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Abstract
Amidst the pandemic, geographical boundaries presented challenges to those in need of higher levels of care from referral
centers. Authors sought to evaluate potential predictors of treatment success; assess our transport and remote cannulation
process; and identify transport associated complications.
Retrospective series of critically ill adults with COVID-19 transferred by our Extracorporeal Membrane Oxygenation
(ECMO) team 24 March 2020 through 8 June 2021. Descriptive statistics and associated interquartile ranges (IQR) were
used to summarize the data.
Sixty-three patients with COVID associated acute respiratory distress syndrome (ARDS) requiring ECMO support were
admitted to our ECMO center. Mean age was 44 years old (SD 12; IQR 36–56). 59% (n = 37) of patients were male. Average
body mass index was 39.7 (SD 11.3; IQR 31–48.5). Majority of patients (77.8%; n = 35) had severe ARDS. Predictors of
treatment success were not observed.
Transport distances ranged from 2.2 to 236 miles (median 22.5 miles; IQR 8.3–79); round trip times from 18 to 476 min
(median 83 min; IQR 44–194). No transport associated complications occurred. Median duration of ECMO support was
17 days (IQR 9.5–34.5). Length of stay in the Intensive Care Unit (median 36 days; IQR 17–49) and hospital (median 39 days;
IQR 25–57) varied. Amongst those discharged, 60% survived.

Keywords
extracorporeal membrane oxygenation, COVID-19, acute respiratory distress syndrome, out of hospital, transport,
cannulation

Introduction

Among those diagnosed with Coronavirus disease 2019
(COVID-19), the development of acute respiratory
distress syndrome (ARDS) is associated with a signifi-
cant increase in mortality.1 Extracorporeal Membrane
Oxygenation (ECMO) has been utilized in severe re-
spiratory and cardiac failure. Due to the high incidence
of ARDS in those affected by this disease, ECMO centers
across the country began employing this therapy rela-
tively early in the COVID-19 pandemic. ECMO, as a
bridge to recovery or lung transplantation for COVID-
19 related acute respiratory failure, has continued to
expand after an international, multi-centered study
demonstrated mortality outcomes comparable to those
on ECMO in non-COVID related acute respiratory
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failure.2,3 Although receiving care at a high volume
ECMO center has been associated with improved
mortality amongst this patient population, there are
significant obstacles associated with providing this
service to those residing far from such centers.4,5 Amidst
a pandemic, these challenges are compounded.

The feasibility and challenges of large volume, in-
terfacility transport of adult patients on ECMO support
has been reported as early as 2009 in association with the
H1N1 pandemic.6,7 A recent literature review examining
transportation related mortality and morbidity found
that rates were low when patients were transported by
experienced ECMO center transport teams.8 Interna-
tional reports of interhospital transport-of patients with
COVID-19 on ECMO via various means of transport
have been documented.9–15 On evaluating the incidence
of major inter-transport complications in patients on
ECMO for COVID-19 and non-COVID-19 disease, no
significant differences were found.10

Our urban, academic medical center serves as a busy
ECMO referral center within the Southeastern United
States with an average of 160 cannulations annually. In
the battle against COVID-19, we were given the op-
portunity to expand our geographical boundaries and
provide aid to those in need.We retrospectively report on
63 interfacility ECMO team transports, including: high
risk patient characteristics, clinical outcomes, associated
geographic and logistical challenges, and lessons learned.

Materials and methods

This is a retrospective case series of critically ill, adult
patients (≥18 years of age) with laboratory-confirmed
COVID-19 transported to our medical center by our
ECMO transport team from 24 March 2020 through 8
June 2021. All diagnostic testing and therapeutic
interventions-including decisions with respect to
ECMO candidacy and cannulation technique-were
performed at the discretion of the treating clinicians.
At our institution, a multidisciplinary team consisting of
members of Critical Care Medicine and Cardiothoracic
Surgery is responsible for consultation, cannulation, and
management of all patients on ECMO. Our research
team retrospectively reviewed demographic, clinical,
geographic, and diagnostic data obtained from each
patient’s transfer and admission.

Authors sought to describe characteristics of patients
transported and evaluate for potential predictors of
treatment success. Our team examined the following
factors: age, gender, body mass index (BMI), ratio of
arterial partial pressure to fractional inspired oxygen (P/F
ratio); as well as duration of mechanical ventilation,
ECMO support, and Intensive CareUnit (ICU) admission.

We sought to review our transport and remote cannu-
lation process. As well as to additionally identify transport
associated challenges, complications and lessons learned.

Acute respiratory failure syndrome severity was
categorized by P/F ratios prior to initiation of ECMO.
Treatment success was defined as ECMO free survival to
discharge from our facility. Interfacility transport was
defined as: transfer from any medical facility outside of
our ECMO center and included other hospitals in our
hospital system without ECMO capabilities. We further
divided transports into primary, secondary, and con-
ventional transport. Primary transport was defined as
cannulation and initiation of ECMO support that oc-
curred at the referring facility by our ECMO team.
Secondary transport involved patients who were placed
on ECMOby the referring center and transported by our
team to our facility for further medical management.
Conventional transport describes patients who were
transported to our facility from outside facilities without
the utilization of ECMO support prior to transport. Our
cohort was predominantly composed of primary
cannulations-likely as a result of patients’ disease se-
verity. Secondary transports occurred infrequently.

Adverse outcomes were defined as accidental dec-
annulation, circuit failure, hemorrhage, significant he-
modynamic instability, cardiopulmonary arrest and
transmission of COVID-19 to ECMO team members
during transport of patients from outside medical fa-
cilities. Significant hemorrhage was further defined as
requirement of transfusion of greater than two units of
blood product. Hemodynamic instability referred to the
initiation of a new inopressor agent or a greater than
30% increase in norepinephrine equivalents compared
to dosage required on departure from the referring
facility. Descriptive statistics including mean, standard
deviation, ranges, median, percentages, and associated
interquartile ranges (IQR) were used to summarize the
data. All univariate statistical calculations were per-
formed using Microsoft Excel and SPSS Data Analysis
Software.

Extracorporeal membrane oxygenation transport
team and pre-transport planning

At our institution, a multidisciplinary team consisting of
members of Critical Care Medicine and Cardiothoracic
Surgery is responsible for consultation, eligibility eval-
uation, cannulation, and management of all patients on
ECMO. Transport team members include: paramedics,
perfusionists, attending physician, critical care fellow,
and an Advanced Practice Provider who serves as our
ECMO program coordinator. During primary cannu-
lations, all members of the team are present. In
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secondary cannulations a Critical Care Medicine fellow,
perfusionist and two paramedics comprise the transport
team.

Our center utilizes Maquet’s Cardiohelp console ex-
clusively for ECMO related transports due to its favorable
size and easy mobility. Our team has a preferred can-
nulation strategy that includes usage of a right femoral
(25 or 29 French) multi-stage venous drainage cannula
and a (20 or 22 French) return cannula in the right
internal jugular. This enables a “same side of the body”
line configuration to simplify transport and daily man-
agement in the ICU. As a standard, patients remain on
concomitant mechanical ventilatory support throughout
transfer.

All patients were cared for under airborne isolation
with personal protective equipment (PPE) that included:
respirator orN-95mask, goggles or face shield, bouffant or
surgical cap, gloves, gowns, and hospital provided scrubs.
Our medical centers Infection Control and Infectious
Disease divisions in conjunction with representatives from
the Center for Disease Control, provided online virtual
and in person training on donning and doffing of PPE
through healthcare system wide education.

Eligibility criteria review and pre-transfer commu-
nication was facilitated through our transfer center and
managed by our ECMO program coordinator and
multispecialty physicians (direct calls were made to the
on-call providers cell phone 24/7). Once patients were
accepted, the referring center received a letter with
information about our center and detailing the can-
nulation and transport process. Additionally, a standard
supplies list was sent ahead of time to ensure that ad-
ditional supplies such as: an ultrasound machine with
corresponding probes, extra surgical towels, saline etc.
were available upon our arrival to expedite remote
cannulations (Figure 1).

Our team carried supplies including, but not limited to:
cannulae, circuit, and oxygenator, a specifically designed
surgical tray and sterile attire in portable bags. During
lengthy travel, the team would remain in regular com-
munication with the transferring facility to receive clinical
updates, provide travel arrival information and help ensure
the patient, medical team, and patients surrogate were
prepared for ECMO initiation and/or transport.

Remote site cannulation, transport, return, and
admission process

In order to minimize unnecessary duration of time and
frequency of times in patient rooms, teams were divided
into groups. Applicable consent forms-including pro-
cedural and blood product consent-were obtained by the
team physician while other members prepared

equipment outside the room, including sterile surgical
table layout. Once patient, staff and equipment were
ready, those actively participating in cannulation and
ECMO initiation entered the room with the pre-
prepared sterile table. During cannulation and initia-
tion, paramedics and staff from the transferring facility
prepared a transport ventilator, intravenous infusion
pumps, and medications outside of the patient’s room.
Once the patient was initiated on ECMO support, the
second team consisting of medics entered the room to
facilitate transfer of equipment and patient to EMS
capable equipment and stretcher.

Airborne precautions and PPE remained throughout
the duration of transfer. Anticipatory notice and clin-
ically pertinent information were provided en route
from transport to receiving team. Travel of our team
through deemed ED “warm zone” and direct admission
to COVID-19 specific ICU occurred on arrival. Care
Endorsement occurred at bedside by ECMO transport
team to the receiving team. Those not required to be
present in patients’ rooms received sign out information
through utilization of e-ICU and in/out of room “walkie
talkie” devices.

Results

Demographics, clinical characteristics, and
diagnostic findings

During the study time period, 63 adult patients admitted
to the ICU with COVID associated ARDS requiring
ECMO support were admitted to our ECMO center. The
mean age of those transferred was 44 years old (SD 12;
IQR 36–56) (Table 1). 59% (n = 37) of patients were
male, 52% (n = 33) were African American, and the
average BMI of our cohort was 39.7 (SD 11.3; IQR 31–
48.5). Medical history of hypertension and diabetes were
commonly noted in 46 and 24 percent of patients, re-
spectively (Table 1).

All but one patient (n = 62) required mechanical
ventilation during their hospitalization. The majority of
patients (77.8%; n = 35) had severe ARDS -defined as P/
F ratio less than 100-on transfer. Median days of ad-
mission and mechanical ventilation days at the time of
ECMO initiation were 8 days (IQR 5–12) and 4 days
(IQR 2–6), respectively. The predominance of patients
was cannulated with a venovenous strategy (96.8%; n =
61) and all were peripherally cannulated (Table 2).

Transport related data

Within this cohort, the majority of patients (92% n = 58)
were transferred from facilities outside of our healthcare
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system, with the primary method of transportation
being ground via ambulance (98.3% n = 57). Amidst
those transported, 87% (n = 55) were primary transports
(Figure 2). Transport distances ranged from 2.2 to 236
miles (median 22.5 miles; IQR 8.3–79) and round-trip
transport times—not including time for pre cannulation
preparation, cannulation, initiation of ECMO support

and preparing patients for transport—ranged from 18 to
476 min (median 83 min; IQR 44–194) (Figure 3). None
of the referring medical centers had transplant or
ECMO capabilities, with the exception of one hospital
who had reached their capacity for patients on ECMO.
Our standardized ECMO process, as described above in
the methods section, was utilized with every transport of

Figure 1. Pre-transport remote cannulation letter.
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patients with active COVID-19 disease. When per-
forming ECMO cannulations within our hospital, our
team adhered to the same process and protocol to
promote consistency and expedient reproducibility
when clinically crucial.

As previously highlighted, transport related
adverse outcomes were defined as accidental dec-
annulation, circuit failure, hemorrhage, significant

hemodynamic instability, cardiopulmonary arrest, and
transmission of COVID-19 to transportation team
members. To date, no adverse outcomes have been
reported and none of our transportation team members
have acquired illness related to their role on
ECMO initiation or transport team. Despite continuing
to further expand our geographical boundaries, this has
remained true.

Figure 1. Continued.
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Additional outcomes

The median duration of ECMO support in this cohort
was 17 days (IQR 9.5–34.5)). Duration of mechanical
ventilator support was a median of 24 days (IQR 14–34).
Length of stay in the ICU (median 36 days; IQR 17–49)
and hospital (median 39 days; IQR 25–57) varied.
Among those discharged from our facility thus far, 60%
survived (n = 31). 29% (n = 10) were discharged to their
homes, 53% (n = 18) were discharged to rehabilitation
facilities and 9% (n = 3) were transferred back to the
referral medical centers for continuation of care once
they were determined to no longer have need for ECMO
or transplantation. The majority of factors evaluated

were not found to be statistically significant predictors of
treatment success. Although ICU and hospital duration
were noted to have p-values of significance, the asso-
ciated odds ratios and small sample size make true
clinical significance difficult to interpret.

Discussion

Ourmedical center’s transport experience contributes to
the growing body of literature outlining the limitations
and opportunities presented by the COVID-19 pan-
demic. Not only has our center demonstrated that re-
mote cannulation and ECMO transport can be both safe
and feasible during a pandemic but we were able to do so

Table 1. Demographic characteristics and patient outcomes.

Characteristics Patients (N = 63) Odds ratio (95% CI) p-value

Age, mean (SD)-yr 44 (12.3) 0.97 (0.64–1.47) .89
Gender-no (%) 0.63 (0.22–1.84) .40
Male 37 (58.7)
Female 26 (41.3)

BMI, mean (SD) 39.7 (11.3) 1.01 (0.68–1.51) .95
Race-no (%) 0.83 (0.50–1.40) .48
Asian 3 (4.8)
American Indian 0 (0)
Black 33 (52.4)
Hispanic 7 (11.1)
White 20 (31.7)
Other 0 (0)

Past medical history-no (%) 1.02 (0.63–1.68) .92
Diabetes 15 (23.8)
Coronary artery disease 3 (4.8)
Obstructive lung disease 13 (20.6)
Hypertension 29 (46.0)
Chronic kidney disease 1 (1.6)

Characteristics prior to ECMO initiation
P/F ratio-no (%) 0.21 (0.02–1.73) .15
Mild 1 (2.2)
Moderate 9 (20)
Severe 35 (77.8)

Admission day-med (IQR) 8 (5–12) 0.91 (0.46–1.80) .79
Mechanical ventilation day-med (IQR) 4 (2–6) 1.08 (0.83–1.41) .58

Outcomes
Duration of ECMO support (days)-med (IQR) 17 (9.5–34.5) 1.00 (0.78–1.26) .97
Duration of mechanical ventilation (days)-med (IQR) 24 (14–34) 1.08 (0.83–1.41) .58
ICU LOS (days)-med (IQR) 36 (17–49) 1.37 (1.07–1.75) .012
Hospital LOS (days)-med (IQR) 39 (25–57) 1.42 (1.10–1.84) .007
Mortality-no (%) 21 (40)
Disposition-no (%)
Home 10 (29.4)
Rehabilitation facility 18 (52.9)
Referral hospital 3 (8.8)

ECMO: extracorporeal membrane oxygenation; ICU: Intensive care unit; IQR: interquartile ranges.
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while ensuring the health of our transport team
members. Our center was able to expand the geographic
area in which we obtain referrals and provide services
that would have previously been unavailable to nu-
merous patients-many from regions with significant
limitations in healthcare and economic resources. Ad-
ditionally, we did so with a medically complex pop-
ulation with severe ARDS and exceptionally high BMI’s.

In light of disease variants and persistent burden to
ECMO centers from COVID-19 related ARDS and its
associated pulmonary sequelae, it is unclear how ex-
tensive a role ECMO will continue to play for this
patient population. The management of patients with
ARDS has dramatically transitioned over the past de-
cades from a treatment to prevention based paradigm.16

This has occurred not simply as a result of significant

Table 2. Cannulation and transport characteristics and referring hospital and regional metrics. External transfer includes all those
transferred from referring facility regardless of whether extracorporeal membrane oxygenation cannulation was performed remotely,
prior to or after transfer.

Transport distance (miles)-median (IQR) 22.5 (8.5–79)
Transport time (minutes)-median (IQR) 83 (44–194)
COVID ICU hospital capacity no-median (IQR)
Within our healthcare system 66 (IQR 66–86)
Outside of healthcare system 30 (IQR 18–48)

Average household income dollars-median (IQR)
Within our healthcare system 92,000 (IQR 65,000–92,000)
Outside of healthcare system 47,000 (IQR 37,500–57,500)

ECMO type
VV ECMO 61 (96.83)
VAV ECMO 2 (3.17)

Remote cannulation
External transfer 58 (92.0)
Remote cannulation 55 (87.3)

Mode of transport
Ground ambulance 57 (98.3)
Air 1 (1.72)

ECMO: extracorporeal membrane oxygenation; ICU: Intensive care unit; IQR: interquartile ranges.
*External Transfer includes all those transferred from referring facility regardless of whether ECMO cannulation was performed remotely, prior to or after
transfer.

Figure 2. Analytic sample of cohort. Cohort based on location of cannulation.
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short and long termmortality rates, but also as a result of
demonstrated long-term disease sequelae, complica-
tions, and reductions in health related quality of life.17

The longitudinal health implications and conse-
quences of severe COVID-19 disease on patients—
requiring prolonged mechanical ventilation and/or
ECMO—are yet to be known. Even now-just a rela-
tively short time from the commencement of this global
pandemic-reports of persistently compromised pulmo-
nary function in this patient population are being
described.18,19 The commonality of already reported
reductions in walking distance, diminished physical ac-
tivity, impaired pulmonary diffusion capacities, and
persistence of fibrotic changes on imaging are of sig-
nificant concern and have potentially dramatic long term
implications for healthcare systems. A recently published,
multicentered international cohort study reported a 53%
6 month all-cause mortality in patients who were treated
with ECMO for COVID-19 related ARDS.20 Although
these patients represent a smaller percentage of the
population, they are an important subset of highly
morbid individuals that can potentially benefit from early
and timely initiation of ECMO support.

Limitations due to our small sample size made it
challenging to identify statistically significant predictors

of treatment success. Further investigation is warranted
and has the potential to influence clinical practice. Our
cohort was evaluated in a retrospective manner and
consisted of a sample from a single medical center.
However, our institution is a regional ECMO center that
services a state and surrounding region with a diverse
population of over 15 million people. Additional limi-
tations include the lack of long-term follow up beyond
survival to hospital discharge and the inability to report
on longitudinal complications due to the relatively re-
cent nature of the Covid-19 pandemic.

There are potential implications with respect to ex-
panding ECMO support in the future to those being
treated at facilities far from large volume ECMO centers.
The success of our recent expansion is largely due to the
commitment of our leadership and team to provide a
consistent, reproducible, and standard protocolized
response to those needing ECMO initiation and/or
transport to our center. This has not only facilitated
expedient care delivery to those in extremis, but allowed
us to provide this life saving therapy to many individuals
who were previously too far from an ECMO referral
center. Our ECMO center is committed to continuing to
reduce disparities and expand access to ECMO within
our region and promote its utilization nationally. We

Figure 3. Geographical distribution of referring medical centers. Geographical distribution of cohort based on location of referring
medical center relative to our medical center.
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continue to focus on refining our transport process to
ensure that we will continue to be able to provide these
resources efficiently and expediently to those in need.

At present, it is unclear as to what post-pandemic
healthcare will look like or what challenges may lie
ahead as a result of this disease. Through our continued
efforts, it is our hope that we will rise to meet the
challenges ahead armed with the lessons learned during
this pandemic.
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