Association of Maternal Hypertension and
Chorioamnionitis With Preterm Outcomes

WHAT’S KNOWN ON THIS SUBJECT: In very preterm infants,
outcomes depend not only on the degree of immaturity, but also on
the underlying pathologies that trigger preterm delivery. Studies
that have addressed this issue have provided unclear results.

WHAT THIS STUDY ADDS: Patterns of outcomes differ between
maternal hypertension and chorioamnionitis: hypertension is
associated with greater risks for bronchopulmonary dysplasia
and retinopathy of prematurity, and lower risks for brain injury,
necrotizing enterocolitis, early-onset sepsis. For mortality, the
\ effect changes across gestational age weeks.

OBJECTIVES: We compared the relative effect of hypertensive disor-
ders of pregnancy and chorioamnionitis on adverse neonatal out-
comes in very preterm neonates, and studied whether gestational
age (GA) modulates these effects.

METHODS: A cohort of neonates 23 to 30 weeks’ GA, born in 2008 to
2011 in 82 hospitals adhering to the Italian Neonatal Network, was
analyzed. Infants born from mothers who had hypertensive disorders
(N = 2096) were compared with those born after chorioamnionitis
(N =1510). Statistical analysis employed logistic models, adjusting for
GA, hospital, and potential confounders.

RESULTS: Overall mortality was higher after hypertension than after
chorioamnionitis (odds ratio [OR], 1.39; 95% confidence interval [Cl],
1.08—1.80), but this relationship changed across GA weeks; the OR for
hypertension was highest at low GA, whereas from 28 weeks’ GA
onward, mortality was higher for chorioamnionitis. For other out-
comes, the relative risks were constant across GA; infants born after
hypertension had an increased risk for bronchopulmonary dysplasia
(OR, 2.20; 95% Cl, 1.68—2.88) and severe retinopathy of prematurity
(OR, 1.48; 95% Cl, 1.02—2.15), whereas there was a lower risk for early-
onset sepsis (OR, 0.25; 95% Cl, 0.19-0.34), severe intraventricular
hemorrhage (OR, 0.65; 95% Cl, 0.48-0.88), periventricular leuko-
malacia (OR, 0.70; 95% Cl, 0.48—1.01), and surgical necrotizing entero-
colitis or gastrointestinal perforation (OR, 0.47; 95% Cl, 0.31-0.72).

CONCLUSIONS: Mortality and other adverse outcomes in very preterm
infants depend on antecedents of preterm birth. Hypertension and cho-
rioamnionitis are associated with different patterns of outcomes; for
mortality, the effect changes across GA weeks. Pediatrics 2014;134:e154—
e161
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Invery preterminfants outcomes depend
not only on the degree of immaturity, but
also on the underlying pathologies that
trigger preterm delivery.” Several stud-
ies have addressed this issue, but re-
sults have often been conflicting. For
instance, both mortality and a common
complication such as bronchopulmo-
nary dysplasia (BPD) have been found to
be higher2$6 equal,”~'0 or lower!™-13 in
infants born after preeclampsia com-
pared with spontaneous preterm labor.
There could be several reasons for these
discrepancies, including differences in
the populations studied, which often
came from a single hospital, classifica-
tion of antecedents of preterm birth, or
adjustments made during the analysis
stage. The topic is therefore worth fur-
ther exploration.

We recently addressed this issue in an
area-based epidemiologic study on 2085
newborn infants <32 weeks gesta-
tional age (GA), and showed that dif-
ferent patterns of adverse outcomes
were associated with different preg-
nancy complications that led to preterm
delivery.' In particular, we found that
complications associated with infection/
inflammation (eg, spontaneous preterm
labor) increased the risk for neurologic
outcomes, whereas complications as-
sociated with placentation disorders
(eg, hypertensive disorders of preg-
nancy) increased the risk for BPD,
retinopathy of prematurity (ROP), and
in-hospital mortality. This epidemio-
logic work followed an important study
by McElrath et al,? in which the authors,
based on both clinical information and
histologic and bacteriological data,
suggested the clustering of pregnancy
complications into 2 main groups:
placentation disorders and intrauter-
ine infection/inflammation.

Whether the effect of various complica-
tions of pregnancy on outcomes varies by
weeks of GA remains to be clarified. To
address this question, studies have to
enroll large numbers of very preterm
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infants. In Italy, the Italian Neonatal Net-
work (INN), a voluntary collaboration of
neonatal units adhering to the Vermont
Oxford Network, has been active since
2005. Within this framework, we collected
information on 2 main antecedents of
preterm birth, namely chorioamnionitis
(the prototypic condition belonging tothe
“infection/inflammation” group accord-
ing to McElrath’s classification3), and hy-
pertensive disorders of pregnancy (the
main complication belonging to the “pla-
centation disorder” group).

The aims of this study were: (1) to de-
scribe in a large data set the pattern
of adverse outcomes in very preterm
infants, comparing those born from
pregnancies with chorioamnionitis with
those born from mothers who had hy-
pertensive disorders of pregnancy; and
(2) to investigate the effect of GA on the
relationship between these antecedents
of preterm delivery and the outcomes.

METHODS

Froma cohort of 16 236 neonates <1501
g and/or <30 weeks’ GA, born in 2008 to
2011, and treated in 82 hospitals ad-
hering to the INN, we excluded infants
<23 weeks’ GA (N = 164) owing to the
uniformly poor prognosis, and those
>30 weeks’ GA (N = 4909) because of
the increasing proportion of small for
gestational age (SGA) infants, as well as
those who had congenital anomalies
(N = 493), thus leaving 10670 infants
(eligible cohort). For this study we se-
lected infants born either after hyper-
tensive disorders of pregnancy or after
chorioamnionitis; infants who had both
complications (N = 111) were not ana-
lyzed.

All variables were defined according
to the Vermont Oxford Network (www.
vtoxford.org). In particular, hyperten-
sive disorders of pregnancy comprised
chronic or pregnancy-induced hyper-
tension, defined as a systolic blood
pressure above 140 mm Hg or a dias-
tolic blood pressure above 90 mm Hg
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recorded before or during the current
pregnancy, with or without edema and
proteinuria. Chorioamnionitis was
coded as present if a diagnosis of
chorioamnionitis was recorded in the
maternal or infant medical record.

The following outcomes were considered:
mortality before discharge from hospital;
BPD, defined as oxygen dependency at 36
weeks’ postmenstrual age; respiratory
distress syndrome (RDS) defined as
hypoxia requiring supplemental oxygen
plus a chest radiograph consistent with
RDS (reticulogranular appearance in
lung fields with or without low lung vol-
umes and air bronchograms) within the
first 24 hours of life; need for mechanical
ventilation; pneumothorax; grade 3 to
4 intraventricular hemorrhage (IVH)'5;
cystic periventricular leukomalacia (PVL)
defined as presence of 1 or more peri-
ventricular white matter echolucencies;
severe ROP defined as stage Ill to V or
need for ROP surgery; necrotizing en-
terocolitis (NEC) requiring surgery, or
focal gastrointestinal perforation (GIP);
and early sepsis (if a bacterial pathogen
was recovered from a blood and/or
cerebrospinal fluid culture obtained
on day 1 to 3 of life), and late sepsis
(after day 3).

This study was carried out as an anal-
ysis of the INN database, for which all
hospitals sought local ethics committee
approval. A written consent to data
collection was obtained from parents
as per ltalian law. No protected health
care information was collected.

Neonates born after hypertension and
those born after chorioamnionitis were
compared on their relative odds of
selected outcomes, by using multivar-
iate logistic regression. The analyses
were adjusted for GA and other possible
prenatal confounders, such as ante-
natal steroids, gender, location of birth
(inborn/outborn), mode of delivery
(vaginal/cesarean), and multiple preg-
nancies. Random-effects logistic mod-
els were used to take into account
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the multilevel structure of the data
(hospitals-neonates). Results are ex-
pressed as odds ratios (ORs) and 95%
confidence intervals (Cls). Statistical
analyses were performed by using
statistical software Stata 11.1 (Stata
Corp, College Station, TX).

RESULTS

We studied 3606 very preterm infants,
with a mean GA of 27.4 weeks (SD, 2.1),
and a mean birth weight of 938 g (SD,
281 ¢): of these, 1510 infants (14.1% of
the eligible cohort) were born after
chorioamnionitis, and 2096 (19.6%) after
hypertensive disorders of pregnancy.
The characteristics and main outcomes
of infants are reported in Table 1;
several aspects of infants born from
mothers who had hypertensive dis-
orders differed from those born after
chorioamnionitis, most notably GA,
with a mean difference of almost 2
weeks.

Asexpected,thelowerthe GA,the higher
the frequency of all adverse outcomes
(Table 2). The number of infants ex-
posed to either hypertensive disor-
ders or chorioamnionitis varied across
GA weeks, with hypertensive disor-
ders of pregnancy increasing, and
chorioamnionitis remaining constant
until at least 29 weeks’ GA (Fig 1); for
this reason, we adjusted for GA in all of
the analyses.

Table 3 illustrates the ORs for several
outcomes, adjusted for GA and the
other potential confounders. Infants
born after hypertensive disorders of
pregnancy, when compared with those
born after chorioamnionitis, had an
increased risk for in-hospital death,
acute and chronic respiratory prob-
lems (RDS, pneumothorax, mechanical
ventilation, BPD), and ROP, and a lower
risk for severe IVH, cystic PVL, surgical
NEC or GIP, and early-onset sepsis.

When we looked at ORs for mortality
in infants born after hypertensive
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TABLE 1 Characteristics of the Infants Studied (Mean [SD] or Percentage) According to Maternal

Complications

Chorioamnionitis Hypertension P Total (N = 3606)
(N =1510) (N = 2096)
GA, weeks 26.3 (2.1) 28.1 (1.8) <.001 274 (2.1)
(range, 23-30) (range, 23-30) (range 23-30)
Birth wt, g 933 (284) 942 (278) 34 938 (281)
Antenatal steroids 81.70 85.98 <.001 84.19
Males 52.58 47.38 002 49.56
Twin (any order) 22.19 18.46 006 20.02
Location of birth: inborn 94.77 92.60 .009 93.51
Caesarean section 58.68 96.28 <.001 80.53
Apgar score at 1 min 4.6 (23) 5.6 (2.2) <.001 5.2 (2.3)
In-hospital death 24 45 12.43 <.001 17.47
RDS 87.80 90.37 02 88.87
Mechanical ventilation 71.85 64.60 <.001 67.64
Pneumothorax 444 5.34 28 496
BPD 28.37 21.89 <.001 24.39
Severe ROP 15.06 6.35 <.001 9.81
Surgical NEC or GIP 6.34 231 <.001 3.99
Grade 3—4 IVH 18.16 5.73 <.001 10.94
Cystic PVL 6.58 424 02 521
Early-onset bacterial sepsis 16.86 5.06 <.001 9.97
Late-onset sepsis® 26.72 17.70 <.001 21.36
a Student’s ¢ test or x°.
b Including bacterial and fungal sepsis.
TABLE 2 Frequency of Selected Outcomes by GA Week (Percentage)
GA Week  In-hospital RDS  BPD  ROP  NEC or GIP Grade PVL  Early-Onset  Late-Onset
Death 3—4 IVH Sepsis Sepsis
23 68.7 994 700 452 4.2 438 5.3 16.2 40.0
24 49.5 974 652 373 8.7 30.8 40 16.2 429
25 33.8 970 493 308 10.2 212 9.7 144 389
26 22.3 964 436 159 6.7 14.1 6.9 14.2 30.8
27 14.8 949 312 9.4 3.8 7.8 72 1.3 26.1
28 8.3 88.0 150 46 2.7 5.9 4.1 8.9 149
29 43 863 118 1.0 17 3.0 36 5.4 12.0
30 25 73.6 8.2 0.5 09 20 36 5.7 8.8
Overall 17.5 889 244 9.8 40 10.9 52 10.0 214
g 1 .
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FIGURE 1

Absolute frequency of chorioamnionitis and hypertensive disorders by GA week.
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TABLE 3 OR of Various Outcomes for Infants Born After Hypertensive Disorders; Reference Group

Are Infants Born After Chorioamnionitis

OR (95% CI)® P
In-hospital death 1.39 (1.08—1.80) 011
RDS 1.93 (1.44-2.61) <.001
Need for mechanical ventilation 1.82 (1.44-2.29) <.001
Pneumothorax 1.60 (1.09-2.37) 018
BPD 2.20 (1.68—2.88) <.001
Severe ROP 1.48 (1.02-2.15) 040
Surgical NEC or GIP 0.47 (0.31-0.72) .001
Stage 3—4 IVH 0.65 (0.48—0.88) .006
Cystic PVL 0.70 (0.48-1.01) .056
Early-onset bacterial sepsis 0.25 (0.19-0.34) <.001
Late-onset sepsis” 1.19 (0.94-1.50) 152

a Adjusted for GA, antenatal steroids, gender, multiple pregnancies, inborn/outborn, and mode of delivery.

b Including bacterial and fungal sepsis.

disorders in comparison with those
born after chorioamnionitis at each GA
week (Fig 2), a clear trend was evident;
at 2310 26 weeks’ GA, infants born after
hypertensive disorders showed a sig-
nificantly higher risk for mortality. The
effect tended to gradually disappear
with increasing GA, and from 28 weeks’
GA onward, the ORs were <1, indi-
cating that being born after hyperten-
sive disorders was less unfavorable
than being born after chorioamnionitis
(ie, an interaction between GA and ex-
posure was present) (P for interaction
<0.02).

Such a pattern was not observed in the
other outcomes, and interaction was

always non-significant (Palways >0.6),
with the exception of late onset sepsis,
for which an interaction was present,
although the overall effect did not dif-
fer from the null value. Supplemental
Figures 3—10 illustrate these results.

DISCUSSION

This study demonstrates that in very
preterm infants several neonatal out-
comes depend both on immaturity and
on the underlying mechanisms that
led to preterm birth, namely, hyperten-
sive disorders of pregnancy and cho-
rioamnionitis. In addition, it shows how
for in-hospital mortality the relationship

In-hospital death

GA,

weeks OR (95% CI)

23 +———+3.42(0.94, 12.40)
24 — 1.74 (0.94, 3.24)
25 — 2.07(1.23, 3.47)
26 b 1.68 (1.02, 2.78)
27 o 1.22(0.70, 2.13)
28 —_— 0.98 (0.52, 1.84)

29 —

0.67 (0.20, 1.51)
0.33 (0.12, 0.94)

H better

FIGURE 2

10

C better

OR (95% Cl) for mortality in infants born from mothers who have hypertensive disorders (H) in
comparison with those born after chorioamnionitis (C) at various GA weeks.
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between the relative exposures and the
outcome is not constant, even in the
small GA strata considered in this study
(23-30 weeks’ GA).

Our data largely confirm the results of
a previous area-based study that we
carried outinanother populationandin
another GA span (23-32 weeks’ GA), in
which several antecedents of preterm
delivery were ascertained.' This other
study showed that grouping together
complications such as hypertensive
disorders of pregnancy, intrauterine
growth restriction, acute fetal distress
as a cause of preterm delivery under
“placentation disorders”3 and other
complications (spontaneous preterm
labor, preterm prelabor rupture of
membranes, chorioamnionitis, hemor-
rhage) under “infection/inflammation”s
allowed us to gain a clearer picture of
the relation with main outcomes such
as mortality, IVH, cystic PVL, BPD, and
ROP. Given the greater sample size of
this study, which only focused on 2
main antecedents of preterm delivery,
namely hypertensive disorders of preg-
nancy (placentation disorders) and cho-
rioamnionitis (infection/inflammation),
we confirmed those results and were
able to focus on other outcomes such
as acute lung injury (RDS, need for
mechanical ventilation, and pneumo-
thorax), early- and late-onset sepsis,
and NEC or GIP. Moreover, in the current
study we also dealt with a problem left
open in our previous study and un-
settled in literature, that is, the possi-
bility of a modulation of different
outcomes by GA. In this respect, we
showed a gradient of effect of expo-
sures on mortality across GA weeks
(infants of lower GA weeks showing
greater mortality after hypertension),
but not for the other outcomes studied.

Several studies suggest that in very
preterm infants, inflammatory ante-
cedents of birth increase lung maturity,
reducing RDS and other acute respi-
ratory illnesses, and thus increasing
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immediate probability of survival. Some
authors also suggest that inflammation
provides the fetus with the ability to
withstand extrauterine conditions that
would otherwise prove lethal, 817 es-
pecially for its effects on the lungs. In-
flammation is a key stimulus for lung
maturation; experimental studies show
that intra-amniotic injection of several
pro-inflammatory agents induced lung
maturation.’® Other studies performed
exclusively in extremely preterm in-
fants (22 to 26-27 weeks' GA) have
shown that chorioamnionitis lowers
the risk for mortality.3'9 These findings
are consistent with the fact that the
first causes of death in very preterm
infants are respiratory.19.20

Although for mortality we observed an
interaction between exposures and
GA, this was not evident for other out-
comes. Across the entire GA strata,
chorioamnionitis was always associ-
ated with increased cerebral injury and
NEC/GIP, and less BPD and ROP.

As far as BPD is concerned, this study
supports the greater overall impor-
tance of the “vascular hypothesis™?!
over the “infectious” hypothesis on the
development of BPD. Several recent
reports have shown that maternal hyper-
tensive disorders of pregnancy are asso-
ciated with a higher risk for BPD®61422
however, the underlying mechanism has
only recently been clarified in experi-
mental animal studies. Preeclampsia is
characterized by maternal endothelial
dysfunction that leads to hypertension,
proteinuria, and other complications.23
In preeclampsia, a disturbed regulation
of vascular growth in the fetal-maternal
unit leads to an overproduction of anti-
angiogenic factors, such as the soluble
form of the vascular endothelial
growth factor (VEGF) receptor antago-
nist fms-like tyrosine kinase-1 (FLT-1).
FLT-1 is also markedly increased in am-
niotic fluid; it has been shown to disrupt
lung development through impaired
VEGF signaling in utero, and to reduce
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alveolarization and pulmonary vascular
growth in infants.2* These findings dem-
onstrate the biological plausibility of the
epidemiologic evidence that links pre-
eclampsia to BPD.

ROP, which is primarily a vascular dis-
ease, also seemsto follow the pattern of
BPD in being linked to maternal hy-
pertension rather than chorioamnio-
nitis.’™ ROP is a 2-stage disease, with
a first stage characterized by reduced
intrauterine retinal vascular development,
followed by an exaggerated postnatal
response to hypoxia, with subsequent
excessive secretion of VEGF causing
a second vasoproliferative stage of
the disease.?5 According to this model,
hypertension exerts its noxious effect
in the anti-angiogenic, first stage of
disease. The mechanism of delayed
retinal development could include a
reduced intrauterine level of VEGF.25
Very preterm infants of preeclamptic
mothers have lower levels of VEGF and
higher levels of anti-angiogenic factor
FLT-1.26 Zayed et al?” provided direct
confirmation to this hypothesis by
showing that maternal hypertension/
preeclampsia interfered with the infant’s
retinal vascular development during
the first stage of the disease, resulting
in an increased risk for severe ROP
during the second stage.

Although we and other authors?4.27.28
found a detrimental role played by hy-
pertension on ROP, others showed
a protective one.29-51 A possible expla-
nation for these discordant results lies
in the data analysis. It is known that
SGA infants (a condition the risk for
which is increased by hypertension)?23
have a higher frequency of ROP31-33 We
should therefore expect an increased
risk for ROP for conditions that in-
crease intrauterine growth restriction/
SGA, such as hypertension, and cer-
tainly not decrease. If being SGA is both
caused by hypertension/preeclampsia
and associated with ROP, then adjusting
for birth weight in studies analyzing the

role of hypertensive disorders could give
rise to a problem of “overadjustment.” In
fact, studies that investigate the role
played by hypertension on ROP and
correct-for-birth weight in their analysis
find that hypertension is protective,28-30
whereas others that do not adjust (eg,
this study and refs 14, 27, 28) find the
opposite.

In regards to neurologic outcomes, in
recent years the association between
antenatalinfectionand cerebral white
matter damage has gained wide ac-
ceptance.3*35 Qur study confirmed
the negative effect of chorioamnioni-
tis on ultrasound-diagnosed cerebral
lesions.

Although the association between cho-
rioamnionitis and early sepsis was
expected,® the association with NEC is
more problematic. The pathogenesis
of NEC is multifactorial, and both in-
fectious and vascular factors are in-
volved.” To the best of our knowledge,
no large-scale study has ever addressed
the associations of antecedents of
preterm delivery and NEC. Although it is
unlikely that a prenatal infection is di-
rectly responsible for the increased
relative risk for NEC found in cho-
rioamnionitis, innate immunity upreg-
ulation in the gut toward bacterial
antigens plays a key role in the patho-
genesis of NEC.38

One limitation of our study, which is
common to all studies looking at con-
ditions associated with very preterm
delivery, isthelack ofaproper “control”
group of normal infants,'”.36 because
preterm birth is always the result of
a pathologic process. Consequently, we
can only compare the risks after hyper-
tension with those after chorioamnio-
nitis. A lower risk after hypertension,
as with IVH/PVL, only means that the
risk after chorioamnionitis is higher,
not that it is lower in absolute value
than the risk that a hypothetical “nor-
mal” fetus would experience. We can le-
gitimately conclude however, that among
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infants being born at 23 to 30 weeks’ GA
after hypertension or chorioamnioni-
tis, the risks are not equal, owing to the
fact that for some outcomes the risks
are higher after hypertension, whereas
for others they are higher after cho-
rioamnionitis.

Another potential limitation of our study
isthat, aswith all observational studies,
we are unable to distinguish between
causation and association in explaining
ourresults. Evenso, ourresultsandline
of reasoning help clarify pathophysio-
logical mechanisms suggested by other
studies on these main maternal com-
plications of pregnancy in very preterm
infants.

We only focused on 2 exposures (hy-
pertension and chorioamnionitis), dis-
regarding any other antecedent of
delivery at 23 to 30 weeks’ GA. The fact
that the exposures studied are only
a subset of those experienced by this
population does not, however, reduce
the validity of the study; similarly, in
a randomized clinical trial, the inves-
tigator chooses the type and dose of
drugs to be compared to improve in-
ference without loss of internal val-
idity.3® This line of reasoning is gaining
momentum in epidemiologic studies,
where a “lack of representativeness”
has been shown to provide unbiased
estimates of effects under most con-
ditions, and indeed to be often advan-
tageous in terms of efficiency.4041

Moreover, although we employed defi-
nitions widely used in clinical practice
and research (those of the Vermont
Oxford Network, the largest neonatal
network worldwide), we admit that
exposures were defined without any
clinical detail, as is always the case in
large epidemiologic studies, and con-
sequently there is the possibility of
some misclassification. In particular
for chorioamnionitis, our classification
probably detected the more severe/
manifested cases for the exposures
under examination and not the whole
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spectrum of the disease. Again, the fact
of focusing only on more severe
degrees of exposure (or differently
severe degrees in the 2 arms of study)
does not bias the results,3-4! as long
as there is not differential misclassi-
fication (that is, different recording
of exposure owing to the presence/
absence of outcomes, for example,
preferentially recording chorioamnio-
nitis instead of hypertension in case of
PVL). Given that we collected our data
prospectively, and the outcomes were
recorded without knowledge of the aim
of this study, diagnostic bias and dif-
ferential misclassification were prob-
ably low. The multicenter structure of
data also probably helped reduce dif-
ferential misclassification.

Our study also had several strengths.
We collected our data prospectively
from a large number of hospitals. The
data collection time frame is recent,
thereby reflecting contemporary clini-
cal practice. Because of the large sam-
ple size, we were able to demonstrate
the effects of exposures, even though
misclassification may be present.

CONCLUSIONS

Our study provides evidence of a dif-
ferent effect of different pregnancy
complications on neonatal outcomes,
and in more general terms, it highlights
the importance of intrauterine life on
future health and disease.

INN MEMBERS

Gianpaolo Mirri, Manuela Condo, Daniela
Turoli (Lecco); Mara Vanzati, Fabio
Mosca (Fondazione IRCCS Ca’ Granda
Ospedale Maggiore Policlinico, Univer-
sita degli Studi di Milano); Giuseppe De
Nisi, Paola Polacco (Trento); Elena Villa,
Mario Barbarini (Como S. Anna); Valeria
Fasolato, Caterina Franco (Milano
Macedonio Melloni); Raffaella Contiero
(Ferrara); Serena Ellero, Luigi Cattarossi
(Udine); Laura Abbiati, Cesarina Borroni
(Monza); Giovanna Prandi, Claudio Fabris,

ARTICLE

Francesca Vielmi, Silvia Borgione (Torino
S.Anna); Massimo Agosti, Francesco
Tandoi, Rosanna Guidali (Varese); Mario
De Curtis, Claudio Tozzi, Renato Lucchini
(Roma Umberto I); Marina Battaglioli,
Gian Luca Lista, Paola Introvini (Milano
Buzzi); Fabrizio Ferrari, Claudio Gallo
(Modena); Elvira Bellante (Palermo
Cervello); Chiara Bottura, Aurelija
Zeringyte, Francesca Pasquali, Simona
Boccacci (Mantova); Giuseppe Latini,
Raffaella Giannuzzi (Brindisi); Stefano
Martinelli, Alberto Brunelli (Milano
Niguarda); Maria Lucia Di Nunzio,
Antonio Vendemmiati (Campobasso);
Giovanna Carli, Michela Alfiero Bordigato,
Marco Filippone, Davide Meneghesso
(Camposampiero); Nicola Romeo, Palma
Mammoliti (Rimini); Emanuele Mastretta,
Laura Barberis, Daniele Farina (Torino);
Gianpaolo Gancia, Cristina Dalmazzo
(CGuneo); Marcello Napolitano, Francesco
Messina (Napoli Villa Betania); Rosario
Magaldi, Matteo Rinaldi, Rosangela Litta
(Foggia); Paola Lago, Vincenzo Zanardo,
Lino Chiandetti (Padova); Stefano Visentin
(Treviso); Giuseppe Presta, Davide Cella
(Tricase); Carlo Poggiani, Daniela Ferrari,
Sara Parati (Cremona); Francesco
Lombardo, Rosetta Grigorio (Siracusa);
Graziano Barera, Maddalena Bove, Antonella
Poloniato (Milano San Raffaele); Giampiero
Burgio, Elena Sala (Bergamo); Ignazio
Barberi, Venera Tiralongo, Alessandro
Arco, danila Mazzeo (Messina); Carlo
Dani, Simone Pratesi (Firenze Careggi);
Valeria Mignatti, Gina Ancora, Giacomo
Faldella, Sara Grandi, Chiara Locatelli
(Bologna S.0Orsola); Mauro Stronati,
Gianfranco Perotti (Pavia); Gaetano
Chirico, Claudio Migliori (Brescia); Sergio
De Marini, Vincenzo Forleo (Trieste);
Roberto Paludetto, Letizia Capasso,
Giuseppina Mansi, Francesco Raimondi
(Napoli Federico Il); Gianni Bona, llaria
Stucchi, Silvia Savastio, Federica Ferrero,
Andrea Parola (Novara); Ezio Maria
Padovani, Elena Viviani, Laura Pecoraro
(Verona Borgo Trento); Rocco Agostino,
Camilla Gizzi, Luca Massenzi (Roma
Fatebenefratelli Isola Tiberina); Hubert

e159

Downloaded from http://pediatrics.aappublications.org/ by guest on March 22, 2018


http://pediatrics.aappublications.org/

Messner, Alex Staffler (Bolzano); Gennaro
Salvia (Napoli Buon Consiglio - FB.F); Luigi
Esposito, Vincenzo Forziati, Giuseppe
Latorre (Acquaviva delle Fonti); Fabrizio
Sandri, Stefania Alati, Fabrizio Demarca
(Bologna Ospedale Maggiore); Oreste
Lombardi, Carmine Deni Costabile,
Gianfranco Scarpelli (Cosenza); Glaudio
Cavalli, Enrico Volante, Sabrina Moretti
(Parma); Olga Ganguzza, Bartolomeo
Spinella (Palermo Buccheri La Ferla
FB.F); Cristina Haass, Eleonora Scapillati,
Chiara Consigli (Roma S. Pietro FB.F);
Alberto Gatta, Pasqua Quitadamo
(S.Giovanni Rotondo); Antonio Boldrini,
Marco Vuerich, Emilio Sigali (Pisa);
Patrizio Fiorini, Letizia Petrucci, Marco
Moroni (Firenze Meyer); Patrizia Bragetti,
Paola Casucci, Liliana Minelli, Daniele
Mezzetti (Perugia); Luigi Orfeo, Maria
Gabriella De Luca (Benevento); Nicola
Laforgia, Alessandro Grassi (Bari
Policlinico); Andrea Dotta, Ferdinando
Savignoni  (Roma Bambino Gesu);
Franco Bagnoli, Claudio De Felice, Silvia
Badii (Siena); Augusto Biasini, Antonio

REFERENCES

1. Basso 0, Wilcox A. Mortality risk among pre-
term babies: immaturity versus underlying
pathology. Epidemiology. 2010;21(4):521-527

2. Baud 0, Zupan V, Lacaze-Masmonteil T, et al.
The relationships between antenatal man-
agement, the cause of delivery and neonatal
outcome in a large cohort of very preterm
singleton infants. BJOG. 2000;107(7):877—884

3. McElrath TF, Hecht JL, Dammann 0, et al;
ELGAN Study Investigators. Pregnancy dis-
orders that lead to delivery before the 28th
week of gestation: an epidemiologic ap-
proach to classification. Am J Epidemiol.
2008;168(9):980-989

4. Chen A, Feresu SA, Barsoom MJ. Hetero-
geneity of preterm birth subtypes in re-
lation to neonatal death. Obstet Gynecol.
2009;114(3):516—-522

5. Bose G, Van Marter LJ, Laughon M, et al;
Extremely Low Gestational Age Newborn
Study Investigators. Fetal growth restriction
and chronic lung disease among infants
born before the 28™ week of gestation. Pe-
diatrics. 2009;124(3). Available at: www.pe-
diatrics.org/cgi/content/full/124/3/e450

e160 GAGLIARDI et al

Belluzzi, Marcello Stella (Cesena);
Costantino Romagnoli, Enrico Zecca,
Giovanni Barone (Roma Policlinico
Gemelli); Paolo Colleselli, Luca Vecchiato,
Silvia Nicolussi (Vicenza); Paolo Giliberti,
Giovanni Chello, Silvana Rojo, Massimiliano
De Vivo (Napoli Monaldi); Chiara
Giovanettoni, Clelia A. Colnaghi, Valeria
Manfredini (Rho); Elena Verucci, Giulia
Placidi (Versilia Viareggio); Gesare Belloni,
Giuseppe Carrera, Chiara Zambetti
(Lodi); Paolo Biban, Alessandra Serra,
Francesco Sacco (Verona Ospedale Civile
Maggiore); Gennaro Vetrano, Giuseppe
Furcolo, Brigida Pasquariello (Benevento
Ospedale Fatebenefratelli); Luigi Falco,
Gaetano Ausanio, Italo Bernardo,
Antonella Capasso (Caserta); Giuseppe
Marchesano, Norberto Nosari, Paola
Sarnelli (Nocera Inferiore); Giovanni
Giraci, Daniele Merazzi (Como Valduce);
Diego Gazzolo, Francesca Temperini,
Miriam Sabatini, Micaela Colivicchi
(Alessandria); Antonio Del Vecchio,
Marzia Tarantino (Bari Di Venere);
Giancarlo Gargano, Simona Pedori

6. Hansen AR, Barnés CM, Folkman J, McElrath
TF. Maternal preeclampsia predicts the de-
velopment of bronchopulmonary dysplasia.
J Pediatr: 2010;156(4):532—536

7. Kimberlin DF, Hauth JC, Owen J, et al. In-
dicated versus spontaneous preterm de-
livery: An evaluation of neonatal morbidity
among infants weighing </=1000 grams at
birth. Am J Obstet Gynecol. 1999;180(3 pt
1):683-689

8. Foix-L'helias L, Baud 0, Lenclen R, Kaminski
M, Lacaze-Masmonteil T. Benefit of antena-
tal glucocorticoids according to the cause
of very premature birth. Arch Dis Child
Fetal Neonatal Ed. 2005;90(1):F46—F48

9. Johanzon M, Odesjo H, Jacobsson B, Sandberg
K, Wennerholm UB. Extreme preterm birth:
onset of delivery and its effect on infant sur-
vival and morbidity. Obstet Gynecol. 2008;111
(1):42-50

10. Morken N-H, Kallen K, Jacobsson B. Out-
comes of preterm children according to
type of delivery onset: a nationwide
population-based study. Paediatr Perinat
Epidemiol. 2007;21(5):458—464

(Reggio Emilia); Massimo Bellettato,
Roberta Pesavento, Alessandra Cesaro,
Massimo Scollo (Thiene); Isabella Mondello
(Reggio Calabria); Aniello Pugliese, Claudio
lervolino  (Napoli Cardarelli); Giovanni
Corsello, Mario Giuffré (Palermo Policlinico
Giaccone); Pasqua Betta, Mario Giuseppe
Romeo, Alessandro Saporito (Catania
Policlinico Rodoligo); Maria Grazia Leone,
Alessandro Rodono (Catania Ospedale
Santo  Bambino); Alessia Franceschi,
Francesco M. Risso (Genova Gaslini);
Mauro Carpentieri, Teresa Vecchiano,
Maria Pia Cigliano (Napoli SS Annunziata);
Piermichele Paolillo, Simonetta Picone
(Roma CGasilino); Antonio Marra, Gessica
Rossetti, Tiziana Testa (Moncalieri);
Fernando Del Cuore (Lecce); Francesco
Crescenzi (Terni); Gianna Poloni, Maria
Chiara Russo (Torino Maria Vittoria);
Francesco Nigro, Gabriella Lucia Tina
(Catania Ospedale Garibaldi); Patrizia
Brindisino (Chieti); Raffaele Gurrado
(Ospedale SS. Annunziata); and Maurizio
Felice, Isabella Formica (Ospedale Bolognini
Seriate).

11. Villar J, Abalos E, Carroli G, et al; World
Health Organization Antenatal Care Trial
Research Group. Heterogeneity of perinatal
outcomes in the preterm delivery syn-
drome. Obstet Gynecol. 2004;104(1):78-87

12. Chen XK, Wen SW, Smith G, Yang Q, Walker
M. Pregnancy-induced hypertension is
associated with lower infant mortality in
preterm singletons. BJOG. 2006;113(5):
544-551

13. 0'Shea JE, Davis PG, Doyle LW; Victorian
Infant Collaborative Study Group. Maternal
preeclampsia and risk of bronchopulmo-
nary dysplasia in preterm infants. Pediatr
Res. 2012;71(2):210-214

14. Gagliardi L, Rusconi F Da Fre M,
et al. Pregnancy disorders leading to very
preterm birth influence neonatal outcomes:
results of the population-based ACTION co-
hort study. Pediatr Res. 2013;73(6):794—801

15. Papile LA, Burstein J, Burstein R, Koffler H.
Incidence and evolution of subependymal
and intraventricular hemorrhage: a study
of infants with birth weights less than
1,500 gm. J Pediatr. 1978;92(4):529-534

Downloaded from http://pediatrics.aappublications.org/ by guest on March 22, 2018


http://pediatrics.aappublications.org/

ARTICLE

16.

20.

21.

22.

23.

24.

Jobe AH. Lung maturation: the survival
miracle of very low birth weight infants.
Pediatr Neonatol. 2010;51(1):7—-13

. Jobe AH. “Miracle” extremely low birth weight

neonates: examples of developmental plas-
ticity. Obstet Gynecol. 2010;116(5):1184—1190

. Bry K, Lappalainen U, Hallman M. Intra-

amniotic interleukin-1 accelerates surfac-
tant protein synthesis in fetal rabbits and
improves lung stability after premature
birth. J Clin Invest. 1997;99(12):2992—2999

. Costeloe KL, Hennessy EM, Haider S, Stacey

F, Marlow N, Draper ES. Short term outcomes
after extreme preterm birth in England: com-
parison of two birth cohorts in 1995 and 2006
(the EPICure studies). BMJ. 2012;345:e7976
Corchia G, Ferrante P, Da Fré M, et al.
Cause-specific mortality of very preterm
infants and antenatal events. J Pediatr.
2013;162(6):1125-1132, e1—e4

Thébaud B, Abman SH. Bronchopulmonary
dysplasia: where have all the vessels gone?
Roles of angiogenic growth factors in
chronic lung disease. Am J Respir Crit Care
Med. 2007;175(10):978-985

Gortner L, Misselwitz B, Milligan D, et al; mem-
bers of the MOSAIC Research Group. Rates of
bronchopulmonary dysplasia in very preterm
neonates in Europe: results from the MOSAIC
cohort. Neonatology: 2011,99(2):112—-117
Steegers EAP, von Dadelszen P, Duvekot JJ,
Pijnenborg R. Pre-eclampsia. Lancet. 2010;
376(9741):631-644

Tang J-R, Karumanchi SA, Seedorf G, Markham
N, Abman SH. Excess soluble vascular en-
dothelial growth factor receptor-1 in amniotic
fluid impairs lung growth in rats: linking pre-
eclampsia with bronchopulmonary dysplasia.

25.

26.

271.

28.

29.

30.

31.

32.

Am J Physiol Lung Cell Mol Physiol. 2012;
302(1):L36-L46

Hartnett ME, Penn JS. Mechanisms and
management of retinopathy of prematurity.
N Engl J Med. 2012;367(26):2515-2526
McElrath TF, Fichorova RN, Allred EN, et al.
Blood protein profiles of infants born be-
fore 28 weeks differ by pregnancy com-
plication. Am J Obstet Gynecol. 2011;204
(5):418.e1—e12

Zayed MA, Uppal A, Hartnett ME. New-onset
maternal gestational hypertension and risk
of retinopathy of prematurity. /nvest Oph-
thalmol Vis Sci. 2010;51(10):4983-4988
Ozkan H, Cetinkaya M, Koksal N, 0zmen A, Yildiz
M. Maternal preeclampsia is associated with
an increased risk of retinopathy of pre-
maturity. J Perinat Med. 2011;39(5):523-527
Seiberth V, Linderkamp 0. Risk factors in
retinopathy of prematurity. a multivariate
statistical analysis. Ophthalmologica. 2000,
214(2):131-135

Yu XD, Branch DW, Karumanchi SA, Zhang J.
Preeclampsia and retinopathy of pre-
maturity in preterm births. Pediatrics.
2012;130(1). Available at: www.pediatrics.
org/cgi/content/full/130/1/e101

Fortes Filho JB, Costa MC, Eckert GU, Santos
PGB, Silveira RC, Procianoy RS. Maternal
preeclampsia protects preterm infants
against severe retinopathy of prematurity.
J Pediatr: 2011;158(3):372—-376

Dhaliwal CA, Fleck BW, Wright E, Graham C,
Mcintosh N. Retinopathy of prematurity in
small-for-gestational age infants compared
with those of appropriate size for gesta-
tional age. Arch Dis Child Fetal Neonatal Ed.
2009;94(3):F193—-F195

33.

34.

35.

36.

37.

38.

39.

40.

41.

Darlow BA, Hutchinson JL, Henderson-Smart
DJ, Donoghue DA, Simpson JM, Evans NJ;
Australian and New Zealand Neonatal Net-
work. Prenatal risk factors for severe reti-
nopathy of prematurity among very preterm
infants of the Australian and New Zealand
Neonatal Network. Pediatrics. 2005;115(4):
990-996

Dammann 0, Leviton A. Maternal in-
trauterine infection, cytokines, and brain
damage in the preterm newborn. Pediatr
Res. 1997;42(1):1-8

Wu YW, Colford JM Jr. Chorioamnionitis as
a risk factor for cerebral palsy: a meta-
analysis. JAMA. 2000;284(11):1417—-1424
Greenwood G, Yudkin P, Sellers S, Impey L,
Doyle P. Why is there a modifying effect of
gestational age on risk factors for cerebral
palsy? Arch Dis Child Fetal Neonatal Ed.
2005;90(2):F141-F146

Neu J, Walker WA. Necrotizing enterocolitis.
N Engl J Med. 2011;364(3):255—264

Afrazi A, Sodhi CP, Richardson W, et al. New
insights into the pathogenesis and treat-
ment of necrotizing enterocolitis: toll-like
receptors and beyond. Pediatr Res. 2011,
69(3):183-188

Miettinen 0S. The clinical trial as a para-
digm for epidemiologic research. J Clin
Epidemiol. 1989;42(6):491-496, discussion
497-498

Rothman KJ, Gallacher JEJ, Hatch EE. Why
representativeness should be avoided. Int J
Epidemiol. 2013;42(4):1012-1014

Richiardi L, Pizzi C, Pearce N. Commen-
tary: Representativeness is usually not
necessary and often should be avoided.
Int J Epidemiol. 2013;42(4):1018—1022

(Continued from first page)

FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose.

FUNDING: No external funding. Participation of centers to the Italian Neonatal Network is aided by an unrestricted grant by Chiesi pharmaceuticals.

POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

PEDIATRICS Volume 134, Number 1, July 2014
Downloaded from http://pediatrics.aappublications.org/ by guest on March 22, 2018

e161


http://pediatrics.aappublications.org/

Association of Mater nal Hypertension and Chorioamnionitis With Preterm

Outcomes

Luigi Gagliardi, Franca Rusconi, Roberto Bellu, Rinaldo Zanini and the Italian

Neonatal Network
Pediatrics 2014;134;e154

DOI: 10.1542/peds.2013-3898 originally published online June 9, 2014;

Updated Information &
Services

Supplementary Material

References

Subspecialty Collections

Permissions & Licensing

Reprints

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/134/1/e154

Supplementary material can be found at:
http://pediatrics.aappublications.org/content/suppl/2014/06/04/peds.2
013-3898.DCSupplemental

This article cites 40 articles, 8 of which you can access for free at:
http://pediatrics.aappublications.org/content/134/1/e154.ful l#ref-li st-
1

This article, along with others on similar topics, appearsin the

following collection(s):

Fetus/Newborn I nfant

http://classi c.pediatrics.aappublications.org/cgi/collection/fetus:newb

orn_infant_sub

Neonatology

http://classi c.pediatrics.aappublications.org/cgi/collection/neonatol og
sub

Gynecology

http://classi c.pediatrics.aappublications.org/cgi/collection/gynecol og

y_sub

Maternal and Fetal Medicine

http://classi c.pediatrics.aappublications.org/cgi/collection/maternal_f

etal_medicine_sub

Information about reproducing this article in parts (figures, tables) or
initsentirety can be found online at:
https://shop.aap.org/licensing-permissions/

Information about ordering reprints can be found online:
http://classi c.pediatrics.aappublications.org/content/reprints

Pediatricsis the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatricsis owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, lllinois,
60007. Copyright © 2014 by the American Academy of Pediatrics. All rights reserved. Print
ISSN: .

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from http://pediatrics.aappublications.org/ by guest on March 22, 2018



http://http://pediatrics.aappublications.org/content/134/1/e154
http://pediatrics.aappublications.org/content/suppl/2014/06/04/peds.2013-3898.DCSupplemental
http://pediatrics.aappublications.org/content/suppl/2014/06/04/peds.2013-3898.DCSupplemental
http://pediatrics.aappublications.org/content/134/1/e154.full#ref-list-1
http://pediatrics.aappublications.org/content/134/1/e154.full#ref-list-1
http://classic.pediatrics.aappublications.org/cgi/collection/fetus:newborn_infant_sub
http://classic.pediatrics.aappublications.org/cgi/collection/fetus:newborn_infant_sub
http://classic.pediatrics.aappublications.org/cgi/collection/neonatology_sub
http://classic.pediatrics.aappublications.org/cgi/collection/neonatology_sub
http://classic.pediatrics.aappublications.org/cgi/collection/gynecology_sub
http://classic.pediatrics.aappublications.org/cgi/collection/gynecology_sub
http://classic.pediatrics.aappublications.org/cgi/collection/maternal_fetal_medicine_sub
http://classic.pediatrics.aappublications.org/cgi/collection/maternal_fetal_medicine_sub
https://shop.aap.org/licensing-permissions/
http://classic.pediatrics.aappublications.org/content/reprints
http://pediatrics.aappublications.org/

PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Association of Mater nal Hypertension and Chorioamnionitis With Preterm
Outcomes
Luigi Gagliardi, Franca Rusconi, Roberto Bellu, Rinaldo Zanini and the Italian
Neonatal Network
Pediatrics 2014;134;e154
DOI: 10.1542/peds.2013-3898 originally published online June 9, 2014;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/134/1/e154

Pediatricsis the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatricsis owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, lllinois,
60007. Copyright © 2014 by the American Academy of Pediatrics. All rights reserved. Print
ISSN: .

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from http://pediatrics.aappublications.org/ by guest on March 22, 2018


http://pediatrics.aappublications.org/content/134/1/e154
http://pediatrics.aappublications.org/

