Featured Article

Inter-hospital transfer of extracorporeal membrane
oxygenation-assisted patients: the hub and spoke network
Michiel Morshuis, Frank Bruenger, Tobias Becker, Annette Kempa-Haupt, Lukasz Kizner,
Riad Al-Khalil, Jan F. Gummert, René Schramm
Clinic for Thoracic- and Cardiovascular Surgery, Heart and Diabetes Centre North Rhine Westphalia, Bad Oeynhausen, Germany
Correspondence to: Michiel Morshuis, MD. Clinic for Thoracic- and Cardiovascular Surgery, Heart and Diabetes Centre North Rhine Westphalia,
Georgstr. 11, D-32503 Bad Oeynhausen, Germany. Email: mmorshuis@hdz-nrw.de.

Background: The treatment of cardiogenic shock (CS) in peripheral hospitals may be challenging when
acute mechanical circulatory support (MCS) is not available. Tertiary care centers may provide mobile
extracorporeal membrane oxygenation (ECMO) teams to support the treatment of CS-patients externally.
Methods: We retrospectively analyzed our single-center experience with a mobile ECMO team focussing
on decision-making and survival data of CS-patients retrieved by ECMO support from peripheral hospitals
to our tertiary care center between January 2012 and October 2018.
Results: A total number of 134 CS-patients have been retrieved by ECMO support to our center within
the observation period. Forty-three (32%) died on the acute MCS device, while 59 (44%) patients could be
weaned from the acute MCS. Twenty-nine (22%) were bridged to implantation of a durable MCS system
and 6 were finally transplanted. The overall 1-year survival was 33%. Interestingly, advanced patient age did
not significantly affect survival.
Conclusions: Acute MCS for CS may be provided by experienced mobile teams allowing for retrieval
of patients from peripheral hospitals to tertiary care centers. Relatively low survival rates oppose intensive
material and human resources. It is therefore mandatory to constantly refine logistics and selection criteria.
Keywords: Mechanical circulatory support (MCS); cardiogenic shock (CS); extracorporeal life support (ECLS);
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Introduction
Cardiogenic shock (CS) carries a high risk for morbidity
and mortality (1-3). In case CS-patients cannot be stabilized
by conservative intensive care means they require acute
mechanical circulatory support (MCS). Acute MCS may
be established by intra-aortic balloon pulsation (iABP; the
Impella ® device) or, most effectively, by extracorporeal
membrane oxygenation (ECMO). In the veno-arterial
setting, ECMO therapy is also designated as extracorporeal
life support (ECLS), which is the only system to acutely
provide full cardiopulmonary support (4). Strategically,
acute MCS may be used (I) as a bridge to recovery, when
the causative diagnosis can be effectively treated; (II) as a
bridge to implantation of a durable MCS system, e.g., left
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ventricular assist devices or total artificial hearts; or (III) as a
bridge to transplantation, which is a fairly unrealistic option
considering the relatively long waiting times due to the
global organ shortage. In fact, cardiac transplantation may
rather become a long-term goal after bridging therapy with
a durable MCS system (5-7).
The availability of acute MCS is limited, particularly
in smaller and peripheral hospitals. The use of these
devices requires specifically experienced and regularly
trained staff, which are only possible to have in larger,
experienced centers. As transportation of CS-patients
carries a tremendous risk, tertiary care centers have
established mobile ECLS teams in order to provide highend interdisciplinary cardiac care in the remote clinics and
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Table 1 Anamnestic parameters
Diagnoses and previous therapies
Cardiogenic shock
Onset
Doses and duration of inotropes/vasopressors
PH, serum-lactate levels, mixed venous saturation
Respiration
Spontaneously breathing with/without oxygen supplementation
Sedated and intubated (tidal volume, PEEP, FiO2, pO2, SO2)
Imaging available
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from external hospitals into our tertiary care unit. Table 1
summarizes anamnestic parameters routinely prompted
during the first contact with the requesting center. Reasons
for decline comprised of excessive acidosis (pH <6.9), serum
lactate levels >20 mmol/L, poor neurological prognosis and
prolonged resuscitation. Overall decision did not underlie
clear cut-off parameters.
Interventions
All ECLS systems were instituted on-site percutaneously
via the groin vessels before transportation (CardioHelp,
Maquet, New Jersey, USA).

Neurology
Unclear, awake, sedated, cranial computed tomography available
Secondary organ failure
Serum-creatinine, urine clearance
Serum-bilirubin
Infection
C-reactive protein
Leukocyte counts

Study design
The survival data were retrospectively analyzed using the
statistical software, SPSS (IBM Corporation). Data are given
as mean values ± standard deviation. Survival probabilities
were analyzed using the Kaplan-Meier method. Differences
in survival between groups were compared using the logrank test. A null hypothesis probability value of less than 0.05
was considered statistically significant.

Microbiology (blood-/sputum-cultures available)
Imaging available
Social status
Anamnestic parameters prompted upon initial contact and
presentation of a cardiac shock patient suggested to benefit
from extracorporeal life support. PEEP, positive end-expiratory
pressure; FiO2, fraction of inspired oxygen; PO2, oxygen partial
pressure; SO2, oxygen saturation.

to retrieve critically ill patients after acute institution of
MCS into tertiary care (4).
Herein, we summarize our single-center experience
with a mobile ECLS team program. This report focusses
on the procedural algorithms and presents survival data of
CS-patients retrieved after on-site institution of an ECLS
system and transportation into our center.
Methods
Patients
We retrospectively analyzed survival data of all consecutive
CS-patients between January 2012 and October 2018, which
were retrieved on acute MCS by our mobile ECLS team
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Results
Between January 2012 and October 2018, our mobile
ECLS team has been sent out to evaluate 141 CS-patients
in 39 peripheral hospitals and all received acute MCS. The
mean distance to the peripheral hospitals was 83±86 km.
Seven patients could not be stabilized by ECLS and died
without being transported. The other 134 patients could
be effectively stabilized by ECLS and were transported to
our center (designated as ECLS patients in the following
part of the manuscript). ECLS patients had a mean age of
53±13 years and 36 (27%) were female. Forty-three (32%)
ECLS patients died on the system due to multi-organ
failure, sepsis or severe cerebrovascular events. Twentynine (22%) ECLS patients were bridged to implantation
of a durable MCS. Devices used were the HeartWare® in
n=19, the TAH Syncardia® in n=2, the Berlin Heart Excor®
BVAD in n=1, and the Thoratec BVAD® in n=4 patients.
In 3 patients, cannulas were implanted as preparation for
later pulsatile biventricular support and connected to two
centrifugal pumps (Centrimag®). However, these 3 patients
died. Two HeartWare ®, 1 Syncardia ® and 3 Thoratec
BVAD ® patients were bridged to transplantation. No
patient was bridged to transplant on the ECLS system.
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Figure 1 Probability of survival of patients retrieved by ECMO support. (A) Overall survival after remote extracorporeal life support (ECLS)
implantation in cardiogenic shock (CS)-patients. (B) Age-dependent survival. All CS-patients retrieved from peripheral centers to our
tertiary care center under ECLS by our mobile ECLS team between January 2012 and October 2018 were analyzed. ECMO, extracorporeal
membrane oxygenation.

Fifty-nine ECLS patients could be weaned from the
acute MCS system. There was a weaning failure with
in-hospital mortality in 4 of these weaned ECLS patients,
while 55 weaned ECLS patients could be discharged from
our center. Twenty-seven of the weaned and discharged
ECLS patients survived up to 1 year. Two patients were lost
to follow-up, which was valued as death before 1-year.
Overall, 1-year survival from the total number of
134 retrieved ECLS patients was 33% (n=44), including
11 patients alive on durable MCS and 2 patients alive after
heart transplantation (Figure 1A). Interestingly, advanced
age appeared not to be related to poor survival (Figure 1B).
Discussion
ECLS is not yet available in peripheral hospitals in
Germany, because its usage requires experienced and
regularly trained staff (4,8). Our mobile ECLS team
consists of the regular staff in one of the largest, tertiary
care cardiovascular centers in Germany, dealing with acute
and durable MCS on a daily basis. The required hardware is
readily available. Upon request, our team approach involves
an experienced intensivist, an intensive care nurse and a
pump-technician. The ECLS system carried along is the
CardioHelp System (Maquet, New Jersey, USA), which
is the only system approved for air travel (4). The mobile
ECLS team may be sent out by helicopter or intensive care
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ambulance. Thus, tremendous efforts are made in terms of
material, human resources and logistics (4,8). In view of the
relatively sobering mid-term outcome after one year, it may
be discussed, whether such enormous efforts are justified
and how the prospective benefit of a CS-patient rescued by
acute MCS implantation may be predicted more accurately.
We have herein presented anamnestic parameters
prompted to the requesting center in order to at least
roughly evaluate the CS-patients condition and potential
for recovery under maximum therapy. There are no clearcut limits for distinct requested items and decision making
is not following a certain checklist, but is rather an overall
impression with various attributes. Our data for example
show that advanced age may not per se preclude the
dispatch of the mobile ECLS team, as there was no relevant
survival differences between the different age groups.
However, this presumption is probably biased by the fact
that other anamnestic parameters may have been weighed
more extensively in the elderly patients. In fact, others
noted advanced age adversely affects survival (9).
The herein presented outcome after durable MCS
implantation is relatively poor. However, it should be noted
that the ECLS patients were obviously all in an interagency registry for mechanically assisted circulatory support
(INTERMACS) level 1 and these severely ill patients are
known to have limited prognosis (10). Nevertheless, it is
interesting to observe an equally poor outcome of the few
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ECLS patients transplanted subsequent to durable MCS
implantation. In fact, all transplanted patients have been
evaluated by our center’s multi-disciplinary transplant
conference and they were approved for listing. Despite the
fact that the very few numbers of finally transplanted ECLS
patients herein may not be representative, it is a matter
of debate when ECLS patients in INTERMACS level 1
and bridged with a durable MCS should be listed for heart
transplantation.
In summary, we present our survival data for CSpatients retrieved under ECLS to our tertiary care center.
The enormous efforts of establishing a mobile ECLS team
are rewarded by survival of one third of these moribund
patients. The relatively poor survival demonstrates the
urgent need to define risk factors for morbidity and
mortality.
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