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Abstract: (1) Background: Extracorporeal membrane oxygenation (ECMO) represents a potentially
lifesaving support for respiratory and/or circulatory failure but its availability is limited to larger
medical centers. A well-organized regional ECMO center with remote cannulation and retrieval ability
can offer this intervention to patients treated at hospitals without ECMO. Information regarding the
number and structure of ECMO retrieval programs in the United States is limited and there are no
data regarding the size and structure of existing programs and which physician specialists perform
cannulations and provide management. (2) Methods: We created a survey of 12 questions that was
sent out to all adult US ECMO programs registered in the ELSO database. The data for the study
were collected through an online survey instrument that was developed in Survey Monkey (Monkey
Headquarters, Portland, OR). (3) Results: Approximately half of the centers that received the survey
responded: 136 out of 274 (49.6%). Sixty-three centers (46%) have an ECMO retrieval program; 58
of these offer both veno-arterial (V-A) and veno-venous (V-V) ECMO, while 5 programs offer V-V
ECMO rescue only. Thirty-three (52%) centers perform less than 10 ECMO retrievals per year, and
only five (8%) hospitals can perform more than 50 ECMO rescues per year. Cardiothoracic surgeons
perform the majority of the ECMO cannulations during retrievals in 30 programs (48%), followed by
intensivists in eight (13%) programs and cardiologists in three (5%) centers. (4) Conclusions: Many
ECMO centers offer ECMO retrievals; however, only a minority of the programs perform a large
number of rescues per year. These cannulations are primarily performed by cardiothoracic surgeons.
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1. Background

Patients who develop profound shock or severe respiratory failure refractory to me-
chanical ventilation may require extracorporeal life support (ECLS). Veno-arterial extracor-
poreal membrane oxygenation (V-A ECMO) is a rescue therapy that can stabilize patients
with hemodynamic compromise, with or without respiratory failure, for days or weeks. The
main indications for V-A ECMO include cardiac arrest, cardiogenic shock, post-cardiotomy
shock, refractory ventricular tachycardia, support during invasive procedures, among
others [1]. Veno-venous ECMO (V-V ECMO) is primarily used in cases of severe respi-
ratory failure, such as acute respiratory distress syndrome (ARDS), where conventional
mechanical ventilation is not sufficient to maintain adequate oxygenation or ventilation.

Due to its resource-intensive nature, ECMO is not widely available. ECMO requires
the significant allocation of medical resources, including trained personnel, equipment,
and facilities, vital to provide this specialized therapy to patients in need. ECMO is
a complex and resource-intensive therapy that involves specialized equipment, highly
trained personnel, and close monitoring.
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Because patients’ clinical state sometimes presents an unacceptable risk for conven-
tional transportation, specialized teams from tertiary and quaternary medical centers travel
to the referring hospitals and implant ECMO in order to stabilize and then transport the
patient back to the ECMO center for further care. A well-organized regional ECMO center
with remote cannulation and retrieval capabilities can offer this life-saving intervention to
patients treated at centers without ECLS ability. During ECMO retrievals, specialized teams
from tertiary medical centers travel to referring hospitals to stabilize and place patients on
ECMO. The patient is then transported back to the ECMO center for further care.

Performing ECMO cannulations at institutions without ECMO capability and the
transport of patients on mechanical circulatory support adds an extra degree of complexity
to the already complex task of transporting critically ill patients [2].

Per ELSO guidelines, ECMO transportation is divided into primary, secondary, tertiary,
and inter-facility ECMO transfer. In primary ECMO transportation, a mobile ECMO team
travels to an outside facility, cannulates and initiates ECMO and, after initial stabilization,
the patient is transferred to the ECMO regional center. Secondary ECMO transportation
is when a patient is already supported with ECMO but must be transferred to another
facility on ECMO support, for a higher level of care. Tertiary ECMO transportation is when
an institution has a patient with an ECMO indication and a rescue ECMO team from a
regional ECMO center with retrieval capability travels to the facility, places the patient on
ECMO, and then transports the patient to a different ECMO center due to limited ECMO
capacity at their hospital [2].

Previous studies have shown that ECMO outcomes are better when patients are being
cared for at specialized hospitals with a high capacity and expertise [3]. ECMO retrievals
in the US have been conducted for decades, as described in the existing literature [4–9].
Information regarding the number and structure of ECMO retrieval programs in the United
States is limited. In addition, there are no data regarding the size and structure of existing
programs, which physician specialists perform cannulations, and which providers manage
patients during the retrieval process. Furthermore, the number of ECMO rescues and types
of ECMO configurations that are performed by centers with this capability are not widely
published. Even less is known about the number of ECMO centers that perform ECMO
retrievals. Multiple ECMO programs from the United States describe their experience in
the literature; however, a report that compiles this information is not available.

To better characterize ECMO retrieval programs and regional availability in the United
States, we performed a survey of adult ECMO centers affiliated with the Extracorporeal
Life Support Organization (ELSO) to gain vital information on the programs’ structures,
sizes, and capabilities and our findings are summarized in this report.

2. Materials and Methods

We conducted a cross-sectional, national survey of the ECMO centers in the United
States, focusing on ECMO retrieval practices. We created a survey that was sent out to all
adult ECMO programs registered in the ELSO database. The ELSO directory was used to
retrieve each center’s email addresses of the ECMO program directors or ECMO program
managers. The survey was assessed according to the methodology of Burns et al. [10], and
4 experts in the field of mechanical circulatory support gave feedback on the content and
structure. The study was reviewed by the Institutional Review Board and deemed exempt.

The final survey contained 12 questions that were formulated to obtain information
on the types of ECMO offered by each institution and whether institutions had ECMO
retrieval programs. Additional information about whether the program could perform
retrievals 24/7, if the respective institution offered both V-A and V-V ECMO rescue, and
the number of retrievals performed per year was also attained. In addition, details about
the distance traveled for retrieval, specialty of the cannulating physician, the provider
in charge of the patient’s management during the transportation, size of the program,
and type of institution that offered the service were requested (questionnaire included in
Supplementary Materials).
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The data for the study were collected through an online survey that was developed
using Survey Monkey (Monkey Headquarters, Portland, OR, USA). A link to the online
survey was emailed to the ECMO manager and/or ECMO program director. A reminder
email containing the survey link was resent to the programs that had not completed the
survey at 1, 2, and 3 months after the initial email. The survey was anonymous. The
questions were designed to gather information on the number and structure of ECMO
retrieval programs in the US. All responses were analyzed using Microsoft Excel 2019 MSO
Version 2402 (Redmond, WA, USA) and compiled descriptively in this report.

Each center was asked to submit one response only. Responses were exported anony-
mously from the survey tool 1 month after the last reminder email. The number of responses
to each question was recorded, and each question was analyzed separately.

3. Results

The survey was sent to 274 adult ECMO centers in the United States and there were
136 respondents (49.6% response rate) from 41 states. All descriptive information in this
report refers only to those programs that responded to the survey. All 136 centers offer
ECMO, one center offers V-A ECMO only, and two centers offer V-V ECMO only, while 133
(97.8%) centers offer both V-A and V-V ECMO. Out of the respondents, 68 (50%) centers
manage less than 50 cases per year, 43 (31%) institutions manage 50 to 100 cases and 25
(19%) ECMO programs manage more than 100 cases per year. Intensivists manage the
ECMO patients in 35 (26%) programs, cardiothoracic surgeons (CTSs) in 7 (5%) programs,
cardiologists in 2 programs, while a multidisciplinary team including cardio-thoracic
surgeons, non-CTSs, intensivists, and/or cardiologists manage ECMO patients in the rest
of the centers.

Out of the total number of institutions, 63/136 centers (46%) have an ECMO retrieval
program. Sixty programs offer ECMO retrieval 24 h/day while three centers provide the
service during daytime hours only. In terms of retrieval types, V-A and V-V ECMO is
offered by 58 (92%) centers while 5 (8%) programs offer V-V ECMO rescue only. Out of the
63 centers that offer retrieval services, 33 (52%) perform less than 10 ECMO retrievals per
year, 16 (25.5%) centers perform between 10 and 30 ECMO rescues per year, 9 out of 63
(14%) centers complete 31 to 50 ECMO retrievals and only 5 hospitals are performing more
than 50 ECMO retrievals per year.

Four programs (6%) retrieve patients from within a 10-mile radius, 19 (30%) centers
retrieve from up to a 100-mile radius, while 40 (64%) ECMO retrieval programs can travel
to and rescue patients from a distance greater than 100 miles.

CTSs perform the majority of the ECMO cannulations during retrievals in 30 programs
(48%). Out of the programs in which CTSs cannulate, 19 (63%) are university hospitals.
The second largest specialty service performing cannulations during ECMO rescue are
intensivists, performing cannulations in eight (13%) programs out of the respondents.
This is followed by cardiologists in three programs (5%) and non-CTSs in one program.
A combination of CTSs, intensivists, cardiologists, and non-CTSs perform cannulations
in the remainder (32.5%) of the centers that offer retrieval. The cannulating physician
is responsible for the management of the ECMO patient during transport back to the
institution in 52 of the 63 programs (82.5%), while in 11 (17.5%) cases, another specialist
(perfusionist, intensivist, ECMO nurse practitioner, etc.) is responsible for the management
of the patient during transport.

Out of the centers with ECMO retrieval programs, 20 (32%) hospitals are large-volume
ECMO centers that manage more than 100 ECMO cases per year, 27 (43%) are medium-
sized programs, running 50 to 100 ECMO cases per year, and 16 (25%) hospitals manage
less than 50 ECMO patients per year. Out of the centers that offer ECMO retrievals, 49%
are university hospitals, 36.5% are private institutions, while 14.5% are university-affiliated
or community hospitals.
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4. Discussion

ECMO is performed most successfully in high-volume ECMO centers for best resource
use, safety, effectiveness, and outcomes [11,12]. ECMO referral centers should be organized
in a hub and spoke model, as recommended by experts in the field [12].

The formation of advanced cardiac care systems that offer all aspects of cardiac care,
including short-term mechanical circulatory support (ECMO, percutaneous ventricular
assist devices), durable ventricular assist devices, and transplants, is essential and may
affect the outcomes of patients with profound cardiac failure [1]. Moreover, for patients
suffering from acute respiratory failure, Peek et al. described a significant improvement
in survival of patients transferred to a specialized center for consideration of ECMO
intervention compared with continued conventional ventilation [3].

Traditionally, the large ECMO centers are university hospitals. Interestingly, in our
survey, the large ECMO centers were equally divided between private institutions and
university hospitals.

Per the current ELSO guidelines for the transport and retrieval of ECMO adult patients,
the composition of the retrieval team should include a team leader, cannulating provider
(can be the leader), ECMO specialist, and a medical transport team/emergency medical
service [2].

Many programs in the US provide ECMO services but less than half have a retrieval
program. As this survey indicated, the majority of programs can perform both V-A and V-V
ECMO retrieval, and are available 24 h a day. However, most centers perform only a small
number of retrievals, with more than half of the programs completing <10 rescues per year.
As previously shown in the literature, high-volume adult ECMO centers have demonstrated
improved rates of survival compared to centers performing fewer cannulations [5,11,12].

The ECMO regional centers have an obligation to perform outreach, education, and
ensure accessibility to ECMO services. This represents the foundation of a successful ECMO
retrieval program. Furthermore, the large ECMO hubs have a responsibility to ensure
the safe and effective delivery of ECMO therapy, and to provide high-quality ECMO care
in order to improve patient outcomes. These obligations are critical for maintaining the
effectiveness and sustainability of ECMO programs and meeting the needs of critically
ill patients.

Traditionally and to date, ECMO cannulations are performed by CTSs; however, the
increased utilization of ECMO [13] and limited availability of CTSs, especially during the
COVID-19 pandemic, have created a mismatch between the demand for ECMO and acces-
sibility of CTSs for remote cannulations, necessitating the involvement of other services to
perform cannulations and retrievals. As previously shown in the literature, cannulations
can be performed safely by other non-surgical specialties [9,14–18]. Based on this review,
the number of specialists that have acquired this skillset appears to be increasing. Retrieval
programs have grown in size and in number and have become more interdisciplinary,
which is essential to meet the growing demand for ECMO in the US, especially in the
context of the future estimated shortage of CTSs by 2035 and projected growing number of
caseloads for each CTS by 121% [19].

As previously described in the literature [20], given the nature of this survey-based
study, a limitation includes its inability to describe the programs to which the survey was
distributed. Survey questions were left to the respondent for interpretation; however, the
structure of the questions was created to limit bias, and were both open-ended and multiple
choice, to gather consistent information from each respondent. Since about 50% of the
programs responded to the survey across 41 states, the data extracted from the respondents
are expected to be representative of most ECMO programs in the US, and associated with
results that are more generalizable.

5. Conclusions

To the best of our knowledge, this is the first publication characterizing ECMO re-
trieval programs in the US. Many ECMO centers offer ECMO retrievals; however, only a
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minority of programs perform large numbers of rescues per year and CT surgeons per-
form most of the ECMO cannulations. In the future, creating a network of hospitals that
provide retrievals may be of benefit to learn and improve from each program’s successes,
failures, and new innovations. This may in turn create a unified ECMO network to best
serve patients in preparation for a rise in demand related to increasing heart disease and
potential pandemics.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/jcm13061725/s1.
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