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Systems of Care Approach 
to the Management of 
Cardiogenic Shock
Recent studies have demonstrated the merits of protocoled team-based care with 

regionalized shock networks in improving outcomes in cardiogenic shock.

By Raghav Gattani, MD; Carolyn M. Rosner, NP, MBA; and Behnam N. Tehrani, MD

C ardiogenic shock (CS) is a multiorgan system 
syndrome that encompasses a broad spectrum 
of hemodynamic and metabolic derange-
ments.1,2 Notwithstanding advances in early 

revascularization strategies and the development of 
rapidly deployable transcatheter hemodynamic assist 
devices, outcomes associated with CS remain poor, with 
short-term mortality rates in excess of 40%.3 The inci-
dence of CS is also on the rise. A contemporary analysis 
of 1,254,358 CS admissions from the United States 
National Inpatient Sample from 2004 to 2018 observed 
a greater than threefold increase in the number of 
hospitalizations associated with this time-sensitive 
condition.4 It is also recognized that CS is multifacto-
rial, with data from dedicated shock and critical care 
registries demonstrating that acutely decompensated 
heart failure (HF), an umbrella diagnosis consisting of 
myriad conditions affecting myocardial contractility, is 
now the predominant CS etiology.1,5,6 Traditionally an 
understudied population, patients with HF-CS represent 
a distinct phenotype, as they are not only more likely 
to present with deranged index congestive profiles and 
biventricular dysfunction but also have vastly different 
clinical trajectories compared to patients with acute 
myocardial infarction (AMI). They also have enhanced 
risk for in-hospital mortality and associated comor-
bid events, including cardiac arrest and escalation to 
mechanical circulatory support (MCS).7 Given the chal-
lenges inherent to enrolling these patients in clinical tri-
als, only approximately 2,000 patients to date have been 
randomized into CS trials.8 Therefore, in the absence of 
adequately powered randomized controlled trials and 
clinical guidelines to inform management, there remain 
significant practice pattern variations and disparities 
in clinical care.9 Given the knowledge gaps that endure 

regarding optimal treatment strategies for CS, there is 
increasing interest in the implementation of a systems 
of care approach to CS, with integrated and regional-
ized shock networks composed of collaborating medical 
centers using team-based protocols to facilitate early 
disease recognition, hemodynamically tailored thera-
peutic interventions, and, ultimately, disposition to 
high-volume level 1 CS institutions with dedicated mul-
tidisciplinary cardiac intensive care units (CICUs).10-12

SHOCK PATHOPHYSIOLOGY
The “downward spiral,” a term first coined by 

Hollenberg in 1999, defines the complex series of physi-
ologic changes in CS that quickly ensue as a result 
of diminished cardiac output after AMI.13 Although 
we know that the initial myocardial insult may stem 
from a variety of etiologies in addition to acute 
coronary thrombosis, the central premise is uniform: 
self-perpetuating and maladaptive cycles of ischemia, 
inflammation, vasoconstriction, and volume overload, 
culminating in increased ventricular diastolic pres-
sures, systemic hypoperfusion, refractory arrhythmias, 
metabolic acidosis, and death.2 Progression to CS in the 
AMI patient cohort is predicated by load, a powerful 
and independent predictor of reperfusion arrhythmias, 
left ventricular (LV) infarct size, and mortality.14,15 
With > 4 decades of preclinical research efforts aimed 
at identifying treatment strategies to unload the LV, 
recent multicenter registries such as the National 
Cardiogenic Shock Initiative (NCSI) have identified 
empiric LV unloading using percutaneous transval-
vular microaxial flow pumps prior to revasculariza-
tion as a potential strategy to reduce the incidence 
of postinfarction HF and mortality in select patients 
with acute coronary syndrome complicated by CS.16,17 
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NCSI investigators demonstrated the efficacy of this 
approach when applied using team-based protocols, 
with longitudinal improvements in lactate clearance, 
cardiac power, shock severity, and, ultimately, survival 
to discharge.17,18 This concept is currently under inves-
tigation in the DanGer CS Trial (NCT01633502), the 
first adequately powered, multicenter, randomized 
controlled trial to assess this strategy.19 The results are 
due later this year, and it is expected that the findings 
will inform treatment strategies around the merits of 
upstream percutaneous MCS in patients with AMI-CS. 

DEFINITIONS AND PHENOTYPING OF CS
The definition of CS has evolved since the original 

Killip classification in 1967, which relied primarily on 
physical examination findings to assess congestion.20 
The landmark SHOCK trial published 3 decades later 
further expounded on these findings by highlighting the 
utility of pulmonary capillary wedge pressures to assess 
congestion and the role of biomarkers to adjudicate 
severity of end-organ hypoperfusion.21 While binary and 
prognostically significant, these models did not account 
for the varying severities of the shock state and its asso-
ciated morbidities. They also did not provide guidance 
around management strategies tailored to the indi-
vidual hemodynamic phenoprofile. To address these 
limitations, in 2019, a multidisciplinary working group 
of thought leaders at the Society for Cardiovascular 
Angiography and Interventions proposed a 5-stage clas-
sification system (A-E) spanning the full spectrum of 
CS, from patients “at risk” to those in frank circulatory 
collapse and requiring full mechanical hemodynamic 
support.22 This A to E staging system has undergone 
retrospective and prospective validation across all clini-
cal subgroups.23,24 It underwent further iterative refine-
ments in 2022, with greater precision around high-risk 
patient subsets, such as those with CS who may initially 
present with transient cardiac arrest and are quickly 
resuscitated versus those who sustained a prolonged 
cardiopulmonary insult and are at risk for neurologic 
compromise.25 It also provided further granularity 
around clinical tools to better understand the clinical 
trajectory of CS—an important concept when contem-
plating potential escalation strategies in patients refrac-
tory to therapy.25 The development of this lingua franca 
has been a milestone achievement in CS care, and it 
is hoped that by improving patient identification and 
treatment across the entire severity spectrum of the 
disease, current and future multicenter registries and 
pragmatic clinical trials may be better suited to evalu-
ate novel medical and device-based therapies in this 
disease space.11,26

TEAM-BASED CARE FOR CS: A NEW WAY 
FORWARD

Team-based interventions for high-acuity and criti-
cal illnesses have been shown to improve outcomes 
across multiple medical and surgical disciplines.27,28 The 
development of integrated trauma teams, for example, 
was one of the initial paradigms for the application 
of multidisciplinary decision-making for patients with 
life-threatening injuries.29 With the development of des-
ignated trauma centers equipped with expertise span-
ning from emergency medicine to the operating room, 
it has been demonstrated that in-hospital mortality in 
patients with traumatic illness can be reduced by up to 
10%.30 Similar findings have been noted in institutions 
implementing rapid-response teams to streamline the 
care of patients afflicted with time-sensitive conditions, 
such as cardiopulmonary failure, stroke, and sepsis.31-33 
The team-based approach to care is not a novel one to 
the discipline of cardiology; many centers employ multi-
disciplinary heart teams in the management of patients 
undergoing evaluation for complex therapies, such as 
structural heart intervention and high-risk coronary 
revascularization.34,35 Similar models have been applied 
to the care of cardiac arrest, with contemporary regis-
try data demonstrating an up to threefold increase in 
survival to discharge in these patients when triaged at 
institutions capable of providing full resuscitation and 
postarrest care.36 These findings have translated into the 
most recent American Heart Association (AHA) class IIa 
guideline recommendation to centralize the manage-
ment of patients with out-of-hospital cardiac arrest at 
regionalized centers with multidisciplinary teams.37

Given the paucity of randomized clinical trial data to 
guide the management of patients with CS, there has 
been a growing interest in the development of multi-
disciplinary shock teams to address the current gaps in 
clinical care. The initial experience with a team-based 
approach to CS care was first reported at Mayo Clinic 
in Arizona and subsequently in Paris.38,39 These stud-
ies demonstrated the feasibility of deploying mobile 
teams consisting of a cardiothoracic surgeon, perfusion-
ists, and critical care nurses from tertiary care medical 
centers to community hospitals to stabilize patients 
with refractory circulatory collapse through cannu-
lation with venoarterial extracorporeal membrane 
oxygenation followed by transfer back to the regional 
destination center.38,39 The authors reported survival-
to-discharge rates among patients stable for transport 
of up to 56%.39 Given these findings and recognizing 
an increasingly aging and complex patient popula-
tion, a call to action was subsequently made in 2015 to 
standardize the care of patients with CS.40 The authors 
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TABLE 1.  CLINICAL STUDIES EVALUATING OUTCOMES IN CS AFTER IMPLEMENTATION OF STANDARDIZED  
TEAM-BASED PROTOCOLS

National Cardiogenic 
Shock Initiative17

Inova Heart and 
Vascular Institute42

University of Utah41 University of 
Ottawa43

Critical Care 
Cardiology Trials 
Network44

Study Design Multicenter  
prospective  
observational

Single-center 
prospective and 
retrospective 
observational

Single-center 
prospective and 
retrospective 
observational

Single-center  
prospective and retro-
spective observational

Multicenter prospective 
observational

Sample Size 171 204 244 100 1,242 
Study Arms Single arm: early iden-

tification of CS using 
invasive hemodynam-
ics and implantation of 
pVAD prior to PCI 

Shock team vs  
historical control

Shock team vs  
historical control

Shock team vs  
historical control

CICUs with vs without 
shock teams

Shock 
Phenotype(s)

AMI-CS AMI-CS, HF-CS AMI-CS, HF-CS AMI-CS, HF-CS AMI-CS, HF-CS

Outcomes • �Survival to discharge: 
72%

• �RHC performed in 
92%

• �MCS placed prior 
to PCI in 74% of 
patients

• �Predictors of in-
hospital mortality:

     • Age ≥ 70
     • Creatinine ≥ 2
     • Lactate > 4
     • CPO < 0.6 W

• �Improvement in 
30-day survival 
(P < .01):

     • �47% (2016 to 
pre-CS Team 
era)

     • 58% (2017) 
     • 77% (2018) 
• �Predictors of 

30-day mortality:
     • Age ≥ 71
     • DM
     • Dialysis
     • �≥ 36 hours of 

vasopressor use
     • �Lactate ≥ 3.0 

mg/dL, CPO 
< 0.6 W, and 
PAPi < 1.0 at 24 
hours

• �Enhanced in-hospi-
tal survival follow-
ing employment of 
shock team (61% vs 
48%; P = .041)

• �Reduction in 30-day 
all-cause mortality 
after employment 
of shock team (HR, 
0.61 [95% CI, 0.41-
0.93])

• �No difference in 
shock-to-support 
times, mean length 
of MCS support 
between shock 
team vs preshock 
team era

• �AMI-CS, lactate 
level, and acute kid-
ney injury identified 
as independent risk 
factors for 30-day 
mortality at time of 
MCS implant

• �No difference in 
survival to dis-
charge (69% vs 
61%; P = NS) or 
30-day survival (72% 
vs 69%; P = NS) 
between shock team 
and historical control

• �Enhanced cumula-
tive survival over 
240 days of median 
follow-up in shock 
team cohort vs his-
torical control (HR, 
0.53; 95% CI, 0.28-
0.99; P = .03)

• �No differences in 
MCS use or median 
length of stay 
between shock team 
cohort and historical 
control

• �Shock team cohort 
more likely to have 
follow-up with heart 
failure specialist 
following discharge 
(75% vs 50%; 
P = .03)

Shock team centers 
associated with:
• �Greater use of invasive 

hemodynamics (60% 
vs 49%; P < .001)

• �Less overall employ-
ment of MCS (35% vs 
43%; P = .016)

• �More use of advanced 
MCS (53% vs 43%; 
P = .005)

• �Lower CICU mortality 
(23% vs 29%; P = .016)

Abbreviations: AMI-CS, acute myocardial infarction complicated by cardiogenic shock; CICU, cardiac intensive care unit; CPO, cardiac power output; 
CS, cardiogenic shock; DM, diabetes mellitus; HF-CS, heart failure complicated by cardiogenic shock; HR, hazard ratio; MCS, mechanical circulatory 
support; NS, nonsignificant; PCI, percutaneous coronary intervention; PAPi, pulmonary arterial pulsatility index; pVAD, percutaneous ventricular assist 
device; RHC, right heart catheterization; W, watts.
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advocated for a multidisciplinary approach to CS to not 
only facilitate more timely disease recognition but also 
enhance survival through the dissemination of algo-
rithms and early/selective use of medical and device-
based therapies and an expanding armamentarium of 
catheter-based therapies.40

Several dedicated CS studies have since been pub-
lished that support an algorithmic and team-based 
approach to disease management, with improved short-
term outcomes across the severity spectrum and myriad 
phenotypes of shock compared to historical controls 
(Table 1).17,41-44 The shock teams at these sites have 
generally comprised physicians and advanced practice 
providers in the specialties most clinically involved in 
the longitudinal care of these patients: interventional 
cardiology, advanced HF, cardiovascular critical care, and 
cardiothoracic surgery. Researchers at the Inova Heart 
and Vascular Institute implemented a one-call shock line 
to gather the physicians of their local shock team when 
a patient is suspected to be in CS.42 Using hemodynami-
cally driven protocols and established best practices 
around vascular access and critical care management, 
the Inova team demonstrated a significant improvement 
in 30-day survival (77% in 2018 vs 47% in 2016; P < .001) 
compared to the historical cohort 2 years prior.42,45 
Using logistic regression analysis, they also developed a 
validated and longitudinal score to stratify risk based on 
demographic, hemodynamic, and metabolic variables.42 
Similar findings were noted from the Utah Cardiac 
Recovery Shock Team and subsequently the University 
of Ottawa, with investigators in the latter study using 
a smartphone-based application for their Code Shock 
activation, with follow-on conferencing using a vir-
tual platform.41,43 A contemporary analysis of 1,242 
CS admissions from the Critical Care Cardiology Trials 
Network (an investigator-initiated multicenter research 
collaborative of AHA level 1 CICUs) correspondingly 
showed improved outcomes in sites employing dedi-
cated shock teams, with reductions in CICU mortality 
(23% vs 29%; adjusted odds ratio, 0.72; 95% CI, 0.55-0.94; 
P = .016) and greater use of pulmonary arterial catheters 
(PACs) and more advanced MCS devices.44 With emerg-
ing data highlighting the merits of comprehensive inva-
sive hemodynamic assessment in shock management, 
there are increasing calls to incorporate PAC monitor-
ing into the routine care of patients with CS, especially 
those with MCS devices.46-48 PACCS (NCT05485376), 
the first randomized clinical trial to assess the utility 
of early PAC use in the management of patients with 
HF-CS, is currently enrolling patients and will hopefully 
shed light on the merits of PAC use in this critically ill 
population. Based on the recent experiences outlined in 

North American CS registries, the 2022 AHA/American 
College of Cardiology/Heart Failure Society of America 
HF guidelines provide a class IIa recommendation for 
the employment of multidisciplinary shock teams in the 
evaluation and management of patients with CS.49

EXPANDING FROM SHOCK TEAMS TO 
SHOCK NETWORKS: THE HUB AND SPOKE 
MODEL

To date, there remain significant regional disparities in 
the management of CS within and across hospital systems 
nationwide.11 There is also a volumes-to-outcome rela-
tionship with this disease, in which centers with dedicated 
expertise that are equipped with contemporary resources 
are more likely to have lower mortality rates.50 A 2017 
AHA scientific statement endorsed a systems of care 
approach to CS through interhospital collaboration, inte-
gration of standardized protocols, and centralized care 
at high-volume regional destination centers.51 Rab et al 
proposed a tiered nomenclature system to categorize the 
level of CS care based on the level of interventional, surgi-
cal, MCS, and critical care capabilities at each center.52 
In this system, level 1 or “hub” institutions are tertiary or 
quaternary care centers with 24/7 primary percutane-
ous coronary intervention (PCI), surgical, and advanced 
MCS capability.52 These centers also have “high-intensity” 
CICUs, oftentimes comanaged by cardiologists and inten-
sivists, and they provide advanced cardiac replacement 
therapies, such as durable ventricular assist devices and 
orthotopic heart transplantation.11,52 Termed “spoke” 
institutions, level 2 and 3 CS centers have more limited 
resources. Level 2 sites are often able to provide primary 
PCI and intra-aortic balloon pump therapy but not 
advanced MCS, whereas level 3 centers may typically have 
emergency departments, medical intensive care units, and 
advanced cardiovascular life support expertise.52

Building on established and successful regionalized 
systems of care models for other high-acuity and time-
sensitive conditions, patients with refractory CS initially 
triaged at level 2 or 3 shock centers should ideally 
undergo early stabilization using local resources and, 
through early disease recognition and collaboration 
with emergency medical services and the shock team at 
the regional hub, should be transferred expeditiously to 
the level 1 CICU for ongoing longitudinal and multior-
gan system care (Figure 1).30,53 

Clinicians at the Inova Heart and Vascular Institute 
were among the first in the nation to implement an 
integrated, regionalized CS network through collabora-
tion with 34 partnering spoke centers spanning a geo-
graphic area of 5,960 miles. Using their one-call shock 
line with standardized treatment algorithms, multidis-
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ciplinary collaboration, and expedited transfer proto-
cols, they demonstrated that patients treated for CS 
in a comprehensive shock network had similar short-
term outcomes, irrespective of whether they initially 
presented to a hub or spoke site.11 The 2022 AHA HF 
guidelines also provide a class II recommendation for 
the early triage of patients with CS who are refractory 
to initial stabilizing measures to level 1 centers with 
advanced MCS and critical care expertise.49

CONCLUSION
CS continues to pose a major challenge to clinicians 

and health care systems globally. Notwithstanding 
enduring gaps in our mechanistic and clinical knowledge 
of CS, there are preliminary data emanating from high-
quality observational CS registries that highlight the 
merits of a protocoled and multidisciplinary approach 
to shock management. Coupled with the integration of 
regionalized shock networks, this emerging care model 

holds promise in informing the design and execution 
of future multicenter registries and clinical trials study-
ing treatment strategies for a syndrome that has been 
plagued with > 2 decades of poor outcomes.  n
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