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Abstract
Background:  Multiple randomized clinical trials have compared specific airway management 
strategies during ACLS with conflicting results.  However, patients with refractory cardiac arrest 
died in almost all cases without the availability of extracorporeal cardiopulmonary resuscitation 
(ECPR).  Our aim was to determine if endotracheal intubation (ETI) was associated with 
improved outcomes compared to supraglottic airways (SGA) in patients with refractory cardiac 
arrest presenting for ECPR.

Methods:  We retrospectively studied 420 consecutive adult patients with refractory out-of-
hospital cardiac arrest due to shockable presenting rhythms presenting to the University of 
Minnesota ECPR program.  We compared outcomes between patients receiving ETI (n=179) and 
SGA (n=204).  The primary outcome was the pre-cannulation arterial PaO2 upon arrival to the 
ECMO cannulation center. Secondary outcomes included neurologically favorable survival to 
hospital discharge and eligibility for VA-ECMO based upon resuscitation continuation criteria 
applied upon arrival to the ECMO cannulation center.  

Results:  Patients receiving ETI had significantly higher median PaO2 (71 vs. 58 mmHg, 
p=0.001), lower median PaCO2 (55 vs. 75 mmHg, p<0.001), and higher median pH (7.03 vs. 
6.93, p<0.001) compared to those receiving SGA.  Patients receiving ETI were also significantly 
more likely to meet VA-ECMO eligibility criteria (85% vs. 74%, p=0.008). Of patients eligible 
for VA-ECMO, patients receiving ETI had significantly higher neurologically favorable survival 
compared to SGA (42% vs. 29%, p=0.02).  

Conclusions: ETI was associated with improved oxygenation and ventilation after prolonged 
CPR.  This resulted in increased rate of candidacy for ECPR and increased neurologically 
favorable survival to discharge with ETI compared to SGA.  

Keywords: Refractory cardiac arrest, cardiac arrest, ventricular fibrillation, 
extracorporeal cardiopulmonary resuscitation, endotracheal intubation, supraglottic 
airway, out-of- hospital cardiac arrest



Introduction: 
Airway management remains a critical component of advanced cardiac life support (ACLS) in 
patients suffering from out-of-hospital cardiac arrest (OHCA).1, 2  Strategies vary between 
communities and emergency medical services (EMS) ranging from use of bag valve mask 
(BVM) to supraglottic airways (SGA) to endotracheal intubation (ETI).  Randomized trials 
comparing these airway strategies demonstrated mixed results with most finding no significant 
differences.3-5  Consequently, guidelines suggest that any airway strategy is acceptable with 
appropriate consideration of the expertise of available providers.1  

Importantly, the clinical trials relied on standard ACLS which results in two distinct 
patient populations: 1) patients with return of spontaneous circulation (ROSC) prior to hospital 
arrival, most likely occurring after short durations of cardiopulmonary resuscitation (CPR),6-9 
and 2) patients with refractory cardiac arrest and failure to achieve ROSC resulting in death.  In 
recent years, extracorporeal cardiopulmonary resuscitation (ECPR) has been shown to improve 
survival for patients with refractory cardiac arrest.10-14  Patients receiving ECPR commonly 
receive prolonged CPR (≥60 minutes) before initiation of flow from the extracorporeal 
membrane oxygenation (ECMO) circuit.  Prior studies have demonstrated worsening metabolic 
derangement and reduced likelihood of ROSC and survival during prolonged CPR, but the 
potential for specific ACLS strategies to improve pathology remains unknown.6, 8, 9, 12

This study aimed to compare the pathophysiologic effects of ETI or SGA as the primary 
airway management strategies for patients with refractory cardiac arrest and shockable 
presenting rhythms presenting for ECPR.  Specifically, the impact of airway strategy on 
metabolic derangement and survival to discharge were assessed.  

Methods
Study Design and Study Population

Consecutive patients treated with the University of Minnesota refractory out-of-hospital 
ventricular fibrillation/ventricular tachycardia (VF/VT) ECPR (UMN-ECPR) protocol between 
December 1, 2015 and September 3, 2022 were included in this study.  For the purposes of this 
investigation, only patients that received endotracheal intubation or supraglottic airways were 
included in the study cohort.  The Institutional Review Board at the University of Minnesota 
approved this study (No. 1703M11301) with waiver of informed consent.

Details of the UMN-ECPR protocol were published previously.10, 15-17  Briefly, patients 
with refractory VF/VT OHCA were rapidly transported to an ECMO cannulation hospital for 
immediate initiation of mechanical circulatory support with peripheral veno-arterial (VA) 
ECMO, invasive coronary angiography with percutaneous coronary intervention as indicated, 
and admission to a specialized intensive care unit using a protocolized post-arrest care 
pathway.18, 19 Prehospital patient screening was performed by paramedics with transport of 
patients meeting the following criteria: (1) 18-75 years of age, (2) initial rhythm of VF/VT, (3) 
ongoing cardiac arrest despite 3 direct current shocks or shock resulting in ongoing pulseless 
electrical activity or asystole, (4) received ≥300mg of amiodarone, (5) body habitus 
accommodating a Lund University Cardiac Arrest System (LUCAS®, Lund, Sweden), and (6) 
estimated transfer time to ECMO cannulation center of <30 min.  Patients were excluded from 
this protocol if they were nursing home residents, were known to have do not resuscitate/do not 
intubate orders, have trauma as the cause of the cardiac arrest, or have known pre-arrest terminal 
illness. The study protocol did not specify the methods of airway management in the prehospital 



setting or the ventilation strategy. Patients were transported to the ECMO cannulation hospital 
with ongoing mechanical CPR and ACLS.  Upon arrival, arterial blood gas (ABG) and lactic 
acid levels were immediately assessed.  Patients failing to meet ≥1 of the following resuscitation 
continuation criteria were considered ineligible for VA-ECMO cannulation and declared dead on 
arrival: (1) end-tidal CO2 (ETCO2) ≥10 mmHg, (2) arterial partial pressure of oxygen (PaO2) ≥50 
mmHg, (3) arterial lactic acid ≤18 mmol/L.15  

Patients meeting the resuscitation continuation criteria underwent immediate cannulation 
and initiation of peripheral VA-ECMO by interventional cardiologists with ultrasound and 
fluoroscopy guidance.  Coronary angiography was performed, and percutaneous coronary 
intervention was provided as indicated.  Additional anti-arrhythmic therapy was also provided as 
indicated.  If an organized cardiac rhythm could not be established after 90 minutes of stabilized 
hemodynamics and treatment of reversible causes of the cardiac arrest, the patient was declared 
dead.  Patients with an organized cardiac rhythm were admitted to the cardiac intensive care unit.  
Comprehensive post-arrest care was provided as described previously.18  

Study Outcomes
Patients were divided into two groups based on the initial airway management strategy 

chosen by the paramedics: (1) endotracheal intubation, (2) supraglottic airways.  An intention-to-
treat type design was used with group designation determined by the first airway management 
strategy attempted.  Supraglottic airways included the following: igel, LMA, and AirQ. The 
primary outcome was the pre-cannulation PaO2 from the arterial blood gas taken at the time of 
arrival to the ECMO cannulation center.  Secondary outcomes included the remaining arterial 
blood values upon arrival to the ECMO cannulation center, neurologically favorable survival to 
hospital discharge, and candidacy for VA-ECMO at the time of arrival to the ECMO cannulation 
center based on permissive resuscitation continuation criteria. 

Two groups were defined for the purpose of evaluating neurologic outcome in patients 
receiving full resuscitation efforts: (1) favorable neurologic outcome, defined as cerebral 
performance category (CPC) 1-2 and (2) poor neurologic outcome, including patients who died 
or had significant neurologic impairment despite full resuscitation efforts (CPC 3-5). VA-
ECMO-ineligible patients were defined as those excluded from receiving VA-ECMO due to 
failure of the resuscitation continuation criteria (PaO2, arterial lactic acid, ETCO2).

Data Collection and Statistical Analyses
All data were obtained by the study authors via chart review. Data were placed in a 

REDCap database hosted at the University of Minnesota.  They were then exported to Excel for 
biostatistical analysis.  Normally distributed continuous variables were summarized as means ± 
standard deviations with comparisons using t-test or analysis of variance. The Tukey HSD 
correction was used for pairwise comparisons.  Non-normally distributed continuous variables 
were summarized as medians with interquartile ranges with comparisons using the Wilcoxon 
Rank-Sum and Kruskal-Wallis tests. Categorical variables were summarized as counts and 
proportions with comparisons using the chi-squared and Fisher’s exact tests.

The association between poor neurologic outcomes and airway strategy was also assessed 
using multinomial logistic regression with two models.  Model 1 adjusted for age, sex, and use of 
bystander CPR.  Model 2 adjusted for age, sex, use of bystander CPR, and duration of 
professional CPR prior to initiation of VA-ECMO. All variables were chosen a priori due to 
their established associations with neurologic outcomes in OHCA. The association between 



ineligibility for VA-ECMO and airway strategy was also assessed using these two models.  The 
results of the adjusted analyses were presented as odds ratios (ORs) with 95% confidence 
intervals (95% CIs). All hypothesis testing was two-tailed with level of significance set at 0.05 
for all analyses. All analyses were performed in StataMP 15.1.

Results
Between December 1, 2015 and September 3, 2022, 420 patients with refractory VF/VT OHCA 
were transported to an ECMO cannulation center with ongoing CPR by ACLS-certified 
paramedics as part of the UMN-ECPR protocol (Figure 1).  Of these, 179/420 (43%) patients 
received ETI and 204/420 (49%) received SGA as the initial airway management strategies. 
Other airways, including bag valve mask with oropharyngeal or nasopharyngeal airways, were 
used exclusively in 37/420 (9%) patients; these patients were excluded from the study. 
Therefore, 383 patients were included in this study with either ETI or SGA.  Of those patients 
receiving ETI as the initial strategy, ETI was successful in 169/179 (94.4%) cases with 10 
patients converted to SGA as a secondary strategy.  No patients in the SGA group converted to 
ETI.

Baseline Characteristics
Patients were predominantly male (311/383 [81%]) and white (308/383 [80%]), with mean age 
57±12 years (Table 1).  Most arrests were witnessed (295/383 [77%]) with bystander CPR 
provided in 267/383 (70%).  Professional CPR was delivered for 62±20 min prior to initiation of 
VA-ECMO.  There were no statistically significant differences between groups. 

Association Between Airway Management Strategy and Arterial Blood Results
The initial airway management strategy was significantly associated with arterial blood gas 
results at the time of evaluation for VA-ECMO cannulation upon arrival to the cannulation 
center (Table 2). ETI was associated with significantly higher PaO2 compared to SGA (71 vs. 58 
mmHg, p<0.001, Figure 2A).  Importantly, PaCO2 was significantly lower (55 vs. 75 mmHg, 
p<0.001, Figure 2B) while pH was significantly higher (7.03 vs. 6.93, p<0.001) in ETI patients.  
The lactic acid levels were not significantly different between the airway groups (11.8 vs. 12.0, 
p=0.35, Figure 2C).  

Association Between Airway Management Strategy and Patient Outcomes
Overall, 302/383 (79%) patients were eligible for VA-ECMO cannulation upon arrival to the 
ECMO cannulation center based on the pre-specified resuscitation continuation criteria including 
ETCO2 ≥10 mmHg, PaO2 ≥50 mmHg, and arterial lactic acid ≤18 mmol/L (Table 2). Patients 
receiving ETI were significantly more likely than patients with SGAs to be eligible for VA-
ECMO (152/179 [85%] vs. 150/204 [74%], p=0.008, Table 2 and Figure 3). Of those patients 
that failed the resuscitation continuation criteria, and were thereby ineligible for VA-ECMO 
cannulation, 76/81 (94%) failed due to PaO2 <50 mmHg.  Patients with ETI were significantly 
less likely to have PaO2 <50mmHg when compared to patients with SGAs (23/179 [13%] vs. 
53/204 [26%], p=0.001). There was no significant difference between ETI and SGA patients in 
failure of the lactic acid criteria (5/179 [3%] vs. 15/204 [7%], p=0.06).  Two patients failed the 
ETCO2 criteria, one from each group, while both patients also failed the PaO2 and lactic acid 
criteria.  



Patients who failed the resuscitation continuation criteria with PaO2<50 mmHg also 
exhibited other ABG anomalies at the time of arrival at the cannulation center. The median PaO2 
was 34.0 (22.3, 42.8) mmHg for this population while the PaCO2 was 104.0 (85.0, 121.0) 
mmHg, the presenting pH was 6.80 (6.75, 6.91), and the presenting lactic acid was 15.0 (11.3, 
18.0) mmol/L. 

Of patients eligible for VA-ECMO, patients receiving ETI had significantly higher 
neurologically favorable survival compared to SGA (64/152 [42%] vs. 44/150 [29%], p=0.02, 
Table 2).  Overall outcomes were also significantly different with increased neurologically 
favorable survival associated with ETI (64/179 [36%] vs. 44/204 [22%], p=0.04, Figure 3)

Adjusted Analyses of Airway Strategy and Neurological Outcomes
For patients eligible for VA-ECMO, use of SGA as the initial airway strategy was 

associated with an odds ratio of 1.67 (95% CI: 1.02-2.72) for poor neurologic outcome (CPC 3-
5) compared to ETI after adjusting for age, sex, and occurrence of bystander CPR. Similarly, the 
odds ratio for CPC 3-5 was 1.73 (95% CI: 1.03-2.93) in patients that received SGA compared to 
ETI after adjusting for age, sex, occurrence of bystander CPR, and duration of professional 
resuscitation before VA-ECMO initiation.  

In the overall study population, the odds of being ineligible for VA-ECMO were 2.80 
(95% CI: 1.52-5.13) times higher among patients that received SGA rather than ETI after 
adjusting for age, sex, and occurrence of bystander CPR. Similarly, the odds of VA-ECMO 
ineligibility were 2.79 (95% CI: 1.47-5.27) times higher in patients that received SGA rather 
than ETI after adjusting for age, sex, occurrence of bystander CPR, and duration of professional 
resuscitation before VA-ECMO initiation.  

Discussion
Successful treatment of refractory cardiac arrest requires prolonged periods of effective ACLS to 
sustain a survivable metabolic state until additional therapies can be deployed.  Multiple studies 
of ECPR for refractory cardiac arrest have observed average durations of professional CPR of 60 
minutes or more.10-12, 20-23  However, patient outcomes with ECPR worsen substantially with 
longer CPR durations demonstrating that current ACLS methods are not sufficient to maintain 
survivable physiology in most patients.  This study is the first, to our knowledge, to examine 
differences in ACLS techniques specifically in refractory cardiac arrest patients.  The results 
demonstrate that use of ETI in this large refractory cardiac arrest cohort transported for ECPR 
was associated with improved oxygenation and ventilation upon patient arrival when compared 
to patients with SGAs.  Further, the asphyxial physiology demonstrated in patients with SGAs 
significantly decreased eligibility for VA-ECMO leading to increased overall mortality in 
patients receiving SGAs.  Importantly, for patients who met resuscitation continuation criteria 
and received VA-ECMO, ETI was associated with improved neurologically favorable survival 
compared to patients with SGAs.

Multiple non-randomized studies of cardiac arrest patients have compared airway 
management techniques with mixed results in general cardiac arrest populations.  A secondary 
analysis of the Resuscitation Outcomes Consortium (ROC) PRIMED trial compared patients 
with successful ETI vs. successful SGA deployment.24  This comparison demonstrated increased 
rates of ROSC and survival to hospital discharge in patients with ETI.  Analysis of the Cardiac 
Arrest Registry to Enhance Survival (CARES) demonstrated similar results with improved 
ROSC rates and neurologically favorable survival with ETI compared to SGA.25  Importantly, 



both of these studies had very low survival rates overall with 4.7% and 5.4%, respectively.  A 
meta-analysis including 10 observational studies and over 75,000 patients concluded that ETI 
was associated with increased likelihood of ROSC and neurologically favorable survival.26  
However, a large study including nearly 650,000 patients from the All-Japan Utstein Registry 
demonstrated similar rates of neurologically favorable survival with ETI and SGA, but both were 
significantly lower than patients receiving BVM.27 

Randomized clinical trials examining the effect of airway management also showed 
conflicting results when comparing airway management strategies in unselected patients with 
OHCA.3-5  Benger et al.4 randomized 9296 patients with OHCA to SGA vs. ETI in the 
AIRWAYS-2 trial demonstrating no significant difference between airway management 
strategies.  Importantly, ECPR was not available for these patients with 55% of patients dying at 
the scene with refractory arrest and only 20% achieving hospital admission.  Patients without 
prehospital ROSC had <1% survival in this study.  Similarly, Wang et al.5 randomized 3004 
patients with OHCA to SGA vs. ETI but 40% died at the scene with refractory arrest.  They 
found improved rates of prehospital ROSC, survival to hospital discharge, and neurologically 
favorable survival in patients receiving SGAs.  Given that ECPR was not widely used in these 
trials, and multiple studies have shown a strong association between duration of CPR and 
likelihood of ROSC over the first 30 minutes of CPR,6-9, 12 it should be remembered that most 
survivors in these studies had short durations of CPR and patients with refractory cardiac arrest 
largely died due to lack of ROSC.  Therefore, while important for management of cardiac arrest 
overall, the lessons of these trials cannot be applied directly to treatment of refractory cardiac 
arrest where prolonged CPR and ECPR are performed.

Together with this study, these data suggest that ACLS may be considered in two phases, 
early ACLS and refractory ACLS, with different strategies to optimize oxygenation and 
ventilation in each phase.  Early ACLS, likely including the first 15-30 minutes of ACLS, 
requires rapid stabilization and maintenance of a near-normal physiologic state to maximize 
opportunities for ROSC.  This includes high quality CPR, defibrillation as indicated, expeditious 
airway management based on EMS expertise, and likely vascular access and medication 
delivery.  Resource limitations may favor simplified and rapidly deployable tools as seen in the 
Benger and Wang trials.  Most clinical trials investigating ACLS therapies are pertinent to this 
phase, as patients unable to achieve ROSC rarely survive.  

The refractory ACLS phase may then require alternative approaches to optimize 
perfusion, oxygenation, and ventilation as a bridge to advanced supportive therapies such as 
ECPR. This study suggests that patients with refractory cardiac arrest may benefit from ETI.  
The metabolic effects of the low flow state of cardiac arrest likely change the physiologic effects 
of treatments over time.  Hypoventilation may exacerbate these pathophysiologic effects.  
Importantly, the timing and method of protocolized transition from early to refractory ACLS 
requires prospective investigation.  Other changes to CPR strategy, medication management, and 
defibrillation may also be beneficial though these were not assessed in this study.  

This study was not structured to investigate the cause of worsened oxygenation and 
ventilation observed in the SGA group.  However, breaths given asynchronously with respect to 
chest compressions may leak around the SGA cuff leading to diminished ventilation and 
oxygenation.  The endotracheal tube is hypothesized to have less leak.  Prolonged CPR 
magnifies slowly accumulating deficiencies in ventilation resulting in severe respiratory acidosis 
that may worsen acidemia over time.12  Therefore, it is hypothesized that the combination of 
more efficient oxygenation and ventilation combined with high quality CPR may account for the 



improved ABG results and neurologically favorable survival observed in the ETI patients 
receiving prolonged CPR.

The risks of advanced airway management must also be considered.  Airway expertise is 
an important consideration, as ETI requires additional expertise compared to SGA, and failed 
ETI attempts are associated with worsened outcomes.28-30  In the current study, 94% of patients 
successfully received ETI when ETI was attempted; whereas, the Benger and Wang studies 
described 69% and 52% rates of successful ETI, respectively.  Effects of airway insertion on 
CPR quality must also be considered.  A recent study of the effect of airway management on 
CPR quality in the PARAMEDIC2 trial demonstrated no effect of airway strategy selection on 
CPR quality.31  

This study has important limitations due to study design and patient population.  First, 
this study included patients treated by multiple EMS services in the Twin City metropolitan area 
with varying intra-arrest airway management strategies and techniques.  Without randomization, 
selection bias related to the airway protocols of specific EMS agencies cannot be excluded.  
Importantly, ETI and SGA groups had similar baseline and cardiac arrest characteristics.  
Patients were assigned to their airway group based on the initial airway strategy meaning that 
patients with failed ETI attempts who converted to SGA remained in the ETI group to avoid bias 
using an intention-to-treat type design.  This may reduce the observed effect size between the 
groups.  The success rate for ETI was high as discussed above.  Regional differences in ETI 
proficiency may impact the relationship with outcomes.  All data were gathered by chart review 
which is susceptible to incomplete documentation of airway attempts or sequential airway 
strategies.  Therefore, data regarding the number of intubation attempts were not available and 
rate of ETI success could be overestimated.  In addition, the ventilation strategy was not 
specified by the study protocol, so potential effects of 30:2 ventilation vs. asynchronous 
ventilation cannot be investigated.  Further, while this remains the largest published ECPR study 
in the United States, the limited size of the patient population reduces statistical power of inter-
group comparisons, possibly underestimating significance of some differences.

Conclusions
Use of endotracheal intubation as the primary airway strategy in patients with refractory cardiac 
arrest requiring prolonged CPR was associated with improved oxygenation and ventilation at the 
time of evaluation for VA-ECMO cannulation as part of an ECPR program.  Increased PaO2 
upon arrival for VA-ECMO increased eligibility for VA-ECMO.  Importantly, endotracheal 
intubation was associated with increased neurologically favorable survival compared to 
supraglottic airways in VA-ECMO eligible patients.  Further randomized studies are needed to 
verify the potential benefit of ETI in ECPR patients with refractory cardiac arrest requiring 
prolonged CPR.



FIGURE LEGENDS

Figure 1: Patient flow diagram for patients treated by the UMN-ECPR program.  

Figure 2: Arterial blood results by airway type in all patients.  Boxplots depicting the median 
(solid black horizontal line) and interquartile ranges of the arterial PaO2 (A), arterial PaCO2 (B), 
and arterial lactic acid (C) collected at the time of patient arrival to the ECMO cannulation center 
and evaluation for VA-ECMO cannulation.  Red horizontal lines in (A) and (C) represent the 
protocolized boundaries of PaO2 and lactic acid, respectively, that determine VA-ECMO 
eligibility.

Figure 3: Patient outcomes by airway type in all patients.  Patient outcomes are shown as a 
percent of the overall population separated by primary airway management strategy employed by 
the prehospital ACLS team.
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Table 1: Patient and Arrest Characteristics

Overall
(N = 383)

ETI
(N = 179)

SGA
(N = 204) p-value

Age, y, SD 57.23 ± 11.9 57.3 ± 12.4 57.2 ± 11.4 0.91

Sex (male), n (%) 311 (81.2) 144 (80.5) 167 (81.9) 0.79
Race

White, n (%) 308 (80.4) 142 (79.3) 166 (81.4)

Black, n (%) 39 (10.2) 19 (10.6) 20 (9.8)

Other, n (%) 36 (9.4) 18 (10.1) 18 (8.8)
0.88

Arrest Characteristics

Witnessed Arrest, n (%) 295 (77.0) 138 (77.1) 157 (77.0) 1.00

Bystander CPR, n (%) 267 (69.7) 132 (73.7) 135 (66.2) 0.12

Duration of Professional CPR, min, SD 61.9 ± 19.8 62.8 ± 21.2 61.1 ± 18.5 0.39

Categorical variables are presented as counts with proportions. Continuous variables are 
presented as means ± standard deviations. The p value reflects the comparisons between the 
airway groups.

Legend: CPR, cardiopulmonary resuscitation; ETI, endotracheal intubation; SGA, supraglottic 
airway



Table 2: Associations between airway management strategy and patient outcomes and 
arterial blood results.

Overall ETI SGA p-value

Arterial Blood Values Upon Patient Arrival to Cannulation Center

Overall (n = 383) ETI (n = 179) SGA (n = 204)

ETCO2 (mmHg) 35.0 (25.0, 44.0) 35.0 (26.0, 45.0) 34.0 (25.0, 42.5) 0.84

pH 6.99 (6.85, 7.15) 7.03 (6.90, 7.19) 6.93 (6.80, 7.09) <0.001*

PaCO2 (mmHg) 63.0 (46.0, 89.0) 55.0 (42.8, 74.5) 75.0 (52.5, 94.0) <0.001*

PaO2 (mmHg) 65.0 (47.0, 93.0) 70.5 (51.0, 105.0) 58.0 (43.0, 88.0) 0.001*

Bicarbonate (mmol/L) 16.0 (13.0, 20.0) 16.0 (13.0, 20.0) 16.0 (13.0, 20.0) 0.43

Lactic Acid (mmol/L) 11.9 (9.1, 15.2) 11.8 (8.2, 15.3) 12.0 (9.4, 15.1) 0.35

Failed Resuscitation Continuation Criteria

Overall (n = 383) ETI (n = 179) SGA (n = 204)

PaO2 < 50 mmHg, n (%) 76 (19.8) 23 (12.8) 53 (26.0) 0.001*

Lactic Acid > 18 mmol/L, n (%) 20 (5.2) 5 (2.8) 15 (7.4) 0.06

ETCO2 < 10 mmHg, n (%) 2 (0.5) 1 (0.6) 1 (0.5) 1.00

VA-ECMO Eligibility Due to Resuscitation Continuation Criteria (PaO2, lactic acid, ETCO2)

Overall (n = 383) ETI (n = 179) SGA (n = 204)

Eligible, n (%) 302 (78.9) 152 (84.9) 150 (73.5)

Ineligible, n (%) 81 (21.1) 27 (15.1) 54 (26.5)
0.008*

Patient Outcomes for Patients Eligible for VA-ECMO

Overall (n = 302) ETI (n = 152) SGA (n = 150)

CPC 1-2, n (%) 108 (35.8) 64 (42.1) 44 (29.3)

CPC 3-5, n (%) 194 (64.2) 88 (57.9) 106 (70.7)
0.02*

Categorical variables are presented as counts with proportions. Continuous variables are 
presented as median (interquartile range). The p value reflects the comparisons between the 
airway groups.  *indicates statistically significant differences.

Legend: VA-ECMO, veno-arterial extracorporeal membrane oxygenation; CPC, cerebral 
performance category; ETCO2, end-tidal CO2; PaCO2, arterial partial pressure of carbon dioxide; 
PaO2, arterial partial pressure of oxygen; ETI, endotracheal intubation; SGA, supraglottic airway 
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