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INTRODUCTION: Recent advances in technology and protocols have made the use of extracor-
poreal membrane oxygenation (ECMO) a viable rescue therapy for patients with Acute Respiratory
Distress Syndrome (ARDS) who present with refractory hypoxemia. Despite the lack of strong
evidence supporting the use of ECMO in ARDS, its use seems to be increasing. We sought to
determine recent trends in the use of ECMO for ARDS. We also assessed trends in mortality among
patients with ARDS in whom ECMO was used. METHODS: We performed a retrospective analysis
using the largest all-payer in-patient healthcare database in the United States, the Healthcare Cost
and Utilization project, the National In-patient Sample database from 2008 to 2012. Subjects with
ARDS were identified using carefully chosen International Classification of Diseases, Ninth Revi-
sion codes. RESULTS: We found that in 2008, about 1 in 1,000 subjects with ARDS underwent
ECMO. Over the subsequent 4-y time period, there was a 0.19% absolute increase and 70% relative
increase in the use of ECMO for ARDS. The mortality rate among subjects with ARDS in whom
ECMO was used declined from 78% in 2008 to 64% in 2012. We also found a trend toward a
reduction in hospital stay among survivors. CONCLUSION: In the United States, between 2008 and
2012, there was an increasing trend toward the use of ECMO in patients with ARDS that coincided
with a slight increase in survival among these patients. Key words: Acute lung injury/ARDS, ECMO,
Epidemiology. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

ARDS affects up to 200,000 patients in the United States
each year and is a major cause for morbidity and mortality.
When Ashbaugh and colleagues first described the syn-
drome in 1967, the mortality was about 65%.1,2 Subse-
quent observational studies have shown a continued trend
toward decreasing mortality from ARDS with current es-
timates at about 30�40% with severe forms of ARDS

having higher mortality rates compared with mild or mod-
erate forms of ARDS.3,4 Factors associated with the ob-
served decline in ARDS-related mortality include early
recognition, advances in treatment of sepsis and other as-
sociated critical illnesses, lung-protective ventilatory strat-
egies, use of neuromuscular blockade, and prone position-
ing.5,6,7 A mortality rate of 30�40% for ARDS is still
unacceptably high. Therefore, researchers and clinicians
continue to seek additional therapies that could potentially
improve outcomes of ARDS. A subset of patients with
severe ARDS present with refractory hypoxemia that is
not resolved with strategies like lung recruitment maneu-
vers, prone positioning, neuromuscular blockade or rescue
therapies like inhaled nitric oxide or high-frequency oscil-
latory ventilation.2,8-11 In these patients, extracorporeal
membrane oxygenation (ECMO) is an attractive option.
The conventional ventilatory support versus ECMO for
severe adult respiratory failure (CESAR) trial showed in-
creased 6-month disability-free survival in subjects who
received ECMO.12,13 Interest in the use of ECMO for ARDS
goes back to the 1970s, and earlier studies showed no
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survival benefit.14,15,16 However, in the past decade, sub-
stantial improvements have been made in the technology
and protocols for ECMO, and thus interest has renewed in
this therapeutic option for patients with severe ARDS and
refractory hypoxemia. In 2009, the CESAR trial 15 showed
that subjects transferred to a center with an ECMO-based
management protocol had a survival benefit compared with
those who received conventional management without re-
ferral. We used a large national database of in-patients in
the United States to examine the recent trends in the use of
ECMO for ARDS during the period from 2008 to 2012.
We also examined demographics and mortality trends
among subjects with ARDS who underwent ECMO during
that period.

Methods

Patient Population

Institutional review board exemption was obtained for
this study. We performed a retrospective analysis using the
largest all-payer in-patient healthcare database in the United
States, the Healthcare Cost and Utilization project - Na-
tional In-patient Sample database (HCUP-NIS).17 Un-
weighted, it includes data from approximately 8 million
hospital stays per year, representing a sample of 20% of
the hospitals in the United States. Weighted (when ex-
panded to estimate nationwide discharges), it estimates
data corresponding to about 40 million annual hospitaliza-
tions. To identify patients with ARDS, we examined all
patients in the database from 2008 to 2012 with the fol-
lowing International Classification of Diseases, Ninth Re-
vision (ICD-9) codes 518.82, 518.51, 518.52, 518.53,
518.81, 518.84, 518.7, 518.4, 861.20, 785.52, 995.92 and
ICD-9 Procedure Codes 96.70, 96.71, and 96.72.17,18 Pa-
tients who underwent ECMO therapy were identified by
the ICD-9 procedure code 39.65. (Table 1).

Subject Characteristics

Age, sex, race, income quartile for the subjects’ zip
code, hospital discharge status, and hospital stay for sur-
vivors were extracted from the NIS database. The NIS
provides 6 categories for race/ethnicity, as follows:
“White,” “Black,” “Hispanic,” “Asian/Pacific Islander,”
“Native American,” and “other.” The median income quar-
tile for the subjects’ zip code was used as a surrogate for
socioeconomic status (SES). The HCUP-NIS database de-
fines SES based on the following quartiles of median income
for the subjects’ zip code: quartile 1, $1�$38,999; quartile 2,
$39,000�$47,999; quartile 3, $48,000�$62,999; and quar-
tile, 4 �$63,000.

Statistical Analyses

Continuous variables were reported as means and stan-
dard deviations and categorical variables as percentages.
Using �2 tests for trend testing, we examined the trends in
ARDS diagnosis, mortality from ARDS, the use of ECMO
for ARDS, and in-hospital mortality among subjects with
ARDS who underwent ECMO. Among subjects with ARDS
in whom ECMO was used, we examined the trends in
hospital stay. Next, we assessed the differences in use of
ECMO for ARDS by sex, age, race, and SES. Univariate
analyses were performed using Mann-Whitney U tests and
�2 tests. Analyses were conducted using STATA/IC 13.1
(StataCorp; Texas, USA).

Results

We identified a total of 914,912 subjects who fit our
definition of ARDS during the period from 2008 to 2012.
Table 2 represents the characteristics of these subjects. In
2008, mortality from ARDS was 51%, and over the next
4 y there was an absolute mortality reduction of 6.5% and
a relative reduction of 12.7% (Figure 1, Panel B).

Trends in Use of ECMO for ARDS

In 2008, only about 1 in 1,000 subjects with ARDS
underwent ECMO. During the period from 2008 to 2012,
there was a 0.19% absolute increase and a 70% relative
increase in the use of ECMO as rescue therapy for ARDS.

QUICK LOOK

Current knowledge

ARDS continues to have high morbidity and mortality.
Survival in patients with ARDS may be improving,
however, Extracorporeal membrane oxygenation
(ECMO) can be utilized in patients with severe forms
of ARDS. There is a paucity of data regarding extra-
corporeal support measures in ARDS.

What this paper contributes to our knowledge

The rates of diagnosis of ARDS are increasing as re-
ported by national in-patient sampling data. The sur-
vival rates of subjects with ARDS improved during the
study period of 2008 to 2012. There was an increase in
the utilization of ECMO from 2008 to 2012 with an
improvement in the survival of subjects requiring it.
The length of stay in subjects requiring ECMO de-
creased. As the number of subjects receiving ECMO
increased, there seemed to be no difference in the sex or
ethnic distribution.

ECMO FOR ARDS: NATIONAL TRENDS

2 RESPIRATORY CARE • ● ● VOL ● NO ●

RESPIRATORY CARE Paper in Press. Published on July 05, 2016 as DOI: 10.4187/respcare.04760

Copyright (C) 2016 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



The greatest increase in use of ECMO for ARDS occurred
from 2008 to 2009 (0.09% to 0.2%), a 62% relative in-
crease (Table 3).

Mortality Trends

In 2008, the mortality rate among subjects with ARDS
in whom ECMO was used was 78%. During the 5-y period
from 2008 to 2012, there was a 14% absolute reduction
and a 19% relative reduction in mortality. There was a
sharp decrease in mortality from 2008 to 2010 (78% to
64%). The mortality rate remained stable after 2010
(Table 3).

Hospital Stay

For subjects with ARDS in whom ECMO was used, the
mean hospital stay among survivors decreased from 65 d
in 2009 to 41 d in 2012. Among nonsurvivors, hospital
stay remained relatively stable at between 19 to 23 d.

Use of ECMO for ARDS by Age, Sex, Race, and
Socioeconomic Status

Overall, subjects with ARDS younger than 55 y of
age were more likely to be treated using ECMO in the
context of ARDS than older subjects were (1,349/242,518 vs
353/656,566) (P � .001). There were no differences in
ECMO utilization by sex (male 973/487,905 vs female
731/427,135) or by race (White 827/532,543 vs Black
300/140,569, vs Hispanic 188/86,321). Similarly, there
were no differences in the proportion of subjects with
ARDS treated with ECMO by socioeconomic status (first
quartile 456/272,035 vs second quartile 383/218,128 vs

Table 1. ICD–9 and CPT Codes Used for Identifying Subjects

Description

ICD–9 Code
518.81 Acute respiratory failure
785.52 Septic shock
995.92 Severe sepsis
518.82 Other pulmonary insufficiency, not elsewhere

classified
518.51 Acute respiratory failure following trauma and

surgery
518.52 Other pulmonary insufficiency, not elsewhere

classified, following trauma and surgery
518.53 Acute and chronic respiratory failure following

trauma and surgery
518.7 Transfusion-related acute lung injury (TRALI)
518.4 Acute lung edema, NOS
861.20 Unspecified injury of lung without mention of

open wound into thorax
ICD–9 Procedure

Code
96.70 Continuous invasive mechanical ventilation of

unspecified duration
96.71 Continuous invasive mechanical ventilation for

� 96 consecutive hours
96.72 Continuous invasive mechanical ventilation for

� 96 consecutive hours
39.65 Extracorporeal membrane oxygenation (ECMO)

Table 2. Characteristics of Subjects With ARDS

Characteristics Subjects, n (%)

Age (y)
� 55 242,518 (27)
�55 656,566 (73)

Sex
Male 487,905 (53)
Female 427,135 (47)

Ethnicity
White 532,543 (64)
Black 140,569 (17)
Hispanic 86,321 (10)
Others 62,981 (8)

Socio-economic status (quartiles)
1 272,035 (33)
2 218,128 (26)
3 155,705 (19)
4 185,270 (22)

The HCUP-NIS database defines socioeconomic status based on the following quartiles of
median income for the patient’s zip code:
quartile 1 � $1�$38,999
quartile 2 � $39,000�$47,999
quartile 3 � $48,000�$62,999
quartile 4 � $63,000 and more

Fig. 1. Overall ARDS prevalence and mortality.
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third quartile 436/155,705 vs fourth quartile 374/185,270).
Figure 2 depicts yearly totals of use of ECMO for ARDS
by age group, sex, race, and socioeconomic status.

Discussion

Main Findings

In this study, we used the largest all-payer in-patient
healthcare database in the United States and showed a
trend toward increasing use of ECMO for subjects with
ARDS from 2008 to 2012. We also found that among
patients with ARDS in whom ECMO was used, there was
a trend toward decreasing hospital mortality. The hospital
stay among survivors decreased during the same period.
We did not find any differences in the use of ECMO for
ARDS by sex, race, or socioeconomic status.

Strengths and Limitations of This Study

There are several notable limitations to our analysis.
First, we inferred the diagnosis of ARDS based on a com-
bination of ICD-9 codes obtained from a nationwide da-
tabase that reports diagnoses and procedures for in-patient
discharges. Therefore, it is possible that we misclassified
some subjects with this method of defining ARDS. How-
ever, in such types of large-scale claims data, use of ICD-9
codes for case identification is common. Others have used
the HCUP-NIS database and similar claims databases to
identify patients with ARDS.18,19 The use of ICD-9 pro-
cedure codes to identify patients who underwent ECMO is
less problematic. However, we could still misclassify sub-
jects who underwent ECMO for reasons other than ARDS.
An alternative approach would be to use a prospective
database, such as the Extracorporeal Life Support Orga-

Table 3. ECMO Utilization, Mortality and Length of Stay Data

Year
ARDS

Subjects, n
ECMO

Utilization, n (%)
ECMO

Mortality, %
Odds of mortality in

ECMO OR* (95% CI)
P

2008 158,076 135 (0.085) 78 1
2009 171,473 365 (0.21) 72 0.74 (0.45–1.21) .22
2010 183,073 270 (0.15) 64 0.5 (0.30–0.80) .004
2011 201,195 399 (0.20) 57 0.38 (0.23–0.60) �.001
2012 201,095 535 (0.27) 64 0.51 (0.32–0.82) .003

ECMO � extracorporeal membrane oxygenation.
ECMO Utilization � subject numbers and (percent of subjects).
ECMO mortality � percent mortality among subjects who were treated with ECMO.
* Odds of mortality is in reference to 2008 year as mortality of ‘1’.
Univariate logistic regression was performed comparing mortality in 2008 (reference) to each subsequent year.

Fig. 2. ECMO Utilization based on age, gender, ethnicity and socioeconomic status.
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nization (ELSO) database, to identify patients with ARDS
who underwent ECMO.20,21 However, the ELSO database
contains data from 160 United States and 120 international
centers that voluntarily supply information and therefore
may not be a true representation of yearly national trends
in ECMO use for ARDS. A nationwide United States-
based database like HCUP-NIS, albeit imperfect, gives a
good approximation of national trends. Another drawback
of using such a database is that severity of illness and the
clinical circumstances of patients placed on ECMO cannot
be ascertained. A point of novelty for our analysis is the
exploration for possible differences in use of ECMO for
ARDS by age, race, sex, or socioeconomic status.

Interpretation of Findings in Relation to Previously
Published Work

The yearly total numbers of ECMO use in ARDS from
our analysis were similar to those observed in the ELSO
database, as reported by Schmidt and colleagues21,22 indi-
cating that our algorithm for identifying cases of ECMO in
ARDS from the HCUP-NIS database probably performed
well. In the ELSO database, the number of ECMO proce-
dures for acute respiratory failure per year was stable at
about 100 per year from 2000 to 2008.22 In 2009, there
was a marked increase to about 350 per year. We observed
the same uptick between 2008 and 2009. A likely reason
for this sharp increase in use of ECMO for ARDS from
2008 to 2009 was the 2009 H1N1 influenza pandemic.
Numerous reports are available that describe experiences
of ECMO use for H1N1-associated ARDS.23,24 There are
many possible reasons for the continuous increase in use
of ECMO for ARDS since 2009. First, many intensive
care units developed expertise in the use of ECMO for
ARDS following the experience from the 2009 H1N1 in-
fluenza pandemic. Second, improvements have been made
in technology and in protocols for the use of ECMO in
patients with ARDS. Additionally, strategies for patient
selection have improved in recent years23-26 Even though
the use of ECMO for management of ARDS increased
from 2008 to 2012; it is used in fewer than 3 per 1,000
cases of ARDS. If recent trends are an indication, then the
use of ECMO for ARDS is expected to continue to rise in
the coming years, despite the limited data regarding its
efficacy and effectiveness.26,27 It is notable that there is a
large multicenter phase-3 trial underway to study the ef-
ficacy (60-d mortality) of ECMO in early ARDS versus
conventional therapy.28

Our findings are also in agreement with those of Schmidt
et al22 who showed that the trend in mortality among sub-
jects with ARDS who underwent ECMO decreased slightly
between 2008 and 2012. According to their analysis of the
ELSO database, the survival rate among subjects with
ARDS who underwent ECMO therapy was about 50% in

2008 and improved to about 60% in 2009, followed by a
plateau. It is unclear whether this decrease in mortality is
due to ECMO therapy or is part of the overall trend of
declining ARDS mortality, or both. Alternatively, such a
reduction in mortality may be due to administration of
ECMO to patients with less severe ARDS who would have
a low expected mortality. Ideally, a severity-adjusted anal-
ysis may need to be performed to determine the relative
contribution of each factor to the observed trend in de-
creasing mortality.

Implications for Future Research, Policy,
and Practice

The increasing use of ECMO for ARDS brings attention
to the need for more evidence of efficacy and effectiveness
of this treatment modality that is quite expensive and re-
source intensive. Ongoing prospective randomized control
trials will provide evidence of efficacy, and detailed eco-
nomic analyses of prospective databases like the ELSO
database will give insight into the effectiveness of ECMO
for ARDS. These findings also bring attention to the sub-
ject of training of current and future critical care physi-
cians in the use of this modality. As more surgical and
nonsurgical specialists adopt ECMO for ARDS, rigorous
training of physicians along with nursing staff, perfusion-
ists, pharmacists, and other support staff is paramount.
With limited resources and staff, innovative multidisci-
plinary training will need to be developed. Some institu-
tions now offer fellowship training in extracorporeal life
support and others have developed local educational pro-
grams to train medical care teams.

Conclusions

We report that in 2009, a sharp increase occurred in the
use of ECMO for ARDS and since then, there has been a
steady increase. This coincided with a slight increase in
survival among subjects with ARDS in whom ECMO was
used during the same period. Despite the absence of com-
pelling evidence for its efficacy and effectiveness in ARDS,
ECMO is emerging as an important tool for management
of severe ARDS with refractory hypoxemia.
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