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ABSTRACT



RESUM
E

Background: Despite efforts to advance therapies in cardiogenic
shock (CS), outcomes remain poor. This is likely due to several factors,
including major gaps in our understanding of the pathophysiology,
phenotyping of patients, and challenges with conducting adequately
powered clinical studies. An unmet need exists for a comprehensive
multicentre “all-comers” prospective registry to facilitate characterising
contemporary presentation, treatment (in a device-agnostic fashion),
and short- and intermediate-term outcomes and quality of life (QOL) of
CS patients.
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Despite advances in coronary revascularisation and systems of
care strategies, cardiogenic shock (CS) continues to pose a
major challenge to health care systems worldwide. It remains

the leading cause of in-hospital morbidity and mortality after
acute myocardial infarction (AMI), with short-term mortality
rates exceeding 40%.1 Its prevalence is increasing: The
number of hospitalisations attributed to CS have nearly tripled
in the past 15 years.2 It is also the second most common
indication for admission to contemporary cardiac intensive
care units (CICUs).3 Moreover, CS is multifactorial; nearly
50% of cases stem from acutely decompensated heart failure
(HF), a distinct etiology composed of varying disease states
with equally suboptimal outcomes.4
While carefully conducted studies are ongoing in the shock
ﬁeld, eligible patients participating in shock trials constitute
only one-third of the actual CS patient population, thus
contributing to knowledge gaps and the current state of
clinical equipoise and heterogeneity of treatment in the
ﬁeld.5,6 The lack of progress in the ﬁeld has also been
attributed to gaps in our understanding of the pathophysiology and incomplete phenotyping of the heterogeneity of CS
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Methods: The Multicenter Collaborative to Enhance Biological Understanding, Quality and Outcomes in Cardiogenic Shock (VANQUISH
Shock) registry is a prospective observational registry that will study
unrestricted adult patients with a primary diagnosis of CS at 4 North
American centres with multidisciplinary shock programs. Both acute
myocardial infarction (AMI-CS) and acute heart failure (HF-CS) etiologies will be included, and the registry will be device agnostic and
widely inclusive. The primary end point will be survival at 30 days after
hospital discharge. Secondary outcomes will include in-hospital
adverse events and survival to 6 and 12 months. Patients will also
undergo neurologic and health-related QOL assessments with the Cerebral Performance Category (CPC) and Short-Form 36 (SF-36) health
survey tools before discharge and during follow-up. Serial biospecimens will facilitate biomarker studies.
Conclusions: The VANQUISH Shock registry provides a unique opportunity to study the pathophysiology, contemporary management, clinical course, and outcomes of CS. By capturing detailed and high-quality
longitudinal data, the registry will address existing knowledge gaps
and serve as a springboard for future mechanistic clinical studies to
advance the ﬁeld.

gard aux dispositifs utilise
s) du CC ainsi que le
le traitement (sans e
 de vie (QV) des patients
devenir à court et à moyen terme et la qualite
s.
contemporains touche
thodologie : Le registre prospectif et observationnel VANQUISH
Me
Shock (Multicenter Collaborative to Enhance Biological Understanding,
tudier les
Quality, and Outcomes in Cardiogenic Shock) permettra d’e
cas de patients adultes ayant reçu un diagnostic primaire de CC au
tablissements nordsein d’une population non restreinte dans quatre e
ricains dote
s de programmes multidisciplinaires de prise en
ame
ristiques e
tiologiques de l’infarctus aigu du
charge du CC. Les caracte
myocarde et de l’insufﬁsance cardiaque aiguë avec choc carnique (IAM-CC et ICA-CC) seront consigne
es dans le registre, qui
dioge
es sur les traitements, sans e
gard aux
comprendra en outre des donne
s, et sera largement inclusif. Le paramètre
dispositifs utilise
valuation principal sera la survie 30 jours après la sortie de l’hôpital.
d’e
valuation secondaires comprendront les effets
Les paramètres d’e
sirables survenus en cours d’hospitalisation et la survie à 6 et 12
inde
 de vie lie
e à la sante
 seront
mois. L’issue neurologique et la qualite
value
es au moyen du score CPC (Cerebral Performance Cateaussi e
 ge
 sur la sante
 SF-36 (Short-Form 36
gory) et du questionnaire abre
riode de suivi
Health Survey) avant la sortie de l’hôpital et pendant la pe
lèvement d’e
chantillons biologiques en se
rie
des patients. Le pre
tudes sur les biomarqueurs.
facilitera les e
Conclusions : Le registre VANQUISH Shock nous offre une occasion
tudier la physiopathologie ainsi que la prise en charge,
unique d’e
volution clinique et l’issue du CC chez les patients contemporains.
l’e
es longitudinales de
taille
es et de haute
En regroupant des donne
, le registre permettra de combler les lacunes actuelles et serqualite
tudes cliniques me
canistes ouvrant la voie à
vira de tremplin à des e
es me
dicales dans ce domaine.
des avance

patients.4,7 In the absence of randomised clinical trials to
inform clinical decision making, data are emerging from
dedicated North American CS registries supporting an algorithmic and team-based approach to management.8-11
Although preliminary short-term results from these registries
have been favourable, there remains uncertainty regarding a
number of clinical domains across the severity spectrum of
shock.12 In addition, enrolling patients with CS in mechanistic studies and clinical trials is associated with inherent
challenges. Therefore, there is a major unmet need for deep
phenotyping within comprehensive multicentre registries to
better characterise mutually exclusive groups of patients in this
heterogenous disease state and to advance our biologic and
clinical knowledge in CS (Table 1).13,14

Clinic Heart, Vascular, and Thoracic Institute, and the University of Utah. All 4 centres offer the full range of mechanical
cardiac support modalities for cardiac support and replacement therapies, including durable mechanical circulatory
support and heart transplantation. Deidentiﬁed clinical variables will be collected from the electronic medical records and
stored in a central registry. Serial biospecimens will be prospectively collected and processed at all 4 centres and processed centrally (University of Utah or Peter Munk Cardiac
Centre). All patients will be followed to 1 year after hospital
discharge (Fig. 1).

Methods
Study design
The Multicenter Collaborative to Enhance Biological
Understanding, Quality and Outcomes in Cardiogenic Shock
(VANQUISH
Shock)
registry
(ClinicalTrials.gov
NCT05185492) is composed of 4 high-volume North
American quaternary centres of care with dedicated multidisciplinary shock teams.8,9,15 This prospective observational
registry will study all patients with the primary diagnosis of
CS who are evaluated by each institution’s respective shock
teams. Patients will be enrolled from the Inova Heart and
Vascular Institute, Peter Munk Cardiac Centre, Cleveland

Mission statement and governance
The mission of the VANQUISH Shock registry is to
advance our understanding of the management and outcomes
of CS in the real world through the longitudinal collection of
granular clinical, molecular, and quality-of-life data in an
unrestricted patient cohort and to collectively formulate
research questions that address existing gaps in knowledge.
The registry governance will operate through an executive
committee comprised of 1 lead physician from each of the 4
sites (Table 2).
Study participants and follow-up
The study population eligible for inclusion in this registry
will consist of consecutive adults ( 18 years) with the primary diagnosis of suspected or conﬁrmed CS who are triaged
and managed by each institution’s respective shock team.
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Table 1. Opportunities for research in CS through prospective
multicentre registries
Clinical domain
I. Diagnosis

II. Treatment

III. Molecular proﬁling
IV. Care delivery models

V. Prognosis

Gaps in knowledge
1. Comprehensive
hemodynamic
phenotyping in CS
2. Prospective validation of SCAI
shock and other risk stratiﬁcation
scores
3. Clinical and hemodynamic predictors of mortality in patients with
pre-shock (SCAI stage B)
4. Machine learning and artiﬁcial intelligence to enhance disease
recognition
1. Optimal targets for ﬂuid management and vasopressors
2. Patient selection for MCS
3. Best practices for vascular access
and closure following deployment
of MCS
4. MCS escalation and weaning
strategies
5. Decongestion in CS complicated by
cardiorenal syndrome
6. Anticoagulation targets for MCS
(TEG, aPTT, ACT)
7. Left ventricular venting in patients
supported with VA-ECMO
1. Discovery of biomarkers and
“omics” with diagnostic, prognostic, and therapeutic value in CS
1. Multidisciplinary shock team
2. Regionalised systems of care networks for CS
3. Stafﬁng models in contemporary
CICUs
1. Risk prediction scores
2. Short- and long-term quality of life
and neurologic assessments
3. Recognition of futility in CS
4. Integration of palliative care into
clinical decision making

ACT, activated clotting time; aPTT, activated partial thromboplastin
time; CS, cardiogenic shock; CICU, cardiac intensive care unit; MCS, mechanical circulatory support; SCAI, Society for Cardiovascular Angiography
and Intervention; TEG, thromboelastography; VA-ECMO, veno-arterial
extracorporeal membrane oxygenation.

Activation of the shock team is at the discretion of the local
clinicians and will not require deﬁnitive evidence of CS before
initiation. Inherent in this approach is that some patients
referred to the shock team will not have cardiogenic shock
(even of mild severity), and those patients will not be
included.
The Society for Cardiovascular Angiography and Intervention (SCAI) CS stage will be assigned by prospective local
team consensus at the time of index shock team evaluation
and 24 hours later.16 The SCAI staging will be complemented
by application of the 2017 American Heart Association Scientiﬁc Statement on CS and the seminal Should We Emergently Revascularize Occluded Coronaries for Cardiogenic
Shock (SHOCK) trial deﬁnitions.17,18 These clinical criteria
include systolic blood pressure (SBP) < 90 mm Hg for  30
minutes (or the need for vasoactive infusions to maintain a
SBP  90 mm Hg), and evidence of end-organ hypoperfusion. Examples of the latter include cool extremities,

urinary output < 30 mL/h, and lactic acid > 2 mmol/L.
Hemodynamic criteria will include Fick or thermodilution
cardiac index  1.8 L/min/m2 without vasopressors (or  2.2
L/min/m2 with vasopressors). Additional hemodynamic correlates of CS will include cardiac power output (CPO) < 0.6
W or pulmonary arterial pulsatility index < 1.0.19,20 Some
patients may not meet the SHOCK trial deﬁnition of CS but
may manifest SCAI stage B or early stage C shock, and their
course will be captured in the registry. Patients with both
AMI-CS and HF-CS etiologies will be studied (Table 3).
Clinical follow-up will include the following time points: 30
days, 6 months, and 12 months after hospital discharge. A
waiver of informed consent at the time of hospital admission
will permit broad inclusion in the registry. The patient or
their legally authorised representative, however, will provide
informed consent as soon as possible after admission to allow
storage and future analysis of biospecimens.
Management
All patients in the VANQUISH Shock registry will be
managed in American Heart Association Level 1 CICUs
equipped with “high intensity” and 24-hour 7-days-a-week
stafﬁng with cardiologists and intensivists.18 They will all
undergo initial evaluation and management by each institution’s respective shock team, consisting of interventional
cardiologists, cardiac surgeons, intensivists, and advanced HF
specialists. Right heart catheterization will be recommended
for all patients at the time of the index CS diagnosis for
comprehensive shock phenotyping and to guide therapy.
Variables that will be collected at the time of right heart
catheterisation are outlined in Table 4. Additional variables
that will be collected during each patient’s hospital course will
include markers of end-organ malperfusion, including lactate,
renal, and hepatic function, as well as ventilator support for
patients with acute respiratory failure. All baseline comorbidities and medication proﬁles will also be recorded longitudinally (Table 5). Speciﬁc vasopressor doses will not be
captured.
Given the comprehensive nature of this registry, the
treatment plan will be per discretion of the local shock team.
Management strategies will include vasopressors, inotropes,
and mechanical circulatory support (MCS) devices. Currently
available hemodynamic assist platforms are outlined in
Table 2.
Invasive hemodynamic assessments will be performed daily
in patients requiring temporary MCS. Patients with CS refractory to aggressive medical and device-based therapies will
undergo evaluation for cardiac replacement therapies, such as
durable ventricular assist devices and orthotopic heart transplantation. The individual CS algorithms for each center are
included in Supplemental Figures S1-S4.1 These function as a
guide but do not restrict care by clinicians.
Clinical end points and follow-up
The primary end point will be survival at 30 days after
hospital discharge. Secondary outcome measures will include
survival to 6 and 12 months after discharge. Patients who are
lost to follow-up will be censored at the date of last medical
contact. Other secondary end points will include major
bleeding, deﬁned as Bleeding Academic Research Consortium
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Figure 1. Multicenter Collaborative to Enhance Biological Understanding, Quality and Outcomes in Cardiogenic Shock (VANQUISH Shock) Consort
diagram. AMI-CS, acute myocardial infarction complicated by cardiogenic shock; CI, cardiac index; CPO, cardiac power output; CS, cardiogenic
shock; HF-CS, heart failure complicated by cardiogenic shock; PAPi, pulmonary arterial pulsatility index; SBP, systolic blood pressure; SCAI, Society
for Cardiovascular Angiography and Intervention.

types 3 and 5 bleeds, Valve Academic Research Consortium 2
major vascular complications, acute kidney injury requiring
renal replacement therapy, clinically signiﬁcant hemolysis
resulting in the need for transfusions or dialysis, stroke, and
major adverse cardiac and cerebrovascular events, deﬁned as a
composite of 30-day mortality after hospital discharge, stroke,
or HF rehospitalisation.21,22 Patients surviving the index
hospitalisation will also undergo neurologic and health-related
quality-of-life outcome assessments with the Cerebral Performance Category (CPC) and Rand 36-Item Short-Form Survey tools before discharge and at 30 days and 6 and 12
months after hospital discharge.23,24 These assessments will
occur either in person or via telephone between a cardiology
practitioner and either the patient or their legally authorised
representative. Institutional language service lines with
licensed medical translators will be used as necessary. A datamonitoring committee consisting of 1 steering committee
member from each institution will adjudicate the primary and
secondary outcome measures.
Data collection
Clinical and hemodynamic variables will be collected
prospectively in real time from the electronic medical record
during the hospitalisation. Clinical outcomes at 30 days and 6
and 12 months after hospital discharge will be collected
prospectively via follow-up telephone calls (Table 3). All
deidentiﬁed information will be entered into a comprehensive
case report form and stored in a centralised Research Electronic Data Capture (REDCap) database at the University of

Utah. An internal audit will be performed quarterly to ensure
the accuracy and scientiﬁc integrity of the data. The Peter
Munk Cardiac Centre and the University of Utah have
existing infrastructure to allow for collection and storage of
biospecimens in patients who consent to blood draws for
research. With the use of standardised protocols, samples will
be collected within 24 hours of CS diagnosis, on the second
day after CS diagnosis, at the time of cannulation with MCS,
and on the day of discharge. These samples will provide a rich
repository of biospecimens from which biomarker studies will
be performed. Both Inova and Cleveland Clinic will obtain
and process biospecimens from consented patients and ship
these frozen biospecimens in batches to the University of Utah
for storage and future analysis.
Statistical analysis
It is anticipated that each site’s shock team will enroll a
minimum of 125 patients annually with a primary diagnosis
of CS. This will include patients who are admitted directly to
the 4 quaternary care centres and who are transferred from a
community “spoke” hospital. Patients who are deemed lost
to follow-up at 30 days, 6 months, or 12 months after
hospital discharge will be censored in the respective primary
and secondary outcomes analyses. Conditional short- and
intermediate-term cumulative survival rates of all patients in
the registry will be determined with the use of the KaplanMeier method. In addition, Cox proportional hazards
modelling will be used to identify the correlates of the primary and secondary outcomes. This will include not only
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Table 2. VANQUISH Shock registry composition
Cleveland Clinic Florida
Executive physician
lead
Shock team
composition

Beds
Annual shock volume
MCS devices

Cardiac replacement
therapies

David A. Baran, MD
1. Interventional Cardiology
2. Cardiac Surgery
3. Advanced Heart Failure
4. Cardiac Critical Care
5. Nursing
230
 170
1. IABP
2. Impella 2.5/CP/RP/5.0/
5.5 (Abiomed)
3. VA-ECMO
(Getinge;
Medtronic)
4. Surgical Centrimag pump
(Abbott Cardiovacular)
1. Durable LVAD
2. OHT

Inova Fairfax Medical
Campus
Wayne B. Batchelor, MD,
MHS
1. Interventional Cardiology
2. Cardiac Surgery
3. Advanced Heart Failure
4. Cardiac Critical Care
5. Nursing
923
 170
1. IABP
2. Impella 2.5/CP/RP/5.0/
5.5 (Abiomed)
3. VA-ECMO (Abbott)
4. Surgical Centrimag pump
(Abbott Cardiovacular)
1. Durable LVAD
2. OHT

Peter Munk Cardiac Centre
Filio Billia, MD, PhD
1. Interventional Cardiology
2. Cardiac Surgery
3. Advanced Heart Failure
4. Cardiac Critical Care
5. Nursing
417
 170
1. IABP
2. Impella 2.5/CP/5.0/5.5
(Abiomed)
3. VA-ECMO
(Getinge;
Medtronic)
4. Surgical Centrimag pump
(Abbott Cardiovacular)
1. Durable LVAD
2. OHT

University of Utah
Stavros G. Drakos, MD,
PhD
1. Interventional Cardiology
2. Cardiac Surgery
3. Advanced Heart Failure
4. Cardiac Critical Care
5. Nursing
425
 170
1. IABP
2. Impella 2.5/CP/RP/5.0/
5.5 (Abiomed)
3. VA-ECMO
(TandemHeart; LivaNova)
4. Surgical Centrimag pump
(Abbott Cardiovacular)
1. Durable LVAD
2. OHT

IABP, intra-aortic balloon pump; LVAD, left ventricular assist device; MCS, mechanical circulatory support; OHT, orthotopic heart transplant; VA-ECMO,
veno-arterial extracorporeal membrane oxygenation; VANQUISH Shock, Multicenter Collaborative to Enhance Biological Understanding, Quality and Outcomes
in Cardiogenic Shock.

historically validated clinical variables currently used in
clinical practice, but also potentially novel data points such
as longitudinal assessments of hemodynamic and metabolic
parameters, SCAI CS staging, and molecular proﬁling with
the use of proteomics and biomarkers to predict outcomes.16,25 Standard summary statistical presentations will
be as mean  SD, median (interquartile range [IQR]), or
frequency and percentage as deemed appropriate. Comparisons between patient populations of clinical interest will be
made via Student t test, Wilcoxon rank sum test, 1-way
analysis of variance, chi-square, or Fisher exact test as
appropriate. Data points that are missing at random will be
imputed by means of multiple imputation with chained
equations to avoid introduction of selection bias. The algorithmic management differences between each site will be
accounted for in the primary end point analysis by adjusting
for centre in a ﬁxed-effect model, and differences in baseline
composition between centres will be balanced by adjusting
for baseline illness severity (ie, SCAI stage, invasive hemodynamics, lactate).

Ethical conduct and funding
The VANQUISH Shock registry has been approved by
the institutional review boards of each individual institution.
Participation in the registry will include a waiver of informed
consent for clinical data and deferred consent for biospecimen use. All data will be deidentiﬁed and collected
primarily for the purpose of clinical research. The registry is
currently funded by the Peter Munk Cardiac Centre Innovation Fund. Because the study will be shock etiology and
therapy agnostic, engagement with industry partners will be
fully inclusive and solely for the purpose of clinical research.
Supplemental ﬁnancial support for statistical analysis will be
provided by the Ted Rogers Centre for Heart Research. The
executive and steering committee members of the consortium are responsible for the design and conduct of this

registry, all study analyses, and the production of all
manuscripts.
Discussion
The VANQUISH Shock registry will be the ﬁrst international multicentre study to prospectively evaluate the clinical
characteristics, hemodynamics, management, and both shortterm and 1-year outcomes of consecutive CS patients presenting at 4 high-volume level 1 shock centres. Patients will be
followed longitudinally and, unlike in other contemporary
registries, comprehensive data will be collected in a multidisciplinary and device-agnostic manner. Variables of interest
will include in-hospital clinical and hemodynamic data, major
adverse events, and postdischarge survival and quality of life at
1 year. Together with the collection of biospecimens, the
registry will provide unique holistic insights into the clinical
and molecular signature of the dynamic shock state. Although
current and ongoing research efforts have greatly informed our
understanding of the hemometabolic complexities associated
with CS, they have focused primarily on patients with AMICS, with a device-based approach. Alternatively, existing
studies have been limited primarily to centres without
dedicated shock teams, or the studies have not prospectively
enrolled patients across the full spectrum of CS
(Fig. 2).10,26-28
CS encompasses a wide spectrum of clinical presentations,
yet most of the research has primarily been in patients with
SCAI stages C-E shock.27 These patients inevitably require
pharmacologic and/or device-based circulatory support
because they are both hypotensive and hypoperfused. Little is
known, however, regarding the patients in preshock, who
have early signs of end-organ malperfusion despite near
normal SBPs because of catecholamine-mediated compensatory vasoconstriction.29 Such patients, categorised as SCAI
stage B CS, constituted only 5% of the SHOCK Trial registry
but were a notably high-risk cohort. These patients had
greater rates of anterior-wall MI compared with patients with
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Table 3. Inclusion and exclusion criteria
Inclusion criteria
 All consecutive patients will be enrolled
under a waiver of informed consent for
deidentiﬁed data collection.
 Adult men and women ( 18 years)
 Referral to the shock team for suspected or
conﬁrmed cardiogenic shock AND/OR
primary diagnosis of shock due to cardiac
etiology as determined by institutional
shock teams based on clinical and/or hemodynamic criteria as deﬁned in the 2017
AHA Scientiﬁc Statement on CS and the
SHOCK trial17:
B Clinical criteria:
- SBP < 90 mm Hg for  30 minutes
(or the need for vasoactive infusions
to maintain a SBP  90 mm Hg),
and
- Evidence of end-organ hypoperfusion
(cool extremities or urine output <
30 mL/h)
B Hemodynamic criteria:
- Fick or thermodilution cardiac index
 1.8 L/min/m2 without vasopressors (or  2.2 L/min/m2) or
- CPO < 0.6 W or PAPi < 1.0
- AMI-CS (STEMI, NSTEMI, unstable angina)
 HF-CS
- Valvular heart disease
- Stress (takotsubo) cardiomyopathy
- Myocarditis (including COVID-19)
- Allograft rejection
 CS complicated by cardiac arrest
 Pulmonary embolism with right ventricular
CS
 CS
due
to
post-MI
mechanical
complications:
- Ventricular septal defect
- Papillary muscle rupture with mitral
regurgitation
- Free wall rupture
- Cardiac tamponade
 Arrhythmia (AF, VF, VT, bradycardia, or
heart block)

Exclusion criteria
 Biospecimens will not
be kept if consent is not
later obtained from the
patient or legally
authorised
representative.
 Shock not due to primary cardiac etiology:
- Septic shock
- Anaphylactic shock
- Hemorrhagic shock
 Patients not evaluated
by the shock team.
 Postcardiotomy shock

AF, atrial ﬁbrillation; AHA, American Heart Association; AMI-CS, acute
myocardial infarction complicated by cardiogenic shock; CPO, cardiac power
output; CS, cardiogenic shock; MI, myocardial infarction; NSTEMI, none
ST-segment elevation MI; PAPi, Pulmonary Arterial Pulsatility Index; SBP,
systolic blood pressure; SHOCK, Should We Emergently Revascularize
Occluded Coronaries for Cardiogenic Shock; STEMI, ST-segment elevation
MI; VF, ventricular ﬁbrillation; VT, ventricular tachycardia.

classic CS, and they had a 43% in-hospital mortality rate.30
SCAI B patients continue to be underrepresented even in
contemporary registries: They have been only 7% of all CICU
admissions in the Critical Care Cardiology Trials Network,
and they have not been included in any of the National
Cardiogenic Shock Initiative analyses.31,32 Given the paucity
of data to inform risk stratiﬁcation of patients with preshock,
an all-comer CS registry is needed to prospectively identify
these patients. A recent prospective series of patients with
uniform report of SCAI shock stage had 6% of patients
initially assessed as SCAI B.15 The mortality of such patients
in this series was very low, but larger numbers will be needed
to conﬁrm this ﬁnding, as well as to deﬁne strategies to

Table 4. Invasive hemodynamic variables and calculations captured
at time of right heart catheterisation
Invasive hemodynamics
 Systemic systolic, diastolic, and
mean arterial blood pressures (mm
Hg)
 Heart rate (beats/min)
 Mean right atrial pressure (mm
Hg)
 Right ventricular systolic and
diastolic pressures (mm Hg)
 Systolic, diastolic, and mean pulmonary arterial pressures (mm
Hg)
 Pulmonary capillary wedge pressure (mm Hg)
 Fick and/or thermodilution cardiac output (L/min) and cardiac
index (L/min/m2)

Calculations
 Pulmonary and systemic vascular
resistance (Woods units or
dynes  sec/cm5)
 Cardiac power output
 Pulmonary arterial pulsatility
index
 Right ventricular stroke work index (g  m/m2/beat)

achieve this optimal survival. Through longitudinal assessment of a number of granular variables, such as vital signs,
metabolic parameters, invasive hemodynamics, and SCAI
staging, the VANQUISH Shock registry will study this patient population prospectively with the goal to develop
prognostic models, similar to those in nonsevere sepsis, that
may inform not only early disease recognition but also predict
which of these patients are at highest risk for progressing to
fulminant CS.33
Patients hospitalised with CS are at risk for several morbidities. There is a greater than 40% prevalence of acute
respiratory failure requiring mechanical ventilation, nearly
30% will develop acute renal insufﬁciency, and up to 5% will
suffer a cerebrovascular accident.34,35 The post-hospital course
in patients with CS is also associated with signiﬁcant risk: 1 in
5 patients will be readmitted within 30 days, not only for
recurrent HF but also for noncardiac issues, such as infection,
bleeding, and respiratory failure.36 These post-shock morbidities extend beyond the ﬁrst month, with 59% of AMI-CS
survivors experiencing a rehospitalisation or death at 1 year, a
risk that may extend up to 5 years after discharge simply based
on index severity of illness.37,38 Patients with CS also
encounter challenges with their daily quality of life, with 20%
to 30% reporting impairment with daily activities, self-care,
and chronic pain and anxiety up to 12 months after hospital discharge.39 Little is known, however, regarding posthospitalisation health outcomes outside of the constructs of
payer databases and a limited number of randomised clinical
trials conducted primarily in AMI-CS.40 There is also a
paucity of data on long-term cognitive function after CS. This
is particularly important as nearly 50% of patients with CS
experience cardiac arrest either at the time of clinical presentation or as a sequela of their illness.41,42 Prognosis in these
patients is determined primarily by the extent of anoxic brain
injury, as predicted by the presence or absence of a shockable
rhythm as well as duration and locale of resuscitation.43 The
VANQUISH Shock registry will seek to better understand the
long-term health-related outcomes of unrestricted patients
with CS through serial assessment of quality of life and
neurologic status with the use of the Rand Short-Form 36
(SF-36) survey and CPC as well as Modiﬁed Rankin Scale
(mRS) questionnaires, respectively. Both tools have been

X
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X
X

X
X

X
X

X

X
X

X
X
X
X

Baseline demographics
Coronary angiography ﬁndings (AMI-CS)
Invasive hemodynamics and laboratory tests
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SCAI CS staging
Inotropes þ vasopressor dosing
Major bleeding, vascular complications,
stroke, dialysis
Primary end point
MACCE
Secondary survival end points
CPC þ mRS
SF-36 questionnaire
Serum and plasma samples collection

X

X
X
X
X
X
X
X

X
X
X
X
X

X

X

X
X
X

6-mo follow-up
30-d
follow-up
Hospital
discharge
Daily during
CS hospitalisation
Time of MCS
implantation
24 h after shock
team evaluation
Shock team
evaluation
Table 5. VANQUISH Shock Study schedule

AMI-CS, acute myocardial infarction complicated by cardiogenic shock; CPC, Cerebral Performance Category; CS, cardiogenic shock; MACCE, major adverse cardiovascular and cerebrovascular events; MCS,
mechanical circulatory support; mRS, Modiﬁed Rankin Scale; SCAI, Society for Cardiovascular Angiography and Intervention; SF-36, Short-Form 36 Health Survey; VANQUISH Shock, Multicenter Collaborative to
Enhance Biological Understanding, Quality and Outcomes in Cardiogenic Shock.
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validated as measures of health status in cardiovascular disease
and may serve to inform prognosis after discharge across the
severity and hemometabolic spectrum of CS.44,45
Despite contemporary efforts to enhance outcomes in CS
through optimising clinical care pathways and restoring
normal hemodynamics, gaps remain in knowledge regarding
the pathophysiologic processes involved and the biochemical
pathways that are dysregulated in this patient population.10
While contemporary advances in “omics” have advanced
knowledge regarding potential associations between gene
products and clinical expression in other lethal syndromes,
such a comprehensive and mechanistic understanding has
been lacking in CS.46 Two recent quantitative proteomic
analyses, one from the Barcelona and CardShock registries
and the other from the Culprit Lesion Only PCI Versus
Multivessel PCI in Cardiogenic Shock (CULPRIT-SHOCK)
trial with external validation with the use of the Intra-aortic
Balloon Pump in Cardiogenic Shock (IABP-SHOCK) II
trial, identiﬁed 2 candidate biomarker scores that were validated for predicting short-term mortality risk in CS: the CLIP
(cystatin C, lactate, interleukin-6, and N-terminal proeBtype natriuretic peptide) and the CS4P (liver-type fatty acid
protein, beta-2-microglobulin, fructose-bisphosphate aldolase
B, and serpin G1) classiﬁers.25,47 The 2 assays incorporated
proteins involved in inﬂammation and multiorgan system
dysfunction. However, both analyses were derived from
studies of patients predominantly with AMI-CS and the
blood samples were collected within 24 hours of index shock
diagnosis; it is unknown if dynamic changes in these biomarkers throughout the course of cardiogenic shock carry
additional prognostic information.
The VANQUISH Shock registry will leverage the clinical
volumes and breadth of disease acuity of 4 quaternary care
shock centres by prospectively collecting longitudinal blood
samples of participating shock patients across the spectrum of
illness severity. The importance of longitudinal sampling
related to CS admission agnostic to treatment strategy cannot
be understated. Some of the current registries enroll patients
once MCS is considered and implanted. This strategy leads to
implicit selection bias at the outset. The collection of biospecimens for all patients presenting with CS presents us with
the important unbiased phenotyping of patients through the
assessment of changes in genetic expression proﬁling at the
mRNA, miRNA, and protein levels We are keenly interested
in deﬁning the dysregulation of inﬂammation and cardioprotective signalling mechanisms in patients with varying
severity of illness and etiologies of CS. The VANQUISH
Shock registry will identify novel candidate biomarkers
involved in the pathophysiology of cardiogenic shock. We
think that these will include activation of the systemic inﬂammatory response, vasoplegia, microvascular leaking, alterations in metabolism, chemotaxis, coagulation, platelet
function, and response to tissue hypoxia. We do not plan to
focus on established panels such as CLIP and CS4P.
In addition to the extensive clinical longitudinal data that is
being collected, a machine-learning approach will be applied to
further inform our mechanistic understanding of cardiogenic
shock. Several groups have used a variety of sophisticated approaches including techniques such as LogitBoost48 and
Extreme Gradient boost49 algorithms, which facilitate computer detection of variables that associate with the outcome of
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Figure 2. Current landscape of cardiogenic shock registries. The Multicenter Collaborative to Enhance Biological Understanding, Quality and
Outcomes in Cardiogenic Shock (VANQUISH Shock) Collaborative will consist of 4 high-volume cardiogenic shock centres. It will address translational and clinical gaps in knowledge through its deep phenotyping and treatment-agnostic approach. In complementary fashion to other
contemporary registries listed in this diagram, which are either prespeciﬁed regarding their patient populations or study outcomes, VANQUISH
Shock will be composed of centres with dedicated shock teams, will study all cardiogenic shock etiologies, will be device agnostic, and will capture
all in-hospital adverse events and short-term and 1-year follow-up of QOL measures. It will also study the mechanisms of shock by examining how
longitudinal changes in biomarkers and proteomics may be correlated with clinical outcomes. AMI-CS, acute myocardial infarction complicated by
cardiogenic shock; CCCTN, Critical Care Cardiology Trials Network; CS, cardiogenic shock; CSWG, Cardiogenic Shock Working Group; ELSO,
Extracorporeal Life Support Organization; HF, heart failure complicated by cardiogenic shock; NCSI, National Cardiogenic Shock Initiative; QOL,
quality of life.

interest. A recent systematic review covers the ﬁeld in further
detail.50 A key aspect is to deﬁne the outcome of interest, and
most reports have focused on mortality,14 but other end points,
such as cognitive function and quality of life, could also be
investigated with the VANQUISH Shock data set.

Conclusion
The VANQUISH Shock registry will provide a unique
opportunity to comprehensively study the contemporary
management, clinical course, and short-term as well as 1-year
outcomes of consecutive patients presenting with CS at 4
high-volume dedicated shock care centres. Combining prospective biospecimen collection, detailed and systematic
assessment of complications and device utilisation, and serial
quality of life assessments and cerebral performance measures,
the registry will be distinct from current multicentre efforts.
The information garnered from this registry will serve as a
springboard for future mechanistic clinical studies and trials
with other like-minded centres interested in collaborating
regarding standardised multidisciplinary efforts to advance the
CS ﬁeld.
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