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OBJECTIVES: Because significantly higher mortality is observed in elderly 
patients undergoing venoarterial extracorporeal membrane oxygenation for 
refractory cardiogenic shock, decision-making in this setting is challenging. 
We aimed to elucidate predictors of unfavorable outcomes in these elderly 
(≥ 70 yr) patients.

DESIGN: Analysis of international worldwide extracorporeal life support 
organization registry.

SETTING: Refractory cardiogenic shock due to various etiologies (cardiac 
arrest excluded).

PATIENTS: Elderly patients (≥ 70 yr).

INTERVENTIONS: Venoarterial extracorporeal membrane oxygenation.

MEASUREMENTS AND MAIN RESULTS: Three age groups (70–74, 
75–79, ≥80 yr) were in-depth analyzed. Uni- and multivariable analysis were 
performed. From January 1997 to December 2018, 2,644 patients greater 
than or equal to 70 years (1,395 [52.8%] 70–74 yr old, 858 [32.5%] 75–79 yr,  
and 391 [14.8%] ≥ 80 yr old) were submitted to venoarterial extracorpo-
real membrane oxygenation for refractory cardiogenic shock with marked 
increase in the most recent years. Peripheral access was applied in ma-
jority of patients. Median extracorporeal membrane oxygenation support 
duration was 3.5 days (interquartile range: 1.6–6.1 d), (3.9 d [3.7–4.6 d] in 
patients ≥ 80 yr) (p < 0.001). Weaning from extracorporeal membrane ox-
ygenation was possible in 1,236 patients (46.7%). Overall in-hospital mor-
tality was estimated at 68.3% with highest crude mortality rates observed 
in 75–79 years old subgroup (70.1%). Complications were mostly cardio-
vascular and bleeding, without apparent differences between subgroups. 
Airway pressures, 24-hour pH after extracorporeal membrane oxygenation 
start, extracorporeal membrane oxygenation duration, and renal replace-
ment therapy were predictive of higher mortality. In-hospital mortality was 
lower in heart transplantation recipients, posttranscatheter aortic valve re-
placement, and pulmonary embolism; conversely, higher mortality followed 
extracorporeal membrane oxygenation institution after coronary artery by-
pass + valve and in decompensated chronic heart failure, and nearly 100% 
mortality followed in extracorporeal membrane oxygenation for sepsis.

CONCLUSIONS: This study confirmed the remarkable increase of veno-
arterial extracorporeal membrane oxygenation use in elderly affected by 
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refractory cardiogenic shock. Despite in-hospital 
mortality remains high, venoarterial extracorporeal 
membrane oxygenation should still be considered in 
such setting even in elderly patients, since increas-
ing age itself was not linked to increased mortality, 
whereas several predictors may guide indication 
and management.

KEY WORDS: cardiogenic shock; extracorporeal 
membrane oxygenation; extracorporeal life support

Venoarterial extracorporeal membrane ox-
ygenation (VA ECMO) is an established 
and effective therapy increasingly used 

in adults with refractory cardiogenic shock (RCS) 
(1–6). Over the last 20 years, there has been a re-
markable increase of the number of elderly patients 
supported with extracorporeal membrane oxygen-
ation (ECMO); we observed a 280% increase in 
ECMO cases in elderly patients from 2011 to 2015 
as compared to cases from 2005 to 2010 (7). More 
advanced VA ECMO technology, more confidence 
with ECMO implantation and management, and 
the inclusion of ECMO in resuscitation protocols 
have favored broader indications for ECMO use. 
Importantly, ECMO has become a valid option for 
patients previously not considered for temporary 
circulatory support to promote organ recovery or 
transition to more advanced and durable therapies. 
At the same time, however, VA ECMO is resource-
intensive and often yields a complicated post-
implantation course. In most scenarios, the only 
objective of VA ECMO in older patients is to serve 
as a “bridge to recovery,” because more advanced 
treatment modalities, such as heart transplantation 
or the use of durable left ventricular assist devices 
(LVADs), are either contraindicated or considered 
futile and inappropriate. Nonetheless, as the pop-
ulation ages, proper understanding of the use and 
impact of VA ECMO in patients of advanced age 
referred for treatment of RCS will become increas-
ingly important to determine whether VA ECMO 
support should be considered in these patients. The 
primary aim of this analysis, therefore, was to ana-
lyze data from the international extracorporeal life 
support organization (ELSO) registry, to investigate 
trends in use ECMO and outcomes and define risk 
factors associated with in-hospital mortality specific 
to elderly patients.

METHODS

The current study was conducted according to 
Strengthening the Reporting of Observational Studies 
in Epidemiology Statement and the REporting of 
studies Conducted using Observational Routinely 
collected health Data Statement guidelines. Their re-
spective checklists are available as supplementary ma-
terial (Supplemental Digital Content 1, http://links.
lww.com/CCM/F924).

Data Source and Study Population

Patient data were extracted from the ELSO registry, 
which is a worldwide voluntary registry of data re-
lated to ECMO implant in patients of all ages and 
with all conditions necessitating ECMO support in-
cluding cardiac support, respiratory support, and 
cardiopulmonary resuscitation (CPR) (8). Data for 
the ELSO Registry are collected from the contribut-
ing centers with a standardized form querying patient 
demographics, diagnosis, and procedure information; 
ECMO technique; complications during ECMO; and 
survival to hospital discharge. As of December 31, 
2018, 391 centers had provided adult and pediatric data 
to the registry with data on 19,627 VA ECMO runs in 
adult patients (>18 years old) with a cardiac etiology 
of RCS. Data from patients greater than or equal to 70 
years old supported with a single run of VA ECMO for 
RCS between January 1997 and December 2018 were 
extracted from the ELSO registry. Patients supported 
with ECMO for extracorporeal CPR (ECPR) or respi-
ratory dysfunction and patients with multiple ECMO 
runs were excluded. The requirement for informed 
consent was waived because the dataset was limited to 
nonidentifiable elements. This study was approved by 
the ELSO Registry Committee.

Main Goals and Definitions

We aimed to describe the prevalence of complica-
tions following VA ECMO in patients greater than or 
equal to 70 years old and to identify factors associated 
with in-hospital mortality. To study the relationship 
of advanced age with outcomes, we examined three 
cohorts grouped according to age thresholds: 70–74, 
75–79, and greater than or equal to 80 years. The in-
dependent variables were grouped before analysis as 
follows: demographic data, International Classification 
of Diseases diagnosis codes (reviewed by two authors 

http://links.lww.com/CCM/F924
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independently with disagreement resolved by con-
sensus), pre-ECMO variables, pre-ECMO therapies, 
and ECMO course data. The pre-ECMO variables in-
cluded CPR, chronic renal failure, time between ICU 
admission and cannulation, systolic and diastolic 
blood pressure values within 6 hours of cannulation, 
blood gases, pre-ECMO support, and ventilator set-
tings. In-hospital mortality was the primary endpoint 
for the study. All complications were categorized using 
ELSO registry categorization and included limb com-
plications, CNS complications, bleeding complica-
tions, kidney failure, and sepsis.

Statistical Analysis

Categorical data were compared with chi-square anal-
ysis and presented as frequencies with proportions. 
Continuous variables were analyzed using analysis of 
variance and reported as means with sds. To assess 
predictor variables and major morbidity, the χ2 was 
used for categorical variables. To address missing 
values, we used fully conditional specification (Markov 
chain Monte Carlo methods) for missing data (1,000 
iterations) (9). Mortality, sex, primary diagnosis, pre-
ECMO support, pre-ECMO cardiac arrest, age, Pco2, 
pH after 24 hours of support, and year of treatment 
were employed as predictors. Variables with missing 
data in greater than 5% of the patients were excluded 
from analysis.

A piecewise model was initially used to evaluate 
the association between age and in-hospital mor-
tality. An age cut-off was identified by calculating 
probabilities using 2 × 2 tables formed by the out-
come and dichotomized age for all possible thresh-
olds of age and calculating the associated χ2 statistic. 
The age with the maximum χ2 statistic was identified 
as the cut-off point. A simulation study demonstrated 
that if a cut-off point exists, maximizing the χ2 sta-
tistic can recover a true threshold for a continuous 
random variable (10). To evaluate risk predictors of 
in-hospital mortality, variables that achieved p value 
of less than 0.1 in the univariable analysis were exam-
ined using multivariable analysis with forward step-
wise logistic regression. Complications occurring in 
both groups are reported as number (%) with corre-
sponding odds ratios (ORs) and 95% CIs. All statis-
tical tests were performed in IBM SPSS Statistics 22 
(IBM Corp, Armonk, NY). A p value of less than 0.05 
was considered significant.

RESULTS

Patient Demographic Characteristics

A total of 2,644 elderly patients were included in this 
analysis. The number of patients over the age of 70 sup-
ported with VA ECMO in the ELSO registry increased 
over the study period, while mortality rates in these 
patients remained stable (p > 0.05) (Fig. 1A). To es-
tablish age cut-offs for analysis, a distribution of the 
χ2 statistic was calculated for all possible age cut-offs. 
The maximum χ2 was 4.834 with 52.8% (n = 1395) of 
patients between 70 and 74 years old, 32.5% (n = 858)  
between 75 and 79 years, and 14.8% (n = 391) of 
patients greater than or equal to 80 years old. Pre-
ECMO patient profiles stratified according to age are 
presented in Table 1. The most common origin of RCS 
among elderly patients supported with ECMO was 
nonpostcardiotomy cardiogenic shock (1,557 patients, 
58.9%). Among these, acute coronary syndrome was 
the predominant cause of cardiogenic shock in 869 
patients (32.9%). Postcardiotomy shock was noted in 
41.1% of patients and occurred in 340 patients (12.9%) 
after coronary artery bypass grafting (CABG) and 
in 10.2% (271 patients) after valve procedures; 746 
patients (28.2%) could not be weaned from cardiopul-
monary bypass.

ECMO Management and Outcomes

Peripheral cannulation was the preferred approach for 
VA ECMO placement and was used in 1,565 patients 
(59.2%). Average duration of ECMO support was 3.5 
days (range 1.6–6.1 d) in the entire cohort, 4.0 days 
(range 1.8–6.9 d) in patients from 70 to 74 years old, 
3.3 days (range 1.7–5.9 d) in 75–79-year-old patients, 
and 3.9 days (range 3.7–4.6 d) in patients greater than 
or equal to 80 years old (p < 0.001). Weaning from 
ECMO was possible in 1,236 patients (46.7%); 658 
(47.2%) were 70–74 years old, 387 (45.1%) were 75–79, 
and 191 (48.9%) were greater than or equal to 80 years 
old (Fig. 1B). Overall in-hospital mortality was esti-
mated at 68.3% (1,807/ 2,644 patients) with the highest 
crude mortality rate observed in the 75–79-year-old 
subgroup (70.1%); mortality in the 70–74 years and 
greater than or equal to 80 years age groups were 67.0% 
and 67.8%, respectively (Fig. 1A).

When stratified by primary indication for ECMO, 
higher survival was observed in heart transplant 
recipients, after transcatheter aortic valve replacement 
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(TAVR), and in patients supported after a pulmo-
nary embolism. Conversely, higher mortality followed 
ECMO institution after combined CABG and valve sur-
gery and in patients with decompensated chronic heart 
failure. Nearly 100% mortality followed in ECMO in-
stitution during treatment for sepsis (Fig. 2, A and B).  
There were no marked differences between the age 
subgroups when stratified by ECMO indication. 
Supplemental Table 1 (Supplemental Digital Content 1,  
http://links.lww.com/CCM/F924) lists univariable 
predictors of mortality in patients greater than or 
equal to 70 years old; among them, certain pre-ECMO 
variables and outcomes also predicted mortality in 
multivariable analysis and are listed in Supplemental 
Table 2 (Supplemental Digital Content 1, http://links.
lww.com/CCM/F924). Age of 75–79 years was found 
to be a mortality predictor in multivariable anal-
ysis; however, a borderline level of significance was 
observed (hazard ratio [HR], 1.37; 95% CI, 1.05–1.80; 
p = 0.05, as compared to age ≥ 80 yr: HR, 1.72; 95% CI, 
1.18–2.52; p < 0.01). Among the remaining mortality 
predictors, pre-ECMO mean airway pressure, pH 24 
hours after institution of ECMO, ECMO duration, 
and renal replacement therapy both before and dur-
ing ECMO support were independently predictive of 
higher mortality.

Complications

Figure 3 graphically represents the extent of complica-
tions that occurred while on ECMO support for RCS. 

The most common complications were cardiovascular 
(25%). Other complications included bleeding (15%), 
renal (22%), mechanical (14%), and metabolic (11%) 
complications. Limb complications and neurologic 
and infectious sequelae were observed in 13% of cases. 
There were no marked differences in the incidence of 
clinically relevant complications between the age sub-
groups. Complication rates by age subgroup and type 
of complication are available as Supplemental Figures 
1–8 (Supplemental Digital Content 1, http://links.lww.
com/CCM/F924).

Sensitivity Analysis

To corroborate our identification of predictors of mor-
tality beyond the multivariable analysis, subgroup com-
parison was performed comparing age subgroups with 
etiology of RCS, type of cannulation, and duration of 
ECMO support (Supplemental Fig. 9, Supplemental 
Digital Content 1, http://links.lww.com/CCM/F924), 
and the event rates for in-hospital mortality were 
recalculated. The lowest mortality rates (55–58%) were 
achieved in the 70–74-year-old subgroup with a dura-
tion of support between 72 and 192 hours. In contrast, 
prolonging ECMO use beyond 192 hours, particularly 
in patients greater than or equal to 75, resulted in mor-
tality rates as high as 90%. Additionally, patients on VA 
ECMO support for less than 96 hours had lower odds 
of mortality (OR, 0.79; 95% CI, 0.67–0.93; p = 0.005),  
similar odds of weaning from support (OR, 0.95; 95% 
CI, 0.81–1.11; p = 0.499), but higher odds of withdrawal 

Figure 1. The in-hospital mortality rates in elderly (≥ 70 yr) patients admitted to venoarterial extracorporeal membrane oxygenation 
(ECMO) for refractory cardiogenic shock enrolled in the Extracorporeal Life Support Organization registry in proceeding time periods (A). 
The in-hospital weaning from ECMO support and mortality according to predefined age subgroups (B). y.o. = years old.

http://links.lww.com/CCM/F924
http://links.lww.com/CCM/F924
http://links.lww.com/CCM/F924
http://links.lww.com/CCM/F924
http://links.lww.com/CCM/F924
http://links.lww.com/CCM/F924
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TABLE 1. 
Demographic and Clinical Characteristics Along Extracorporeal Membrane Oxygenation 
Support Details of Elderly Patients Stratified According to Age

Variables
Overall 

 (n = 2,644)

Age Group 
70–74 

(n = 1,395)

Age Group 
75–79 

(n = 858)

Age Group 
≥ 80 yr 

(n = 391) p

 Male, n (%) 1684 (63.7) 896 (64.2) 539 (62.8) 249 (63.7) 0.796

 Weight, kg, mean ± sd 81.0 ± 19.8 82.8 ± 20.3 80.6 ± 19.0 75.6 ± 18.8 < 0.001

Cause of cardiogenic shock, n (%)

 Postcardiotomy shock 1,087 (41.1) 541 (38.8) 375 (43.7) 171 (43.7) 0.036

  CABG 340 (12.9) 170 (12.2) 134 (15.6) 36 (9.2) 0.004

  Valve 271 (10.2) 123 (8.8) 86 (10.0) 62 (15.9) < 0.001

  CABG + valve 212 (8.0) 99 (7.1) 73 (8.5) 40 (10.2) 0.107

  Aortic 34 (1.3) 18 (1.3) 12 (1.4) 4 (1.0) 0.862

  Heart transplantation 31 (1.2) 22 (1.6) 8 (0.9) 1 (0.3) 0.111

  VAD 76 (2.9) 43 (3.1) 29 (3.4) 4 (1.0) 0.074

  Other 123 (4.7) 66 (4.7) 33 (3.8) 24 (6.1) 0.203

 Nonpostcardiotomy shock 1,557 (58.9) 541 (38.8) 375 (43.7) 171 (43.7) 0.037

  Acute coronary syndrome 869 (32.9) 854 (61.2) 483 (56.3) 220 (56.3) 0.037

  Heart failure 342 (12.9) 466 (33.4) 249 (29.0) 154 (39.4) 0.001

  Decompensated 
cardiomyopathy

106 (4.0) 221 (15.8) 97 (11.3) 24 (6.1) < 0.001

  Myocarditis 37 (1.4) 55 (3.9) 42 (4.9) 9 (2.3) 0.101

  Post transcatheter aortic 
valve replacement

97 (3.7) 28 (2.0) 9 (1.0) 0 (0.0) 0.043

  Sepsis 37 (1.4) 23 (1.6) 46 (5.4) 28 (7.2) < 0.001

  Pulmonary embolism 69 (2.6) 28 (2.0) 9 (1.0) 0 (0.0) 0.043

Hemodynamics before venoarterial ECMO, mean ± sd

 Systolic blood pressure 85.5 ± 29.5 85.3 ± 27.8 85.6 ± 30.6 86.1 ± 32.9 0.928

 Diastolic blood pressure 49.3 ± 17.0 49.9 ± 15.9 48.8 ± 17.9 48.4 ± 19.0 0.358

 Mean blood pressure 61 ± 18.5 61.4 ± 17.7 60.2 ± 18.7 61.1 ± 20.6 0.476

 Venous O2 saturation 61.1 ± 18.5 61.4 ± 18.3 59.2 ± 19.1 64.1 ± 18.0 0.267

Pre-ECMO blood gases, mean ± sd

 Pre-ECMO pH 7.28 ± 0.15 7.28 ± 0.14 7.28 ± 0.15 7.29 ± 0.15 0.478

 Pre-ECMO Hco3 19.9 ± 5.8 19.9 ± 5.9 19.8 ± 5.5 20.3 ± 6.1 0.443

 Pre-ECMO Po2 164.5 ± 129.7 153.9 ± 121.2 171.9 ± 136.2 187.5 ± 141.1 < 0.001

 Pre-ECMO Fio2 83.1 ± 22.9 83.0 ± 22.7 82.5 ± 23.5 84.5 ± 22.4 0.552

 Pre-ECMO arterial oxygen 
saturation

92.6 ± 12.5 92.6 ± 11.5 92.6 ± 13.8 92.9 ± 13.1 0.948

 Pre-ECMO Pco2 41.8 ± 17.2 41.7 ± 16.2 42.6 ± 19.8 40.5 ± 13.7 0.232

(Continued )



Copyright © 2020 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Kowalewski et al

12     www.ccmjournal.org January 2021 • Volume 49 • Number 1

for futility (OR, 3.21; 95% CIs, 1.74–5.93; p < 0.001) 
as compared with patients on support for greater than 
96 hours. There were no marked differences between 
mortality rates when ECMO was used to treat postcar-
diotomy versus nonpostcardiotomy cardiogenic shock 
or between cannulation techniques in these elderly 
patients.

DISCUSSION

Previous investigations comparing elderly and younger 
patients undergoing VA ECMO for RCS showed that 
in-hospital mortality is significantly higher in elderly 
patients (11). Not surprisingly, mortality rates vary in 
reports of outcomes in elderly patients supported by 
VA ECMO (7, 11–14). Reasons for this variation are 
multifactorial and include different age thresholds to 
define elderly patient populations, different etiologies 
of cardiogenic shock, and pooling together patients 
supported with VA ECMO and venovenous ECMO. 
The different risk profiles and different indications 
for ECMO support seem to be the most important 
contributors to the variation between reports. In 
addition, previous studies are mostly single-center 

experiences, which are often subjective to selection 
bias. Nevertheless, increasing age has been specu-
lated as a secondary outcome predictor. Indeed, our 
recent study using the ELSO registry (7) showed that 
overall outcomes for elderly patients did not appear 
unacceptable, which suggested that VA ECMO might 
be considered to treat RCS in these patients. Patient 
selection, however, may play a critical role particu-
larly for optimizing resources and the chances of fa-
vorable results. A paucity of data remains on the use 
of VA ECMO in such a challenging setting, and it is 
crucial to know what age threshold among elderly 
patients (e.g. > 75 yr or > 80 yr) affects their clinical 
outcomes. Many ECMO programs entertain some-
what arbitrary upper age limits for ECMO use. Some 
investigators have even suggested that age greater 
than 75 years should be viewed as a contraindication 
for ECMO support. However, a growing number of 
elderly patients have been treated recently, and this 
trend seems likely to continue. Some physicians spec-
ulate that temporary circulatory support should not 
be denied solely on the basis of patient age, but that 
the decision should be made based on reversibility, 
and expected duration of cardiogenic shock with 

Pre-ECMO support, n (%)

 Intra-aortic balloon pump 732 (27.7) 397 (28.5) 247 (28.8) 88 (22.5) 0.046

 Cardiopulmonary bypass 746 (28.2) 359 (25.7) 259 (30.2) 128 (32.7) 0.007

 Nitrix oxide 149 (5.6) 83 (5.9) 56 (6.5) 10 (2.6) 0.014

 Pacemaker 223 (8.4) 113 (8.1) 77 (9.0) 33 (8.4) 0.769

 Inotropes 1538 (58.2) 821 (58.9) 503 (58.6) 214 (54.7) 0.326

 Left VAD 96 (3.6) 58 (4.2) 33 (3.8) 5 (1.3) 0.025

ECMO support details

 Peripheral cannulation, n (%) 1,565 (59.2) 850 (60.9) 478 (55.7) 237 (60.6) 0.041

 Days on ECMO, median 
(interquartile range)

3.5 (1.6–6.1) 4.0 (1.8–6.9) 3.3 (1.7–5.9) 3.9 (3.7–4.6) < 0.001

CABG = coronary artery bypass grafting, ECMO = extracorporeal membrane oxygenation, VAD = ventricle assist device. 

TABLE 1. (Continued ). 
Demographic and Clinical Characteristics Along Extracorporeal Membrane Oxygenation 
Support Details of Elderly Patients Stratified According to Age

Variables
Overall 

 (n = 2,644)

Age Group 
70–74 

(n = 1,395)

Age Group 
75–79 

(n = 858)

Age Group 
≥ 80 yr 

(n = 391) p
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consideration of comorbid conditions likely to im-
pact patient survival. Indeed, elderly patients in RCS 
often have significant and complex comorbidities 
that can affect outcomes. Defining optimized deci-
sion-making criteria and optimal candidate selection 

for elderly patients eli-
gible for VA ECMO due to 
RCS has been, until now, 
understudied.

Main Study Findings

The current study is the 
largest analysis to date 
of outcomes in elderly 
patients undergoing VA 
ECMO. It is also the first 
to address, on such scale, 
the trends of ECMO appli-
cation and use and mor-
tality predictors in elderly 
patients supported by VA 
ECMO for RCS. Our study 
showed that VA ECMO 
use in elderly patients is 
exponentially increasing; 
it also demonstrated that 
a relevant number of eld-
erly patients undergo VA 
ECMO placement because 
of postcardiotomy cardio-
genic shock, that overall 
in-hospital mortality in 
this challenging setting is 
not prohibitive, and that 
recently trends in use have 
been rather stable. This is 
most likely due to careful 
patient selection. When we 
assessed age-adjusted out-
comes, even the patients 
with the most advanced 
ages (i.e. ≥ 80 yr) had in-
hospital outcomes that do 
not discourage or contra-
indicate the use of ECMO 
for RCS in older patients. 
Cardiovascular complica-

tions were the most frequent adverse event, followed 
by bleeding, renal, and neurologic complications. Last, 
pre-ECMO factors, indication for ECMO support, 
renal complication with dialysis, and ECMO duration 
were negative predictors of in-hospital survival.

Figure 2. Analysis of in-hospital mortality stratified by the type of primary surgery (A) and 
in nonpostcardiotomy setting (B). ACS = acute coronary syndrome, CABG = coronary artery 
bypass grafting, DCM = decompensated cardiomyopathy, HTx = heart transplantation,  
PE = pulmonary embolism, TAVR = transcatheter aortic valve replacement, VAD = ventricle 
assist device, y.o. = years old.
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Temporary mechanical circulatory support (MCS) 
is being increasingly used in patients affected by acute 
heart failure (15). In an analysis of the Nationwide 
Inpatient Sample from 2011 to 2014 that included al-
most 12,000 patients undergoing short-term cardio-
circulatory assistance, use of a percutaneous device 
increased by 1,511%, whereas use of a nonpercuta-
neous device increased by 101% (2). More interest-
ingly, MCS implants increased from 39.6% to 47.2% 
of patients older than 65 years old among the overall 
study population, indicating a higher consideration 
of MCS use in these patients. Another recent anal-
ysis of patients treated from 2004 to 2014 showed that 
among MCS types, ECMO had the highest increase in 
use (1,421.4%). The use of other types of short-term 
MCS increased 1229.2%, use of percutaneous cardio-
circulatory support increased 216.7%, and used of the 
intra-aortic balloon pump increased 140% (16).

Despite increasing use and expertise, VA ECMO is 
an aggressive treatment option in patients with com-
plex conditions and is therefore associated with high 
complication and mortality rates (7). The search for 
predictors of mortality and complications is critical 
to improve results, resource utilization, and deci-
sion-making when treating patients with challenging 
conditions (17). Among several well-known fac-
tors, age has been identified as associated with less  
satisfactory in-hospital outcomes (Supplemental 

Table 3, Supplemental 
Digital Content 1, http://
links.lww.com/CCM/F924)  
(7, 11, 12, 14, 16–22). 
Indeed, our recent ELSO 
registry analysis compar-
ing younger (< 70 yr of 
age) versus older (≥ 70 yr 
of age) patients confirmed 
that elderly patients are 
more likely to experience 
complications and in-hos-
pital mortality. However, in 
that study, as in this study, 
the in-hospital mortality 
rate was not discouraging, 
suggesting that age itself 
should not be considered 
an absolute contraindica-
tion for short-term use of 

VA ECMO in patients with RCS (7).
Elderly patients have a somehow peculiar profile 

with respect to their indications for ECMO support. 
Indeed, the most frequent indication for ECMO use in 
the current series was nonpostcardiotomy cardiogenic 
shock, which differs from the most frequent indica-
tion in previous series of elderly patients (18, 19, 23).  
Although postcardiotomy patients older than 70 years 
old are healthier at baseline than the general elderly 
population due to the fact that they were cleared to 
undergo major surgery, surprisingly, postoperative 
indications for VA ECMO placement are less common 
in older patients as compared to their younger coun-
terparts (7). This may indicate that clinicians are less 
inclined to consider and accept the use of temporary 
support in elderly patients after surgery.

Our findings are relevant because they indicate that 
although old age is linked to limited success, age was 
not directly associated with an ominous prognosis. 
Indeed, patients in the 75–79 age group had somehow 
worse outcomes than patients of more advanced age, 
suggesting that careful selection, although not yet 
standardized by evidence-based data, may still lead to 
favorable results. We were able to identify subgroups 
of elderly patients with up to 50% survival with ECMO 
support, which is comparable with their younger coun-
terparts. Specifically, patients who are 70–74 years old 
in whom the duration of support does not exceed  

Figure 3. Overall complications rates in the ELSO registry analysis. y.o. = years old.

http://links.lww.com/CCM/F924
http://links.lww.com/CCM/F924
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192 hours are most likely to benefit from ECMO sup-
port for RCS. Patients kept on ECMO for less than 96 
hours have greater than 20% lower odds of mortality 
than those supported for more than 96 hours. Similarly, 
lower mortality was observed in heart transplantation 
recipients, post-TAVR and in patients with pulmonary 
embolism. On the other hand, sepsis almost always 
had an ominous prognosis in elderly patients, and 
higher mortality rates were also observed on ECMO 
following CABG+valve surgery.

Peripheral cannulation was used more frequently 
than central cannulation in the study group. This is in 
accordance with the findings of Sertic et al (19) who 
showed that central cannulation is associated with 
worse outcomes in older patients but may be related to 
poor clinical condition of the postcardiotomy patients, 
however. The use of VA ECMO for postcardiotomy 
support has been recently associated with poor results 
most likely because of pre-ECMO comorbidities, the 
impact of preoperative cardiac illnesses and compli-
cated surgical procedures, and complications inherent 
to these procedures, such as bleeding (6). The use of 
VA ECMO for support of RCS of other etiologies may 
yield better results. Sertic et al (19) demonstrated that 
postacute myocardial infarction ECMO placement had 
better outcomes, which was confirmed in a postdis-
charge assessment. In fact, patients with an acute my-
ocardial infarction often have undergone an escalation 
in support with an intra-aortic balloon pump or Impella 
pump (Abiomed, Inc. Danvers, MA) placed before es-
calation to ECMO, which is different from ECMO use 
in the postcardiotomy setting. Escalation may occur 
due to failure of MCS, vascular complications, or pro-
gression of shock with development of renal failure and 
rising lactates levels, which can often result in patients 
lingering in shock for a prolonged time.

Complications rates remain high during VA ECMO 
support (24–26), and our study confirmed the high 
frequency of major complications in elderly patients 
supported with VA ECMO. We confirmed that cardi-
ovascular and end-organ perfusion adverse events are 
the most frequent complications, followed by bleeding 
and renal complications, as shown by other investiga-
tors (18, 19). These dreadful complications may result 
in a shorter duration of ECMO support, which may 
impede acceptable cardiocirculatory support or in-
dicate an extremely low chance of recovery, prompt-
ing the attending personnel to early interruption of 

ongoing mechanical assistance (19). Accordingly, we 
observed greater than three-fold higher odds of with-
drawal of support in patients with less than 96 hours 
of extracorporeal life support. The attitude toward 
withdrawal of support is also related to the almost 
unique bridge-to-recovery path often imminent in 
elderly patients with RCS supported with VA ECMO, 
because more advanced forms of therapy (LVADs or 
heart transplantation) are almost inaccessible to this 
patient population.

The decision to implant or continue temporary MCS 
is often difficult, and some clinicians may avoid or limit 
the indications for temporary MCS in elderly patients 
to reduce resource consumption by a procedure with 
limitedly success. From a clinical perspective, the ma-
jority of centers look at the patient’s physical and neu-
rologic status prior to the event necessitating ECMO, 
the severity of insult, the duration and degree of shock, 
the presence of prior cardiac arrest, and associated 
medical comorbidities when selecting potential candi-
dates for ECMO therapy. The availability of indicators 
of more favorable outcomes, therefore, might be pre-
cious in guiding clinical management, either prior to 
or during ECMO support. High lactate levels at ECMO 
implant and renal failure, particularly renal failure 
requiring dialysis, have been shown to independently 
predict unfavorable results in all VA ECMO patients, 
but particularly in elderly patients. Our data confirm 
such negative predictors and add pre-ECMO circula-
tory state and ECMO duration as additional factors to 
consider. The etiology of RCS may be also associated 
with more favorable conditions for recovery. Patients 
supported with ECMO for acute cardiogenic shock 
have a considerable chance of survival as compared 
with patients who require support for acute decom-
pensation of chronic heart failure, the presence of car-
diac arrest, or prolonged low-flow time during CPR at 
ECMO implant, which are associated with almost no 
chance of survival (19, 22).

Based on our finding and insights from previous 
studies, improved patient selection might be feasible, 
taking into consideration preimplant conditions that 
are linked to more or less favorable outcomes (Fig. 4).

Limitations

This study has several limitations. The data in the 
ELSO registry are submitted voluntarily and limited 
to in-hospital events with no follow-up information. 
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Data on ECMO flow velocities, anticoagulation, mon-
itoring, and the personnel involved in ECMO insti-
tution are not available. Retrospectively collected 
data are subject to changing definitions over time, 
more than 20 years in this study. There were com-
plete data for the outcome variable of death, but ar-
terial systolic, diastolic, and mean blood pressures; 
pulmonary artery systolic, diastolic, and mean blood 
pressures; weight; arterial oxygen saturation; peak in-
flation pressure after 24 hours on ECMO; and mean 
airway pressure after 24 hours on ECMO all had some 
missing data. The size of the database and our use of 
multiple conditional specification methods helped 
us to mitigate potential bias related to missing data. 
Nevertheless, it is possible that missing data might 
have affected the study findings. In addition, our find-
ings must be interpreted with caution because the dis-
tribution of ages in the cohort was narrow, and there 
were few patients at the extreme ages. Indeed, limited 

access to elderly patients supported by ECMO should 
be taken into account, as many clinicians do not con-
sider ECMO as an option in the presence of RCS of 
various etiologies in these patients. There was also an 
intentional lack of a younger control group, princi-
pally because we aimed to identify mortality predic-
tors not affected by increasing age itself. Additionally, 
a previous analysis by our group addressed trends in 
outcomes and applications of VA ECMO in elderly 
versus younger patients (7). Our analysis of the ELSO 
registry addressed only RCS cases; we did not inves-
tigate the role and efficacy of VA ECMO in the set-
ting of ECPR, because this had been described in a 
previous publication using the same registry database 
(20). Finally, patient survival and outcome were lim-
ited to in-hospital events because the ELSO registry 
does not include follow-up data collection after hos-
pital discharge. Further clinical research of postdis-
charge outcomes is therefore warranted.

Figure 4. Summary of preimplant criteria to be considered in the extracorporeal membrane oxygenation (ECMO) decision-making in the 
elderly patients according to the survival probability. APACHE II = Acute Physiology and Chronic Health Evaluation II, CABG = coronary 
artery bypass grafting, HTx = heart transplantation, PCI = percutaneous coronary intervention, SAPS II = Simplified Acute Physiology 
Score II, TAVR = transcatheter aortic valve replacement, y.o. = years old.
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CONCLUSIONS

The use of VA ECMO for the treatment of RCS in 
elderly patients is remarkably increasing. In-hospital 
complication and mortality rates remain high but are 
not prohibitive and should not discourage ECMO use 
in this challenging setting. Patient status at ECMO im-
plant, etiology, complication type, ECMO duration, 
and to a lesser degree advanced age are critical factors 
to take into consideration during decision-making 
prior to VA ECMO implantation.
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