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Abstract
Aim: The aim of this study was to describe the survival and neurological outcome in patients with OHCA treated with and without mechanical cir-

culatory support (MCS).

Methods: This was a retrospective observational cohort study on patients with OHCA admitted to Aarhus University Hospital, Denmark, between

January 2015 and December 2019. Kaplan-Meier estimates were used to evaluate 30-day and 30–180-day survival. Cox regression analysis was

used to assess the association between covariates and one-year mortality.

Results: Among 1,015 patients admitted, 698 achieved return of spontaneous circulation (ROSC) before admission, 101 patients with refractory

OHCA received mechanical circulatory support (MCS) and the remaining 216 patients with refractory OHCA did not receive MCS treatment. Survival

to hospital discharge was 47% (478/1015). Good neurological outcome defined as Cerebral Performance Categories 1–2 were seen among 92%

(438/478) of the patients discharged from hospital. Median low-flow was 15 [8–22] minutes in the ROSC group and 105 [94–123] minutes in the

MCS group. Mortality rates were high within the first 30 days, however; 30–180-day survival in patients discharged remained constant over time

in both patients with ROSC on admission and patients admitted with MCS. Advanced age > 70 years (hazard ratio (HR) 1.98, 95% confidence inter-

val (CI) 1.11–3.49), pulseless electrical activity (HR 2.39, 95% CI 1.25–4.60) and asystole HR 2.70, 95% CI 1.25–5.95) as initial rhythms were asso-

ciated with one-year mortality in patients with ROSC.

Conclusions: Short-term survival rates were high among patients with ROSC and patients receiving MCS. Among patients who survived to day 30,

landmark analyses showed comparable 180-day survival in the two groups despite long low-flow times in the MCS group. Advanced age and initial

non-shockable rhythms were independent predictors of one-year mortality in patients with ROSC on admission.

Keywords: Mechanical circulatory support, Out-of-hospital cardiac arrest, Extracorporeal cardiopulmonary resuscitation, Neurological
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Introduction

Despite significant improvements in the management of out-of-

hospital cardiac arrest (OHCA), survival rates remain dismal across

various geographical settings.1–3 In recent years, a growing body of
literature has supported centralisation of post-resuscitation care to

achieve higher survival rates with good neurological outcomes.4 Fur-

thermore, distance to a cardiac centre was not shown to be associ-

ated with survival, indicating the safety of bypassing local hospitals

and direct triage to a tertiary centre.5 In Denmark, the concept of

direct referral of OHCA to dedicated cardiac arrest centres has
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emerged as a standard procedure. Currently, in the Central Denmark

Region, all OHCAs without obvious non-cardiac aetiology are triaged

to the catheterisation laboratory at Aarhus University Hospital, a ter-

tiary centre with access to 24/7 primary percutaneous coronary inter-

vention (PCI), cardiothoracic assistance and treatment for refractory

cardiac arrest with mechanical circulatory support (MCS) with either

Impella or V-A extracorporeal membrane oxygenation (V-A ECMO).

The latter also termed as extracorporeal cardiopulmonary resuscita-

tion (ECPR).

The objective of this study was to describe, at a population-based

level, prehospital and in-hospital characteristics, survival and neuro-

logical outcomes in three groups of adult patients with OHCA: 1)

Patients with ROSC on admission, 2) Patients admitted with refrac-

tory OHCA treated with MCS) and 3) Patients admitted with refrac-

tory OHCA not treated with MCS. Furthermore, for patients with

ROSC the aim was to evaluate the impact of various covariates on

one-year mortality.

Methods

This was a retrospective observational cohort study of all adult

OHCA patients (�18 years) admitted directly to the catheterisation

laboratory at Aarhus University Hospital from January 2015 to

December 2019. The study complies with the principles of the Dec-

laration of Helsinki. The study was approved by the Danish Data Pro-

tection Agency (Ref. no. 1-16-02-383-18) and the Danish Patient

Safety Authority Services (Ref. no. 1-45-70-34-21). Further ethical

approval was exempt due to the retrospective nature of the study.

Results are reported in line with the STROBE guidelines.

Study population and data collection

All OHCA patients were identified from local catheterisation labora-

tory lists and cross-referred with the Danish Cardiac Arrest Registry6

and the emergency medical service (EMS) logistics systems using

the unique Danish ten-digit personal identification number in combi-

nation with the date and time of the cardiac arrest. The following core

data elements from the Utstein template were collected from the pre-

hospital logistics systems and validated with the Danish Cardiac

Arrest Registry7: date and time of arrest, witnessed arrest, bystander

CPR, initial cardiac rhythm, time of CPR, mechanical CPR and time

of return of spontaneous circulation (ROSC). In-hospital data on

patient demographics, comorbidities, invasive procedures, level of

intensive care and outcomes were obtained from patient records

and the Western Denmark Heart Registry. A part of the study popu-

lation has been published previously.8

Prehospital management

The Central Denmark Region is one of five Danish administrative

regions. The region covers 13,000 square kilometres of rural and

urban area and has a population of approximately 1.3 million inhab-

itants. The Central Denmark Region manages nine somatic hospitals

among which Aarhus University Hospital functions as the tertiary car-

diac care hospital with access to 24/7 cardiac catheterisation service,

ECPR, targeted temperature management (TTM) and advanced pro-

cedures for neuroprognostication. Currently, Aarhus University

Hospital is the only invasive centre in the region.

The EMS of the Central Denmark Region dispatches the appro-

priate level of care for all incoming 1-1-2 emergency calls from the

region. Prehospital care is provided by the prehospital personnel in
accordance with current guidelines of the European Resuscitation

Council.9 Prehospital critical care physicians facilitate advanced life

support, prehospital triage and, and when deemed appropriate,

transport of patients with ongoing CPR with mechanical chest com-

pression. Patients with refractory OHCA are considered eligible for

MCS if conventional CPR does not result in ROSC after 15 minutes,

and meet the following criteria: Age 18-65 years, witnessed arrest,

bystander CPR and initial shockable rhythms (in selected cases

pulseless electrical activity [PEA]). Contraindications include severe

comorbidity, initial presenting rhythm with asystole, no-flow > 10 min-

utes, end-tidal CO2 < 1.3 kPa, pH < 6.8 and lactate > 15 mmol/L

(Supplementary S1). Telemedical communication is effectuated with

the tertiary centre including a 12-lead electrocardiogram (ECG). If

the cardiac arrest is presumed to be of cardiac or unknown origin,

the patients are triaged directly to the catheterisation laboratory.

Patients with cardiac arrest of obvious non-cardiac aetiology are

transported to local hospitals, and traumatic cardiac arrest patients

are referred to the trauma centre at Aarhus University Hospital. In

case of treatment futility, physicians terminate resuscitation efforts

on scene.

In-hospital management

Patients with refractory OHCA eligible for MCS are evaluated by a

team of anaesthesiologists, thoracic surgeons, invasive and non-

invasive cardiologists. Upon arrival at the catheterisation laboratory,

echocardiography is performed to verify cardiac activity. If intermit-

tent ROSC and/or overall deteriorating haemodynamics or the

ECMO team did not find the patient eligible for V-A ECMO (advanced

age or severe comorbidity), Impella may be chosen as first treatment

option, however in the vast majority of patients V-A ECMO is consid-

ered as the principal management for refractory OHCA. In patients

receiving V-A ECMO but not achieving optimal unloading, Impella

is deployed concurrently or within 24 hours after V-A ECMO com-

mencement. V-A ECMO is inserted percutaneously by Seldinger

technique and ultrasound guidance is recommended as well as

establishment of distal perfusion to avoid critical limb ischemia. After

echocardiography, coronary and pulmonary angiography are per-

formed to confirm or diagnose the underlying cause of cardiac arrest.

PCI is done if necessary. Additional imaging with whole-body com-

puted tomography scan is effectuated if required. Post-

resuscitation care encompassed TTM during the study period. In

comatose survivors, neuroprognostication including protocolised

use of neurospecific enolase (NSE), neurological assessment, elec-

troencephalography and magnetic resonance imaging (MRI) are per-

formed routinely in the intensive care unit (ICU). Protocolised

weaning is done in patients receiving ECPR.10

Statistical analysis

Patients were classified into three groups (1) ROSC upon arrival at

the catheterisation laboratory, 2) refractory OHCA treated with

MCS and 3) refractory OHCA not treated with MCS). Categorical

variables are presented as absolute values and percentages; contin-

uous variables, as median and interquartile range (IQR) with

25th � 75th percentiles. Kaplan-Meier plots were used to study 30-

day and 30-day – 180-day survival (landmark analysis). Predictors

of one-year mortality were assessed using univariate and multivari-

ate Cox proportional hazards regression analyses for patients with

ROSC on admission. Patients who died within the first five days of

hospitalisation were excluded from this analysis in order to be able

to distinguish between patients with and without treatment futility
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upon arrival. We tested the model fit using residual analysis and the

proportional hazards assumptions using the log-log survival function.

Hazard ratios (HRs) with 95% confidence intervals (CIs) are

reported. Selection of risk factors was based on previous literature

and clinical relevance. All statistical tests were two-sided, and a p-

value below 0.05 was considered statistically significant. All analyses

were performed with STATA/BE 17 for Mac, College Station, TX

77845, USA and GraphPad Prism 9.

Outcome measures

The primary outcome was defined as survival at discharge in the tree

predefined groups, and neurological outcome at discharge. A good

neurological outcome was expressed as Cerebral Performance Cat-

egories (CPC) 1 and 2, as previously used in cardiac arrest stud-

ies.11 Secondary outcomes included 30- and 30-180-day survival

outcomes between patients with ROSC upon arrival and patients

with refractory OHCA treated with MCS, and predictors of one-year

mortality in the ROSC group.

Results

From 1 January 2015 to 31 December 2019, a total of 5,949 patients

with OHCA were identified in the Central Denmark Region. Among

these, 2,876 were terminated on scene and 1,434 were transported

to either local hospitals or referred to the trauma centre (Fig. 1).

Direct admission to the catheterisation laboratory at Aarhus Univer-

sity Hospital was seen in 1,015 patients. A total of 698 patients

arrived with sustained ROSC. Among 317 patients with refractory

OHCA, MCS was commenced in 101 patients. In the remaining

216 patients with refractory OHCA, ROSC was achieved in 12

patients and resuscitation attempts were withdrawn in the catheteri-

sation laboratory in 204 patients. Overall, 47% (478/1,015) survived

to hospital discharge. A good neurological outcome with CPC 1-2

was seen among 92% (438/478) of the patients discharged from

hospital.

Patient demographics

The baseline patient characteristics are presented in Table 1. The

overall median age was 66 (IQR, 55–74) years. Patients with ROSC

on arrival were older than patients with refractory OHCA receiving

MCS (67 (IQR, 56–75) versus 56 (IQR 46–62) years). The proportion

of males was similar in all three groups. The ROSC group had a

higher rate of witnessed arrest and more often presented with initial

shockable rhythm with ventricular tachycardia/fibrillation (VT/VF)

than patients with refractory OHCA. Acute myocardial infarction

was the most common aetiology of arrest, with a greater proportion

in the ROSC group and MCS group than in the refractory OHCA

without MCS group (45%, 55% and 26%, respectively).

In-hospital data

In patients with refractory OHCA, V-A ECMO was commenced as

the primary treatment in 93 patients, support with only Impella was

seen in four patients, and concomitant treatment was deployed in

four patients (Table 2). The most coherent reasons for not deploying

MCS in refractory OHCA were severe comorbidities, advanced age,

poor initial blood gas analysis upon arrival, low end-tidal CO2 and

long no-flow times. Acute coronary angiography was performed in

79% (800/1,015) of the patients; immediate PCI, in 57% (455/800)

(Table 2). In a few patients, PCI was not performed despite signifi-
cant stenoses but scheduled later during admission if the patient

recovered from the arrest. The left anterior descending artery

(LAD) was most frequently found to be the culprit vessel. A total of

59% (598/1,015) of the patients were admitted to the ICU among

whom 75% received TTM. Treatment was terminated in 12 patients

receiving MCS before ICU admission: device failure (n = 4), exten-

sive bleeding due to liver or spleen rupture as a complication to

mechanical chest compression (n = 4), severe brain injury/stroke

(n = 3) and aortic dissection (n = 1). In patients with ROSC on admis-

sion, 201 (29%) were admitted to the general cardiac ward, however

in 39 patients, further active treatment was deemed futile and these

patients received end of life and palliative care.

Study outcomes

The proportion of patients surviving to hospital discharge was 64% in

the ROSC group, 27% in the refractory OHCA with MCS group and

1% in refractory OHCA without MCS group. CPC 1-2 was 92%, 93%

and 50% among patients discharged alive, respectively. The 30-day

and 30–180-day mortality trends are shown in Fig. 2 for the ROSC

group and MCS group. Kaplain-Meier survival curves demonstrated

significant difference in survival between groups at day 30

(p < 0.001). The vast majority of patients who were alive on day

30 also survived to the 180-day follow-up in both groups. Survival

rates at day 180 were similar for both groups (p = 0.072). Termina-

tion of treatment in the ICU was mainly caused by severe brain injury

after arrest, multiorgan failure and isolated heart failure.

Low-flow times and neurologically intact survival at

discharge

Fig. 3 shows the association between various low-flow times and a

good neurological outcome (CPC 1-2) at discharge between the

ROSC and the MCS group. No patient survived after low-flow > 75

minutes in the ROSC group. However, > 20% of patients receiving

MCS for refractory OHCA still had a good neurological and functional

recovery despite low-flow times > 75 min.

Factors associated with one-year mortality for patients with

ROSC on admission

Table 3 presents the univariate and multivariate Cox regression anal-

ysis for patients with ROSC upon arrival who had survived to day six.

Advanced age > 70 years (HR 1.98, 95% CI 1.11–3.49) and initial

non-shockable rhythm (PEA HR 2.39, 95% CI 1.25–4.60, asystole

HR 2.70, 95% CI 1.25–5.95) were independently associated with

an increased risk of one-year mortality.

Discussion

The present study sought to assess the performance of a tertiary car-

diac arrest centre regarding survival and neurological outcome in

patients admitted with OHCA. The results revealed a hospital dis-

charge rate of 64% in patients admitted with ROSC and 27% in

patients admitted with refractory OHCA receiving MCS. Survival at

discharge was 1% in patients with refractory OHCA without MCS.

A good neurological outcome was found in 92% of patients dis-

charged from hospital in the ROSC group and 93% of patients dis-

charged in the MCS group. Among patients surviving to day 30, a

similar 180-day survival was observed for patients admitted with

ROSC and patients with refractory OHCA treated with MCS.

Advanced age � 70 years and initial non-shockable rhythms were



Fig. 1 – Flow diagram of study population in the Central Denmark Region 2015–2019. Abbreviations: OHCA out-of-

hospital cardiac arrest, ROSC return of spontaneous circulation, ICU intensive care unit, MCS mechanical

circulatory support.
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independently associated with one-year mortality in patients admit-

ted with ROSC.

Our data demonstrated a hospital discharge rate of 64% with a

good probability of a favourable neurological outcome in patients

achieving ROSC in the field. This is remarkably high compared with

the literature.12–15 This may be explained by the very selected

patient population referred to our tertiary centre with high rates of

known prognostic factors in OHCA: witnessed arrest, bystander

CPR and initial shockable rhythms with immediate prehospital defib-

rillation resulting in short low-flow times. Furthermore, referral to our

centre was presumed to be of cardiac origin. Shockable rhythms in

OHCA are often associated with ischaemic heart disease and

patients with ischaemic heart disease may benefit the most from

early access to PCI and intensive cardiac care.16–19 This is in line

with our data, as the majority of patients presenting shockable

rhythms did have acute myocardial infarction or severe coronary

artery disease in need of PCI. However, we did not distinguish
between ST-elevation and non-ST-elevation myocardial infarction

in our study, and our data cannot be used to assess the optimal tim-

ing of angiography in patients without ST-segment elevation. In the

recent TOMAHAWK study, the strategy of performing early angiog-

raphy in successfully resuscitated OHCA without ST-segment eleva-

tion did not benefit patients compared with delayed angiography

measured by 30-day mortality (HR 1.25, 95% CI 1.00–1.63,

p = 0.06).20 Thus, the high survival rate observed in our analysis

most likely reflects the combination of many favourable pre-arrest

factors and an assembly of advanced treatment facilities offered to

this subpopulation.

A poor survival outcome was seen in patients with refractory

OHCA not treated with MCS. The majority of these patients pre-

sented initial non-shockable rhythms, and non-cardiac causes were

more often observed in this subgroup than in other subgroups. His-

torically, patients presenting with PEA or asystole were reported to

have an overall dismal prognosis.21,22



Table 1 – Baseline characteristics of patients with out-of-hospital cardiac arrest admitted to Aarhus University
Hospital.

Parameter ROSC on admission

(n = 698)

Refractory OHCA with MCS

(n = 101)

Refractory OHCA without MCS

(n = 216)

Age (years) 67 [56–75] 56 [46–62] 67 [57–74]

Age � 65 years 314 (45) 85 (84) 100 (46)

Sex (male) 533 (76) 81 (80) 160 (77)

Comorbidities

Ischaemic heart disease 131 (19) 14 (14) 42 (19)

Hypertension 240 (34) 23 (23) 62 (29)

Diabetes 90 (13) 11 (10) 30 (14)

CKD 23 (3) 2 (2) 13 (6)

COLD 86 (12) 1 (1) 20 (9)

Witnessed arrest 624 (89) 84 (83) 181 (84)

Bystander CPR 645 (92) 99 (98) 192 (89)

First monitored rhythm

VF/VT 501 (72) 61 (60) 82 (39)

PEA 103 (15) 26 (26) 69 (32)

Asystole 90 (13) 14 (14) 63 (29)

Pre-hospital defibrillation 539 (77) 69 (68) 105 (49)

Signs of life during CPR 331 (47) 36 (36) 28 (13)

Time stamps

No-flow (min) 0 [0–2] 0 [0–2] 0 [0–2]

No-flow > 10 min 39 (6) 6 (6) 24 (11)

Time from arrest to arrival at catheterisation

laboratory

71 [55–90] 75 [60–88] 62 [47–81]

Total low-flow (min) 15 [8–22] 105 [94–123] 79 [63–103]

Cardiac arrest cause

AMI 315 (45) 56 (55) 57 (26)

Primary arrhythmia 252 (36) 18 (18) 29 (13)

Pulmonary embolism 15 (2) 10 (10) 12 (6)

Aortic dissection 5 (1) 1 (1) 16 (7)

Neurological 16 (2) 3 (3) 2 (1)

Respiratory 49 (7) 0 (0) 8 (4)

Toxic 11 (2) 6 (6) 1 (1)

Other 7 (1) 3 (3) 2 (1)

cUnknown 28 (4) 4 (4) 89 (41)

Data are presented as median and interquartile ranges and absolute number and percentages.

Abbreviations: AMI acute myocardial infarction, CKD chronic kidney disease, COLD chronic obstructive lung disease, CPR cardiopulmonary resuscitation, MCS

mechanical circulatory support, PEA pulseless electrical activity, OHCA out-of-hospital cardiac arrest, ROSC return of spontaneous circulation, VF ventricular

fibrillation, VT ventricular tachycardia.
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In recent years, high-impact literature on the use of ECPR for

refractory OHCA has surfaced as two randomized clinical trials and

a meta-analysis have been conducted.23–25 Conversely, evidence

for Impella in refractory OHCA is largely limited to case-series and

observational single-centre experiences.26–28 Latest guidelines dot

not recommend routine use of V-A ECMO in refractory OHCA; how-

ever, ECMO may be considered in selected patients with a poten-

tially reversible cause of arrest.9,29 Use of Impella for refractory

OHCA has not yet been addressed in any guidelines. Nevertheless,

considering the growing utilisation of MCS in OHCA with or without

refractoriness, it is important to assess the impact of MCS on sur-

vival.30 In our cohort, the overall survival at hospital discharge in

patients with refractory OHCA treated with MCS was 27%, and a

high proportion of these patients had a favourable neurological out-

come at discharge. This is consistent with the results of the Extracor-

poreal Life Support Organization.31 Due to the limited number of

Impella cases in our cohort, our data did not allow us to determine

which mechanical support device had the greatest impact on out-

come. A study from the CARES surveillance group showed that

the use of Impella in OHCA was associated with improved survival
in an unadjusted analysis (OR = 2.07, 95% CI [1.55–2.77]), however

this effect was diminished in the multivariable model (OR = 1.72,

95% CI [0.95–3.06]).32 Although the study used a large dataset from

state-wide registries, the results were limited by the low frequency of

MCS use in their patient population.

Our setup for refractory OHCA in the Central Denmark Region

with a bundle of advanced treatment options, including fast EMS

transport to cardiac arrest centre, ECPR and early initiation of inva-

sive strategies, is very similar to the recently conducted Prague

OHCA Study.23 This study compared a hyper-invasive OHCA-

group (n = 124) with a standard advanced cardiac life support group

(ALCS) (n = 132). The authors found no statistical difference in the

primary outcome of survival with functional recovery at six months

(31% versus 22%, p = 0.09). However, the study was terminated pre-

maturely, which may indicate that the study was possibly underpow-

ered to detect a clinically relevant difference.

An unexplored outcome in patients rescued by MCS is long-term

survival and neurological outcome. In the ARREST trial, the cumula-

tive six-month survival was significantly better in the group treated

with V-A ECMO than in the ACLS group (HR 0.16, 95% CI 0.006–



Table 2 – Outcomes measures of patients with out-of-hospital cardiac arrest admitted to Aarhus University
Hospital.

Parameter ROSC on admission

(n = 698)

Refractory OHCA with MCS

(n = 101)

Refractory without MCS

(n = 216)

V-A ECMO only 1 (0.14) 93 (92) -

Impella only 14 (2) 4 (4) -

V-A ECMO + Impella 1 (0.14) 4 (4) -

Impella for unloading 1 (100) 2 (50) -

CAG 661 (95) 93 (92) 46 (21)

PCI 355 (51) 76 (75) 24 (11)

Culprit

LM 20 (6) 11 (15) 5 (21)

LAD 169 (48) 48 (63) 10 (42)

LCX 81 (23) 3 (4) 1 (4)

RCA 84 (24) 13 (13) 8 (33)

Graft 1 (0.3) 1 (1) 0 (0)

Treatment termination before ICU 23 (3) 12 (12) 204 (94)

Hospital length of stay (days) 8 [4–15] 2 [0–21] 0 [0-0]

No. of patients admitted to general cardiac

ward

201(29) - -

Hospital length of stay (days) 6 [3–10] - -

No. of patients admitted to ICU 497 (71) 89 (88) 12 (6)

TTM 361 (72) 86 (97) 1 (50)

CRRT 23 (5) 29 (26) 1 (8)

ICU length of stay (days) 2 [1–5] 11 [6–19] 6 [2–26]

Complications to MCS

Bleeding at cannulation site - 30 (30) -

Gastrointestinal bleeding - 10 (10) -

Gastrointestinal ischaemia - 6 (6) -

Limb ischaemia - 5 (5) -

Ischaemic stroke - 2 (2) -

Outcome data

30-day survival 451 (65) 29 (29) 2 (1)

Hospital discharge 449 (64) 27 (27) 2 (1)

Neurological outcome at discharge

CPC 1 291 (42) 17 (17) -

CPC 2 122 (17) 8 (8) 1 (0.5)

CPC 3 27 (4) 2 (2) -

CPC 4 2 (0.3) 1 (1) -

CPC 5 248 (36) 73 (73) 215 (99.5)

Unknown 8 (1) - -

One-year survival 430 (62) 24 (24) 2 (1)

Data are presented as median and interquartile ranges and absolute number and percentages.

Abbreviations: CAG coronary angiography, CPC cerebral performance category, CRRT continuous renal replacement therapy, ICU intensive care unit, LAD left

anterior descending artery, LCX left circumflex artery, LM left main artery, MCS mechanical circulatory support, PCI percutaneous coronary intervention, RCA right

coronary artery, ROSC return of spontaneous circulation, TTM targeted temperature management, V-A ECMO veno-arterial extracorporeal membrane

oxygenation.
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0.41, p = 0.0001).24 A systematic review of 530 ECPR-treated

patients demonstrated that ECPR compared with no ECPR was

associated with improved long-term neurologically intact survival

after cardiac arrest (relative risk (RR) 3.11, 95% CI 2.06–4.69,

p < 0.00001).33 In our cohort, the highest mortality rates among

the MCS group were seen in the first 30 days of hospitalisation. Nev-

ertheless, the rates of mortality declined with time parallel with the

ROSC group. This finding suggests that overall survival over time

in the MCS group is comparable with that seen in the patients who

have the highest chance of survival. This is particularly interesting

considering the long low-flow times observed in the MCS group.

Generally, long low-flow times have been associated with poor sur-

vival.34,35 Our data do not include long-term neurological outcome.

Conversely, evidence exists that neurological outcomes evolve over

time. The vast majority of patients in this study were discharged with
a CPC 1-2. Thus, long-term neurological outcome likely improved

over time in survivors in this cohort.

Limitations

The present study was limited by its retrospective observational

character. Furthermore, this was a single-centre study with a

highly selected patient population, which limits its generalisability.

We were unable to provide data from local hospitals or detailed

data on patients in whom resuscitation was terminated on scene.

Long-term neurologically intact survival was not accessed in this

study. This matter is of utter importance to prove the impact of

MCS. Survival does not sufficiently characterise success of

MCS. Thus, measures of functional status and healthcare related

quality-of-life measures should be reported in this group in future

trials.



Fig. 2 – Kaplan-Meier curves showing 30-day mortality and landmark analyses (30–180-day mortality) stratified by

group. Abbreviations: ROSC return of spontaneous circulation, MCS mechanical circulatory support.

Fig. 3 – Association between low-flow times and neurologically intact survival at discharge in patients with return of

spontaneous circulation on admission and patients with refractory cardiac arrest treated with mechanical

circulatory support. Abbreviations: ROSC return of spontaneous circulation, MCS mechanical circulatory support.
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Table 3 – Uni- and multivariate Cox regression analysis for one-year mortality for patients with ROSC on
admission and at alive after five days of hospitalisation.

Characteristics Univariate Multivariate

HR 95% CI HR 95% CI

Age � 70 years 2.84 1.87–4.27 1.98 1.11–3.49

Witnessed arrest 0.44 0.25–0.76 0.94 0.44–2.04

Bystander CPR 0.32 0.18–0.59 0.49 0.22–1.09

No-flow > 10 minutes 2.61 1.26–5.53 0.97 0.58–1.60

Initial presenting rhythm

VT/VF* Reference - Reference -

PEA 4.44 2.74–7.17 2.39 1.25–4.60

Asystole 6.20 3.63–10.57 2.70 1.23–5.95

Signs of life during CPR 0.09 0.07–0.13 0.16 0.11–0.24

Data are presented as hazard ratios (HR) and 95% confidence intervals (CI).

*Reference.

Bold font indicates statistical significance (p < 0.05).

Abbreviations: CPR cardiopulmonary resuscitation, PEA pulseless electrical activity, VF ventricular fibrillation, VT ventricular tachycardia.
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Conclusion

A high survival rate with a favourable neurological outcome at dis-

charge was observed in patients admitted with sustained ROSC

and patients with refractory OHCA treated with MCS. Mortality rates

were high within the first 30 days of admission. However, among

patients who survived to day 30, survival was comparable at day

180 in the two groups despite long low-flow times in the MCS group.

The use of MCS in selected patients with refractory OHCA may be

associated with good short-term and long-term survival.
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