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codes that Pasquali et al (37)

have shown to differ when

comparing registry and admin-
istrative data for the Norwood

procedure. When the Norwood
procedure was identified in two

databases, they found a 7% dif-

ference in patient number and
an absolute mortality differ-

ence of 1.7%. We used the same

codes to identify all patients in
the PHIS database. When com-

paring mortality difference in

Norwood patients supported
by ECMO, we found a 9% mor-

tality difference between high-
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(58%) and low- (67%) volume
centers and expect that this
relatively large mortality differ-
ence would likely persist even if

Figure 2. Average annual extracorporeal membrane oxygenation (ECMO) volume and mortality by center.
Pediatric Health Information System (PHIS) centers are listed in the order of increasing average annual ECMO
volume, shown by bars. The solid line represents overall in-hospital mortality by center. The dashed line is a
weighted least squares regression line for the relationship between hospital ECMO volume ranking and in-
hospital mortality. Each individual patient is weighted equally so the slope of the line is not disproportionately
influenced by any single center. The downward slope shows decreasing mortality with increasing center volume.

consistently higher case-mix-adjusted mortality at the low-
volume centers with an even stronger association.

Another limitation is in patients with cardiac arrest. This
important diagnosis in the ECMO patient population could
not be accurately placed in time relative to ECMO cannula-
tion: prior to cannulation, during cannulation (E-CPR), or after
going on ECMO. We were unable to more finely adjust for sever-
ity of illness with respect to progressive organ failure not cap-
tured by diagnosis coding. Finally, ECMO features such as mode
of support, duration, and ECMO-related complications cannot
be ascertained reliably with this data source. Severity of illness
could not be fully adjusted for in this study, and therefore, our
adjusted mortality evaluation has limitations. In addition, cen-
ters may have different thresholds for the application of ECMO
support and inclusion and exclusion criteria likely vary. For
example, some larger volume centers may have a lower threshold
for institution of ECMO support due to experience and comfort
with this advanced support. Additionally, larger centers may care
for a higher complexity of patients and the estimated mortality
benefit seen could have been underestimated. Clearly, these cen-
ter differences could affect mortality, but we are unable to test
for these potential differences with the data available.

Additionally, there are also reports that demonstrate patient-
specific differences when comparing administrative databases
and clinical databases (37). However, this imprecision is unlikely
to substantially affect our primary analysis, which classified
patients simply as having heart disease or cardiac surgery as an
indication for ECMO rather than a specific anatomic diagnosis.
The subset analysis did identify patients with HLHS palliated
with a Norwood procedure. We used diagnosis and procedure
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some patients were misclassified
by diagnosis/procedure because
the mortality for all neonates
with cardiac disease was 47%.
Given these limitations, this is
the first large multicenter report
to describe this inverse relationship and many of our data did
closely mirror those of other ECMO literature as well as the
most recent ELSO July 2102 International Summary (36).

CONCLUSIONS

These findings suggest that a minimum ECMO volume
may be required to maximize ECMO program performance
and achieve better survival. Regionalization of pediatric and
neonatal ECMO centers when geographically possible may
improve survival. Improved competence may enable centers to
focus improvements and successfully care for higher risk cases.
Additional investigation into a potential minimum volume
for neonatal and pediatric ECMO is needed, and a minimum
threshold of 20-22 cases per year may provide the framework
for such continued evaluation. Merging information from
complementary databases such as ELSO and PHIS would likely
provide useful information to improve knowledge related to
ECMO indications, complications, and survival.
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