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Abstract

Background: eCPR, the modality of extracorporeal membrane oxygenation (ECMO) applied in the setting of cardiac arrest, has emerged as a novel
therapy which may improve outcomes in select patients with out-of-hospital cardiac arrest (OHCA). To date, implementation has been mainly limited
to single academic centres. Our objective is to describe the feasibility and challenges with implementation of a regional protocol for eCPR.
Methods: The Los Angeles County Emergency Medical Services (EMS) Agency implemented a regional eCPR protocol in July 2020, which
included coordination across multiple EMS provider agencies and hospitals to route patients with refractory ventricular fibrillation (rVF) OHCA to
eCPR-capable centres (ECCs). Data were entered on consecutive patients with rVF with suspected cardiac aetiology into a centralized database
including time intervals, field and in-hospital care, survival and neurologic outcome.

Results: From July 27, 2020 through July 31, 2022, 35 patients (median age 57 years, 6 (17%) female) were routed to ECCs, of whom 11 (31%)
received eCPR and 3 (27%) treated with eCPR survived, all of whom had a full neurologic recovery. Challenges encountered during implementation
included cost to EMS provider agencies for training, implementation, and purchase of automatic chest compression devices, maintenance of system
awareness, hospital administrative support for staffing and equipment for the ECMO program, and interdepartmental coordination at ECCs.
Conclusion: We describe the successful implementation of a regional eCPR program with ongoing patient enrolment and data collection. These
preliminary findings can serve as a model for other EMS systems who seek to implement regional eCPR programs.
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termed eCPR, has emerged as a novel therapy, to support cardiac

Introduction and pulmonary function while efforts are undertaken to treat the pri-
mary cause of the patient’s arrest.®
Despite resuscitation attempts by Emergency Medical Services Several high-performing regional systems of care have demon-
(EMS), approximately 70% of patients with out-of-hospital cardiac  strated improved survival with good neurologic outcome with eCPR
arrest (OHCA) never achieve return of spontaneous circulation  compared to conventional therapy.®™® Integration of these regional
(ROSC) and overall survival remains a dismal ten percent." For  programs with the existing EMS system was critical for success of
those who survive, OHCA is a leading cause of disability-adjusted life the ECMO program.® However, overall success with eCPR varies
years.” Use of extracorporeal membrane oxygenation (ECMO), significantly by system.'® Despite its increasing use, a 2017 report
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from the international Extracorporeal Life Support Organization
(ELSO) database failed to demonstrate an improvement in risk-
adjusted survival."'

Implementation has been mainly limited to single academic cen-
ters,® due to the needs for extensive resources, specialized training,
and interdisciplinary coordination.'®'? Regional programs have been
met with significant challenges, including the ability to move rapidly
from the scene to the eCPR-capable centre, and they have not
demonstrated the same improvement in patient outcomes.'*'*
Access to eCPR may remain limited to highly-resourced communi-
ties with ready access to tertiary care centres unless regional sys-
tems create equitable access to this time-sensitive therapy through
uniform EMS protocols and patient routing. A recent consensus
paper provides operational guidance on the implementation of eCPR
for OHCA."” However, there is a lack of guidance to inform integra-
tion of this novel therapy into existing OHCA systems of care.

We describe the Los Angeles County EMS Agency (LAC-EMS)
regional eCPR program’s implementation, including the challenges
faced and the strategies used to overcome them, in order to inform
other regional systems. We present the initial patient outcome data
as a demonstration of the challenges and feasibility of a regional
eCPR system of care with further study underway.

Methods

This is a preliminary report of an ongoing observational cohort study.
Local Institutional Review Board approval was obtained for data col-
lection at all participating hospitals.

Population and setting

LAC-EMS coordinates EMS care throughout the County of Los
Angeles, which includes 88 cities spanning 4084 square miles with
a diverse population of 10 million. 9-1-1 response is provided by
29 public EMS agencies operating under uniform treatment proto-
cols. The LAC-EMS regional system of cardiac care has been previ-
ously described.'® Beginning in 2019, all patients transported after
OHCA were routed to one of 36 designated cardiac arrest receiving
centres, which were already designated ST-elevation myocardial
infarction (STEMI) Receiving Centres. The system responds to
approximately 7800 OHCA resuscitations annually, including 1100
OHCA with initial shockable rhythm. OHCA treatment protocols pro-
moted on-scene resuscitation with transport after ROSC. Following
publications demonstrating benefit with eCPR in select patients with
refractory cardiac arrest,®° three cardiac arrest receiving centres
with ECMO capabilities began initiating eCPR per the treating physi-
cians’ discretion in patients routed based on LAC-EMS protocols.
This included one of the three county 9—1-1 receiving hospitals serv-
ing the region.

Regional eCPR program

In July 2020, LAC-EMS implemented an eCPR protocol for
Advanced Life Support (ALS) units in the regions surrounding the
three eCPR capable centers (ECCs) serving approximately 40% of
LA County as a pilot program for eventual consideration of sys-
temwide implementation. (Supplemental Fig. 1) The protocol was
developed through collaborative effort including EMS and hospital
partners, with regular meetings and consensus development of stan-
dardized protocols and data collection tools. Participants included
the EMS Provider Agency Medical Directors, EMS Provider Agency

Nurse Educators, emergency department physicians, Prehospital
Care Coordinators, cardiologists, Cardiac Program Coordinators
(Registered Nurses working in the Cath Lab), neurologists, inten-
sivists, cardiovascular surgeons and other specialists performing
ECMO cannulation, and EMS Agency Medical Directors and
Administrators.

Patients were included if they had an initial shockable rhythm
refractory to at least 3 defibrillations, age > 15 to < 75 years (with
an a priori plan to analyse patients aged 15-65 as a subgroup),
and there was a participating ECC within a 30-minute transport time
by ground ambulance. Patients were excluded if the suspected aeti-
ology was non-cardiac, if there was a Do-Not-Resuscitate order, evi-
dence of terminal illness, pregnancy, chronic nursing home resident,
chronic cognitive impairment, or contraindication to use of the
mechanical compression device (MCD) were present, or if no ECC
was available within a 30-minute ground ambulance transport time.
Patients with rVF despite field resuscitation were managed per the
eCPR protocol, which deviated from usual field management, based
upon the need to rapidly transport from the scene. (Fig. 1) If the
patient did not meet criteria, care was continued per usual LAC-
EMS treatment protocols.'®

Participating ECCs were required to demonstrate: 1) STEMI
treatment time intervals in accordance with system performance
metrics and national guidelines, 2) an established ECMO program
(for any indication) with at least one case per month on average
for the past 12 months, 3) a protocol that included collaboration
between the emergency department, interventional cardiology,
ECMO team, and neurology, 4) an MCD for use on patient arrival,
5) willingness to adhere to the inclusion/exclusion criteria, and 6)
ability to enter data for all patients who met inclusion criteria. The
approach to ECMO initiation varied by ECC. At one ECC the patient
was cannulated by interventional cardiology in the cardiac catheter-
ization laboratory (CCL) after a brief emergency department (ED)
assessment. At the other ECCs, the ECMO team, based with the
Department of Cardiovascular surgery, cannulated the patient in
the ED and then the patient was transported to the CCL. Initiation
of eCPR was at the discretion of the ECMO team, but decision-
making was based on having no more than one of the following
pre-defined prognostic indicators (EtCO, < 10 mmHg, PaO, < 50-
mmHg or O, saturation < 85%, lactate > 18 mmol/L, >60 minutes
since first medical contact). (Supplemental Fig. 2) The EMS provider
agencies were required to: 1) rapidly deploy an MCD prior to trans-
port; 2) adhere to pilot inclusion/exclusion criteria; and 3) collect data
on all patients who met inclusion criteria.

Three ECCs (Cedar-Sinai, Ronald Reagan-UCLA, and LAC-USC
Medical Centres) and four EMS provider agencies (Beverly Hills,
Culver City, Los Angeles City Fire (LAFD), and Los Angeles County
Fire Departments (LACoFD)) were involved in the planning phase.
The program launched on July 27, 2020 with the three ECCs and
three EMS provider agencies (Beverly Hills, Culver City, and
LACoFD). LACoFD operated the program on select units within the
proximity of the ECCs. When additional MCDs became available,
additional units were included. On May 3, 2021, LAFD implemented
the program and, on June 21, 2021, Santa Monica Fire Department
joined the program.

Each provider agency and ECC was responsible for conducting
training. Provider agencies conducted hands-on scenario-based
training for all paramedics participating in the program. All of the fire
departments provided at least quarterly refresher training on the
eCPR protocols. ECCs conducted interdisciplinary exercises to prac-
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Los Angeles County Refractory Ventricular Fibrillation/Ventricular

Tachycardia ECMO Program Field Protocol

INITIATE TREATMENT OF NON-TRAUMATIC CARDIAC ARREST PER TP 1210

Potential ECMO Candidate?
e VFor VT cardiac arrest

e Age>15and <75 Proceed with
—_—

*  Within 30 minutes of ECMO Center usual treatment

* NO obvious contraindication to study (Noncardiac NO per TP 1210*

etiology, DNR, terminal illness, chronic nursing home
resident/dependent due to cognitive impairment,
pregnancy, cannot apply MCD)

l Yes to
ALL
DEFIBRILLATION #1

*  Continuous chest compressions (limit interruptions <5 sec)
*  Apply MCD as soon as available

*  Establish IV/10 access Proceed with
Persistent VF/VT at 2 minutes? — usual treatment
NO per TP 1210*
l Yes

DEFIBRILLATION #2

*  Maintain continuous chest compressions (manual or MCD as soon as available)
*  Administer epinephrine 1mg IV/IO g 5 minutes (3 doses total)

*  **Begin packaging and preparing patient for transport™*

*  Contact ECMO center Base Station to notify of potential patient
* Insert advanced airway and apply ITD (if not done with BMV)

Proceed with
Persistent VF/VT at additional 2 minutes? — usual treatment
NO per TP 1210*
Yes

DEFIBRILLATION #3

*  Confirm destination with ECMO Base - meets ALL indications? Route on judgment?

. Immediately load patient and initiate transport with ongoing resuscitation (ensure
ACCD applied prior to transport) GOAL scene time 10-15 minutes maximum

*  Administer Amiodarone 300mg IV/1O

*|ITD/LUCAS should be also used by participating
units whenever available for all OHCA patients.

Fig. 1 - Los Angeles County eCPR Program Field Protocol.

Please cite this article as: N. Bosson, C. Kazan, S. Sanko et al., Implementation of a regional extracorporeal membrane oxygenation program for refractory
ventricular fibrillation out-of-hospital cardiac arrest, RESU S CITA T I O N, https://doi.org/10.1016/j.resuscitation.2023.109711



https://doi.org/10.1016/j.resuscitation.2023.109711

4 RESUSCITATIONXXX (XXXX) XXX=XXX

tice the coordination and choreography of the activation process and
patient care.

Monthly meetings were established to discuss implementation
challenges and protocols were updated in an iterative fashion. One
hundred percent of cases were reviewed at the individual provider
agency and hospital level. Provider agency quality improvement
included review of the cardiac monitor/automated external defibrilla-
tor (AED) data facilitated with dedicated software platforms. Each
case was also reviewed with participants at the monthly meetings.
Challenges were identified and collaborative solutions implemented.
The discussions informed additional material development, including
the Base Hospital Checklist for online medical control, as well as
minor additions to the data collection tool. (Supplemental Fig. 3).

Data collection, measurements, and outcomes

A centralized REDCap database (Research Electronic Data Capture,
Vanderbilt University, Nashville, TN) was established. Each partici-
pating entity could enter and view data on patients for whom they
were involved in the care. Initiation of the record by the EMS provider
agency triggered an alert to the ECC to enter follow-up data. The
workgroup developed a list of data elements to collect and agreed
upon standardized definitions. Data entry personnel received training
from the primary investigator. The provider agencies and ECCs
developed processes to review all OHCA cases and identify patients
meeting program inclusion. When an ECC identified a potential
patient that was not identified by the provider agency, this triggered
a patient care record review to determine whether the patient met cri-
teria and should be entered into the database.

Data were collected from the provider agencies on patient demo-
graphics (age, gender), location, witness, bystander cardiopul-
monary resuscitation (CPR), initial rhythm, end-tidal CO, (EtCO,)
readings, number of defibrillations, epinephrine and amiodarone dos-
ing, airway management, use of MCD, compression fraction, field
ROSC, and key time metrics. Data were collected from the hospitals
on race and ethnicity), emergency department (ED) care, ECMO
cannulation, catheterization lab management, percutaneous coro-
nary intervention (PCI), targeted temperature management (TTM),
use of an intra-aortic balloon pump, select laboratory values (initial
PaO,, lactate, and EtCO,; peak creatinine and troponin), comorbidi-
ties, neuro-imaging, ejection fraction, survival to admission and dis-
charge, cerebral performance category (CPC) at discharge, and
modified Rankin scale at discharge and 30- and 90-days post-
discharge. For patients on ECMO, electroencephalogram results
and neurologic assessments on day 0, 3, and 7 were also obtained.

The complete list of data elements is provided in Supplementary
Table 1.

The outcomes were assessed to determine feasibility of the
regional eCPR program, which included 1) time intervals (response
time, scene time, transport time, time from ED arrival to eCPR and
total time from cardiac arrest to eCPR), 2) survival to hospital dis-
charge and 3) good neurologic outcome of survivors based on cere-
bral performance category (CPC) 1 and 2.

Analysis

We performed interim analysis of data from July 27, 2020 through
July 31, 2022 including descriptive statistics on patient demograph-
ics, care time intervals, and primary outcome of survival and survival
with neurologic outcome for the overall cohort and groups stratified
by application of eCPR.

Results

At the time of this analysis, there were 46 patients in the REDCap
database, of whom 11 had one or more exclusion criteria (2 had a
MCD contraindication, 4 had no MCD available, and 6 had no ECC
available within 30 minutes). Of the remaining 35 patients, 11
(81%) were placed on ECMO. Three patients had sustained ROSC
without ECMO, the remaining patients were not cannulated due to
one or more poor prognostic indicators. Median age was 57 years
(interquartile range [IQR] 46-64) and was similar amongst those
who received and did not receive ECMO. Six of the patients (17%)
were female, one of whom received ECMO. Patients were 11%
Non-Hispanic White, 17% Non-Hispanic Black, 23% Asian, 34% His-
panic and 14% Other.

Overall, 5 (14%) patients survived to hospital discharge, of whom
4 (80%) survived with good neurologic outcome (CPC of 1). Of the
11 patients treated with eCPR, 3 (27%) survived to hospital dis-
charge and all survivors had a CPC of 1. The additional survivor
who did not receive ECMO after sustained ROSC in the field had a
CPC of 3. The average hospital length of stay overall was 3.5 + 7.
6 days, 5.3 + 8.5 days for patients who received ECMO, and 2.7 +
7.2 days for patients without ECMO. (Table 1).

Table 2 shows the average time intervals for field care and
ECMO cannulation. Scene times were significantly shorter among
patients who were cannulated, median difference 8 minutes (95%
Cl 2-13), p = 0.02. Four patients (11%) did not receive cannulation
due to documentation of downtime exceeding 60 minutes.

Table 1 - Preliminary Patient Outcomes.

All (N = 35) eCPR (N =11) No eCPR (N = 24)

N % N % N %
Survival to Cath Lab 23 65.7 11 100 12 50.0
Survival to ICU Admission 16 45.7 9 81.8 7 29.2
Survival to Discharge 5 14.3 3 27.3 2 8.3
CPC 1 at Discharge* 4 80.0 3 100 1 50.0
Time on ECMO (days), mean/std - - 2.4 2.2 - -
Hospital length of stay (days), mean/std 3.5 7.6 5.3 8.5 2.7 7.2

CPC = Cerebral Performance Category; mRS = Modified Rankin Scale; ICU = Intensive Care Unit; ECMO = Extracorporeal Membrane Oxygenation.

" Percent of survivors.
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Table 2 - Time Intervals for Care.

All eCPR No eCPR

median IQR median IQR median IQR
EMS response time (min) 6 5-8 8 6-10 6 5-8
EMS scene time (min) 25 18-33 19 16-25 29 24-34
Transport time (min) 16 12-19 16 12-18 16 12-22
Time from ED arrival to ECMO (min) - - 31 16-54 - -
Time from cardiac arrest to ECMO (min) - - 76 53-94 - -

EMS = Emergency Medical Services; ED = Emergency Department; ECMO = Extracorporeal Membrane Oxygenation.

Discussion

We describe the successful implementation of a regional eCPR pro-
gram within an established cardiac system of care. These prelimi-
nary results demonstrate that nearly-one third of patients routed
received ECMO of whom 27% survived. All survivors after ECMO
were neurologically intact at discharge. This compares favourably
to the survival rate of patients with rVF arrest receiving conventional
therapy.

To implement this multi-centre, multi-agency program, there were
many challenges to overcome. Initial rollout was hindered by cost.
MCD’s are expensive. However, because of their logistical advan-
tages, particularly in maintaining consistency of cardiac compres-
sions during transport, all EMS provider agencies were required to
utilize MCDs. Additional related equipment including batteries and
suction cups, which have limited shelf life, further contributed to
the cost for EMS provider agencies. Costs also included training
time, which came at the expense of other educational needs. Due
to these barriers, LAFD was unable to purchase the required MCDs
for all rescues and opted for a rendezvous implementation plan using
regional EMS supervisors dispatched to all cardiac arrest calls. In
this way, for patients meeting criteria for eCPR, the MCD could be
placed prior to transport. While this worked the majority of the time,
four patients were excluded because the MCD was not available. All
other participating agencies deployed the MCDs on the ALS units,
which was optimal but came at a much higher cost. Many sought
grant funding or devices loaned from the vendor to support the
program.

Maintaining system awareness of the program was an additional
challenge, given the rarity of patients meeting inclusion. Frequent
messaging was needed to encourage rapid identification of patients
and coordination of care to minimize scene time. One EMS provider
agency used stickers on the cardiac monitor as an additional remin-
der to the paramedics.(Fig. 2). Not surprisingly, on scene time was
significantly shorter amongst patients who received ECMO. Reduc-
ing scene time was a major focus of the group’s effort to increase
chances for successful eCPR and favourable outcome. The field pro-
tocol was updated to include a 15-minute target for on-scene time.
This protocol was circulated to both field paramedics and personnel
who provide online medical control, in order to encourage efficiency
in field care. While the median scene time is not yet at the target (me-
dian 25 minutes in these initial patients), the majority of patients were
cannulated within the recommended 90-minute overall target.® Indi-
vidual EMS provider agencies were tasked with implementing remin-
ders and retraining to their personnel as needed. A feedback loop to

Fig. 2 - Los Angeles County Fire Department ‘Got ECMO’
Sticker, placed on the cardiac monitors to serve as a
reminder regarding the eCPR program.

the treating paramedics was essential to provide communication on
process improvement and patient outcome.

Hospital administrative buy-in was key to implementation. eCPR
requires considerable resources, including physicians trained in can-
nulation and management of patients supported with ECMO, perfu-
sionists or nurses to manage the circuit, nurses for direct patient
care, and potentially additional nurses for interventions such as
haemodialysis. Given the current nursing shortages, ensuring avail-
ability of these resources must come at the highest level. There is
often a misperception that patients receiving eCPR remain on ECMO
in intensive care units for extended periods of time. Prior eCPR stud-
ies have demonstrated that time on ECMO is short (median of
4 days), and the average length of ICU stay for non-survivors was
only 3.5 days.® Our results support this, with a median time on
ECMO of 2.4 days. Resource challenges may be exacerbated at
community hospitals and smaller facilities, especially in rural areas,
that lack additional support from physicians in training and are less
academically driven to adopt newer and/or more resource intensive
technologies.
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A multidisciplinary approach to in-hospital care was essential.
Advanced notification from the field through online medical control
to the ECMO team allowed for efficient transition of care and rapid
assessment and cannulation upon arrival if the patient met criteria
for ECMO initiation. Efforts were made to streamline the report pro-
cess between paramedics and online medical control to reduce time
on that task. Hospitals developed batch page options to notify all
necessary personnel of the incoming patient. While some facilities
cannulated in the ED and others in the cardiac catheterization labo-
ratory suite, the coordination process was key to optimize the pro-
cess. At the ECCs, each case was reviewed to evaluate
inefficiencies, and to improve ED throughput time for those cannulat-
ing in the CCL. The wide variation in time from arrival to cannulation
likely reflects the multiple factors that could affect cannulation time,
including transient ROSC, decision-making by the team, and the
small number of patients. All patients received immediate coronary
angiography. Following the initial care, intensive care and neurology
were also essential to ensure ongoing stabilization of the patient with
avoidance of early prognostication, which otherwise might have
resulted in premature withdrawal of interventions. Coordination also
allowed for the successful data capture that ensured transparency
and ongoing quality improvement.

Comprehensive, centralized data collection was invaluable to
allow for ongoing assessment of the program and iterative changes,
training, and system messaging of recommendations. The lead
investigator also regularly reviewed submitted data, and missing
data and other data validity questions were resolved expeditiously.
A particular focus was on shortening scene times, which required
streamlining field processes and communications with online medical
control. Additionally, clarifying and standardizing as much as possi-
ble hospital-based decision-making regarding ECMO implementa-
tion was an ongoing process early in the program. Data elements
were added to capture the decision-making, and rationale when
ECMO was withheld.

LAC-EMS was tasked with ensuring system awareness and inte-
gration of the program within the existing system of care. Further, the
goal was to reduce disparities and expand, as much as possible dur-
ing the early phase, access to this novel therapy. For this reason,
with the approval of the EMS Agency’s Medical Director, bypass
routing was implemented to transport patients meeting criteria for
eCPR past the closest designated cardiac arrest receiving centre
to the ECC if it was within a 30-minute transport time via ground
ambulance. This change was discussed at systemwide meetings
emphasizing the rarity of the patients meeting eCPR criteria, the
potential benefit of the eCPR for those patients, and the goal to pilot
eCPR for future system expansion, in order to gain buy-in from
stakeholders who were impacted by the destination policy changes.
The location of one ECC in downtown Los Angeles, which serves a
very diverse population, allowed for a more representative population
of patients in LA County during the pilot phase, which may otherwise
have been limited to the less diverse areas of LA County.

Despite the challenges, these initial data are encouraging. Given
the initial successful implementation of the program, we are in the
process of expanding to an additional receiving centre and EMS pro-
vider agency, which have met the criteria for participation as outlined.
Participating provider agencies, particularly the larger agencies
where participation has been limited to select units and/or deploy-
ment of MCDs via EMS field supervisors, continue to seek avenues
for additional funding to expand availability of MCDs in order to
include more ALS units.

Limitations

These results are limited to a single urban-suburban EMS system
with an established cardiac system of care for more than a decade
and readily available cardiac specialty resources. While the sample
size in this demonstration project was small; the data presented rep-
resent early feasibility data and will be included in a full analysis once
the pilot phase of the program is complete. In this initial evaluation of
program implementation, we are not able to evaluate the cost effec-
tiveness. The COVID-19 pandemic posed specific challenges, which
required the ECMO teams to develop specific protocols and pause
the program during periods of surge, when hospitals were severely
encumbered with COVID patients and ECMO became a scarce
resource as did intensive care beds.

Conclusion

Our data demonstrate that a multi-centre, multi-agency eCPR pro-
gram is feasible and can potentially result in good patient outcomes.
This can serve as a model for other EMS systems who seek to imple-
ment regional eCPR programs.
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