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Abstract

OBJECTIVES: The impact of age on hospital survival for patients treated with extracorporeal 

cardiopulmonary resuscitation (ECPR) for cardiac arrest (CA) is unknown. We sought to 

characterize the association between older age and hospital survival after ECPR, using a large 

international database.

DESIGN: Retrospective analysis of the Extracorporeal Life Support Organization registry.

PATIENTS: Patients 18 years old or older who underwent ECPR for CA between December 1, 

2016, and October 31, 2020.
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MEASUREMENTS AND MAIN RESULTS: The primary outcome was adjusted odds ratio 

(aOR) of death after ECPR, analyzed by age group (18–49, 50–64, 65–74, and > 75 yr). A 

total of 5,120 patients met inclusion criteria. The median age was 57 years (interquartile range, 

46–66 yr). There was a significantly lower aOR of survival for those 65–74 (0.68l 95% CI, 

0.57–0.81) or those greater than 75 (0.54; 95% CI, 0.41–0.69), compared with 18–49. Patients 

50–64 had a significantly higher aOR of survival compared with those 65–74 and greater than 75; 

however, there was no difference in survival between the two youngest groups (aOR, 0.91; 95% 

CI, 0.79–1.05). A sensitivity analysis using alternative age categories (18–64, 65–69, 70–74, and 

≥ 75) demonstrated decreased odds of survival for age greater than or equal to 65 compared with 

patients younger than 65 (for age 65–69: odds ratio [OR], 0.71; 95% CI, 0.59–0.86; for age 70–74: 

OR, 0.84; 95% CI, 0.67–1.04; and for age ≥ 75: OR, 0.64; 95% CI, 0.50–0.81).

CONCLUSIONS: This investigation represents the largest analysis of the relationship of older 

age on ECPR outcomes. We found that the odds of hospital survival for patients with CA treated 

with ECPR diminishes with increasing age, with significantly decreased odds of survival after 

age 65, despite controlling for illness severity and comorbidities. However, findings from this 

observational data have significant limitations and further studies are needed to evaluate these 

findings prospectively.
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Cardiac arrest (CA) is a leading cause of mortality worldwide (1). In the United States alone, 

approximately 370,000 out-of-hospital cardiac arrests (OHCAs) and 200,000 in-hospital 

cardiac arrests (IHCAs) occur yearly (2). Nearly half of CA patients are greater than or 

equal to 65 years old, and many are greater than or equal to 75 (3, 4). As the population 

ages, the occurrence rate of OHCA and IHCA is expected to rise, as are the rates of 

attempted cardiopulmonary resuscitation (CPR) (5, 6). Despite significant advances in CA 

care, mortality remains high: less than or equal to 10% of OHCA patients and 25% of 

IHCA patients will survive with a good neurologic outcome (2, 7). Numerous studies have 

demonstrated that older adults have a decreased likelihood of survival after CPR (8–17).

When extracorporeal membrane oxygenation (ECMO) is used for CA refractory to CPR, it 

is referred to as extracorporeal CPR (ECPR). Use of ECPR has grown substantially over the 

last decade (18, 19). Yet evidence supporting ECPR is mixed. Several observational studies 

have demonstrated a positive association between EPCR and survival (20–23), however, 

more recently, three randomized controlled trials have shown conflicting results for ECPR 

and survival (compared with conventional CPR) (24–26). Notably, the age of exclusion in 

these trials ranged from less than or equal to 65 to less than or equal to 75 (24–26).

The Extracorporeal Life Support Organization (ELSO) guidelines recommend using an 

ECPR age cutoff of 70 years, however, little evidence supports this recommendation (27). 

Literature addressing age and outcomes after ECMO for cardiac support in general is sparse, 

and primarily focuses on heart failure, not CA (28, 29). Only two previous studies look 

specifically at age and ECPR outcomes (27, 30). The first examined ECPR patients from 
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1998 to 2008, and found no association between age and mortality (30). However, this study 

made no attempt to adjust for covariates, and cannot account for the impact of modern CPR 

practices, and therefore interpretation of results from this study are extremely limited. The 

second study, and the basis for the ELSO recommendations, is a single study from Japan, 

and thus are quite limited in terms of generalizability (27).

Given that ECPR is logistically challenging, resource intensive, and not widely available, 

improved identification of who is likely to benefit from ECPR is paramount (31). 

Specifically, as the population ages and the occurrence rate of CA rises, it is of the utmost 

importance to understand the benefit of ECPR for older adults. Therefore, we sought to 

characterize the association between older age and outcomes from ECPR for CA, using the 

largest existing ECMO database, the ELSO registry (32).

MATERIALS AND METHODS

Data Source and Population

We queried the international ELSO Registry, the largest, international ECMO database, 

containing over 125,000 patients (32). A detailed description of the registry has been 

previously published (33). The study was reviewed and deemed exempt by the University 

of New Mexico Institutional Review Board (Study No. 21–105, 9/27/2021; ECMO for 

Cardiac Arrest), and followed the STrengthening the Reporting of OBservational studies in 

Epidemiology (STROBE) guidelines for reporting observational studies (34).

We included all patients from December, 1, 2016, to October 31, 2020, who were greater 

than or equal to 18 years, with ECPR, and whose initial cannulation configuration was 

peripheral venoarterial ECMO. Since our objective was to describe the association between 

age and hospital mortality among ECPR patients suffering from OHCA or IHCA, we 

excluded patients whose initial cannulation configuration was central (e.g., aortic), because 

central cannulations overwhelmingly occur in a select group of patients (e.g., cardiac surgery 

patients), who are unlikely to have undergone ECPR as a direct result of a primary diagnosis 

of CA. We also excluded patients whose initial configuration was for venovenous ECMO. 

Finally, we reported results for secular trends in ECPR from December 1, 2010, to October 

31, 2020.

Outcome Variables

The primary outcome was the adjusted odds of in-hospital death. Secondary outcomes 

included the adjusted odds for the duration of ECMO support and the hospital length of stay 

(LOS).

Exposure Variables

The primary exposure was age. We performed bivariate analysis with prespecified, variables, 

based on the literature and availability: sex; pre-ECMO mechanical cardiac support; pre-

ECMO renal replacement therapy (RRT); body mass index (BMI) (< 25, 25–29.9, and ≥ 

30); and initial post-cannulation pH (< 7.0, 7.01–7.2, and > 7.2). We also included the 17 

diagnoses in the Charlson Comorbidity Index (CCI) (35, 36), as well as the CCI category 
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(0, 1–2, or ≥ 3 comorbidities). We chose to include comorbidities and overall CCI category 

because certain comorbidities pose a specific risk to ECPR patients (e.g., cardiac disease), 

while overall CCI score better approximates medical complexity. Finally, we evaluated 

“center volume” (total cases per year), and hospital mortality rates.

Statistical Analysis

We calculated descriptive statistics using medians and interquartile range (IQR) for 

continuous variables, and counts and percentages for categorical variables. For categorical 

variables, we performed bivariate analysis using chi-square or Fisher exact test. Age 

evaluated categorically (18–49, 50–64, 65–74, and ≥ 75), to allow for comparison with 

previous research and existing protocols (28, 30, 37). We performed a supplementary 

analysis using staggered age categories. Given that the registry assigns all patients greater 

than or equal to 80 an age of 80 (for de-identification), we did not analyze age as a 

continuous variable.

For numerical variables with missing values, (i.e., pH, BMI), we imputed the cohort median. 

For comorbidities, and pre-ECLS support, we assumed a value of zero indicated its absence. 

We excluded variables with greater than 50% missingness, a priori. Thus, witnessed arrest, 

initial heart rhythm, and arrest location were excluded.

Model 1 estimated unadjusted odds ratio (OR) of survival for each age category using 

bivariate logistic regression. Model 2 was constructed using variables selected a priori based 

on the strength of their association in the literature (CCI, cardiac disease, cardiac support, 

renal disease) (36, 37), as well variables reaching significance in bivariate analysis (p < 

0.05), after testing for collinearity. For model 3, we adjusted only for those variables that 

reached significance in model 2 (p < 0.1), and included interaction terms of clinically 

relevant covariates to estimate marginal effects of survival, conditional on these covariates 

and age.

For the secondary outcomes (hours on ECMO and hospital LOS), we performed an 

unadjusted survival analysis, using product-limit Kaplan-Meier curves. For LOS analysis, 

we truncated analysis at 150 days, given that after this timepoint survival is no longer 

driven by initial CA or ECPR (38, 39) (i.e., these patients likely remain hospitalized due 

to nonmedical reasons like insurance status, bed availability, and geographic distance) (40). 

For the adjusted analyses of the secondary outcomes, we used the same age categories and 

variables from model 2 to fit Cox proportional hazards model. The proportional hazards 

assumption for the main exposure variable—age—was checked against the log-rank test. We 

used SAS Version 9.4 (SAS Institute, Cary, NC) and set significance levels to 0.05.

RESULTS

Overall Results

There were 5,120 patients in the analysis after exclusion (Fig. 1). The number of ECPR 

cases increased from 2010 to 2019 across all age groups (note that 2020 data are only 

through October) (Fig. 2). The majority (75.3%) of ECPR encounters occurred in the later 

portion of the study period (2016–2020). There was no significant proportional change in 
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annual cases of ECPR for those greater than or equal to 65 as compared with those less than 

65.

The majority of patients were male (70%) and White (57.9%) (Table 1). The median age 

was 57 years (IQR, 46–66 yr). The overall mortality was 69.3%. Survivors were younger 

than decedents (55 yr [IQR, 45–64 yr] vs 58 yr [IQR, 46–66 yr], respectively [p < 0.0001]). 

The rate of discharge alive was lowest in those greater than or equal to 75 (23.5%; p 
< 0.001) compared with those 18–49, 50–64, and 65–74. Comorbidities were infrequent 

(Supplementary Table 1, http://links.lww.com/CCM/H418).

For LOS, 56 patients were dropped from the cohort (54 had missing LOS, and two 

had negative values), leaving 5,064 patients for analysis. Median LOS in all comers 

and survivors was 8 days (IQR, 2–22 d) and 25 days (IQR, 15–42 d), respectively 

(Supplementary Table 2, http://links.lww.com/CCM/H418). Among descendants the median 

time-to-death was 4 days (IQR, 1–11 d). Decedents had both fewer hours on ECMO and 

shorter LOS than survivors (Supplementary Fig. 1, http://links.lww.com/CCM/H418).

Unadjusted Results by Age

In the unadjusted analysis of hospital survival by age (model 1), the two oldest groups 

(65–74 and ≥ 75) had the lowest odds of survival compared with the youngest group (18–

49) (OR, 0.73; 95% CI, 0.62–0.87; p < 0.0004 and OR, 0.62; 95% CI, 0.48–0.79; p < 

0.0002, respectively) (Table 2). There was no significant difference in odds of survival in 

those 50–64 compared with 18–49 (OR, 0.94; 95% CI, 0.82–1.08; p = 0.40) (Table 2). 

Between-category unadjusted odds of survival reflect this trend (Supplementary Table 3, 

http://links.lww.com/CCM/H418).

ECPR recipients across all age categories had similar unadjusted LOS and duration of their 

ECMO run (Fig. 3 and Table 3). This finding also was demonstrated after stratifying the 

analysis by survival and age (Supplementary Fig. 2, http://links.lww.com/CCM/H418).

Given that we found a threshold for decreased odds of survival at age 65 using our original 

categories, we performed a supplementary analysis using alternative age categories at 5-year 

increments to evaluate whether 65 years would remain the threshold (i.e., 50–64, 65–69, 

70–74, and ≥ 75) (Supplementary Table 4, http://links.lww.com/CCM/H418). We found 

significant decrease in the odds of survival among those age greater than 65 as compared 

those less than 65. The largest drop off in odds of survival was between age 50–64 versus 

65–69.

Adjusted Results by Age

Six variables (age, pH, BMI, RRT, heart failure, and peripheral vascular disease) were 

significant (p < 0.05) in the univariable analysis (Table 1; and Supplementary Table 1, 

http://links.lww.com/CCM/H418). There was no relationship between survival and center 

volume (Supplementary Fig. 3, http://links.lww.com/CCM/H418). In model 2, there was 

a significant decrease in the odds of survival by age category (adjusted OR [aOR] for 

65–74, and ≥ 75 vs 18–49 was 0.68 [95% CI, 0.57–0.81] and 0.54 [95% CI, 0.41–0.69], 
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respectively) (Table 2). As with the previous models, there were no significant differences in 

the odds of survival between those 18–49 versus age 50–64.

Finally, we made a third, parsimonious model, limited to those variables from model 2 with 

a p value of less than 0.1 (age, pH, BMI, and pre-ECMO RRT), also including interaction 

terms for each of the significant variables (i.e., age × pH, age × BMI, and age × RRT), to 

examine the extent to which comorbidities and illness severity had a differential effect on 

outcome depending on age. The relationship between increased age and decreased survival 

remained present. There was a decrease in the aOR of survival between age groups 50–64, 

65–74, and greater than or equal to 75 versus ages 18–49 (aOR, 0.58 [95% CI, 0.38–0.85]; 

aOR, 55 [95% CI, 0.33–0.95]; and aOR, 0.45 [95% CI, 0.17–1.20], respectively). With only 

the comparison between group 1 and 4 not meeting significance (Table 2). aOR comparing 

each age group to each other for models 2 and 3 are included in Supplementary Tables 5 and 

6 (http://links.lww.com/CCM/H418).

In the adjusted analysis for secondary outcomes (hospital LOS and duration of ECMO), 

there was a trend toward younger patients having a shorter ECMO run duration and shorter 

hospital LOS compared with older patients. However, few comparisons were significant 

(Table 3).

DISCUSSION

This is the largest analysis of the relationship between age and hospital survival for patients 

treated with ECPR for CA. In an adjusted model of age on mortality, increasing age 

was associated with decreased survival for patients greater than or equal to 65 years 

old. These findings are consistent with the multiple studies demonstrating that age is a 

predictor of mortality in CA (8–14), and in patients requiring ECMO for other indications 

(28, 29), and substantially improve the quality of evidence around age and survival with 

ECPR. Importantly, while the ELSO Registry is the single largest existing ECMO database, 

significant limitations in the data necessitate that future prospective studies is conducted to 

confirm these findings.

The need for evidence-based guidance regarding ECPR in the elderly is pressing (27). While 

multiple groups are working to improve the efficiency, quality, effectiveness, and safety of 

the modality with encouraging results (41, 42), ECPR is a finite resource is associated with 

high complication rates and significant burden on the healthcare system (43). Therefore, 

many questions remain surrounding its use.

Despite a lack of evidence, many ECMO centers have been using age as an eligibility 

criteria for ECPR. A recent systematic review of institutional ECPR protocols identified age 

as criteria for exclusion in 60% of protocols, with the upper limit for inclusion ranging from 

age 55–80 years, with 70 being the most common (37). This is reflected in ELSO’s latest 

guidelines recommending age greater than 70 as an exclusion (27). Indeed, we found no 

significant proportional change in terms of the age of those receiving ECPR over the last 

decade.
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Our study supports the consideration of age to guide selection, with the threshold effect 

occurring at age 65 rather than age 70. However, it is important to note that neither our 

findings, nor previously published evidence, support a rigid interpretation of age as a cutoff 

for ECPR. Our study, while significantly more robust than the evidence upon which the 

ELSO guidelines are based, should be interpreted cautiously. Attention must be given to the 

individual patient and specific clinical circumstance.

Interestingly, our findings do not support two of the most commonly expressed hypotheses 

for why older adults face higher mortality rates in ECMO: 1) older adults heal more slowly, 

taking longer to recover, leading to longer ECMO runs and increased complication rates, 

that in turn lead to higher mortality rates and 2) a perception of poor prognosis in older 

adults would lead to quicker withdrawal of life-sustaining treatment, thus leading to shorter 

ECMO runs and higher mortality. However, this was not supported by our analysis, which 

showed no significant difference in duration of ECMO or LOS by age.

As noted above, the ELSO registry is the largest and most comprehensive existing ECMO 

database and thus plays an important role in providing preliminary and hypothesis-driving 

analysis of this and other ECMO-related questions. ECMO stakeholders will benefit from 

building more robust databases to address important questions such as age in ECPR. Finally, 

given that, ECPR is a cutting-edge technology, secular trends in ECPR practices and ECPR 

survival are of critical importance. However, there was no change in proportion of older 

adults undergoing ECPR over a 10-year period, suggesting that clinicians have not shifted 

their approach to age as a selection criterion. Similarly, we did not notice any shift in 

mortality rates by year. Other secular trends in management and patient selection may be 

unaccounted for in this study.

Despite decades of concerted efforts, standard CPR care models have led to marginal 

improvements in survival after CA (44). Meanwhile, ECPR, a novel therapy with relatively 

limited availability, has become increasingly popular, despite uncertain benefit (31). Survival 

estimates for ECPR ranging widely from less than 15% to greater than 50% (23, 45–48), 

with serious concerns for selection bias (31), compared with 10–20% survival rate for 

standard CPR (7, 49). The implications of expanding access to ECPR on healthcare costs 

and resource utilization are substantial. In addition to cost and resource considerations (50), 

recipients of ECPR often must endure numerous invasive procedures and encounter multiple 

complications—this type of “heroic” treatment may not be concordant with the values or 

preferences for care of many older adults (51, 52). Taken together, our findings diminish 

hope that ECPR may prove to be an effective therapy for the hundreds of thousands of older 

adults who die of CA each year (1).

Historically, age greater than 70 has been used as an exclusion criterion in clinical ECPR 

guidelines (27), but little evidence exists to supporting such a guideline (30). Our study 

findings should prompt reexamination of the current recommended age cutoff, 70 years, 

despite broad uptake of this recommendation, there is scant evidence to support it (27, 30). 

Findings from this study suggest that there might be an important threshold affect at age 

greater than or equal to 65 (not ≥ 70). While based on a significantly larger and more 

rigorous analysis than the previous studies, our study’s findings should still be interpreted 
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with caution. In order to guide delivery of high-value care for older adults, it is critical that 

the impact of older age on ECPR outcomes for OHCA with prospective data, and further 

evaluate the impact of unmeasured confounders.

There are several important limitations to our study. First, retrospective analysis has 

inherent risks for bias, such as selection bias and confounding bias. Given that each center 

contributing data to ELSO may use different criteria and/or norms in their ECPR patient 

selection, it is not possible to know if patients were selected for ECPR. For instance, 

centers may be more likely to use ECPR for “healthy” older patients than “unhealthy” 

younger patients. We attempted to mitigate this bias by controlling for comorbidities in our 

adjusted analysis. However, clinical teams may not be aware of the patient’s comorbidities 

or may underreport them. Indeed, we observed low rates of comorbidities in this cohort 

(Supplementary Table 1, http://links.lww.com/CCM/H418). Selection bias for ECPR may 

be inherently limited by the urgency of the condition: the decision to initiate ECMO 

support in the setting of CA is extremely time sensitive, often with only limited information 

available to the cannulation team. Conversely, while urgency may “limit” comorbidity-based 

selection of ECPR candidates, it’s possible comorbidities influence the decision to withdraw 

treatment. However, we found no significant difference between age groups and duration of 

ECMO or hospital LOS.

Due to missingness in the data, we were not able to control for certain variables known 

to impact CA outcomes, such as the location of the arrest, the duration of CPR, or initial 

rhythm. At the time of our investigation, these data was not available in the ELSO database 

or any comparable database of ECPR; however, future studies should strive to include these 

and other key variables. Our goal was to significantly strengthen the data used to support 

existing ELSO recommendations (which comes from a single-center study from Japan) 

(27). By excluding variables with greater than 50% missingness, we reduced the potential 

bias. The impact of missing data was further mitigated where possible by using imputation 

techniques.

CONCLUSIONS

Current international guidelines recommend limiting ECPR to patients less than 70 

years old; however, this recommendation is based on limited evidence. Our investigation 

represents the largest analysis of the relationship between older age and ECPR outcomes. 

We found that odds of hospital survival for patients undergoing ECPR for CA diminishes for 

those over age 65, despite controlling for illness severity and comorbidities. However, given 

the limitations of this retrospective dataset, future prospective studies are needed to confirm 

these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

Question:

What is the association between older age and hospital survival after extracorporeal 

cardiopulmonary resuscitation (ECPR) for refractory cardiac arrest (CA)?

Findings:

In this retrospective analysis, there was a significant decrease in the adjusted odds 

of survival for those age 65–74 and greater than 75 compared with patients 18–49, 

despite controlling for illness severity and comorbidities. However, observational data has 

significant limitations and findings must be evaluated prospectively.

Meaning:

In this study, the largest analysis of the relationship between age and ECPR outcomes, 

the odds of hospital survival for patients with CA treated with ECPR diminishes with 

increasing age, particularly for patients over the age of 65.
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Figure 1. 
Flow diagram. ECMO = extracorporeal membrane oxygenation, ECPR = extracorporeal 

cardiopulmonary resuscitation, VA = venoarterial.
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Figure 2. 
Extracorporeal cardiopulmonary resuscitation (ECPR) patients by age group and year.
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Figure 3. 
Duration of treatment by age category. ECMO = extracorporeal membrane oxygenation.
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TABLE 1.

Patient Characteristics and Univariable Analysis of Hospital Survival

Characteristic(s) Overall, n (%) Discharged Alive, n (%) p

Total 5,120 (100) 1,572 (30.7)

Sex

 Male 3,585 (70.0) 1,085 (30.3) 0.29

 Female 1,512 (29.5) 481 (31.8)

 Missing/unknown 23 (0.004) 6 (26.2)

Age (yr)

 Group 1 (18–49) 1,638 (32.0) 546 (33.3) < 0.001

 Group 2 (50–64) 2,018 (39.4) 646 (32.0)

 Group 2 (65–74) 1,069 (20.9) 287 (26.9)

 Group 4 (≥ 75) 395 (7.71) 93 (23.5)

Race

 White 2,965 (57.9) 944 (31.8) 0.823a

 Asian 830 (16.2) 259 (31.15)

 African American 477 (9.3) 150 (31.5)

 Hispanic 206 (4.0) 58 (28.2)

 Other 390 (7.6) 118 (30.3)

 Missing/unknown 252 (4.9) 43 (17.1)

Body mass index

 < 25 1,398 (27.3) 497 (35.6) < 0.001

 25–29.9 2,198 (42.9) 622 (28.3)

 ≥ 30 1,524 (29.8) 453 (29.7)

 Missing 730 (14.3) Not available

pH (n = 3,229)

 < 7.0 976 (19.1) 240 (24.6) < 0.001

 7.01 –7.2 2,939 (57.4) 899 (30.6)

 ≥ 7.2 1,205 (23.5) 433 (35.9)

 Missing 1,910 (37.3) Not available

Charlson Comorbidity Index

 0 2,978 (58.2) 901 (30.3) 0.656

 1 –2 1,999 (39.0) 624 (31.2)

 ≥ 30 143 (2.8) 47 (32.9)

Pre-extracorporeal membrane oxygenation interventions

 Cardiac supportb 920 (18.0) 274 (29.8) 0.504

 Renal replacement therapy 217 (4.2) 44 (20.3) < 0.001

aχ2 testing, does not include “missing/unknown race.”
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b
Bi, right, or left ventricular assistance device, pacemaker, cardiopulmonary bypass, intra-aortic balloon pump, or percutaneous ventricular assist 

device.

Crit Care Med. Author manuscript; available in PMC 2024 July 24.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

George et al. Page 19

TA
B

L
E

 2
.

Su
rv

iv
al

 M
od

el
s 

of
 E

xt
ra

co
rp

or
ea

l C
ar

di
op

ul
m

on
ar

y 
R

es
us

ci
ta

tio
n 

by
 A

ge
 C

at
eg

or
y

A
ge

 C
at

eg
or

y
E

st
im

at
ea

O
R

 (
L

ow
er

 C
I-

U
pp

er
 C

I)
P

M
od

el
 1

–S
ur

vi
va

l b
y 

ag
e 

ca
te

go
ry

, u
na

dj
us

te
d

 
G

ro
up

 2
 (

50
–6

4)
−

0.
06

0.
94

 (
0.

82
–1

.0
8)

0.
40

 
G

ro
up

 3
 (

65
–7

4)
−

0.
31

0.
73

 (
0.

62
–0

.8
7)

<
 0

.0
01

 
G

ro
up

 4
 (

≥ 
75

)
−

0.
48

0.
62

 (
0.

48
–0

.7
9)

<
 0

.0
01

M
od

el
 2

–S
ur

vi
va

l o
f 

E
C

PR
 b

y 
ag

e,
 a

dj
us

te
d 

fo
r 

pr
es

pe
ci

fi
ed

 v
ar

ia
bl

es

 
G

ro
up

 2
 (

50
–6

4)
−

0.
10

0.
91

 (
0.

79
–1

.0
5)

0.
19

 
G

ro
up

 3
 (

65
–7

4)
−

0.
39

0.
68

 (
0.

57
–0

.8
1)

<
 0

.0
01

 
G

ro
up

 4
 (

≥ 
75

)
−

0.
62

0.
54

 (
0.

41
–0

.6
9)

<
 0

.0
01

M
od

el
 3

–S
ur

vi
va

l o
f 

E
C

PR
 b

y 
ag

e,
 p

ar
si

m
on

io
us

 m
od

el
 w

ith
 in

te
ra

ct
io

n 
te

rm
s

 
G

ro
up

 2
 (

50
–6

4)
−

0.
57

0.
58

 (
0.

38
–0

.8
5)

<
 0

.0
01

 
G

ro
up

 2
 (

65
–7

4)
−

0.
59

0.
55

 (
0.

33
–0

.9
4)

0.
03

 
G

ro
up

 4
 (

≥ 
75

)
−

0.
79

0.
45

 (
0.

17
–1

.2
0)

0.
11

E
C

PR
 =

 e
xt

ra
co

rp
or

ea
l c

ar
di

op
ul

m
on

ar
y 

re
su

sc
ita

tio
n,

 O
R

 =
 o

dd
s 

ra
tio

.

a G
ro

up
 1

 (
18

–4
9 

yr
) 

re
fe

re
nt

 c
at

eg
or

y.

Crit Care Med. Author manuscript; available in PMC 2024 July 24.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

George et al. Page 20

TA
B

L
E

 3
.

D
ur

at
io

n 
of

 T
re

at
m

en
t, 

by
 A

ge
 C

at
eg

or
y

A
ge

 C
at

eg
or

y
E

st
im

at
ea

H
az

ar
d 

R
at

io
 (

L
ow

er
 C

I-
U

pp
er

 C
I)

P

D
ur

at
io

n 
of

 E
C

M
O

 (
un

ad
ju

st
ed

 m
od

el
)

 
G

ro
up

 2
 (

50
–6

4)
−

0.
18

0.
83

 (
0.

71
–0

.9
8)

0.
02

5

 
G

ro
up

 3
 (

65
–7

4)
−

0.
13

0.
88

 (
0.

73
–1

.0
6)

0.
17

9

 
G

ro
up

 4
 (

≥ 
75

)
0.

01
1.

01
 (

0.
82

–1
.3

0)
0.

91
4

D
ur

at
io

n 
of

 E
C

M
O

 (
ad

ju
st

ed
 m

od
el

)

 
G

ro
up

 2
 (

50
–6

4)
−

0.
17

0.
84

 (
0.

72
–0

.9
9)

0.
03

6

 
G

ro
up

 3
 (

65
–7

4)
−

0.
12

0.
89

 (
0.

73
–1

.0
7)

0.
20

7

 
G

ro
up

 4
 (

≥ 
75

)
−

0.
01

0.
99

 (
0.

80
–1

.2
3)

0.
95

1

H
os

pi
ta

l l
en

gt
h 

of
 s

ta
y 

(u
na

dj
us

te
d)

 
G

ro
up

 2
 (

50
–6

4)
−

0.
18

0.
83

 (
0.

71
–0

.9
8)

0.
02

8

 
G

ro
up

 2
 (

65
–7

4)
−

0.
03

0.
97

 (
0.

80
–1

.1
7)

0.
74

5

 
G

ro
up

 4
 (

≥ 
75

)
−

0.
07

0.
93

 (
0.

75
–1

.1
5)

0.
50

3

H
os

pi
ta

l l
en

gt
h 

of
 s

ta
y 

(a
dj

us
te

d)

 
G

ro
up

 2
 (

50
–6

4)
−

0.
15

0.
86

 (
0.

73
–1

.0
1)

0.
07

1

 
G

ro
up

 2
 (

65
–7

4)
−

0.
04

0.
97

 (
0.

80
–1

.1
7)

0.
71

1

 
G

ro
up

 4
 (

≥ 
75

)
−

0.
07

0.
93

 (
0.

75
–1

.1
6)

0.
53

6

E
C

M
O

 =
 e

xt
ra

co
rp

or
ea

l m
em

br
an

e 
ox

yg
en

at
io

n.

a G
ro

up
 1

 (
18

–4
9 

yr
) 

re
fe

re
nt

 c
at

eg
or

y.

Crit Care Med. Author manuscript; available in PMC 2024 July 24.


	Abstract
	MATERIALS AND METHODS
	Data Source and Population
	Outcome Variables
	Exposure Variables
	Statistical Analysis

	RESULTS
	Overall Results
	Unadjusted Results by Age
	Adjusted Results by Age

	DISCUSSION
	CONCLUSIONS
	References
	Figure 1.
	Figure 2.
	Figure 3.
	TABLE 1.
	TABLE 2.
	TABLE 3.

