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Abstract
The Wolf Creek Conferences on Cardiac Arrest Resuscitation began in 1975, and have served as an important forum for thought leaders and sci-

entists from industry and academia to come together with the common goal of advancing the field of cardiac arrest resuscitation. The Wolf Creek

XVII Conference was hosted by the Max Harry Weil Institute of Critical Care Research and Innovation in Ann Arbor, Michigan on June 14–17, 2023.

A new component of the conference was the Wolf Creek Innovator in Cardiac Arrest and Resuscitation Science Award competition. The competition

was designed to recognize early career investigators from around the world who’s science is challenging the current paradigms in the field. Finalists

were selected by a panel of international experts and invited to present in-person at the conference. The winner was chosen by electronic vote of

conference participants and awarded a $10,0000 cash prize. Finalists included Carolina Barbosa Maciel from the University of Florida, Adam Gottula

from the University of Michigan, Rajat Kalra from the University of Minnesota, Ryan Morgan from the Children’s Hospital of Philadelphia, Mitsuaki

Nishikimi form Hiroshima University, and Jacob Sunshine from the University of Washington. Ryan Morgan from the Children’s Hospital of Philadel-

phia was selected as the 2023 Wolf Creek Innovator Awardee. This manuscript provides a summary of the work presented by each of the finalists

and provides a preview of the future of resuscitation science.

Keywords: Cardiac Arrest, Resuscitation Science, ECPR, Neuroprognosication, Physiology guided CPR
Introduction

The Wolf Creek Conference has been a cornerstone of cardiac arrest

resuscitation science since its founding in 1975. This event has con-

sistently brought together the brightest minds and innovators in the

field, serving as a catalyst for the exchange of groundbreaking ideas

and the exploration of cutting-edge research, all united by the com-

mon goal of advancing the field of cardiac arrest resuscitation. Wolf

Creek XVII marked another significant milestone with the inaugural

Wolf Creek Early Career Innovator Award. The Wolf Creek Early

Innovator Award celebrates the contributions of early-career investi-

gators who are challenging conventional paradigms and shaping the

future of resuscitation science.

The Wolf Creek Innovator in Cardiac Arrest and Resuscitation

Science Award process began with an international call for appli-
cants to be received by January 13, 2023. Applicants were asked

to submit a one-page personal statement describing the individual’s

innovations in cardiac arrest resuscitation science, PDFs of relevant

publication(s)/written works, and 3 letters of support (2 must be from

outside the applicant’s organization) describing the impact the appli-

cant’s work has or will potentially have on the field of cardiac arrest

resuscitation. Applications were scored by an international panel of

experts and 6 finalists were invited to present their work at the Wolf

Creek XVII Conference. Presentations were followed by a question-

and-answer session moderated by the review panel. Conference

participants selected the winner by electronic vote. The winner was

awarded a $10,000 cash prize. Fig. 1 lists the six Wolf Creek Innova-

tor In Cardiac Arrest Resuscitation Science Award Finalists.

The purpose of this manuscript is to provide an opportunity for the

broader scientific community to learn more about the work of these

early career innovators.
ns.
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Fig. 1 – The six Wolf Creek Innovator in Cardiac Arrest Resuscitation Science Award Finalists with competition

judge, Dianne Atkins. (Left to right: Mitsuaki Nishikimi, Ryan W. Morgan, Adam L. Gottula, Dianne Atkins, Carolina B.

Maciel, Jacob Sunshine, and Rajat Kalra).
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Using smart phones and speakers to detect
cardiac arrest: Jacob Sunshine, University of
Washington

Background

Out-of-hospital cardiac arrest (OHCA) claims hundreds of thousands

of lives each year, with nearly half of victims experiencing an unwit-

nessed event. OHCA is often characterized by specific patterns of

breathing, chest movements, and other perturbations in vital status

that aid recognition. The most vexing challenge of unwitnessed

OHCA is the absence of a human bystander, however the last dec-

ade’s proliferation of low cost, intelligent computing platforms (e.g.,

smartphones and smart speakers) provide an unrealized opportunity

to identify signs of arrest and connect victims to resuscitation faster.

Contribution to the field

Smart speakers and smartphones are increasingly in proximity to

people and have embedded sensors and computational capabilities

that enable them to identify time-sensitive physiologic changes and,

because of their connectivity, summon help. Previous pilot work has

revealed that agonal breathing (in the setting of OHCA-induced sev-

ere hypoxia) can be accurately detected with these devices using

machine-based classification.1 Separately, breathing cessation (sus-

tained apnea) can be detected using active sonar on a smartphone

with meaningful clinical accuracy using embedded sensors within

existing commodity smart devices.2

Future directions

Given the near ubiquity of smart devices, there is now the potential to

leverage these systems to identify unwitnessed OHCA such that

nearly all events could be functionally witnessed and in turn more

effectively resuscitated.

Physiology as a guide to building tomorrow’s
resuscitation strategies*: Ryan Morgan,
Children’s hospital of Philadelphia

Background

Current resuscitation paradigms are largely algorithmic, providing a

teachable framework to provide reliable and reproducible CPR to
all patients with cardiac arrest. However, cardiac arrest patients

are diverse in terms of their characteristics, comorbidities, and arrest

etiologies, and thus respond differentially to resuscitation therapies.

As such, there is merit in developing resuscitation strategies that

account for such heterogeneity and facilitate real-time titration of

intra-arrest therapies to the individual patient’s response.

Contributions to the field

Our laboratory group developed a method of hemodynamic-directed

CPR (“HD-CPR”) that leads to superior intra-arrest physiology and

higher rates of survival in swine models of adult and pediatric

IHCA.3–5 Additionally, we have conducted multicenter observational

studies to determine and validate invasively measured diastolic

blood pressure (DBP) targets during pediatric IHCA.6 Together, this

work begins to form the foundation for blood pressure-directed CPR

in clinical practice.

Recent work has focused on better understanding how epinephr-

ine administration can be tailored to individual patients. Large animal

laboratory studies by our team and others identified considerable

inter-individual variability in the hemodynamic response to epinephr-

ine during CPR with some animals demonstrating robust increases in

DBP or coronary perfusion pressure and others failing to respond

altogether.7,8 A subsequent multicenter observational study identi-

fied similar physiologic variability in children with IHCA and an asso-

ciation between change in DBP after the first dose of epinephrine

and return of spontaneous circulation.9

As any personalized method of CPR should also account for the

pre-existing condition of the patient, we have studied how the phys-

iologic derangements of specific disease states, such as sepsis and

pulmonary hypertension, persist during CPR and how they can

potentially be targeted.10,11 Additionally, given the preponderance

of pre-existing respiratory failure in children with IHCA, we have

sought to better define pre-arrest gas exchange and respiratory

mechanics in order to understand how intra-arrest ventilatory support

may be accordingly individualized.12

Future directions

Ongoing and future work aims to: (1) continue to identify meaningful

physiologic targets during CPR; (2) further develop physiology-

directed approaches to CPR and epinephrine administration in

particular; (3) elucidate pre-arrest phenotypic and physiologic
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characteristics that allow for individualization of resuscitation

approaches; and (4) broaden the scope of physiology-directed

CPR through the investigation of non-invasive modalities. To achieve

these goals, we will continue to employ a translational approach,

designing and conducting complementary clinical and large animal

translational studies. Moreover, the ongoing development and refine-

ment of high-fidelity, innovative physiologic data acquisition and

analysis systems will greatly enhance the reliability and generaliz-

ability of such studies and facilitate translation to practice.

Scoop and go in extracorporeal
cardiopulmonary resuscitation: A cluster
wedge randomized trial: Rajat Kalra,
University of Minnesota

Background

Restoration of normal flow is the priority in out-of-hospital cardiac

arrest (OHCA). Traditionally, low- and no-flow time has been limited

by the use of early defibrillation and high-quality cardiopulmonary

resuscitation (CPR). Veno-arterial extracorporeal membrane oxy-

genation (VA-ECMO) during OHCA is increasingly used as a means

of limiting low-flow and no-flow time in OHCA.13,14 However, there

are still significant systems-based limitations that limit the rapid initi-

ation of VA-ECMO as part of a extracorporeal cardiopulmonary

resuscitation (ECPR) strategy. These barriers potentially leave

patients with long low-flow and no-flow times prior to the initiation

of VA-ECMO, thus negating the survival benefit of VA-ECMO.

Contribution to the field

The University of Minnesota’s Center for Resuscitation Medicine has

previously demonstrated that the initiation of VA-ECMO, as part of a

structured ECPR strategy, can improve cardiac recovery15 and neu-

rologically favorable survival in refractory OHCA.16–19 Importantly,

we have also shown that the odds of neurologically favorable survival

decline as the time to initiate VA-ECMO increases.20

Even in centers with established infrastructure and protocols, the

time from emergency medical services (EMS) notification to the ini-

tiation of VA-ECMO can approach 60 minutes. Therefore, there is

a critical need to reduce this no-flow/low-flow time and initiate VA-

ECMO more rapidly. This may be an important means to further

improve survival from refractory OHCA.

Future directions

We hypothesize that reducing the time to VA-ECMO initiation in an

established ECPR strategy will further improve neurological favor-

able survival in OHCA due to shockable rhythms.

We propose to test a ‘scoop and go’ strategy in the setting of a

stepped cluster wedge randomized controlled trial to reduce the time

at the scene of the OHCA. We aim for the ‘scoop and go’ intervention

to limit the time on the scene to 10 minutes. This will allow for the

EMS teams to apply critical maneuvers but prioritize transfer to a

hub center for VA-ECMO cannulation. We hypothesize that this will

promote rapid transfer to a hospital hub for VA-ECMO initiation, thus

reducing the time to VA-ECMO initiation and improving neurologi-

cally favorable survival in OHCA.

In this trial, each EMS agency will serve as a cluster to be ran-

domized to the ‘scoop and go strategy’. Once randomized, each

EMS agency will be trained in the ‘scoop and go’ strategy. EMS

agencies (clusters) will be sequentially trained and then will serve
as a control for themselves and other EMS agencies. The primary

population will be adults aged 18–75 with OHCA due to shockable

rhythms. The primary outcome will be survival to hospital discharge.

The secondary outcomes will be survival at 30 and 180 days and

functional status.

Helicopter-based ECPR for refractory OHCA: A
system-based intervention to improve OHCA
outcomes: Adam Gottula, University of
Michigan

Background

OHCA treated by EMS in the United States (U.S.) has a neurologi-

cally intact survival to hospital discharge rate of 7.2%.21 ECPR has

demonstrated the ability to improve outcomes in patients suffering

refractory OHCA.17,18 However, ECPR is only available at special-

ized medical centers for OHCA patients meeting specific criteria, lim-

iting the availability of ECPR.22

Contributions to the field

We constructed a Geographic Information System (GIS) model to

estimate the number of ECPR candidates in the U.S. (Fig. 2A). We

utilized the Resuscitation Outcome Consortium (ROC) database to

model time-dependent rates of ECPR eligibility and the Cardiac

Arrest Registry to Enhance Survival (CARES) registry to determine

the total number of OHCA patients who meet pre-specified ECPR

criteria. The combined model was used to estimate the total ECPR

candidates and the effects of patient and hospital factors on eligibil-

ity. In our model, only 1.68% of OHCA patients in the U.S. were eli-

gible for ECPR based on a 45-minute transportation time to an

ECMO-ready center model.22

We then utilized our GIS model to develop a model to estimate

the number of potential ECPR candidates in the U.S. in the current

hospital-based system, in a prehospital ECPR ground-based sys-

tem, and in a prehospital ECPR HEMS-based system (Fig. 2B)

based on a time to cannulation of 60 minutes. Our study demon-

strated a two-fold increase in ECPR eligibility could be achieved with

a prehospital ECPR ground-based system and a four-fold increase in

ECPR eligibility with a prehospital ECPR HEMS-based system when

compared to the current hospital-based ECPR system.

Future directions

While prehospital ECPR systems demonstrate increased eligibility,

there are many challenges to implementing such a system. Before

large scale implementation of prehospital ECPR systems of care

can be implemented we must first demonstrate that ECPR is cost

effective, that we can effectively train ECPR teams, and how to best

transport patients following ECPR.

Cost effectiveness

Previous studies in Australia and Japan have demonstrated ECPR to

be a cost-effective resuscitative strategy.23,24 It remains unclear if

ECPR is cost effective within the U.S. healthcare system. Ongoing

work to determine the cost effectiveness of ECPR in the U.S. health-

care system will guide future resuscitation strategies within the U.S.

ECPR team training

ECPR is a high-stakes procedure, requiring fast cannulation for opti-

mal patient outcomes. Therefore, it is important to develop effective



Fig. 2 – Displays the 15-minute, 30-minute, and 45-minute response time buffers around ECMO-ready centers for

OHCA transport by (A) ground transport and (B) helicopter transport.
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training modalities outside the clinical setting. Extended reality train-

ing has demonstrated success in multiple invasive procedures.

Future studies to develop an extended reality platform for ECPR

could provide feasible training for prehospital ECPR teams.

Transport of patients supported by ECMO

Prehospital ECPR systems of care require patients be transported

following ECMO initiation. While existing data is limited, a previous

retrospective analysis demonstrated a 27.3% incidence of adverse

events.25 Future work is needed to describe the current state of

ECMO transport and determine the best practices of ECMO

transport.

Addressing these knowledge gaps will allow for further investiga-

tion into the broader implementation of prehospital ECPR systems of

care.

Saving the survivors of cardiac arrest—A
multimodal transdisciplinary scientific
approach to hypoxic-ischemic brain injury:
Carolina Barbosa Maciel, University of Florida

Background

Hypoxic-ischemic brain injury remains a pervasive threat to OHCA

patients who survive to hospital admission; the degree of neurologic

injury is the main determinant of outcomes and challenges any

potential impact that advances in resuscitation science may have

on cardiac arrest survival and functional outcomes. A comprehensive

approach to hypoxic-ischemic brain injury is needed, encompassing

mechanisms of primary and secondary brain injury and refining neu-

roprognostication methods — this is paramount even for the selec-

tion of patients for therapeutic trials unrelated to neurologic injury

as the aftermath of hypoxic-ischemic insults may jeopardize chances

for a positive clinical trial even when the desired clinical effect is

noted.

Contribution to the field

We propose a multipronged approach to hypoxic-ischemic brain

injury that addresses the main mechanism implicated in primary

ischemic insult (i.e., anoxic depolarization), the most common neuro-
logic complication in the post-cardiac arrest period linked to sec-

ondary brain injury (i.e., post-anoxic status epilepticus), and the

key bias plaguing neuroprognostic studies (i.e., self-fulfilling

prophecy).

Primary and secondary injury mechanisms

Provoked spreading depolarizations by hypoxia or hypotension, both

extremely common insults during cardiac arrest and in the post-

cardiac arrest period, may lead to failure of microcirculation and

ongoing ischemia to neurons; hence, they can be targeted in novel

neuroprotective therapies, most of which are already widely available

medications.

Post-anoxic status epilepticus

Early augmentation of GABAergic pathway with blockade of GABA

breakdown by irreversible inhibition of GABA transaminase with

vigabatrin is a promising novel strategy for post-anoxic status epilep-

ticus,26 an essentially orphan entity as anoxic etiology of seizures is

the most common exclusion criteria in clinical trials of status epilep-

ticus. Vigabatrin has the potential for synergism with the anesthetics

commonly used in the post-cardiac arrest period; hence, possibly

leading to reduced cumulative doses of sedating medications.

VIGAB-STAT, a phase IIa pilot trial completing recruitment in

2023, aims to demonstrate the feasibility of a single load of vigabatrin

as an adjunctive treatment for electroclinical or electrographic status

epilepticus.

Future directions

Anoxic depolarizations

We will expand experiments to furnish translational data supporting

the role of modulation of spreading depolarizations in the overall bur-

den of hypoxic-ischemic brain injury across different cardiac arrest

models and include sex as a biologic variable.

GABA augmentation in hyperexcitability post-cardiac arrest

Upon demonstration of adequate absorption of vigabatrin in the post-

cardiac arrest period, we will conduct ViPER, a phase IIb study

aimed at identifying the best dose strategy for a large scale clinical

trial of vigabatrin and standardized electroencephalogram-based

tiered therapy for post-anoxic status epilepticus.
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Raising standards for neuroprognostic studies

Finally, the SPIN-CA — a systematic review of the methodology of

neuroprognostic studies which grades the degree to which they have

accounted for factors related to self-fulfilling prophecy bias influenc-

ing their results — will lay the foundation for more clarity in reporting

for future studies evaluating the prediction performance of neuro-

prognostic tools.27

A new therapeutic strategy for PCAS: Basic
and clinical research in New York and Japan:
Mitsuaki Nishikimi, Hiroshima University

Background

Brain ischemic reperfusion injury after cardiac arrest (CA) is a major

public health problem. The mechanisms responsible for brain dam-

age have not been completely understood,28 which has hindered

the development of successful therapeutic options. We have con-

ducted basic and clinical research to develop a new therapeutic

approach for improving the outcome of CA patients.

Contribution to the field

The main objective was to investigate the beneficial effect of the

replenishment of essential metabolites after CA. The pathology of

ischemic reperfusion injury after CA is triggered by loss of blood cir-

culation which limits the supply of essential metabolites to vital

organs. However, little attention has been given to essential metabo-

lites that are diminished in the circulating plasma (Fig. 3). Lysophos-

phatidylcholine (LPC) is known to be one of the most abundant

plasma phospholipids in mammalian species. We have found that

LPC was decreased in post-reperfusion plasma in both humans

and animal models using a phospholipid screening approach.29

Moreover, our recent study found that supplementing LPC alleviated

neuronal cell death, activation of astrocytes, and expression of vari-

ous inflammatory and mitochondrial dysfunction genes.30 This data

highlights the importance of restoring plasma metabolites to achieve

physiological normalcy after CA, which may be a new horizon in the

endeavor to improve resuscitation medicine.

Additionally, we developed a novel clinical risk classification

tool for post-CA; the revised version of the “post-Cardiac Arrest
Fig. 3 – Demonstrates the observed morphological chan

metabolites in the hippocampus in a post-cardiac arrest st
Syndrome for Therapeutic hypothermia scoring system” (rCAST).

The rCAST is a score that is calculated by using 5 clinical factors

measured prior to the initiation of therapeutic hypothermia. Our

recent study showed that the effect size of therapeutic hypother-

mia might vary according to the severity of post-CA on the rCAST.

Therapeutic hypothermia was associated with a significantly

higher rate of good neurologic outcomes in the moderate-

severity group, but not in the low- or high- severity group. This

may imply an importance for individualized management of the

therapeutic hypothermia.31

Future directions

Currently a randomized clinical trial is ongoing in Japan to evaluate

the beneficial effect of therapeutic hypothermia for post-CA patients

classified into moderate severity group based on the rCAST.

Conclusion

The Wolf Creek Innovator in Cardiac Arrest and Resuscitation

Science Award was created to celebrate and support early career

investigators whose work is challenging the current paradigms in

cardiac arrest resuscitation. The inaugural 2023 award was pre-

sented to Dr. Ryan Morgan MD for his work focused on using

real-time physiology as a guide to building tomorrow’s resuscita-

tion strategies. The work of all six finalists presented here high-

lights what innovators in the field envision as the future of

resuscitation science.
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