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a  b  s  t  r  a  c  t

Aim:  Mobile  extracorporeal  life  support  (ECLS)  may  soon  be  on  the  verge  to  become  a fundamental  part
of emergency  medicine.  Here,  we report  on  our four-year  experience  of providing  advanced  mechanical
circulatory  support  for out-of-center  patients  within  the  Düsseldorf  ECLS  Network  (DELSN).
Methods:  This  retrospective  cohort  study  analyses  the  outcome  of  160 patients  with  refractory  circulatory
failure  consecutively  treated  with  mobile  veno-arterial  extracorporeal  membrane  oxygenation  (vaECMO)
between  July  2011  and  October  2015  within  the  DELSN.
Results:  Out  of  the  160  patients  (56 ±  16  years,  vaECMO  initiation  under  CPR 68%),  59  patients  (36%)
survived  to  primary  discharge,  with  50 patients  (31%)  still  alive  after  a median  follow-up  of  1.74  years.
Time-discrete  mortality  was highest  during  the  first  24  h. There  was  no  difference  between  survivors
and  non-survivors  regarding  age, etiology  of  circulatory  failure,  presence  of CPR  during  implantation  or
distance  to  implantation  site.  Incidence  of  kidney  injury  requiring  dialysis  (61%  vs. 24%,  p  <  0.0001),  shock
liver (27%  vs.  12%,  p =  0.031)  and  visceral  ischemia  (19%  vs. 3%,  p =  0.013)  were  the  only  complications
increased  in  non-survivors.  Subgroup  analysis  showed  no  significant  outcome  difference  for  ECPR  vs.
non-ECPR  patients.  Outcome  was  significantly  impaired  with  initial  neuron-specific  enolase  ≥45.4  �g/L
(AUC  0.75,  p  <  0.0001)  and  lactate  ≥5.5  mmol/L  (AUC  0.70,  p <  0.0001).  Program-year-dependent  in-center
mortality  showed  an increasing  trend,  while  program-year-dependent  follow-up  mortality  decreased
over  time.
Conclusions:  This  study  illustrates  that  regional  mobile  ECLS  rescue  therapy  can  be  provided  with  encour-
aging  outcomes,  although  patient  selection  criteria  and  early  outcome  parameters  reflecting  on  therapy
success  or futility  still need  to  be refined.

©  2017  Elsevier  B.V.  All  rights  reserved.

Introduction

Technological advances of extracorporeal membrane oxygena-
tion (ECMO) systems have enabled us with the possibility to provide
remote advanced mechanical circulatory support in out-of-center
settings, leading to mobile ECMO therapy entering the stage of
emergency medicine [1]. Today, on-site initiation of veno-arterial
ECMO (vaECMO) – also referred to as extracorporeal life support
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(ECLS) – allows us to temporarily restore and secure vital hemo-
dynamics of patients presenting with refractory circulatory failure
outside of specialized tertiary care centers, thereby increasing their
chance of survival [2–8]. When applied during cardiac arrest this
is referred to as extracorporeal CPR (ECPR), which is increasingly
being used despite limited observational data available.

Due to recent approaches trying to provide systematic mobile
ECLS support and comprehensive follow-up therapy on a regional
scale [8], mobile ECLS networks are now increasingly in the spot-
light [9] and may  soon be on the verge to become a fundamental
part not only of emergency medicine but also of resuscitative ther-
apy. However, there is still a lack of adequate patient selection
criteria as well as early outcome parameters correlating to survival.

After previously introducing the Düsseldorf ECLS Network
(DELSN) [8], a supra-institutional ECLS network providing remote
advanced mechanical circulatory support on a regional scale, we
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now report on our four-year experience of mobile vaECMO res-
cue therapy for out-of-center patients with refractory circulatory
failure, analyzing patient outcome and program characteristics.
We hypothesized that although an encouraging survival rate for a
patient population otherwise doomed with a fatal prognosis can be
achieved and maintained over time by an established program for
mobile vaECMO therapy, early mortality will remain conditioned by
the initial clinical status and primary pathology related complica-
tions. Hence, this study aims to identify early outcome parameters
reflecting on mobile vaECMO therapy success or futility. Therefore,
we compared the outcome of ECPR vs. non-ECPR-patients, – since in
many centers there still seems to be reluctance for vaECMO ther-
apy initiation under cardiac arrest – and evaluated the value of
the initial neuron-specific enolase (NSE) and lactate values upon
arrival on the ICU as prognostic markers for survival, – as they
are immediately available after therapy initiation and have already
been discussed as outcome predictors after cardiac arrest and/or
ECMO therapy in the past [10–12].

Methods

Setting

The DELSN was launched 2011, as a supra-institutional network
for rapid-response remote ECLS based at the Düsseldorf Heart Cen-
ter (Düsseldorf, Germany), in order to provide advanced mobile
vaECMO support to all participating institutions within the imme-
diate metropolitan area and adjacent urban and suburban regions.
Detailed characteristics have been reported previously [8]. Briefly,
the Department of Cardiovascular Surgery of the Düsseldorf Heart
Center serves as a central hub, organizing 24/7 rapid-response
mobile ECLS support upon emergency request on a regional level
and coordinating comprehensive and interdisciplinary customized
follow-up therapy for supported patients. Mobile ECLS support
can be requested in cases of refractory circulatory failure non-
manageable on-site or cardiac arrest without return of spontaneous
circulation, independent of etiology. Upon emergency request, a
specially trained mobile ECMO team, consisting of a cardiovas-
cular surgeon and a perfusionist, are immediately dispatched to
the patient, starting advanced mechanical circulatory support via
peripheral vaECMO (Sorin Lifebox, Sorin Group, Munich, Germany)
[13] as fast as possible. Decision-to-treat is made by the cardio-
vascular surgeon on duty, and is only denied when life-limiting
medical conditions or strong evidence for hypoxic brain damage are
present. After hemodynamic stabilization, the ECMO team escorts
the patient to the Düsseldorf Heart Center, where a standardized
diagnostic and therapeutic algorithm is immediately started [8].

Study design

This retrospective cohort study includes 160 patients consec-
utively treated with mobile vaECMO rescue therapy for refractory
circulatory failure within the DELSN between July 2011 and October
2015. None of those patients were primary related to cardiac
surgery. vaECMO rescue therapy was defined as mobile, when an
advanced logistic effort was required to reach the patient, only
including patients in whom vaECMO was implanted in facilities
spatially separated from the Department of Cardiovascular Surgery.
Refractory circulatory failure was defined as failure to maintain
sufficient mean arterial pressure (60 mmHg) with evidence of end-
organ hypo-perfusion despite maximal medical therapy under
exhaustion of all on-site available supportive measures and/or
ongoing CPR, independent from underlying etiology. All patients
in whom vaECMO implantation was denied on-site or patients pri-
marily treated with veno-venous ECMO were excluded from the
study.

Follow-up was  conducted either by direct patient contact or
through relatives or the referring physician to gather survival sta-
tus after primary discharge. Survival after primary discharge was
primary clinical endpoint, follow-up survival secondary endpoint.
Additionally, a subgroup analysis for patients in whom ECLS was
initiated under CPR (ECPR-group) was performed. Complications
under vaECMO therapy (kidney injury requiring, shock liver, vis-
ceral ischemia, bleeding, leg ischemia, acute respiratory distress
syndrome (ARDS), ischemic, sepsis) [8], neuron-specific enolase
(NSE) as marker of brain damage and lactate as marker of hypoper-
fusion related organ damage were not treated as an endpoint, but
also included into the analysis protocol to estimate their potential
impact on survival.

The DELSN registry, in which all patients are prospectively reg-
istered after vaECMO rescue therapy initiation, served as primary
data source. Registry data was complemented by an extensive ret-
rospective review of the patients’ medical records until primary
discharge, including specific laboratory parameters, documenta-
tion on diagnostic exams and complication management. All data
were recorded following institutional quality assurance standards
and recommendations of the “Association for Clinical Data Man-
agement” [14].

Ethics committee approval

This study was  approved by the ethics committee of the med-
ical faculty of the Heinrich-Heine-University, complying with the
principles outlined in the Declaration of Helsinki.

Statistical methodology

This manuscript was  prepared according to recommendations
of the STROBE initiative [15]. The statistical analysis was per-
formed using IBM SPSS Statistics, version 22, and R, version 2.15.2.
Unless otherwise indicated continuous variables are presented as
mean ± SD or median (25th, 75th percentile) according to nor-
mality of their distribution and compared using unpaired Student
t-test or Mann-Whitney test as appropriate. Discrete variables
are reported as percentages and tested by Pearson’s Chi2 test
or, when validity conditions were not satisfied, by Fisher’s exact
test. The univariate analysis was supplemented by binary logis-
tic regression. Because highly skewed distributions were explored
in a subset of linear baseline and laboratory parameters, a nat-
ural log transformation was necessary prior to model inclusion.
Survival was  estimated using the Kaplan-Meier method. Compar-
isons of survival curves were based on the Log-Rank test. All tests
were two-tailed and p-values <0.05 considered statistically signif-
icant. In case of multiple comparisons Bonferroni correction was
applied. C-statistics were used to assess the prognostic value of
initial NSE [�g/l] and lactate [mmol/l] regarding early in-hospital
mortality, which were obtained immediately after hemodynamic
stabilization upon arrival on our ICU. Multivariate cox regression
was performed for NSE and lactate cut-offs as well as ECPR status
in order to analyze predictive effect on in-center survival.

Results

Study population

During the study period approximately 185 emergency requests
for mobile vaECMO support reached our institution. Out of those
160 emergency requests were fulfilled, leading to vaECMO implan-
tation on-site and subsequent treatment of those patients at our
institution. Median follow-up was  1.74 years (CI95%, 1.33–2.15).
Baseline characteristics of the study population and selected
laboratory parameters upon ICU-arrival after mobile vaECMO-
implantation are outlined in Table 1. Briefly, mean patient
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