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Abstract Objective: To evaluate
clinical and treatment factors for
patients recorded in the Extracorpo-
real Life Support Organization
(ELSO) registry and survival of adult
extracorporeal membrane oxygena-
tion (ECMO) respiratory failure
patients. Design and patients: Ret-
rospective case review of the ELSO
registry from 1986–2006. Data were
analyzed separately for the entire
time period and the most recent years
(2002–2006). Results: Of 1,473
patients, 50% survived to discharge.
Median age was 34 years. Most
patients (78%) were supported with
venovenous ECMO. In a multi-vari-
ate logistic regression model, pre-
ECMO factors including increasing
age, decreased weight, days on
mechanical ventilation before
ECMO, arterial blood pH B 7.18,
and Hispanic and Asian race com-
pared to white race were associated
with increased odds of death. For the
most recent years (n = 600), age and
PaCO2 C 70 compared to
PaCO2 B 44 were also associated
with increased odds of death. The two

diagnostic categories acute respira-
tory failure and asthma compared to
ARDS were associated with
decreased odds of mortality as was
venovenous compared to venoarterial
mode. CPR and complications while
on ECMO including circuit rupture,
central nervous system infarction or
hemorrhage, gastrointestinal or
pulmonary hemorrhage, and arterial
blood pH \ 7.2 or [7.6 were associ-
ated with increased odds of death.
Conclusions: Survival among this
cohort of adults with severe respira-
tory failure supported with ECMO
was 50%. Advanced patient age,
increased pre-ECMO ventilation
duration, diagnosis category and
complications while on ECMO were
associated with mortality. Prospective
studies are needed to evaluate the role
of this complex support mode.

Keywords Extracorporeal Life
Support Organization (ELSO) �
Acute respiratory distress syndrome
(ARDS) � Pneumonia � Survival �
Complications

Introduction

Extracorporeal membrane oxygenation (ECMO) was first
used in adults with respiratory failure in the 1970s [1]. A
multi-center randomized trial failed to identify any benefit
from ECMO—with mortality greater than 90% in both

study and control groups—which discouraged widespread
application of ECMO in adults [2]. The study was closed
prematurely and later criticized for shortcomings includ-
ing exclusive use of venoarterial (VA) ECMO, lack of
established ECMO experience in many centers, extensive
blood loss among ECMO patients, prolonged mechanical
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ventilation preceding ECMO and lack of ‘‘lung rest’’
ventilator settings among the ECMO patients [3]. In an
uncontrolled study in 1986, Gatttioni et al. reported
improved outcome with extracorporeal CO2 (ECCO2R)
removal (49% survival) [4]. A randomized trial of
ECCO2R reported no survival benefit for ECCO2 (33 vs.
41% for controls) [5]. These results and successful
application of ECMO support in neonates [6–8] and
children [9] encouraged cautious reapplication in adults in
the 1990s [10].

The modern era of ECMO for adults with respiratory
failure was pioneered by Bartlett et al. [10, 11]. Their
results and those at other institutions showed that ECMO
could be applied with encouraging survival, exceeding
50% [12–19]. In a recently completed, multi-center ran-
domized controlled trial, the conventional ventilation or
ECMO for severe respiratory failure (CESAR trial),
ECMO demonstrated a survival benefit at 6 months [20,
21]. These results must, however, be interpreted in light
of an unusual randomization strategy in which all ECMO
patients were treated at one center and control patients
remained at the referring center.

The Extracorporeal Life Support Organization (ELSO)
has collected data on ECMO patients from international
centers since 1986 and thus represents a cross section of
ECMO practice. Submission of cases to ELSO is volun-
tary. We analyzed the ELSO data registry for adult
patients with respiratory failure to describe the population
and determine factors associated with hospital survival.
We hypothesized that older patients and prolonged
duration of mechanical ventilation prior to ECMO would
be associated with increased odds of death.

Materials and methods

We queried the ELSO registry for adult patients
(age C16 years) with respiratory failure from 1986
through 2006. Currently, data from 116 US and 14
international centers are submitted on standardized ELSO
forms. Each institution approves data reported to the
registry through their local institutional review board
(IRB). Data are limited to the hospitalization that includes
the ECMO run. The decision to employ ECMO is made at
each center without standardization. Studies of the ELSO
database are approved as analyses of de-identified data by
the Registry Committee of ELSO and the University of
Michigan IRB.

Only data from the initial ECMO run were included.
Variables analyzed included demographic information,
ICD-09 diagnosis codes (reviewed by two authors inde-
pendently and disagreement resolved after review by a
third author), ECMO mode, duration and complications.
Patients were also classified as having a primary (e.g.,
pneumonia) or secondary (e.g., sepsis) lung injury.

Survival was to hospital discharge. Patient race was cat-
egorized as African American, Asian, Hispanic, white and
‘‘other.’’ ECMO mode was categorized as VA, venove-
nous (VV), VV to VA and miscellaneous. VA mode with
additional venous drainage (VA ? V) and VA to VV
modes were included in the VA category, while VV ? V
mode was coded as VV. Mechanical ventilation was
classified as high frequency (HFV) for high frequency
oscillatory or jet ventilation, while all other ventilation
modes were grouped as conventional mechanical
ventilation.

Other pre-ECMO variables included cardiopulmonary
resuscitation (CPR), documented infections, mechanical
ventilation parameters, arterial blood gas data and
hemodynamic data (including systolic, diastolic and mean
blood pressure). PaO2/FiO2 and AaDO2 were calculated
from the data provided.

Complications occurring only during ECMO support
were evaluated. Mechanical complications included
malfunction of any component of the circuit. Circuit clots
and tubing rupture were analyzed separately. Patient
complications were evaluated by organ system. Radio-
graphic evidence of neurologic injury included infarction
or CNS hemorrhage. Renal insufficiency (serum creati-
nine from 1.5 to 3.0 mg/dl) and renal failure (serum
creatinine [3.0 mg/dl) were combined in the multivari-
able model as ‘‘renal dysfunction.’’ Renal replacement
therapy included dialysis or continuous hemofiltration.
Hypo- and hyperglycemia were defined as serum glucose
\40 and [240 mg/dl, respectively. Complications were
analyzed based on survival to discharge and also upon
initial mode of ECMO. Patients were divided into time
quartiles to assess trends over the course of the study.
Summary data for the most recent years (2002–2006)
were reported in addition to those for the entire study.

Statistical analysis

Demographic, pre-ECMO and ECMO support details and
ECMO complications were compared for patients who
survived to hospital discharge with those who died. The
Mann–Whitney U test was used to compare continuous
data and the Pearson’s chi-square test for categorical data.
The Fisher exact test was employed when expected counts
in[20% of cells were\5. Trends in ECMO use over time
were compared using the Mantel–Haenszel chi-square for
linear association. Continuous variables when analyzed
by quartiles of the study period were analyzed by analysis
of variance (ANOVA) using Tukey’s b post hoc test for
changes over time.

Candidate variables for inclusion in a multivariable
logistic regression model to predict death were chosen
from the bivariate analysis. Variables missing data in
excess of 30% of cases were excluded. Criteria for vari-
able selection were set at a p value of 0.1. A forward
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selection process was used for entry of variables into the
model. The variable pH was divided into the lowest
quartile (pH \ 7.18), middle two quartiles (pH 7.18–7.36)
and highest quartiles (pH [ 7.36). Data were received in
Excel (Microsoft Inc., Redmond, WA) then transferred to
a SPSS file version 14.0 software (SPSS Inc, Chicago,
IL). Data were reported as frequency (n) with proportion
(%), or median values with inter-quartile range (25th,
75th percentile). Statistical significance was defined as
a p value \ 0.05. The authors had full access to the data
and take responsibility for its integrity.

Results

Study population

A total of 1,473 patients (1,519 ECMO runs) were sup-
ported with ECMO for respiratory failure from 1986–
2006. Forty-three patients (3%) had a second run, and
three patients (0.2%) had a third run. Survival for the
index ECMO run was 50% (Table 1). The patient median
age was 34 years (range: 16.0–84.2 years), and median
weight was 75 kg (range: 46–168 kg). The majority of
patients were initially supported with VV ECMO (78%),
and the median time of support was 154 h [interquartile
range (IQR): 75, 284 h]. From 2002–2006, 600 patients

were supported with ECMO with 50% survival. Survival
did not improve with time, although the number of
patients increased each year (data not shown).

Survivors were significantly younger and weighed
more than non-survivors (Table 1). No survival difference
existed by gender. Survival varied significantly by race
and by diagnostic category. Patients with primary lung
injury (n = 819) had 53% survival, while those with
secondary lung injury (n = 654) demonstrated 48% sur-
vival (p = 0.06). In the most recent years, patients with
primary lung disease (n = 255) again had a non-signifi-
cant trend for increased survival (53% vs. 48%,
p = 0.32).

Differences in pre-ECMO and ECMO support
variables between survivors and non-survivors

For evaluated pre-ECMO therapies, no differences existed
between survivors and non-survivors except in the use of
neuromuscular blockade (NMB) (Table 2). For the most
recent years no significant difference in pre-ECMO
therapies was present. Survivors had significantly shorter
time on mechanical ventilation before ECMO. No
differences in pre-ECMO ventilator settings, cardiopul-
monary arrests or infections existed. When pre-ECMO
blood gas data were evaluated, survivors had a

Table 1 Demographic features of survivors and non-survivors supported with ECMO for respiratory failure

Variable All patients (1986–2006) Most recent patients (2002–2006)

Survivor
(n = 741)

Non-survivors
(n = 732)

p value Survivors
(n = 301)

Non-survivors
(n = 299)

p value

Age (years), median (IQR) 32.1 (21.8, 44.2) 37.8 (23.5, 51.8) \0.001 33.2 (21.7, 46.2) 41.2 (24.6, 55.0) \0.001
Gender, n (%) 0.37 0.72
Female 248 (33) 255 (37) 131 (44) 134 (45)
Male 293 (40) 270 (35) 169 (56) 163 (55)
Missing 200 (27) 207 (28) 1 (0) 3 (1)

Body weight (kg), median (IQR) 76.0 (62.0, 90.0) 72.0 (60.0, 90.0) \0.001 76.5 (65.1, 90.0) 74.7 (60.0, 90.0) 0.045
Race, n (%) 0.001 0.037
Asian 42 (6) 71 (10) 37 (12) 59 (20)
Black 59 (8) 63 (9) 34 (11) 26 (9)
Hispanic 9 (1) 22 (3) 6 (2) 13 (4)
White 401 (54) 334 (56) 216 (72) 191 (64)
Other 14 (2) 12 (2) 8 (3) 8 (3)
Missing 216 (29) 229 (31) 0 (0) 3 (1)

Diagnostic groups, n (%) 0.001 0.01
ARDS 221 (30) 227 (31) 73 (24) 77 (26)
Pneumonia 199 (27) 179 (24) 61 (20) 52 (17)
Acute respiratory failure 53 (7) 42 (6) 22 (7) 10 (3)
Trauma 50 (7) 38 (5) 35 (12) 26 (9)
Aspiration pneumonitis 26 (4) 15 (2) 9 (3) 3 (1)
Sepsis 29 (4) 36 (5) 13 (4) 23 (8)
Asthma 23 (3) 6 (1) 8 (3) 3 (1)
Miscellaneous 140 (19) 189 (26) 80 (27) 105 (35)

ARDS Acute respiratory distress syndrome
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significantly higher pH and lower arterial PCO2 than non-
survivors. No statistical differences existed in pre-ECMO
vital signs (data not shown).

Duration of ECMO support did not differ between
non-survivors and survivors (Table 2). However, patients
supported with VV ECMO had significantly greater odds
of survival compared to VA patients. After 24 h on
ECMO, survivors had a significantly lower PIP and
FiO2. In the most recent years, only FiO2 was signifi-
cantly lower in the survivors. Few patients required

bridge to lung transplantation with no difference
between groups.

ECMO complications and survival

Non-survivors had a higher rate of ECMO complications
including circuit mechanical complications and rupture
(Table 3). The incidence of circuit clots did not differ
between groups. Brain death occurred in 5% of all

Table 2 Pre-ECMO parameters and variables after institution of ECMO by survival group for adults with respiratory failure

Variable All patients (1986–2006) Most recent patients (2002–2006)

Survivors
(n = 741)

Non-survivors
(n = 732)

p value Survivors
(n = 301)

Non-survivors
(n = 299)

p value

Special pre-ECMO therapies, n (%)
High frequency ventilation 35 (5) 35 (5) 0.91 27 (9) 23 (8) 0.62
Inotropic agents/vasopressors 419 (57) 387 (53) 0.16 255 (85) 238 (80) 0.10
Vasodilators 111 (15) 89 (12) 0.11 59 (20) 58 (19) 0.95
Intra-aortic balloon pump 6 (1) 9 (1) 0.42 5 (2) 6 (2) 0.75
Inhaled nitric oxide 88 (12) 103 (16) 0.21 55 (18) 63 (21) 0.39
Neuromuscular blockade 321 (43) 263 (36) 0.004 181 (60) 157 (53) 0.06
Bicarbonate infusion 120 (16) 128 (17) 0.51 60 (20) 77 (26) 0.90

Mechanical ventilation parameters: median (IQR)
Hours of ventilation 42 (15, 120) 65 (21, 161) \0.001 38 (16, 124) 50 (19, 146) 0.12

Ventilator settings: median (IQR)
Peak inspiratory pressure (cm H2O) 40 (34, 45) 40 (35, 48) 0.07 39 (35, 45) 40 (35, 48) 0.11
Mean airway pressure (cm H2O) 26 (20, 30) 26 (20, 33) 0.22 27 (20, 30) 25 (20, 32) 0.99
Positive end expiratory pressure

(cm H2O)
12 (10, 16) 14 (10, 16) 0.30 12 (10, 17) 14 (10, 17) 0.82

Fraction inspired oxygen 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 0.81 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 0.10
Rate 20 (14, 25) 20 (15, 26) 0.10 20 (15, 25) 20 (16, 26) 0.29

Pre-ECMO complications, n (%)
Cardiac arrest 48 (6) 64 (9) 0.10 28 (9) 36 (12) 0.28
Infections 189 (26) 175 (24) 0.48 100 (33) 110 (37) 0.36

Pre ECMO blood gas data: median (IQR)
pH 7.29 (7.20, 7.38) 7.26 (7.16, 7.36) \0.001 7.28 (7.18, 7.36) 7.25 (7.14, 7.34) 0.007
PaCO2 (torr) 51 (41, 64) 56 (44, 72) 0.03 53 (43, 65) 58 (45, 76) 0.02
PaO2 (torr) 55 (45, 71) 55 (44, 68) 0.56 55 (45, 71) 58 (45, 71) 0.66
PaO2/FiO2 (torr) 57 (46, 75) 57 (45, 71) 0.49 59 (45, 74) 59 (45, 74) 0.89
AaDO2 (torr) 586 (546, 608) 581 (538, 602) 0.04 584 (538, 606) 575 (534, 599) 0.72
SaO2 (%) 87 (78, 93) 85 (75, 91) 0.01 86 (77, 92) 86 (76, 92) 0.26
ECMO duration (h) median (IQR) 144 (86, 251) 162 (64, 338) 0.31 150 (81, 249) 133 (50, 286) 0.09

ECMO mode n (%) \0.001 \0.001
Venoarterial 116 (16) 181 (25) 63 (21) 100 (33)
Venovenous 405 (55) 298 (41) 222 (74) 173 (58)
Venovenous to venoarterial 10 (1) 40 (5) 6 (2) 18 (6)
Other 16 (2) 16 (2) 10 (3) 7 (2)
Missing 194 (26) 197 (27) 0 (0) 1 (0)

ECMO 24-h ventilator settings: median (IQR)
Peak inspiratory pressure (cm H2O) 28 (24, 32) 30 (25, 35) \0.001 28 (24, 32) 28 (24, 34) 0.07
Mean airway pressure (cm H2O) 16 (13, 22) 17 (14, 22) 0.53 16 (13, 21) 15 (13, 20) 0.97
Positive end expiratory pressure (cm

H2O)
10 (10, 12) 10 (9, 12) 0.68 10 (8, 14) 10 (8, 12) 0.68

Fraction inspired oxygen 0.4 (0.3, 0.5) 0.5 (0.4, 0.65) \0.001 50 (40, 51) 50 (40, 71) \0.001
Rate 10 (10, 14) 10 (8, 14) 0.85 10 (10, 15) 10 (8, 15) 0.68
Bridge to transplant n (%) 11 (1) 8 (1) 0.51 7 (2) 4 (1) 0.37

PaCO2 Partial pressure of carbon dioxide in arterial blood, PaO2 partial pressure of oxygen in arterial blood, AaDO2 alveolar-arterial
oxygen difference, SaO2 arterial oxygen saturations
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patients (6% in 2002–2006). Radiographic evidence of
CNS injury occurred more commonly among non-survi-
vors, but seizures did not; however, both complications
were more common in the most recent years. Non-sur-
vivors showed significantly higher rates of all renal
complications. These differences were similar in the most
recent years except for renal failure. Surgical, GI and
pulmonary hemorrhages were more frequent in non-sur-
vivors, but in the most recent years surgical bleeding was
no longer significant. Hyperglycemia and arterial
pH \ 7.20 or pH [ 7.60, receipt of CPR or inotropic
infusions, infections, arrythmias and pneumothorax
occurred more frequently while on ECMO in non-
survivors.

The rates of complications occurring on ECMO were
compared according to initial mode of ECMO deployed.
Complications occurred more commonly among patients
started on VA ECMO including circuit rupture, brain
death, renal insufficiency, renal failure, surgical and pul-
monary hemorrhage, hyperglycemia, arterial alkalosis
(pH [ 7.60) and the receipt of inotropic infusions.
However, patients who originally received VV ECMO

had higher rates of pneumothorax, leukopenia and CPR.
Of the 95 patients in the VV group who received CPR,
7 (7%) were converted to VA ECMO.

Differences in pre-ECMO and ECMO variables
analyzed over the duration of the study

When the period of data acquisition was divided into
quartiles, patient age, weight, male gender, rate of pre-
ECMO cardiac arrest and infections increased signifi-
cantly over time (Table 4). Adjunctive therapies
including cardioactive medications, inhaled NO, NMB
and bicarbonate became more common throughout the
data acquisition period. Patients had decreasing time on
the ventilator, arterial pH and increasing PaCO2 prior to
ECMO.

When complications on ECMO were analyzed over
time (Table 5), circuit rupture and pneumothorax
became less frequent, but circuit clots, renal insuffi-
ciency, renal replacement therapies, pulmonary
hemorrhage, inotropic medications, hyperglycemia,

Table 3 ECMO complications after placement on ECMO by survival group

Variable All patients (1986–2006) Most recent patients (2002–2006)

Survivors
(n = 741)

Non-survivors
(n = 732)

p value Survivors
(n = 301)

Non-survivors
(n = 299)

p value

Circuit complications, n (%)
Mechanical 186 (25) 265 (36) \0.001 75 (25) 108 (36) 0.003
Circuit rupture 19 (3) 45 (6) 0.001 1 (0) 8 (3) 0.018
Circuit clot 124 (17) 132 (8) 0.51 54 (18) 67 (22) 0.173

Brain injury, n (%)
Seizures 11 (1) 21 (3) 0.07 2 (1) 9 (3) 0.03
Radiographic evidence of CNS infarction or hemorrhage 13 (2) 51 (7) \0.001 5 (2) 27 (9) \0.001
Brain death 0 72 (10) * 0 (0) 35 (12) *
Renal complications, n (%)
Renal insufficiency 97 (13) 191 (26) \0.001 51 (17) 83 (28) 0.001
Renal failure 73 (10) 135 (18) \0.001 34 (11) 46 (15) 0.14
Renal replacement therapies 258 (35) 390 (53) \0.001 127 (42) 163 (55) 0.003

Hemorrhage, n (%)
Surgical hemorrhage 181 (24) 260 (36) \0.001 87 (29) 105 (35) 0.10
Gastrointestinal hemorrhage 15 (2) 54 (7) \0.001 6 (2) 24 (8) 0.001
Pulmonary hemorrhage 24 (3) 79 (11) \0.001 18 (6) 46 (15) \0.001

Metabolic, n (%)
Hypoglycemia 6 (1) 12 (2) 0.147 3 (1) 6 (2) 0.31
Hyperglycemia 109 (15) 157 (21) 0.001 44 (15) 65 (22) 0.02
Arterial blood pH \ 7.20 24 (3) 70 (10) \0.001 15 (5) 43 (14) \0.001
Arterial blood pH [ 7.60 9 (1) 28 (4) 0.001 7 (2) 26 (9) 0.001

Other, n (%)
White blood cell count \1,500 cells/mm3 12 (2) 23 (3) 0.06 3 (1) 7 (2) 0.20
Cardiopulmonary resuscitation 32 (4) 129 (18) \0.001 15 (5) 49 (16) \0.001
Inotropic medications 345 (47) 511 (70) \0.001 156 (52) 201 (67) \0.001
Documented infections 126 (17) 204 (28) \0.001 52 (17) 85 (28) 0.001
Pneumothorax 78 (11) 133 (18) \0.001 34 (11) 36 (12) 0.78
Arrhythmias 88 (12) 196 (27) \0.001 26 (9) 64 (21) \0.001
Hypertension 44 (6) 45 (6) 0.87 27 (9) 21 (7) 0.38

CNS Central nervous system
*Could not calculate a p value

2109



Table 4 Pre-ECMO and ECMO parameters analyzed over time

Pre-ECMO variable 1986–1991
(n = 52)

1992–1996
(n = 304)

1997–2001
(n = 517)

2002–2006
(n = 600)

p value

Survival, n (%) 19 (40) 153 (50) 268 (52) 301 (50) 0.22
Age (year), median (IQR) 25 (19, 35) 31 (21, 43) 36 (22, 49) 37 (23, 51) \0.001
Weight (kg) 60 (56, 77) 61 (50, 75) 74 (60, 90) 75 (63, 90) 0.001
Female, n (%) 5 (56) 21 (55) 212 (50) 265 (44) 0.03
Hours of ventilation, median (IQR) 72 (12, 192) 120 (33, 192) 55 (18, 143) 42 (17, 139) 0.02
Cardiac arrest, n (%) 0 (0) 5 (2) 43 (8) 60 (11) \0.001
Documented infections 0 (0) 4 (1) 150 (29) 210 (35) \0.001
High frequency ventilation 0 (0) 4 (1) 16 (5) 50 (9) 0.09
Inotropic agents/vasopressors 0 (0) 16 (5) 297 (57) 493 (82) \0.001
Vasodilators 0 (0) 1 (0) 82 (16) 117 (20) \0.001
Intra-aortic balloon pump 0 (0) 0 (0) 4 (1) 11 (2) 0.05
Inhaled nitric oxide 0 (0) 2 (1) 71 (14) 118 (20) \0.001
Neuromuscular blockade 0 (0) 4 (1) 242 (47) 338 (56) \0.001
Bicarbonate infusion 0 (0) 1 (0) 110 (21) 137 (23) \0.001
pH, median (IQR) 7.36 (7.28, 7.44) 7.31 (7.22, 7.35) 7.29 (7.20, 7.38) 7.27 (7.16, 7.35) 0.02
PaCO2 (torr) 42 (32, 48) 50 (42, 66) 52 (41, 67) 55 (44, 70) 0.03
PaO2 (torr) 54 (33, 98) 55 (49, 65) 55 (44, 68) 56 (45, 71) 0.29
PaO2/FiO2 (torr) 54 (33, 108) 55 (49, 69) 56 (45, 71) 58 (45, 74) 0.15
AaDO2 (torr) 590 (550, 636) 590 (513, 605) 588 (551, 607) 580 (536, 602) 0.08
SaO2 (%) 87 (52, 98) 87 (76, 91) 86 (77, 92) 86 (77, 92) 0.62
FiO2 100 (100, 100) 100 (100, 100) 100 (100, 100) 100 (100, 100) 0.49
PIP (cm H2O) 50 (32, 78) 43 (35, 52) 40 (34, 45) 40 (35, 46) 0.05
PEEP (cm H2O) 15 (14, 18) 14 (10, 16) 12 (10, 15) 13 (10, 17) 0.56
MAP (cm H2O) 29 (25, 33) 30 (26, 38) 26 (20, 33) 26 (20, 31) 0.94
Rate 26 (20, 30) 18 (10, 25) 20 (14, 24) 20 (16, 26) 0.02
VV mode, n (%) 4 (44) 29 (69) 301 (72) 419 (72) 0.32
ECMO duration (h) median (IQR) 192 (84, 323) 150 (86, 319) 166 (86, 301) 144 (67, 259) 0.94

PaCO2 Partial pressure of carbon dioxide in arterial blood, PaO2 partial pressure of oxygen in arterial blood, FiO2 fraction of inspired
oxygen, AaDO2 alveolar-arterial oxygen difference, SaO2 arterial oxygen saturations

Table 5 ECMO complications analyzed over time

ECMO complications n (%) 1986–1991
(n = 52)

1992–1996
(n = 304)

1997–2001
(n = 517)

2002–2006
(n = 600)

p value

Mechanical 17 (33) 102 (33) 149 (29) 183 (31) 0.44
Circuit rupture 9 (17) 19 (6) 27 (5) 9 (2) \0.001
Circuit clot 0 (0) 0 (0) 135 (26) 121 (20) \0.001
Seizures 1 (2) 6 (2) 14 (3) 11 (2) 0.81
Radiographic evidence of CNS infarction or

hemorrhage
3 (6) 8 (3) 21 (4) 32 (5) 0.15

Brain death 2 (4) 18 (6) 17 (3) 35 (6) 0.61
Renal insufficiency 9 (17) 51 (17) 94 (18) 134 (22) 0.04
Renal failure 10 (19) 41 (13) 77 (15) 80 (13) 0.48
Renal replacement therapies 18 (35) 104 (34) 236 (46) 290 (48) \0.001
Surgical hemorrhage 18 (35) 65 (21) 166 (32) 192 (32) 0.03
Gastrointestinal hemorrhage 3 (6) 8 (3) 28 (5) 30 (5) 0.32
Pulmonary hemorrhage 0 (0) 1 (0) 38 (7) 64 (11) \0.001
Hypoglycemia 0 (0) 1 (0) 8 (2) 9 (2) 0.12
Hyperglycemia 3 (6) 43 (14) 111 (21) 109 (18) 0.05
Arterial blood pH \ 7.20 1 (2) 4 (1) 31 (6) 58 (10) \0.001
Arterial blood pH [ 7.60 0 (0) 1 (0) 3 (1) 33 (6) \0.001
White blood cell count \1,500 cells/mm3 1 (2) 12 (4) 12 (2) 10 (2) 0.2
Cardiopulmonary resuscitation 7 (13) 31 (10) 59 (11) 64 (11) 0.85
Inotropic medications 22 (42) 154 (51) 323 (62) 357 (60) 0.004
Documented infections 7 (13) 60 (20) 126 (24) 137 (23) 0.15
Pneumothorax 9 (17) 54 (18) 78 (15) 70 (12) 0.01
Arrhythmias 6 (12) 69 (23) 119 (23) 90 (15) 0.03
Hypertension 0 (0) 0 (0) 41 (8) 48 (8) \0.001
Bridge to transplant 1 (2) 0 (0) 7 (1) 11 (2) 0.14

CNS Central nervous system
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extremes of pH, arrhythmias and hypertension became
more common.

Factors associated with mortality in patients supported
with ECMO

Two separate models were developed to evaluate factors
associated with death, one to determine pre-ECMO vari-
ables and another to evaluate parameters while on ECMO
(Table 6). Advancing patient age, days on mechanical
ventilation prior to ECMO and decreasing patient weight

were associated with increased odds of death, but only
advancing age was significant in the most recent years. In
all patients pre-ECMO arterial pH \ 7.18 and, in the most
recent years, PaCO2 C 70 torr were associated with
increased odds of death. Asian race had greater odds of
death when compared to white race, a difference not
found in the most recent years. Patients with a diagnosis
of acute respiratory failure or asthma had decreased odds
of mortality compared to patients with ARDS. Compared
to VA ECMO, the use of VV ECMO was associated with
decreased odds of mortality, while change from VV to
VA mode was associated with increased odds of death,

Table 6 Multivariable regression model showing predictors of death in patients supported with ECMO for respiratory failure

Variable All patients (1986–2006) Most recent patients (2002–2006)

Odds ratio 95% Confidence
interval

p value Odds
ratio

95% Confidence
interval

p value

Pre-ECMO factors (n = 859) (n = 522)
Age (years) 1.03 1.02–1.04 \0.001 1.025 1.01–1.04 \0.001
Duration of mechanical ventilation (days) 1.002 1.001–1.003 0.005 NS
Weight (kg) 0.99 0.985–0.999 0.02 NS

Pre-ECMO arterial blood gas data \0.001 NS
pH [ 7.36 Reference 1
pH 7.18–7.36 1.37 0.96–1.97 0.086
pH \ 7.18 2.50 1.66–3.78 \0.001

Arterial PCO2 NS \0.001
PaCO2 B 44 Reference 1
PaCO2 [ 44 to \70 1.32 0.85–2.04 0.21
PaCO2 C 70 3.03 1.79–5.13 \0.001

Race 0.04 NS
White Reference 1
Asian 1.86 1.19–2.90 0.006
Black 2.00 0.82–4.90 0.128
Hispanic 1.06 0.41–2.76 0.907
Other 1.39 0.85–2.27 0.195

Diagnostic group 0.010 0.049
Acute respiratory distress syndrome Reference 1 Reference 1
Pneumonia 0.71 0.46–1.08 0.112 0.66 0.38–1.15 0.14
Acute respiratory failure 0.40 0.20–0.79 0.008 0.36 0.14–0.91 0.03
Trauma 0.69 0.39–1.23 0.211 0.69 0.36–1.32 0.26
Aspiration pneumonitis 0.62 0.21–1.86 0.392 0.51 0.12–2.17 0.36
Sepsis 1.36 0.62–2.96 0.439 2.21 0.84–5.80 0.11
Asthma 0.15 0.04–0.56 0.005 0.24 0.06–0.98 0.047
Miscellaneous 0.98 0.65–1.48 0.919 0.84 0.51–1.38 0.50

ECMO mode \0.001 0.01
Venoarterial Reference 1 Reference 1
Venovenous 0.56 0.39–0.81 0.002 0.58 0.38–0.91 0.02
Venovenous to venoarterial 3.45 1.08 -11.00 0.037 4.47 0.92–21.8 0.06
Other 0.77 0.33–1.80 0.544 0.60 0.20–1.77 0.35

Factors related to ECMO use (n = 1473) (n = 600)
Circuit rupture 1.88 1.03–3.43 0.039 NS
Cardiopulmonary resuscitation 4.27 2.80–6.51 \0.001 4.35 2.32–8.16 \0.001
Inotropic infusion 1.90 1.50–2.40 \0.001 NS
Radiographic evidence of CNS infarction or

hemorrhage
4.80 2.51–9.17 \0.001 7.32 2.70–19.8 \0.001

Renal dysfunction 2.13 1.66–2.72 \0.001 NS
Renal insufficiency NS 1.94 1.27 -2.95 0.002
Gastrointestinal hemorrhage 2.97 1.60–5.51 0.001 3.82 1.46–10.0 0.006
Pulmonary hemorrhage 2.62 1.58–4.32 \0.001 2.37 1.28–4.38 0.006
Arterial blood pH \ 7.20 1.28–3.55 0.004 2.74 1.43–5.25 0.002
Arterial blood pH [ 7.60 2.84 1.28–6.28 0.01 4.82 1.99–11.6 \0.001

NS Not significant, PaCO2 partial pressure of carbon dioxide in arterial blood
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but not in the most recent time period. However, only 24
patients were treated with initial VV and changed to VA
from 2002 to 2006.

Factors while on ECMO that were associated with
increased odds of death included circuit rupture, receipt of
CPR, CNS injury, GI or pulmonary hemorrhage, extremes
of arterial pH (\7.20 and [7.60), inotropic infusions and
renal dysfunction. Inotropic infusions and renal dysfunc-
tion were no longer significant in the most recent years,
while renal insufficiency significantly increased odds of
death.

Discussion

In this cohort of adults supported with ECMO for respi-
ratory failure, survival was 50%. Increasing age,
decreasing weight and pre-ECMO arterial blood
pH B 7.18 were associated with increased odds of mor-
tality. Patients with either ‘‘acute respiratory failure’’ or
asthma demonstrated decreased odds of mortality com-
pared to those with ARDS. Increased duration of pre-
ECMO mechanical ventilation decreased survival for all
patients, but not in the most recent years. VV ECMO
mode had increased survival compared to VA ECMO.
The change from VV to VA ECMO was associated with
increased odds of death. As expected, complications
during ECMO were associated with increased odds of
death. The frequency of pre-ECMO special therapies and
ECMO complications were more common in the most
recent treatment years, suggesting ECMO was used in
more complex patients; however, survival did not vary
with treatment years.

The 50% survival of this cohort of patients with severe
respiratory failure confirmed the increased survival rates
of recent ECMO studies [11–19]. Some of these studies
were small case series [12, 15, 16], and control groups
were difficult to define as the criteria for institution of
ECMO was often either acute respiratory collapse or
respiratory failure ‘‘unresponsive’’ to conventional ther-
apy. However, ECMO was applied in a diverse group of
patients with severe lung disease including trauma and
sepsis patients despite the absence of its standardization.
The key strategy is that ECMO is used to aid adequate
oxygen delivery with acceptable ventilator settings to
limit ventilator-associated lung injury (VALI). Unfortu-
nately, the absence of ECMO standardization and clearly
defined control groups are important limitations for this
and other ECMO studies. A recently completed, multi-
center, randomized, controlled study, the CESAR trial,
had as the primary outcome survival at 6 months without
severe disability [20, 21]. Although ECMO provided a
survival benefit, an important design flaw was that all
patients in the ECMO arm were treated at a single center
while the control group remained at referring tertiary

hospitals, rendering the two groups potentially unequal.
Unfortunately, this shortcoming severely limits conclu-
sions regarding survival benefit attributable to ECMO.

Several independent factors were associated with
outcome in this cohort. Increasing duration of pre-ECMO
mechanical ventilation increased the odds of mortality.
This relationship did not hold in the most recent cohort,
but there was a significant decrease in duration of pre-
ECMO ventilation over the years of data acquisition. No
other ventilator parameter was associated with mortality,
but tidal volume and plateau pressure were not recorded.
So, it remains unclear how much pre-ECMO duration of
ventilation versus the precise ventilation strategy con-
tributes to outcome [11, 14–16].

Another independent factor associated with improved
survival was VV ECMO mode. VV ECMO patients suf-
fered fewer complications, many of which were associated
with mortality [22]. However, the modes are employed to
somewhat different patient populations because of their
inherent differences. Unlike VA ECMO, VV ECMO does
not provide direct cardiac support, although by increasing
mixed venous oxygenation and permitting lower ventilator
settings, it may improve heart function [23, 24]. Conse-
quently, the apparent benefit of VV ECMO may be
attributable to some extent to differences in patient popu-
lation. Still, VV ECMO appears to be the first choice for
respiratory failure without severe hemodynamic instability
if extracorporeal support is to be provided.

ECMO cases have increased in recent years, but mor-
tality has not changed despite improvements in intensive
care and mechanical ventilation. However, during the
period of data acquisition there has been an increase in
apparent patient complexity, including those previously
considered to have contraindications [10] (immunosup-
pression, sepsis, etc.). Furthermore, the database also
includes the use of ECMO as a ‘‘rescue’’ and the ‘‘learning
curve’’ periods for newer centers [14, 24]. Comparison of
patient characteristics and ECMO complications support
the conclusion that older, more complex patients were
placed on ECMO in recent years. Selection criteria for
ECMO patients have remained difficult to define and are,
largely, based on local experience. Because of limited
generalizability of these data and the frequent use of ECMO
as a ‘‘rescue’’ therapy, definitive conclusions regarding the
efficacy of ECMO in promoting survival for patients with
respiratory failure compared to conventional therapy can-
not be drawn from these data. However, we can say that at
least 50% of patients with respiratory failure who received
ECMO survived to hospital discharge.

The primary deficiencies of this study arise from its
retrospective, uncontrolled nature and the lack of stan-
dardized criteria for the application of ECMO. Many
variables including patient selection, indication for ECMO
institution and ECMO mode are neither included in the
ELSO database nor standardized, but rather are center
specific. Data coding and entry are performed at each
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institution, and many fields remain empty at the time of data
submission. Also, the ELSO database lacks key variables
such as tidal volume, plateau pressures, and delineation of
modes of conventional ventilation both before and during
the ECMO run. Diagnoses are recorded as the ICD-9 codes,
which have well-described shortcomings [25]. These lim-
itations are compounded by the fact that ELSO does not
release information on ECMO centers, so no conclusions
can be made about the influence of center trends. The
concatenation of these limitations underscores the need for
controlled, prospective studies. Important questions raised
by these data include whether ECMO is superior to low
tidal volume ventilation, optimal timing of ECMO appli-
cation and the limits of its use as a rescue therapy.

In conclusion, in this large multi-center database,
adults with respiratory failure supported with ECMO,
achieved a 50% survival. ECMO complications appear
important contributors to mortality. The data from the
ELSO registry indicates that ECMO works best when
applied earlier in the course of lung disease. But a great
need exists for prospective studies to define more clearly
the role of optimal timing for application of this expen-
sive support modality and for the limits of the possibility
for ‘‘rescue’’ of moribund patients.
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