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A B S T R A C T

Background: Resuscitation of refractory out-of-hospital ventricular fibrillation/ventricular tachycardia (VF/VT)
cardiac arrest using extracorporeal membrane oxygenation (ECMO) establishes a complex patient population.
We aimed to describe the critical care strategies and outcomes in this population.
Methods: Between December 1, 2015 and January 1, 2018, 100 consecutive adult patients with refractory VF/VT
out-of-hospital cardiac arrest and ongoing CPR were transported to the cardiac catheterization laboratory.
ECMO, coronary angiography, and percutaneous coronary intervention were performed. Patients achieving an
organized cardiac rhythm were admitted to the cardiac intensive care unit (CICU). All patients were considered
eligible for necessary intervention/surgery until declaration of death.
Results: Of 100 appropriately transported patients, 83 achieved CICU admission. 40/83 (48%) discharged
functionally intact. Multi-system organ failure occurred in all patients. Cardiac, pulmonary, renal, and liver
injury improved within 3–4 days. Neurologic injury caused death in 26/37 (70%) patients. Poor neurologic
outcomes were associated with anoxic injury or cerebral edema on admission head CT, decline in cerebral
oximetry over the first 48 h, and elevated neuron specific enolase on CICU admission. For survivors, mean time
to ECMO decannulation was 3.5 ± 0.2 days, following commands at 5.7 ± 0.8 days, and hospital discharge at
21 ± 3.2 days. 41/83 (49%) patients developed infections. CPR caused traumatic injury requiring procedural/
surgical intervention in 22/83 (27%) patients.
Conclusions: Multi-system organ failure is ubiquitous but treatable with adequate hemodynamic support.
Neurologic recovery was prolonged requiring delayed prognostication. Immediate 24/7 availability of surgical
and medical specialty expertise was required to achieve 48% functionally intact survival.

Introduction

Approximately 400,000 people in the United States suffer out-of-
hospital cardiac arrest (OHCA) each year [1]. Of these, one-third pre-
sent to emergency medical services (EMS) with an initial shockable
rhythm (ventricular fibrillation/ventricular tachycardia [VF/VT])
[2,3]. Refractory VF/VT, defined as failure to achieve sustained return
of spontaneous circulation (ROSC) after treatment with three defi-
brillation attempts and administration of 300mg of amiodarone, occurs
in 50% of patients [4,5]. Overall, VF/VT cardiac arrest has a func-
tionally favorable survival rate of 29% [6], whereas refractory VF/VT
reduces survival to no more than 8–15% [7–9].

Cardiac arrest results in progressive systemic injury worsening with
prolonged resuscitation [10,11]. CPR-related trauma further compli-
cates care. Successful ROSC leads to post-resuscitation syndrome with
global myocardial stunning, inadequate cardiac output, and vasoplegia,
reducing hemodynamic stability [12–14].

Extracorporeal cardiopulmonary resuscitation (ECPR) utilizing
veno-arterial extracorporeal membrane oxygenation (ECMO) for re-
fractory cardiac arrest provides near complete hemodynamic, oxyge-
nation, and ventilation support [15]. The American Heart Association
2015 Guidelines incorporated consideration of ECPR for select cardiac
arrest patients [16]. Refractory out-of-hospital VF/VT patients treated
with ECPR represent a challenging patient population in the cardiac
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intensive care unit (CICU) rarely encountered previously in the United
States.

The purpose of this study was to review our critical care experience
with the first 100 out-of-hospital refractory VF/VT cardiac arrest pa-
tients treated with ECPR by the Minnesota Resuscitation Consortium’s
(MRC) protocol [9] and describe the critical care required.

Methods

Study design

Details of the MRC refractory VF/VT protocol at the University of
Minnesota (Minneapolis, MN) have been previously published [7,9].
We analyzed the first 100 consecutive patients treated from December
1, 2015 through January 1, 2018. Implemented as clinical practice,
data collection was performed as part of the program’s quality im-
provement process. The Institutional Review Board (IRB) at the Uni-
versity of Minnesota approved this study (IRB number 1703M11301).

MRC refractory VF/VT protocol

Patients were screened by paramedics using the following transport
criteria: 1) age 18–75 years, 2) OHCA of presumed cardiac etiology, 3)
initial cardiac arrest rhythm of VF/VT, 4) received 3 direct current
shocks without ROSC, 5) received Amiodarone 300mg, 6) body habitus

accommodating a Lund University Cardiac Arrest System (LUCAS®)
automated CPR device, and 7) estimated transfer time to the cardiac
catheterization laboratory (CCL) of< 30min [9]. Patients were trans-
ported with mechanical CPR and ongoing advanced cardiac life support
(ACLS) directly to the CCL and immediately assessed for effective re-
suscitation on CCL arrival. Any patient with ≥1 of the following was
declared dead on CCL arrival: 1) end-tidal CO2 < 10mmHg, 2)
PaO2 < 50mmHg, 3) lactic acid> 18mmol/L, and 4) time from EMS
activation to CCL arrival> 90min. Patients not meeting these criteria
underwent emergent ultrasound-guided percutaneous cannulation for
peripheral veno-arterial ECMO performed by interventional cardiolo-
gists. For those achieving ROSC en route with sufficient hemodynamic
stability, ECMO was deferred and an intra-aortic balloon pump (IABP;
Maquet Cardiovascular) was placed. Coronary angiography was per-
formed and percutaneous coronary intervention (PCI) provided, as in-
dicated. For ECMO patients, a 9Fr distal perfusion cannula was percu-
taneously placed with ultrasound guidance in the CCL. In cases of
severely reduced myocardial contractility or severe coronary artery
disease, an IABP or Impella CP (Abiomed) was placed in combination
with ECMO. All patients received a right radial arterial line and an
intravascular cooling catheter (Thermogard XP, Zoll). If an organized
cardiac rhythm could not be established after 90min of stabilized he-
modynamics and treatment of reversible cardiac arrest etiologies, the
patient was declared dead. All patients with an organized rhythm were
admitted to the CICU [9].

Fig. 1. Hospital course for patients participating in the MRC refractory VF/VT protocol. (A) Patient flow diagram (n= 118). Overall survival, and neurologically
favorable survival are shown as a proportion of patients meeting transport criteria. Causes of death for patients admitted to the CICU are shown. (B) The hospital
course of patients that survived to hospital discharge is shown with cumulative proportion of patients achieving major benchmarks. Two patients had extended
hospital stays transferring out of the CICU at 59 and 141 days and discharging from the hospital at 68 and 141 days. Patients with poor neurologic recovery did not
follow commands and were not extubated. (C) The time to death for patients who were admitted to the CICU but did not survive to hospital discharge is shown as the
cumulative proportion of patients dead at each time point. (D) Daily likelihood of neurologically favorable survival for patients who have not yet followed commands
nor been declared dead at each time period after admission. The number of patients at risk at each interval of 5 days of hospital admission is shown beneath.
Abbreviations: EMS, emergency medical services; CCL, cardiac catheterization laboratory; ABG, arterial blood gas; CICU, cardiac intensive care unit; CPC, cerebral
performance category; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; VF, ventricular fibrillation.
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Post-resuscitation critical care protocol

Standard critical care measures followed guideline statements for
post-cardiac arrest care [13,17,18] and ECMO management [19] with
the following additions. All patients received non-contrast computer-
ized tomography (CT) scans of the head, chest, abdomen, and pelvis on
CICU admission. All patients received therapeutic hypothermia (TH) for
24 h. Goal temperature was 34 °C with increases to 35–36 °C if sig-
nificant bleeding occurred. Patients were maintained in 30-degree re-
verse trendelenburg with the head midline. Continuous electro-
encephalogram and cerebral oximetry via near infrared spectroscopy
(NIRS; Equanox; Nonin) were initiated within 24 h. Hemodynamics
were maintained with mechanical, inotrope, pressor, and vasodilator
support with goal mean arterial pressure (MAP) between 65 and
100mmHg. ECMO flow was maximized until pressors were dis-
continued, then reduced, as tolerated, promoting native cardiac func-
tion. ECMO decannulation readiness was assessed daily with short
weaning trials and simultaneous echocardiography. On ECMO, rest
ventilator settings were used with 7–10 cmH2O positive end-expiratory
pressure at 12 breaths per minute, and tidal volumes of 6–8mL/kg ideal
body weight. Plateau pressures were maintained below 30 cmH2O.
Settings were adjusted after ECMO decannulation. Continuous veno-
venous hemodialysis was provided when needed. Potassium was re-
placed up to 3.0 mmol/L during TH and 4.0 mmol/L once rewarmed.
Enteral nutrition was provided via oral-gastric (OG) or nasal-gastric
(NG) access once rewarmed. All patients received five days of empiric,
broad-spectrum antibiotics with narrowed coverage thereafter, as ne-
cessary. Daily surveillance blood cultures were performed while on
ECMO. Blood products were provided with a goal hemoglobin>8 g/
dL, platelets> 100,000 per μL, and fibrinogen>200mg/dL. Heparin
maintained activated clotting time (ACT) 180–200 s while on ECMO.
For life-threatening bleeding, the ACT goal was reduced as low as

140–160 s. All PCI patients received aspirin 81mg and ticagrelor by NG
or OG tube.

Data classification, management, and analysis

Patient outcome was classified as: 1) Survivors (to hospital dis-
charge), 2) Brain Death (absent brainstem reflexes and either herniation
on head CT or nuclear brain perfusion scan demonstrating no cerebral
flow), and 3) Other Death (patients who died of causes not meeting
brain death criteria, including cerebral anoxic injury and non-neuro-
logic causes). A Cerebral Performance Category (CPC) score of 1 or 2
was considered functionally favorable survival.

Data were placed in a REDCap database. Out-of-hospital data in-
cluded review of the paramedic run report and Cardiac Registry to
Enhance Survival (CARES) database. Data were exported to Excel
format for biostatistical analysis.

Data are presented as mean ± standard error of the mean and
percentages. Statistical analysis was performed with GraphPad Prism 7
(GraphPad Software). Continuous variables were assessed with 2-way
ANOVA with multiple comparisons performed using Tukey’s multiple
comparisons test. Categorical variables were compared using Fisher’s
Exact Test.

Results

The consort diagram is shown in Fig. 1A. Participating EMS agencies
encountered 292 V F/VT patients aged 18–75 with presumed cardiac
etiology including 147 with ROSC. Of the refractory patients, 100 met
transport criteria, 92/100 (92%) met resuscitation criteria on CCL ar-
rival and 83/100 (83%) achieved CICU admission.

Patient and arrest characteristics of the 83 patients admitted to the
CICU are shown in Table 1. Patients were predominantly male (64/83
[77%]) and white (67/83 [81%]). The mean age was 56 ± 1.3 years
while 10/83 (12%) were younger than 40. Cardiac arrests occurred at
home in 45/83 (54%) while 60/83 (72%) received bystander CPR. First
responder response time was 7.6 ± 1.2min and time from 911 call to
arrival in the CCL (estimated CPR duration) was 57 ± 1.8min. ECMO
was inserted within 8 ± 0.5min of CCL arrival.

Hospital course

Of 83 patients admitted to the CICU, 46 were Survivors, 14 Brain
Death, and 23 Other Death. Functionally favorable survival to hospital
discharge occurred in 40/83 (48%) patients (Fig. 1A). All were alive
and functionally intact (CPC=1) at 3 months. 6/83 (7.2%) survived to
hospital discharge with poor neurological function (CPC 3–4).

Time required to meet recovery benchmarks for Survivors is shown
in Fig. 1B. ECMO was not required for 15/46 (33%) Survivors. Of the
remaining 31/46 (67%), mean time to ECMO decannulation was
3.5 ± 0.2 days. Mean time to following commands and extubation for
the 40 functionally favorable survivors was 5.7 ± 0.8 days and
7.4 ± 0.7 days, respectively. Survivors with poor neurologic recovery
did not follow commands and received tracheostomy. Mean CICU
duration for Survivors was 16 ± 3.2 days and hospital discharge was
21 ± 3.2 days.

Of the 37 patients who died prior to hospital discharge, mean time
to death was 7.4 ± 1.5 days (Fig. 1C). Catastrophic neurologic injury
caused death for 26/37 (70%) patients. Brain Death accounted for 14/
37 [38%] deaths and anoxic brain injury accounted for 12/37 (32%)
deaths. Non-neurologic causes included recurrent refractory VF (3/37),
acute hemorrhagic shock (2/37), refractory vasoplegic shock (4/37),
bowel infarction (1/37), and severe chronic aspiration pneumonia (1/
37) (Fig. 1A).

Odds of functionally favorable survival decreased with increased
CICU duration (Fig. 1D). Undeclared patients (those who were neither
following commands nor declared dead) had a 48% rate of functionally

Table 1
Patient and arrest characteristics for patients admitted to the CICU.

Patient and Arrest Characteristics (n= 83)

Sex, No. (%) Male 64 (77%)
Female 19 (23%)

Age, No. (%), y < 40 10 (12%)
40–60 43 (52%)
> 60–75 30 (36%)

Ethnicity, No. (%) White 67 (81%)
Black 9 (11%)
Other 7 (8.4%)

Known Comorbidities, No. (%) Diabetes 19 (23%)
Hypertension 37 (45%)
Hyperlipidemia 25 (30%)
Smoking 21 (25%)
Coronary artery disease 18 (22%)
Prior coronary artery stent 10 (12%)
Coronary artery bypass
grafting

7 (8.4%)

Congestive heart disease 12 (14%)
Chronic Renal Failure 2 (2.4%)
Hemodialysis 2 (2.4%)
Alcoholism 5 (6.0%)
History of Stroke or Dementia 4 (4.8%)

Arrest Location, No. (%) Home 45 (54%)
Public Place 38 (46%)

Initial Cardiac Rhythm, No. (%) VF/VT 83 (100%)
Other 0 (0%)

Bystander CPR, No. (%) Yes 60 (72%)
No 23 (28%)

Time, mean (SEM), min 911 to first responder 7.6 (1.2)
911 to CCL arrival 56.7 (1.8)
CCL arrival to ECMO support 8 (0.5)

Abbreviations: VT/VF, ventricular tachycardia/ventricular fibrillation; CCL,
cardiac catheterization laboratory; ECMO, extracorporeal membrane oxygena-
tion.
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favorable survival on CICU admission, declining to 8% at 21 days. The
last patient discharged with functionally favorable survival began fol-
lowing commands 22 days after admission.

Hemodynamics and ECMO support

Hemodynamic support was provided as described (Fig. 2A). Eighty-
two percent (68/83) of patients received ECMO while 38/68 (56%) also
received an IABP or impella CP device. Only 15/83 (18%) patients
achieved ROSC and sufficient hemodynamic stability to allow place-
ment of an IABP alone.

Patients who developed brain death required significantly more
hemodynamic support (Fig. 2B–C) with higher ECMO flows at 48 h
compared to Survivors (4.6 ± 0.18 vs. 3.5 ± 0.16 L/min; p=0.003)
and Other Deaths (4.6 ± 0.18 vs. 3.6 ± 0.18 L/min; p=0.014). Use
of inotropes and pressors, most commonly epinephrine and vasopressin,
was also higher in Brain Death patients compared to Survivors at 24
(86% vs. 48%, p= 0.015) and 48 h (86% vs. 28%, p= 0.006). Use of

vasodilators, most commonly sodium nitroprusside, was similar be-
tween all groups.

Arterial lactic acid levels improved rapidly over the first 24 h.
Compared to Survivors, at 24 h there was a significant delay in lactate
clearance in the Other Death (5.43 ± 1.5 vs. 2.2 ± 0.25, p= 0.008)
and Brain Death groups (5.9 ± 0.55 vs. 2.2 ± 0.25, p=0.007;
Fig. 2D).

Transfusion of blood products was required for 32/46 (70%)
Survivors and 33/37 (89%) non-survivors (p=0.04). Other Deaths
required significantly more units of red blood cells compared to
Survivors and Brain Deaths (7.6 ± 1.2 vs. 4.2 ± 0.9 [p < 0.001] and
7.6 ± 1.2 vs. 3.1 ± 1.1 [p =<0.001], respectively; Fig. 2E).

Neurologic injury

Brain injury was observed on the initial head CT in 21/83 (25%)
patients admitted to the CICU. Anoxic injury and cerebral edema were
observed in 18% and 15% of patients, respectively (Fig. 3A). Anoxia

Fig. 2. Hemodynamic and transfusion support provided and the response of lactic acid levels. (A) The mechanical support provided to patients classified by outcome.
(B) ECMO flow rates are shown over the first 72 h classified by patient outcome. (C) Percent of patients requiring inotrope/pressors and vasodilators is shown
classified by patient outcome over the first 48 h of CICU admission and after ECMO decannulation. (D) The arterial blood lactic acid level is shown over the first 96 h
of CICU admission classified by patient outcome. (F) The mean number of units of blood products per patient given over the course of the admission are shown for
each of the blood products provided. Results are presented as mean ± SEM. Statistical significance (p < 0.05) is noted comparing survivors to patients with brain
death (*), comparing survivors to deaths (**), or comparing deaths to brain deaths (#). Abbreviations: ECMO, Extracorporeal Membrane Oxygenation; Ino/Press,
inotrope/pressor; PRBCs, Packed Red Blood Cells; FFP, Fresh Frozen Plasma.

J.A. Bartos et al. Resuscitation 132 (2018) 47–55

50



and edema were present significantly more in the Brain Death and
Other Death groups compared to Survivors (p < 0.001). Of patients
with anoxic injury or cerebral edema on the initial head CT, 86% died
prior to discharge.

Convulsive seizures occurred in 2% of patients and both survived
(Fig. 3A). In contrast, non-convulsive status epilepticus occurred in 7/
23 (30%) Other Deaths and 4/46 (8.7%) Survivors. These occurred at
mean hospital day 7 with a range from day 3–13 with 64% occurring
while the patient was still receiving sedation. All patients with non-
convulsive status epilepticus died or discharged with poor neurologic
function.

There were no significant differences in absolute cerebral oximetry
value as measured by NIRS (Fig. 3B). However, there was a significant
difference in the change in NIRS from baseline between all groups at
48 h. NIRS values increased for Survivors over the first 48 h whereas,
the Other Death group had stable NIRS and the Brain Death group
demonstrated declining NIRS (Fig. 3C).

Neurologic biomarkers were collected upon CICU admission.
Neuron specific enolase (NSE) was significantly increased in patients
with Brain Death compared to Survivors or Other Deaths (82.5 ± 35
vs. 13.7 ± 1.8 [p < 0.001] and 82.5 ± 35 vs. 27.6 ± 4.6
[p= 0.006], respectively). There were no significant differences in
S100B between groups.

End-organ dysfunction

Left ventricular function was severely compromised in all patients
for the first 48 h requiring continued ECMO/IABP support (Fig. 4A).
Significant recovery was observed within 5 days. Mean left ventricular
ejection fraction was 15.3% at 24 h, 28% at 48 h, 37% at 4 days, and

44% at hospital discharge.
Markers of injury to the heart (Fig. 4B), kidneys (Fig. 4C), and liver

(Fig. 4D) peaked within 24–48 h with improvement thereafter. Severity
of end-organ injury was associated with survival. When compared to
Survivors, Brain Death patients had significantly higher mean serum
troponin levels as early as 4 h (132 ± 20 vs. 49 ± 10 ng/mL;
p < 0.001) and higher mean creatinine levels at 24 h (2.2 ± 0.22 vs.
1.1 ± 0.1mg/dL; p < 0.001). Creatinine was the only marker of in-
jury that differed between Other Deaths and Survivors (2.0 ± 0.20 vs.
1.1 ± 0.1, respectively, at 24 h; p= 0.001). Overall, 10/83 (12%)
patients required dialysis. Five were Survivors and five died prior to
discharge. Two patients were receiving outpatient dialysis prior to the
cardiac arrest; both died. No survivor required dialysis after discharge.

Glucose was severely elevated in all patients requiring continuous
insulin infusions (Fig. 4E–F). Brain Death patients had persistently
elevated glucose compared to Survivors (242 ± 28 vs. 160 ± 9.5mg/
dL at 16 h; p= 0.001) requiring increased insulin doses (18.5 ± 5.4 vs.
2.6 ± 0.94 U/hr at 16 h; p < 0.001).

Infections and inflammation

Culture positive infections occurred in 41/83 (49%) patients in-
cluding pneumonia 38/83 (46%), bacteremia 5/83 (6%), and urinary
tract infections 12/83 (14%). Pneumonia was most commonly asso-
ciated with bacteria associated with aspiration (Fig. 4G–H).

Trauma

Prolonged CPR caused substantial trauma: 27/83 (33%) had rib
fractures, 6/83 (7%) had pneumothorax, 2/83 (2%) required a chest

Fig. 3. Neurologic injury identified on CICU admission and during recovery. (A) Head CT results assessed on CICU admission and the results of continuous EEG
monitoring initiated on CICU admission. EEG monitoring was continued until neurologic function improved or death occurred. (B) Non-invasive cerebral perfusion
monitoring with NIRS over the first 48 h of CICU admission. (C) Absolute change in NIRS over the first 48 h. (D) Serum neuron specific enolase values on CICU
admission classified by patient outcome. (E) Serum S100B levels on CICU admission classified by patient outcome. Results are presented as mean ± SEM. Statistical
significance (p < 0.05) is noted comparing survivors to patients with brain death (*), comparing survivors to deaths (**), or comparing deaths to brain deaths (#).
Abbreviations: CT, computerized tomography; EEG, electroencephalogram; NIRS, near infrared spectroscopy; NSE, neuron specific enolase.
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tube, 8/83 (11%) had intra-thoracic bleeding, 1/83 (1%) had hemo-
pericardium due to a ruptured right ventricle, and 5/83 (6%) had intra-
peritoneal bleeding. Traumatic injury required urgent or emergent

procedural/surgical intervention in 22/83 (27%) patients including 14/
40 (35%) functionally intact survivors. Throughout hospitalization, 36/
83 (43%) patients including 23/46 (50%) Survivors required an

(caption on next page)
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invasive/surgical procedure. Complications, procedures, and patient
outcome are shown in Table 2.

Three patients had ECMO-related lower extremity ischemia due to
thrombosed distal perfusion catheters. Resolution occurred in two pa-
tients following ECMO decannulation. One patient converted to central
ECMO for continued ECMO support. Retroperitoneal bleeding was
present in 4/83 (5%).

Nine patients required tracheostomy due to severe pneumonia or
altered mental status. Of these, 3/9 patients survived with functionally
favorable status. Five patients were discharged with poor neurologic
recovery. One patient died prior to discharge.

Discussion

Refractory out-of-hospital VF/VT patients treated with mechanical
CPR, ECMO, and PCI represent a challenging CICU patient population
rarely seen in the United States. Comprehensive critical care resulted in
functionally intact survival in 48% of patients admitted to the CICU.

Several unique features of the CICU care deserve attention. All pa-
tients were considered viable and eligible for any necessary interven-
tion or surgery until definitive declaration of death. This approach al-
lowed determination of an achievable functionally intact survival rate
without confounding of physician-advocated early withdrawal of life
sustaining therapy.

CICU care of this patient population required a wide range of im-
mediately available, emergent, surgical and medical interventions and
expertise including trauma surgery, cardiothoracic surgery, vascular

surgery, otolaryngology, general surgery, interventional cardiology,
electrophysiology, neurology, nephrology, pulmonary medicine, gas-
troenterology, and interventional radiology. This immediately available
expertise significantly contributed to survival. Highly sophisticated
resuscitation hospitals are likely necessary to provide the emergent,
life-saving interventions required.

Neurologic prognostication began no earlier than 72 h following
normothermia unless evidence of brain death was present [13,17].
After 72 h, all prognostic factors and family wishes were used to inform
decision-making. Nonetheless, only 52% of survivors were following
commands within 5 days. The last patient surviving functionally intact
began following commands at 22 days. Thus, more than 72 h of com-
prehensive support was necessary to capture all survivors.

All patients suffered severe multi-system organ failure. Neurologic
injury was the most common cause of death with anoxic injury or
cerebral edema on the initial head CT, non-convulsive status epilepticus
on EEG, declining cerebral NIRS, and elevated serum NSE predicting
poor neurologic outcomes [20–28]. Severity of cardiac and renal injury
was also associated with patient outcome [29–31]. Severe myocardial
dysfunction and hemodynamic compromise were present in all patients
requiring sustained ECMO/IABP treatment for 3–4 days [12,32,33].
Despite routine use of antibiotics, pneumonia was common, most often
caused by resuscitation-related aspiration [34,35]. Infections did not
appear to impact mortality.

Compared to prior studies, the transfusion rate was similar and
ECMO complications were less common, likely due to placement of
distal perfusion cannulas [36–39]. CPR-induced trauma was common

Fig. 4. Markers of end-organ dysfunction during recovery and resuscitation-induced injury complicating recovery. (A) Left ventricular ejection fraction as de-
termined by transthoracic echocardiography over the first 14 days of the CICU admission classified by patient outcome. Patients with brain death were only assessed
at day 1. (B) Serum troponin I values over the first 72 h of CICU admission classified by patient outcome. (C) Serum creatinine levels over the first 144 h of CICU
admission and upon discharge classified by patient outcome. (D) Serum ALT levels classified by patient outcome over the first 120 h of CICU admission. (E) Serum
glucose levels classified by patient outcome over the first 96 h of CICU admission. (F) Insulin requirements as delivered by a continuous insulin infusion as needed
during the first 96 h of CICU admission classified by patient outcome. (G) Incidence of bacterial culture-positive infections classified by patient outcome. The source
of infection is delineated. (H) List of cultured microorganisms from the infections encountered. Results are presented as mean ± SEM. Statistical significance
(p < 0.05) is noted comparing survivors to patients with brain death (*), comparing survivors to deaths (**), or comparing deaths to brain deaths (#).
Abbreviations: LV, left ventricular; ALT, alanine aminotransferase; DC, discharge; UTI, urinary tract infection.

Table 2
Complications and the invasive procedures performed after CICU admission.

Complications Requiring a Procedure or Operation

Complication Procedure Total Patients Survivors Deaths

CPR-Associated Ruptured RV/Tamponade Emergent Pericardiocentesis, Sternotomy, and RV Repair 1 1 0
Unable to Wean from ECMO Durable Left Ventricular Assist Device Implantation 2 2 0
Ischemic Lower Extremity/ Hemodynamically Stable Decannulation of Peripheral ECMO 2 2 0
Ischemic Lower Extremity/ Hemodynamically Unstable Decannulation of Peripheral ECMO and Central Cannulation 1 1 0
Spontaneous RP Bleed Endovascular Embolization of Lumbar Artery 1 0 1
CPR-Associated Pneumothorax Chest Tube Insertion 2 2 0
Late Occurrence Pneumothorax Chest Tube Insertion 2 1 1
Large Hemothorax Chest Tube Insertion 1 0 1
Recurrent VF Impella Insertion 1 1 0
Recurrent Cardiogenic Shock Intra-Aortic Balloon Pump Insertion 1 1 0
Recurrent VF Defibrillation 4 1 3
Indication for ICD (non-ischemic VF or recurrent VF) ICD Insertion 10 9 1
Tachy-Brady Syndrome Permanent Pacemaker Insertion 1 1 0
Bradycardia/Heart Block Temporary Pacemaker Insertion 3 2 1
Poor Neurologic Recovery/ Unable to Protect Airway Tracheostomy/Gastro-jejunal Tube Insertion 6 5 1
Prolonged respiratory failure Tracheostomy Insertion 3 3 0
Acute Renal Failure Dialysis Catheter Insertion 8 5 3
Chronic Renal Failure Dialysis Catheter Insertion 2 0 2
Pleural Effusion Thoracentesis 1 1 0
Hypoxia Bronchoscopy 10 8 2
Upper Gastrointestinal Bleed Endoscopy 1 1 0
Hemodynamically Significant Atrial Fibrillation Cardioversion 2 0 2
Ankle Fracture Splint 1 1 0

Abbreviations: CPR, cardiopulmonary resuscitation; RV, Right Ventricle; ECMO, extracorporeal membrane oxygenation, RP, retroperitoneal, VF, ventricular fi-
brillation; ICD, implantable cardioverter defibrillator.
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and may become more apparent with ECMO because: 1) ECMO extends
survival, allowing recognition of underlying trauma, and 2) ECMO re-
quires anticoagulation, exacerbating traumatic bleeding [40]. A thor-
ough trauma evaluation and immediate intervention was crucial to
survival.

The possibility of survival with residual neurological impairment is
an important concern. This initial experience is reassuring with 40/46
(87%) survivors functionally intact (CPC=1) at 3 months. The rate of
unfavorable functional survival (6/83 [7.2%]) is comparable or lower
than with current therapy [8]. Nonetheless, the risk/benefit ratio of this
approach warrants continued assessment.

This study has several limitations. It is subject to limitations of
observational studies including selection, information, and confounding
bias. Although selection bias cannot be excluded, data were derived
from a consecutive case series. While this remains the largest published
study in the United States, the limited size of the patient population
reduces statistical power of inter-group comparisons, possibly under-
estimating significance of some differences. Generalizability of this
approach and cost effectiveness deserve study.

Conclusions

Refractory VF/VT out-of-hospital cardiac arrest represents a new
critical care patient population. Multi-system organ failure was ubi-
quitous but treatable with adequate hemodynamic support. Neurologic
recovery was prolonged requiring delayed prognostication. Immediate
24/7 availability of a spectrum of surgical and medical specialty ex-
pertise in a sophisticated medical/trauma center was required to pro-
vide frequent emergent life-saving interventions and achieve a 48%
functionally intact 3-month survival rate.

Conflicts of interest

None of the authors have any financial or personal relationships
with people or organizations that could have inappropriately influenced
this work.

Funding sources

None.

References

[1] Becker LB, Aufderheide TP, Graham R. Strategies to improve survival from cardiac
arrest: a report from the institute of medicine. JAMA 2015;314:223–4.

[2] Aufderheide TP, Frascone RJ, Wayne MA, Mahoney BD, Swor RA, Domeier RM,
et al. Standard cardiopulmonary resuscitation versus active compression-decom-
pression cardiopulmonary resuscitation with augmentation of negative in-
trathoracic pressure for out-of-hospital cardiac arrest: a randomised trial. Lancet
2011;377:301–11.

[3] Aufderheide TP, Nichol G, Rea TD, Brown SP, Leroux BG, Pepe PE, et al. A trial of an
impedance threshold device in out-of-hospital cardiac arrest. N Engl J Med
2011;365:798–806.

[4] Stiell IG, Nichol G, Leroux BG, Rea TD, Ornato JP, Powell J, et al. Early versus later
rhythm analysis in patients with out-of-hospital cardiac arrest. N Engl J Med
2011;365:787–97.

[5] Cheskes S, Schmicker RH, Rea T, Powell J, Drennan IR, Kudenchuk P, et al. Chest
compression fraction: a time dependent variable of survival in shockable out-of-
hospital cardiac arrest. Resuscitation 2015;97:129–35.

[6] Daya MR, Schmicker RH, Zive DM, Rea TD, Nichol G, Buick JE, et al. Out-of-hospital
cardiac arrest survival improving over time: results from the resuscitation outcomes
consortium (ROC). Resuscitation 2015;91:108–15.

[7] Yannopoulos D, Bartos JA, Martin C, Raveendran G, Missov E, Conterato M, et al.
Minnesota resuscitation consortium’s advanced perfusion and reperfusion cardiac
life support strategy for out-of-hospital refractory ventricular fibrillation. J Am
Heart Assoc 2016;5.

[8] Kudenchuk PJ, Brown SP, Daya M, Rea T, Nichol G, Morrison LJ, et al. Amiodarone,
lidocaine, or placebo in out-of-hospital cardiac arrest. N Engl J Med
2016;374:1711–22.

[9] Yannopoulos D, Bartos JA, Raveendran G, Conterato M, Frascone RJ, Trembley A,
et al. Coronary artery disease in patients with out-of-hospital refractory ventricular
fibrillation cardiac arrest. J Am Coll Cardiol 2017;70:1109–17.

[10] Reynolds JC, Grunau BE, Elmer J, Rittenberger JC, Sawyer KN, Kurz MC, et al.
Prevalence, natural history, and time-dependent outcomes of a multi-center North
American cohort of out-of-hospital cardiac arrest extracorporeal CPR candidates.
Resuscitation 2017;117:24–31.

[11] Wengenmayer T, Rombach S, Ramshorn F, Biever P, Bode C, Duerschmied D, et al.
Influence of low-flow time on survival after extracorporeal cardiopulmonary re-
suscitation (eCPR). Crit Care 2017;21:157.

[12] Kern KB, Hilwig RW, Rhee KH, Berg RA. Myocardial dysfunction after resuscitation
from cardiac arrest: an example of global myocardial stunning. J Am Coll Cardiol
1996;28:232–40.

[13] Neumar RW, Nolan JP, Adrie C, Aibiki M, Berg RA, Bottiger BW, et al. Post-cardiac
arrest syndrome: epidemiology, pathophysiology, treatment, and prognostication. A
consensus statement from the International Liaison Committee on Resuscitation
(American Heart Association, Australian and New Zealand Council on
Resuscitation, European Resuscitation Council, Heart and Stroke Foundation of
Canada, InterAmerican Heart Foundation, Resuscitation Council of Asia, and the
Resuscitation Council of Southern Africa); the American Heart Association
Emergency Cardiovascular Care Committee; the Council on Cardiovascular Surgery
and Anesthesia; the Council on Cardiopulmonary, Perioperative, and Critical Care;
the Council on Clinical Cardiology; and the Stroke Council. Circulation
2008;118:2452–83.

[14] Stub D, Bernard S, Duffy SJ, Kaye DM. Post cardiac arrest syndrome: a review of
therapeutic strategies. Circulation 2011;123:1428–35.

[15] Tonna JE, Johnson NJ, Greenwood J, Gaieski DF, Shinar Z, Bellezo JM, et al.
Practice characteristics of Emergency Department extracorporeal cardiopulmonary
resuscitation (eCPR) programs in the United States: the current state of the art of
Emergency Department extracorporeal membrane oxygenation (ED ECMO).
Resuscitation 2016;107:38–46.

[16] Brooks SC, Anderson ML, Bruder E, Daya MR, Gaffney A, Otto CW, et al. Part 6:
alternative techniques and ancillary devices for cardiopulmonary resuscitation:
2015 American heart association guidelines update for cardiopulmonary re-
suscitation and emergency cardiovascular care. Circulation 2015;132:S436–43.

[17] Callaway CW, Donnino MW, Fink EL, Geocadin RG, Golan E, Kern KB, et al. Part 8:
post-cardiac arrest care: 2015 American heart association guidelines update for
cardiopulmonary resuscitation and emergency cardiovascular care. Circulation
2015(132):S465–82.

[18] Nolan JP, Soar J, Cariou A, Cronberg T, Moulaert VR, Deakin CD, et al. European
resuscitation council and European society of intensive care medicine guidelines for
post-resuscitation care 2015: section 5 of the European resuscitation council
guidelines for resuscitation 2015. Resuscitation 2015;95:202–22.

[19] ELSO Guidelines for Cardiopulmonary Extracorporeal Life, Support. Extracorporeal
life support organization, version 13. 2013. November, Ann Arbor, MI, USA.

[20] Youn CS, Callaway CW, Rittenberger JC, Post Cardiac Arrest S. Combination of
initial neurologic examination, quantitative brain imaging and electro-
encephalography to predict outcome after cardiac arrest. Resuscitation
2017;110:120–5.

[21] Cristia C, Ho ML, Levy S, Andersen LW, Perman SM, Giberson T, et al. The asso-
ciation between a quantitative computed tomography (CT) measurement of cere-
bral edema and outcomes in post-cardiac arrest-a validation study. Resuscitation
2014;85:1348–53.

[22] Fugate JE, Wijdicks EF, Mandrekar J, Claassen DO, Manno EM, White RD, et al.
Predictors of neurologic outcome in hypothermia after cardiac arrest. Ann Neurol
2010;68:907–14.

[23] Wong JK, Smith TN, Pitcher HT, Hirose H, Cavarocchi NC. Cerebral and lower limb
near-infrared spectroscopy in adults on extracorporeal membrane oxygenation.
Artif Organs 2012;36:659–67.

[24] Duez CHV, Grejs AM, Jeppesen AN, Schroder AD, Soreide E, Nielsen JF, et al.
Neuron-specific enolase and S-100b in prolonged targeted temperature manage-
ment after cardiac arrest: a randomised study. Resuscitation 2018;122:79–86.

[25] Moseby-Knappe M, Pellis T, Dragancea I, Friberg H, Nielsen N, Horn J, et al. Head
computed tomography for prognostication of poor outcome in comatose patients
after cardiac arrest and targeted temperature management. Resuscitation
2017;119:89–94.

[26] Callaway CW. Neuroprognostication postcardiac arrest: translating probabilities to
individuals. Curr Opin Crit Care 2018;24:158–64.

[27] Backman S, Westhall E, Dragancea I, Friberg H, Rundgren M, Ullen S, et al.
Electroencephalographic characteristics of status epilepticus after cardiac arrest.
Clin Neurophysiol 2017;128:681–8.

[28] Lybeck A, Friberg H, Aneman A, Hassager C, Horn J, Kjaergaard J, et al. Prognostic
significance of clinical seizures after cardiac arrest and target temperature man-
agement. Resuscitation 2017;114:146–51.

[29] Laver S, Farrow C, Turner D, Nolan J. Mode of death after admission to an intensive
care unit following cardiac arrest. Intensive Care Med 2004;30:2126–8.

[30] Lemiale V, Dumas F, Mongardon N, Giovanetti O, Charpentier J, Chiche JD, et al.
Intensive care unit mortality after cardiac arrest: the relative contribution of shock
and brain injury in a large cohort. Intensive Care Med 2013;39:1972–80.

[31] Kuroki N, Abe D, Iwama T, Sugiyama K, Akashi A, Hamabe Y, et al. Prognostic
effect of estimated glomerular filtration rate in patients with cardiogenic shock or
cardiac arrest undergoing percutaneous veno-arterial extracorporeal membrane
oxygenation. J Cardiol 2016;68:439–46.

[32] Kern KB, Hilwig RW, Berg RA, Rhee KH, Sanders AB, Otto CW, et al.
Postresuscitation left ventricular systolic and diastolic dysfunction. Treatment with
dobutamine. Circulation 1997;95:2610–3.

[33] Roberts BW, Kilgannon JH, Chansky ME, Mittal N, Wooden J, Parrillo JE, et al.
Multiple organ dysfunction after return of spontaneous circulation in postcardiac
arrest syndrome. Crit Care Med 2013;41:1492–501.

J.A. Bartos et al. Resuscitation 132 (2018) 47–55

54

http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0005
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0005
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0010
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0010
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0010
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0010
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0010
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0015
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0015
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0015
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0020
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0020
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0020
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0025
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0025
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0025
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0030
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0030
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0030
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0035
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0035
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0035
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0035
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0040
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0040
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0040
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0045
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0045
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0045
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0050
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0050
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0050
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0050
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0055
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0055
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0055
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0060
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0060
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0060
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0065
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0070
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0070
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0075
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0075
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0075
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0075
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0075
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0080
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0080
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0080
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0080
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0085
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0085
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0085
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0085
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0090
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0090
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0090
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0090
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0095
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0095
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0100
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0100
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0100
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0100
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0105
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0105
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0105
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0105
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0110
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0110
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0110
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0115
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0115
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0115
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0120
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0120
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0120
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0125
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0130
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0130
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0135
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0135
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0135
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0140
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0140
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0140
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0145
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0145
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0150
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0150
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0150
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0155
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0155
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0155
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0155
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0160
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0160
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0160
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0165
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0165
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0165


[34] Sunde K, Pytte M, Jacobsen D, Mangschau A, Jensen LP, Smedsrud C, et al.
Implementation of a standardised treatment protocol for post resuscitation care
after out-of-hospital cardiac arrest. Resuscitation 2007;73:29–39.

[35] Hypothermia after Cardiac Arrest Study G. Mild therapeutic hypothermia to im-
prove the neurologic outcome after cardiac arrest. N Engl J Med 2002;346:549–56.

[36] Stub D, Bernard S, Pellegrino V, Smith K, Walker T, Sheldrake J, et al. Refractory
cardiac arrest treated with mechanical CPR, hypothermia, ECMO and early re-
perfusion (the CHEER trial). Resuscitation 2015;86:88–94.

[37] Wong JK, Melvin AL, Joshi DJ, Lee CY, Archibald WJ, Angona RE, et al.
Cannulation-related complications on veno-arterial extracorporeal membrane oxy-
genation: prevalence and effect on mortality. Artif Organs 2017;41:827–34.

[38] Xie A, Lo P, Yan TD, Forrest P. Neurologic complications of extracorporeal mem-
brane oxygenation: a review. J Cardiothorac Vasc Anesth 2017;31:1836–46.

[39] Cheng R, Hachamovitch R, Kittleson M, Patel J, Arabia F, Moriguchi J, et al.
Complications of extracorporeal membrane oxygenation for treatment of cardio-
genic shock and cardiac arrest: a meta-analysis of 1,866 adult patients. Ann Thorac
Surg 2014;97:610–6.

[40] Smekal D, Lindgren E, Sandler H, Johansson J, Rubertsson S. CPR-related injuries
after manual or mechanical chest compressions with the LUCAS device: a multi-
centre study of victims after unsuccessful resuscitation. Resuscitation
2014;85:1708–12.

J.A. Bartos et al. Resuscitation 132 (2018) 47–55

55

http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0170
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0170
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0170
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0175
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0175
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0180
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0180
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0180
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0185
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0185
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0185
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0190
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0190
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0195
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0195
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0195
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0195
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0200
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0200
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0200
http://refhub.elsevier.com/S0300-9572(18)30821-9/sbref0200

	Surviving refractory out-of-hospital ventricular fibrillation cardiac arrest: Critical care and extracorporeal membrane oxygenation management
	Introduction
	Methods
	Study design
	MRC refractory VF/VT protocol
	Post-resuscitation critical care protocol
	Data classification, management, and analysis

	Results
	Hospital course
	Hemodynamics and ECMO support
	Neurologic injury
	End-organ dysfunction
	Infections and inflammation
	Trauma

	Discussion
	Conclusions
	Conflicts of interest
	Funding sources
	References




