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Abstract
Objectives—To evaluate morbidity, mortality, and associated risk factors in late preterm term
infants (34 0/7-36 6/7 wk) requiring extra-corporeal membrane oxygenation (ECMO).

Study design—We reviewed a total of 21,218 neonatal ECMO runs in Extracorporeal Life
Support Organization (ELSO) registry data from 1986 to 2006. Infants were divided into 3 groups:
Late Preterm (34 0/7 to 36 6/7), Early Term (37 0/7 to 38 6/7), and Full Term (39 0/7 to 42 6/7).

Results—There were 14,528 neonatal ECMO runs which met inclusion criteria. Late preterm
infants experienced the highest mortality on ECMO (late preterm 26.2%, early term 18%, full term
11.2%. p<0.001) and had longer ECMO runs; they also had higher rates of serious complications.
GA was a highly significant predictor for mortality. Late preterm infants with a primary diagnosis
of sepsis and PPHN had 3-fold higher risk of mortality on ECMO than those with meconium
aspiration.

Conclusion—Late preterm infants treated with ECMO havehigher morbidity and mortality than
term infants. This underscores the need for special consideration of this vulnerable population in
the diagnosis and treatment of hypoxic respiratory failure.
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Infants born between 34 and 36 weeks gestation (239 to 259 days gestation) are at greater
risk for morbidity and mortality compared with term newborns [1]. These infants, now
referred to as late preterm infants, are contributing to increased rates of prematurity[2]. Late
preterm births now account for 71.7% of all preterm births and nearly one third of neonatal
intensive care unit (NICU) admissions in the US [2,3]. This combination of large numbers
and greater vulnerability results in a substantially higher etiologic fraction of disease burden
and death in the early neonatal period [4,5].
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Several studies documented a higher risk of respiratory morbidity in late preterm infants.
Beginning often as delayed respiratory transition and transient tachypnea, the course of
respiratory distress in late preterm infants can be unpredictable. Etiology can be varied and
is often overlapping with respiratory distress syndrome [6-10], transient tachypnea of the
newborn (TTN) [11-15], and persistent pulmonary hypertension (PPHN) [16-18]. The
clinical picture is further complicated by a higher incidence of co-morbidities such as apnea,
hypoglycemia, hypothermia, poor feeding, sepsis/infections and
hyperbilirubinemia[11,13,19-21]. In a retrospective study of 228,668 deliveries with 19,334
late preterm births, the incidence of PPHN was 0.38% in late preterm infants compared with
0.08% in term infants and the incidence of respiratory failure was 0.94% in late preterm
infants compared with 0.11% in term infants. [22] Many of these infants are asymptomatic
immediately after birth but subsequently demonstrate an escalating need for respiratory
support with evidence of PPHN, hence the term malignant TTN to describe this sequence
[23]. Given the relatively high birth weight, these infants are often not appropriately
managed or monitored. They are treated with oxy-hoods for prolonged periods, placing them
at risk for alveolar collapse due to oxygen absorption[5,24,25]. Refractory hypoxemia from
RDS, PPHN, respiratory failure, meconium aspiration, pneumonia and sepsis are some of
the indications to place infants on ECMO [26]. Our study evaluates the risk of morbidity and
mortality in late preterm infants with severe hypoxic respiratory failure requiring ECMO
compared with term infants and identifies risk factors that predispose them to adverse
outcomes.

METHODS
We reviewed Extracorporeal Life Support Organization (ELSO) registry data from Jan 1986
to Dec 2006 in an electronic database without patient identifiers. ELSO is an international
consortium of healthcare professionals and scientists that maintains a registry of ECMO runs
in its participating centers. Nearly 170 centers worldwide contribute to this registry, with
cumulative data on nearly 35,000 patients requiring ECMO. 24,000 of these are newborns.
All ELSO member institutions are required to have IRB approval from their respective IRB
for this data collection.

Infants with gestational age (GA) ≥ 34 weeks and < 43 weeks were included in our study
and were divided into 3 Gestational age groups: Late Preterm (34 0/7 to 36 6/7), Early Term
(37 0/7 to 38 6/7), and Full Term (39 0/7 to 42 6/7). Early term infants were treated as a
separate group, given the significant increase in their numbers in recent years, and their
predisposition to neonatal complications. Infants with congenital diaphragmatic hernias, and
other major congenital disorders including cardiac defects, chromosomal and genetic
abnormalities were excluded. Those with unavailable diagnosis or gestational age were also
excluded, and only data from the first ECMO run was used for the analysis.

Patient demographic characteristics, perinatal and pre-ECMO variables, and complications
on ECMO were summarized descriptively both overall and between GA groups. Categorical
outcomes were summarized with percentages and compared between GA groups using the
Chi square test of Independence. For continuous measurements, means and medians were
calculated as appropriate and tested for equality between GA groups using one-way
ANOVA and the Kruskal-Wallis Test.

We next assessed mortality on ECMO for each GA group as well as for each of the
demographic and perinatal characteristics using univariate analysis. Crude odds ratios for
mortality and their confidence intervals were calculated. To understand the differential
survival on ECMO by GA group after adjusting for other covariates, we conducted a series
of logistic regression analyses using mortality as our outcome. We used the pre-ECMO and
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demographic variables that were found significant in the earlier univariate analysis as
covariates. Our starting model (Model 1) considered GA, adjusting for pH, Apgar 1 min, sex
and year. Due to missing values, the predictors race (16% missing), SAO2 (28% missing),
MAP (34% missing), and delivery method (accurate only after 1990) were excluded from
this analysis. PCO2 was excluded due to high collinearity with pH, as was Apgar 5 min
(collinear with Apgar 1). Our initial model included all covariates as possible confounders
and effect modifiers of GA, except for those that had a potentially intermediate role in the
casual pathway from GA to mortality (birth weight, primary diagnosis). A 10% shift in the
odds-ratios (OR) for GA mortality was used to determine confounding, and interactions
were considered significant at the 0.05 level. Our second model was a subset analysis that
included two variables that had a high number of missing values in the registry but were
important variables for control (race, delivery method). We then considered a model that did
not include race and delivery method but incorporated the intermediate variables (birth
weight, primary diagnosis), and again evaluated the association of GA with mortality. Our
final model controlled for the post-ECMO outcomes of complications and time on ECMO to
determine if a GA-mortality effect remained beyond these outcomes. The study was
reviewed and approved by the ELSO Review Panel.

RESULTS
There were 21,218 neonatal pulmonary ECMO cases between 1986 and 2006, 415 failed to
meet inclusion criteria, 6,275 met the exclusion criteria and a total of 14,528 infants were
analyzed and were grouped as follows: late preterm: 2,135 infants, early term: 3,119 infants,
and full term: 9,274 infants (Figure 1; available at www.jpeds.com). As would be expected,
late preterm infants had a lower birth weight and gestational age (mean ±sd: birth weight,
2.8 (0.5) kg, and GA 35.4 (0.8) weeks. They were more likely to bemale, and non-Hispanic
whites (Table I). Fifty six percent of the late preterm infants were delivered vaginally and
23% by elective C Section (delivery method data was available from 1990 onwards). The
Apgar scores, pre-ECMO blood gas values and ventilator support type/magnitude in late
preterm infants were statistically different from the term groups but the differences were not
likely to beclinically significant.

Sepsis and respiratory distress syndrome (RDS) were the most common primary diagnoses
among late preterm infants (29.9% and 28.2%, respectively); they were less likely to have a
primary diagnosis of meconium aspiration syndrome than early term and full term infants
(Table I). Early term and late preterm infants had the highest incidence of persistent
pulmonary hypertension. Compared with term infants, late preterm infants had longer runs
on ECMO and were more likely to die on ECMO or have ECMO support discontinued prior
to lung recovery.

Univariate Analysis
Univariate associations with ECMO mortality are presented in Table II. Late preterm infants
had the highest mortality (26.2%), followed by early term (18%) and full term infants
(11.2%) (Figure 2; available at www.jpeds.com). Compared with full term infants, late
preterm infants had an unadjusted mortality OR of 2.81 (95% CI: [2.50, 3.16]) and early
term infants had an OR of 1.73 (1.55, 1.94). Infants with lower birth weights fared worse on
ECMO, with 26.4% mortality in the 2000 – 2499 g birth weight group compared with 11.4%
among infants weighing between 3500 and 3999 g. (unadjusted. OR [95% CI] = 2.78 [2.32,
3.33]).

A tabulation of complications on ECMO by GA (Table III; available at www.jpeds.com),
reveals that late preterm infants were more likely to require hemofiltration/dialysis on
ECMO (late preterm: 19.3%, early term: 15.5%, full term: 12.1%, p < 0.0001) and were
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more prone to renal complications overall. They were more likely to have intraventricular
hemorrhage (late preterm: 12.3%, early term: 7.6%, full term: 3.6%, p<0.0001) and other
neurological complications on ECMO. They also experienced increased mechanical,
metabolic and infectious complications on ECMO.

Multivariate Analysis
The results for our multivariate assessment of differential mortality risk by GA are
summarized in Table IV. Our starting model (Model 1) considered GA, adjusting for pH,
apgar 1 min, sexand year. All interactions with GA were found to be non-significant and
were dropped, resulting in a highly significant final model (p < .0001). No factors were
found to be confounders of GA, but the following variables were significantly associated
with mortality: pH (p < .0001), Apgar 1 (p < .0001), sex(p = 0.006), and year (p = 0.005).
Gestational age group was a highly significant predictor of mortality (p < .0001), and the
adjusted mortality OR for late preterm (compared with full term) infants was 2.73 (95% CI:
[2.40, 3.09]) and for early term infants it was 1.63 (1.45, 1.85).

Our next analysis (Model 2) added the two important control variables of race and delivery
method for which data were limited (as explained above). For this subset model (n =
11008/11995, 91.8% of data from 1990 onwards), there was a highly significant interaction
of race with GA (p < 0.0001) that resulted in considerable heterogeneity of GA risk between
races (Table IV). White infants had the least comparative risk between late preterm and full
term (OR, [95% CI]: 1.47 [1.32, 1.64]), and had no difference between early term and full
term (0.99, [0.89, 1.09]). In contrast, late preterm black infants had the most elevated risk
(3.60, [2.53, 5.11]) and early term risk (1.44, [1.05, 1.99]). Indeed, this effect is partially due
to markedly better survival of black full term infants (black vs. white full term infant
mortality OR = 0.72, 95% CI: 0.61, 0.85). A similar effect was observed for Hispanic
infants.

The third model included birth weight and primary diagnosis. Although these covariates are
important predictors of infant mortality on ECMO, they are partially resultant from GA and
thus may play an intermediate role in the casual pathway from GA to ECMO mortality (i.e.:
their inclusion in a model would bias the observed GA effect towards the null hypothesis).
Understanding this, the inclusion of these variables in the original logistic model allows us
to see how much of the GA effect is affected after incorporating these two variables. As
shown in Table IV, the mortality OR for late preterm vs. full term infants was substantially
diminished to 1.31 (95% CI: [1.12, 1.53]) as was that for early term vs. full term (1.06,
[0.93, 1.20]). Birth weight group was significantly associated with mortality (p < .0001), and
the adjusted OR for infants weighing 2000 – 2499g compared with 3500-3999g was 1.97
(95% CI: [1.60, 2.44]). Primary diagnosis was also highly significant (p < .0001) and
compared with a diagnosis of meconium aspiration, infants with sepsis had a mortality OR
of 4.11 (95% CI: [3.48, 4.85]), those with PPHN had and OR of 3.61 ([3.10, 4.21]), those
with RDS had and OR of 2.11 (95% CI: [1.69, 2.64]), and those with respiratory
insufficiency had an OR of 3.88 (95% CI: [2.92, 5.15]) (Table V; available at
www.jpeds.com).

Finally, we extended the model with birth weight and primary diagnosis to also include the
post-ECMO variables of time on ECMO and complications on ECMO, which are also
intermediate factors. Once this information was incorporated, no independent GA effect
remained for late preterm vs. full term infants (1.15, [0.97, 1.36]) or early term vs. full term
(1.04, [0.89, 1.19]).
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Discussion
Their large size and presumed maturity notwithstanding, late preterm infants are now
recognized to be at considerable risk for morbidity and mortality. This knowledge, coupled
with the recent rise in late preterm births, has intensified the debate about the risks and
benefits of medically indicated late preterm births. In this study, we were able to analyze
outcomes of a large cohort of late preterm infants with severe hypoxic respiratory failure
who were treated with ECMO. Our finding, that late preterm infants had poorer outcomes on
ECMO than their more mature counterparts, underscores their developmental immaturity
and vulnerability. Further, the large number of late preterm infants who required ECMO is
surprising and not in keeping with the overall impression of their “mild” initial disease.

Late preterm infants were more likely to be male and non-Hispanic white and this is
consistent with several previous reports.[19,27,28] Davidoff et al demonstrated that non-
Hispanic whites comprised the majority of the increase in late preterm births.[28] Although
non-Hispanic whites had a larger representation in our late preterm cohort, they fared better
than black infants and had lower odds of death when compared with black infants. However,
full term black infants had better survival on ECMO as compared with non-Hispanic whites.
These divergent findings require further study.

Nearly 23% of late preterm infants with severe hypoxic respiratory failure were born by
elective cesarean section. This is higher than the 16.5% rate reported by Keszler et al in their
1985-91 data [18] and almost twice the estimated national rate of ~12% repeat cesarean
sections of all live births in the United States [29]. Late preterm infants born by elective
repeat cesarean section are over represented in the ECMO population. The lower mortality
on ECMO in this group is somewhat surprising and cannot be explained, but probably
reflects a bias towards more mature infants. Clark et al in their study of infants > 34 weeks
also found that RDS was a leading cause of respiratory failure.[27] Sepsis, PPHN and RDS
were the leading causes of respiratory failure among late preterm infants in our study, in
contrast to other studies of ECMO patients where meconium aspiration syndrome was
reported as the leading cause [30,31]. RDS was the primary diagnosis in ~2.8% of the full
term, 13.6% of the early term, and 28% in the late preterm ECMO population. Overall, data
from the ELSO registry show that RDS has been declining as the primary diagnosis among
the ECMO population (from ~55% in 1986 to 2% in 2004 among late preterm infants).This
is likely due to the success of treatments such as surfactant, inhaled nitric oxide and high
frequency ventilation. However, early term and late preterm infants in our study population
were more likely to have a primary diagnosis of RDS than full term infants. Although the
incidence of RDS seems to be stable among the full term infants, it seems to be rising again
among the late preterm and early term infants, from 2% and 3% in 2004 to 10% and 7% in
2006 respectively; whether this trend will sustain remains to be seen (Figure 3; available at
www.jpeds.com).

The incidence of PPHN in our study population was significantly higher in late preterm and
early term infants. The delayed clearance of lung fluid may be a significant contributor to
progressive severe respiratory failure and PPHN[32]. This is consistent with our finding of
the higher prevalence of elective c-section and PPHN in our late preterm infants. We have to
mention that the primary diagnosis is assigned by the attending neonatologists at their
respective institutions and often overlaps with other concurrent diagnoses.

Our study also validates recent reports of higher morbidity and mortality in early term
infants (38-39 weeks).[29,33] Late preterm and early term infants comprised 12.8% and
17.5% of all live births in the US respectively in 2006.[34] Their numbers were slightly
higher in our ECMO population at 15% and 21% respectively. They had higher mechanical
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complications on ECMO, which could be explained partly by their longer ECMO runs, but
they were also at higher risk for neurological (including IVH), metabolic and renal
complications with increased risk of hemofilteration and dialysis. Tita et al in a recent study
of cesarean births have shown a higher incidence of morbidity, including NICU stay or
mechanical ventilation for infants born at 37 and 38 weeks [29]. We found that infants born
only a few weeks prior to term gestation and even among those born early term had
increased morbidity and mortality on ECMO. Given that in Tita's study nearly 36% of
elective repeat cesarean sections were performed before 39 weeks, stricter guidelines and/or
alternate strategies may be needed to prevent unintended/unnecessary elective repeat
cesarean section births prior to 39 weeks.

Our logistic regression analysis attempted to determine the predictors of mortality by GA
using three different models. When we included birth weight and primary diagnosis the odds
of death decreased for late preterm infants compared with full term infants and the
difference disappeared between early term and full term infants. However primary diagnosis
and birth weight is a consequence of premature birth. For example RDS is more common
among late preterm infants and therefore confounds the separate influences of GA and
diagnosis at birth on mortality. As expected and consistent with previous studies, infants
with lower birth weights had increased risk of death enetic abnormalities, missing GA,
mismatched GA and birth weight.
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ECMO Extra corporeal membrane oxygenation

ELSO extra corporeal life support organization

GA gestational age

OR odds ratio

TTN transient tachypnea of the newborn

PPHN persistent pulmonary hypertension

RDS respiratory distress syndrome
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IVH intra ventricular hemorrhage
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Figure 1.
Study cohort derived from ECMO cases recorded in the ELSO database between 1986 and
2006. A total of 21,218 neonatal pulmonary ECMO cases were identified after ECMO runs
initiated for cardiac conditions and post cardiac surgeries were excluded. Inclusion criteria
was GA >= 34 weeks and <43 weeks. Exclusion criteria included infants with major
congenital disorders including congenital diaphragmatic hernias, cardiac defects,
chromosomal/genetic abnormalities, missing GA, mismatched GA and birth weight.
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Figure 2.
Mortality on ECMO in neonates with hypoxic respiratory failure by gestational age group.
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Figure 3.
Incidence of RDS as a primary diagnosis among neonates with severe hypoxic respiratory
failure requiring ECMO. RDS among late preterm infants has declined from ~55% in 1986
to 2% in 2004. Though stable among the full term infants, it seems to be rising among the
late preterm and early term infants, from 2% and 3% in 2004 to 10% and 7% in 2006
respectively.
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Table 2

Mortality on ECMO (unadjusted)

% Mortality Total Unadjusted. OR (95% CI)

Gestational Age

 Late pre-term 26.2 (560/2135) 2.81 (2.50, 3.16)

 Early term 18.0 (560/3119) 1.73 (1.55, 1.94)

 Full term 11.2 (804/7632) ref. ref.

Sex

 Female 15.1 (901/5966) 1.03 (0.94, 1.13)

 Male 14.7 (1254/8506) ref. ref.

Race

 White 17.2 (1157/5580) ref. ref.

 Black 11.2 (333/2974) 0.61 (0.53, 0.69)

 Hispanic 14.4 (217/1510) 0.81 (0.69, 0.95)

 Asian 15.2 (67/440) 0.87 (0.66, 1.13)

 Other 17.9 (93/519) 1.05 (0.83, 1.33)

Birth Weight

 < 2000g 24.9 (84/337) 2.58 (1.97, 3.36)

 2000 – 2499g 26.4 (234/888) 2.78 (2.32, 3.33)

 2500 – 2999g 20.5 (609/2968) 2.00 (1.75, 2.29)

 3000 – 3499g 13.0 (607/4659) 1.16 (1.02, 1.33)

 3500 – 3999g 11.4 (426/3732) ref. ref.

 4000 – 4499g 9.9 (149/1501) 0.86 (0.70, 1.04)

 4500 – 4999g 10.6 (38/357) 0.92 (0.65, 1.31)

 ≥ 5000g 16.3 (14/72) 1.51 (0.84, 2.70)

Primary Diagnosis

 Sepsis 24.8 (589/2375) 5.10 (4.44, 5.85)

 PPHN 20.1 (613/3045) 3.89 (3.40, 4.46)

 RDS 14.0 (180/1290) 2.51 (2.08, 3.02)

 Respiratory Insufficiency 24.6 (94/382) 5.04 (3.91, 6.50)

 Meconium Aspiration 6.1 (396/6514) ref. ref.

 Other 31.2 (281/900) 7.01 (5.90, 8.35)

Labor Status 1

 Emergent C-section 13.1 (370/2817) 0.66 (0.58, 0.75)

 Elective cesarean 11.5 (370/3231) 0.56 (0.50, 0.64)

 Vaginal 18.7 (1090/5836) ref. ref.

Ventilator Type

 Conventional 14.6 (743/4355) ref. ref.

 HFO 15.8 (523/2788) 1.10 (0.97, 1.24)

 Other HFV 14.8 (120/690) 1.02 (0.83, 1.26)
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Table 5

Adjusted risk of mortality for Late Preterm vs. Full Term infants. (Online only)

Mortality OR

Model model n adj. OR (95% CI)

1. Adjusted for pH, Apgar 1, pO2, gender, year 13,754 2.73 (2.40, 3.09)

pH(0.1 unit decrease) 1.25 (1.22, 1.28)

Apgar 1 (1 unit increase) 1.05 (1.03, 1.07)

pO2(10 unit increase) 1.00 (0.98, 1.01)

Female gender 1.15 (1.04, 1.27)

2. Model 1 with race, delivery status 11,008

Delivery mode

 Elective c-section 0.69 (0.60, 0.80)

 Emergent c-section 0.66 (0.58, 0.77)

 Vaginal ref.

3. Model 1 with weight and primary diagnosis 13,736 1.31 (1.12, 1.53)

Birth weight

 < 2000g 2.04 (1.49, 2.79)

 2000 – 2499g 1.97 (1.60, 2.44)

 2500 – 2999g 1.58 (1.36, 1.85)

 3000 – 3499g 1.04 (0.90, 1.21)

 3500 – 3999g ref.

 4000 – 4499g 0.89 (0.72, 1.10)

 4500 – 4999g 0.94 (0.64, 1.38)

 ≥ 5000g 1.18 (0.63, 2.20)

Primary diagnosis

Sepsis 4.11 (3.48, 4.85)

PPHN 3.61 (3.10, 4.21)

RDS 2.11 (1.69, 2.64)

Respiratory Insufficiency 3.88 (2.92, 5.15)

Meconium Aspiration ref.

Other 5.49 (4.51, 6.70)

4. Model 3 with post-ECMO variables 13,730 1.15 (0.97, 1.36)

Hours on ECMO (48 hour increase) 1.09 (1.06, 1.12)

Complications

Hemorrhagic 1.54 (1.36, 1.76)

Mechanical 0.84 (0.74, 094)

Metabolic 1.29 (1.13, 1.47)

Neurological 3.65 (3.24, 4.10)

Renal 2.47 (2.19, 2.79)

Infection 1.92 (1.58, 2.32)
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Mortality OR

Major cardiovascular 1.20 (1.06, 1.35)

Pulmonary hemorrhage 3.30 (2.62, 4.17)

Pneumothorax 1.72 (1.40, 2.12)
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