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Abstract

OBJECTIVES: Venoarterial extracorporeal life support (ECLS) has emerged as a potentially life-saving treatment option in therapy-
refractory cardiocirculatory failure, but longer-term outcome is poorly defined. Here, we present a comprehensive follow-up analysis cov-
ering all major organ systems.

METHODS: From February 2012 to December 2016, 180 patients were treated with ECLS for therapy-refractory cardiogenic shock or car-
diac arrest. The 30-day survival was 43.9%, and 30-day survivors (n = 79) underwent follow-up analysis with the assessment of medium-
term survival, quality of life, neuropsychological, cardiopulmonary and end-organ status.

RESULTS: After a median of 1.9 (1.1–3.6) years (182.4 patient years), 45 of the 79 patients (57.0%) were alive, 35.4% had died and 7.6%
were lost to follow-up. Follow-up survival estimates were 78.0% at 1, 61.2% at 3 and 55.1% at 5 years. NYHA class at follow-up was <_II for
83.3%. The median creatinine was 1.1 (1.0–1.4) mg/dl, and the median bilirubin was 0.8 (0.5–1.0) mg/dl. No patient required dialysis.
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Overall, 94.4% were free from moderate or severe disability, although 11.1% needed care. Full re-integration into social life was reported
by 58.3%, and 39.4% were working. Quality of life was favourable for mental components, but a subset showed deficits in physical aspects.
While age was the only peri-implantation parameter significantly predicting medium-term survival, adverse events and functional status at
discharge or 30 days were strong predictors.

CONCLUSIONS: This study demonstrates positive medium-term outcome with high rates of independence in daily life and self-care but a
subset of 10–20% suffered from sustained impairments. Our results indicate that peri-implantation parameters lack predictive power but
downstream morbidity and functional status at discharge or 30 days can help identify patients at risk for poor recovery.
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ABBREVIATIONS

ACS Acute coronary syndromes
BDI-II Beck Depression Inventory-II
BP Bodily pain
CS Cardiogenic shock
CPR Cardiopulmonary resuscitation
ECLS Extracorporeal life support
GH General health
HRQL Health-related quality of life
HTx Heart transplantation
HR Hazard ratio
ICU Intensive care units
6MWT 6-Minute walk test
MCS Mental component summary
MH Mental health
mRS Modified Rankin Scale
MoCA Montreal Cognitive Assessment test
NIHSS National Institutes of Health Stroke Scale
PCS Physical component summary
PF Physical functioning
RRT Renal replacement therapy
RE Role emotional
RP Role physical
SF Social functioning
SF-36 36-Item Short Form Survey
VAD Ventricular assist device
VT Vitality

INTRODUCTION

Extracorporeal life support (ECLS) has emerged as a potentially
life-saving treatment in therapy-refractory cardiocirculatory fail-
ure. It can be instituted rapidly, on-site, achieves full cardiopul-
monary support, restores end-organ perfusion and serves as a
bridging device [1–3]. Caseloads are rising worldwide, suprare-
gional networks have been established and short-term results are
promising [2–4].

However, resource demands are tremendous while no com-
prehensive data on longer-term survival, downstream quality of
life and functional status exist. Identifying parameters to refine
patient selection, predict functional outcome and improve results
is highly relevant.

Here, we present a comprehensive follow-up analysis of
medium-term outcome of patients treated with ECLS for severe
cardiocirculatory failure covering all major organ systems.

METHODS

Study design

We present a retrospective cohort study with cross-sectional fol-
low-up. Since establishment of our ECLS program in February
2012 through December 2016, 180 patients were treated with
femoral venoarterial ECLS for therapy-refractory cardiogenic
shock (CS) or cardiac arrest with ongoing cardiopulmonary resus-
citation (CPR). Therapy-refractory CS was defined as impossibility
to maintain haemodynamics despite escalating doses of vaso-
pressors or inotropes with end-organ hypoperfusion due to car-
diac causes.

All patients surviving the initial 30 days after ECLS implantation
were included in this study and underwent follow-up. Patients
younger than 18 years, postcardiotomy cases and non-cardiac
aetiologies were excluded. The primary end-point was medium-
term survival. Secondary end-points were functional status char-
acteristics at follow-up.

Retrospective baseline, discharge and 30-day data were
obtained from a centre-specific database. Standardized follow-
up examinations were performed from July 2017 to June 2018.
Besides survival, a comprehensive status was obtained, covering
all major organ systems.

A demographic questionnaire assessed adverse events since
discharge, current health, work status and social life. Degree of
dependence was quantified using the modified Rankin Scale
(mRS), a functional outcome disability scale [range 0 (no symp-
toms)–6 (death)]. For health-related quality of life (HRQL) evalua-
tion, patients completed the 36-Item Short Form Survey (SF-36,
version 2, German). Thirty-six questions translate into 8 domains
[physical functioning (PF), role physical (RP), bodily pain (BP),
general health (GH), vitality (VT), social functioning (SF), role
emotional (RE), mental health (MH)] and 2 sum-scales [physical
component summary (PCS), mental component summary (MCS);
scores 0–100, normal range 40–60, higher scores indicate better
HRQL].

The National Institutes of Health Stroke Scale (NIHSS), the
Montreal Cognitive Assessment test (MoCA) and the Beck
Depression Inventory-II (BDI-II) assessed the neurocognitive and
psychological status (German versions). The NIHSS quantitatively
measures neurological deficits, 0 indicates normal and higher
scores indicate impairment. The MoCA evaluates cognitive func-
tion. Lower scores imply greater impairment, 30 is the maximum
and 26 is the cut-off. One-point correction was applied for edu-
cation <_12 years. The BDI-II screens for and assesses the severity
of depression. Scores range from 0 to 63 (0–8 no depression,
higher scores more severe depression).
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A transthoracic echocardiogram and 12-lead electrocardio-
gram were obtained. A 6-minute walk test (6MWT) assessed the
cardiopulmonary exercise capacity.

Comprehensive blood work was obtained with focus on renal
and liver function.

In case patients declined clinical examination, they were asked
to complete the questionnaires via mail. For deceased patients,
duration of survival and cause of death were charted. Besides
comprehensively describing outcome, we correlated peri-
implantation to follow-up parameters to identify the predictors
of medium-term survival and beneficial functional outcome.

The study conforms to the Declaration of Helsinki and was ap-
proved by the institutional ethics committee. All patients pro-
vided informed consent.

ECLS treatment

Evaluation for ECLS implantation is performed by an interdisci-
plinary heart-team with special focus on general condition,
comorbidities, arterial blood gas parameters and time from col-
lapse to initiation of CPR, duration and quality of CPR, as applica-
ble. ECLS implantation is declined in case of evidence of fatal
brain damage or comorbidities significantly limiting life expec-
tancy. The standard at our centre is percutaneous femoral cannu-
lation using Seldinger technique, including insertion of a distal
leg perfusion catheter into the superficial femoral artery. Details
have been published earlier [1]. Implantation is performed on-
site, including the emergency department, catheterization labora-
tory and intensive care unit (ICU). If patients in remote hospitals
are too unstable for conventional transport, a mobile team is
sent out for cannulation there and air or ground-bound patient
retrieval on ECLS. We aim for a cardiac index of 2.4 l/min/m2 and
titrate the blood flow according to the individual needs.
Subsequent interdisciplinary care follows current guidelines [5, 6].
Preserving pulsatility is pursued to avoid pulmonary oedema, in-
tracardiac stasis or myocardial distension. If this is not achievable
by conventional means such as inotropes, left ventricular venting
is considered [ImpellaVR (AbiomedVR , Danvers, USA) implantation,
interventional atrioseptostomy or surgical vent-implantation]. In
the setting of a recovering cardiac function while the pulmonary
function still is severely compromised, we consider adding an
outflow cannula to the right internal jugular vein and eventually
transitioning to venovenous-ECMO. ECLS is used as a bridging
device. In general, weaning is pursued. If the heart does not re-
cover, patients are evaluated for ventricular assist device (VAD)
implantation or heart transplantation (HTx) [1].

Statistics

Quantitative variables are presented as medians with interquartile
ranges, and categorical variables as frequencies and percentages.
Quantitative variables were screened for normal distribution us-
ing box plots and the Shapiro–Wilk test, where violations against
normality were observed. Follow-up survival probabilities were
estimated using Kaplan–Meier plots. Survival and censoring times
were calculated from implantation to death or last known
follow-up. Differences in survival were assessed using the logrank
test. Cox-regression modelling was used to examine the effects of
peri-implantation parameters, parameters related to ECLS ther-
apy and status at 30 days or hospital discharge on medium-term
survival. To avoid bias, survival times were calculated as the time

from implantation for peri-implantation parameters, and as the
time from 30 days or hospital discharge for parameters related to
the course of ECLS therapy and clinical status at 30 days or dis-
charge, respectively. In addition, regression analyses were per-
formed to assess the influence of peri-implantation parameters
on the degree of dependence (ordinal logistic regression), physi-
cal, neurocognitive and psychological status (Poisson regression).
SF-36 data were tested for differences between our patients and
the German reference population (PF = 2908 subjects, RP = 2900,
BP = 2905, GH = 2913, VT = 2888, SF = 2911, RE = 2899, MH = 2900;
PCS = 2861, MCS = 2861) using quasi-binomial regression, ad-
justed for age and sex [7]. Since quasi-binomial regression is only
applicable if variables range between 0 and 1, values were di-
vided by 100 prior to calculation. Statistical analyses were per-
formed with R, version 3.5.0, and SPSS Statistics, version 25, by a
biostatistician. The significance level was set to 0.05.

RESULTS

Study population

From February 2012 until December 2016, 180 patients (18.9%
female) were treated with ECLS for therapy-refractory CS or car-
diac arrest with ongoing CPR. The median age was 56.0 years
(46.0–66.0). Aetiologies included acute coronary syndrome (ACS,
56.7%), cardiomyopathies (18.9%), pulmonary embolism (8.3%),
myocarditis (6.1%) and other cardiac causes (10.0%). In total,
70.0% (n = 126) had been resuscitated, among these were 59
ECPR cases (32.8% of all patients). Seventy-nine patients (43.9%)
survived the first 30 days and underwent further analysis and
follow-up. Figure 1 provides a detailed flow-diagram of all
patients.

Peri-implantation characteristics of the 30-day survivors are
given in Table 1, and clinical course after ECLS implantation, sta-
tus at hospital discharge and at 30 days are given in Table 2.
Briefly, the median duration of ECLS was 109.8 (71.9–162.0) h.
Adverse events occurred in 68.4%, and the most frequent was ne-
cessity of renal replacement therapy (RRT), neurological compli-
cations and sepsis. During the index hospitalization, 15.2%
underwent VAD implantation [n = 11, 6 left (LVAD), 5 biventricu-
lar assist devices] or HTx (n = 1). The median time from ECLS to
VAD implantation was 6.0 (5.0–10.0) days. Total hospital stay was
24.0 (19.0–37.0) days, whereas 5.1% died in-hospital after
30 days. A total of 44.3% were discharged to another hospital for
continued care, 39.2% to rehabilitation facilities and 11.4% were
discharged home. After 30 days, 54.4% had an mRS of >_3, indicat-
ing moderate-to-severe degree of dependence. Intermittent or
full ventilation was still required by 25.3% and 11.4%, respec-
tively, and RRT by 11.5%.

Medium-term survival

Medium-term survival of the 30-day survivors is shown in Fig. 2.
The median follow-up was 1.9 (1.1–3.6, range 0.1–5.8) years, with
an overall follow-up of 182.4 patient years. The logrank test
showed no significant differences in survival between the aetiolo-
gies ACS, cardiomyopathies and others (P = 1.0). The median sur-
vival free from VAD implantation or HTx was 1.7 (0.1–2.9) years
(range 2 days to 5.3 years).
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Six patients (7.6%) were lost to follow-up after 1.5 (0.1–2.4)
years, and 28 (35.4%) had died 0.4 (0.2–2.2) years after ECLS im-
plantation (4 during the index hospitalization after 30 days).
Causes of death were available for 21 patients; for 7, the cause
remained unclear. Two patients died of cardiac causes. Seven
died of multiorgan failure and another 2 of multiorgan failure af-
ter having declined VAD implantation or transplantation. Four
patients died secondary to infection or sepsis, and 3 due to neu-
rological causes. One patient died from liver failure, 1 from ARDS
and another of acute rejection after HTx.

Forty-five patients (57.0%) were alive and contacted 2.9 (1.9–
4.8) years after ECLS implantation (the total follow-up time for
these patients was 143.4 patient years). The follow-up survival
estimates were 78.0% at 1 year, 61.2% at 3, and 55.1% at 5 years.

Peri-implantation parameters, data on ECLS therapy and status
at hospital discharge and at 30 days were analysed as predictors
of survival beyond 30 days. Older age detrimentally affected the
medium-term survival [hazard ratio (HR) 1.06, p < 0.001]. Other
peri-implantation parameters had no significant influence on
medium-term survival (Table 1), however, the clinical course

Figure 1: Patient flow diagram. ACS: acute coronary syndrome; CM: cardiomyopathy; CS: cardiogenic shock; ECLS: extracorporeal life support; HTx: heart transplanta-
tion; lost FU: lost to follow-up; VAD: ventricular assist device.

Table 1: Peri-implantation parameters as predictors of medium-term survival

n Median (IQR) or frequency (%) HR P-value

Age (years) 79 51.0 (43.0–60.0) 1.06 <0.001
Female 79 18 (22.8) 1.05 0.91
Out-of-centre implantation 79 27 (34.2) 1.12 0.78
Awake at implantation 79 11 (13.9) 1.00 1.00
Aetiology

Acute coronary syndrome 79 43 (54.4) 0.88 0.73
Cardiomyopathy/myocarditis 79 24 (30.4) 1.16 0.72

Others 79 12 (15.2) 1.02 0.98
INTERMACS 79 1.0 (1.0–2.0) 0.89 0.79
CPR 79 49 (62.0) 1.04 0.92

Implantation during CPR (ECPR) 79 15 (19.0) 0.61 0.36
pH pre-implantation 78 7.30 (7.20–7.38) 1.55 0.69
pH 6 h post-implantation 78 7.38 (7.30–7.44) 6.38 0.35
Lactate pre-implantation (mmol/l) 78 7.1 (3.5–12.4) 1.00 0.91
Lactate 6 h post-implantation (mmol/l) 78 4.8 (2.4–8.7) 0.99 0.83
Lactate clearance (h) 79 21.0 (9.0–39.0) 1.00 0.96
Maximum bilirubin within initial 24 h (mg/dl) 76 1.8 (1.1–2.8) 1.00 1.00
Maximum glutamic oxaloacetic transaminase (GOT) within initial 24 h (U/l) 76 455.0 (235.0–1128.5) 1.00 0.61
Maximum glutamic-pyruvic transaminase (GPT) within initial 24 h (U/l) 77 188.0 (87.0–540.5) 1.00 0.78

CPR: cardiopulmonary resuscitation; HR: hazard ratio; IQR: interquartile range.
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during ECLS therapy until discharge from the primary hospital
and the status at 30 days did (Table 2). Adverse events were
strong predictors of non-survival, especially cerebral complica-
tions (HR 2.38, P = 0.02) and requirement of RRT (HR 2.25,
P = 0.04). Increased duration of ventilation had a negative influ-
ence (HR 1.04, P = 0.002), and so did necessity of tracheostomy
(HR 2.46, P = 0.04). Requirement of VAD implantation also nega-
tively influenced survival (HR 2.57, P = 0.03). Besides, discharge
disposition and organ function at 30 days strongly predicted the
medium-term survival.

Comprehensive status at follow-up

Thirty-six of the 45 patients (80.0%) alive at follow-up consented
to comprehensive follow-up analyses. Among the 9 patients alive
at follow-up but declining study participation, CS leading to ECLS
implantation was caused by ACS in 5 and cardiomyopathies in 4.
None of these patients had undergone VAD implantation or HTx.
Four had required CPR (44.4%), 1 of them (11.1%) was an ECPR
case at the time of ECLS implantation.

For the 36 patients participating in the study, CS had been
caused by ACS in 52.8% (n = 19), by cardiomyopathies in 19.4%
(n = 7), by pulmonary embolism in 13.9% (n = 5), by myocarditis
in 8.3% (n = 3) and by other cardiac reasons in 5.6% (n = 2).
Twenty-four (66.7%) had been resuscitated and 10 of them
(27.8%) were ECPR cases. While 31 patients presented for exami-
nation, 5 declined clinical examination but completed the ques-
tionnaires (general questionnaire, SF-36, BDI-II). Thus, unless
otherwise specified, for general and questionnaire data, the sam-
ple size was 36, and for other data, it was 31. Only 2 patients
(5.6%) were actively listed for HTx or considered for transplanta-
tion or VAD implantation at the time of follow-up. Cross-sec-
tional follow-up analyses were performed 2.6 (1.7–4.0) years after
ECLS implantation (102.0 patient years) (for details see Table 3).
At follow-up, the median age was 53.5 (42.0–58.0) years. Of all
patients, 36.1% were New York Heart Association class (NYHA
class) I and 47.2% class II. At the time of follow-up, 2 of the 36
patients were on LVAD support (both implanted during the index
hospitalization). Four were status post-HTx, 1 had undergone
transplantation during the index hospitalization, 3 during the
follow-up period, and 2 of them did have VADs implanted during

Table 2: Clinical course after ECLS implantation, status at hospital discharge and at 30 days as predictors of medium-term survival

n Median (IQR) or frequency (%) HR P-value

Course of hospitalization
Duration of support (h) 79 109.8 (71.9–162.0) 1.00 0.46

VAD implantation 79 11 (13.9) 2.57 0.03
Heart transplantation 79 1 (1.3) <0.001 1.00

Patients with adverse events 79 54 (68.4) 2.50 0.06
ECLS-related bleeding 79 6 (7.6) 0.42 0.40
Distal leg ischaemia 79 4 (5.1) <0.001 1.00
Cerebral complication 79 24 (30.4) 2.38 0.02
RRT 78a 33 (42.3) 2.25 0.04
Sepsis 79 19 (24.1) 1.93 0.10
Bowel ischaemia 79 2 (2.5) 1.44 0.72

Duration of ventilation (days) 79 13.0 (8.0–22.0) 1.04 0.002
Tracheostomy 79 43 (54.4) 2.46 0.04
ICU stay (days) 79 20.0 (15.0–32.0) 1.02 0.05
Hospital stay (days) 79 24.0 (19.0–37.0) 1.01 0.41
Discharge

Home 79 9 (11.4) 0.35 0.30
To rehab 79 31 (39.2) 0.25 0.01
To other hospital 79 35 (44.3) 4.75 0.002
Died in-hospital after 30 days 79 4 (5.1) na na

Status at 30 days
Pulmonary status at 30 days

Not ventilated 79 50 (63.3) 0.27 <0.001
Intermittently ventilated 79 20 (25.3) 1.68 0.20
Fully ventilated 79 9 (11.4) 5.07 <0.001

Renal status at 30 days
No treatment 78a 11 (14.1) 0.52 0.37
Oral diuretics 78a 58 (74.4) 1.15 0.77
IV diuretics 78a 0 na na
RRT 78a 9 (11.5) 1.37 0.56

Liver status at 30 days
Unremarkable 79 23 (29.1) 0.26 0.03
Elevated bilirubin/GOT/GPT 79 51 (64.6) 1.22 0.63
Complicationb 79 5 (6.3) 59.79 <0.001

Degree of dependence at 30 days
Rankin Scale <_3 79 36 (45.6) 0.07 <0.001
Rankin Scale >_3 79 43 (54.4) 15.20 <0.001

aOne patient with chronic dialysis pre-ECLS was excluded.
bIncludes any complication related to the hepatobiliary system, e.g. non-cardiogenic shock-related liver failure or secondary sclerosing cholangitis.
HR: hazard ratio; ICU: intensive care unit; IQR: interquartile range; na: not applicable; RRT: renal replacement therapy; VAD: ventricular assist device.
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the index hospitalization (Fig. 1). Most of these were patients
with cardiomyopathy. The median time since VAD implantation
or HTx (i.e. the last major procedure) was 3.4 (2.4–5.1, minimum
1.8) years. Overall, 94.4% were free from moderate or severe dis-
ability (mRS <_2). To need any kind of care was reported by
11.1%. When compared to prior to ECLS, 58.3% felt fully re-
integrated into their social life. Of those younger than 65 years,
39.4% were working full or part time, 21.2% were not working for
any reason and 39.4% were retired.

Health-related quality of life. The medians of all domains
and sum-scales were within or higher than the normal range
(Table 3). The percentages of individual patients scoring below
the normal range were 13.9% for PF, 44.4% for RP, 11.1% for BP,
30.6% for GH, 30.6% for VT, 19.4% for SF, 27.8% for RE, 11.1% for
MH, 38.9% for PCS and 19.4% for MCS. For comparison, Fig. 3
provides age- and gender-matched German reference popula-
tion data with expected significant differences for all components
except BP and MH.

Neurocognitive and psychological status. Per BDI-II, 50.0%
showed no signs of depression, 27.8% minimal or slight depres-
sion, 11.1% moderate and 11.1% signs of severe depression. We
obtained NIHSS and MoCA data for 27 and 29 patients with the
scores of 1.0 (1.0–2.0) and 26.0 (22.5–28.0), respectively. On the
NIHSS, 55.6% had <_1 point, 22.2% 2 points and 22.2% >2 points.

Cardiopulmonary function. Patients on VAD support or after
HTx were excluded from this analysis (n = 26 included).

Elektrocardiogram (EKG) analysis revealed sinus rhythm in 96.2%,
atrial fibrillation in 3.8% and 11.5% had complete left bundle
branch block. The median left ventricular ejection fraction was
49.0 (37.3–55.3)% and tricuspid annular plane systolic excursion
(TAPSE) 20.0 (18.0–23.0) mm. Assessment of functional exercise
capacity (6MWT) was unfeasible for musculoskeletal reasons in 5
cases. Twenty-one patients underwent the 6MWT, and 2 had to
terminate early due to dizziness or dyspnoea. Percentages of pre-
dicted 6MW distances were 68.8 (61.7–91.6)% for all patients and
68.9 (65.7–93.9)% when excluding those with early termination.

Renal and liver function. No patient required dialysis. The
median creatinine was 1.1 (1.0–1.4) mg/dl, glomerular filtration
rate (GFR) 91.0 (69.0–99.0) ml/min and bilirubin 0.8 (0.5–1.0) mg/dl.

Predictive value. We analysed age at ECLS implantation, gen-
der, INTERMACS level and prior or ongoing CPR as predictors of
mRS, BDI-II, PCS and MCS. P-values were adjusted for multiple
testing (Bonferroni–Holm procedure). INTERMACS level, extra-
corporeal cardiopulmonary resuscitation (ECPR) and gender cor-
related with BDI-II results (adjusted P = 0.003, P = 0.03 and
P < 0.001, respectively). Besides, no significant results were
observed.

DISCUSSION

ECLS has become a standard of care for critically ill patients in se-
vere cardiocirculatory failure [2]. Short-term outcome and its

Figure 2: Medium-term survival of the 30-day survivors.
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predictors have been described [1–4]. However, little is known
about survival beyond 30 days, functional status, or HRQL. All
these are acknowledged, highly relevant outcome measures.
Here, we present a comprehensive follow-up analysis and dem-
onstrate favourable medium-term outcome, despite high rates of
early functional impairments.

In our cohort, the 30-day survival was 43.9%. Despite high
early hospital mortality, the medium-term survival of the 30-day
survivors was favourable, with the survival estimates of 78.0% at
1 year, 61.2% at 3 years and 55.1% at 5 years. Most deaths oc-
curred within the initial 6 months with stable survival thereafter.
Presumably, several of these early deaths are related to the index
event, adverse events and prolonged recovery. This highlights the
importance of intensified care and follow-up within the initial
months as a vulnerable period after CS and ECLS treatment.
When interpreting these survival rates, 2 aspects are essential.
First, patients in CS refractory to best conventional therapy or
under CPR without return of spontaneous circulation almost al-
ways face certain death; thus, outcome is to be interpreted in the
light of an otherwise dismal prognosis. Second, many suffer from
chronic heart failure or typical comorbidities limiting life expec-
tancy per se, and some will require VAD implantation or HTx
with associated complications and mortality. Survival especially
after 6 months is good, demonstrating that early mortality is the
Achilles-heel in ECLS [8].

Objective measures to predict survival beyond 30 days and
favourable functional outcome are crucial to guide treatment.
While 30-day survival is the first milestone, long-term survival
free from functional impairment is what remains to be achieved.
In earlier studies, peri-implantation parameters predicted short-
term outcome, and especially age, CPR, end-organ failure and
metabolic parameters correlated with early mortality [1, 3, 4, 9, 10].

In this analysis focusing on survival beyond 30 days, age at im-
plantation was the only baseline parameter significantly influenc-
ing medium-term survival. As age will always impact survival, this
cannot necessarily be considered a true ECLS-related finding, al-
though de Waha et al. [11] demonstrated inferior outcome for
patients older than 60 years. Elderly patients exhibit poorer organ
reserve and reduced capability of functional improvement, with
lower likelihoods of permanently recovering from CS [11].
Interestingly, in our study, parameters indicating the severity of
cardiocirculatory failure such as INTERMACS level, CPR and

Table 3: Status at follow-up

n Median (IQR) or frequency
(%)

General condition
Age (years) 36 53.5 (42.0–58.0)
Female 36 9 (25.0)
Body mass index (BMI) (kg/m2) 36 26.7 (23.2–30.0)
NYHA class 36 2.0 (1.0–2.0)
Number of drugs currently taken 36 8.0 (5.0–10.0)
Been to rehab 36 35 (97.2)
Hospitalizations since ECLS 36 2.0 (1.0–4.0)
Downstream adverse events

Myocardial infarction 36 2 (5.6)
Stroke 36 1 (2.8)

Downstream procedures
PCI 36 5 (13.9)
Mitraclip 36 0
VAD implantation 36 0
Heart transplantation 36 3 (8.3)

In need of care 36 4 (11.1)
Degree of dependence (mRS) 36 1.0 (1.0–2.0)

Health-related quality of life
SF-36

Physical functioning 36 72.5 (50.0–88.8)
Role physical 36 62.5 (0.0–100.0)
Bodily pain 36 80.0 (51.3–100.0)
General health 36 52.0 (35.0–67.0)
Vitality 36 50.0 (35.0–68.8)
Social functioning 36 87.5 (62.5–100.0)
Role emotional 36 100.0 (33.3–100.0)
Mental health 36 76.0 (56.0–84.0)
Physical component summary 36 45.2 (33.3–52.0)
Mental component summary 36 52.9 (41.8–55.2)

Neurocognitive and psychological status
BDI-II score 36 8.5 (2.3–18.8)
MoCA score 29 26.0 (22.5–28.0)
NIHSS score 27 1.0 (1.0–2.0)

Cardiopulmonary function
EKG

Sinus rhythm 26 25 (96.2)
Atrial fibrillation 26 1 (3.8)
LBBB 26 3 (11.5)

Echocardiography
Left ventricular enddiastolic

diameter (LVEDD) (mm)
26 53.0 (46.8–63.0)

Ejection fraction (EF) (%) 26 49.0 (37.3–55.3)
TAPSE (mm) 26 20.0 (18.0–23.0)

Percentage of predicted 6MWD (%) 21 68.8 (61.7–91.6)
End-organ function

Creatinine (mg/dl) 31 1.1 (1.0–1.4)
Urea (mg/dl) 31 43.0 (33.0–60.0)
Cystatin C (mg/l) 31 1.2 (0.9–1.4)
GFR (ml/min) 31 91.0 (69.0–99.0)
Bilirubin (mg/dl) 31 0.8 (0.5–1.0)
GOT(U/l) 31 28.0 (25.0–34.0)
GPT (U/l) 31 26.0 (19.0–40.0)

BDI-II: Beck Depression Inventory-II; IQR: interquartile range; LBBB: left
bundle branch block; 6MWD: 6-minute walk distance; MoCA: Montreal
Cognitive Assessment test; mRS: modified Rankin Scale; NIHSS: National
Institutes of Health Stroke Scale; PCI: percutaneous coronary intervention;
SF-36: 36-Item Short Form Survey; VAD: ventricular assist device.

Figure 3: SF-36 domains. *Statistically significant differences (P < 0.05). BP:
bodily pain; GH: general health; MH: mental health; PF: physical functioning;
RE: role emotional; RP: role physical; SF: social functioning; VT: vitality.
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parameters describing the process of surmounting it, e.g. lactate
clearance, did not predict medium-term survival. The SAVE score
was created to predict in-hospital survival and is the most com-
monly used tool [3]. It is not validated for ECPR, which applied to
�20% of our cohort. We tested several of its components but ex-
cept for age none of the tested items predicted the medium-
term survival. The ENCOURAGE score predicts the ICU survival of
patients treated with ECLS for acute myocardial infarction and CS
[10]. Survival probabilities are also provided for 6 months, but
according to our findings, this still comprises early mortality.
Presumably, peri-implantation factors impact early survival, but
after stabilization is achieved and the hyper-acute phase is over-
come, their effects lose and downstream events gain impact.
Adverse events during and after ECLS are common and strongly
correlate with outcome as they cause relevant morbidity and
mortality. While these findings cannot assist in triaging the
patients for or against ECLS implantation, the parameters can as-
sist in identifying patients at risk for poor recovery and trigger in-
tensified rehabilitation. In addition, this underscores the necessity
of highly trained interdisciplinary teams, permanent availability
of full-spectrum diagnostic and therapeutic facilities to prevent
or manage adverse events and raises a call for the definition of
competence centres, minimum institutional infrastructure stand-
ards and caseloads [2, 12].

About 23% of the ACS and ‘other’ aetiologies cohort patients
were alive at follow-up without having received HTx or VAD im-
plantation. For the cardiomyopathy cohort, 14.7% of the
medium-term survivors had needed transplantation or VAD. This
could indicate that, for some ACS patients, ECLS on the one hand
allowed for high-risk PCI, and on the other hand that controlled
reperfusion using ECLS after revascularization may have contrib-
uted to a recovery in function sufficient for persistent weaning. A
similar conclusion could be true for ‘other’ aetiologies. This cate-
gory includes patients with myocarditis or pulmonary embolism,
which may have more potential for sustained recovery. However,
since several patients deceased and were not investigated further,
prospective, larger studies are necessary for definite conclusions.

Our patients’ overall status at follow-up was positive. The me-
dian degree of dependence was an mRS level of 1, equalling no
significant disability and being able to carry out all usual daily ac-
tivities despite some symptoms. Altogether, 94.4% were free from
moderate or severe disability and only 11.1% required care. The
majority was in NYHA class I–II. Left ventricular ejection fraction
was robust with good right ventricular function. Although 26.9%
were unable to perform the 6MWT or had to terminate early,
functional capacity of the other patients was satisfactory. End-
organ functions had largely recovered.

All median HRQL scores were within or higher than the normal
range. As expected, results were inferior to matched controls.
However, results compared favourable to similar cohorts,
patients with chronic heart failure or after recovery from severe
and life-threatening conditions [13–16]. In comparison to a heart
failure population, scores of our patients were higher and ranged
between those of patients in NYHA class I and II [14]. The highest
number of patients with scores below normal was seen for RP
and thus PCS. This corresponds to the patients unable to perform
the 6MWT or terminating early, and those requiring care in daily
life. As the SF-36 is not disease specific, non-ECLS-related condi-
tions could have affected the results.

Mental HRQL was satisfactory. Concurrently, 77.8% showed no
or only minimal to slight depression. The median MoCA score
was 26.0 (22.5–28.0). The original cut-off is 26, but derivations

have been reported frequently in normative studies, and it has
been considered too conservative [17, 18]. In a US study, mean
scores were 23.4 ± 4.0 and 66% fell below 26 points [17]. In a
German-speaking sample, scores were 26.1 ± 2.5 while 31.1%
were below 26 [18]. Our results compare similar, with overall
favourable results. However, 10.3% of our patients scored below
20, again indicating that a subset has relevant impairments. For
the NIHSS, dichotomization at 1 has been proposed [19]. More
than half of our patients scored <_1. While the mRS is a functional
outcome scale describing handicap relevant to daily activities,
the NIHSS describes neurological deficits in detail. Full re-
integration into social life as prior to ECLS was achieved in 58.3%.
Of those younger than 65 years, 39.4% had returned to work life,
while another 39.4% were retired.

Previous, less-extensive studies support our findings [9, 10, 13,
20]. Orbo et al. [13] analysed 74 adults and children with venove-
nous or venoarterial ECLS from 1988 to 2015 for cardiac or respi-
ratory failure, and CPR. Twenty patients completed follow-up
questionnaires (follow-up 6.5 ± 7 years). No clinical examination
was performed. Global outcome was positive, with impairments
in a subset: 10% were living at home with help from others and
40% were on disability pension. HRQL was comparable, whereas
general health, role emotional and role physical were below nor-
mal. No relevant depression but anxiety was reported in 15%
[13]. Combes et al. analysed 28 survivors with varying cannulation
strategies and indications, including postcardiotomy patients. The
median follow-up was only 11 months. They reported satisfactory
mental health and vitality but persistent problems with work or
other daily activities because of physical health, which interfered
with social life [9]. In a double-centre study on acute myocardial
infarction patients, 138 underwent follow-up with the analysis of
HRQL, anxiety, depression and post-traumatic stress disorder
[10]. After 32 (18–54) months, 41 survivors were assessed, with
persisting physical and emotional difficulties in one-third [10].

In summary, our results demonstrate a positive outcome for
the majority, with high rates of independence in daily life and
self-care. However, a subset of �10–20% suffers from relevant
impairments. These interfere with other functions, social and
work life. Tailored rehabilitation to address physical, neurocogni-
tive and psycho-social handicap resulting from the index or sub-
sequent adverse events is essential, with early rehabilitation
starting in the ICU. In addition, intensified follow-up care by the
ECLS centre should gain relevance and will be able to further in-
crease survival and improve functional status. The focus of care
in ECLS has to be expanded from acute care to a coverage be-
yond 30 days.

Limitations

This study provides a comprehensive follow-up, and several
assessments have never been reported until now. However,
follow-up was performed at only 1 occasion in a cross-sectional
manner, resulting in varying follow-up times. All regression anal-
yses considered follow-up time to account for this to the most
possible extent. Six patients were lost to follow-up, and 9 survi-
vors declined participation in the study. This impairs survival
analyses mildly. However, the clinical status of these patients
remains unclear, and we cannot exclude an incomplete represen-
tation of the clinical condition due to selection bias. In addition,
the functional status prior to ECLS is unknown, and most assess-
ments were non-disease specific. These factors limit the
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generalizability of our results. Lastly, studies covering greater im-
plantation periods and patient numbers are warranted to con-
firm our findings.

CONCLUSION

While short-term survival is the initial landmark in ECLS, long-
term survival free from functional impairment remains the ulti-
mate therapy goal. In this comprehensive follow-up analysis,
medium-term outcome of patients treated with ECLS for cardio-
circulatory failure was positive regarding both survival and func-
tional status, although a high rate of early functional deficits had
been observed. For 10–20%, impairments will sustain. Peri-
implantation parameters lacked predictive power in this study;
however, downstream morbidity and functional status at dis-
charge or 30 days can help identify patients at risk for poor re-
covery. Effective prevention and management of common
adverse events with related morbidity is the key to success, and
establishment of competence centres to create an ideal infra-
structure needs to be discussed. Individually tailored rehabilita-
tion and close follow-up care may address the observed
impairments and improve outcome further.
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