CS has a paramount role in the decision of
the need for support and its timing. A reversible cause of
CS (ie, successful reperfusion of ischemic lesions, myocar-
ditis, postcardiotomy failure and post-transplant graft fail-
ure) should be a factor favoring timely implantation of a
short-term device.

Timing of Acute MCS

Given the numerous etiologies of CS, diverse patient pre-
sentations, and differences in individual treatment practices,
the optimal timing for acute MCS remains ill-defined. His-
torically and currently, inotropes and vasopressors are first-
line therapies for hemodynamic instability and CS. These
agents lack data showing benefit and have potential harm
with coronary and peripheral vasoconstriction. Early initia-
tion of acute MCS can mitigate the consequences of sys-
temic hypoperfusion, worsening ischemia, and declining
cardiac function by relieving ischemic burden, augmenting
CO and minimizing medications with high cardiac oxygen
demands.” Although data for this strategy exist in AMI-
CS, more data are needed in non-AMI CS.**

d Tandem Heart © ContriMag

Overview of devices for acute mechanical circulatory support. ECLS, extracorporeal life support; ECMO, extracorporeal mem-
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Table 1.2 Recommendations for Parameters for Identification of CS and Need for Acute MCS
Recommendation Class of Recommendation  Level of Evidence
Classification of degree of shock, and laboratory tests including complete blood count, I C

electrolytes, renal function, liver function, coagulation profile, arterial blood gas
and lactate, and serial cardiac troponin levels should be routinely assessed.
Multidisciplinary evaluation by a shock team with use of an algorithmic approach is I B

recommended.

Goals of care should be clearly defined when considering acute MCS. I
Admission to an intensive care unit is recommended as soon as possible. I
Aortic regurgitation should be systematically evaluated before MCS implantation. I
Developing systems of care integrating MCS-capable hospitals (hubs) and spoke cen- II

oo o0 0

ters with defined protocols for early recognition, treatment, and transfer has the

potential to improve outcomes of patients with CS.

Acute MCS hospitals should be available to provide support at all times.

(S, cardiogenic shock; MCS, mechanical circulatory support.

Early acute MCS can be considered in those who fail to
stabilize after initial intervention in an attempt to avoid
multiorgan or BiV failure.”” ™’ In patients with refractory
CS with uncertain neurological prognosis (eg, after cardio-
respiratory arrest), acute MCS can be used before durable
therapies to allow for declaration of long-term candidacy.*
Y Temporary rather than durable MCS as a first-line
device should be considered when immediate stabilization
is needed to enable recovery of the heart and other organ
systems, when surgical risk is prohibitive but may be atten-
uated by such stabilization, when support is required to
facilitate a definitive procedure or intervention (such as
revascularization or arrhythmia ablation), or when time is
required to allow transplantation or durable MCS evalua-
tion.” In situations such as AMI, stress cardiomyopathy and
myocarditis, acute MCS may be used as a bridge to recov-
ery or a bridge to therapy.**'~?

Extracorporeal membrane oxygenation (ECMO)—CPR
(eCPR) is increasingly being considered based on observa-
tional data. eCPR involves the placement of VA-ECMO
emergently during chest compression to restore circulation
when the heart is in cardiac arrest. Although overall post-
eCPR survival to hospital discharge has been approximately
30%, at present there is insufficient evidence to recommend
a widespread adoption of this approach.”® Importantly,
eCPR might be feasible in tertiary care centers with an

established VA-ECMO program with rapid deployment
teams, usually restricted to patients with a witnessed car-
diac arrest, short no-flow time, a primary rhythm that may
be cardioverted, and/or a reversible etiology (Table 1.3).

Recommendations for Timing in Acute Coronary
Syndromes

Despite prompt revascularization, patients with anterior
STEMI and a significant amount of myocardium at risk suf-
fer from high mortality and HF at mid-term follow-up.
There is no survival benefit from routine intra-aortic bal-
loon pump (IABP) regarding mortality, reinfarction, HF or
infarct size reduction.”” Although standard therapy for
STEMI is rapid myocardial reperfusion, up to one-third of
STEMI patients do not experience effective reperfusion as
assessed by resolution of ST segment elevation. Moreover,
reperfusion itself may cause myocardial damage (reperfu-
sion injury) and life-threatening ventricular arrhythmias.
Large registries have reported a potential benefit of acute
MCS in CS, particularly if implanted before
revascularization,”****31:3256774

Growing translational evidence associates pre-PCI LV
mechanical unloading with myocardial protection and aug-

. 5 3 .
mented myocardial recovery.”**°® LV mechanical

Table 1.3 Recommendations for Timing of Acute MCS in CS
Recommendation Class of Recommendation Level of Evidence
Acute MCS should be initiated as soon as possible in patients with CS who I B

fail to stabilize or continue to deteriorate despite initial interventions.

The use of acute MCS should be considered in patients with multiorgan
failure to allow successful optimization of clinical status and neuro-

logic assessment before placement of durable MCS or organ
transplantation.

II C

In patients with cardiac arrest receiving cardiopulmonary resuscitation, I C

VA-ECMO can be considered.

When considering VA-ECMO, the need for left ventricular venting/unload- I B

ing (pharmacologic or mechanical) should be considered.

MCS, mechanical circulatory support; VA ECMO, venoarterial extracorporeal membrane oxygenation.
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unloading before culprit vessel reopening may reduce
reperfusion injury and prime (biologically and mechani-
cally) the myocardium for reperfusion, thus limiting infarct
size and preventing subsequent adverse remodeling.”
Observational data suggest that pre-PCI LV mechanical
unloading may be associated with improved survival.””-*>"?
Implantation can usually be achieved within 5—10 minutes
and should not exceedingly delay standard care.

Experience with the Impella device (Abiomed, Danvers,
MA, USA) in stable patients with STEMI is limited, but pre-
clinical studies have shown that the beneficial effect of acute
LV unloading could be seen only when it is initiated 30
minutes before reperfusion but not within 15 minutes or after
reperfusion.”*”° Early initiation of hemodynamic support
before PCI with Impella is associated with more complete
revascularization and significantly improved survival in the
setting of refractory CS complicating AMIL,™”"? whereas
patients supported after PCI seem to have poor survival at
30 days. The Door to Unloading Trial (NCT03947619) will
assess the impact of primary unloading before reperfusion vs
standard care in AMI. The results of this ongoing trial will
provide more definitive data on the role of acute MCS in
combination with emergency PCI in patients with AMIL®"

If patients are in preshock, reperfusion might rapidly
lead to hemodynamic deterioration. Acute MCS placement
before revascularization is feasible,”” may improve myocar-
dial salvage,”"*°® confer myocardial protection, and prevent
deterioration to overt CS.”” Acute left anterior descending
coronary artery occlusion or left main lesions are often
accompanied by acute HF (reduced LVEF, increased LV
end-diastolic pressure) and CS with mortality exceeding
50%," despite guideline-recommended early revasculariza-
tion and vasopressors and inotropes to maintain organ
perfusion.””** In progressive organ dysfunction owing to
low CO, it seems intuitive to restore CO as quickly as possi-
ble without stressing the myocardium with catecholamines.
Some acute MCS modalities can simultaneously unload the
LV and augment CO.”%*>"* For CS, a similar quality metric
that reflects the time between the onset of CS and the initia-
tion of acute MCS should be developed as the “door to
support” time. Several recent reports support the concept of
a door to support time, and have observed improved sur-
vival with early initiation of short-term MCS before PCI or
before the initiation of inotropes and vasopressors in the
setting of AMI-CS.**"? In AMI-CS, revascularization is
immediately required along with early LV unloading. Even
cases of preshock may be considered for short-term MCS
facilitating a time to support concept.**

In nonischemic CS treated with inotropes and vasopres-
sors, acute MCS should be provided if first line therapy fails
or either recovery or future cardiac replacement therapy
(transplantation or LVAD) is being considered.*

Recommendations for Timing According to
Hemodynamic and Laboratory Parameters

Patients with CS should undergo a structured evaluation
using right heart catheterization and echocardiography.

Hemodynamic and echocardiographic evaluation may help
to address the phenotype of the failing heart (eg, RV vs LV
vs BiV failure).”” RV dysfunction is common in patients
with AMI-CS, as defined in Table 1.1."

Cardiac power output in watts, calculated as
(CO x mean arterial pressure)/451, is the strongest inde-
pendent hemodynamic correlate of in-hospital mortality in
patients with CS. In the SHOCK trial, cardiac power output
of 0.53 W or less was associated with a 58% in-hospital
mortality rate. Advancing age and female sex are indepen-
dently associated with lower cardiac power output.”®

Biomarkers are important for the diagnosis, monitoring,
and management of patient with CS. Standard parameters
such as serum lactate or serum creatinine are most useful.
At rest, most cardiac energy results from beta-oxidation of
fatty acids and pyruvate,”” whereas during exercise or other
stress situations lactate appears to be an important source of
energy.”” High lactate levels may reflect a stress response
of the body with activation of the sympathetic nervous sys-
tem, increased glycolysis, and a modified bioenergetic sup-
ply in patients with CS.*' Elevated arterial lactate levels are
nonspecifically indicative of tissue hypoxia, and are associ-
ated with mortality in CS.**** A peripheral oxygen demand
—delivery mismatch will result in low central venous oxy-
gen measurements. Serial measurements of arterial lactate
and mixed venous oxygen saturation levels may be helpful
to temporally monitor responses to therapeutic interven-
tions. Arterial blood gas measurements also permit the
assessment of arterial oxygenation and ventilation, as well
as metabolic and respiratory acid—base status.®®

Biomarkers of cardiac myonecrosis are useful to gauge
the severity of acute underlying myocardial injury in condi-
tions such as fulminant myocarditis. In AMI, cardiac tropo-
nin is noted to be elevated and has a rise-and-fall pattern
consistent with acute ischemic injury.®

N-terminal pro-B-type natriuretic peptide—a routinely
used prognostic marker in HF—was not associated with
short-term mortality in multivariable analysis in CS.* The
development of multiorgan dysfunction has a major impact
on prognosis in CS.*® Therefore, early recognition of loss
of function of single organs may be useful to assess progno-
sis and possibly for treatment decisions regarding timing of
intervention with MCS. Acute kidney injury, which is
reflected by a rise in serum creatinine and a potential reduc-
tion in urinary output in the setting of CS may indicate renal
hypoperfusion and is associated with poor outcomes.*”*”*"
Acute ischemic or congestive liver injury can occur in the
setting of CS and manifests as a marked elevation in serum
aspartate aminotransferase, alanine aminotransferase, bili-
rubin, and lactate dehydrogenase levels, often accompanied
by an increase in prothrombin time. These patients have a
2.5-fold higher 30-day mortality than patients without acute
liver injury.*" "

A paradigm change has expanded the pathophysiology in
CS from a simple low output syndrome to a more complex
syndrome involving inflammation and nitric oxide produc-
tion.”” Currently, the well-accepted pathophysiological
concept in CS includes activation of a systemic inflamma-
tory response.”® Classical inflammatory markers such as
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interleukins have been associated with mortality in these
patients.” "

Recommendations for Timing According to Scoring
Systems

Multiple scoring systems to predict clinical outcomes in CS
have been proposed (Table 1.4). Several models were
derived in the general ICU population and include the
Acute Physiology and Chronic Health Evaluation
(APACHE)-II score and Simplified Acute Physiology Score
(SAPS)-II scoring systems.’””>”® APACHE-II includes 13
physiological variables and was designed to be measured
during the first 24 hours after ICU admission for patients
more than 16 years of age. The APACHE-III scoring sys-
tem adds variables such as pathogenesis of shock, sex, race,
and comorbidities to the APACHE-II system and was vali-
dated in more than 17,000 ICU patients in the United States.
The SAPS-II includes 12 physiological and 3 disease-
related variables, was validated in 12,997 patients from 12
countries, and is used to predict in-hospital mortality. A
small study comparing the APACHE-II, APACHE-III,
SAPS-II, and the Sequential Organ Failure Assessment
scoring systems in CS reported that APACHE-III and
SAPS-II had the best mortality discrimination.”” The Card-
Shock study was a series of 219 patients with all-cause CS,
and identified 7 variables associated with in-hospital mor-
tality (c index 0.85). However, it lacked external valida-
tion.”® Among patients with an acute coronary syndrome
(ACS) complicated by CS, the Global Registry of Acute
Coronary Events score has good discrimination and calibra-
tion for in-hospital and long-term mortality among all
patients presenting with ACS, but it is not applicable to
non-ACS presentations.”® Limitations of available models
include the lack of a CS-specific derivation population,
external validation, dynamic application (ie, single point in
time only), applicability to all CS types, and capture of all
potentially prognostic clinical, laboratory, hemodynamic,
imaging, and biomarker data.’®

Identifying the preshock state is appealing as it may
reduce mortality by preventing progression to overt CS
through initiation of adequate management strategies. The
best validated score in this setting is the recently introduced
Observatoire Regional Breton sur 1’Infarctus (ORBI) score
to predict the development of CS.”” Based on 11 routinely
collected variables available in the catheterization labora-
tory, the ORBI score allowed independent prediction of the
development of in-hospital CS after primary PCI (low risk,
0—7 points; low to intermediate risk, 8—10 points; interme-
diate to high risk, 11—12 points; high risk, >13 points). The
score may be useful in the selection of high-risk patients in
the setting of future randomized trials designed to provide a
tailored aggressive management to preshock or patients
with CS (Table 1.4).

Currently, the only CS score with both internal and
external validation is derived from the Intraaortic Balloon
Pump in Cardiogenic Shock II (IABP-SHOCK 1) trial.'*?
Based on 6 variables—including the biomarkers lactate,

creatinine and glucose—with a maximum of 9 points, the
IABP-SHOCK I score divides patients into 3 risk groups.
Patients in the low (0—2 points), intermediate (3 or 4
points), and high-risk categories (5—9 points) have 30-day
mortality risk of 20%—30%, 40%—60%, and 70%—90%,
respectively. This score may also be a suitable tool to tailor
more aggressive treatment strategies such as acute MCS.
However, this requires further validation in randomized tri-
als.

Several risk scores have been proposed for assessing the
likelihood of survival to hospital discharge in patients with
ECMO, such as Predicting Death for Severe ARDS on VV-
ECMO (PRESERVE),'”” Survival After Veno-Arterial
ECMO (SAVE),'” ENCOURAGE,'” PREDICT VA-
ECMO,IO5 and the Simple Cardiac ECMO scores.'%° Risk
assessment based on established risk models in patients
with ECMO remains difficult.”*'%* Only the SAPS II and
the SAVE score were found to be suitable specifically for
short- and long-term outcome prediction in this vulnerable
patient population.'’® Biomarkers have been incorporated
in both scores. These multiparametric scores can assist the
HF team in arriving at comprehensive risk assessments to
inform decisions. However, there are several important con-
siderations and limitations that are often overlooked when
applying these tools in clinical settings and in clinical trial
design, including the fact that these risk scores have modest
discrimination at best.

In light of the high in-hospital mortality, costs, and ethi-
cal issues, appropriate patient selection for MCS requires
careful consideration of the aforementioned factors.

Requirements for the Use of MCS in Acute CS

Many hospitals have developed multidisciplinary care
teams for patients with AMI-CS. Cardiac surgeons, inter-
ventional cardiologists, advanced HF cardiologists and crit-
ical care specialists have collaborated to institute shock
teams. These teams are based on several requirements: (1)
the multidisciplinary approach must be maintained on every
patient, (2) consistent treatment options must be available
24 hours a day and 7 days a week, (3) team members should
ideally commit to rounds with representation from each
member specialty, and (4) information must flow to all
team members in a timely manner.'?* """

Shock Team Coordination, Notification, and
Communication

The most important aspect of team-based care of the CS
patient is the relational coordination of the multidisciplin-
ary team, not the management of materials or resources.
The shock team evaluation of patients with CS begins with
multidisciplinary team notification, and assessment and
information must continue to flow to team members with
changes in status and care in a timely manner. Initial pre-
sentation may be accomplished through a central referral
center with some or all team members receiving the initial
information and determining suitability for treatment/



Table 1.4  Selected Scoring Systems to Predict Mortality in Patients with Cardiogenic Shock
Score Population General Neurologic Metabolic Hepatic Renal Cardiac Hematologic Respiratory
APACHE 11177 ICU Age, temperature, Lactate, pH Bilirubin BUN, creatinine, Cardiac arrest, heart rate, Hematocrit, WBC Respiratory rate,
chronic health sodium, potas- mean arterial pressure Pa0,, Fi0,
score/organ failure sium, urine output
APACHE Iv'%° ICU Age, temperature, Glasgow Coma Score pH, glucose Bilirubin, albumin ~ BUN, creatinine, Heart rate, mean arterial Hematocrit, WBC Respiratory rate,
chronic health var- sodium, urine pressure Pa0,, Fi0,, pC0,,
iables, ICU diagno- output mechanical
sis, emergency ventilation
surgery, hospitali-
zation variables
Sequential Organ Sepsis Glasgow Coma Score, Bilirubin Creatinine, urine Mean arterial pressure or Platelets Pa0,, Fi0,
Failure Assessment neurological output vasopressor/inotropes
103 to predict mor- evaluation
bidity related to
sepsis
SAPS I1°° ICU Age, temperature, Glasgow Coma Score Bilirubin BUN, sodium, potas-  Heart rate, systolic blood WBC Pa0, if mechanical
chronic health var- sium, bicarbonate, pressure ventilation
iables, type of urine output
admission
CardShock?® Cardiogenic shock Age Confusion Lactate eGFR Ejection fraction < 40%, CAD
variables
Global Registry of Acute coronary Age Bicarbonate Creatinine Heart rate, systolic blood
Acute Coronary syndrome pressure, cardiac arrest,
Events *® Killip class, ST segment
changes, timing of cardiac
enzyme elevation
ORBI®’ to estimate STEMI treated with Age Prior stroke Hyperglycemia Cardiac arrest, heart rate, sys-
risk of develop- PCI without CS at tolic BP, Killip class, ante-
ment of in-hospi- admission rior MI, post-PCI TIMI flow
tal CS <3, LM culprit lesion,
delayed PCI
TABP-SHOCK II'%? AMI-CS Age Prior stroke Lactate, Creatinine TIMI flow <3
hyperglycemia
SAVE!®® VA-ECMO Age, weight, under- Cardiac arrest, diastolic blood Duration of intuba-
lying diagnoses, pressure, pulse pressure tion/ventilation,
cause of CS peak inspiratory
pressure
ENCOURAGE'®* VA-ECMO for AMI Age, sex, BMI Glasgow Coma Score Lactate Creatinine Prothrombin activity
PREDICT VA-ECM0'®®  VA-ECMO Lactate, pH Bicarbonate
SIMPLE CARDIAC VA-ECMO Postcardiotomy Lactate RIFLE kidney injury
ECMO'® score

AMI, acute myocardial infarction; APACHE, Acute Physiology and Chronic Health Evaluation; BMI, body mass index; BUN, blood urea nitrogen; CS, cardiogenic shock; ENCOURAGE, Prediction of cardiogenic shock outcome for acute myocardial
infarction patients salvaged by VA-ECMO; GRACE, Global Registry of Acute Coronary Events; IABP-SHOCK, intra-aortic balloon pump in cardiogenic shock; ICU, intensive care unit; ORBI, Observatoire Regional Breton sur l'Infarctus; RIFLE, risk, injury,
failure, loss, end stage kidney disease; SAPS, Simplified Acute Physiology Score; SAVE, survival after venoarterial ECMO; STEMI, ST-elevation myocardial infarction; VA-ECMO, venoarterial extracorporeal membrane oxygenation; WBC, white blood cell

count.
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transfer. This assessment may suggest an initial treatment
strategy and determine the receiving location (ICU, cathe-
terization laboratory, or operating room). Once the decision
is made to accept and treat, the multidisciplinary team eval-
uvates the patient and formulates further treatment
strategy.”'® Despite initial treatment efforts, frequent multi-
disciplinary reassessment is a requirement for collaborative
team care. The use of encrypted apps and dedicated com-
munication tools for diagnostic imaging and patient data
has aided in real-time updates and information flow so that
members of the shock team can remain informed and col-
laborate. Robust communication protocols and electroni-
cally available diagnostic data allow collaboration without
the need for physical presence in many systems. Last, to
improve local care and outcomes, regular review of process
benchmarks and patient outcomes with stakeholders allows
for continuous performance improvement.”'%-'%1%%

Location, Materials, Equipment, and Networks

The successful implementation of multidisciplinary shock
teams/treatment programs requires the coordination of a com-
plex operation and appropriate application of technical skill
involving personnel, facilities, or supplies in the background
of other competing clinical entities with a similar time
urgency. Further, successful deployment depends on estimat-
ing and providing the multilevel resources to meet the needs
of patients with CS where and when they present for treat-
ment. To support shock teams, resources must be allocated
and defined, monitoring established to assess adequacy of
treatment and to prevent complications, and communication
protocols established to allow multidisciplinary evaluation,
treatment and escalation of care when appropriate.' "’

Team members define the support techniques and tools
for the spectrum of clinical scenarios and deploy personnel
and resources to best meet these needs in their system. Few
programs possess every treatment tool available for CS but
rather focus on excellence in the use of the tools and skills
already present. Programmatic assessment of capacity and
use can be determined by historical treatment patterns pro-
jecting additional resources for potentially longer durations
of care and increased survival rates with team-based treat-
ment. Reconciliation between projections and actual utiliza-
tion is important to avoid oversupply or under-capacity.
Teams must establish program benchmarks and expecta-
tions for deployment and capacity as well as response time,
process, and performance. Metrics such as time to deploy-
ment and survival should be monitored for a program to
improve over time.'*'"*

Lessons and structure adopted from ACS and trauma
systems of care have allowed shock teams to form and
evolve rapidly. The effectiveness of therapy in CS is limited
if not deployed rapidly. Like the Trauma Center paradigm,
organization of the process of trauma care delivery is cru-
cial to optimize outcomes.'””''"""'? The initial goal in both
systems is the same: rapid reversal of low output state to
maintain end-organ perfusion. Initial management goals of
“triage,” “recognize,” and “transfer” in CS can be

accomplished in most hospitals. Hospitals with additional
acute MCS capabilities can further stabilize and treat these
patients. When care in these facilities exceeds local resour-
ces, transfer to the closest, appropriate facility offering
long-term MCS/heart transplant capabilities is needed for
definitive care. Similar to the trauma system, patient care is
optimized when networks comprised of centers with differ-
ing capabilities develop to triage, stabilize, and treat this
patient population.''”

Monitoring

Once the multidisciplinary evaluation and initial treatment
has begun, invasive and noninvasive monitoring allows the
assessment of initial treatment efforts and remaining physi-
ologic challenges. Hemodynamic instability and vasopres-
sor use in CS warrant invasive arterial blood pressure
monitoring to guide drug titration and escalation of care.
Central venous catheter insertion should be considered to
monitor central venous pressure and central venous oxygen
saturation. Repeated assessments of plasma lactate have
been shown to offer prognostic information as well.""”

The selective use of pulmonary artery catheters (PACs)
should be used in diagnostic or CS management uncertainty
or in patients with moderate to severe CS who are unre-
sponsive to initial therapy.''? Hemodynamic data provided
by a PAC can confirm the severity of CS, assess RV
involvement as well as determine pulmonary artery pres-
sures and the vascular resistance of the pulmonary and sys-
temic arterial beds.'!' 7! Finally, PACs enable clinicians
to monitor responses to therapeutic interventions and assess
recovery. Alternatives to invasive monitoring include non-
invasive CO devices, tied to arterial blood pressure, or col-
lateral pressure monitoring available on percutaneous
LVADs, and some ECMO systems.m() LIS However, the
data on use of noninvasive devices in management of CS
and acute MCS are limited.

Once initial efforts have stabilized the patient, ongoing
hemodynamic monitoring focuses on the detection and
treatment of LV distention, pulmonary edema and RV dys-
function. These parameters should be serially assessed to
guide therapies such as direct or indirect LV venting to pre-
vent complications of MCS such as acute lung injury.'"”
Last, invasive and noninvasive monitoring of intrinsic car-
diac function offer a window into the detection of myocar-
dial recovery and allow timing and weaning of cardiac and
systemic support or transition to LVAD or heart transplan-
tation (Table 1.5)."311°

Pulmonary Shock

Definitions of Acute Pulmonary Failure

The contemporary definition of acute pulmonary failure is
the short-term (hours to days) inability of the respiratory
system to maintain either an arterial partial pressure of oxy-
gen (Pa0,) of at least 60 mm Hg or an arterial partial pres-
sure of carbon dioxide between 35 and 45 mm Hg,
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Table 1.5

Recommendations for Monitoring of CS and Acute MCS

Recommendation

Class of Recommendation  Level of Evidence

Selective use of invasive monitoring such as PACs should be considered in diagnostic IT B
or CS management uncertainty or in patients with moderate to severe CS who are

unresponsive to initial therapy.

Monitoring of left ventricular distention, pulmonary edema, and right ventricular fill- I C
ing should be available for serial assessment and to guide therapy and prevent com-
plications of MCS.

Monitoring of intrinsic cardiac and systemic blood flow/output with the ability to I C

assess cardiac recovery with weaning should be available.

CS, cardiogenic shock; MCS, mechanical circulatory support; PACs, pulmonary artery catheters

according to demands of cellular metabolism at sea level.
However, these values are a general guide that must be con-
sidered in the context of other test results, past medical his-
tory, and physical examination. A thorough evaluation is
often necessary to differentiate between primary pulmonary
and extrapulmonary dysfunction, especially in later stages
of disease progression.''® Acute hypoxemic failure is
defined as severe arterial hypoxemia refractory to supple-
mental oxygen. It is caused by intrapulmonary shunting of
blood as a consequence of airspace filling or collapse and
may be pulmonary or extrapulmonary in origin.

Airspace filling may result from elevated alveolar capil-
lary hydrostatic pressure (as occurs in LV failure or hypervo-
lemia), pulmonary hemorrhage that originates from the
pulmonary microcirculation (including the alveolar capillar-
ies, arterioles, and venules as occurs in diffuse alveolar hem-
orrhage), inflammatory exudates (as in pneumonia or lung
cancer), or from pulmonary and systemic insults to the alveo-
lar-capillary membrane, resulting in increased alveolar capil-
lary permeability and development of interstitial and alveolar
edema (as in any of the conditions predisposing to acute
respiratory distress syndrome [ARDS]). ARDS is a heteroge-
neous syndrome with sub-phenotypes that are associated
with differences in responses to therapy (and thus, outcomes),
which remain difficult to predict. Despite the prognostic chal-
lenges, several models have been developed in pursuit of this
endeavor. An important early ARDS classification scheme
with prognostication was developed by Murray and col-
leagues,''” and Murray scores (for which there are easy-to-
access online calculators) are commonly used today in
assessing the need for ECMO support, typically indicated by
scores of 3 or more prompting consideration of venovenous
(VV)-ECMO use. The Berlin Definition of ARDS catego-
rized severity based upon physiologic, radiographic, and gas
exchange parameters, and was shown to be useful in assess-
ing risk of death.''® Two other scoring systems that can be
used in prognosticating ARDS (and for consideration of
ECMO use) include the age-adjusted oxygenation index and
the age, PaO,/FiO,, and plateau pressure score.' "’

Acute hypercapnic respiratory failure, in which inade-
quate gas exchange results in a PCO, value of more than
50 mm Hg owing to carbon dioxide retention, is pathophy-
siologically explained by reduced alveolar ventilation,
resulting in respiratory acidosis. Retention of carbon diox-
ide may be an acute or chronic process, with the former less

well clinically tolerated owing to less time for metabolic
compensation. Hypercapnia may be precipitated by fever,
sepsis, seizures, increased dead space (eg, asthma, chronic
obstructive pulmonary disease, pulmonary fibrosis), hypo-
ventilation with depressed central respiratory drive (such as
occurs with opioid overdose), neuromuscular transmission
malfunction, mechanical defect of the ribcage (eg, trauma
or kyphoscoliosis), or fatigue of the respiratory muscles.
Some degree of hypercapnia can also be an anticipated and
acceptable consequence of a lung-protective ventilation
strategy used as part of ARDS treatment, where reduced
ventilation volumes (used to avoid barotrauma and volu-
trauma) also prevent adequate pulmonary CO, removal. In
selected patients who are not responsive to usual manage-
ment strategies and have inadequate gas exchange despite
such supportive measures and ventilation strategies, ECMO
can be a useful modality.

ECMO and Acute Pulmonary Failure

There have been 3 major prospective trials in the last
40 years using ECMO for treatment of ARDS or “severe
acute pulmonary failure” (used before the term “ARDS”
was coined). The first one by Zapol et al. in 1979, using
VA-ECMO, showed no improvement in patient survival,
although lung protective mechanical ventilation strategies
were not used and the patients had been ventilated for longer
times before initiation of ECMO compared with later
trials.' 7118 Furthermore, technological advances in hard-
ware and circuitry have occurred in conjunction with
improvements in medical management, with the adoption of
evidence-based algorithms and personnel dedicated to the
initiation and maintenance of ECMO. A second trial was
done by Morris et al. in 1994 and compared pressure-control
inverse ratio ventilation with extracorporeal carbon dioxide
(CO,) removal through an ECMO circuit.'**'?! Once again,
no significant difference in survival was found between the
2 groups. Subsequently, a consensus was developed that
ECMO should not be used in the treatment of acute pulmo-
nary failure. In a more contemporary trial examining the use
of ECMO for acute pulmonary failure, the Conventional
Ventilation or ECMO for Severe Adult Respiratory Failure
(CESAR) trial randomized 180 adult patients with severe
reversible pulmonary failure to conventional management
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vs referral to an ECMO center for this advanced therapy.'*”
The ECMO group had a 16% absolute decrease in the pri-
mary end point of death or severe disability, although the
study was criticized for its lack of a standardized ventilator
management protocol in the control group.” Nonetheless,
the favorable results ushered in a renewed optimism about
use of ECMO for pulmonary failure and convinced many
centers to offer it as salvage treatment.

An unexpected challenge to the critical care community
occurred in 2009 with the outbreak of pandemic influenza
A (HINI1), where many healthy young people developed
respiratory failure and ARDS as the result of infection. A
network of ICUs in Australia and New Zealand reported
75% survival to discharge in suspected H1N1-associated
ARDS when supported by ECMO.° In the UK, the hospital
survival rate was 76% for ECMO-referred patients with
influenza ARDS,'”" and 78% in the Italian ECMO network
in patients with HIN1 influenza ARDS in whom ECMO
was initiated within 1 week from the onset of invasive
mechanical ventilation.'”® These experiences increased
confidence in the use of ECMO and accelerated its adoption
in centers around the globe. Most recently, ECMO has been
deployed successfully in the management of critically ill
patients with coronavirus disease 2019.'**~'*°

The Extracorporeal Life Support Organization (ELSO)
registry benchmark for survival to discharge is 61% for
acute respiratory failure in adults supported on ECMO."’
A retrospective analysis of adult trauma patients with acute
hypoxemic respiratory failure reported similar results.'*®
Current literature supports the use of ECMO for acute respi-
ratory failure when severe and not amenable to other forms
of support, and only when the condition is deemed to be
reversible (ie, bridge to recovery) or when used as a bridge
to lung transplantation in suitable candidates.'” ™'

Indications and Contraindications

The primary indications for VV-ECMO in acute pulmonary
failure include:

Hypoxemic respiratory failure

Hypercapnic respiratory failure

Respiratory failure while awaiting lung transplantation
Pulmonary air leaks and complex airway management

Indications in Hypoxemic Respiratory Failure

Different criteria have been described to support initiation of
VV-ECMO in hypoxemic respiratory failure. According to
ELSO, VV-ECMO in hypoxemic respiratory failure owing
to any cause (primary or secondary) should be considered
when the risk of mortality is 50% or greater (PaO,/FiO, <
150 on FiO, > 90% and/or Murray score 2—3, age-adjusted
oxygenation index score of 60), and is indicated when the
risk of mortality is 80% or greater (PaO,/FiO, < 100 on
FiO, > 90% and/or Murray score 3—4, age-adjusted oxygen-
ation index >80, age, PaO,/FiO, and plateau pressure score
8) despite optimal care for 6 hours or less. Early institution

after onset of respiratory failure (1—2 days) is associated
with better outcomes. PaO,/FiO, ratios of less than 80 with
high positive end-expiratory pressure of 15—20 cm H,O
were proposed by Brodie and Bachetta.'* According to the
Extracorporeal Support Study Group of San Pablo, Brazil,
ECMO support is indicated based on major and complemen-
tary criteria as shown elsewhere in this article.'**

Major Criteria (Both Required)

1. Acute pulmonary disease AND
2. Possibility of recovery from disease

Complementary Criteria (At Least One Required)

1. PaO,/FiO, ratio < 50 with an FiO, of 1 for at least
1 hour, with or without rescue maneuvers

2. PaO,/FiO, ratio < 50 with an FiO, of more than 0.8 for
at least 3 hours, despite rescue maneuvers

3. Murray score > 3.0 in the presence of clinical deterioration

The French Extracorporeal Membrane Oxygenation for
Severe Acute Respiratory Distress Syndrome (EOLIA) trial
included patients that had been receiving invasive mechani-
cal ventilation for less than 7 days, with a PaO,/FiO, ratio of
less than 50 for more than 3 hours or PaO,/FiO, ratio of less
than 80 for 6 hours; or an arterial blood pH of less than 7.25
with a PaCO, 60 mm Hg or greater for more than 6 hours.®

Indications in Hypercapnic Respiratory Failure

According to ELSO criteria, ECMO indication for hyper-
capnic respiratory failure is CO, retention on mechanical
ventilation despite high plateau pressures (plateau pressure
of >30 cm H,O). Brodie and Bachetta recommend initiating
extracorporeal support whenever uncompensated hypercap-
nia with acidemia (pH < 7.15) or excessively high end-
inspiratory plateau pressure (>35—45 cm H,0) persists
despite the provision of optimal care with invasive mechani-
cal ventilation.'* The Brazilian group suggests initiation of
ECMO for a pH of 7.20 or less despite a respiratory rate of
35 breaths/min or more (whenever possible), a tidal volume
of 4—6 mL/kg, and a plateau pressure 30 cm H,O or less.'**

Contraindications in Hypoxemic or Hypercapnic
Respiratory Failure

The ELSO guidelines do not delineate any absolute contra-
indications, but there are certain conditions that are related
to poor outcomes, and thus are considered relative

contraindications'?’:

1. Mechanical ventilation at high settings (FiO, > 0.9, pla-
teau pressure > 30) for 7 or more days. Many centers do
not consider time on a ventilator to be a contraindication.

2. Major pharmacologic immunosuppression (absolute
neutrophil count < 400/mm”)
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3. Central nervous system hemorrhage that is recent or
expanding

4. Nonrecoverable comorbidity such as major central ner-
vous system damage or terminal malignancy

5. Age: no specific age contraindication, but consider
increasing risk with advancing age

Other Considerations. Use of anticoagulant therapy is
considered a strong relative contraindication to use of
ECMO in any condition that carries a high risk of bleeding,
although its use has been described in refractory hypoxemic
respiratory failure owing to diffuse alveolar hemorrhage, a
condition for which anticoagulation is typically contraindi-
cated.'”” Although several centers consider obesity a rela-
tive contraindication, Kon et al. found that class III obesity
was not associated with poorer outcomes, and suggested
that ECMO support not be withheld from this patient
population.'*°

Septic shock was previously considered a contraindica-
tion to initiation of VV-ECMO. It remains in the almost
exclusive purview of the VA-ECMO modality, and is asso-
ciated with poor survival."*”'* In a bid to identify which
patients would benefit from ECMO support, several predic-
tive survival scoring systems have been devised, including
the Resp Score, ECMONet Score, and PRESERVE score.
These scoring systems may have the added benefit of
allowing for optimal use of resources required for
ECMO.'?"-13%1%Y The validation of these scoring systems
and their application are forthcoming.

Indications for ECMO Before and After Lung
Transplantation

Lung transplantation is a treatment for end-stage lung dis-
ease. However, there is a paucity of donors, and when a
listed candidate’s disease progresses or when there is an
acute decompensation, invasive support may be required to
support the failing lungs. If maintained on a mechanical
ventilator, complications may arise that preclude transplan-
tation, such as the development of multiorgan failure,
extreme frailty and/or neuropathy, or septic shock. Should
these conditions become irreversible, the patient will be
removed from the transplant waiting list, with an almost
certain fatal outcome. However, early deployment of preop-
erative ECMO as a bridge to transplantation has recently
improved these outcomes. This has been largely attributed
to improvements in ECMO pump circuitry and medical
management.'”' This early use of ECMO, particularly with
the use of an ambulatory cannula, allows for aggressive
physical therapy and pulmonary rehabilitation to maintain
musculoskeletal strength and endurance before transplant
surgery. Additionally, in select candidates, extubation may
allow for spontaneous respiratory excursion which assists
in clearance of secretions and optimization of nutritional
status before surgery. Furthermore, there is growing evi-
dence of ECMO outcomes outpacing those of mechanical
ventilation as a bridge to transplantation.”>® These meas-
ures will also assist in a more rapid recovery post-

transplant, minimizing complications and decreasing hospi-
tal length of stay.'?”'*!~1**

Some patients may develop primary graft dysfunction
and require ECMO following lung transplantation. In such
patients, shorter duration of pretransplant ECMO is associ-
ated with better outcomes. Intraoperative ECMO may be
used in patients with severe pulmonary hypertension or
those with intolerance to intraoperative single lung ventila-
tion (severe hypoxia or inadequate ventilation). In some
centers, conventional cardiopulmonary bypass is being
replaced by use of intraoperative ECMO, requiring lower
levels of anticoagulation and with a subsequent lower risk
of bleeding. ECMO may also be associated with a lower
inflammatory  response and fewer postoperative
complications.'*>*'*® Postoperative primary graft dysfunc-
tion that requires ECMO is best treated with VV-ECMO, a
strategy that improves oxygenation and ventilation while
maintaining allograft perfusion. In cases of severe RV
hypertrophy and pulmonary hypertension, it may be neces-
sary to use VAV-ECMO. Isolated VA-ECMO can result in
pulmonary hypoperfusion and should be avoided.'*’

The circumstances most commonly associated with the
need for post-lung transplant ECMO include:

1. Transplant for pulmonary hypertension or Eisenmenger
syndrome

. Elevated pretransplant pulmonary artery pressure

. Pretransplant mechanical ventilation or ECMO

. Cardiopulmonary bypass during transplant

. Advanced allograft donor age'"”

W AW

Although the use of postoperative ECMO in support of
patients with severe primary graft dysfunction has had
encouraging results (especially when used early), such
patients still have significantly lower long-term survival

than patients without severe primary graft dysfunction.'**
—150

Indications in Respiratory Failure for Other Causes

The ELSO guidelines consider severe air leak syndromes as
a formal indication for the use of VV-ECMO, allowing for
the use of protective ventilation, which facilitates fistula
healing (Table 1.6). ECMO can also be useful in manage-
ment of severe diffuse alveolar hemorrhage and status asth-
maticus."”’ An overview on VV ECMO cannulation
options is given in Fig. 1.2.

General Management of Patients with Acute MCS

Refer to Table 1.7 and Table 1.8.

VA-ECMO

ECMO is increasingly used as the first-line acute circula-
tory support in patients with cardiac and respiratory failure.
Whether the device is providing gas exchange alone or both
gas exchange and hemodynamic support, is determined by
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Table 1.6 Recommendations for VV-ECMO/Respiratory Failure

Recommendation

Class of Recommendation Level of Evidence

When placing percutaneous VV-ECMO, suitable central vein(s) should be
identified (typically the femoral and internal jugular veins) with large

venous access lines placed using point of care
ultrasound 52,55,57,58,61,68,70,152,153

I C

An inability to achieve anticipated blood flow with VV-ECMO should trig- I C

ger an evaluation of cannula position (eg, by chest radiograph) or for

cannula kinking, assessment of the patient’s volume status, adjustment

of the speed of the pump as needed, and hemodynamic optimization.

Extubating while on ECMO can be considered.

In patients expected to be on ventilatory support for more than 1 week,

early tracheostomy can be considered.

II C
II C

In patients expected to be on VV ECMO support for more than 1 week, an I C

early mobilization strategy should be considered when able.

In patients expected to be on ECMO support for more than 2 weeks, early I C

transfer to or communication with a lung transplant capable center

should be considered.

ECMO, extracorporeal membrane oxygenation; VV-ECMO, venovenous extracorporeal membrane oxygenation.

the configuration of the device. VA-ECMO is a configura-
tion used to provide CO for end organ function and simulta-
neous gas exchange for acute cardiorespiratory
failure.'®***® Fig. 1.3 provides an overview of VA-ECMO
configurations.

Peripheral Cannulation. Femoral vessels have become
the most common site to establish VA-ECMO. Cannulas
can be placed percutaneously or by a surgical cut-
down.”*”'"" Percutaneous insertion is performed using a
modified Seldinger technique. Ultrasound guidance facili-
tates identification of vessels, assessment of vessel quality
and diameters, and needle and wire insertion. Arterial can-
nula sizes range from 15F to 25F and venous sizes from
19F to 25F. The arterial cannula is typically placed from
the common femoral artery into the common iliac artery.
The risks of vascular complications such as bleeding and
limb ischemia are likely greater with larger size

a: Fem-jug VV ECMO b fem-fem vv ecMO

Fig. 1.2
brane oxygenation; VV, venovenous.

cannulas.'”' In contrast, smaller cannulas are associated
with less complications but compromise ECMO flow. Opti-
mal size of cannula and ECMO flow need to be determined
on a case-by-case basis.

To prevent limb ischemia, a distal perfusion cannula can
be placed through the superficial femoral artery (SF—8F) or
through the posterior tibial artery in a retrograde fashion.
Venous cannulas often have end and side holes to permit
better drainage and are positioned at the junction of the
intrahepatic portion of the inferior vena cava and right
atrium. Venous cannula malposition causes frequent suction
and suboptimal drainage. Open cannula placement is often
chosen when the patient is already in the operating room
(eg, postcardiotomy shock). By cut-down, femoral vessels
are exposed and a guidewire and cannula are placed under
direct vision. Cannulas are usually secured with purse string
sutures and tourniquets. To allow closure of the femoral

C Avalor d protekt

Different cannulations for VV ECMO. Fem-Fem, femoral-femoral; Fem-jug, femoral—jugular; ECMO, extracorporeal mem-
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Table 1.7  General Recommendations for Acute MCS Devices*>* &’

Recommendation Class of Recommendation Level of Evidence

Device selection should be based on ability to achieve an expected level of hemodynamic support I C
with a target resuscitative CI of >2.2 L/min/m?, PCWP of <18 mm Hg, CVP of <10 mm Hg, SBP
of >90 mm Hg, or MAP of 60—80 mm Hg.

Standard cardiovascular monitoring including arterial line and pulmonary artery catheter for I C
hemodynamic guidance of supportive vasoactive and inotrope infusion dosing is recommended
peri-implant.

Point of care ultrasound imaging should be used for obtaining percutaneous vascular access when I C
available. If unsuccessful, surgical cut-down may be considered.

When large bore arterial access is used, consider a priori distal bypass strategies. I C

Placement of preclosure devices can be considered. I C

Pump position monitoring with imaging is recommended. I C

For patients in whom prolonged support with acute MCS is anticipated, a cannulation strategy to I C
facilitate mobilization should be considered. %819

Vasopressors and inotropes should be minimized to achieve targeted hemodynamics with acute I C
MCS while promoting lactate clearance and improved end-organ function.*®”~*%°

Diuretics can be used to optimize hemodynamics and relieve congestion.*®’-2%° II C

Once hemodynamically optimized, cautious mobilization can be considered and, when possible, I B

is encouraged.?’* 2%

a. For patients selected for mobilization, a multidisciplinary approach to this undertaking
should be used and include physical therapists, occupational therapists, respiratory thera-
pists, ECMO specialists, nurses, intensivists, and surgeons where appropriate.*#°-?%2%>(For
patients already supported by more than 1 femorally inserted hemodynamic support device,
mobilization should not be pursued.”®)

In extremities in which acute MCS is implanted, limb surveillance for ischemia, bleeding and neu- I C
rologic function is recommended.?®’ %"/

Patients with acute MCS should be monitored and treated for hemolysis (see text for device I C
speciﬁcs)50,59,160,161,218—227

a. Hemolysis surveillance - monitor markers of hemolysis (LDH, plasma free Hgb, haptoglobin,
bilirubin, urine color change, hematocrit decrease).

b. LDH is nonspecific but plasma-free hemoglobin not always rapidly resulted, especially if send-
out test.

c. If indications of hemolysis, attempt to lower rotational speed as tolerated (lower risk of
hemolysis at lower speeds), check device position, and reposition as clinically indicated

d. Consider thrombosis of pump.

e. If hemolysis cannot be controlled, device removal should be considered.

Patients with acute MCS should be monitored for infection. I B

For patients with acute MCS, renal replacement therapy can be considered to optimize hemody- I B
namics, relieve congestion, and correct metabolic abnormalities.??*#%*

In patients on acute MCS, early weaning of the ventilator with the goal of extubation may be I C
considered.”*

Early tracheostomy should be considered if weaning of the ventilator to extubation is not II B
possible.?*®

Movement of patients should be minimized and performed by staff specifically trained in the I C
management of acute MCS devices to avoid device dislodgement.

For patients with biventricular failure, biventricular support should be considered with: I C
- VA-ECMO

- Bilateral centrifugal pumps
- Bilateral axial flow pumps

In centers where a patient has acute cardiac and/or pulmonary failure who meets criteria for I C
acute MCS but is in a non-MCS capable hospital, early transfer and/or mobile MCS (primary
ECMO) should be considered

Experienced MCS centers should develop mobile capabilities to expand access to acute MCS in I C
non-MCS centers when able

(I, cardiac index; CVP, central venous pressure; ECMO, extracorporeal membrane oxygenation; LDH, lactate dehydrogenase; MAP, mean arterial pres-
sure; MCS, mechanical circulatory support; PCWP, pulmonary capillary wedge pressure; SBP, systolic blood pressure; VA-ECMO, venoarterial extracorporeal
membrane oxygenation.

See Task Force 2 for management of anticoagulation and antiplatelet therapy during acute MCS.
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Table 1.8  Recommendations for Weaning of Acute MCS Support

Class of Level of
Recommendation Recommendation Evidence
Patients supported with acute MCS for CS should be monitored for signs of improved end I B
organ function and early weaning/discontinuation of MCS,*>%~%63:220.236=241
Potential signs of LV recovery include: I C
- Maintenance of improved hemodynamics on minimal mechanical support/serial weaning
trials.
- Readiness to wean from IABP can be assessed using PAC-derived data during serial reduc-
tions in degree of support provided by the device.
- Increased pulsatility.
- Echocardiographic criteria:
- Aortic time-velocity integral of >12 cm.
- LVEF of >25%.
- Lateral mitral annulus peak systolic velocity > 6 cm/s.
If weaning is not tolerated, resume pump speed at prior level and reassess in 24—48 hours. I C
For those patients supported in centers without a durable MCS and/or transplant program(s), I C
early transfer to a center with these programs should be considered.
The decision for RVAD weaning should be based on hemodynamic and echocardiographic I C
parameters

- Pump support should be minimized to evaluate for recovery/explant candidacy.
- A device flow of <2 L/min for >20 minutes should be avoided without anticoagulation.
- In patients with a concurrent LVAD, LVAD parameters should be assessed during the wean-
ing process.??>#4# 243
In patients supported by acute MCS for CS (RVAD/LVAD or ECMO) that are unable to wean, I C
early consideration of exit strategy such as heart transplant (with or without additional
organ transplant), durable MCS or transition to end-of-life care should be considered.
In patients supported by acute MCS for respiratory failure (ECMO) that are unable to wean, I C
early consideration of exit strategy such as lung transplant (with or without additional
organ transplant) or transition to end-of-life care should be considered.

(S, cardiogenic shock; ECMO, extracorporeal membrane oxygenation; LV, left ventricular; LVAD, left ventricular assist device; LVEF, left ventricular ejec-
tion fraction; MCS, mechanical circulatory support; PAC, pulmonary artery catheter; RVAD, right ventricular assist device.

incision, the cannulas can be tunneled to a more distal thigh Access sites for VA-ECMO are typically femoral and
incision. This approach may reduce the risk of site infec- axillary artery and jugular or subclavian veins.'®%-2*%247
tion. Some centers sew the graft onto the femoral artery to The location of peripheral VA-ECMO cannulation will
preserve distal perfusion. have a significant impact on the upper body oxygenation

a ECMELLA b PA untoading C Transseptal unioadir d right upper pulmonary ve

Fig. 1.3 Different cannulations for VA-ECMO: (A) Femoral VA-ECMO: (B) Axillary VA-ECMO. (C) Thoracic, central VA-ECMO.
(D) VAV ECMO. VA, venoarterial; VAV, venoarterial-venous; ECMO, extracorporeal membrane oxygenation.
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and the ability to perform early mobilization. Femoral can-
nulation may be associated with “the Harlequin syndrome”
(upper body desaturation) if pulmonary function is
impaired, and often restricts patient mobility.”** Upper
body configuration to prevent these disadvantages of femo-
ral cannulation include venous drainage via the jugular vein
and reinfusion into the axillary artery. Axillary artery can-
nulation requires surgical cut-down, and an 8- or 10-mm
graft is sewn.'®® However, ECMO flow may be limited
depending on the artery size and quality, and axillary can-
nulation is accompanied by the risk of specific complica-
tions such as axillary nerve injury and ipsilateral upper
extremity hyperperfusion.

The main advantage of peripheral VA-ECMO is easy
and rapid establishment of cardiopulmonary support that
can be performed in multiple locations (bedside, operating
room, catheterization laboratory, ICU, or even in the field).
Disadvantages may include difficult cannulation owing to
small vessels, flow restriction, and specific upper or lower
limb complications.

Central Cannulation. As opposed to peripheral cannula-
tion, surgical placement is mandatory for central cannula-
tion. Unless axillary cannulation is used, central
cannulation generally requires an open sternum, therefore
occurs in the operating room or surgical ICU, most typi-
cally for patients with postcardiotomy shock.'®**%>"
Alternatively, central VA-ECMO can be used as an upgrade
from peripheral VA-ECMO when it does not provide
enough end-organ function or to overcome problems inher-
ent to peripheral VA-ECMO. Ascending aorta (outflow)
and right atrium (inflow) are the preferred cannulation sites.
The size of the cannulas can be determined by patient body
size and calculated total CO. Usually, a 18F—24F cannula
is used for the aorta, and a 28F—36F cannula is used for the
right atrium. Cannulas manufactured for cardiopulmonary
bypass can be used for central VA-ECMO. To prevent
bleeding from cannulation sites or migration of cannulas, it
is important to secure the cannula in position with multiple
purse string sutures, tourniquets, and anchor sutures to the
skin. The chest is usually left open with occlusive dressing
but can be closed by tunneling the cannulas through soft tis-
sue to the subxiphoid portion or upper sternal incision.
Closing the chest may facilitate extubation on VA-ECMO
and mobilization, and decrease the risk of infection.””° Min-
imally invasive approaches for VA-ECMO without full
sternotomy have also been used to establish central VA-
ECMO for non—postcardiotomy shock patients.””> The
innominate artery or ascending aorta can be cannulated via
upper hemisternotomy and central VA support can be estab-
lished in combination with peripheral vein access. The sur-
geon also can cannulate the aorta and right atrium through a
mini thoracotomy approach.’®+***

The advantages of central VA-ECMO include no flow
limitation, antegrade flow, no limb complications, and
capability to place LV vent if necessary. Main disadvan-
tages include surgical invasiveness, bleeding, increased
risk of infection associated with open chest, potential
aortic  dissection, and ischemic embolic events
(Table 1.9).184250:251

LV Distention and Venting. During peripheral VA-
ECMO, the arterial outflow cannula generates retrograde
flow towards the aortic valve, resulting in higher afterload
on the heart than a normal physiologic state.”*® This marked
increase in afterload may lead to LV distension and
increases in LV wall stress and myocardial oxygen
demands.”****” The high LV end-diastolic pressure results
in ongoing subendocardial ischemia. These further impair
LV function, making LV recovery even more difficult, par-
ticularly in patients with CS complicating AMI. Patients
with acute CS have a noncompliant LV and may have a
competent mitral valve, and are at the greatest risk for LV
distension. This is in comparison to patients with acute
decompensated chronic HF with ventricles that are dilated
at baseline and mitral valves that may be incompetent
owing to annular dilatation. Mitral regurgitation may serve
as a “pop-off” for the LV, but leads to pulmonary edema.
Thus, the incidence of LV distension may vary among
patient populations.””

If the aortic valve is unable to open and eject blood
owing to increasing afterload, blood stasis and thrombus
formation may/will occur inside the LV as well as in the
aortic root. This could happen regardless of ECMO can-
nulation site (central or peripheral). Thrombus formation
can lead to catastrophic embolization to the coronary
arteries, cerebral vessels or body. The distended LV and
elevated LV end-diastolic pressure will subsequently
result in elevated left atrial and pulmonary venous pres-
sures, leading to pulmonary edema, possible pulmonary
hemorrhage, and subsequent systemic, cerebral and myo-
cardial hypoxia.

In addition to clinical signs (eg, differential hypoxia,
ventricular arrhythmia), LV distension can be detected at
the Dbedside by hemodynamic monitoring and
echocardiography.””*"*** On echocardiography, LV dis-
tention is evidenced by a dilated and hypocontractile LV,
with or without severe mitral regurgitation, stagnation of
blood within the LV, and a nonopening aortic valve. Lack
of arterial pulsatility is an obvious sign of a closed aortic
valve. As measured with a PAC, an elevated pulmonary
artery diastolic pressure greater than PCWP suggests that
the LV is not properly decompressed.

There are several different strategies for LV unloading,
each with its own advantages and limitations (Fig. 1.4).

Reducing ECMO Flow. Reduction of ECMO flow could
reduce LV loading and increase the chance of aortic valve
opening. However, this approach decreases the degree of
cardiopulmonary support. The choice of ECMO flow will
need to achieve a balance between the competing goals of
providing sufficient CO while allowing the LV to maintain
some ejection so as to avoid LV and aortic root thrombosis
and pulmonary edema.

Medical Management. Inotropic support can enhance
aortic valve opening by increasing myocardial contractility.
However, inotropes increase myocardial oxygen consump-
tion and total LV work. This may not be an optimal
approach particularly in the setting of myocardial ischemia.
The use of vasodilators also can decrease afterload and may
allow increasing aortic valve opening. However,
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Table 1.9 Recommendations for Venoarterial Extracorporeal Membrane Oxygenation—Left, Right or Biventricular Cardiac Support

Class of Level of
Recommendation Recommendation Evidence
When placing percutaneous VA-ECMO, a suitable central artery and vein should be identified I C
(typically femoral artery and vein) with large bore arterial and venous access lines placed
using point of care ultrasound.'®* =3
Distal limb protection should be considered a priori for large bore arterial access. I B
175,188,212,247,248,253—264
Consider surgically placed VA-ECMO for I C
a Postcardiotomy failure.
b When percutaneous approach is anatomically challenging, 1882482537260
Limited sternotomy/thoracotomy for central ECMO cannulation may be considered.'®° II C
For both peripheral and central VA-ECMO: I C
a Anticoagulation should be provided and monitored according to institutional protocols
(see Task Force 2).
b Distal and cerebral perfusion should be routinely assessed.
ECMO flow should be optimized to allow cardiac ejection and a priori venting/unloading II C
strategies should be considered.?®®>~27°
a Unloading strategies include: inotropes, intra-aortic balloon pump.
b Venting strategies include: Impella, LV vent, atrial septostomy.
Surgical LV apical cannulation via a mini-thoracotomy and femoral venous cannulation as I C
inflows and right axillary artery/aortic cannulation as an outflow can be considered
When164,253,276,277:
- Transitioning from ECMO to a temporary LVAD.
- Assessing both RV function and lung oxygenation capacity.
- Allowing for early mobilization.
Sedative agents with greater lipophilicity and potential for sequestration within the ECMO I C
circuit may require higher doses.?”8~2%?
Troubleshooting mechanical problems during VA-ECMO include?®-2%0-214.215,269,270,283 287, 11 C
a Echocardiography before implant to identify contraindications to device insertion (eg,
severe aortic insufficiency) or other structural lesions that may affect the strategy for can-
nulation (eg, severe mitral regurgitation or ventricular septal rupture).
b Routine use of echocardiography while on VA-ECMO support should focus on prevention of
complications such as intracardiac and aortic root thrombus (ie, to ensure adequate ven-
tricular ejection and aortic valve opening) and signs of inadequate LV unloading (worsen-
ing LV dilation).
c Serial assessment of the oxygenator including evaluation of gas-exchange (can monitor
pressure gradients to assess the risk of emergent oxygenator failure).
d An inability to achieve anticipated blood flow with VA-ECMO should trigger an evaluation
of cannula position (eg, by chest radiograph) or for cannula kinking, assessment of the
patient’s volume status, adjustment of the speed of the pump as needed, and hemody-
namic optimization targeting excess afterload.
For patients with VA-ECMO using femoral cannulation, oxygenation should be assessed by I C

measurement of blood gases drawn from the right upper extremity when able to identify
differential hypoxemia (also known as North—South syndrome or Harlequin syndrome).

ECMO, extracorporeal membrane oxygenation; LV, left ventricular; LVAD, left ventricular assist device; RV, right ventricular; VA-ECMO, venoarterial

extracorporeal membrane oxygenation.

vasodilator use is often limited owing to low systemic blood
pressure in the setting of CS.

IABP. The IABP has a well-known 2-fold benefit: aug-
mentation of coronary blood flow during diastole and
decreasing afterload. Some centers routinely place an IABP
for all patients on VA-ECMO, convinced of its significant
reduction of PCWP. One European study demonstrated an
important reduction in radiographic signs of pulmonary
edema and more days off mechanical ventilation in patients
with combined IABP-ECMO vs those on VA-ECMO

alone.”®® In patients with CS requiring VA-ECMO, the con-
comitant use of IABP has been associated with significantly
lower mortality,”**** although direct unloading by the
concomitant use of a (more expensive) Impella device
might be even more effective.”’'*** However, a recent
large pooled analysis of more than 1500 patients showed no
survival benefit by adding IABP to VA-ECMO.”””
Septostomy. Small case series have documented the fea-
sibility of nonsurgical LV venting in ECMO patients using
septostomy.””® ??® These include trans-septal puncture and
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a b

Fig. 1.4

C d

Overview of unloading strategies on VA-ECMO. (A) ECMELLA. Femoral VA-ECMO with an additional femorally implanted

Impella device. (B) An additional PA cannula is connected to the venous VA-ECMO line. (C) An additional transseptal interatrial cannula
is connected to the venous cannula. (D) An additional intracardial catheter is connected to the venous cannula. These cannula are either
implanted using the apex of the left ventricle or using the right upper pulmonary vein and going through the left atrium and the mitral valve
into the left ventricle. VA-ECMO, venoarterial extracorporeal membrane oxygenation; ICU, intensive care unit; PA, pulmonary artery.

insertion of left atrial drain; trans-septal balloon and blade
septostomy, and percutaneous insertion of a pulmonary
artery or retrograde transaortic catheter functioning as a
vent. Trans-septal balloon and blade septostomy remains a
common practice in the pediatric population but is less
commonly performed in adults.

Percutaneous Insertion of a Left Atrial Venting Cannula.
The left atrium is accessed via a transseptal puncture, after
femoral venous access has been established. Oxygenated
blood is aspirated from the left atrium and can be connected
into the venous limb of the ECMO circuit.””” This results in
reduction of preload to the LV, but does not directly drain
the LV, thereby protecting the lung from pulmonary edema
but acting only marginally on the likelihood of LV recov-
ery.”"” Moreover, a transseptal puncture can lead to a left-
to-right shunt after decannulation. Atrial suction events can
occur more frequently than in a device with ventricular
placement.

Impella. More recently, the Impella device has fre-
quently been wused for LV venting during VA-
ECMO.?7"#94301392 1mpella can decompress the LV and
decrease pulmonary congestion, but also can provide addi-
tional antegrade flow in the ascending aorta. Because the
LV is directly unloaded, stasis of blood within the LV is not
a concern. Furthermore, the Impella generates antegrade
flow into the aortic root, and prevents aortic root stasis and
thrombus formation. Several retrospective series have dem-
onstrated that the combined use of VA-ECMO and Impella
facilitated myocardial recovery and improved outcomes
compared with VA-ECMO alone.”’"*"*?* There are, how-
ever, several drawbacks to this dual therapy including fre-
quent complications such as hemolysis and vascular injury
and considerable cost.”**"?

Surgical Venting. Direct LV unloading can be achieved
by placing an additional cannula into the left atrium or LV
apex though the sternotomy or mini thoracotomy. This

cannula is then connected to the ECMO venous line as an
additional inflow. Strong and reliable LV unloading is pos-
sible but because of its invasiveness, this approach is often
limited to postcardiotomy shock patients.

There is no universally accepted definition of LV disten-
sion during VA-ECMO. Moreover, there is no consensus
about the optimal timing and approach for LV venting.
However, LV distension is an increasingly appreciated
nuance of VA-ECMO support. The consequences of failing
to anticipate, recognize, and treat LV distension are grave,
making myocardial recovery of the vulnerable LV more dif-
ficult.'>* After the recent demonstration of a survival bene-
fit with LV unloading during VA-ECMO support,””*
consensus criteria for LV distention are required and further
efforts are mandatory to elucidate and measure the effect of
each venting strategy for the patient requiring VA-ECMO.

CentriMag

The CentriMag system (Abbott, Abbot Park, IL) is an acute
circulatory support system that can be used as a cardiopul-
monary circuit for up to 6 hours of support time, or extra-
corporeal bypass circuit for periods up to 30 days to support
left, right or both ventricles. The system includes the con-
sole, motor, drive, flow probe, and pump. The CentriMag
pump includes a free-floating magnetically levitated rotor,
which enables the device to rotate without friction or wear
and eliminates heat production. This serves to minimize
blood trauma and avoids mechanical failure. Because the
rotor surface is uniformly washed, blood stagnation and tur-
bulence in the pump are minimized. Hemolysis is reduced
because the mechanical gaps in the pump are wider than
0.6 mm, decreasing shear forces. The device can produce
flows of up to 10 L/min at a low rotational speed of
5500 rpm with a priming volume of 31 mL. Another useful
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feature of the device is the ease of adjustment of the device
speed and resulting flow. Based on the patient’s clinical
scenario (ie, to increase flow during periods of acute shock
and decrease flow when attempting to wean from the
device), the speed of the device can be increased or
decreased simply by pushing a button.

The CentriMag can be surgically implanted in patients
with various etiologies of acute CS including AMI, ADHF,
postcardiotomy shock, myocarditis, primary graft dysfunc-
tion after heart transplant, and RV failure after LVAD
insertion.””* """ Implantation techniques of a CentriMag
are very similar to those used for routine cannulation in car-
diopulmonary bypass. Various types of cannulas can be
connected to the CentriMag system, facilitating an easy
insertion procedure and flexible configuration.

Although surgical insertion of CentriMag is more inva-
sive than other percutaneous circulatory support devices,
this disadvantage may be offset by its versatility and longer
support time. This system can be used as an isolated
LVAD, RVAD or as a full-support BiV assist device
(BiVAD).”* %7 An oxygenator can be spliced into the cir-
cuit as an ECMO for concomitant profound hypoxia.’”®
Classically, cannulation is performed through sternotomy.
For the LVAD, the inflow cannula is inserted into the left
atrium or LV apex, and the outflow cannula is inserted in
the ascending aorta. For the RVAD, the inflow cannula is
inserted in the right atrium or RV, and the outflow cannula
is inserted in the main pulmonary artery using direct cannu-
lation or more typically a graft anastomosis. With the com-
bination of LVAD and RVAD, BiVAD can be configured.
Because it is central cannulation, there is no cannula size
restriction compared with peripheral cannulation. There-
fore, BiVAD allows full decompression of both ventricles
and provides complete end-organ perfusion. Several mini-
mally invasive approaches without sternotomy can also be
used to establish CentriMag support. Surgeons can
approach the aorta, right or left atrium and ventricle through
mini-thoracotomy approaches. Peripheral vessels including
the axillary artery, jugular or femoral vein are alternative
CentriMag cannulation sites.”"”* "

With regard to device management, anticoagulation
strategy, weaning protocol, or bridge strategy to durable
VAD or heart transplantation, there is considerable

variability among centers.””* '’ Published studies are also
limited to nonrandomized and small cohorts and outcomes
vary depending on etiology of shock as seen with other
acute circulatory support devices. An initial multicenter
study using the CentriMag system included 38 patients.”””
The mean duration of support was 13 days (interquartile
range, 1—60 days) and 30-day survival was 49%. A larger
cohort study including 143 patients showed 30-day and 1-
year survival of 69% and 49%, respectively with median
support duration of 14 days (interquartile range, 8—26
days).””’ In this study, the device was used for BiVAD in
67%, RVAD in 26%, and LVAD in 8%. Destination was
bridge to recovery in 30%, durable VAD in 15%, and heart
transplant in 18%. Another study of 80 isolated RVAD
patients demonstrated 36% early mortality with median
RVAD support of 6 days. Similarly, a postcardiotomy
shock cohort had poor outcomes.”""

Complications during CentriMag support are relatively
common. Major early complications include bleeding, cen-
tral nervous system events, infection, and respiratory fail-
ure. In 1 study, the cumulative incidence of infection and
bleeding events was directly related to support duration
while the incidence of pump failure or hemolysis seemed
rare even with use beyond 30 days (Table 1.10).*"

Impella (2.5, CP, LD, 5.0, and 5.5)

The Impella device is a continuous flow micro-axial VAD
used in the management of low CO states and as a peripro-
cedural support strategy in cardiac procedures at risk for
hemodynamic instability. Currently available versions of
the Impella are differentiated based on size and magnitude
of flow that the device can generate. The Impella 5.0 pro-
vides up to 5.0 L/min of circulatory flow.’'? With a 21F cal-
iber, Impella 5.0 requires a surgical cut-down to the femoral
artery, or if intended for longer term use, to the axillary
artery. Recently, the Impella 5.5 has been developed,
receiving a CE mark (Europe) for 30 days.***'**'* The 12F
Impella 2.5 and 14F Impella CP are typically deployed per-
cutaneously via the femoral artery and generate flows up to
2.5 L/min and 3.8 L/min, respectively.

The Impella is advanced into the LV using conventional
catheterization techniques. The distal tip of the Impella is a

Table 1.10 Recommendations for Surgically Placed LVAD or RVAD

Class of
Recommendation Recommendation Level of Evidence
A tunneled subxiphoid or intercostal exit of an outflow graft can be con- I C

sidered to significantly decrease the invasiveness of the VAD removal

intervention.

Prolonged retention of prosthetic material in-situ (in case of a prosthetic II C

graft anastomosed to the pulmonary artery and tunneled intercostally

or subxiphoid) could increase the risk of infection.

The use of an oxygenator can be considered in line on the outflow limb
with a surgically placed RVAD or LVAD and may help with recovery.

II B

LVAD, left ventricular assist device; RVAD, right ventricular assist device; VAD, ventricular assist device.
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pig-tail loop (except for 5.5) that helps buttress the device
against the ventricular wall and stabilizes its position
against further ventricularization with device activation.
Using the design principle of the Archimedes screw, the
Impella generates circulatory flow by drawing blood from
the LV and ejecting it into the ascending aorta. Accord-
ingly, appropriate Impella positioning is critical for device
functioning and can be facilitated by either fluoroscopy or
echocardiographic guidance. Optimal device placement
ensures the inlet aperture on the pump shaft is both within
the ventricle and within 3.5—4.0 cm distal to the aortic
valve. This further ensures that the outlet aperture is both
within the aorta and sufficiently distal to the aortic valve.
Unlike the IABP, the Impella is not dependent on intrinsic
LV function or cardiac rhythm. As an LV assist device,
however, it will have some dependence on RV systolic
function to ensure adequate LV preload.

The indications for Impella use focus on temporary
hemodynamic support in high-risk PCI, high-risk ventric-
ular tachycardia ablation and CS. For high-risk PCI, the
Impella devices may be used for < 6 hours of temporary
support in either elective or urgent cases to prevent
hemodynamic instability in patients who are hemody-
namically stable but are at risk owing to the severity of
their coronary artery disease and ventricular function.
The Impella 2.5 and CP devices are approved for 4 or
fewer days, and the Impella 5.0 for 10 days in cases of
CS arising within 48 hours of an AMI, postcardiotomy or
owing to an acute left HF syndrome, including peripar-
tum cardiomyopathy, myocarditis, or progression of
underlying chronic cardiomyopathy refractory to optimal
vasoactive therapies.

Contraindications for Impella use include LV thrombus,
a mechanical aortic valve, severe aortic stenosis, at least
moderate aortic insufficiency, severe peripheral arterial dis-
ease, severe right HF, presence of an atrial or ventricular
septal defect for which the Impella could worsen right to
left shunting, LV rupture and cardiac tamponade. Addi-
tional considerations include coagulopathy, blood stream
infections, and medical futility.

Published clinical studies involving the Impella devi-
ces have consistently demonstrated an expected improve-
ment in hemodynamics albeit in the absence of improved
survival. These studies have typically been non-random-
ized and derived from small patient samples. The ISAR-
SHOCK trial (Impella 2.5 versus IABP in Cardiogenic
Shock) demonstrated an improvement in cardiac index at
30 minutes following Impella deployment as compared
with an TABP in 26 patients with an AMI.’’ Mortality
was not different in the 2 groups and the overall hemody-
namic benefit observed in the initial 30-minute time point
was lost within 4 hours. In a more clinically challenged
patient cohort in which 92% of patients with AMI and
CS had a recent history of cardiac arrest, Impella CP sup-
port did not confer a survival advantage at 30 days or 6
months compared with TABP.%’

The Impella 5.0 and 5.5 may reduce complications from
VA-ECMO and can be used as a viable bridge-to-bridge
and bridge-to-decision option (Table 1.11),*%-20-31-316

Impella RP

The Impella RP is a continuous flow axial pump that can
deliver up to 4 L/min of flow, is placed percutaneously and
is approved by the US Food and Drug Administration for
use in right HF (see Table 1.1).**” The RECOVER RIGHT
study found the device to be safe and easy to deploy, and
showed a hemodynamic benefit when deployed in 2 cohorts
of patients: those with right HF after LVAD placement and
those with right HF after cardiotomy or AMI for less than
48 hours.”* The prospective pooled cohort study combin-
ing premarket and postmarket approval cohorts showed a
73% survival at 30 days or discharge after device explant,
or to induction of anesthesia for a long-term therapy. Over-
all survival at 180 days was 62%.”” There are also case
reports of using bilateral Impellas as mid-term support for
patients with BiV failure.”””** One note of caution: when
the Impella RP was used outside the RECOVER Right
study protocol, outcomes revealed an increase in mortality.
This led to a warning letter to health care providers in May
2019.7

TandemHeart

TandemHeart (LivaNova, Houston, TX) has a left sided
device that is percutaneously placed with a transseptal
puncture as well as a right sided support device, the Protek-
Duo. The TandemHeart percutaneous LVAD has been
shown in both AMI CS and mixed AMI and decompensated
HF CS to improve hemodynamics above that of an IABP;
however, a mortality benefit has not yet been proven.”®'”®
Data also suggests that even though hemodynamics are
improved in the setting of CS, placement of the Tandem-
Heart LVAD is more complicated owing to the transseptal
approach (Table 1.12).%*

The ProtekDuo is a percutaneous right sided ventricular
support device that has been successfully placed via femo-
ral or internal jugular approach for RHF. Most commonly,
it has rescued patients with medically refractory RHF after
durable LVAD placement.”® This device does not require
cardiopulmonary bypass for placement or removal once the
right ventricle has recovered from the early surgical insult
(Table 1.13).

IABP

The IABP was first introduced into clinical practice in 1968
as an intra-aortic cardiac assistance system for patients in
CS following myocardial infarction.”*' Current device
design has remained largely unchanged from its initial
descriptions. The IABP is a catheter mounted balloon that
is advanced over a guidewire into the descending aorta and
positioned within the aortic lumen with its distal tip inferior
to the left subclavian artery and its proximal tip superior to
the renal arteries. Confirmation of IABP position occurs
either by fluoroscopy or a chest radiograph using the carina
as the classic landmark for distal IABP tip alignment.
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Table 1.11  Recommendations for Axial Flow Pumps (Impella)

Class of Level of
Recommendation Recommendation Evidence
Peri-implant recommendations’>>~*°7*°°~**?Impella CP, 5 or 5.5 can be considered for adult patients with CS I B
- Size can be guided by a calculated deliverable cardiac index of >2.2 L/min/m?.
Placement should be performed with the use of imaging/monitoring (fluoroscopy and/or TEE) to confirm no interaction with mitral valve appara- I B
tus or endocardial suction
Contraindications to Impella implantation I B
- Moderate to severe aortic insufficiency
- Severe aortic stenosis
- Mechanical aortic valve
- Aortic dissection
- Myxomatous MV
- LV thrombus
- LVOT narrowing/obstruction
Relative contraindications
- Access vessel diameter of <6 mm
- Presence of heavy calcifications
- Obstruction or dissection
- Preexistent extremity ischemia related to implant site
- Prior open cannulations or surgical access/scar of unknown procedure
- Active insertion site infection
Recommendations on complications®®*>%~156-158.160,161,218-221,317-321 I B
a Reported complications of Impella placement include vessel perforation, extensive bleeding at insertion site, rapid progression of cardiac
failure or acute RV failure. These should be addressed as clinically appropriate.
b Rarely device complications such as ingestion of material into motor during insertion, device fracture, cardiac perforation, valvular damage or
stroke have been documented and require unique and urgent interventions.
¢ Sudden deterioration should prompt rapid evaluation for device malfunction or malposition (eg, pulled out of LV, interfering with MV appara-
tus or perforating LV).
Postimplant recommendat.ions59,154,155,159 161,218,222,236,319,321—-325 II B
1 Hemodynamic monitoring on Impella support
a Diuretic therapy should be used to achieve PCWP of <15 mm Hg and central venous pressure of <12 mm Hg.
b Elevated arterial pressure can result in reduction of effective pump flows and should be reduced appropriately.
c Arterial line for accurate blood pressure monitoring, PAC for hemodynamic measurements, and urinary catheter for close urine output
monitoring are recommended.
d Very low pulse pressure (<20 mm Hg) will result in “Impella position unknown” alarm.
2 Echocardiographic
a Use transthoracic echo to confirm location of inflow and outflow cages at initial insertion, any attempted changes, any patient move-
ments, or any alarms of the pump system.
b Device change/exchange — TEE can be used to visualize pump during exchange in operating room setting if fluoroscopy not available.
3 Medical issues
a Start with purge solution of DsW with heparin.
b See Task Force 2 for anticoagulation recommendations.
4 Mechanical issues
a Flattened motor current can imply device out of position (both inflow and outflow seeing same pressure) or profound LV hypocontractil-
ity.
b Elevations in purge pressures can suggest kinking or thrombus development.
¢ Sudden changes in flows, motor current or purge pressures can imply serious malposition or mechanical complication of device and war-
rant imaging via echo, chest radiograph, or chest CT scan.
Recommendation on mechanical cardiac injuries'®> *°7-160:16%,324325 I B
Sudden changes in hemodynamics should warrant echo imaging to assess presence of Al, position of inflow and outflow cages, functional MS or
MR owing to injury or obstruction, and even ventricular puncture.
Recommendation on pump stoppagel55,156,160,161,222,324,326 I B
This is usually owing to kinking or obstruction from thrombus or other ingested material. If no kink is seen on chest radiograph or fluoroscopy,
removal of the device and possible replacement may be needed. Usually this requires another vascular access to be obtained although there
have been anecdotal reports creating methods with large bore sheaths to exchange at the same site.
Loss of sensor signal can occur, especially with traumatic insertion, or prolonged support. Monitoring motor current and patient parameters for
change in clinical status can continue without pump replacement.
The decision to perform chest compressions should be based on standard criteria. I B

- If compressions are indicated, consider dropping to P2 speed during manual compressions.

If ROSC occurs, resume prior speed and confirm location in LV via echo. If DCCV needed, avoid touching Impella system at time of shock.

Al aortic insufficiency; CS, cardiogenic shock; CT, computed tomography; DCCV, DC cardioversion; LV, left ventricular; MR, mitral regurgitation; MS, mitral stenosis; MV,
mitral valve; PAC, pulmonary artery catheter; PCWP, pulmonary capillary wedge pressure; ROSC, return of spontaneous circulation; TEE, transesophageal echocardiogram.
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Table 1.12  Recommendations for Centrifugal Pumps (TandemHeart)
Class of Level of
Recommendation Recommendation Evidence
Before the implant procedure, the patient should be assessed for candidacy for transseptal II C
pUnCtUre.74'197'333_335
Placement should be performed with the use of imaging (fluoroscopy and/or TEE) to confirm septal I B
puncture and appropriate positioning
The TandemHeart device should not be inserted in the presence of known left atrial thrombus. II1 C
The TandemHeart device should not be inserted without the appropriate equipment for and exper- III C
tise in transseptal puncture.
Daily transthoracic echocardiogram should be performed to evaluate device position I B

TEE, transesophageal echocardiogram.

Table 1.13  Recommendations for Right-sided Devices

Recommendation Class  Level

ProtekDuo or Impella RP can be considered for acute RV II B
failure.

Use of imaging to ensure precise positioning and to I C

prevent outflow graft kinking, twisting and obstruc-
tion is recommended.

Careful hemostasis of the PA cannulation/graft anasto- I C
mosis site is essential.
Described vascular complications are femoral vein dis- I C

section, inferior vena cava tear and iliac vein perfo-

ration. Monitor for intrabdominal bleeding if drop in

hemoglobin/hematocrit.****?%
For Impella RP monitor for I C

- Suction events: if noted, the speed should be
adapted to avoid cavitation/suction events.

- Placement signal, motor current waveform, purge
pressure (300—1100 mm Hg) and infusion
rate'226,242,328,33}77339

- Device migration with daily imaging (CXR or TTE).

- Waveforms and flows of the pump to identify migra-
tion of the pump. Echocardiography should be per-
formed if movement of the device is suspected.

- Fracture, kink or damage of different components
of the Impella RP should be evaluated routinely.**°

An Impella device reposition can be attempted under I C
echocardiographic guidance.?#%-#?’
With all RVAD devices in the absence of an LVAD, moni- I C

tor the patient for pulmonary edema resulting from
LV failure (RVAD flow should not exceed LV flow).
Additional recommendations II C
- Monitoring with a PAC is recommended.
- The tip of the PAC should be placed opposite to the
pump outflow.
- Echocardiography can be used to optimize RVAD
flow by simultaneously assessing biventricular
function, compliance or diastolic function.?*?-*?¢
- Monitoring for an increase of tricuspid valve regur-
gitation of more than 1 grade on echocardiography
should be performed.*®
Pulmonary vasodilators (inhaled or IV) are indicated in  II C
patients with a PVR of >250 dynes/sec/cm° or
transpulmonary gradient of >12 mm Hg to lower pul-
monary vascular resistance.

CXR, chest radiograph; LVAD, left ventricular assist device; LV, left
ventricular; PA, pulmonary artery; PAC, pulmonary artery catheter; RV,
right ventricular; RVAD, right ventricular assist device; TTE, transtho-
racic echocardiogram.

TABP inflation and deflation are timed to the electrocar-
diographic onset of diastole and systole, respectively.
Helium is used to inflate the balloon as its low viscosity per-
mits rapid balloon inflation and deflation and is benign in
the event of balloon rupture. By principle, diastolic balloon
inflation augments diastolic blood pressure leading to
improved coronary perfusion. Rapid balloon deflation
decreases LV afterload and thereby decreases myocardial
oxygen requirements and overall myocardial work. This
counterpulsation results in volume displacement at both
proximal and distal ends of the balloon resulting in the
Windkessel effect whereby the intrinsic elastic recoil of the
aorta is converted into kinetic energy leading to improved
systemic circulatory flow.

The IABP depends on intrinsic ventricular function and
may augment the overall CO by 0.5—1.0 L/min. The effec-
tiveness of IABP counterpulsation is dependent on multiple
factors. Aortic compliance inversely impacts diastolic aug-
mentation which may explain the observation of reduced
IABP effectiveness in the young and in patients with dis-
tributive shock resulting in low systemic vascular resis-
tance. As the IABP is gated to the ECG, tachycardia
reduces the opportunity for diastolic augmentation. More-
over, the TABP is rendered ineffective with a pulseless
rhythm such as ventricular fibrillation. The magnitude of
volume displacement is theoretically proportional to the
size of the IABP balloon. In adults, IABP sizes are typically
matched to body height and are typically 34 mL (152 cm to
163 cm) and 40 mL (> 164 cm). Since 2011, a 50-mL
IABP has become commercially available.

Early IABP use necessitated a surgical cut-down to gain
access to the femoral artery.”' Femoral arterial access has
evolved to a predominantly percutaneous strategy mainly
owing to the established approach to cardiac catheteriza-
tion. The TABP sheath size ranges from 8.5F to 9.5F. More
recently, the axillary artery has emerged as an alternative
vascular route owing to challenging femoral arterial access
owing to obesity and severe peripheral arterial disease as
well as the need for mobilization for patients in whom lon-
ger duration IABP support is warranted.”*

Although the first IABP study in 30 patients with CS
demonstrated both hemodynamic and survival benefits, sub-
sequent small, non-randomized studies including meta-
analyses questioned the clinical effectiveness of IABP
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therapy in AMI CS. The IABP SHOCK II (Intra-Aortic Bal-
loon Pump in Cardiogenic Shock II) Trial randomized 600
patients who underwent early revascularization with opti-
mal medical therapy to adjuvant IABP support or no sup-
port. The 30-day mortality was no different between the 2
groups and secondary end points were similar.’’ Subse-
quent analysis of long-term outcomes confirmed the
absence of a survival benefit with IABP therapy in this
patient population after 6.2 years of follow-up. The nega-
tive findings of the IABP-SHOCK II Trial prompted down-
grading of IABP use in AMI CS in both European and US
guidelines.

In contrast, randomized control trials of IABP use in
non-AMI CS (eg, severe ADHF) are lacking. Single center
studies have demonstrated adverse outcomes with IAPB
therapy in non-AMI patients with CS requiring inotropes or
vasopressors and with low cardiac power indices.*** %

Complications of IABP therapy include vascular injury
and cholesterol and atheroembolic events, including stroke.
Ischemia owing to balloon and catheter occlusion may com-
promise perfusion to the visceral organs and the ipsilateral
limb to the site of vascular access. Worsening renal failure
may be a consequence of impaired renal perfusion owing to
IABP malposition. Thrombocytopenia may result from con-
sumption and/or use of heparin products.

Management. Optimal TABP management includes
serial chest radiography to ensure appropriate device posi-
tion, anticoagulation, and monitoring for device complica-
tions (Table 1.14).

Nursing Care

Center-based acute MCS device training and device-spe-
cific competency assessment is recommended for all nurs-
ing and support staff caring for patients with acute MCS
devices. This will best ensure staff achieve and maintain an

Table 1.14 Recommendations for the Intra-aortic Balloon
Pump
Recommendation Class Level

Routine IABP use in CS complicating AMIisnot III A
recommended.
IABP can be placed via a femoral or axillary artery II C
using standard techniques for CS.
a When placed via the femoral artery, the IABP
distal marker should be advanced to the level
of the descending aorta below arch vessels.
b When placed via the axillary artery, the IABP
proximal marker should be advanced to
descending aorta below arch vessels.>*°~3*
Conversion of existing femoral arterial access to  II C
TABP access may be performed though the risk
of incomplete sterility should be weighed
against the benefit of atraumatic femoral arte-
rial access.

AMI, acute myocardial infarction; CS, cardiogenic shock; IABP,
intra-aortic balloon pump.

acceptable degree of understanding of the device and its
interactions with the patient. Immediately following MCS
placement, consideration should be given to increased bed-
side nursing presence beyond the typical 1:1 care if patient
acuity warrants. This can be lessened depending on clinical
status of the patient. In addition, increased personnel are
often needed for significant interventions such as transfers,
patient maneuvers, dressing changes and physiotherapy in
patients with large bore cannulas. All relevant medical staff
should be informed of significant interventions as this will
aid support if necessary.
Patient monitoring and care include:

® Regular observation and documentation of MCS
parameters

e Strict monitoring for signs of infection

® Regular monitoring for signs of limb ischemia via obser-
vation, pulse palpation, and/or Doppler examination

® Compartment syndrome surveillance with immediate
surgical consultation if suspected compromise of the
limb

® Ensuring adequate oxygenation by both physical exam-
ination and arterial blood gases because pulse oximetry
may be challenging owing to lack of arterial pulsatility

® Scheduled and frequent monitoring of line positions
and cannula sites; where possible dressings on cannulas
should be transparent to aid in monitoring for bleeding,
hematoma, cannula position, and infection

® Avoiding the use of MCS lines for routine blood draws,
where possible; limited access to the MCS circuit to
minimize risk of infection, bleeding, and mechanical
complications

® Pressure injury prevention should be commenced as
soon as possible; skin should be monitored frequently
with care to avoid development of pressure ulcers

® When possible, the head of the bed should be elevated
at 15°=30° to minimize the risk of aspiration

® Nutrition should be implemented as soon as possible;
careful attention to feeding quality is important with
monitoring of intake, output, and caloric intake when
needed

® As per American Heart Association and European
Society of Cardiology guidelines, targeted temperature
management may be indicated early after resuscitation
of cardiac arrest in patients who remain unresponsive;
however, in a recent large randomized trial of patients
with coma after out-of-hospital cardiac arrest, targeted
hypothermia did not lead to a lower incidence of death
by 6 months compared with targeted normothermia®”*

Task Force 2: Adjunctive Pharmacological
Management

Antithrombotic Therapy

Acute MCS devices vary in size, deployment strategy, and
expected duration of use leading to variation in
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Table 2.1  Risk Factors for Bleeding

General Acute

Older age Worsening renal function

Female sex Impaired hepatic synthetic function
Hypertension Reduced vitamin K production
Diabetes owing to reduced oral intake and

Chronic kidney disease
Chronic liver disease
History of bleeding

antimicrobial agents

Altered platelet count and function
owing to marrow suppression,
splenic sequestration, abnormal
blood flow and shear stress, and
medication toxicity

Right heart failure leading to
hepatic congestion

Acquired von Willebrand's disease

Anticoagulation and antiplatelet
therapy

Size of acute MCS device

MCS, mechanical circulatory support.

antithrombotic therapy requirements. The most common
adverse events for all acute MCS devices are thrombosis,
bleeding and infection. Thrombus can form within a device
or cannula, but also within the heart chambers and around
valves. Bleeding results from a variety of factors including
requirements for concomitant anticoagulation and antiplate-
let therapies as warranted by device- or patient-specific fea-
tures. General risks for bleeding (eg, older age, renal and
hepatic dysfunction) can be exacerbated by these devices.
Ischemic or thromboembolic stroke and intracranial hemor-
rhage are the most devastating events and are associated
with high mortality. Duration of MCS support also factors
into these risks (Table 2.1).

Risk Factors for Bleeding and Thrombosis

Baseline risk factors for bleeding are exacerbated by the
critical status of the patient and need for antithrombotic
therapy (Table 2.1). Shock physiology results in ischemic
tissues and associated declines in renal and hepatic function
that may be further exacerbated by multiple medications.
Reduced oral intake and treatment with antimicrobial
agents reduce vitamin K production needed for coagulation
factor synthesis. Marrow suppression, splenic sequestration
owing to passive hepatic congestion, and medication toxic-
ity can affect platelet count and function. In addition,
abnormal flow and shear stress from the MCS device results
in platelet activation, increased platelet clearance, and in
some cases decreased platelet function despite a normal
platelet count.

Age is a stand-alone risk factor for bleeding, while
chronic kidney disease, diabetes, and hypertension cause
stiffer, more fragile vessels that increase the risk for bleed-
ing. The risk of spontaneous intracranial hemorrhage is of
particular concern in patients over age 75, especially in the
setting of anticoagulants. Certain cardiac physiologies (eg,
aortic stenosis) and other conditions are associated with

development of gastrointestinal angiodysplasia. The use of
anticoagulant and antiplatelet agents exacerbates these
intracranial hemorrhage and gastrointestinal tract bleeding
risks. As described with durable LVADs, acquired von Wil-
lebrand’s disease can occur with temporary ECMO sup-
port.””* Shear stress results in unfolding of the larger von
Willebrand factor multimers allowing ADAMTSI13 to
cleave high molecular weight multimers into smaller multi-
mers. Some degree of acquired von Willebrand’s disease
can exist pre-LVAD implant, which may reflect severity of
HE 35

Although bleeding events are more frequent, thrombotic
events can have more severe consequences, especially
thromboembolic stroke. Thrombotic events can be device-
or patient-related or a combination. In addition to typical
atherosclerotic risk factors, other patient factors (eg, obe-
sity, inflammation, thrombophilia) and medications can
increase thrombotic risk. The devices themselves are the
strongest culprits, as contact activation of coagulation fac-
tors drives thrombin generation. Additional device compo-
nents such as cannulas and external circuits further
augment thrombosis owing to contact surfaces and stasis. In
particular, patients cannulated for ECMO without LV vent-
ing are at high risk for systemic thromboembolism.””> The
risk of thrombosis is also compounded by the need to hold
or decrease anticoagulation intensity in patients with bleed-
ing. With weaning of ECMO flow rates, risk of bleeding
may be enhanced.””°

Preprocedural Management

Most acute MCS devices require anticoagulation unless
contraindicated (eg, ongoing bleeding, profound coagulopa-
thies, bleeding diatheses such as disseminated intravascular
coagulation). Vascular complications (eg, hematoma, pseu-
doaneurysm, arteriovenous fistula, retroperitoneal hemor-
rhage) can occur with any device, and anticoagulation may
further complicate these circumstances or result in compli-
cations of its own (eg, heparin-induced thrombocytopenia
(HIT)).

Several factors need consideration in formulating antico-
agulation targets including preimplant requirements (eg,
mechanical prosthetic value, recent PCI) and end-organ
function.”’ Before device insertion, current use of any anti-
platelet and anticoagulant therapies should be addressed.
Factors used to determine timing of discontinuation include
mechanism of action and duration of pharmacologic effect.
To minimize bleeding risk, duration of withholding therapy
is determined by balancing urgency for acute support with
indication for, and risk of withholding such therapy. In
addition, device-specific requirements (eg, approach to
insertion, coadministration of purge solution) will also
determine early antithrombotic management. Although this
guideline is focused on urgent or emergent acute MCS in
the setting of cardiogenic or pulmonary shock, elective
acute MCS (as noted in the Tables in this section) refers to
planned procedures such as high-risk PCI, ablation of ven-
tricular tachycardias, or transcatheter valve procedures.
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Table 2.2A Recommendations for Antiplatelet Agents for Preoperative Management of Acute MCS
Class of Level of

Recommendation Recommendation Evidence
Clopidogrel and ticagrelor should be discontinued for >24 hours before urgent I C

MCS, unless there is a compelling indication for continued use (see

Table 2.2B).
Clopidogrel and ticagrelor should be discontinued for >5 days and prasugrel for I C

>7 days before elective MCS, unless there is a compelling indication for con-

tinued use.
Cangrelor should be discontinued for >6 hours before urgent MCS, unless there I C

is a compelling reason for continued use.
Short-acting intravenous GP IIb/IIIa inhibitors (eptifibatide or tirofiban) I C

should be discontinued for >2 to 4 hours, and abciximab for >12 hours,
before acute MCS, unless there is a compelling indication for continued use.
In patients requiring surgery within 6 weeks of bare metal stent placement or I C
within 6 months of drug-eluting stent placement, we suggest continuing dual
antiplatelet therapy perioperatively instead of stopping therapy 7 to 10 days

before surgery.

GP, glycoprotein; MCS, mechanical circulatory support

Antiplatelet Therapy

To limit bleeding and the need for blood product transfu-
sions, oral thienopyridine antiplatelet agents and intrave-
nous glycoprotein IIb/IIa inhibitors should be discontinued
before surgical procedures (Tables 2.2A and 2.2B), with
extrapolations made from data in the coronary artery bypass
grafting®® " and durable MCS™®' population. Time since
placement of bare metal vs drug-eluting stents should also
be considered. Data on bridging to acute MCS with intrave-
nous cangrelor, a potent inhibitor of the platelet P2Y12
receptor with a short half-life, is lacking.””

Anticoagulant Therapy

Similar to antiplatelet therapy, perioperative management
of anticoagulant therapy is based on risk of thrombosis vs
bleeding. Discontinuation of IV and oral anticoagulants
depends on pharmacokinetics and, for select agents, renal
and hepatic function (Tables 2.3A and 2.3B). In patients
with an indication for anticoagulation (eg, mechanical heart
valve), bridging should be based upon risk of thromboem-
bolism. While reversal of vitamin K antagonist or IV anti-
coagulant may be warranted in select patients,
administration of a direct oral anticoagulant reversal agent

Table 2.2B  Discontinuation of Thienopyridine Antiplatelet
Agents
Minimum

Discontinuation before Urgent/Emergent
Medication Operation Procedures
Cangrelor ~ 6—24 hours 1 hour
Clopidogrel 5 days 24 hours
Prasugrel 7 days 24 hours
Ticagrelor 5 days 24 hours

for FXa inhibitors is not recommended if there is a need for
intraoperative anticoagulation with unfractionated heparin
(UFH), such as with cardiopulmonary bypass or ECMO,
because the reversal agent also reverses the UFH such that
significantly higher doses of UFH are required to achieve
the target activated clotting time (ACT).

Periprocedural and Postprocedural Management

The primary complexity surrounding periprocedural and
postprocedural management is the variability of anticoagu-
lant requirements among the approved devices (Tables
2.4A and 2.4B), including (1) anticoagulation goals with
device insertion and for duration of use, (2) need for hepa-
rinized purge solution, and (3) device-specific adverse
effects. With select devices, the manufacturer recommends
a goal ACT with no recommendation for activated partial
thromboplastin time (aPTT). Yet, many institutions use the
aPTT for the management of acute MCS devices.

When selecting anticoagulation therapy, patient safety
must be prioritized. Standardization is key, including the
development of different indication-specific heparin order
sets and use of standardized anticoagulant concentrations.
When indicated, the administration of heparin from 2 dif-
ferent sources (ie, peripheral intravenous and Impella purge
solution) requires clear measures to distinguish the heparin
solutions and prevent adverse outcomes. Institution-specific
protocols should establish anticoagulation goals and titra-
tion parameters. Staff and clinician education are
imperative.”*”

IABP

No specific anticoagulation protocol is recommended by
TABP manufacturers. Although IV UFH is considered stan-
dard of care, data supporting this indication is scarce. The
incidence of limb ischemia with IABP use ranges from 1%
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Table 2.3A Recommendations for Anticoagulant Agents for Preoperative Management of Acute MCS
Class of Level of

Recommendation Recommendation Evidence

VKAs should be discontinued approximately 5 days before elective MCS, unless there is a compel- I B
ling indication for continued use.

Vitamin K administration may be warranted for VKA reversal before urgent MCS, with oral admin- I C
istration preferred but intravenous administration warranted for more acute onset.

In patients with a mechanical heart valve, atrial fibrillation or VTE at high risk for thromboem- II C
bolism, bridging anticoagulation is recommended during interruption of VKA therapy.

In patients with a mechanical heart valve, atrial fibrillation or VTE at low risk for thromboembo- II C
lism, bridging anticoagulation is not recommended during interruption of VKA therapy.

For patients receiving VKA, a preoperative goal INR of <1.4 is recommended before acute MCS. I C
Hence, vitamin K or other reversal agents should be considered if the INR is >1.5.

In patients who are receiving bridging anticoagulation with therapeutic dose IV UFH or SC I C
LMWH, protamine administration may be warranted for heparin reversal before urgent MCS.

In patients who are receiving bridging anticoagulation with therapeutic dose IV UFH, UFH II C
should be discontinued 4—6 hours before elective MCS.

In patients who are receiving bridging anticoagulation with therapeutic-dose SC LMWH, the last II C
preoperative dose of LMWH is recommended about 24 hours, instead of 12 hours, before elec-
tive MCS. This duration should be extended to greater than 24 hours in the presence of renal
dysfunction.

In patients who require temporary interruption of a VKA before surgery, anticoagulation should IT C
be resumed approximately 12—24 hours after surgery (evening of or next morning) and when
there is adequate hemostasis.

In patients who are receiving bridging anticoagulation with therapeutic dose SC LMWH and are II C
undergoing high bleeding risk surgery, anticoagulation should be resumed 48—72 hours after
surgery.

The timing of discontinuation of anticoagulant agents before acute MCS should be individual- I C
ized based on pharmacokinetics of the drug and end-organ function of the patient (see
Table 2.3B)

INR, international normalized ratio; IV, intravenous; LMWH, low-molecular-weight heparin; MCS, mechanical circulatory support; SC, subcutaneous;
UFH, unfractionated heparin; VKA, vitamin K antagonist; VTE, venous thromboembolism.

to 8%, whereas the risk of bleeding varies from 4% to 39%.
Proposed bleeding mechanisms include a reduction in plate-
let count and plasminogen activator inhibitor-1 and an
increase in D-dimer and fibrin degradation products.’****
Studies conducted with contemporary IABPs support the
omission of heparin with no significant difference in limb

ischemia and significant increase in bleeding in heparin-
treated patients. Studies evaluating a universal strategy (all
patients treated with UFH) vs a selective strategy (only
patients with additional indications for UFH) also suggest a
higher incidence of bleeding with a universal
strategy.” %"

Table 2.3B  Discontinuation of Anticoagulant Agents
Minimum Discontinuation
Medication Before Operation Additional Considerations

Oral agents

Apixaban 48 hours
Dabigatran CrCl > 50 mL/min: 48 hours Extend for renal dysfunction
CrCL 30—50 mL/min: 5 days
Edoxaban 48 hours
Rivaroxaban 48 hours Extend for renal dysfunction
and hepatic dysfunction
Warfarin 5 days Preoperative goal INR of <1.4
Consider reversal if INR of >1.5
Parenteral agents
SC LMWH 24 hours Extend for renal dysfunction
IV UFH 4—6 hours

CrClL, creatinine clearance; INR, international normalized ratio; IV, intravenous; LMWH, low-molecular-weight heparin; SC, subcutaneous; UFH, unfrac-

tionated heparin.
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Table 2.4A Recommendations for Anticoagulant Agents for Perioperative and Postoperative Management of Acute MCS
Class of Level of
Recommendation Recommendation Evidence
IABP
Systemic anticoagulation may be considered when 1:1 balloon support is provided. Selective anticoa-  II C

gulation may be beneficial in decreasing bleeding complications (implantation site, gastrointestinal and

cerebral hemorrhage).

Systemic anticoagulation is recommended when balloon support is provided every other (1:2) or every I C

third (1:3) cardiac cycle.

In the absence of bleeding, systemic anticoagulation is recommended regardless of balloon support if I C

another indication exists (eg, atrial fibrillation).

After PCI, if using a GP IIb/IIIa antagonist, additional intravenous UFH is not indicated. Intravenous II B
UFH is recommended after cessation of GP IIb/IIIa therapy to target a goal aPTT of 50—70 seconds.

Impella Device

During device insertion, intravenous UFH is recommended to target a goal ACT of >250 seconds (>200 1II C

seconds if patients are also receiving a GP IIb/IIIa inhibitor).

For the duration of support a heparinized purge solution (base fluid dextrose) is recommended to tar-  II C
get an ACT of 160—180 seconds or an aPTT of 55—80 seconds or anti-Xa of 0.3—0.7 U/mL. Additional
systemic intravenous UFH may be needed or the concentration of heparin in the purge and/or systemic

solutions may need to be decreased.

TandemHeart
Before device implantation, intravenous UFH is recommended to target a goal ACT of 250—300 I C
seconds.
For the duration of support a heparinized purge solution (base fluid saline) is recommended to targeta I C
goal aPTT of 65—80 seconds, ACT of 180—220 seconds, or anti-Xa of 0.3—0.7 U/mL.
The standard concentration of heparin in the purge solution may require supplemental intravenous UFH I C
to maintain therapeutic anticoagulation.

CentriMag
After device insertion using cardiopulmonary bypass, anticoagulation is not recommended for 6 I C

—12 hours until clotting profile is normalized. After device insertion not utilizing cardiopulmonary

bypass, a target ACT goal of 200—250 seconds is recommended.

Once chest tube drainage is low per institutional protocol for 2—3 hours, anticoagulation with intrave- II C
nous UFH is recommended to target goal aPTT of 60—80 seconds and/or ACT 160—180 seconds. By

approximately postoperative day 4, the target aPTT is 70—90 seconds and/or ACT 190—210 seconds.

Antiplatelet therapy with 81—325 mg of aspirin per day should be initiated when indicated by improved II C
platelet function. TEG may be used once per day to evaluate antiplatelet needs.

VA-ECMO
Anticoagulation is recommended for patients on VA-ECMO. I B
If using intravenous UFH, target a goal aPTT of 50—70 seconds and/or ACT of 180—220 seconds, I C
obtained 2 hours after initial dose and then every 6 hours.
If using an antithrombin agent, the recommended loading dose is between 80% and 120% of the normal I C

level found in human plasma (45 IU/kg) followed by maintenance doses at 60% of the loading dose.
Obtain antithrombin level at 20 minutes and every 12 hours thereafter or may use aPTT with a goal of 50

—70 seconds.

ACT, activated clotting time; aPTT, activated partial thromboplastin time; GP, glycoprotein; IV, intravenous; PCI, percutaneous coronary intervention;
TEG, thromboelastography; UFH, unfractionated heparin; VA-ECMO, venoarterial extracorporeal membrane oxygenation.

Anticoagulant use for 1:1 support remains controversial
while systemic anticoagulation is more consistently admin-
istered when IABP support is provided every other (1:2) or
every third (1:3) cardiac cycle.”®’ Regardless, each center
should consistently follow a protocol that includes monitor-
ing for thrombocytopenia, infection and bleeding as well as
for thrombotic and vascular complications.

Left Ventricle to Aorta Assist Device

For the Impella device, anticoagulation is achieved by UFH
contained in a purge solution released from the motor

housing. The solution is released in the opposite direction
of blood flow, creating a pressure barrier to prevent blood
entry. A built-in sensor automatically adjusts the purge
flow (typically between 2 and 30 mL/h) to maintain a pres-
sure between 300 and 1100 mm Hg that is required to pre-
vent thrombosis. In addition, intravenous UFH may also be
indicated to achieve goal ACT or aPTT. A heparin concen-
tration of 50 U/mL in 5% dextrose is recommended as the
initial purge solution.

Given the device determines the purge flow rate, fre-
quent adjustment of systemic UFH may be required neces-
sitating anticoagulant monitoring every 4—6 hours. In
addition, the UFH concentration in the systemic and/or
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Table 2.4B  Summary of Anticoagulant Goals for Perioperative and Postoperative Management of Acute MCS
Device ACT Goal aPTT Goal Anti-Xa Goal
IABP Device insertion: 50—70 seconds 0.2—0.5 U/mL
Impella Device insertion: 250 seconds or longer Duration: 55—80 seconds 0.15—0.30 U/mL
Duration: 160—180 seconds 0.3—0.7 U/mL
TandemHeart Device insertion: 250—300 seconds Duration: 65—80 seconds 0.2—0.5 U/mL
Duration: 180—220 seconds 0.3—-0.7 U/mL
CentriMag Device insertion: 200—250 seconds Duration: 60—80 seconds
Duration: 160—180 seconds
VA-ECMO 180—220 seconds Heparin: 1.5—2.5 times baseline 0.3-0.7 U/mL

Argatroban: 1.5—3 times baseline

ACT, activated clotting time; aPTT, activated partial thromboplastin time; IABP, intra-aortic balloon pump; VA-ECMO, venoarterial extracorporeal mem-

brane oxygenation.

purge solution may need to be reduced, especially in low
weight patients.”®’ Finally, patients with axillary cannula-
tion have demonstrated a higher median heparin require-
ment compared with femoral cannulation.’®® If the heparin
purge solution is insufficient to achieve anticoagulation
goals, the addition of titratable, supplemental non-purge
UFH is required. In cases of HIT, a direct thrombin inhibi-
tor (DTI) (bivalirudin or argatroban) outside the purge solu-
tion is recommended. In patients with baseline elevated
aPTT (eg, antiphospholipid syndrome), a customized anti-
coagulation plan can include monitoring heparin anti-Xa
levels, modification of the goal aPTT range, or using an
aPTT reagent insensitive to lupus anticoagulant.”*”

Clinical trials of the Impella device vary widely in anti-
coagulation administration and goals. In the ISAR-SHOCK
study, the purge solution contained no heparin and only
intravenous UFH (goal aPTT 60—80 seconds) was adminis-
tered.”’ In PROTECT 11, intravenous UFH or bivalirudin
was used with a goal ACT of more than 250 seconds; the
purge solution was not described.”® The IMPRESS in
Severe Shock trial with the Impella CP did not report anti-
coagulation management.®” Recently, 2 reports of anticoa-
gulation practices with Impella devices were published.
One review of 6 studies found that purge solutions of 5%
and 20% dextrose were used as well as UFH 12, 25 or
50 U/mL to reach target aPTTs between 55 and 85 seconds
and target ACTs of 160—200 seconds.’® Similar therapeu-
tic aPTTs, thrombotic events and bleeding events were
observed; pump thrombosis was not reported. In another
survey of 65 centers, clinical practices varied considerably
and often diverged from manufacturer recommendations.””
Less than 20% of centers had an alternative strategy for
patients with contraindications to heparin, although approx-
imately 60% reported using argatroban or bivalirudin.

Left Atrial to Aorta Assist Device

With the left atrial to aorta assist device (TandemHeart),
anticoagulation is necessary to prevent thromboembolism
or in situ thrombosis. The external controller directs flow
rate of a purge solution to prevent thrombus formation in

the centrifugal pump housing. The manufacturer recom-
mends different anticoagulation goals at device insertion vs
the duration of device support. For the purge solution, a
default UFH concentration of 90 U/mL is used and a saline-
based fluid is mandatory as dextrose-containing products
may damage the device motor.

In a single center trial, an ACT of 180—200 seconds was
targeted in patients randomized to TandemHeart verses
TIABP, the former received UFH via the purge solution and
the latter received intravenous UFH.”” The TandemHeart
group experienced significantly greater blood product
requirement and limb ischemia. In another study, patients
in the TandemHeart group were anticoagulated to a target
ACT of 400 seconds or longer with device insertion and
ACT of 180—200 seconds during device support. Although
the complication rates were similar between groups, 1
patient in the TandemHeart group experienced device fail-
ure and another required device explantation owing to can-
nula thrombosis.'**

CentriMag

Although the CentriMag was designed to minimize blood
trauma, special consideration with anticoagulation is still
warranted. Owing to postoperative bleeding, recommenda-
tions for time to re-initiation of anticoagulation vary by
implantation method. In addition, pump thrombosis may be
minimized by maintaining pump flow of greater than
4 L/min. Anticoagulation goals are increased as organ func-
tion and hemostasis improve.

No randomized clinical trials for anticoagulation with
CentriMag are available. In 3 small retrospective studies,
anticoagulation with UFH was initiated once the chest
drainage was less than 50 mL/h. The target ACT was 160
—180 seconds or aPTT of 60—80 seconds or, alternatively,
an aPTT of 50—60 seconds.””®*’" An UFH dosage of 5 U/
kg/h to achieve target values was cited in only 1 study.
Antiplatelet therapy in 2 studies consisted of aspirin 75 mg
and 100 mg/d from the first postoperative day. Bleeding
complications with re-exploration rates varied from 29% to
37%.



e30 The Journal of Heart and Lung Transplantation, Vol 42, No 4, April 2023

VA-ECMO

Similar to cardiopulmonary bypass circuits used in cardiac
surgery, VA-ECMO involves both a venous and arterial
cannula. The nonendothelial surface of ECMO leads to an
inflammatory and prothrombotic response associated with a
consumptive coagulopathy. While surface coatings (hepa-
rin, albumin, or phosphorylcholine) aim to reduce activa-
tion, anticoagulation is standard practice. Both hemorrhagic
and thrombotic complications can develop from excessive
or inadequate anticoagulation resulting in embolic or hem-
orrhagic stroke, or cannulation complications (eg, venous
thrombosis or distal arterial ischemia). Unfortunately, the
ideal level of anticoagulation or monitoring targets are not
defined.”’

The most widely used anticoagulant for patients on
ECMO support is UFH. At the time of cannulation, an ini-
tial bolus of 50—100 U/kg is recommended, but this may be
unwarranted if the patient has previously been anticoagu-
lated. Although the ACT and aPTT are most commonly
used to monitor UFH for ECMO, it is unclear which method
has greater reliability. The ELSO 2017 guidelines recom-
mend an ACT range of 180—220 seconds.’’” In conjunction
with ACT, target aPTT 1.5—2.5 times baseline and anti-Xa
levels of 0.3—0.7 IU/mL may be used.”’~*"* Lower goals
may be considered with high bleeding risk. Thrombotic
events were reported with anti-Xa levels of 0.09 (0.06
—0.25) U/mL compared with patients with no thrombotic
complications at levels of 0.36 (0.26—0.44) U/mL despite
no difference in median aPTT between groups.’’*

The sensitivity of aPTT to UFH is reduced in the setting
of an inflammatory response, which induces high fibrinogen
levels.'®' Monitoring with thromboelastography or rota-
tional thromboelastography has been explored. In the set-
ting of ECMO, rotational thromboelastography, and aPTT
do not provide equivalent information to guide heparin
administration and may lead to excessive anticoagula-
tion.””> ACT measurement reproducibility is limited by the
activator used and the measurement technique. Measured
aPTT in platelet-poor plasma is not influenced by the plate-
let count or hematocrit, which explains why aPTT may bet-
ter correlate to heparin concentration during ECMO
support compared with ACT.””> Recent ECMO guidelines
include reference to thromboelastography monitoring,
fibrinogen replacement, cryoprecipitate supplementation as
well as AT III monitoring and supplementation. For patients
with HIT, bivalirudin or argatroban should be considered—
heparin must be avoided. With hemodynamic instability
contributing to reduced hepatic or renal clearance, conser-
vative initial doses and judicious monitoring are warranted.

In a systematic review and meta-analysis of VA-ECMO
studies, major bleeding and thromboembolic events were
compared as follows: no anticoagulation (0%—91% and 0%
—45%), a target ACT of less than 180 seconds (0%—35%
and 0%—35%), a target ACT of more than 180 seconds
(0%—69% and 0%—47%), an aPTT at target value (32%
—38% and 0%—16%), and mixed methods of anticoagula-
tion (7% —40% and 0%—15%). Major bleeding events were
highest in the postcardiotomy (0% —91%) and eCPR (10%

—38%) groups.”’® In patients with postcardiotomy shock
treated with VA-ECMO, central cannulation is associated
with increased risks of bleeding and in-hospital mortality
compared with peripheral cannulation.””’

eCPR

The existing literature around anticoagulation during eCPR
is limited to descriptive practices of procedures in emer-
gency departments. Overall bleeding risk is high, with dis-
seminated intravascular coagulation observed in 50% of
cases. Patients with overt disseminated intravascular coagu-
lation less frequently received anticoagulants, and if started
later received a larger quantity of blood products.’’® Before
cannulation, intravenous UFH bolus dosage varies between
3000 and 5000 TU.?”” The initial aPTT target is 40—60 sec-
onds; after stabilization, the aPTT target may be increased
to 70—90 seconds. Bleeding events have been reported
regardless of aPTT values, including fatal bleeding from
chest trauma (Table 2.5).

Management of Bleeding

Early vs Late Bleeding

Bleeding complications in acute MCS are common and fre-
quently necessitate withdrawal of anticoagulation
(Table 2.5). Early bleeding is often associated with vascular
damage during device implantation at larger bore access
sites. Procedure-related bleeding rates vary between 17%
and 30% with a lower incidence in high volume
centers.’”"*?%073%3 If pleeding occurs in the femoral ves-
sels following acute MCS insertion, a femoral compression
device should be used to control bleeding, and acute surgi-
cal revision performed to avoid blood loss and leg ischemia.
In cases of early bleeding with the subclavian/axillary
artery approach, compression and acute surgical revision is
also required.’””*'® If the source of bleeding is unclear,
computed tomography angiography is suggested to rule out
vessel injury.

After device insertion, parameters for monitoring antico-
agulation with each device (eg, ACT, aPTT) are provided
above (Tables 2.4A and 2.4B). Daily monitoring of addi-
tional parameters (eg, international normalized ratio, pro-
thrombin time, factor X and V, fibrinogen, and platelet
count) may also be warranted for safety. In the absence of
bleeding, minor deviations from normal clotting parameters
may occur but corrections should be avoided owing to the
risk of thrombosis and stroke.”®” If bleeding occurs, poten-
tial etiologies for coagulopathy should be addressed, fol-
lowed by the use of fresh frozen plasma or other
appropriate factor concentrates. Because acquired von Wil-
lebrand disease is also commonly reported with acute
MCS, substitution of von Willebrand factor is
recommended.”****

If bleeding is persistent, anticoagulation targets may be
lowered. Complete discontinuation of anticoagulation is
warranted in the setting of severe, life-threatening bleeding.
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Table 2.5 Recommendations for Management of Early and Late Bleeding

Class of Level of
Recommendation Recommendation Evidence
In early bleeding owing to insertion of acute MCS in the femoral or subclavian vessels, local I C

compression and acute surgical evaluation is recommended.

If unclear etiology of bleeding, CT angiography is recommended to rule out vessel injuries. I C
Acute or late non-surgical bleeding may be managed with platelet administration (target I C

100,000), coagulation factors and discontinuation of other contributing therapies (eg, anti-
platelet agents) unless compelling indications exist for continued use.

For acute or late bleeding which cannot be stopped by correction of platelet count or coagula- I C
tion factors, UFH may be lowered to achieve an ACT of 140—160 seconds and/or an aPTT of 40

—50 seconds.

In the setting of bleeding, substitution of VWF is recommended; substitution of other coagula- I C
tion factors should be considered cautiously.

In the setting of life-threatening bleeding, full discontinuation of all anticoagulation may be I C
necessary.

To prevent and manage bleeding, careful monitoring of anticoagulant therapy (eg, ACT, aPTT) I C

and platelet count is warranted.

In the case of stroke, specialists in neurology and neurosurgery should guide anticoagulation. I C
Depending on stroke type, discontinuation of anticoagulation as well as acute MCS therapy

may be necessary.

ACT, activated clotting time; aPTT, activated partial thromboplastin time; CT, computed tomography; MCS, mechanical circulatory support; UFH,

unfractionated heparin; vWF, von Willebrand factor.

Acute and late nonsurgical severe bleeding may be man-
aged with platelet administration (target platelet count
100,000), coagulation factor support and discontinuation of
other contributing therapies (eg, antiplatelet agents) until
bleeding ceases. Compelling indications for continued use
(eg, antiplatelet therapy with recent PCI) should be consid-
ered.

Management of Other Bleeding Events

Bleeding events such as gastrointestinal or uterine bleeding
are common during long-term acute MCS (eg, days-weeks)
owing to required anticoagulant administration and damage
to blood components owing to device-related sheer stress.
Reported rates of non-device related bleeding vary between
13% and 30%.°*®'" When bleeding occurs, direct correc-
tion by transfusion or modification of anticoagulation may
be necessary. In severe cases, discontinuation of anticoagu-
lation and administration of coagulation factors may be
required. In the case of stroke owing to intracranial hemor-
rhage, the prevention of neurological damage is of greatest
importance and anticoagulation should be guided by the
treating neurologist and neurosurgeon.

Implications of Blood Transfusions

Many patients requiring acute MCS are likely to become
candidates for heart transplantation. As such, transfusion of
blood products should be administered cautiously and only
if strictly necessary given the risk for allosensitization.”™
Nevertheless, as many as 30% to 40% of acute
MCS patients require blood transfusions especially
females.”®"**”  An acute decline in hemoglobin or

hematocrit, increasing vasopressor requirement, continuous
suction events associated with the device, and declining
central venous pressure or mixed venous oxygen saturation
may warrant blood transfusion. Some centers have policies
in place that mandate the use of irradiated, leukoreduced
blood products to reduce the risk of allosensitization.

Management of Thrombosis and Thromboembolic
Events

Thrombosis during acute MCS is a severe complication that
may necessitate discontinuation of device support.”** Stan-
dard of care in the setting of hemodynamically significant
thrombosis is urgent replacement of the original device
with a new temporary device. In cases of severe hemody-
namic instability, urgent replacement with durable MCS
should be considered. Medical treatment is advised for
hemodynamically stable patients with suspected device
thrombosis or peripheral thromboembolic events. Possible
therapeutic options include heparin, GP IIb/Illa inhibitors
and DTIs. Given that most devices require anticoagulation,
the use of thrombolytic agents that further increase the risk
of bleeding and hemorrhagic stroke is not recommended.
Currently no randomized, prospective data exist on the
treatment of thrombosis with temporary MCS devices and
experience comes only from retrospective case series.

UFH and Low-molecular-weight Heparin

Although the use of purge solution without heparin in acute
MCS devices is described, suspected device thrombosis
warrants strict compliance with ACT levels of more than
160 seconds.”®” Further intensification of UFH to achieve
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an ACT of 180—200 seconds may also be considered. The
addition of titratable, supplemental nonpurge heparin may
be required for optimal anticoagulation %3707
Because the risk of bleeding complications remains high,
UFH is preferred over low-molecular-weight heparin given
short half-life and ease of titration.

GP IIb/IIIa Inhibitors

There is currently no evidence to support the use of GP IIb/
IIla inhibitors for the treatment of device thrombosis or
thromboembolic events in patients with acute MCS.

DTIs

Of the available DTTs, argatroban has been used most fre-
quently in treatment of suspected MCS device thrombo-
sis.”® Vigilant monitoring of aPTT or anti-Xa levels is
recommended. Intensification of therapy to a higher target
aPTT may be considered. ACT may also be monitored with
a recommended target of at least 160—180 seconds.
Because aPTT is nonlinear at concentrations that can be
achieved on the ward, careful monitoring should occur in
conjunction with close follow-up for bleeding

. : 219,363,394
complications.”' %%

Thrombolytic Therapy

Although thrombolytic agents may be considered to dis-
solve clots in acute MCS devices, complications such as
hemorrhagic stroke and other serious bleeding events
remain high. In a case series of suspected Impella thrombo-
sis, tissue plasminogen activator administration in the
Impella purge solution (0.04 or 0.08 mg/mL tPA in sterile
water) demonstrated success in five cases with resolution of
high purge pressures and low purge flow rates and no major
bleeding.””” In the absence of controlled data with thrombo-
Iytics, device exchange should be considered a safe alterna-
tive.

HIT Before Acute MCS

HIT is a prothrombotic disorder that is the result of anti-
body formation to a complex of heparin and platelet factor
4 (PF4). The development of these antibodies follows a
characteristic time course after heparin exposure, and the
clinicopathologic diagnosis requires both specific clinical
findings and laboratory test results. These antibodies can
result in activation of platelets and resultant thrombosis
with associated high morbidity and mortality. However, not
all antibodies that are formed activate platelets or cause
thrombin generation.

A drop in platelet count occurring 5—10 days after UFH
exposure is the sine qua non of HIT. If HIT is suspected,
the 4T score (Table 2.6) can be used to calculate the proba-
bility as low, intermediate or high. Other scoring systems,
including the HIT Expert Probability Score, have also been
proposed.””® A low score is associated with a high negative
predictive value but a high score is less predictive.””” If the
suspicion is of intermediate or high probability, the patient
should be empirically treated, and an immunologic assay to
detect heparin/PF4 IgG antibodies should be sent. If the
immunoassay is positive, the functional serotonin release
assay, which has approximately 90% specificity and sensi-
tivity, should be checked. However, limited lab availability
requiring send-out testing typically results in a long turn-
around time and need to treat patients before results are
available.

Patients with intermediate or high probability 4T scores
should have all heparin products discontinued immediately,
immunoassay testing sent, and initiation of an alternative
anticoagulant such as a DTI (argatroban or bivalirudin)
while awaiting test results. Alternative non-heparin anticoa-
gulants should be used even if the patient does not have
thrombosis, as the risk of thrombosis is approximately
50%, often with limb or life-threatening thrombotic events.
Limited data support the use of fondaparinux and direct
oral anticoagulants.””® If HIT is confirmed, the patient can
be transitioned to warfarin if on a DTI once the platelet
count has recovered to baseline, or one of the alternative

Table 2.6  The Four T Score
Score
Variable 2 1 0
Thrombocytopenia >50% AND 30%—50% OR <30% OR
(decrease from baseline) nadir >20,000 nadir 10,000—19,000 nadir <10,000
Timing of platelet count fall 5—10 days OR >10 days OR <4 days without recent hepa-

Thrombosis

Other cause of
thrombocytopenia
Total score

<1 day and heparin exposure
within 30 days

New thrombosis, skin necrosis
or systemic reaction to hep-
arin bolus

None

6—8, high suspicion

<1 day and heparin exposure
in past 30—100 days

Progressive or recurrent
thrombosis or non-necrotiz-
ing skin lesions

Possible

4—5, intermediate suspicion

rin exposure

None

Definite

0—3, low suspicion
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agents. Recognizing that fondaparinux has a long half-life
of 17—20 hours, its use in patients at high risk of bleeding
is concerning. Upfront treatment of HIT with a direct oral
anticoagulant is limited to case series and appears to be
confined to stable patients without thrombosis. Patients
without thrombosis should be treated with anticoagulation
for a minimum of 1 month, whereas those with thrombosis
should be treated for a minimum of 3 months.

For patients with acute MCS requiring anticoagulation
with heparin, the development of HIT can be challenging.
Alternative anticoagulants can be used with temporary sup-
port devices despite limited data, but for patients who
require surgery with cardiopulmonary bypass, the use of
alternative agents is particularly problematic. Strategies to
avoid the development of HIT, such as the use of DTI in
durable LVAD patients who need parenteral anticoagula-
tion and are awaiting heart transplant have been used at
some institutions. Similarly, strategies to remove the hepa-
rin/PF4 antibodies with immediate preoperative plasmaphe-
resis, or the use of high-dose IV immunoglobulin, have
been reported in small series with apparent success.’”’
Although 80% of patients will clear the antibody by
90 days, some patients can have the heparin/PF4 antibody
persist for up to 1 year. The serotonin release assay will
become negative before the ELISA-detectable PF4 anti-
body clears.

Antimicrobial Therapy

There are limited published data on the diagnosis and man-
agement of acute MCS device infections. Most practices
are based on retrospective studies and meta-analyses of cur-
rent literature, as well as expert opinion. The vast majority
of the literature addresses infections related to ECMO cir-
cuits or durable MCS device infections, such as LVADs.

Definitions and Types of Infection

Unlike definitions developed to classify infections in
patients with durable VADs,4°° there is no standardized
classification of infections related to acute MCS devices. In
a similar format, however, infections can be divided into
MCS specific infections, MCS related infections, and non
—MCS-related infections, with some differences
(Table 2.7). The main difference is the fact that durable
LVADs are always intracorporeal and long-term. There-
fore, classifying infections in these patients is easier to stan-
dardize. In contrast, there are “grades” of acute MCS,
varying significantly from minimal (IABP) to maximal
(central, open chest) invasiveness.

® MCS-specific infections include those that are specific to
patients with acute MCS devices, are related to the
device hardware, and do not occur in non MCS patients.
Examples include ECMO cannula infection or infection
involving the surgical site where the device was inserted.
® MCS-related infections are those that can also occur in
patients who do not have an MCS device, but have
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Table 2.7 Classification of LVAD and Acute MCS Device
Infections
LVAD Acute MCS

Specific Cannula Cannula

Pump pocket

Driveline
Related Endocarditis Endocarditis

Bloodstream infection
Mediastinitis*

Others (eg, pneumo- Others (eg, pneumo-
nia, UTI, C difficile) nia, UTI, C difficile)

LVAD, left ventricular assist device; MCS, mechanical circulatory
support; UTI, urinary tract infection; C. difficile, Clostridium difficile
infection.

*With central cannulation (eg, venoarterial extracorporeal mem-
brane oxygenation, surgical CentriMag).

Bloodstream infection
Medjiastinitis
Unrelated

unique features specific to the presence of an MCS
device (eg, blood stream infection, infective endocardi-
tis).

e Nonacute MCS infections are those that are not affected
by the presence of the device itself (eg, pneumonia, uri-
nary tract infection, Clostridium difficile infection).

It can be hard to differentiate device related infections
from the infections that occur owing to critical illness or
ICU stay that may be related to the presence of multiple
intravenous and/or intra-arterial lines and tubes.

Rates of Infection

Infection rates differ depending on the type of acute MCS
device. For example, IABP infection rate is reported as less
than 1%,"" compared with 4%—18% in patients with
ECMO support.*’>*"* Infection is least with peripherally
inserted devices that do not require surgical cut-down,
increases if the insertion of the device requires surgical cut-
down or graft conduit, and is highest in centrally placed
devices requiring a sternotomy with or without an open
chest. The presence of an oxygenator adds additional risk
for development of infection, most likely owing to the large
artificial contact surfaces between blood and exogenous
material."”* The risk of infection also increases with the
duration of support (eg, risk is markedly higher with longer
duration of ECMO support) and in patients with higher sim-
plified acute physiology scores.*"**"

Diagnosis of Infection

Diagnosis of infection in patients supported with an acute
MCS device can be challenging, and clinicians should
maintain a high level of alertness for subtle signs. As body
temperature is controlled by the ECMO circuit, using fever
as a marker for infection in this population is not helpful.
Serial measures of white blood cells, C-reactive protein,
and procalcitonin may be used, although the systemic
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inflammatory response triggered by blood-prosthetic sur-
face interaction can also cause biomarker release.””” The
diagnosis of acute MCS infection is usually based on care-
ful review of the clinical scenario, evaluating the insertion
site for presence of localized signs of infection and/or find-
ing positive blood cultures during acute MCS support or
within 48 hours of device discontinuation. It may be diffi-
cult to distinguish positive blood cultures that are due to the
presence of an infected device vs another source of infec-
tion. Diagnosis can be confirmed by obtaining a culture of
the explanted device cannula, keeping in mind that a nega-
tive culture of the cannula does not necessarily exclude a
device related infection.*”®

Organisms

Coagulase-negative staphylococci are the most frequently
reported organisms, followed by gram-negative bacteria
such as Pseudomonas species. Enterobacter and Acineto-
bacter species are disproportionately more commonly
reported causes of infection in ECMO patients compared
with other patients in the surgical ICU."”> Fungal infec-
tions, such as Candida are less common, but can be espe-
cially challenging to manage in the presence of an acute
MCS device. """

Complications Related to Infection

Infectious complications during acute MCS are associated
with increased morbidity and mortality. Nosocomial infec-
tions can increase the risk of death by 38% to 63% in
patients on ECMO support.*’”*'” The presence of a blood
stream infection during ECMO support is an independent
risk factor for adverse outcomes, with up to 3-fold increase
in mortality.*'"*"?

Antimicrobial Therapy

Periprocedural Prophylaxis. There are no data to support
routine prophylactic antibiotic use in patients with acute
MCS and no standardized approach to perioperative antibi-
otic prophylaxis (Table 2.8).*'" Among centers that use
antimicrobial prophylaxis, the duration as well as choice of
antibiotics varies from center to center. Most centers use
first-generation cephalosporins or vancomycin, while the
use of antifungal prophylaxis is rare.

The ELSO Infectious Disease Task Force recommends
following standard principles of surgical prophylaxis, with
use of a single dose of antibiotics, and at the most 24 hours
of duration, with either open or percutaneous cannulation.
Exceptions include patients who require transthoracic can-
nulation owing to increased risk of mediastinitis. In choos-
ing a prophylactic regimen, multiple factors, such as how
long the chest is expected to stay open, the circumstances
under which the chest was opened, the likelihood of con-
tamination (opened in the operating room vs urgently in the
ICU), preexisting skin colonization or infections (methicil-
lin-resistant S aureus, fungal), as well as overall immune
status of the patient, should be considered.*'"

Empiric Treatment. When choosing empiric antimicro-
bial therapy for acute MCS, consideration should be given
to covering the most common organisms grown from blood
cultures in such patients, such as coagulase-negative Staph-
ylococcus, S aureus, Pseudomonas species, other gram-neg-
atives, S aureus, and C albicans. Prophylactic antifungal
therapy should be considered in high-risk patients owing to
the high mortality risk of such infections.

Targeted Treatment. There are no specific antibiotic rec-
ommendations to guide therapy in patients with acute MCS
devices and infection. The choice of therapy should be
based on usual principles for that particular infection. It
should also be recognized that achieving therapeutic

Table 2.8  Recommendations for the Management of Infection with Acute MCS
Class of Level of
Recommendation Recommendation Evidence
Management of infection with acute MCS via peripheral cannulation
For percutaneous devices, routine antibiotic prophylaxis is not recommended. I C
For surgical cut-down without a graft, routine antibiotic prophylaxis is not recommended. I C
For surgical cut-down with a graft, periprocedural antibiotic prophylaxis (eg, cefazolin or I C
vancomycin) should be considered.
Infection of percutaneous devices should be managed as a central line infection. A surgical I C
cut-down with or without a graft should be managed as a surgical site infection.
Management of infection with acute MCS via central cannulation
For tunneled devices, routine periprocedural antibiotic prophylaxis (eg, cefazolin or van- I C
comycin) should be administered. Infection should be managed as a tunneled central line
infection, and wound infection managed as a surgical site infection.
In the setting of a sternotomy, routine periprocedural antibiotic prophylaxis (eg, cefazolin I C

or vancomycin) should be administered. For open chests, postprocedural antibiotic prophy-
laxis should be administered according to the institution’s open chest protocol. Manage-
ment of infection should be individualized based on extent, severity and pathogen
identified.

MCS, mechanical circulatory support.
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concentrations of certain antibiotics may be challenging
owing to high volume of distribution on ECMO, and doses
have to be adjusted accordingly.

For infections in patients with peripherally inserted acute
MCS devices, duration of treatment should follow guide-
lines for treatment of central line associated infections.*'”
Patients with centrally placed acute MCS devices or devices
that require an open chest need to be evaluated and treated
based on the extent and severity of infection. Continued
positive blood cultures despite appropriate antibiotic ther-
apy warrants further diagnostics to evaluate an unidentified
source of infection, or consideration of exchange of the
whole acute MCS device owing to concern for an acute
MSC device-specific infection.””

Role of Surgical Intervention

Removal of the device when possible is the best treatment
approach, especially if complications associated with the
presence of acute MCS are present, such as severe sepsis,
septic emboli, suppurative thrombophlebitis, or persistent
bacteremia for more than 3 days. Certain types of infection,
such as S aureus, Pseudomonas, nontuberculous mycobac-
teria or fungi also warrant device removal, if possible, or at
least site relocation.”'® The role of antimicrobials for sec-
ondary prophylaxis if blood cultures clear but the device is
maintained has not yet been studied.

Prevention of Infection

The ELSO Infectious Disease Task Force recommends that
an ECMO circuit be treated as a protected central line.
Chlorhexidine as a solution of choice for disinfection is
also recommended. Application of guidelines for preven-
tion of ventilator associated pneumonia, early shift to
enteral nutrition (EN), avoiding and removing unnecessary
central lines and invasive devices, and avoiding insertion of
long-term intravenous access during ECMO support, are
also recommended as preventive measures.

Other Resources

® Plavix [package insert]. Bridgewater, NJ: Bristol-
Myers Squibb; 2019.

o Effient [package insert]. Indianapolis, IN: Eli Lilly and
Company; 2019.

® Brilinta [package insert]. Wilmington, DE: AstraZe-
neca Pharmaceuticals LP; 2019.

® Integrelin [package insert]. Whitehouse Station, NIJ:
Merck & Co., Inc.; 2019.

® Aggrastat [package insert]. Westpoint, NJ: Merck &
Co., Inc.; 1998.

® Reopro [package insert]. Indianapolis, IN: Eli Lilly and
Company; 1997.

® Pradaxa [package insert]. Ridgefield, CT: Boehringer
Ingelheim Pharmaceuticals, Inc.; 2018.

e Xarelto [package insert]. Titusville, NJ: Janssen Phar-
maceuticals, Inc.; 2011.

¢ Eliquis [package insert]. Princeton, New Jersey: Bris-
tol-Myers Squibb Company; 2019.

e Savaysa [package insert]. Basking Ridge, NJ: Daiichi
Sankyo, Inc.; 2019.

o Kengreal [package insert]. Cary, NC; Chiesi USA, Inc.;
2020

Task Force 3: Specific Patient Populations

Task Force 1 described a general framework for patient and
device selection when managing cardiogenic or pulmonary
shock with acute MCS and outlined standard periprocedural
and postimplantation care. However, the population of
patients presenting with CS is heterogenous. A range of
patient characteristics, comorbidities and specific shock eti-
ologies may alter the risks and benefits of acute MCS strate-
gies or necessitate additional management considerations
beyond the standard MCS critical care approach. Recogni-
tion of these features enables clinicians to tailor CS man-
agement to the individual patient and optimize outcomes.
Women, adults with congenital heart disease, frail and/or
elderly patients, and patients with cachexia, malnutrition,
or obesity who require acute MCS for the management of
CS would each benefit from further research to refine best
clinical practices.

Women

Sex-based differences in patient presentation, management
and outcomes have been observed in many CV conditions,
including for patients with CS (Table 3.1). The epidemiol-
ogy is best described in CS secondary to AMI, where
women tend to present at a later age and with a higher
comorbidity burden, for example more often with diabetes
and renal dysfunction.”*'”*'* Some studies have described
poorer outcomes for women with AMI-CS.'**'? Disparities
in management have been observed whereby women pre-
senting with AMI-CS are less likely to receive early coro-
nary revascularization than men.'”*'” There are also data
suggesting underuse of acute MCS for women with CS,
with for example 43% vs 55% (P < .001) IABP deployment
in women vs men presenting with STEMI and CS in an NIS
cohort.'” There are limited prospective sex-specific data
regarding the safety and efficacy of acute MCS, although
some registry data suggest poorer outcomes with MCS
deployment in women. However, the literature mostly indi-
cates that outcomes for women are at least equivalent to
those for men,2:6374417:420421

The apparent underuse of acute MCS in women with CS
may be secondary to delays in recognition and management
of AMI and CS, and potentially to concerns around suitabil-
ity of MCS for female patients.*”” Sex-specific device
safety and efficacy data are sparse and although encouraged
by the US Food and Drug Administration (and should be
encouraged by other regulatory bodies internationally), are
not currently mandated before device approval. The ten-
dency for smaller body size and smaller arterial caliber
raises concerns regarding the risks of major bleeding and
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Table 3.1 Recommendations for Women and Acute MCS
Class of Level of

Recommendation Recommendation Evidence
Women requiring acute MCS may be at increased risk of access site complications and limb I C

ischemia owing to smaller caliber vessels, and active mitigation of these potential compli-

cations should be sought during MCS deployment and management. Alternative peripheral

access techniques may be necessary to improve flow and/or access.
Women with severe peripartum cardiomyopathy and CS should receive prompt deployment of I C

acute MCS, mostly as a bridge to myocardial recovery, and, managed in conjunction with

maternal—fetal medicine specialists.

(S, cardiogenic shock; MCS, mechanical circulatory support.

peripheral vascular complications in women receiving
MCS. The potential for limb ischemia is a major limitation
of more novel MCS strategies such as percutaneous subcla-
vian artery IABP placement, and operators may be con-
cerned that women are at greater risk of such injuries. IABP
sizing can also pose a challenge in female patients, with
height incompletely predicting optimal device length to
avoid complications such as mesenteric or renal arterial
compromise.*****

In the case of peripheral VA-ECMO deployment, the
smaller arterial caliber of women further increases the
importance of antegrade perfusion cannulas at the femoral
artery access site to prevent distal ischemia.”’® Patients
may require Dacron grafts anastomosed to the axillary
artery or the femoral artery to permit cannula connections
to the graft for initiation of ECMO. Considering these sex-
specific concerns in MCS deployment techniques, it is
essential that future device clinical trials are adequately
powered to determine safety and efficacy in women, thus
providing an opportunity to recognize and mitigate any dis-
parities in adverse event profiles.

A particularly important subgroup of patients is those
presenting with CS secondary to peripartum cardiomyopa-
thy, defined as the onset of HF within the last month of
pregnancy or up to 5 months postpartum with an LVEF of
less than 45% and no other cardiomyopathy etiology."*
Despite the acuity of many presentations, the majority of
patients experience partial or complete myocardial recov-
ery.”° It is however imperative to adequately support the
patient at the time of presentation as a small proportion of
cases will require acute MCS mostly as a bridge to recov-
ery, and a few may require bridge to durable support and
possible transplantation.

The European Society of Cardiology published guide-
lines on the management of acute severe peripartum cardio-
myopathy that include consideration of 2.5 mg
bromocriptine twice daily in patients requiring acute
MCS.**” No preference between devices is stipulated in the
European Society of Cardiology guidance, beyond use of
VA-ECMO if respiratory support is required. There is lim-
ited data indicating good CS outcomes with the use of early
acute MCS support and bromocriptine.*** MCS choices can
become particularly complex when CS presents before
labor. An assisted vaginal delivery is often preferred by
obstetricians, owing to its lower physiological demands for

mother and neonate compared with a cesarean delivery.
However, the requirement for the lithotomy position during
a vaginal delivery contraindicates femoral vessel access for
MCS. Anticoagulation increases the risk of uterine bleeding
after either a vaginal or cesarean delivery and therefore
should be minimized early post partum.

Patients of Minority Race or Ethnic Groups

There are few data on the incidence, management, and out-
comes of CS with respect to race and ethnicity, but avail-
able US data raise the possibility of disparities in MCS
deployment. Among patients with AMI-CS, NIS data from
2003 to 2010 showed a higher incidence of shock in
patients of Asian/Pacific Islander race, but lower rates of
both early mechanical revascularization and IABP support
among African American patients (IABP use in 47.3% of
African American patients vs 49.9% of White patients;
adjusted odds ratio, 0.85; 95% confidence interval, 0.81
—0.90; P < .001)."* In-hospital mortality was highest in
patients with Hispanic ethnicity. In an NIS ADHF-CS
cohort, there was a similar incidence of shock between
racial groups and a higher mortality rate in Whites.'” A
real-world registry of 270 patients admitted across 16 US
cardiac ICUs for CS described non-White race for 35.7% of
patients who did not receive MCS, vs 25.2% of patients
receiving IABP support only, vs only 18.0% of patients
receiving advanced MCS support (defined as all acute MCS
devices other than IABP).*”” Cultural differences by race
and ethnicity surrounding patient and next of kin decision-
making in the critical care setting are incompletely under-
stood, especially with respect to acute MCS.**"

Patients with ACHD

Growing evidence is justifying the expansion of MCS use
in patients with ACHD (Table 3.2). Although patients with
ACHD with durable MCS have longer length of stay, they
have similar rates of adverse events, readmissions, func-
tional status, and quality of life outcomes compared with
patients without ACHD. Specifically, for LVADs, survival
in patients with ACHD is equal to patients without
ACHD.*' Two main patient cohorts exist in ACHD: Fon-
tan patients and non-Fontan patients. Non-Fontan patients
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Table 3.2 Recommendations for Patients With ACHD
Class of Level of

Recommendation Recommendation Evidence
Patients with non-Fontan ACHD, including those with systemic RV failure, should receive II C

similar forms of acute MCS as patients without ACHD.
In patients with Fontan ACHD, central VA-ECMO cannulation is superior to peripheral cannu- II C

lation to drain venous return from aortopulmonary collaterals, decompress the ventricle,

and improve lung resuscitation.
In Fontan patients requiring mechanical circulatory support, acute MCS can be used before II C

durable MCS to allow for assessment of neurologic status, and ensure that flow through the

Fontan and pulmonary circulations would provide adequate inflow for a durable VAD.
In Fontan patients, IABP or Impella should be used with caution especially if there is a II C

Damus Kaye Stansel connection as experience with both is limited.

ACHD, adult congenital heart disease; IABP, intra-aortic balloon pump; MCS, mechanical circulatory support; RV, right ventricular; VAD, ventricular

assist device; VA-ECMO, venoarterial extracorporeal membrane oxygenation.

with ACHD are often grouped with non-ACHD adults as
their physiology is not critically different and survival after
transplantation is equivalent.**”

Frail and/or Elderly Patients

Among an aging population, an increasing proportion of
patients considered for MCS will be elderly and/or have a
high comorbidity burden.””> The ELSO registry assessed
in-hospital survival between 1992 and 2015 for elderly
patients (defined as patients >70 years of age) undergoing
VA-ECMO for CS. Survival to hospital discharge was 31%
in the elderly patient group compared with 43% in younger
adults (P < .001). Elderly patients had a higher rate of mul-
tiorgan failure and decreased survival, but a subset of
patients 70 years of age and older with fewer comorbidities
and a reversible etiology of CS can experience better
outcomes.***

Frailty is a state of increased vulnerability to stress
related to diminished homeostatic capacity across multiple
physiologic systems and can be characterized by sarcope-
nia, reduced energy expenditure, and weight loss, usually
occurring in the presence of chronic comorbidities. Frailty
is common in older adults and was demonstrated by Fried
and colleagues to contribute to increased risks of falls, dis-
ability, hospitalization, and mortality.””> Patients with
chronic HF and precardiac surgery are increasingly
assessed for frailty, but there is limited data specific to
CS.**° For patients receiving a durable LVAD, frailty is
associated with prolonged intubation, hospital length of
stay, and long-term (but not short-term) mortality.”’’
Among patients receiving transcatheter aortic valve
replacement, the Hospital Frailty Risk Score was associated
with short- and long-term mortality, longer length of stay,
and all-cause rehospitalization.**® Multiple other tools have
been used to quantify frailty, including the Fried index
derived from the Cardiovascular Health Study and the
Study of Osteoporotic Fractures metric.””” Handgrip
strength may be a reasonable screening tool for conscious
patients who have stabilized during an acute presentation.

Although there is no CS-specific data, handgrip strength
correlates with outcomes in patients with other CV dis-
eases.”"” Gender-specific handgrip strength thresholds for
sarcopenia are less than 27 kg for men and less than 16 kg
for women.**!

For patients with advanced HF, the HF-dependent com-
ponent of frailty can reasonably be expected to improve
after LVAD or transplantation, especially with the support
of a multidisciplinary rehabilitation team. However, it
remains uncertain whether patients in CS with frailty can
be expected to achieve similar functional recoveries after
an acute MCS bridge either to recovery or durable LVAD
support.

Malnutrition and cardiac cachexia, which is a complex
metabolic wasting syndrome characterized by unintentional
edema-free weight loss, anorexia, inflammation and abnor-
mal biochemistry, occurs in at least 10%—20% of patients
with chronic HF and adversely affects prognosis.**?~**
The prevalence and prognostic implications of malnutrition
and cachexia in CS are not well-described, although the
critical care literature has established poor nutritional status
as a strong mortality risk factor.”*”*** A lower body mass
index (BMI) is associated with higher mortality after heart
transplantation, and therefore it is important to recognize
severe malnutrition and/or cachexia while considering
prognosis and destination after acute MCS.**’

Patients admitted with CS meeting cachexia criteria
(unintentional weight loss of >7.5% over prior 6—12
months or a BMI of <18.5 kg/m?) or with a positive malnu-
trition screen (eg, a Nutrition Risk in the Critically Ill
[NUTRIC] score of >5) could particularly benefit from reg-
istered dietician  nutritionist (RDN) consultation
(Table 3.3)."°° It has not yet been established whether
aggressive nutritional support aids cachexia reversal during
CS, but it is considered reasonable to address protein—calo-
rie inadequacy during the critical care admission, especially
for patients requiring optimization preoperatively to transi-
tion from acute to durable MCS.*'*>

The Society of Critical Care Medicine and American
Society for Parenteral and Enteral Nutrition guidelines for
nutrition support therapy in critically ill patients offer useful
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Table 3.3 Recommendations for Patients With Malnutrition and Cachexia
Class of Level of
Recommendation Recommendation Evidence
In all patients, particularly for those with cachexia or a positive malnutrition screen, I C
nutrition consultation is recommended.
In patients with evidence of malnutrition, it is reasonable to increase protein—calorie II C

intake once CO is supported, especially during a preoperative optimization phase for

transition from acute to durable MCS and/or transplantation.

(0, cardiac output; MCS, mechanical circulatory support.

recommendations.”**>* The use of enteral nutrition (EN)

increases mesenteric oxygen demand and thus EN should
not be started for patients with CS until gastrointestinal per-
fusion has been stabilized by MCS deployment.*”* Once
the CO is appropriately supported, EN can be instituted at a
low rate (“trophic” feeding, <500 kcal/day) within 24
—48 hours of intensive care admission. Vasopressor or par-
alytic medications are not contraindications to EN initiation
and trophic EN can improve gut perfusion and integrity in
patients with a vasopressor requirement.

These society guidelines recommend advancing EN to
goal over the first week of admission once the biomarkers
of tissues perfusion (eg, lactic acid levels) have normalized,
vasopressors have been minimized and paralytics discontin-
ued, with a goal of 25—50 kcal/kg/d. For patients not meet-
ing these EN goals for more than 7 days and/or who are
unable to receive 60% of caloric needs with EN, parenteral
nutrition is an option. Use of parenteral nutrition sooner
than 7 days is limited to patients who are particularly high
risk (eg, NUTRIC score of >5) or unable to tolerate EN,
but not within 48 hours of admission. Nutrition goals spe-
cific to patients with CS, and the usefulness of early EN in
preventing bacterial translocation and intestinal complica-
tions for patients with MCS, should be prospectively exam-
ined in future clinical trials.

Patients with Obesity

Recent clinical trials of interventions for chronic HF have
typically included at least 50% of patients who meet BMI
criteria for obesity (=30 kg/mz) (Table 3.4).*° The
ELSO registry does not collect BMI data, but the weight
of patients surviving to hospital discharge was lower than

those who did not survival to discharge (77 &+ 19 kg vs
80 + 24 kg; P < .001) in an ELSO cohort.'” There may,
however, be an obesity survival paradox for patients pre-
senting with CS, at least within the BMI range of 30.0
-39.9 kg/mz: among a 54,044-patient US sample of
AMI-CS between 2005 and 2014, the adjusted odds ratio
for in-hospital mortality for patients with less severe obe-
sity (BMI of 30 to <40 kg/mz) was 0.82 (95% confidence
interval, 0.76—0.90), whereas patients with severe obe-
sity (BMI of >40 kg/m?) had higher mortality (1.17; 95%
confidence interval, 1.05—1.32) compared with non-
obese patients.””® This mirrors experience with durable
LVADs.””” Outcomes for patients with obesity who
receive acute MCS are less clear, but the reported experi-
ence with percutaneous cannulation for ECMO in
patients with obesity has been reassuring. A German
cohort of patients with BMI of greater than 35 kg/m?
supported by peripherally cannulated VV- or VA-ECMO
had comparable outcomes to patients without obesity,
with 74% of VV patients and 52% of VA patients suc-
cessfully weaning from support, and only 3% of patients
requiring a surgical intervention for limb ischemia, with
bleeding in 5% and wound infection in 2%."*

Despite reassuring outcomes reported from an experi-
enced center, in practice the potential for cannulation site
complications remains a major concern when managing
patients with obesity in CS. Femoral access may be more
challenging to obtain swiftly in a patient with excess adi-
posity and significant cannulation site bleeding may not be
recognized promptly. Obesity is generally associated with a
higher comorbidity burden that may also impact CS man-
agement, and patients with a BMI of more than 35 kg/m?
may be ineligible for heart transplantation, thus affecting
MCS strategy plans.*”

Table 3.4 Recommendations for Acute MCS in Patients with Obesity

Class of
Recommendation Recommendation Level of Evidence
Patients with obesity may be ineligible for transplantation or durable MCS based on insti- I C

tutional guidelines.

In patients with obesity, axillary or central cannulation may be more appropriate than I C
femoral cannulation in cases where the femoral vessels are poorly accessible.

MCS, mechanical circulatory support.
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Table 3.5 Recommendations for Acute MCS in Myocarditis
Class of Level of

Recommendation Recommendation Evidence
Acute MCS should be considered as bridge to recovery or transplantation in hemodynami- I C

cally unstable patients with fulminant myocarditis.
Patients should be referred to specialized centers for timely endomyocardial biopsy and I C

appropriate treatment.
For patients who received an endomyocardial biopsy while on acute MCS, it is reasonable I C

to discontinue anticoagulation for 6—24 hours to decrease the risk of post-biopsy car-

diac tamponade.
Diagnostic workup and treatment specific to the myocarditis diagnosis (eg, giant cell I C

myocarditis, checkpoint inhibitor myocarditis) should be initiated as soon as possible,

irrespective of the use of MCS.

MCS, mechanical circulatory support

Special Considerations by Acute MCS Indication

Among patients hospitalized for myocarditis, approxi-
mately 2%—6% present with fulminant myocarditis and
severe clinical instability including CS and ventricular
arthythmias (Table 3.5)."°" Despite limited data, acute
MCS can be valuable as a bridge to recovery or transplanta-
tion in hemodynamically unstable patients with fulminant
myocarditis, with the device selection dependent upon
patient-specific criteria (eg, predominant LV or RV fail-
ure).®" Survival to discharge was 61% in an ELSO series
of 150 patients with acute myocarditis supported by VA-
EMCO. Importantly, such patients require prompt referral
to specialized centers to allow for timely endomyocardial
biopsy and treatment initiation. Endomyocardial biopsy
should be performed as soon as possible in all patients with
suspected myocarditis and CS, and, if the initial findings
are inconclusive but clinical suspicion remains high, should
be repeated.”®’ Specific immunosuppressive therapy should
be considered and used where indicated, at least as an initial
trial while determining myocardial response, to try to pro-
mote cardiac recovery.*®!

Postcardiotomy shock is a life-threatening entity that
occurs infrequently after elective cardiac surgery, but is
associated with significant morbidity and mortality. It is
defined as acute HF after open heart surgery which leads to
an inability to wean from cardiopulmonary bypass or leads
to an acute decompensation in the early postoperative
course. It is one of the most common indications for MCS
and is associated with an in-hospital mortality of up to

50%.°> Prompt initiation of MCS leads to the greatest
chance of survival to discharge (Table 3.6). The use of an
IABP alone offers limited benefit in cases where the ino-
trope requirement is high. Despite lack of guidelines, VA-
ECMO has become the first line therapy for postcardiotomy
shock."™ A recent report found the use of a concurrent
TIABP with VA-ECMO to be an independent protective fac-
tor for in-hospital mortality.”®’ Central and peripheral VA-
ECMO cannulation appear to have similar results. There is
growing evidence that other modalities of temporary MCS
may offer a survival advantage in patients with postcardiot-
omy shock.*®* Durable MCS is rarely used as an initial ther-
apy for postcardiotomy shock.

Almost 50% of patients treated with MCS devices had
prior CPR, which is associated with worse outcomes.*®
Furthermore, there is an increasing use of eCPR; an early
observational study has reported an association with
improved outcomes in selected patients (Table 3.7).%%°
Although overall survival to hospital discharge post-eCPR
has been in the region of 30%, at present there is insuffi-
cient evidence to recommend a widespread adoption of this
approach.” However, eCPR might be feasible in tertiary
care centers with an established VA-ECMO program, usu-
ally restricted to younger patients with a witnessed cardiac
arrest, short no-flow time, a primary rhythm that may be
cardioverted, and/or a reversible etiology. Centers should
provide an on-call, interdisciplinary eCPR team (eg, anes-
thesiology, cardiac surgery, cardiology, intensivist and per-
fusionist) and a dedicated ICU. For postresuscitation
patients supported by VA-ECMO, serial neurologic

Table 3.6 Recommendations for Postcardiotomy Shock
Class of Level of
Recommendation Recommendation Evidence
Patients who are unable to be weaned from cardiopulmonary bypass or who develop I C
refractory shock shortly after separation should be considered for acute MCS.
The use of an IABP alone is of limited value in refractory postcardiotomy shock but may I B

add value in combination with VA-ECMO.

IABP, intra-aortic balloon pump; MCS, mechanical circulatory support; VA-ECMO, venoarterial extracorporeal membrane oxygenation.
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Table 3.7 Recommendations for VA-ECMO—assisted Resusci-
tation and Postresuscitated Patients

Level of
Recommendation Class Evidence
VA-ECMO—assisted resuscitation can II C

be considered for selected patients
treated at centers with sufficient
experience in the use of MCS.
Centers providing VA-ECMO I C
—assisted resuscitation should
provide an on-call, interdisciplin-
ary team and a dedicated cardiac
intensive care unit.
Postresuscitation patients on VA- I C
ECMO should undergo serial neuro-
logic assessment

MCS, mechanical circulatory support; VA-ECMO, venoarterial extra-
corporeal membrane oxygenation.

assessment is warranted to detect potentially fatal compli-
cations (eg, intracranial hemorrhage, hypoxic brain injury)
as early as possible. Additionally, serial measurement of
brain-specific biomarkers such as neuron-specific enolase
might add useful information to identify patients with likely
neurologic impairment.”®” In patients on VA-ECMO with
serious neurologic complications, further decision-making
should be made in close discussion with the patients’ next
of kin/health care proxies and should ideally include clini-
cians with palliative care expertise (see Task Force 4 for
details).

Task Force 4: Goals of Care and Role of
Palliative Care, Social Work, and Ethics

Shared Decision-making and Informed Consent
Setting

Decision-making for acute MCS is complex (Table 4.1).
These decisions frequently involve a variety of complex
options, the potential to create indefinite dependence on a
temporary treatment, a high degree of uncertainty in out-
comes, the potential for significant suffering, the inability
to engage an unconscious patient, and a strong emotional
state of the people involved, and are further complicated by
the rapidity with which many of the decisions must be
made and revisited. These decisions are not simple weigh-
ing of length of life vs quality of life; rather, they are better
framed as a high-risk, high-reward situation. Patients with
life-threatening cardiopulmonary illness can be exposed to
invasive interventions, often preventing death through a
prolonged period of critical illness. The hope is that with
stabilization these patients will either recover—which is
often only partial and can leave patients with significant
limitations in health status—or bridge to longer-term treat-
ment strategies such as heart transplantation or durable
LVAD—which also come with their own tradeoffs. But
there is also the third outcome of worsening complications

and patient death. Therefore, engagement of patients and
families through expectation setting and shared decision-
making has the potential to alter the course of care, dimin-
ish suffering, avoid adversarial relationships, lower deci-
sional regret, and limit disagreements over eventual
withdrawal of support if some situations eventually become
futile.

Shared decision-making and informed consent are cen-
tral to medical decision-making in acute MCS."*® They
require that clinicians, patients, and families share informa-
tion with each other and work toward decisions about treat-
ment that are medically reasonable and best aligned with
patients’ values, goals, and preferences. In the setting of
acute MCS, clinicians may argue that they know best how
to implement temporary support to stabilize patients. How-
ever, the ethical principle of autonomy recognizes the rights
of patients to choose their therapies, if possible, from
among reasonable available options, and this can and
should occur even in the setting of acute MCS. In some
emergency situations, this may not be feasible such as acute
decline in clinical situation or patient consciousness.
Informed consent includes not only the procedural details
but also comprehension of the benefits and risks of the
offered therapy and available alternatives, including contin-
uation and withdrawal of ongoing treatments.**’

Informed consent and shared decision-making work to
uphold the principle of patient-centered care, 1 of the 6 pil-
lars of health care quality identified by the Institute of Med-
icine.””" The implication is that therapies with expected
benefit and recommended by guidelines should be offered
but need to be discussed among the range of potential strat-
egies, paying attention to how the various options align
with individual patient preferences. For a recently healthy
patient with an acute event resulting in cardiopulmonary
collapse, initiation of extracorporeal life support (ECLS) is
often the obvious immediate option for most patients. Simi-
larly, for patients who develop progressive multiorgan fail-
ure or catastrophic events (eg, major stroke) in the setting
of preexisting multimorbidity and frailty, withdrawal of
care may be the appropriate option. For most of these deci-
sions, patients have the right to choose what is done to
them from among medically reasonable options, including
the choice to forego care.”’"*"?

Setting Expectations

As discussed in Task Force 1, assessment is fundamental to
the process of implementing acute MCS. Similarly, antici-
pation is a central tenet of decision-making, particularly in
the setting of hemodynamically unstable patients with high
rates of morbidity and early mortality. Each patient is
unique, and each clinical situation is dynamic, such that
risk models and care algorithms only provide a starting
point from which to tailor care. This uncertainty should not
deter discussions with patients and families, but rather
should be acknowledged as an inherent part of decisions
regarding future care with ranges of expected outcomes for
each option.
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Table 4.1 Recommendations for the Goals of Care and Role of Palliative Care, Social Work, and Ethics
Class of Level of
Recommendation Recommendation Evidence
In patients for whom acute MCS is considered, shared decision-making and informed consent of I C
the patient or healthcare proxy should be used.
Setting expectations for acute MCS should be done before implantation if possible, or as soon as I C
possible thereafter.
Iterative discussions about options should be held at scheduled time points, or with changes in I C
clinical status.
If durable MCS or organ transplant is being considered during a period of acute MCS, use of deci- II B
sion aids or open discussion of risks and benefits may help families assess preferences and
goals of treatment options.
Palliative care consultation is recommended in patients with acute MCS to assist with symptom I C
management, goals of care discussions, and complex decision-making.
Psychosocial evaluations should be used in acute MCS to guide decision-making regarding dura- I C
ble MCS or organ transplantation.
Exchange to a durable MCS device should preferably be made with primary person informed I C
consent.
If the medical condition changes so that bridging options are no longer viable, then the deci- I C
sion to withdraw or discontinue acute MCS support is a clinical one that is ethically supported.
Withdrawal of acute MCS should be done following a transparent discussion with the patient (if I C
possible), the family and the medical team.
Patients may request withdrawal or discontinuation of acute MCS at any time. I C
The acute MCS care team should be aware of the local legal statutes regarding discontinuation I C
and withdrawal when placing short-term assist devices.
In complex patient care scenarios with an ethical question, an ethics consultation may be II C
reasonable.
The use of acute MCS in the setting of public health emergencies, such as HIN1, SARS, and I C

COVID-19 should follow similar ethical guidelines as acute MCS in other clinical settings.

COVID-19, coronavirus disease 2019; MCS, mechanical circulatory support; SARS, severe acute respiratory syndrome.

The initial decision to institute acute MCS is challeng-
ing. Not only is it often rushed, but application of the acute
MCS can create indefinite dependence on devices that are
designed to be used temporarily. Therefore, even in the
most emergent situations, every effort should be made to
allow patients or their designated proxies to be aware of
plans to initiate acute MCS to stabilize a patient, with
efforts by the medical team to learn about any previously
unknown contraindications or care directives that would
preclude or complicate the treatment. It should also be rec-
ognized that the public knowledge of ECLS and MCS in
general may be lacking and that there may be a significant
amount of therapeutic misperception about what MCS can
achieve."”**7*

Clear rules with hard cutoffs to acute MCS initiation
usually find exceptions. Therefore, guidelines have gener-
ally suggested parameters but rejected absolutes. A com-
monly encountered example is the desire to clarify
decision-making through the application of an upper age
cutoff for ECLS. Chronological age should always be sup-
plemented with additional information about the patient;
although increasingly advanced age is associated with sig-
nificantly worse outcomes, such that many use age more
than 65 years as a relative contraindication to VA-ECMO,
and at some point age above some threshold—75—80 years
—becomes dominant.*”> "’

After the initiation of acute MCS, the series of options
that may be presented to patients is also often complex, and
may change frequently with the clinical situation, requiring
major decision-making on the part of the patient and family.
Common scenarios arising after initial stabilization with
ECLS include initiation of continuous renal replacement
therapy (creating further dependence on a temporary device),
surgery to address bleeding, additional surgery for reconfigu-
ration of support devices and attachments, and decisions
about how to bridge to longer-term support options that may
be altered by changing status and information. Examples of
the clinical trajectory that impact ongoing decision-making
include some of the following: worsening HF or fibrotic
stage ARDS that make recovery less likely, transfusion-
related sensitization that raises the risks and may decrease
the likelihood of organ transplant, and prolonged anuria or
RV failure closing options for durable LVAD. As a result,
the temporary “bridging” nature of acute MCS often evolves
from bridge to bridge, bridge to recovery, bridge to trans-
plant, bridge to LVAD, and bridge to withdrawal.

How to Discuss Options

Given the dynamic nature of critical illness, one of the argu-
ments for acute MCS is to allow time to engage patients and
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families. Good shared decision-making involves an itera-
tive approach that respects the dynamic nature of cardiopul-
monary shock.

Research has shown that most patients and families want
accurate and honest conversations with clinicians.*’**7’
However, these complex conversations face potential bar-
riers. Difficult decisions about life and family stimulate
powerful and complex emotions that may prevent process-
ing of important information. Attention to informational
preferences, learning styles, health literacy, anxiety and
depression, cognitive limitations, cultural and religious dif-
ferences, and language barriers are critical to facilitate
informed discussions.’****" Family and caregiver dynam-
ics, particularly with regard to surrogate decision-making,
can further complicate the goal of matching therapy to
patient values and preferences. Conflict can arise when an
intervention desired by the patient or family is not aligned
with medical realities or the patient’s stated goals.

To navigate these barriers, clinicians must be highly
skilled in communication. Early elicitation of values, goals,
and preferences is necessary to guide future discussions of
possible therapeutic options and decision-making. Specific
skills and tools that clinicians can integrate into their prac-
tice include the Ask-Tell-Ask format for communicating
difficult information, the N-U-R-S-E mnemonic (Naming,
Understanding, Respecting, Supporting, Exploring) for
dealing with complex emotions, and decision aids for
enhancing the communication of difficult quantitative infor-
mation and integration of patient values, goals, and
preferences.*®'**** These tools can help frame the conversa-
tions to focus on what is meaningful to the patient (Vital-
Talk.org, TheConversationProject.org). The “Best Case,
Worst Case” approach™ using scenario planning is one
that can be particularly powerful in both outlining major
options while also capturing uncertainty; it also uses story-
telling around possible outcome states that capture a range
of potential patient experiences that go beyond survival sta-
tistics (Fig. 4.1).484 These skills are not innate and can be
learned; education is irnportant.“s’486

Decision Aids

Decision aids are tools that help patients and caregivers
become involved in decision-making by providing informa-
tion about the options and outcomes and by assisting
patients in clarifying their personal values. Decision aids
come in various forms including booklets, pamphlets, vid-
eos, and web-based systems (see http://decisionaid.ohri.ca/)
and are designed to complement, not replace, a clinical
encounter and dynamic discussion. They can be conceptual-
ized broadly as either aids to assist the patient during or
independently from the face-to-face encounter. Decision
aids attempt to present probabilities of the risks and benefits
in ways that patients can understand, including side-by-side
comparisons of options. The concept of “gisting” what is
most important to patients is integrated into decision aid
design. A fundamental aspect of decision aids that goes
beyond a mere informational tool is that they explicitly

work to clarify patient values. Substantial evidence sug-
gests that decision aids help patients to make better deci-
sions.”*’ """ An LVAD decision aid has been shown to
improve decision quality for patients with advanced HF,
one-quarter of whom were making the decision while in the
ICU.49 1,492

Palliative Care

Engagement of formal palliative care specialists can be
helpful in identifying goals of treatment, and setting expect-
ations; although, 1 randomized trial of palliative care con-
sultation with families of patients with chronic critical
illness in the ICU did not demonstrate benefit in the anxiety
and depression score for the surrogate decision-makers.*””
In contrast, a palliative-care trained social worker-led inter-
vention in recently hospitalized patients with advanced HF,
including a structured evaluation of prognostic understand-
ing, end-of-life preferences, symptom burden, and quality
of life followed by communication of this information to
treating clinicians, improved documented goals of care and
prognostic estimates by patients for their own survival.*”*

Palliative care is specialized medical care for individuals
living with a serious illness. The primary goals of palliative
care are to provide relief from the symptoms and stress of
illness and to improve quality of life for patients and fami-
lies. Palliative care can begin at diagnosis and continue
through the end-of-life and is often provided alongside dis-
ease modifying treatment. Palliative care is sometimes
delivered by palliative care interdisciplinary teams, which
can work alongside the patient’s primary clinical teams to
provide care. The availability of specialty palliative care
teams varies by location.”” Primary palliative care refers to
palliative care delivered by clinicians who are not palliative
care specialists, such as cardiologists or internists. More
complex aspects of serious illness treatment, such as com-
plex symptom management and challenging goals of care
discussions, can benefit from the involvement of palliative
care specialty teams or ethics consultation services. Hos-
pice is a specific type of palliative care provided when a
patient is terminally ill with limited life expectancy and
life-prolonging strategies are no longer the primary focus of
care. Hospice care can be provided in the hospital, at home,
in a hospice facility, or in a skilled nursing facility. In the
United States, hospice care is usually paid for by the
patient’s medical insurance and is subject to more rules and
restrictions than other types of palliative care. Some thera-
pies for end-stage HF such as continuous inotropes, may
not be possible with all hospice agencies and this is impor-
tant to know when having discussions with patients and
families about their treatment options.’”® In patients with
acute MCS who decline or are not candidates for durable
MCS, but are able to have acute MCS removed, inpatient
hospice or even home hospice may be an option.

Although palliative care specialist involvement is rec-
ommended in durable MCS, there are limited data on its
effectiveness in improving patient outcomes. Single center,
observational reports have suggested that palliative care
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BEST CASE:
. Several hour long operation
2-3 days in the ICU, 1-3 weeks in hospital,
Some inpatient rehabilitation

*  3-6months - a new-normal of

independent function
Long term: Electrical cord coming out of
your abdomen, need for drive line care

BEST CASE:
. Invalve the palliative care team

Remove the Impella

You get medication to relieve

anxiety, pain, and difficulty

breathing.

Your family will be able to be with

and blood thinners, dependent on
external battery, with intermittent blood
tests and visits to doctors

MOST LIKELY: +

= Several hour long operation

ICU for 7-10 days
Dialysis for a few weeks
3-4 weeks in the hospital

1-2 months in a chronic care facility

Once home - dependent on your family \
for several months for most daily activities

Long term: Electrical cord coming out of

your abdomen, need for drive line care \
and blood thinners, dependent on

external battery, with frequent visits to
doctors

‘WORST CASE:
- Several hour long operation —

Weeks in the ICU on a ventilator possibly /

e you
Palliative / *  Asmall chance that you could go

heme with home hospice and die a
Care . v
few days to weeks later with your
family around you.

MOST LIKELY:

O~

. Involve the palliative care team
\ . Remove the Impella

. You become unconscious and die
within a few minutes to a few
hours, with your family at the
bedside in the ICU

WORST CASE:

BN

never waking up
Immediate complications such as right /

heart failure, kidney failure, pneumonia,
stroke, bleeding, or an infection

You are unable to leave the ICU. These
complications lead to prolonged life
support and eventual death possibly after
decision is made by you and your family to
turn off the LVAD

Fig. 4.1

\ *  Involve the palliative care team
. Remove the Impella

. You are groggy and confused, with
some discomfort, as the team and
your family have difficulty trying to
keep you comfortable while also
allowing you to be awake enough to
interact with them
You might die within a few days

Best case and worst case scenarios to be used in dialog between patient, family, and clinicians during medical decision-making.

The best case/worst case handwritten graphic is tailored to the specific patient and their current situation, highlighting reasonable medical
options side by side and then the expected range of outcomes based on currently available data and clinician experience. The best and worst
outcomes are drawn initially at the same level but can be adjusted to reflect the patient’s stated values of each outcome after discussion with

483,484,543 484

the patient. (adapted from

). The example presented here could represent a 78-year-old patient with chronic heart failure and sig-

nificant comorbidity progressing to cardiogenic shock who has been stabilized on acute MCS with a decision to be made regarding transi-
tion to long-term durable LVAD support or to a comfort measures approach. For an explanatory video, see: https://www.youtube.com/
watch?v=FnS3K44sbu0. LVAD, left ventricular assist device; MCS, mechanical circulatory support.

specialists can be integrated into MCS teams and may
improve implementation of advance care planning.*”’~*"
There are even fewer and only retrospective data on
involvement of palliative care teams in patients requiring
acute MCS. Palliative care teams may be used in sicker
patients.””>°" One single center study suggested that palli-
ative care teams were consulted in 48% of patients receiv-
ing acute MCS, and were more often involved in patients
with prolonged ICU stays and MCS duration.””” There are
data on palliative care involvement in patients with
advanced HF and those critically ill in the ICU that may be
relevant to patients with acute MCS. In a randomized trial
in caregivers for chronic critically ill patients on ventilators
in the ICU, the use of palliative care-led informational and
emotional support meetings compared with usual care did
not reduce anxiety or depression symptoms and may have
increased post-traumatic stress disorder symptoms.””’ In
patients with advanced HF not receiving MCS, palliative
care involvement has been shown in limited populations to
improve patient satisfaction, symptom burden, and quality
of life.”*>% Most notably, the Palliative Care in Heart
Failure trial randomized 150 patients with advanced HF
and high estimated mortality to usual care with palliative
care intervention vs usual care alone. Patients randomized
to receive the palliative care intervention had more
improvement in depression, anxiety, and quality of life

scores with no difference in hospitalization or mortality
compared with usual care alone.””

There are many ways that palliative care teams can pro-
vide support to patients and families in the setting of acute
MCS, including addressing complex symptom needs, assist-
ing with clarifying patient preferences and complex deci-
sion-making, and providing emotional and spiritual
support. Palliative care clinicians have expertise in the man-
agement of a multitude of symptoms common in patients
with advanced HF considering MCS, such as pain, refrac-
tory dyspnea, and depression. In the setting of acute MCS,
they can assist ICU and MCS teams in treating these com-
plex symptoms in the context of HF and multimorbidity.
They are also able to assess the psychosocial needs of
patients and families. The interdisciplinary palliative care
team often includes individuals such as social workers and
chaplains that can help to provide an extra layer of support
to loved ones who may be struggling to cope.

Furthermore, palliative care clinicians are communica-
tion experts. Early in the process of acute MCS, these skills
can be helpful in preparing patients and families for likely
clinical scenarios, setting expectations, and eliciting prefer-
ences for care. In the setting of durable MCS, this is often
referred to as preparedness planning,””* and includes delin-
eation of goals of care and review of quality of life prefer-
ences before durable MCS implantation. In the setting of
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acute MCS, preimplantation palliative care consultation
may not be possible if decompensation occurs suddenly.
However, palliative care teams can still assist with eliciting
preferences for care after acute MCS is in place through dis-
cussions with patients and/or surrogate decision-makers. If
a patient’s condition worsens despite acute MCS, palliative
care teams can help MCS teams, patients, and families to
make difficult choices about whether to pursue additional
interventions. When the patient is approaching the end of
life, palliative care teams can help to navigate the transition
to comfort-focused care and withdrawal of MCS support if
indicated.

Psychosocial Evaluations

Since the initial use of cardiac assist devices, candidate
evaluation has included both assessments of medical and
psychosocial factors. The psychosocial evaluation is typi-
cally completed by a master’s prepared social worker. A
recent International Society for Heart and Lung Transplan-
tation consensus document details content of the psychoso-
cial evaluation for durable MCS.”"” This process is also
needed for patients with acute MCS being considered for
transition to durable MCS. The domains explored are the
same as the evaluation for heart transplant candidacy but
also include a focus with the MCS patient on knowledge
about and ability to operate the device. Patients need to
demonstrate a capacity to care for their device and have a
social support system that is available, reliable, and
helpful. However, the group of patients with acute MCS,
who are critically ill and possibly newly diagnosed with
cardiac disease, may not be able to be as involved in the
assessment process. During this urgent evaluation, the abil-
ity to assess the patient’s cognitive status and determine
their ability to care for a longer term device can be chal-
lenging. In these situations, the evaluator must turn to the
patient’s support system to provide knowledge about the
patient’s functioning and collateral medical information.

Key areas to focus on in the urgent psychosocial evalua-
tion include past treatment adherence, mental health history
and current status, past and current use of substances/alco-
hol/nicotine products, cognitive status, and social sup-
port.”>” MCS patients with histories of non-adherence with
care recommendations are at greater risk for postimplant
complications and this should be considered in discussions
of goals of implantation, that is, bridge to recovery vs
bridge to durable MCS.”"*”%" Prior history of medication
compliance and psychiatric mood disorders and substance
use disorders are reasonable to incorporate into decisions
about transitioning acute MCS to more durable support or
transplantation.””>>'®  Similarly, incorporation of the
patient’s social support system which will provide both
practical and emotional support is important.

Although there is a small amount of literature for MCS
patients, for transplant patients, helpful and reliable sup-
ports are associated with better outcomes both pre and post-
transplant and also with increased adherence, longer sur-
vival time and lower risk of substance use disorder relapse,

lower risk of mental health issues and increased quality of
life.”'""'> When evaluated, but especially at times of medi-
cal crisis, it may be difficult for the patient and family/sup-
ports to process the extensive information about LVAD and
achieve a clear understanding of the complexities of
care. The patient and family may feel desperate, and any
treatment option may seem possible and positive when they
are facing near imminent death. They are often not able to
have in-depth discussions about the treatment and are
unable to meet other patients with LVADs to learn more
about MCS from a patient-perspective. Nonetheless, it will
be important to recognize the value of psychosocial assess-
ment in setting expectations of the implantation, and in try-
ing to avoid psychosocial settings which have been
associated with increased complication rates for durable
MCS. This is increasingly important when there is consider-
ation to change from acute MCS to a durable device.”'*'°

Importance of Primary Person Consent

Although urgent acute MCS may be implanted without a
long preexisting period of disease, it is nonetheless impor-
tant for health care providers to recognize that living with
durable MCS is challenging and is something that would
not be acceptable to all people. There is a significant mor-
bidity associated with VAD implantation, and because of
the high intensity medical treatment that is necessary, and
the changes in body morphology, patients need to be
involved in plans for exchange.”'’ Therefore, in general,
acute MCS should be used in place of durable MCS until a
patient is able to provide informed consent.

Ethics of Acute MCS Withdrawal

If support was initiated for the purpose of bridging therapy
to transplant or durable VAD, and that is no longer an
option, then the decision to discontinue therapy should be
made on clinical criteria. This is not a patient or surrogate
decision.””" Although the decision should be made with
input from family, surrogate decision-makers, palliative
care, and VAD coordinators, continued support on acute
MCS without an end point should be avoided. For some
people, discussion about withdrawal of support or end-of-
life decisions is viewed as disrespectful. In these settings,
use of structured interview tools might help clinicians.
Fewer than 50% of patients present with advance
directives,”'®”'” and fewer still with specific data regarding
acute MCS to help guide clinical care.”” For medical
teams, defending autonomy is a principle, just as it is essen-
tial to prepare to declare futility. Communicating with
stressed family members to set limits for therapies requires
specialized skills and attitudes. Fewer than 50% of patients
are involved in decision-making in these
circumstances.”'®?"-"?% It is important to prepare a plan for
situations in which acute MCS is no longer beneficial for
the patient. The process of turning off the devices must be
coordinated by an interdisciplinary team; involving pallia-
tive care services reduces costs and shortens the stay in
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intensive care.”'’"**** Talking in detail with the patient in
the context of possible complications and futility, before
the establishment of support is a measure that can be con-
sidered. Patients feel grateful for the opportunity to discuss
these options. The information must be transmitted by the
attending physician and involve the team, including
nursing.”*>>?° It is also important to continue these discus-
sions with family members. Family members who have to
partake in end-of-life decision-making without guidance
from advance directives can experience post-traumatic
stress symptoms.’”” The process of deactivating acute MCS
should be approached in a similar fashion as ventilator
withdrawal.”** %"

Discussion for Withdrawal of Acute MCS

Withdrawal of acute MCS—if, when, and how—can be
challenging. This may be most pronounced when patients
are well supported by temporary ECLS but medical realities
make more durable treatment options problematic.”™’
Delineation of the purpose of acute MCS is central to dis-
cussions about exchange or withdrawal. Recognizing the
problems with longer term use of ECLS, opening up discus-
sions around ECLS and engaging in shared decision-mak-
ing can be seen as counterproductive. A survey >~ found
that physicians, especially those who self-reported as
knowledgeable about VA-ECMO, expressed a desire to
retain decisional authority for VA-ECMO. The authors
argue this reflects physicians’ concern for an inability to
convey medical complexity, stewardship of resources, and
efforts to avoid futility and usefulness disputes. However,
shared decision-making asks clinicians and patients to go
beyond such questions, recognizing that clinicians are rela-
tively expert in the medical aspects while patients are
experts in their values, goals, and preferences. Therefore,
the locus of control is shared: it can sometimes be domi-
nated by medical realities that make VA-ECMO inappropri-
ate even when survival is the primary goal; and at other
times can be dominated by a chronically ill patient’s desire
to avoid further suffering even when VA-ECMO may have
a reasonable chance of restoring a patient back to prior
health.

Patient’s Request for Withdrawal of Acute MCS

It is ethically acceptable to comply with a patient’s (or sur-
rogate’s) request to discontinue acute MCS. It is important
to identify early the symptoms of depression, and to treat
them, considering that a decision to turn off a device can be
taken under deep states of depression and is not advis-
able.””® Patients’ rights to self-determination and autonomy
should also extend to a respect for their religious beliefs
and practices. Given the penetration of these technologies,
the implantation of acute devices will occur in patients of
many religious faiths, which may have clearly expressed
directives on how to consider discontinuation; however,
there is also confusion as to what a particular religious faith
might expect. Many religions support withdrawal of support

if the patient finds the medical situation to be burdensome.
Involvement of a religious leader of the same faith (such as
a priest, imam, rabbi, or elder) can be useful in understand-
ing choices regarding end-of-life decisions.”*” For many
religions, suicide and euthanasia are not acceptable; there-
fore, a discussion of discontinuation should be had using
language that clearly focuses on medical appropriateness,
and clinical facts, rather than on patient choice. 18023334
As religiousness and spirituality comprise one of the core
domains of palliative care, use of palliative care can also
help incorporate patient and family discussion. This factor
is of particular importance in the discussion of withdrawal
of support because most religions are supportive of advance
care planning and discussion about preparation for
death.”””%" If there are language barriers, use of a trained
medical interpreter is essential and should not be
substituted. If a decision is made to withdraw acute MCS,
the use of a decommission checklist is suggested
(Table 4.2).

Legal Considerations for Acute MCS Withdrawal

In the United States and Western Europe, discontinuation of
MCS is seen as allowing the process of natural death, and as
a move that respects patient autonomy in some cases and
recognizes futility in others. The right of adults to refuse
life support treatment is ethical.*’>***>** It is also legally
supported in the United States and numerous Western coun-
tries. However, in some regions such as in Japan, there are
legal restrictions about the discontinuation of life sustaining
treatment.’>°>>" Unlike the United States or Europe, there
are few guidelines available for circulatory support in
regions, such as South America, the Middle East, and East
Asia. Legal resources are a last resort if there are different
opinions regarding the decision to turn off the device.

The Role of Ethics Consultation

The grieving of the family can be manifested through con-
flict in the middle of the discussion about the futility of
treatment. It is important to maintain direct communication
and to avoid inconsistencies in messages to the family."”’
Involvement of an ethics consultation service or committee
can help with clarification of patient preferences and with
the moral distress of health care providers. Potential scenar-
ios in which ethics consultation can be sought are described
in Table 4.3.

Public Health Emergencies

ECMO support in the setting of acute respiratory failure
may be terminally discontinued if patient survival is highly
unlikely, or there is no possibility of durable device implan-
tation or transplantation. During public health emergencies,
the appropriateness of acute MCS should be governed by
medical judgement, but may be affected by allocation crite-
ria for scarce resources.'>*7*079%2
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Table 4.2  Acute MCS Decommission Checklist

Notification of team

Family meeting

Team meeting Discontinuation steps

Clinicians involved in the
patient’s care (eg, HF,
interventional cardiolo-
gists, surgeon, palliative
care provider, intensivists,
social worker, VAD
coordinator)

Chaplains, clinical ethicists,
other religious or spiritual
support

preferences

Discuss other life sustaining therapies
in use that may need deactivation

Review the clinical course and goal for
comfort, or adherence to patient

Outline process for deactivation, set-
ting expectations including possibil-
ity of prolonged period before death.

Determine who will be present, and the
need for any religious rites

Determine time for deactivation 1. Identify a lead person to

oversee deactivation

Review all orders for anxiolytics,
sedation and analgesia

2. Make sure all people
required to be present are
there

3. Remind family of possible
signs, symptoms and again
of the uncertainty in the
timing of death

Create a schedule for discontinu-
ation of other life-sustaining
therapies, and deactivation of
any other devices, such as
pacemakers or implantable car-
dioverter-defibrillators

4. Administer medications for
comfort

(eg, renal replacement, artificial
nutrition and hydration, mechanical

ventilation)

If appropriate discuss decisions regard-
ing organ or tissue donation
Document meeting in the medical

record

5. Turn off the monitors and
silence alarms
6. Discontinue support

HF, heart failure; MCS, mechanical circulatory support; VAD, ventricular assist device.

Table 4.3

Clinical Scenarios for which Ethics Consultation can be Considered

Clinical Scenario

Role of Ethics Consultant

Decisions based on interpretation of religious tenets

Disagreement in goals of care

Limitations of escalation of care

Clarification about interpretation of religious texts can be useful to guide deci-
sion-making. Defining care as “extraordinary” or “heroic” can help with deci-
sion about withdrawal or ongoing support

Alignment of how patients lived with expectations of outcomes may help surro-
gate decision-makers understand implications of their decisions

Providing support for professional medical judgement and appropriate limita-
tions of care

Disclosures

See Appendix 1.
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