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ABSTRACT: Cardiogenic shock continues to carry a high mortality rate despite contemporary care, with no breakthrough
therapies shown to improve survival over the past few decades. It is a time-sensitive condition that commonly results in car-
diovascular complications and multisystem organ failure, necessitating multidisciplinary expertise. Managing patients with
cardiogenic shock remains challenging even in well-resourced settings, and an important subgroup of patients may require
cardiac replacement therapy. As a result, the idea of leveraging the collective cognitive and procedural proficiencies of multiple
providers in a collaborative, team-based approach to care (the “shock team”) has been advocated by professional societies
and implemented at select high-volume clinical centers. A slowly maturing evidence base has suggested that cardiogenic
shock teams may improve patient outcomes. Although several registries exist that are beginning to inform care, particularly
around therapeutic strategies of pharmacologic and mechanical circulatory support, none of these are currently focused
on the shock team approach, multispecialty partnership, education, or process improvement. We propose the creation of a
Cardiogenic Shock Team Collaborative—akin to the successful Pulmonary Embolism Response Team Consortium—with a
goal to promote sharing of care protocols, education of stakeholders, and discovery of how process and performance may
influence patient outcomes, quality, resource consumption, and costs of care.
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he management of cardiogenic shock (CS) is
complicated. Despite innovations in pharma-
cologic and mechanical circulatory support, no
single therapy introduced over the past several de-
cades has resulted in a demonstrable improvement in
patient survival. As a result, CS continues to be as-
sociated with high morbidity and mortality.* More

recently, however, it has been proposed that methods
for leveraging the collective cognitive and procedural
proficiencies of a multidisciplinary team of providers
may be helpful; in fact, the concept of a collaborative
cardiogenic “shock team” is now endorsed by the
American Heart Association and has been success-
fully implemented at a number of high-volume clinical
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Nonstandard Abbreviations and Acronyms

CICU cardiac intensive care unit
CS cardiogenic shock
PERT Pulmonary Embolism Response Team

centers.>® At the same time, there is a slowly matur-
ing evidence base that has suggested that CS teams
may improve patient outcomes; however, there are
currently no established recommendations available
to guide the composition, assembly, or employment
of such teams.® On conducting an informal 2023 sur-
vey of critical care cardiology physicians (representing
leadership from 25 institutions in the United States)
committed to the idea of the shock team, consider-
able heterogeneity of opinion and practice emerged.
Notably, there were numerous differences with regard
to staffing, structure, and care processes, along with
great variation in team membership, methods of acti-
vation, and resource needs. Although several maturing
CS registries are beginning to inform care—most with
a particular focus on therapeutic strategies for circu-
latory support—none of these currently focus on the
role of the shock team, the potential value of multidis-
ciplinary management, provider education, or process
improvement.

It has been nearly a decade since the Pulmonary
Embolism Response Team (PERT) Consortium was
established to help guide pulmonary embolism (PE)
care. The goal of this group was to improve patient
outcomes and to validate treatment options, while en-
hancing education and spearheading innovation.'® Over
time the PERT Consortium has grown substantially in
both scale and scope—in addition to its annual sci-
entific meeting, the group has established specialized
subcommittees focused on the creation of contempo-
rary PE care protocols and the development of registry
and quality databases, all with a goal of cultivating the
exchange of ideas, clinical and community instruction,
and outcome benchmarking. Analogous to the PERT
Consortium, we believe that a CS Team Collaborative
is needed to meaningfully influence the future of CS
care. The aim of such a collaborative would be to bring
together key stakeholders who share a commitment to
advancing the implementation and integration of CS
teams into clinical practice. This will include advocating
for the CS team care model, developing and dissemi-
nating team-based methods and treatment protocols,
educating health care professionals and community
consumers, and promoting research and innovation.
In the sections that follow, we hope to highlight the
impact of CS on patients, hospitals, and health care
systems; to describe the merits and potential pitfalls of
ateam-based approach to care; and to justify the need
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for a CS Team Collaborative by highlighting goals, de-
liverables, and keys to its maturation and sustainability.

THE IMPACT OF CARDIOGENIC
SHOCK

Definition, Epidemiology, and Influence

of Cardiogenic Shock Care in Today’s
Cardiac Intensive Care Unit

CS is a state of extreme circulatory failure that results
in maladaptive, self-perpetuating cycles of impaired
cardiac output, tissue hypoxemia, peripheral hypop-
erfusion, and poor vascular reactivity that can lead
to irreversible multisystem organ failure (Figure 1).°
Historically, CS has been defined using central mac-
rovascular parameters of blood pressure, cardiac out-
put/index, intracardiac filling pressures, and ventricular
function, in combination with varying assessments of
end-organ perfusion.”-"? Accepted clinical trial defini-
tions usually include 4 elements: (1) hypotension—
systolic blood pressure <90mmHg for >30minutes
or use of mechanical or pharmacological circulatory
support, (2) adequacy of preload—pulmonary conges-
tion on chest imaging or pulmonary capillary wedge
pressure >15mmHg, (3) low cardiac output—cardiac
index <1.8L/min per m? without or <2.2L/min per m?
with circulatory support therapies, and (4) hypoper-
fusion—cold clammy skin, oliguria (eg, urine output
<30mL/h), serum lactate >2.0mmol/L. The Society of
Cardiovascular Angiography and Intervention (SCAI)
has proposed a simple, yet holistic assessment of
physical examination, biochemical markers, and hemo-
dynamics to classify patients with or at risk for CS into
5 SCAI Shock Stages of escalating severity (A through

Impaired
’ Cardiac Output ‘
Tissue End-Organ
Hypoxemia Dysfunction
Diminished Systemlc_
VasoreactivitywmperfuS|on
Figure 1. Cycle of clinical decompensation characterizing

the patient with cardiogenic shock.
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E), thus providing greater granularity to CS severity.'34
The society’s Shock definition further elaborates im-
portant aspects such as normotensive shock, con-
comitant cardiac arrest, and response to therapeutic
interventions in the evaluation of CS, all of which affect
clinical outcomes in this population.’®="

CSis the final common pathway for multiple acute car-
diovascular causes including acute myocardial infarction
(AMI), acute heart failure (HF), myocarditis, the postcar-
diotomy state, and others."'® Historically, AMI has been
the most common cause of CS, with higher rates noted
in patients with ST-segment—elevation Ml compared with
those with non-ST-segment-elevation MI.19%° In patients
with AMI, CS is typically due to primary pump failure
of the left ventricle resulting from myocardial necrosis,
nonrevascularized ischemia, and myocardial stunning/
hibernation.?" Mechanical complications and electrical
instability can also contribute to the development or pro-
gression of CS in patients with AMI.223

More recently, acute HF appears to be overtak-
ing AMI as the predominant cause for CS in today’s
cardiac intensive care unit (CICU)."?* Unlike patients
with AMI-CS who present with loss of compensatory
reserve and develop hypotension as a common pre-
senting symptom, hypotension is often the last clini-
cal manifestation of CS in patients with HF.?®> Those
with advanced HF typically have low-normal systolic
blood pressure at baseline, higher cardiac filling pres-
sures, and low cardiac output, without compromised
end-organ perfusion. Worsening congestion can then
trigger a cycle of worsening hemodynamics and hy-
poperfusion.?® The insidious onset of hypoperfusion
may lead to delays in detection and an underestimation
of the true prevalence of CS in this population.’®

Less common causes of CS include myocarditis,
arrhythmias, valvular heart disease, stress cardiomy-
opathy, and peripartum cardiomyopathy.?® Although
CS is typically defined by elevations in left-sided filling
pressures and a decrease in cardiac output, there is
now a greater appreciation for right ventricular CS in
conditions including acute PE, right-sided AMI, pulmo-
nary hypertension, adult congenital heart disease, and
acute-on-chronic cor pulmonale.?” Although echocar-
diography is frequently used for identification of acute
right ventricular failure,® many other clinical and hemo-
dynamic markers should be considered; among these,
a pulmonary artery pulsatility index defined as (systolic
pulmonary artery pressure—diastolic pulmonary artery
pressure)/right atrial pressure <1.0 has been increas-
ingly used.?® Finally, there has also been greater recog-
nition of mixed shock—the combination of vasodilatory
shock and CS due to concomitant sepsis, systemic
inflammation, cardiac arrest, and other factors.!'6:"7

Although CS can be thought of as a primary car-
diovascular condition, the initial hemodynamic insult,
if left untreated, can result in progressive metabolic
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perturbations and subsequent multiorgan failure.®° In
patients with AMI-CS, recent epidemiologic data have
noted an increase in associated noncardiac organ
dysfunction including respiratory, renal, hepatic, and
neurologic failure.'®2%81-34 Fyrthermore, contemporary
patients with CS are increasingly sicker due to a higher
baseline comorbidity burden, the influence of concom-
itant cardiac arrest, and the greater use of temporary
mechanical circulatory support (MCS) options includ-
ing venoarterial extracorporeal membrane oxygen-
ation."35-%7 |n totality, there has been both an increase
in cardiac as well as noncardiac organ support thera-
pies for AMI-CS, all of which affect health care delivery
and staffing in the CICU, requirements for training and
proficiency among CICU clinicians, and have led to in-
creasing health care expenditures.®°

Morbidity, Mortality, and Resource Needs
of the Patient With Cardiogenic Shock
Patients who develop CS are at high risk of short-term
mortality, with 30% to 50% of patients dying in the
hospital or within 30days.? Studies diverge regarding
whether the survival of patients with CS is stagnant
or slowly improving, but regardless of these prevailing
trends, outcomes remain poor overall.!*4 Persistently
high mortality in populations with CS likely reflects
the dearth of established therapies that are proven
to improve survival in CS when applied broadly.3® As
with mortality, nonfatal major adverse cardiovascular
events, sepsis, acute kidney injury, and bleeding are
common in patients with CS, particularly among those
receiving temporary MCS. Indeed, the ECMO CS
(Extracorporeal Membrane Oxygenation in the Therapy
of Cardiogenic Shock) trial found that more than 60%
of all patients with CS had 1 or more serious events.®®
Long ICU and hospital stays are typical, particularly for
hospital survivors, and even after discharge patients
with CS remain at substantial risk of subsequent car-
diovascular events, rehospitalization, and death.
Patients with CS are critically ill and have complex
care needs involving the heavy consumption of ICU-
specific therapies. Although resource use varies based
upon the severity of CS (being highest among those
with refractory, Society for Cardiovascular Angiography
and Intervention stage E CS), intensive cardiovascular
and noncardiovascular organ support modalities are
ubiquitous (Table 1).4° In major randomized trials of pa-
tients with CS, nearly all received parenteral catechol-
amines and the vast majority were invasively ventilated
(Table 2).#'-** Noncardiovascular therapies including
targeted temperature management, dialysis, or blood
transfusion are commonly required, emphasizing the
multidisciplinary critical care needs of this population.
The dismal prognosis associated with CS in contem-
porary clinical practice emphasizes the dire need to
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Table 1. Cardiovascular and Noncardiovascular
Resources Frequently Used in the Management of the
Patient With Cardiogenic Shock

Cardiovascular Noncardiovascular

Inotrope and vasopressor medications Mechanical ventilation

Percutaneous coronary intervention Renal replacement therapy

Antiarrhythmic medications Targeted temperature

management

Anticoagulant therapies Electroencephalography

Mechanical circulatory support Blood transfusion

Heart replacement therapy Antimicrobial therapies

Noninvasive cardiac imaging Nutrition optimization

develop care strategies to improve survival. The failure
of randomized clinical trials to demonstrate incremental
improvements in patient-centered outcomes with novel
devices and therapeutics in populations with CS is at
odds with those studies that have suggested trends
toward improving survival with CS over time. If no in-
dividual therapy is beneficial when applied in a uniform
manner across cohorts with CS, it stands then to rea-
son that individualized application of these therapies
could potentially yield benefit. An important approach
that can leverage multidisciplinary expertise to match
the most appropriate therapeutic strategy to a specific
patient would be the shock team and, as detailed in this
article, preliminary analyses suggest that implementa-
tion of the CS team may improve outcomes.

Influence of Cardiogenic Shock Care at
the Hospital Level—Resource Needs,
Length of Stay, and Costs

The requirements and resources needed for hospitals
and health care systems seeking to provide compre-
hensive care of patients with CS spans multiple do-
mains, including: emergent treatment of the inciting

Cardiogenic Shock Team Collaborative

event (eg, primary percutaneous coronary interven-
tion, for ST-segment—elevation Ml), temporary MCS
(often necessitating surgical expertise), CICU care,
management of noncardiac organ system failures (eg,
mechanical ventilation and renal replacement therapy),
stepdown level inpatient care, and finally posthos-
pital convalescent care. A variety of providers span-
ning the spectrum of medical and surgical specialties
commonly aid in the management of the patient with
complex CS. ICU and hospital lengths of stay vary
depending on the cause of CS and comorbidities but
are often prolonged for survivors and for those who
receive cardiac replacement therapy. For patients dis-
charged alive, median length of stay in the ICU ranges
from 5 to 15days, with hospital stays of 2 to 4 weeks
being typical.*:46

Costs of care for CS are in part driven by the num-
ber and type of temporary MCS devices used. Several
claims and administrative data studies have attempted
to address the cost differential between various support
modalities, though such investigations are plagued by
issues with retrospective data including indication and
illness bias (risk-treatment paradox) and lack of data for
many key clinical factors, including the device-related
complications that influence outcomes and costs in
CS. A US Medicare study from 2015 to 2017 found that
hospital costs for percutaneous ventricular assist de-
vice therapy versus venoarterial extracorporeal mem-
brane oxygenation were $188000 versus $172000.46 A
propensity-adjusted study of commercially insured pa-
tients with CS from 2015 to 2020 found hospital costs
of $101 000 with intra-aortic balloon pump use versus
$161 000 with percutaneous ventricular assist device.*’
One-year costs of care for survivors were $142000 for
patients with intra-aortic balloon pump versus $217 000
with a percutaneous ventricular assist device; differ-
ences were attributed to device cost as well as the
costs of complications including bleeding and renal

Table 2. Resource Use and Outcomes in Major Cardiogenic Shock Trials With Data Combined Between Study Arms

IABP CULPRIT ECMO ECLS
SHOCK?! SHOCK 114 SHOCK* DOREMI|*® CSE SHOCK*

In-hospital or 30-d mortality 51.3% 40.4% 47.4% 39.6% 48.7% 48.4%
Catecholamines 99.0% 90.0% 89.5% 85.5% 95.4%
Mechanical ventilation 83.1% 81.0% 72.3% 86.3%
Dialysis 14.0% 19.3% 6.2% 11.0%
Nonfatal myocardial infarction or stroke 3.3% 4.2% 21% 4.3%
Moderate or severe bleeding 28.0% 20.7% 19.3% 25.6% 16.5%
Cardiac arrest 8.3% 12.0%
Sepsis 19.0% 18.0% 39.0% 10.0%
Median intensive care unit stay (days) 5 5 9

Note: Not all variables and outcomes were reported in all studies, and in some cases combination of event counts for different outcomes could have led
to overestimation. CULPRIT-SHOCK indicates Culprit Lesion Only PCI [Percutaneous Coronary Intervention] Versus Multivessel PCI in Cardiogenic Shock;
DOREMI, Milrinone as Compared With Dobutamine in the Treatment of Cardiogenic Shock; ECLS-SHOCK, Extracorporeal Life Support in Cardiogenic Shock;
ECMO CS, Extracorporeal Membrane Oxygenation in the Therapy of Cardiogenic Shock; IABP-SHOCK |l, Intraaortic Balloon Pump in Cardiogenic Shock II;
and SHOCK, Should We Emergently Revascularize Occluded Coronaries for Cardiogenic Shock.

J Am Heart Assoc. 2024;13:e031979. DOI: 10.1161/JAHA.123.031979
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replacement therapy, which were more common in
the latter group. A Finnish single-center study of con-
secutive patients receiving venoarterial extracorporeal
membrane oxygenation from 2013 to 2017 (78% CS)
reported median in-hospital costs of 130000€ per pa-
tient.*> Generalizing cost projections is difficult given the
heterogeneity in MCS use, but even medically treated
patients with CS require substantial resource use.*®
Paradoxically, the more successes an acute, invasive
intervention strategy has in reducing acute CS mortality,
the more costs may rise disproportionately as patients
who are sicker require additional rescue and ongoing
hospital care including cardiac replacement therapy.

At least 20% to 30% of patients will require con-
tinued home care services or rehabilitation following
the index episode of CS, adding to overall costs.*®
Rehospitalization within 60days and 1year is com-
mon among survivors of CS and can further burden
the health system.*%%° An analysis of Medicare patients
who survived CS showed that one third were readmit-
ted to a hospital within 60days.*® A more recent, large
analysis of survivors of AMI-CS from a Canadian pro-
vincial database showed that 42% required increased
support from their premorbid baseline, and nearly 50%
were rehospitalized within 1 year.%° Additionally, greater
than one-third of patients under the age of 60 may be
unable to work permanently, adding to the overall soci-
etal impact and cost. Accordingly, optimization of care
during hospitalization is not enough, and patients with
CS require treatment within a chronic care paradigm in
order to optimize long-term survival.

System-Level Impact and Burden of
Cardiogenic Shock

The resource intensive nature of CS, with prolonged
CICU stays and specialized MCS, has led many health
care systems to regionalize care into specialized qua-
ternary care referral centers with the advanced ex-
pertise and tools necessary for patient care within the
context of a larger network. The ideal characteristics of
CS centers remain unclear, but key concepts can be
extrapolated from the care of cardiac arrest patients
where the American Heart Association has provided
class IIA recommendations for transport to specialized
cardiac arrest centers when comprehensive postar-
rest care is not available locally.5" In CS, a focus on
subspecialty care, temporary MCS, CICU and special-
ized nursing support, and postdischarge rehabilitation
therapies would be analogous to these cardiac arrest
centers. Additionally, patients with CS may be bridged
to heart transplant or durable MCS, both of which
have dramatic implications for length of stay, health
care costs, complexity of care, and outcomes, and all
of which underscore the importance of an integrated,
multidisciplinary team-based approach to care.

J Am Heart Assoc. 2024;13:e031979. DOI: 10.1161/JAHA.123.031979
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THE MERITS AND RISKS OF TEAM-
BASED CARE

The Promise of Team-Based Care in
Cardiogenic Shock

In view of the intractably high morbidity and mortality
associated with CS, many experts have advocated for
collaborative care models, including the employment
of multidisciplinary CS teams at dedicated CS cent-
ers.® Multiple examples of this type of disease-specific,
team-based care exist in cardiovascular medicine, in-
cluding the use of Heart Teams for structural and ad-
vanced coronary artery disease—a concept embraced
by cardiovascular professional societies for more
than a decade.®?%3 In the case of CS, several unique
considerations make a team-focused approach par-
ticularly attractive, including the time-sensitive nature
of CS care, the multiple stakeholders involved in the
management of patients with CS, the potential need
for cardiac replacement therapies, and the substantial
variation in practice patterns within and across health
care institutions and systems in contemporary clinical
practice.

The quintessential syndrome of cardiac critical ill-
ness, CS is characterized by hemodynamic impairment
leading to systemic hypoperfusion that, if sustained,
can lead to extensive multiorgan dysfunction and a
worse prognosis.® Prompt recognition and early in-
tervention in CS may therefore be important for dis-
rupting the deadly spiral that underpins CS mortality. A
team-based approach, in which all relevant providers
are notified about a CS case simultaneously by a single
phone call or page, rather than through dyssynchro-
nous and often protracted individual consultation, has
the potential to expedite clinical decision-making and
reduce delays in care.

Given the complex mix of medical, catheter-based,
and surgical therapies used to treat CS, management
of patients with CS is inherently multidisciplinary. In
many cases, subspecialists in critical care cardiology,
advanced HF and transplant cardiology, interventional
cardiology, and cardiac surgery directly contribute to
the care of patients, each offering a unique perspec-
tive and distinctive skill set (Figure 2). Bringing together
each of these stakeholders into formalized teams with
a clear organizational structure thus holds the promise
of building a collaborative mentality and streamlining
care delivery to those with CS.

Finally, given the well-documented variation in CS
management, team-based approaches may allow for
standardization of best practices by drawing on the
experience of providers from different backgrounds.
Indeed, observational analyses support a possible
volume-outcome relationship in CS, and by creat-
ing teams of multiple highly capable physicians, the
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Critical Care
Cardiology

Interventional
Cardiology

Professional
Societies

Hospital
Administration

Patient
Transport, EMS

Community
Partners

Cardiac
Surgery

Advanced
Heart Failure &
Transplant
Cardiology

CICuU
Nursing

Multidisciplinary
Consultants

Industry
Partners

Figure 2. Key members of an institution’s cardiogenic shock team and critical partnerships necessary for establishing and

supporting a cardiogenic shock team collaborative.

CICU indicates cardiac intensive care unit; and EMS, emergency medical services.

collective experience (or “collective volume”) of the
care team is amplified.5*%® Methods to facilitate man-
agement led by cardiovascular experts and organized
within cardiac-specific subspecialty intensive care set-
tings embedded within high-volume centers should be
prioritized as these are known to improve outcomes
and resource allocation.®®%” Moreover, team-based
care often leads to other process improvements, such
as team meetings focused on continuous case review
and quality benchmarking, which support broader

J Am Heart Assoc. 2024;13:e031979. DOI: 10.1161/JAHA.123.031979

programmatic and institutional growth and improve-
ment in CS care.

Challenges Associated With Team-Based
Care in Cardiogenic Shock

Despite the many potential benefits of CS teams,
the collaboration required for successful implemen-
tation of team-based CS care poses several chal-
lenges (Table 3), including those related to defining a
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successful organizational structure, alleviating burdens
of communication and inefficiency, ensuring equity of
workload and reimbursement, promoting team mem-
ber engagement, and minimizing physicians’ sense
of loss of autonomy and responsibility. Defining suc-
cessful organization structure for a CS team requires
addressing concerns of leadership, authority, respon-
sibility, and ownership. The actualization of such a
partnership requires buy-in from numerous parties to
a shared vision. From a CS team’s inception, member
alignment and agreement are imperative but are often
exacting to achieve.

An ideal process lacks variability—it is consistent
across time without heterogeneity in its protocols.
For a CS team, this requires the ability to provide a
reliable, reproducible, and consistent response re-
gardless of time of day or day of the week. CS team
membership, therefore, requires commitment from
multiple members of multiple specialties, each with
varying capabilities and capacity. For service lines with
variable overnight coverage or only a few individuals
capable of (or interested in) participating as part of a
CS team, consistency of coverage or engagement may
challenge the process. Additionally, reimbursement for
time and participation must be addressed by each
institution. Time spent on a multidisciplinary call may
not be reimbursed for all providers. This frequently re-
quires team members to participate out of their own
interest or benevolence, which may not be ideal for
long-term sustainability. Between specialties, compet-
ing demands for time exist, leading to the potential for
variable engagement among team members and even
liability concerns.

Depending upon the member composition, CS
team-based care may also risk alienating subspecialty
colleagues with considerable experience and exper-
tise in managing these patients. Care must be taken
to identify appropriate stakeholders, provider skill
sets, and individuals committed to the team mission.
Furthermore, undermining the revered doctor—patient
relationship, a valuable cornerstone of medicine, as
well as loss of physician autonomy and ownership
in decision-making, oppose traditional paradigms of

Table 3. Potential Challenges With Team-Based Care in
Cardiogenic Shock

Defining organizational structure

Limiting burden of excessive communication

Promoting and maintaining team member engagement

Minimizing loss of autonomy or authority

Maintenance of consistency

Reimbursement for member time and participation

Aligning necessary skill sets with multiple personnel

Maintaining stakeholder satisfaction

J Am Heart Assoc. 2024;13:e031979. DOI: 10.1161/JAHA.123.031979

Cardiogenic Shock Team Collaborative

medical practice. Such team-based approaches may
have the unintended consequence of decreasing phy-
sician engagement or satisfaction with potential ero-
sion of a sense of personal responsibility.

Finally, team-based care may also present challenges
for efficiency and communication. Multidisciplinary
care increases the number of participants in any given
decision, and facilitating communication between nu-
merous individuals may be cumbersome. Although re-
cent data suggest delays in care are not a byproduct of
larger team-based decisions, this remains a concern
at many institutions and among individual providers.®

Unique Challenges at the Unit, Hospital,
and System Level

Each unit, hospital, and health care system, with its
unique size, structure, culture, and experience, may
face distinct challenges when it comes to implement-
ing a CS team. At the unit level, for example, individual
physicians may feel that their expertise and auton-
omy are being threatened when they are obligated
to call other providers, particularly because they may
be accustomed to making decisions independently.
Therefore, for unit leaders, attention to interpersonal
issues may be especially important for gaining support
for CS teams.

At the hospital level, financial considerations are
more likely to challenge the successful implementation
of CS teams. Because programmatic support from
hospital administrators often requires a clear financial
incentive, hospitals may be uninterested in providing
resources to support these programs. Without institu-
tional support, the development and maintenance of
formalized CS teams often falls entirely on individuals,
which may be impossibly burdensome for even the
most motivated physician.

At the system level, coordinating shock care
across regional networks with “spoke” and “hub”
hospitals requires buy-in from an even broader set
of stakeholders, including allied health personnel
(eg, emergency medical systems).” Lessons from
other models of regionalized systems of care (eg, ST-
segment—elevation Ml) may provide a helpful template
for overcoming such challenges. We speculate that
an increased degree of cross-collaboration between
centers within a care network could have far-reaching
implications for improving regional care beyond the
CS population. With that being said, concerns from
smaller, transferring institutions must also be recog-
nized and addressed; among these, the fear of losing
patients with acute cardiovascular conditions to re-
ceiving centers and the fear of being considered or
perceived as less proficient in shock care must both
be recognized and assuaged in order to ensure effec-
tive and durable collaboration.
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CARDIOGENIC SHOCK TEAMS AND
OUTCOMES—LESSONS LEARNED
FROM SUCCESSFUL PROGRAMS

The development of CS team-based approaches at
several vanguard institutions has been highly illustra-
tive for the field. Here we examine lessons learned
that were considered critical to the implementation,
sustained growth, and success of 3 such programs at
Inova Heart and Vascular, the University of Utah, and
the University of Ottawa (Figure 3).

Inova Heart and Vascular

In July 2016, leaders at the Inova Schar Heart and
Vascular Institute assembled a multidisciplinary task
force composed of stakeholders from the specialties
of advanced HF and transplant services, cardiovas-
cular critical care (including cardiologists and intensiv-
ists), interventional cardiology, and cardiac surgery to
review the state of CS care at the institution. Members
of this team performed a comprehensive analysis of
the cardiovascular service line’s infrastructure, to in-
clude the historical volumes of patients admitted to the
health system with a primary diagnosis of CS, mecha-
nisms in place to facilitate transfer of patients with CS
in the community to the Level 1 (highest tier) shock
center, the spectrum of available therapies, and histori-
cal clinical outcomes. Their findings were consistent
with contemporary clinical trial and registry data, with a
survival rate to 30 days postdischarge of <50%.82141:55
During this analysis, the team identified 4 important
themes with accompanying opportunities for improve-
ment: (1) the care model was fractured, as there was
not a standardized multidisciplinary evaluation process
for patients with a suspected or confirmed diagnosis

Cardiogenic Shock Team Collaborative

of CS; (2) patients with CS were often diagnosed late
in the natural course of the disease state, when they
were too ill or frail to derive any meaningful benefit from
goal-directed or salvage therapies®®; (3) there was in-
consistent access to care, in which patients with CS at
the Level 2 or 3 shock centers in the community were
unable to be transferred in an expedited fashion to the
Level 1 center for comprehensive, multiorgan system
care®; and (4) there were significant variations in prac-
tice patterns among providers and hospitals, in part
due to the absence of adequately powered clinical tri-
als from which to inform guidelines and management.

In response to these identified gaps in care delivery,
the CS taskforce developed a diagnostic and thera-
peutic algorithm to help standardize care. The algo-
rithm was predicated on 5 foundational principles of
organizational structure and systems of care delivery:
(1) early identification of shock; (2) comprehensive,
invasive hemodynamic assessment to appropriately
phenotype the disease with respect to congestive
profiles; (3) minimizing the dose and duration of va-
sopressors, given their inherent cardiotoxic profiles;
(4) when appropriate, early, selective, and hemody-
namically tailored MCS with associated best practices
around vascular access and closure; and (5) multidisci-
plinary and longitudinal 24/7 care in an American Heart
Association Level 1 CICU with the full gamut of com-
plex services—to include complex coronary revascu-
larization, advanced cardiac replacement therapies,
and dedicated, high-intensity staffing.> A 1-call “shock
line” was also developed so that when presented with
a case of suspected CS, there was timely assembly
of the on-call physicians from the various specialties
comprising the “shock team” to then facilitate multi-
disciplinary consultation and clinical decision-making,
including initial guidance to the referring physician. All

Heart and Vascular Institute

INOVA W,

The University of Utah

School of Medicine

| yOttawa

GROUP
LEADERSHIP Group leadership
ALGORITHM Algorithmic approach for care

standardization

QUALITY REVIEW Case review and quality meetings
ACTIVATION
PARTNERSHIP
EDUCATION
OTHER

One-call shock phone number
Community partnership

Focused educational sessions

Research as a priority

Multidisciplinary group of stakeholders  Multidisciplinary (including nursing)

Primary CVICU leadership with heart
failure service as “central hub”

Specific criteria for temporary MCS
initiation and escalation

Quality improvement focus
Pragmatic algorithm for easy activation = One-call system for activation
Community partnership

Education of invested stakeholders

Examination of virtual options

Multidisciplinary, early engagement

Group leadership with clearly
delineated member roles

Adapted published algorithms to
match local resources

Frequent quality review

Community partnership

Commitment to education

Leveraging virtual communication

Figure 3. Important lessons learned from 3 vanguard cardiogenic shock team-based programs—Inova Heart and Vascular,

University of Utah, and University of Ottawa.

CVICU indicates cardiovascular intensive care unit; and MCS, mechanical circulatory support.
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cases were reviewed and discussed at biweekly quality
improvement meetings. This initiative was associated
with a significant improvement in short-term outcomes,
with 30-day survival rates >70% in all patients with CS
within 18 months of implementation of this new care
model. Inova further developed a validated, multimo-
dality risk score incorporating baseline demographics
and hemometabolic variables at dynamic time points to
help quantify risk and inform clinical decision-making.®
Notably, hemodynamic parameters including cardiac
power output and pulmonary artery pulsatility index at
24 hours were most prognostic of short-term mortality,
suggesting that the clinical trajectory in the first day
was critical to a patient’s survival.

The Inova team was among the first in the nation
to demonstrate the merits of standardized care for CS
across multiple hospitals and associated health sys-
tems. The team built upon early success to engage in
systematic outreach efforts with 34 partnering Level 2
and 3 shock centers, spanning a geographic area of
nearly 6000 square miles in Maryland, Virginia, West
Virginia, and the District of Columbia.®?®" In addition to
disseminating their treatment algorithm and facilitating
access to their shock team, physicians and advanced
practice providers from Inova participated in focused
educational sessions with clinical and administrative
leaders at outside hospitals, reviewing contemporary
evidence in CS management, including early diagno-
sis, timely invasive hemodynamic assessment, indica-
tions for MCS, best practices around vascular access
and critical care. Providers from the Level 2 and 3
centers were invited to the biweekly shock meetings
and bidirectional feedback was provided for quality im-
provement. Using this approach, the Inova experience
demonstrated that the implementation of a dedicated
and regionalized shock network based upon stan-
dardized protocols, interhospital collaboration, and
early transfer could be associated with similar short-
term outcomes (including in-hospital mortality, 30-day
mortality, major bleeding complications, stroke, and
30-day major adverse cardiovascular and cerebrovas-
cular events) for all patients, independent of whether
they initially presented to a “hub” or “spoke” shock
care center.’

The University of Utah

The University of Utah (UU) Shock Team was estab-
lished in April 2015, aiming to manage patients with CS
using a multidisciplinary approach. The team included
the following specialties: advanced HF cardiology, car-
diothoracic surgery, interventional cardiology, cardio-
vascular ICU medicine and nursing. The team at UU
opted to develop a simple, pragmatic algorithm for team
activation, with a focus on ease of implementation. As
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a result, there are currently no hemodynamic or other
clinical criteria required to justify the team’s engage-
ment. The rationale for this simplified approach was
to encourage a low threshold for activation and hence
more widespread use of the shock team. This has
proven over the years to be effective and has resulted
in relatively low rates of “false alarms.” However, after
feedback from key stakeholders, suggesting that more
specific criteria for team activation should be consid-
ered, reexamination of this algorithm is currently in
process.

After the shock team is activated through the insti-
tution’s paging system, a discussion regarding patient
management is initiated between all involved parties.
The on-call shock team members are not required to
be immediately present in the hospital during week-
ends or after hours. Once a patient has been vetted
and a diagnosis of CS has been corroborated, empiric
medical therapy is initiated and right heart catheteriza-
tion is performed. The escalation to short-term MCS
is considered by the shock team based upon specific,
predetermined criteria. In general, the philosophy the
UU shock team has been to use the shock team to
facilitate early identification and triage of patients with
CS and leave a majority of the other decisions to the
discretion of the primary cardiovascular ICU team; re-
view of internal data did not suggest that this degree
of primary team autonomy resulted in either delays in
care or conflicts between health care professionals.

The HF cardiology service operates as the hub
responsible for coordinating care; this seemed pru-
dent given that the institution’s HF specialists have a
well-established culture of collaboration with the dif-
ferent specialties involved in CS management. The
importance of including and prioritizing cardiovascu-
lar ICU nursing in the central structure of the shock
team was one of the lessons learned at UU. Initially
this group was not included structurally on the shock
team, but a change was quickly implemented thereaf-
ter and led to enhanced cohesiveness and improved
communication.

Because UU is the only academic medical center
in the Mountain West and cares for individuals across
nearly 10% of the geographic continental United States,
physical transfer of patients with CS can be unwieldy.
Given the tremendous expansion of telehealth platforms,
frequently leveraged during the COVID19 pandemic, the
idea of a virtual collaborative shock team composed of
clinicians across institutions was examined. After careful
vetting, the team at the UU is currently preparing for its
implementation. Continuous refinement of processes,
along with ongoing research and quality improvement
initiatives have been keys to the growth and sustainability
of the shock team platform at UU.
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The University of Ottawa

The first lesson learned at the University of Ottawa
was the importance of early engagement of major
stakeholders, primarily critical care, interventional car-
diology, cardiac surgery, and hospital administration.
Institutional resources were needed, specifically the
support of clinical services and access to MCS de-
vices. Moreover, the shock team model was, to varying
extents, a paradigm shift that included adoption of a
dedicated mobile team to care for patients who were
already being managed by another clinical team (often
critical care). Demonstrating the incremental value of a
separate shock team for these patients was impera-
tive. Validating the merits of overlapping subspecialty
skill sets and considering competing interests and re-
numeration considerations that could generate tension
among team members was a priority. The early en-
gagement of all stakeholders, with clear delineation of
individual roles and the identification of specialty leads
and champions was critical for acceptance, adoption,
and successful clinical implementation.

A second valuable lesson was recognizing the need
to adapt published management algorithms to local
systems and resources. Unique institutional consider-
ations impact the feasibility of implementing a universal
model across all health care facilities. The University of
Ottawa adopted elements of the shock team model
vital to patient outcomes including multidisciplinary
involvement to deliver multifaceted care, a coordinat-
ing physician to facilitate rapid patient triage, a 1-call
system to streamline team activation, methods for ef-
ficient virtual communication, and the use of invasive
hemodynamics to guide management. Although early
delivery of temporary MCS was advocated, the overall
use of specific devices commonly employed in shock
management algorithms was generally lower due to
limited access to interventions heavily dependent upon
hospital funds.

The University of Ottawa is a Level 1 shock center
with a catchment of more than 30 hospitals (mostly
Level 3 institutions) and is the only facility with cardiac
catheterization laboratories and capability for percuta-
neous coronary intervention, cardiac surgery and du-
rable, end-stage HF therapies; therefore, the institution
has a high volume and diverse patient population with
CS. As a consequence, activation of the shock team
in all patients with CS is impractical and risks over-
whelming institutional resources. Because manage-
ment protocols cannot encompass all possible patient
permutations and clinical scenarios, the University of
Ottawa emphasizes the value of multispecialty exper-
tise and collective input to improve decision-making.

A final important lesson has been the concept of
“building gradually and reviewing frequently.” The pro-
gram began with a limited number of highly committed
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shock team members and adhered to relatively nar-
row patient selection criteria. Over time, these proce-
dures and approaches have been refined in parallel
with the growth of team experience, expansion in the
number of members, addition of new expertise, and in
response to changes in patient referral patterns and
the acquisition of new knowledge. This experience
emphasizes the numerous similarities and occasional
differences faced by institutions from different coun-
tries and regions.

THE PE RESPONSE TEAM AND
PERT CONSORTIUM—A MODEL FOR
PARTNERSHIP AND DISCOVERY

History of PERT and the PERT
Consortium

PE is the third leading cause of cardiovascular mortal-
ity, posing a significant burden to the US health care
system. In contrast to stroke and AMI, the relative
paucity of data informing optimal PE treatment strate-
gies has complicated approaches to management.®?
The armamentarium for PE care has greatly expanded
beyond systemic anticoagulation alone, particularly
highlighted by the rapid evolution in interventional ap-
proaches. However, as data are largely limited to ob-
servational studies and underpowered trials exploring
surrogate outcomes, the optimal management of pa-
tients with intermediate- and high-risk PE is still un-
clear and increasingly heterogeneous.®® Accordingly, a
multidisciplinary, team-based approach that includes
several specialties has been recommended to improve
clinical decision-making.®*

Modeled after other successful rapid-response
systems, the first PERT was formed in 2012 at the
Massachusetts General Hospital. Inspired by their
efforts, there are now >150 PERT centers internation-
ally.'%®2 Analogous to the Heart Team concept, PERTs
capitalize on the expertise of several experts convened
for immediate and real-time consultation, tasked with
reaching a consensus on individualized care for com-
plex patients.'%5 Cross-specialty collaboration serves
to challenge the “silo mentality,” dismantle biases,
leverage appropriate treatment options, and obviate
the need for serial consultation.®® PERT programs also
help with risk stratification, trainee and staff education,
and the creation of longitudinal care pathways for sur-
vivors of PE.8366

The composition of the original PERT included car-
diology, cardiothoracic surgery, echocardiography,
emergency medicine, hematology, pulmonary/critical
care, vascular medicine, and interventional cardiol-
ogy.'? Although the most optimal structure is still debat-
able, most centers use 3 to 5 specialists on their team,
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with critical care physicians (or intensivists) almost
always present.8387 Interventional radiology, cardiac
surgery, and cardiology have historically been included
in at least 85% of PERT programs, depending upon
center expertise and practice patterns.®® Beyond the
assembly of key stakeholders, PERT implementation
and integration requires careful attention to design,
mechanisms for efficient consultation, quality improve-
ment, and iterative assessment.63.65

The Massachusetts General Hospital PERT estab-
lished a 24-hour emergency activation line, promoted
with an educational campaign consisting of post-
ers and seminars.®® Although most commonly initi-
ated in the emergency department, PERT activations
could occur from any internal site or outside facility.
Intermediate- and high-risk PEs have been considered
indications for PERT activation at all participating in-
stitutions, whereas low-risk PE or clinically unclear PE
cases may or may not be included (although at times
PERT is also called upon for diagnostic assistance).t”6°
Upon activation, most teams convene in their entirety;
a tiered approach whereby an individual evaluates a
patient before group assembly is less frequently prac-
ticed.®® Infrastructural malleability allowing for the
inclusion of non-traditional team members (eg, obstet-
rics for the pregnant patient) is viewed as crucial for
PERT success.

The PERT Consortium, an international nonprofit
organization, was established in 2015—an aspirational
goal of the Massachusetts General Hospital program
to standardize PE management. Initially introduced at
an inaugural meeting of >40 North American centers,
the consortium now includes global membership from
Europe, Asia, South America, and Australia.®® In an ef-
fort to promote the PERT model, educate the public and
health care professionals, and drive research initiatives,
the consortium publishes position statements, collab-
orates on clinical trials, and hosts podcasts, webinars,
and meetings.®® Committees including Governance,
Research, Education, Clinical Practice and Protocols,
Development, and Communication serve as founda-
tional elements for the group’s mission.67°

Current PERT Consortium initiatives include the
creation of PE Centers of Excellence, interhospital
transfer projects to facilitate patient access to care
regardless of geography, and an educational boot-
camp for physicians-in-training.”® The consortium also
houses a quality database of >6800 patients from >30
institutions, and the embedded Pulmonary Embolism
Research Collaborative is developing the foundation
for the evaluation, treatment, and assessment of pa-
tients with PE in the domains of clinical care, quality
assurance, and investigation.”® In collaboration with
industry partners, the PERT Consortium is involved in
several ongoing, multicenter randomized clinical trials
aimed at evaluating the impact of various reperfusion
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therapies on patient outcomes and designed to pro-
vide the first Level 1 evidence for many contemporary
therapies.”®

Little more than a decade since its inception, the
rapid and broad adoption of the PERT model has si-
multaneously fortified and been influenced by the
evolution of advanced PE therapeutics. As the field
matures, the PERT Consortium offers guidance to in-
dividual institutions while supporting research, promot-
ing education, and benchmarking care quality across
the world, and may serve as an exploitable model to
accomplish the same in the team-based management
of CS.

Drawing Inspiration From the PERT
Experience

Launching PERT at the first institution required navigat-
ing challenges and forging partnerships across service
lines and divisions; extrapolating the PERT model to
multiple institutions added another layer of analogous
obstacles to consider.'®6® Some of the tactics that pro-
moted the success of the PERT concept have parallels
at both local and national levels, and such themes and
lessons can inform and bolster the approach to a nas-
cent Cardiogenic Shock Team Collaborative.

1. Clear vision and mission—PERT devoted itself
to a single clinical entity and focused on a
clear bottom line to “advance PE care” and
“improve patient survival and outcomes.” PE is
an underserved public health issue as the most
common cardiovascular disease after Ml and
stroke. PERT also inhabited the entire universe
of PE care including diagnosis, prognosis, and
treatment and from acute evaluations in the emer-
gency and critical care settings to interventional
and pharmacologic therapy to transitions of care
including follow-up clinics and prevention.

2. Shared goals and purpose—PERT defined
specific, actionable goals that allowed multiple
stakeholders to contribute. PERT sought to ex-
pand its model, contribute to the scientific litera-
ture on PE, assist with funding, and educate the
general public. This mission purposefully par-
allels the “triple threat” in academic medicine:
clinical, educational, and research excellence.

3. Passionate, committed leadership—vision-
ary leadership is required to affect visionary
change. PERT leaders manifested a commit-
ment founded on the pure aim of addressing
PE but were tireless in activity, giving voice to
a previously unorganized group of like-minded
professionals.

4. “Big tent” approach—PERT not only allowed
but actively welcomed all entities and persons
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interested in contributing to their vision. From
within health care, all phases of PE support, all
specialties, all role groups, and all levels of ex-
pertise were welcomed. PERT programs pro-
liferated across the United States and globally
with hundreds of organizations adopting the
concept.

5. Building partnerships and collaborations—PERT
forged partnerships among hospitals, but im-
portantly with industry and government, includ-
ing the US Food and Drug Administration.

6. Embedded educational objectives—PERT en-
deavored to use education in the form of a contin-
uing medical education conference and patient
materials from the very outset. Additionally,
PERT used multimodal channels including inno-
vative social media and asynchronous learning
for delivery of content on a regular basis.

7. Promotion of mentorship—The collaborative na-
ture of the PERT organization facilitated mentor-
ship outside of traditional specialty siloes and
across institutions.

8. Contribution to scholarship—PERT created a
forum for PE scholarship to complement exist-
ing channels and sought to proactively drive re-
search agendas.

9. “Buzz’—PERT successfully undertook market-
ing, social media, and custom-branded materi-
als to build identify and cultivate interest.

Applying these lessons, the PERT Consortium and
its member institutions have enjoyed several successes
along multiple dimensions of its mission (Table 4).”*7
PE and CS have parallels as acute cardiovascular con-
ditions, with high morbidity and mortality, and without
an obvious evidence-based best practice strategy, and
thus for which multidisciplinary care, empiric interven-
tional treatment, and networks of hub-and-spoke teams
became a foundation of care delivery.

Sustainability and Growth of PERT

The ability of the PERT Consortium to attract, retain,
and rapidly increase membership is remarkable given
the ever-growing demands on time and financial re-
sources of health care providers and organizations.
Brent Keeling, past president of the PERT Consortium,
shared insights into important strategies and deci-
sions made by leaders that were important steps to-
ward gaining early traction and facilitating subsequent
growth.

At its inception, the PERT Consortium was a co-
alition of the willing—a grassroots effort that brought
together individuals and institutions interested in PE. In
the early days, PERT members joined to explore and
discuss the current state of knowledge and strategies
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Table 4. Successful Initiatives From the PERT Consortium

Clinical

PERT Consensus Clinical Practice Guidelines for Diagnosis and
Treatment”'

PERT may reduce length of stay, possible mortality impact’?
Interhospital Transfer Guide (2020)%8

PE “Center of Excellence” certification, forthcoming

Research
National PERT Database, >12000 patient entries as of 2023

PE Research Consortium to define research goals and priorities

Collaboration with industry, recognizing evolving interventional
paradigms for PE

Leadership in clinical trials: HI-PEITHO,”® STORM-PE,™* APEX-AV,®
PEERLESS,’® PE-TRACT"’

Abstracts and poster sessions at PERT Symposium

Educational and Outreach

Annual National PERT Symposium, launched 2015

Monthly digest of papers on PE published by PERT members

Webinars with clinical discussion, generally monthly
PERT Bootcamp

Efforts to recruit and mentor women clinicians

Patient and community engagement

APEX-AV indicates Evaluating the Safety and Efficacy of the Alphavac
Multipurpose Mechanical Aspiration (MMA) F1885 PE for Treatment of
Acute Pulmonary Embolism; HI-PEITHO, Ultrasound-Facilitated, Catheter-
Directed, Thrombolysis in Intermediate-High Risk Pulmonary Embolism;
PE, pulmonary embolism; PERT, Pulmonary Embolism Response Team;
PE-TRACT, Pulmonary Embolism-Thrombus Removal With Catheter-
Directed Therapy; and STORM-PE, Prospective, Multicenter, Randomized
Controlled Trial Evaluating Anticoagulation Alone Vs Anticoagulation Plus
Mechanical Aspiration With the Indigo Aspiration System for the Treatment
of Intermediate High Risk Acute Puimonary Embolism.

for improving care for a deadly disease that was not the
primary focus of any existing organization. Maintaining
engagement required more than simply common in-
terest, and necessitated offering unique benefits from
belonging to the PERT Consortium. At the time, there
were no high-quality data characterizing acute PE. The
formation of a one-of-a-kind national PE data repos-
itory created immediate value for members, offering
access to data for research and for institutions to use
in order to assess performance and organize quality
improvement efforts—collecting and maintaining the
highest quality data about acute PE for these reasons
remains a foundational principle of the group upon
which growth and sustainability rest.

Engagement, collaboration, and inclusivity with all
stakeholders are the common themes at the core of
PERTs and the evolution of the consortium’s member-
ship. The new PERT model of multidisciplinary team-
based decision-making shifted the burden of managing
complex, high-risk patients away from individual pro-
viders, leading to increases in the number of PE clinical
experts, PE researchers, andinstitution leaders focused
on PE quality—all of whom found a professional home
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within the PERT Consortium. Mid- and late-career pro-
fessionals joined early. Opportunities to engage early-
career members and trainees were created by offering
valuable research and leadership roles, including op-
portunities within trainee councils and invited roles
for fellows, residents, and even high school students
at the annual PERT symposium. Social media-savvy
members were leveraged to recruit their colleagues to
join. The PERT Consortium has partnered effectively
with other professional societies such as the National
Thrombosis Forum and works collaboratively with
international organizations such as the EXPERT-PE
group in Europe. There is also engagement at the insti-
tutional level with membership in the PERT Consortium
and recognition through the “center of excellence” pro-
gram, which identifies high-performing sites as offering
best quality PE care. From its inception, patients have
also been welcomed into the PERT Consortium, with
prominent roles in the national meeting and campaigns
such as the “PE Looks Like Me” effort that seeks to
bridge the gap between patients and care providers to
spread awareness about the illness.

Building financial strength is necessary for the
growth of any organization, and consistently ade-
quate funding is often difficult to obtain. The PERT
Consortium has addressed this challenge with a strat-
egy of cultivating a myriad of diverse funding sources.
As with other similar organizations, industry collabo-
ration is key. Additional funding comes from a variety
of sources including events such as the annual PERT
gala, membership dues, “center of excellence” fees,
and philanthropy.

THE CARDIOGENIC SHOCK TEAM
COLLABORATIVE—MISSION, GOALS,
AND DELIVERABLES

We have outlined the many challenges associated with
building and growing shock teams and have described
several institutional success stories, albeit with impor-
tant lessons learned along the way. Additionally, the
PERT Consortium serves as a noble model for the cre-
ation of a similar program focused on the single clinical
entity of CS. In order to improve outcomes for these
patients within the complex and varied contemporary
clinical landscape, we believe that it will be important
to put together a shock team collaborative to identify
and disseminate best practice principles for multidisci-
plinary care.

Toward a Mission Statement

As described in this article, the management of the pa-
tient with CS is complex and frequently requires mul-
tidisciplinary collaboration.® Care heterogeneity exists
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within and across health care institutions and systems.
Such heterogeneity threatens to stymie collaborative
scientific endeavors and potentially undermine patient
outcomes. Challenges in CS care include but are not
limited to (1) the ability to identify patients early; (2) the
institution of timely, life-saving interventions; (3) the
transfer of patients to centers with advanced resources;
(4) an understanding of the utility of temporary MCS
devices; (5) the vetting of indications for escalation or
deescalation of support; and (6) the capacity to define
optimal methods to facilitate transition from temporary
to more durable heart-replacement strategies. Few
would argue that CS care is easy, and complicated
problems often require coordinated decision-making.
We believe that the employment of a CS team can lead
to better outcomes and more thoughtful resource use.
Although there exist several high-quality CS registries
and collaboratives that have been pivotal toward our
understanding of the contemporary landscape, none
have specifically focused on the shock team, multidis-
ciplinary involvement, or process improvement.

The mission of the CS Team Collaborative will be
to improve the management and outcomes of patients
with CS through innovative, efficient, multidisciplinary,
and reliable team-based models that leverage novel
therapeutics and state-of-the-art cardiovascular critical
care principles. The goals of this alliance will include (1)
the promotion of the CS team model within health care
institutions across the United States, (2) the sharing of
team-based algorithms and the identification of oppor-
tunities for care standardization, (3) the education of
health care professionals as well as the general public
about CS, and (4) the systematic exploration of how
process and performance affects patients, care qual-
ity, resource allocation, and costs (Figure 4).

Resource Needs and Partnerships

CS teams serve as the infrastructure for a system of
care aimed at early identification of patients at risk for
destabilization and effective communication between
invested members. Building a CS team collaborative
necessitates partnerships between multiple physi-
cian specialists, including providers from community
to quaternary care facilities. The scope of this collab-
orative should not be limited to physicians alone; in-
stead, a comprehensive CS team collaborative should
also include input from members of patient transport
teams, nonphysician practitioners, nursing, hospital
administration, bed flow management personnel, and
others. In order to foster knowledge exchange and
promote a global perspective on the transformation
of CS management, the collaborative should likewise
seek the inclusion of international medical experts.
Engagement and input from relative stakeholders will
be critical. By working together on recommendations
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Mission, goals, and potential deliverables of a proposed cardiogenic shock team collaborative.

with a common goal to improve patient outcomes, this  teams. The collaborative should also seek to include

fortify the mutually beneficial relationships representation from CS data repositories, including

and establish requisite trust to build highly functional  the Cardiogenic Shock Working Group, the American
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Heart Association Cardiogenic Shock Registry,
Extracorporeal Life Support Organization, Society
of Thoracic Surgery Intermacs, and the Critical Care
Cardiology Trials Network, to inform recommendations
and to identify areas for organized research efforts,
and even industry-based registries necessary to evalu-
ate real-world practices and complication rates. These
partnerships can serve as the foundation for system-
atic expansion of the current evidence-base pertaining
to CS management.

To bring together this extensive network of leaders
in CS care, with the objective of developing necessary
clinical, educational, and research initiatives, there will
be a need for substantial resources. Much like with the
PERT Consortium, financial sponsorship in the form of
grants or industry funding, endorsement from a broad
set of professional organizations, and a platform for
dissemination of collaborative outcomes will be imper-
ative. This platform may include various elements such
as publications, a dedicated website, educational ma-
terials, and interdisciplinary conferences designed for a
broad audience. Furthermore, the resources allocated
for the collaborative should be designed for long-term
sustainability, including iterative processes for the in-
clusion of data and feedback from self-instituted qual-
ity assessment measures. A quality assurance and
review process should be integrated into the planning
phase to ensure that the collaborative’s mission and
objectives are being successfully addressed. Finally,
the successful execution of a project of this magnitude
requires robust administrative support, technical assis-
tance, and committed project management time from
leadership.

Initial Deliverables—Research, Quality
Improvement, and Cost-Containment
Although a number of institutions have introduced and
refined their employment of CS teams, there remains a
notable absence of comprehensive data and consen-
Sus necessary to determine optimal team composi-
tion, appropriate activation processes, and the specific
roles of clinician members. Additionally, although there
are observational data to suggest that CS teams likely
enhance patient outcomes, concrete evidence for this
is lacking, as is a clear understanding of the financial
implications for patients and institutions.

Collaborative initiatives, such as the one proposed,
are particularly vital for situations where multiple prac-
tice patterns exist in the absence of clear guidance to
address superiority. We hope that this collaborative
can serve as a platform for amassing data to help our
community better understand the impact of CS teams
on important outcomes and that these data will inform
future investigation. Not only that, but we believe this
endeavor can function as a multi-institutional and even

J Am Heart Assoc. 2024;13:e031979. DOI: 10.1161/JAHA.123.031979
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multinational forum to facilitate real-world discussions
on the challenges and successes of CS teams and
provide a platform for thoughtful analyses, deriva-
tion of prudent quality metrices, and institutional self-
reflection. These collaborations enable the sharing of
experiences and therefore can foster mutual learning
opportunities and a deeper, shared understanding of
a complex subject matter—something vital to our work
in CS (Figure 4).

CONCLUSIONS AND FUTURE
DIRECTIONS

Despite notable advances in pharmacologic and me-
chanical therapies for CS, the burden of morbidity and
mortality remains unacceptably high.® Recognizing the
inherent complexity of these patients, their often exten-
sive multiorgan involvement, and the imperative need
for earlier disease recognition and timely intervention,
novel approaches must be considered and vetted as
quickly as possible. Emerging data suggest that the
involvement of a multidisciplinary CS team may im-
prove outcomes.®”8" Consequently, professional so-
cieties have expressed support for these dedicated
programs.

Although a growing number of health care institu-
tions have embraced the concept of the CS team ap-
proach to patient care, many challenges exist to their
creation and implementation. Even where CS teams
have been embedded within health care systems, sub-
stantial heterogeneity exists in regard to composition
and care processes. This variability can be attributed,
in part, to alack of consensus within the cardiology and
critical care communities as to the optimal model and
role for CS team-based management; hence, there
are few data to inform guidelines and limited guidance
from which to inform standards of care.

In light of these challenges, we have proposed
the establishment of a Cardiogenic Shock Team
Collaborative comprising key stakeholders in the
field. The primary objective of this consortium will be
to address and mitigate the inter-institutional dispari-
ties in care seen with early team-based methods. Our
approach will involve thoughtful dialogue, rigorous
research, and the structured examination of various
multidisciplinary care models to determine optimal
composition and operational strategies—akin to the
successful development and maturation of the PERT
Consortium model nearly a decade ago. From this, we
aspire to cultivate a comprehensive CS team registry
to aggregate and generate evidence to inform future
practice. An inaugural meeting, perhaps embedded
within an existing shock conference, will look to serve
as an opportunity to unite key partners, facilitate dis-
cussion on the current landscape, identify gaps in
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knowledge and research priorities, and exchange
insights on site-based successes and challenges
that can be disseminated to the community at large.
Through an iterative process, we believe that the CS
Shock Team Collaborative will help to foster a com-
munity focused on practical guidance, the generation
of novel data, and the development of innovation for a
complex pathology and clinical condition that contin-
ues to kill our patients at an alarming rate.
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