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Abstract
Objective To determine trends in neonatal extracorporeal membrane oxygenation (ECMO) utilization from 2002–2011.
Study design Using the Nationwide inpatient sample (NIS), we conducted a population-based retrospective cohort study to
identify ECMO utilization among neonates. Incidence of ECMO utilization, length of stay (LOS), cost and mortality were
estimated.
Result In all, 33,367,146 neonates were identified of which 7603 (18 per 100,000 live births) underwent ECMO. Neonatal
ECMO increased from 12 to 23 runs per 100,000 live births. Mortality was 48.4%, decreasing from 47.5 to 41.9% between
2002 and 2011. On multivariate analysis, mortality was significantly higher for infectious indications (OR 4.1; CI 1.1–16.0),
E-CPR (OR 3.8; CI 1.4–10.7) and cardiac indications (OR 2.0; CI 1.5–2.8). On hierarchical regression, LOS increased by
1.6 days each year (p= 0.02) and cost of hospitalization increased by $14,033 each year (p < 0.0001).
Conclusion Neonatal ECMO utilization increased, while mortality decreased during the study period. These findings suggest
an improvement in neonatal ECMO care.

Introduction

Extracorporeal membrane oxygenation (ECMO) is a com-
plex technique for providing life support to critically ill
patients with life-threatening respiratory and/or cardiac
failure refractory to conventional or standard therapy. The
first successful use of ECMO in neonates was reported by
Bartlett in 1976 in a cohort of neonates with post-operative
cardiac failure, respiratory distress syndrome, meconium

aspiration syndrome, and persistent fetal circulation [1].
Since then, use of ECMO as a life-saving procedure in
neonates, infants, and young children has been extended to
various congenital heart diseases as well as non-cardiac
diseases such as congenital diaphragmatic hernia (CDH),
sepsis, and congenital lung abnormalities. The growth in the
utilization of ECMO is largely attributable to increased
availability of the technology worldwide [2] as well as the
recognition that neonatal ECMO is cost-effective at redu-
cing death or disability at 7 years of age when compared to
conventional management [3]. The deployment of veno-
arterial (VA) ECMO to rescue patients with cardiac arrest
refractory to cardiopulmonary resuscitation was first
reported in 1976 [4] and evidence of measurable survival
benefit over CPR alone has resulted in the increased use of
extracorporeal cardiopulmonary resuscitation (E-CPR) [5].
The American Heart Association 2015 guidelines recom-
mended the use of E-CPR in pediatric patients with cardiac
diagnoses and in-hospital cardiac arrest. E-CPR is most
commonly performed in older pediatric patients. More
recently, E-CPR is being performed in neonates [5].

Since ECMO is one of the most resource-intense and
costliest interventions in the pediatric as well as the adult
population, several studies have been conducted looking at
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resource utilization and outcomes [6–9]. However, these
studies did not focus solely on neonatal ECMO and more-
over, most of these studies were limited to particular diag-
nostic categories [10–14]. There is currently limited data on
the temporal variations in the incidence, mortality, and
resource utilization associated with neonatal ECMO in the
United States. The objective of our study was to determine
the trends in ECMO utilization, mortality and its determi-
nants, cost of hospitalization, and length of stay (LOS)
among neonates undergoing ECMO between 2002 and
2011 using the nationwide inpatient sample (NIS).

Materials and methods

Data source

We extracted our study cohort from the NIS database pro-
vided by the Agency for Healthcare Research and Quality
[15]. The NIS contains all-payer discharge data from
inpatient hospitalization from 20% of all hospitals in 44
participating US states. The NIS utilizes data from roughly
1000 hospitals each year to create a sample representing >
95% of the US population [15]. Each individual hospitali-
zation in this database is de-identified and maintained as a
unique entry with one primary discharge diagnosis, <
24 secondary diagnoses along with < 15 procedural codes
during that hospitalization. Weights provided by the NIS
were used to generate national estimates.

Study population and design

Newborn infants were identified using the data element
‘‘Neomat.’’ To prevent duplication of data from the receiving
hospital, we opted to limit admission age to ≤ 30 days and
exclude all infants ≤ 30 days that were transferred out (Fig. 1)
[16–18]. Neonates undergoing ECMO were identified using
International Classification of Diseases, 9th Revision, and

Clinical Modification (ICD-9 CM) procedure code 39.65 in
any procedure groups (PR1-PR15). Indications for ECMO
categories were identified using ICD-9 CM diagnosis codes
(Appendix-1). All indications for ECMO were considered
mutually exclusive in order of precedence (extracorporeal
cardiopulmonary resuscitation (E-CPR) > congenital dia-
phragmatic hernia (CDH) > meconium aspiration syndrome
(MAS) > respiratory distress syndrome (RDS) > persistent
pulmonary hypertension of the newborn (PPHN) > pneumo-
nia > congenital heart defects (CHD) > cardiomyopathy >
myocarditis > sepsis), where cases identified with E-CPR
were placed in the first category, but excluded from the next.
This process was continued for the remaining categories [7].
We divided indications for ECMO into four broad categories:
E-CPR, respiratory indications (CDH, RDS, PPHN, MAS),
cardiac indications (CHDs, cardiomyopathy, myocarditis),
and infectious indications (sepsis, pneumonia) for ECMO.
Procedure codes (e.g., CPR, ECMO) are identified by the
hospital day on which the event occurred, whereas diagnosis
codes are applied to the entire hospitalization (precluding
temporal association between comorbidities and procedures).
Because procedures are identified by hospital day and ICD-9
code in the database, the most specific definition possible
consists of identifying CPR and ECMO events that occurred
on the same hospital day [19].

Definition of variables

We studied baseline characteristics of the study population
for potential confounding assessment. Patient level char-
acteristics such as age, gender, race, median household
income according to ZIP Code ( < $36,000, $36,000 to
$44,999, > $45,000), primary payer (Medicare/Medicaid,
private insurance, self-pay, or no charge), admission day,
admission type and hospital-level characteristics such as
hospital location (urban/rural), hospital bed size (small,
medium, and large), region (Northeast, Midwest, or North
Central, South, and West), teaching status were studied. To
calculate the estimated cost of hospitalization, the NIS data
were merged with cost-to-charge ratios available from the
Healthcare Cost and Utilization Project. We estimated the
cost of each inpatient stay by multiplying the total hospital
charge with the cost-to-charge ratio [20]. Adjusted cost for
each year was calculated in terms of the 2012 cost after
adjusting for inflation according to the latest consumer price
index data released by US government [21]. This enabled us
to standardize the costs over the study period. Length of
stay and cost were calculated only for survivors.

Statistical analysis

Statistical analysis system (SAS®) 9.4 (SAS Institute Inc.,
Cary, North Carolina) was utilized for analyses. SurveyFig. 1 Neonatal ECMO per 100,000 live births
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procedures were used to account for the complex survey
design and clustering of this data. Since NIS represents a
20% stratified random sample of US hospitals, analyses
were performed using hospital-level discharge weights

provided by the NIS, to obtain national estimates. The
incidence of ECMO utilization was expressed as the num-
ber of neonates undergoing ECMO per 100,000 live births.
The yearly number of births was obtained from the Wide-

Table 1 Baseline characteristics of neonates undergoing ECMO

2002–2003
(n= 1008)

2004–2005
(n= 1755)

2006–2007
(n= 1527)

2008–2009
(n= 1515)

2010–2011
(n= 1798)

Total (n=
7603)

p

Gender (%) <0.0001

Male 53.9 64.2 60.6 58.4 53.4 58.4

Female 46.1 35.8 39.4 41.6 46.6 41.6

Race (%) <0.0001

White 35.0 38.3 30.1 38.0 44.4 37.6

Other 41.0 32.5 37.8 48.5 44.1 40.6

Missing 24.0 29.2 32.1 13.5 11.6 21.9

Zip code income (%) <0.0001

0–25 percentile 17.1 32.2 32.7 34.0 34.7 31.1

26–50 percentile 22.6 22.2 27.9 25.1 25.1 24.6

51–75 percentile 21.2 26.1 18.6 22.4 21.8 22.2

76–100 percentile 36.9 16.9 19.6 17.5 16.0 20.1

Missing 2.3 2.5 1.3 1.0 2.5 1.9

Insurance (%) <0.0001

Private 47.9 42.2 37.8 35.6 31.4 38.3

Other 52.1 57.2 61.9 64.0 68.3 61.4

Missing 0.0 0.6 0.3 0.3 0.3 0.3

Hospital bed size (%) <0.0001

Small 24.0 15.3 27.9 3.6 4.1 14.2

Medium 20.3 28.3 10.3 17.8 17.4 19.0

Large 55.8 56.4 61.9 78.6 78.5 66.9

Hospital location (%) 0.0005

Rural 0.5 0.0 0.0 0.0 0.3 0.1

Urban 99.5 100.0 100.0 100.0 99.7 99.9

Hospital region (%) <0.0001

Northeast 12.4 10.3 9.0 14.2 9.6 10.9

Midwest 17.1 28.9 19.6 17.5 17.1 20.4

South 40.1 45.8 47.1 24.8 46.0 41.2

West 17.5 15.0 10.3 31.4 14.3 17.4

Missing 12.9 0.0 14.1 12.2 13.0 10.0

Hospital teaching status (%) <0.0001

Non-teaching 0.5 2.8 4.5 0.7 0.3 1.8

Teaching 99.5 97.2 95.5 99.3 99.7 98.2

Missing

Indication for ECMO <0.0001

ECPR 1.4 1.1 1.6 2.0 3.0 1.9

CDH 29.5 20.8 22.1 20.5 20.9 22.3

MAS 22.6 12.5 13.1 14.9 17.9 15.8

RDS 21.7 32.8 37.2 34.7 37.7 33.6

PPHN 1.4 5.6 2.9 3.0 7.2 4.3

Pneumonia 1.4 1.7 1.0 1.7 1.1 1.4

CHD 19.8 25.0 20.5 22.1 11.9 19.7

Cardiomyopathy 0.5 0.0 0.3 0.3 0.3 0.3

Myocarditis 0.0 0.3 0.3 0.0 0.0 0.1

Sepsis 1.8 0.3 1.0 1.0 0.0 0.7

Survivors <0.0001

Yes 52.5 50.3 45.2 51.5 58.1 51.6

No 47.5 49.7 54.8 48.5 41.9 48.4

Length of stay (median days) 32 34 40 44 42 39 0.0007

Cost (median $) 120,363 146,942 151,487 169,362 191,987 160,830 <0.0001
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ranging Online Data for Epidemiological Research
(WONDER) program on the Centers for Disease Control
and Prevention website [22]. We compared the baseline
characteristics of neonates undergoing ECMO for years
2002–2011 to estimate differences utilizing chi-square test
for categorical variables, Student’s t-test for normally dis-
tributed continuous variables and Wilcoxon rank-sum test
and survey regression for non-normally distributed con-
tinuous variables. For trend analysis, chi-square test of trend
for proportions was used using the Cochrane Armitage test
via the ‘‘trend’’ command in SAS®. Survey logistic
regression was used to analyze the predictors of mortality.
Hierarchical mixed effects logistic regression models to
analyze multivariate predictors of LOS and cost of hospi-
talization. Hierarchical regression is designed to deal with
clustered or grouped data in which analytic units are natu-
rally nested or grouped within other units of interest and
helps to account for “within-cluster” correlations at each
level of the hierarchy and properly adjust estimates to
account for them [23]. Weights provided by NIS were used
to generate national estimates. p-value of <0.05 was con-
sidered significant for all analyses.

Results

Demographic characteristics of study cohort

We identified 7603 neonatal discharges in the NIS database
who underwent ECMO from 2002 through 2011. The
demographic characteristics of the study cohort are sum-
marized in Table 1. Briefly, 58.4% were males, 37.6% were
White and 61.4% had non-private insurance. Neonates who
underwent ECMO were more likely to undergo the therapy
at large (66.9%), urban (99.9%), teaching (98.2%) hospitals.
The South geographic census region recorded the most
(41.2%) ECMO runs while the Northeast had the least
(10.9%).

Trends in ECMO utilization and mortality

During the study period, neonatal ECMO utilization averaged
18 ECMO runs per 100,000 live births, increasing from 12 to

23 per 100,000 live births (p < 0.0001) as shown in Figure 1.
As shown in Table 2, of the 7603 neonates who underwent
ECMO, 76.0% had a principal respiratory diagnosis. A
principal cardiac indication was identified in 20.1% of neo-
nates who underwent ECMO during the study period. Trends
for respiratory indications increased from 75.1% to 83.8%,
while cardiac indications decreased from 20.3 to 12.1% from
2002 to 2011 (p < 0.0001). Trends for E-CPR increased from
1.4% in 2002–03 to 3.0% in 2010–11 (p < 0.0001). Infectious
indications comprised 2.1% of all neonatal ECMO cases. As
shown in Table 1, the most common neonatal diagnosis
requiring ECMO was RDS (33.6%), followed by CDH
(22.3%), CHD (19.7%) and MAS (15.8%). Sepsis, cardio-
myopathy, and myocarditis were the least common conditions
for which ECMO was used.

Mortality rate for neonates undergoing ECMO was
48.4% during the study period. It decreased significantly
from 47.5 to 41.9% between 2002–03 and 2010–11 (p <
0.0001) as shown in Figure 2. Table 3 shows mortality
decreased significantly from 45.4 to 37.8% for neonates
requiring ECMO for respiratory indications between
2002–03 and 2010–11 (p < 0.0001). Mortality among
neonates who underwent ECMO due to a principal car-
diac diagnosis increased from 52.3 to 61.4% (p= 0.01).
On multivariate analysis, ECMO mortality risk was
highest for infectious indications (OR 4.1; CI 1.1–16.0),
followed by E-CPR (OR 3.8; CI 1.4–10.7) and cardiac
indications (OR 2.0; CI 1.5–2.8) as compared to
respiratory indications.

Fig. 2 Neonatal ECMO mortality rate

Table 2 Trends in neonatal
ECMO by indication

Indication 2002–2003
(n= 1008)

2004–2005
(n= 1755)

2006–2007
(n= 1527)

2008–2009
(n= 1515)

2010–2011
(n= 1798)

Total
(n=
7603)

p

Respiratory (%) 75.1 71.7 75.3 72.9 83.8 76.0 <0.0001

Cardiac (%) 20.3 25.3 21.2 22.4 12.1 20.1 <0.0001

Infectious (%) 3.2 1.9 1.9 2.6 1.1 2.1 0.1

ECPR (%) 1.4 1.1 1.6 2.0 3.0 1.9 <0.0001
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Resource utilization

The median length of stay for ECMO increased sig-
nificantly from 32 to 42 days (p= 0.0007) during the study
period. Table 4 shows LOS and cost trends by indication.
The median length of stay for respiratory indications
increased from 33 to 41 days (p= 0.006). The median
length of stay increased for cardiac indications (27 to
49 days; p= 0.03). On multivariate analysis, length of stay
increased by 1.6 days per year (95% CI 0.3–2.9 days; p=
0.02). When compared to infants in the same diagnostic
category, not requiring ECMO, those who received ECMO
had significantly longer LOS (Supplementary Table 2).

The median cost of hospitalization for ECMO increased
significantly from $120,363 to $191,987 (p < 0.0001).
Median cost for respiratory indications increased from
$115,418 to $185,295 (p < 0.0001). Median cost for cardiac
indications increased from $106,695 to $281,302 (p=
0.003) as shown in Table 4. Table 5 shows on multivariate
analysis, with yearly increments, the cost of hospitalization
increased by $14,033 (95% CI $9508-$18558; p < 0.0001).
Compared to other insurance types, cost of hospitalization
for patients with private insurance was higher by $20,281
(95% CI $573–$39,989; p= 0.05). Compared to small
hospitals, cost of hospitalization was significantly lower by
$93,957 in large hospitals (95% CI $136,358–$51,556; p <
0.0001). Compared to respiratory indications, the cost of
hospitalization for cardiac indications was significantly
higher by $48,562 (95% CI $20,105–$77,019; p= 0.001).
When compared to infants in the same diagnostic category,

who did not require ECMO, infants who received ECMO
had a significantly higher median hospital cost (Supple-
mentary Table 2).

Discussion

Our study is one of the largest analysis of trends in neonatal
ECMO and its outcomes in the United States. We highlight
the progression and variation in incidence, mortality, LOS,
and cost by indication of neonatal ECMO in 7603 patients
from 2002–2011. We know of only one other study in the
literature by Song et al. [24] that studied demographic and
geographic factors in 5151 neonatal patients undergoing
ECMO from the Kids’ Inpatient Database (KID) years
1997, 2000, 2003, 2006, 2009, and 2012 . Our study
extends the breadth of currently existing data on neonatal
ECMO.

ECMO utilization in neonates has almost doubled during
the 10-year study period. This is secondary to improved
devices, catheters and a shared knowledge among ECMO
centers working closely to improve care in this critically ill
neonatal population [25, 26]. As ECMO experience has
broadened, new indications have evolved [27]. ECMO is
being offered to neonates that are younger and smaller in
size [28]. Respiratory indications accounted for 76% of all
neonatal ECMO. RDS was the most common (33.6%)
indication for ECMO. This finding is consistent with Bok-
man et al. [7] who showed RDS as the leading cause for
ECMO across all age groups in the pediatric population

Table 3 Trends in neonatal
ECMO mortality by indication

Indication 2002–2003 2004–2005 2006–2007 2008–2009 2010–2011 Total p

Respiratory (%) 45.4 45.4 50.2 41.2 37.8 43.6 <0.0001

Cardiac (%) 52.3 60.4 65.2 66.2 61.4 61.7 0.01

Infectious (%) 57.1 57.1 83.3 87.5 50.0 68.8 0.18

ECPR (%) 66.7 75.0 100.0 66.7 72.7 75.9 0.68

Table 4 Trends in neonatal
ECMO hospital LOS and cost
by indication in survivors

Indication LOS
(days)/
Cost ($)

2002–2003 2004–2005 2006–2007 2008–2009 2010–2011 Total p

Respiratory LOS 33 32 40 42 41 38 0.006

Cost 115,418 129,637 142,095 160,594 185,295 148,176 <0.0001

Cardiac LOS 27 41 40 52 49 41 0.01

Cost 106,695 199,261 187,663 220,178 281,302 193,976 0.003

Infectious LOS 60 27 12 101 16 34 0.4

Cost 523,726 255,593 80,275 487,762 103,015 202,721 0.4

ECPR LOS 108 23 a 33 37 33 0.6

Cost 248,866 b a 160,095 175,889 204,480 0.8

a No survivors in 2006–2007
b For the survivors, cost was missing and so is not reported

1110 P. Bhatt et al.



[29]. However, data presented by Extracorporeal Life
Support Organization (ELSO) Registry shows a decline in
neonates with RDS requiring ECMO [30]. This may be due
to differences in how data are collected in ELSO, KID, and
NIS. The ELSO is an international non-profit consortium of
healthcare institutions who are dedicated to the develop-
ment and evaluation of novel therapies for support of failing
organ systems and to maintain a registry of patients
receiving ECMO both in the United States and inter-
nationally. The KID is the largest publicly-available all-
payer pediatric inpatient care database in the United States
and it is released every 3 years. The KID sample contains
10% of normal newborns and 80% of other pediatric dis-
charges. The NIS utilizes data from roughly 1000 hospitals
each year to create a sample representing > 95% of the U.S.
population [15]. Further, it is plausible that neonates with
unclear etiology for severe respiratory failure at birth may
get coded as RDS.

We showed a decrease in use of ECMO for cardiac
indications from 2002 to 2011. The ELSO registry reported
stable numbers of neonatal cardiac related ECMO and a
significant increase in pediatric cardiac related ECMO. Use
of E-CPR in neonates has increased significantly. In
2010–2011, 3% of all ECMO runs were E-CPR, which
doubled during the study period (2002–2011). ELSO

reported a 35% increase in neonatal E-CPR from 2009 to
2015 [30]. Our study is the first to report a rising trend in E-
CPR for neonates from 2002.

We demonstrated a decreasing trend in mortality of
neonates undergoing ECMO. This is likely due to many
factors such as improved ECMO devices and techniques,
earlier initiation of ECMO, neonatal intensive care prac-
tices, including changes in ventilatory strategies and nitric
oxide use. Non-respiratory indications for initiation of
ECMO in the neonatal population were associated with
highest mortality. We showed increasing odds of mortality
by indication: infectious > E-CPR > cardiac > respiratory.
Song et al. [24] showed increasing odds of mortality in
neonates with cardiac related primary diagnosis. However,
they did not compare risk of mortality in neonates that
underwent E-CPR or required ECMO for infectious causes.

Median hospital LOS for neonates on ECMO was
39 days. Other studies have reported median LOS varying
from 23 to 32 days [7, 24]. This variation is likely because
the populations studied were cross-sectional cohorts avail-
able every 3 years from the KID. Both LOS (1.6 days/year)
and inflation adjusted hospital cost ($14,033/year) rose per
year during the study period after adjusting for confounders
such as gender, year, insurance status, and hospital size.
Several factors may play a role in this. These include

Table 5 Predictors of neonatal
ECMO mortality, hospital LOS,
and cost

Mortality LOS (days)a Cost ($)a

Variable Odds ratio
(95%
confidence
interval)

p Beta coefficient
(95% confidence
interval)

p Beta coefficient (95%
confidence interval)

p

Gender

Male Reference Reference Reference

Female 1.1 (0.9–1.5) 0.3 2.4 (−3.8–8.6) 0.4 12,354 (−7000–31708) 0.2

Year 1.0 (0.9–1.0) 0.4 1.6 (0.3–2.9) 0.02 14,033 (9508–18558) <0.0001

Insurance status

Other Reference Reference Reference

Private 1.1 (0.8–1.4) 0.7 3.3 (−3–9.6) 0.3 20,281 (573–39,989) 0.05

Hospital bed size

Small Reference Reference Reference

Medium 0.9 (0.5–1.5) 0.6 3.4 (−9.9–16.6) 0.6 −16,219
(−64,680–32,242)

0.5

Large 0.7 (0.4–1.2) 0.2 −1.7 (−13.1–9.7) 0.8 −93,957 (−136358–
−51,556)

<0.0001

Indication for ECMO

Respiratory Reference Reference Reference

Cardiac 2.0 (1.5–2.8) <0.0001 5.2 (−3.5–13.9) 0.2 48,562 (20,105–77,019) 0.001

Infectious 4.1 (1.1–16.0) 0.04 −6.5
(−35.1–22.2)

0.7 42,179
(−56,144–140,502)

0.4

ECPR 3.8 (1.4–10.7) 0.01 −10.1 (−42–21.7) 0.5 −2208
(−100,631–96,216)

1.0

a LOS and cost calculated among survivors only
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duration of ECMO, multiple ECMO runs, severity of illness
requiring use of other life-saving medical therapies such as
continuous renal replacement therapy, therapeutic hypo-
thermia etc. We also did not evaluate the contribution of
complications of ECMO towards LOS and cost. Neonates
undergoing ECMO for cardiac indications generated sig-
nificantly higher cost than neonates with respiratory indi-
cations for ECMO. These patients often undergo expensive
procedures such as several cardiac surgeries and conse-
quently end up with longer costly hospitalizations [31]. We
also showed decreased hospital cost in larger hospitals.
Faraoni et al. [31] showed similar results after controlling
for diagnostic groups, LOS and ECMO complications in
pediatric patients undergoing ECMO. This is likely due to
streamlined processes and dedicated personnel established
to care for neonates requiring ECMO, resulting in higher
volume, improved outcomes, shorter LOS and subse-
quently decreased cost. Despite the increased cost of hos-
pitalization, neonatal ECMO has been shown to cost-
effective [3].

We found regional differences in the utilization of
ECMO in the U.S. The reasons for these differences are not
clear from available published literature on neonatal
ECMO. A recent survey of 81 active neonatal respiratory
ECMO centers (84% were in North America) found that
there was significant variation and deviation from the
published ELOS guidelines regarding patient eligibility and
selection for ECMO based on these guidelines at different
ECMO centers [28]. Such variation in patient selection
could account for the regional differences. A review of the
ELSO registry [32] shows that most of the ECMO centers
are in the eastern half of the U.S. and it is possible that the
differential distribution and access to neonatal ECMO
centers may also account for such regional variation in
ECMO use.

Our study has several limitations. NIS is an adminis-
trative database and all diagnoses codes are ICD-9 based.
We could not assess the impact of race due to significant
missing data. No clinical data such as arterial blood gas
analysis, duration of CPR, illness severity, duration, and
type of mechanical ventilation were available. We did not
have information on ECMO related specifics such as veno-
arterial vs. veno-venous ECMO, type of catheter used and
difficulties with catheter placement, type of ECMO pump
used, duration, and number of ECMO runs. All these factors
can impact survival outcomes, LOS, and cost of hospitali-
zation. The NIS database does not have information on
admission location of neonatal patients (neonatal intensive
care unit vs. pediatric intensive care unit). Since we inclu-
ded newborns < 30 days of age, it is logical to assume that
the ECMO therapy was provided in both the NICU and
PICU but were unable to delineate the differences between
them.

Our study possesses several strengths. To our knowl-
edge, this is the largest study to trend the outcomes and
utilization of ECMO in the neonatal population over a 10-
year period from 2002 through 2011. We utilized the NIS,
which approximates a 20-percent stratified sample of all
discharges from U.S. community hospitals, excluding
rehabilitation and long-term acute care hospitals. The NIS
contains information on all patients, regardless of payer,
including individuals covered by Medicare, Medicaid, or
private insurance, uninsured. Therefore, the data and the
findings of our study are nationally representative.

In conclusion, there was an increase in the utilization of
neonatal ECMO from 2002 through 2011. There was
improved survival in male infants and a reduced risk of
death in large, urban teaching hospitals but increased risk of
death for ECMO performed for non-respiratory indications.
LOS and hospital cost increased during the study period.
Future studies looking at resource utilization and outcomes
of neonatal ECMO after discharge from the hospital and the
factors that would impact these are recommended to
ascertain the cost-effectiveness of neonatal ECMO in the
US.
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