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Abstract To characterize the overall use, cost, and out-
comes of extracorporeal membrane oxygenation (ECMO)
as an adjunct to cardiopulmonary resuscitation (CPR)
among hospitalized infants and children in the United
States, retrospective analysis of the 2000, 2003, and 2006
Kids’ Inpatient Database (KID) was performed. All CPR
episodes were identified; E-CPR was defined as ECMO
used on the same day as CPR. Channeling bias was
decreased by developing propensity scores representing the
likelihood of requiring E-CPR. Univariable, multivariable,
and propensity-matched analyses were performed to char-
acterize the influence of E-CPR on survival. There were 8.6
million pediatric hospitalizations and 9,000 CPR events
identified in the database. ECMO was used in 82 (0.9 %) of
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the CPR events. Median hospital charges for E-CPR sur-
vivors were $310,824 [interquartile range (IQR) 263,344~
477,239] compared with $147,817 (IQR 62,943-317,553)
for propensity-matched conventional CPR (C-CPR) survi-
vors. Median LOS for E-CPR survivors (31 days) was
considerably greater than that of propensity-matched
C-CPR survivors (18 days). Unadjusted E-CPR mortality
was higher relative to C-CPR (65.9 vs. 50.9 %; OR 1.9,
95 % confidence interval 1.2-2.9). Neither multivariable
analysis nor propensity-matched analysis identified a sig-
nificant difference in survival between groups. E-CPR is
infrequently used for pediatric in-hospital cardiac arrest.
Median LOS and charges are considerably greater for
E-CPR survivors with C-CPR survivors. In this retrospec-
tive administrative database analysis, E-CPR did not sig-
nificantly influence survival. Further study is needed to
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improve outcomes and to identify patients most likely to
benefit from this resource-intensive therapy.

Keywords Extracorporeal membrane oxygenation -
Cardiopulmonary resuscitation - Pediatrics

Introduction

Survival after pediatric in-hospital cardiac arrest remains
poor. Contemporary studies of survival to discharge are
variable [29] and have reported rates between 13 and 42 %
after conventional cardiopulmonary resuscitation (C-CPR)
[11, 13, 25-28, 31, 33, 34, 43-45]. Improved survival has
been described for infants, cardiac surgery patients,
patients in a critical care setting, and patients with ven-
tricular fibrillation/tachycardia as the initial pulseless
rhythm [27, 33, 34, 43]; most recently, an analysis of >3
million hospitalizations estimated survival to discharge at
48 % for hospitalized children who receive CPR [23].
Extracorporeal membrane oxygenation (ECMO) has been
employed as a resuscitative support strategy during or shortly
after cardiac arrest to improve survival. The use of ECMO in
this capacity was first reported in 1992 for a cohort of pediatric
cardiac surgery patients [12];in 1993, Dalton et al. [ 10] reported
65 % survival to hospital discharge in a cohort of children with
severe myocardial dysfunction who arrested and received
E-CPR. Subsequently, the use of ECMO during or shortly after
cardiac arrest as a resuscitative support measure (E-CPR) has
been advocated as a potential strategy to improve outcomes.
Reported rates of survival to hospital discharge after pediatric
E-CPR are institution-specific and range from 33 to 73 % [2, 3,
10, 12, 18, 19, 30, 38, 41, 44, 49, 50]. This therapy is supported
by many centers and is recommended by the American Heart
Association (AHA) for consideration during in-hospital pedi-
atric cardiac arrest due to a potentially reversible cause for
which standard resuscitation attempts have failed [21].
Although there are several single-center studies [2, 4-6,
17-19, 30, 37, 39, 44] on the use of E-CPR, it is unknown how
common the practice is across the United States. In addition,
the outcomes reported from single-center, retrospective
studies may or may not reflect the outcomes achieved at
hospitals that have not reported their outcomes. Knowledge of
these data are of critical importance because ECMO is a
resource-intensive therapy and, to date, no prospective con-
trolled data exist that show a survival advantage of E-CPR
(during or after initial resuscitative efforts) compared with
C-CPR in children. Rigorous evaluation of E-CPR is com-
plicated by lack of a treatment control group that received
C-CPR,; therefore, any potential survival advantage is difficult
to ascertain. Thus, we sought (1) to describe the overall fre-
quency of ECMO as a rescue strategy for pediatric patients
with in-hospital cardiac arrest in the United States and (2) to

test the hypotheses that the use of ECMO after cardiac arrest
would result in similar survival with a greater cost and length
of stay (LOS) compared with C-CPR.

Methods
Data

With approval from the Baylor College of Medicine
Institutional Review Board, we performed a retrospective
analysis of the Health Care Cost and Use Project (HCUP)
Kids’ Inpatient Database (KID) inclusive of years 2000
2003, and 2006 [16]. The KID, an administrative database
released every 3 years since 1997, is a voluntary nation-
wide sampling of patients < 20 years old discharged from
hospitals in participating states. The KID is one of a
number of HCUP databases, which are collectively coor-
dinated by the Center for Organization and Delivery
Studies within the federal Agency for Health care Research
and Quality (AHRQ). State data agencies (private and
public) partner with AHRQ to provide the uniform data
included in these databases. The resulting databases can
provide population-level estimates for use in health ser-
vices research, including efforts aimed at improving health
care delivery.

Systematic random sampling is used to generate the data
set, which is weighted to allow population-level prevalence
estimates, when desired. Specifically, 80 % of all pediatric
and adolescent hospital admissions, 80 % of complicated
in-hospital births, and 10 % of uncomplicated in-hospital
births are included from each participating state. The
hospitals included in the database are specialty hospitals,
public hospitals, and academic medical centers.

There were 27 states that contributed data to the 2000
database, 36 states that contributed data to the 2003 data-
base, and 38 states that contributed data to the 2006 data-
base. Data for two to three million pediatric hospitalizations
are included in each release of the database; for our anal-
ysis, the three most current databases were merged into a
single data set containing 8,632,286 discharges. The KID is
composed of > 100 clinical and nonclinical variables for
each hospital stay, including < 15 diagnoses and 15 pro-
cedures for each hospitalization. Ultimately, the large
sample size of the KID enables analysis of rare diagnoses
and procedures, such as CPR and ECMO, in infants and
children.

CPR,ECMO, and other diagnoses and comorbidities were
identified by the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9) diagnosis and
procedure codes (Data Supplement). Procedure codes (e.g.,
CPR, ECMO) are identified by the hospital day on which the
event occurred, whereas diagnosis codes are summarily
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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. Additional database elements include admis-
sion and discharge status, patient demographics (e.g., sex,
age, race), hospital LOS, hospital characteristics (e.g.,
location, size, teaching status), and total hospital charges.

The hospital’s location, teaching status, and size were
determined by the AHA’s Annual Survey of Hospitals. Bed-
size categories are based on hospital beds and are specific to
the hospital’s location and teaching status. A hospital is
considered to be a teaching hospital if it has an American
Medical Association—approved residency program, is a
member of the Council of Teaching Hospitals, or has a ratio
of full-time equivalent interns and residents to beds >0.25.
Children’s hospital designations were assigned in the KID
based on information provided by the National Association
of Children’s Hospitals and Related Institutions (NACHRI).
Additional details regarding KID database design, sam-
pling, and quality control have been previously published
[46] and are available directly from the HCUP KID
Web site [16].

Statistical Analysis

Data were not normally distributed. Categorical variables
were reported as proportions, and scale variables were
reported as median and interquartile range (IQR). Weight-
ing was not used in this analysis (i.e., all reported values in
this study are absolute values encountered in the data set,
not calculated prevalence estimates). One-way analysis of
variance was used to compare median hospital charges and
LOS values between groups, and Dunn’s method was sub-
sequently used for multiple comparison between individual
pairs. Univariable analysis of categorical variables was
performed by Pearson Chi square or Fisher’s exact test as
appropriate, and results were reported using an odds ratio
(OR) with 95 % confidence interval (CI). Continuous
variables were analyzed using Mann—Whitney U test.

To control for channeling bias related to the likelihood
of receiving E-CPR, we developed a propensity score
reflecting the likelihood of E-CPR with arrest. Of the risk
factors associated with E-CPR, i.e., those that were reliably
present on admission (and not present as a potential
comorbidity manifested during the hospitalization), were
identified and applied to create this propensity score. In
nonrandomized studies, propensity scores have been used
to control for systematic differences between treatment
groups [9]. Given that institutional and systematic differ-
ences likely exist regarding the use of E-CPR during
resuscitation, propensity scores were generated for each
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subject using logistic regression with the following vari-
ables: age > 1 year, diagnosis of congenital (structural)
heart disease, diagnosis of myocarditis, and hospital type
(NACHRI children’s hospital designation). Because diag-
nosis codes in the KID are applied summarily to the entire
hospitalization with no temporal information, only factors
reliably present on admission (not as a potential compli-
cation of resuscitation) were used to generate propensity
scores. One-to-two greedy propensity-score matching was
then undertaken, effectively pairing one unique E-CPR
case with two unique C-CPR cases with similar propensity
scores. This model showed good discrimination with a
c-statistic of 0.84. No case was used more than once in the
propensity-matched group. Similar to previous studies,
propensity score matching was used to simulate, to a
degree, randomized groups and decrease selection bias
between the two study groups [1, 38]. Two-tailed Student
t test was used to compare the mean propensity values for
use of ECMO between the two propensity-matched resus-
citation cohorts (E-CPR vs. C-CPR).

To assess the influence of E-CPR on survival relative to
C-CPR, multivariable analysis was performed using logistic
regression on the entire unmatched cohort of C-CPR and
E-CPR patients. The multivariable model included sex,
age > 1 year, NACHRI children’s hospital designation,
and the presence of acute renal failure, acute cerebrovas-
cular disease, hepatic disease, sepsis/systemic inflammatory
response syndrome (SIRS), arrhythmias, pulmonary
hypertension, congenital heart disease, myocarditis, recent
invasive cardiovascular procedure (performed before the
arrest event), and E-CPR. All variables had < 5 % missing
values. A univariate regression was also performed on the
propensity-matched cohort. The propensity score matched
cohort had 80 % power to detect a 20 % difference in
survival with a two-tailed alpha of 0.05.

Propensity score matching was performed using SAS
statistical software version 9.1 (SAS, Cary, NC). All other
analyses were performed with SPSS, version 18.0 (SPSS,
Chicago, IL). Statistical significance was defined as
p < 0.05.

Results

Of 8.6 million pediatric hospitalizations, 9,000 CPR events
were identified, which included 82 (0.9 %) E-CPR events.
In 2000, E-CPR was used in 16 of 2,427 arrests (0.66 %)
compared with 25 of 3,002 arrests in 2003 (0.83 %), and 41
of 3,571 arrests in 2006 (1.15 %). Although E-CPR use
increased over time, this trend was not statistically signif-
icant (p = 0.102).

The rates of congenital heart disease, myocarditis, and
recent cardiovascular procedures were significantly greater
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in the E-CPR group (Table 1). Hospitalization in a chil-
dren’s hospital, myocarditis, and acute CNS disease carried
the strongest association with E-CPR. E-CPR was associ-
ated with greater hospital charges and greater LOS
(Table 2). Excluding patients who were transferred to
another acute care hospital after the CPR event, median
total hospital charges for the E-CPR group were $205,833
(IQR 114,330-$313,495) compared with a median of
$28,259 (8,812-$100,983) for the entire C-CPR group
(p < 0.05). E-CPR survivors incurred median charges of
$310,824 (263,344-477,239), whereas median charges for
C-CPR  survivors $50,392  (9,396-168,268)
(p < 0.001). This trend also persisted when comparing the
E-CPR cohort to the propensity-matched C-CPR cohort.
E-CPR survivors had more than twice the charges relative
to propensity-matched C-CPR survivors (median $310,824
vs. $147,817, respectively) (p < 0.05).

Consistent with the discrepant hospital charges between
groups, the LOS was considerably longer for the E-CPR
group as well. The median hospital LOS (excluding
patients who were transferred to another acute care hospital
after the CPR event) among survivors was 10 days (IQR
3-34) for the entire C-CPR group, 18 days (IQR 7-48) for
the propensity-matched C-CPR group, and 31 days (IQR
19-48) for the E-CPR group (p < 0.001) (Table 2).

Mortality was greater for those undergoing CPR with
ECMO support. Unadjusted mortality in the E-CPR group
was 65.9 % compared with 50.9 % in the entire (unmat-
ched) C-CPR group (OR 1.9, 95 % CI 1.2-2.9). Other
factors associated with increased mortality after C-CPR
were age > 1 year, sepsis/SIRS, congenital heart disease,
and acute renal failure (p < 0.001 for all) (Table 3). In a

were

Table 1 Baseline characteristics of the unmatched study groups

multivariable analysis of patients undergoing CPR,
age > 1 year, acute kidney injury, and sepsis were all
independently associated with death; however, there was
no identified survival benefit between the E-CPR and
unmatched C-CPR groups (OR death 1.0, 95 % CI 0.6-1.7)
(Table 3).

Propensity-matched groups were similar with respect to
age, sex, presence/type of cardiac disease, and history of
invasive cardiac procedure or congenital heart surgery
before resuscitation. Acute CNS disease and acute kidney
injury were disproportionately represented in the E-CPR
group; this is consistent with analysis of the groups before
propensity matching (Table 1), which showed that acute
CNS disease and acute kidney injury were among the
factors most strongly associated with E-CPR. Furthermore,
there was no significant difference between the E-CPR and
C-CPR groups with respect to mean propensity score val-
ues (e.g., both groups were equally likely to receive ECMO
as part of their resuscitation based on the factors we
included in the propensity model, whereas only those in the
E-CPR group actually received ECMO support during
resuscitation). Ultimately, there was no difference in sur-
vival identified between the propensity-matched E-CPR
and C-CPR groups (34.1 % survival to hospital discharge
after E-CPR vs. 43.3 % for C-CPR; OR 0.7 [95 % CI
0.4-1.3]) (Table 4).

Discussion

This large retrospective database analysis of ECMO-sup-
ported resuscitation of infants and children is notable for

Characteristics E-CPR (n = 82) C-CPR (n = 8,918) OR of E-CPR (95 % CI)
Infants (age < 1 year) (%) 38 (46 %) 6,334 (71 %) 0.4 (95 % CI, 0.2-0.5)
Female (%) 40 (49) 3,827 (43) 1.3 (0.8-2.0)
Cardiac factors (%)
Arrhythmia 29 (35) 1,188 (13) 3.6 (2.3-5.6)
Congenital heart disease 39 (48) 1,621 (18) 4.1 (2.6-6.3)
Myocarditis 6 (7) 54 (1) 13.0 (5.4-31.0)
Cardiac procedure before arrest 18 (22) 758 (9) 3.0 (1.8-5.1)
Other factors (%)
Acute kidney injury 24 (29) 573 (6) 6.0 (3.8-9.8)
Acute CNS disease 12 (15) 137 (2) 11.0 (5.8-20.7)
Sepsis/SIRS 25 (31) 2,023 (23) 1.5 (0.9-2.4)
Hospital NACHRI classification 76 (93) 3,607 (40) 18.7 (8.1-42.9)
Assigned propensity value (mean)* 0.0359664 0.0088772 N/A
Survival to hospital discharge (%) 34.1 49.1 0.5 (0.3-0.8)
*p < 0.001
**p = 0.005
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Table 2 Hospital LOS and total charges for E-CPR and C-CPR groups (excluding patients transferred to another acute care setting)

LOS and total charges C-CPR C-CPR (propensity-matched cohort) E-CPR p
LOS (days)
All 3 (1-15) 7 (1-20) 11 (4-26) <0.001
Survivors 10 (3-34) 18 (7-48) 31 (19-48) <0.001
Total charges (USD)
All 28,259 (8,812-100,983) 68,498 (22,184-199,347) 205,833 (114,330-313,495) <0.001
Survivors 50,392 (9,396-68,268) 147,817 (62,943-317,553) 310,824* (263,344-477,239) <0.001

Values provided are median values followed by the interquartile range in parentheses

LOS length of stay, USD United States dollars

* Missing values were <10 % for all groups except total charges for E-CPR survivors [charges data absent for 3 patients (15.7 %)]

Table 3 Unadjusted and adjusted risk of death after arrest

Characteristics

Entire CPR cohort (N = 9,000)

OR for univariable analysis (95 % CI)

OR for multivariable analysis (95 % CI)

Infants (age < 1 year) 0.35 (0.32-0.39)

Female 0.96 (0.88-1.05)

Cardiac factors

0.35 (0.32-0.39)
0.98 (0.90-1.1)

Arrhythmia 1.5 (1.3-1.7) 0.9 (0.8-1.0)
Congenital heart disease 1.2 (1.1-1.4) 1.4 (1.2-1.6)
Myocarditis 1.3 (0.8-2.3) 0.7 (0.4-1.2)
Pulmonary hypertension 1.5 (1.2-2.0) 1.2 (0.9-1.6)
Recent cardiac procedure 1.1 (0.9-1.3) 0.8 (0.7-0.9)
Other factors
Acute kidney injury 2.2 (1.9-2.7) 1.4 (1.2-1.7)
Acute CNS disease 1.3 (0.9-1.8) 0.8 (0.6-1.1)
Hepatic disease 4.0 (2.9-5.6) 2.2 (1.6-3.2)
Sepsis/SIRS 1.5 (1.3-1.6) 1.4 (1.3-1.6)
Children’s hospital (NACHRI) 1.9 (1.8-2.1) 1.6 (1.4-1.7)
E-CPR 1.9 (1.2-2.9) 1.0 (0.6-1.7)*
*p = 0.849

several findings. One of the most striking findings is the
overall infrequent use of E-CPR. Of 9,000 episodes of
CPR, < 1 in 100 resuscitations included the use of ECMO.
Although many centers and the AHA recommend consid-
eration of E-CPR for cardiac arrest not responding to
conventional strategies [19, 21, 30, 41], widespread adop-
tion of this therapy has not occurred. There has been a
reemphasis in recent years on delivering high-quality CPR
[14, 15, 51]. High-quality CPR is associated with improved
outcomes among adult cardiac arrest victims. Improve-
ments in attention to depth of compressions, compression
frequency, full chest wall recoil, and avoidance of hyper-
ventilation may result in improved survival with C-CPR,
which may attenuate the theoretical advantages of E-CPR
(e.g., faster clearance of acidosis, improved coronary per-
fusion pressure) compared with C-CPR. It was not possible
to evaluate CPR quality in our study; thus, any contribution
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of increased C-CPR quality to survival is
speculative.

Comparison of hospital charges and LOS between the two
groups highlights the resource-intensive nature of ECMO.
Survivors who received ECMO as a component of resusci-
tation incurred hospital charges and a LOS approximately
twice that of their propensity-matched non-ECMO (C-CPR)
counterparts. The contrast in hospital charges between the
two groups is even greater when including deaths in the
analysis of respective groups as listed in Table 2.

This study is based on a large administrative database
containing limited clinical data, thus precluding any ability
to draw firm conclusions about differences in morbidity or
mortality between the two strategies. The specificity with
which patient populations are identified is limited as is the
ability to control for demographics, risk factors, and other
clinically significant variables in evaluating risk factors and

purely
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Table 4 Characteristics of the E-CPR and propensity-score matched C-CPR cohorts

Characteristics E-CPR (n = 82) C-CPR (propensity score- Significance
matched controls) (n = 164) (univariable analysis)
Infants (age < 1 year) (%)* 38 (46) 76 (46) 1.00
Female (%) 40 (49) 75 (46) 0.682
Cardiac factors (%)
Arrhythmia 29 (35) 48 (29) 0.331
Congenital heart disease® 39 (48) 78 (48) 1.00
Myocarditis® 6 (7) 12 (7) 1.00
Pulmonary hypertension 2(2) 10 (6) 0.209
Congenital heart surgery before resuscitation 18 (22) 40 (24) 0.671
Other factors (%)
Acute kidney injury 24 (29) 21 (13) 0.002
Acute CNS disease 12 (15) 6 (4) 0.002
Hepatic disease 7(09) 8 (5) 0.258
Sepsis/SIRS 25 (31) 33 (20) 0.071
Children’s hospital (NACHRI)* 76 (93) 152 (93) 1.00
Assigned propensity value (mean) 0.0359671 0.0359671 1.00
Survival to hospital discharge (%) 34.1 433 0.168

 Factors that were incorporated into logistic regression model to create individual propensity scores with which E-CPR cases were matched to

C-CPR cases

outcome measures. Nonetheless, large databases and reg-
istries remain useful in characterizing rare conditions and
events. Direct clinical extrapolation may be limited, but
these characterizations remain clinically useful approxi-
mations of overall use, morbidity, and mortality.

Only 34 % of patients who received ECMO as part of
the resuscitation strategy survived to hospital discharge.
This is not dissimilar from reported rates of survival to
discharge after E-CPR for pediatric patients (38-39 %
survival) and pediatric patients with heart disease (42 %
survival) in the Extracorporeal Life Support Organization
Registry [7, 49]. Nonetheless, whereas no survival advan-
tage was shown compared with C-CPR in this analysis, it
remains likely that certain well-defined groups may benefit
from E-CPR. There clearly are patients who will not sur-
vive an arrest even with the use of ECMO (nearly 70 % in
this study). It has been speculated that all patients who
have received ECMO during or after CPR would have died
without ECMO [20]; however, this hypothesis should be
tested further. Survivors of E-CPR generally have shorter
duration of CPR before the use of ECMO [4, 5, 18, 44], and
because some centers aim to employ ECMO early into
resuscitative efforts [18, 44], it should be considered that
some of these E-CPR survivors would have survived
without the addition of ECMO.

We were able to identify a group of patients for whom
E-CPR was more likely. Not surprisingly, children with
congenital heart disease and myocarditis, as well as those

hospitalized in a children’s hospital, were more likely to
undergo CPR with ECMO support. However, no statisti-
cally significant difference in survival was noted between
the two groups. Our study was powered to detect a 20 %
survival difference between the E-CPR and C-CPR groups,
and we identified a statistically insignificant 9 % difference
in mortality. A larger E-CPR population may provide the
statistical power necessary to identify a mathematically
significant survival benefit; however, the clinical signifi-
cance of any potential small/modest survival benefit must
be weighed against the known potential for morbidity
associated with this costly and resource-intensive resusci-
tation strategy.

In a 2005 cost analysis of pediatric ECMO, Van Lits-
enburg et al. [52] argue that identification of subgroups
most likely to benefit from ECMO is crucial to improving
the cost-effectiveness of this expensive therapy. Similarly,
a 2011 editorial by Thiagarajan [48] concludes that insuf-
ficient evidence exists to support widespread adoption of
pediatric E-CPR and that research is needed to “better
defin[e] a population that may be best suited for its use.”
Unfortunately, a randomized controlled trial comparing
E-CPR and C-CPR will likely never be performed for
many reasons, including limited sample size, variations in
regional and institutional practice, or institutional unwill-
ingness to randomize. As such, data attempting to directly
compare these strategies is limited. A propensity-matched
analysis by Lin et al. comparing E-CPR with C-CPR in an
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adult Taiwanese population [24] found a 30-day survival of
33 % with no difference between E-CPR and C-CPR
groups. A recent analysis of infants with hypoplastic left
heart syndrome who required resuscitation after Norwood
surgery found no difference in 12-month transplant-free
survival between E-CPR and C-CPR groups [40].

In the absence of a randomized controlled trial, multi-
center or cooperative studies are needed to compare the
safety and effectiveness of different resuscitation strategies,
and further research to identify patients most likely to
benefit from E-CPR is imperative. Without robust evidence
to guide clinical application, the widespread adoption and
use of E-CPR should be balanced against other less costly
measures that may improve mortality in critically ill hos-
pitalized patients. In a 2008 editorial regarding E-CPR in
adults [53], Acosta and Varon posited that although this
therapy makes physiologic sense and ECMO outcomes
have continued to improve, logistic issues at many centers
and the absence of randomized control trials precludes any
recommendation for widespread or universal availability.
The 2010 AHA Pediatric Basic and Advanced Life Support
recommendations, which reflect consensus of the 2010
International Liaison Committee on Resuscitation Pediatric
Task Force, conclude the following regarding pediatric
E-CPR: “ECPR can only be employed if the cardiac arrest
occurs in a monitored environment with protocols and
personnel for rapid initiation... ECPR may be beneficial for
infants and children with cardiac arrest if they have heart
disease amenable to recovery or transplantation and the
arrest occurs in a highly supervised environment such as an
intensive care unit with existing clinical protocols and
available expertise and equipment to rapidly initiate ECPR”
[22]. Particularly in less specialized centers with fewer
resuscitation resources, cost-effective systematic measures
directed at preventing or improving CPR (e.g., in-hospital
rapid response teams, resuscitation-simulation training,
improved postresuscitation care, etc.) [14, 15, 42, 47] may
have a much greater impact on patient outcomes than the
adoption of costlier or more resource-intensive strategies.

It should be noted that recent advances have resulted in
simpler and more efficient extracorporeal devices (oxyge-
nators, circuits, pumps, etc.) which may be more suitable
for rapid deployment. Use and outcomes of E-CPR and
rapid-deployment ECMO are likely to be impacted by
these advances, and more contemporary data will likely
reflect this evolution as it becomes available. Notwith-
standing, data comparing high-quality conventional CPR
with E-CPR are greatly needed.

Limitations

Analysis of large databases may prove useful in over-
coming some of the limitations of registries and
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single-center studies that aim to characterize rare condi-
tions and/or small populations. Nonetheless, there are
many shortcomings inherent to the use of an administrative
database (such as the KID) to approach these types of
clinical questions. First, it should be noted that this is a
retrospective study, and results are likely to differ from
those obtained from prospective randomized cohorts.
Although there are quality-control measures in place to
ensure accuracy of the data, there is no panel of cardiolo-
gists, intensivists, or resuscitation specialists to adjudicate
cases. Clinical data are limited, and factors known to be
associated with resuscitation outcomes (such as initial
rhythm at onset of arrest, resuscitation duration, underlying
cause, characteristics of the initial resuscitative effort,
location within the hospital, duration of resuscitation
before ECMO, etc.) [8, 13, 27, 32, 35, 36, 54] were not
available. Furthermore, the chronological order of diag-
noses is not provided. This complicates the distinction
between pre-existing risk factors and sequelae of an event
or procedures. A propensity-matched analysis is only as
robust as the quality and number of variables accounted for
in the model; because the chronological order of diagnoses
was not provided, we were restricted to include only the
risk factors that were reliably present on admission and not
a potential complication of the intervention itself (e.g.,
congenital heart disease, myocarditis, age, children’s hos-
pital status). In addition, the results of laboratory testing
and diagnostic studies were not available, and data were
not captured after discharge. Thus, quality-of-life mea-
sures, neurological sequelae, and other late comorbidities
were not available for analysis.

Regarding procedures (e.g., CPR and ECMO), the hos-
pital day of the event is provided, but time and duration are
not captured in the database. Thus, our cohort of patients
receiving ECMO and CPR on the same calendar day likely
includes those meeting a strict definition of E-CPR as well
as some with persistent hemodynamic compromise after
ROSC. It is unlikely, but possible, that a very small number
received CPR after initiation of ECMO. Results may have
differed if only cases meeting a strict E-CPR definition had
been included; as discussed previously, the degree of
clinical detail available in the KID remains one of the
greatest limitations to its use in outcome or quality
research.

Conclusion

E-CPR is infrequently used for pediatric in-hospital cardiac
arrest in the United States. Patients who survived to dis-
charge after E-CPR incurred hospital charges more than
twice that of propensity-matched C-CPR survivors and had
a considerably longer hospital LOS. In this retrospective
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administrative database analysis, there was no identified
difference in survival to hospital discharge between con-
ventional CPR and CPR involving ECMO. Further study is
needed to identify patients most likely to benefit from this
costly, resource-intensive therapy.
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