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ABSTRACT: Previous studies suggest postnatal blood pressure in
preterm infants to be decreased by chorioamnionitis and increased by
antenatal steroids (AS). We examined the adjusted effects of both
antenatal modulators on postnatal blood pressure (BP), with separate
effects reported for histologic chorioamnionitis with or without fetal
involvement and timing of AS. General characteristics, BP, and heart
rate values during the first 72 h after birth were obtained from 271
infants with gestational age =32.0 wk. In unadjusted analyses,
chorioamnionitis was associated with lower BP, most prominently so
in infants with fetal involvement, without an effect on hypotension
incidence. AS increased BP and decreased the incidence of hypoten-
sion when administered within 7 d before birth. In a multivariable
mixed model analysis, the AS effect remained significant, whereas
chorioamnionitis was not independently predictive of postnatal BP.
Other variables associated with increased postnatal BP were gesta-
tional age and umbilical artery pH, whereas hemolysis, elevated liver
enzymes, low platelets syndrome was associated with decreased BP.
In conclusion, AS seem to increase postnatal BP and decrease
hypotension in preterm infants when given within 7 d before birth.
Conversely, chorioamnionitis did not significantly affect postnatal BP
after multivariable adjustment. (Pediatr Res 66: 571-576, 2009)

Early postnatal blood pressure is an important modulator of
adverse outcome in preterm infants. In this population,
low postnatal BP has been linked to the development of
intraventricular hemorrhage (IVH) (1-8), ischemic cerebral
lesions (3), adverse neurodevelopmental outcome (7,9,10),
and neonatal mortality (3,4,7,10). BP regulation in preterm
infants is complex and poorly understood, and several perina-
tal factors have been shown to influence postnatal BP in
preterm infants. BP generally increases with advancing ges-
tational age and increasing birth weight (1,2). Additional
perinatal factors reported to influence postnatal BP include
chorioamnionitis and antenatal steroid (AS) exposure (6,10).

Chorioamnionitis is an antenatal inflammatory state of the
uterine environment, reflected in a histologic picture of poly-
morphonuclear infiltration of the placenta and associated
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membranes (11). Chorioamnionitis has been associated with
adverse neonatal outcome, most consistently so regarding the
preterm brain (12,13). Increased incidences of IVH, periven-
tricular leukomalacia, cerebral palsy, and adverse neurodevel-
opmental outcome all have been described (13). Although
inflammatory mechanisms have been shown to play a role in
these associations, the pathophysiology remains largely un-
clear (13). A number of studies have addressed the question as
to whether postnatal hypotension could provide a link between
chorioamnionitis and adverse outcome. Indeed, lower mean
and diastolic BPs (14), higher incidence of hypotension (15),
and increased use of volume expansion and catecholamines
(16) all have been reported in infants with histologic chorio-
amnionitis or funisitis. However, others have failed to repro-
duce these findings (17).

Although postnatal hypotension may provide a link be-
tween chorioamnionitis and adverse outcome, the positive
effect of AS exposure on neonatal outcome could relate to an
increase in blood pressure. Indeed, AS have been associated
with increased postnatal BP in preterm infants (6,10,18,19).
Correspondingly, the incidence of hypertension has been re-
ported to increase (20), whereas both hypotension and the
need for treatment of hypotension decrease (6,7,18,21-23)
with AS. Conversely, not all studies confirm the positive effect
of AS on postnatal BP (8,24) and the need for treatment of
hypotension (17). Although part of these discrepancies may be
explained by differences in timing of AS administration, no
study has specifically addressed this issue.

Although chorioamnionitis and AS seem to have opposite
effects on postnatal BP in preterm infants, few studies have
reported adjusted effects of both modulators in a multivariable
modeling framework. Our aim was to evaluate both the un-
adjusted and adjusted effects of chorioamnionitis and AS
timing on postnatal BP during the first 72 h after birth.
Because chorioamnionitis with fetal involvement is thought to
represent the more serious side of the continuum of intrauter-
ine inflammation, distinct effects of chorioamnionitis with or
without fetal involvement are examined. In a mixed model

Abbreviations: HELLP, hemolysis, elevated liver enzymes, low platelets;
IVH, intraventricular hemorrhage



572 BEEN ET AL.

analysis, multivariable testing of potential perinatal modula-
tors of postnatal BP is performed in a nonlinear time-
dependent fashion.

METHODS

Design. This study is nested within a prospective observational cohort
study reported previously (25). All pregnant women delivering between May
2001 and February 2003 in the Erasmus MC-Sophia Children’s Hospital,
Rotterdam, The Netherlands, at gestational ages of 32.0 wk or less, were
eligible for the study. Enrollment was made immediately after delivery when
newborns were admitted to the NICU. Antenatal, perinatal, and neonatal data
were prospectively stored in a database with completion of data from neonates
transferred to other hospitals.

General patient characteristics. We used the following clinical defini-
tions. Clinical chorioamnionitis: maternal temperature more than 38.0°C with
two or more of the following criteria: uterine tenderness, malodorous vaginal
discharge, maternal leukocytosis (white blood cell count >15,000 cells/uL),
raised serum C-reactive protein, maternal tachycardia (>100 beats/min) and
fetal tachycardia (>160 beats/min), and no other focus for infection. Pre-
eclampsia: new-onset hypertension (BP >140/90 mm Hg or mean arterial
pressure >105 mm Hg) and proteinuria with or without edema. Hemolysis,
elevated liver enzymes, low platelets (HELLP) syndrome: clinical presenta-
tion of intravascular hemolysis, elevated liver enzymes, and low platelet
count. Respiratory distress syndrome (RDS): a clinical presentation (expira-
tory grunting, sub-/intercostal or sternal retractions, nasal flaring, tachypnea,
cyanosis in room air, with or without apnea) and characteristic radiographic
appearance according to Giedion et al. (26). Bronchopulmonary dysplasia:
dependency on oxygen supplementation at a postmenstrual age of 36 wk. IVH
and cystic periventricular leukomalacia were defined according to Volpe (27).
Early-onset sepsis: clinical presentation of sepsis with raised C-reactive
protein during the first 72 h of life. Necrotizing enterocolitis was defined as
stage 2 or higher according to Bell et al. (28). Patent ductus arteriosus:
persistence of the open ductus arteriosus postnatally as demonstrated by
ultrasonographic examination. Gestational age was estimated by ultrasonog-
raphy or by using the last menstrual period when reliable.

Antenatal steroids and chorioamnionitis. Women received AS (beta-
methasone 12 mg i.m., repeated after 24 h) in case of imminent premature
delivery. Timing of the last dose was recorded and used in further analyses.
Thus, AS were considered to have been administered within 24 h before birth,
when either a first dose or the second dose had been given within that period.
Repeat courses of AS were not administered during the study period.

Placentas and membranes were fixed in formalin for at least 16 h imme-
diately after delivery. Sampling was performed according to a standard
protocol with two membrane rolls, two cross-sections of the cord, and three
representative blocks of the placental disk as a minimum. The tissues were
embedded in paraffin until histopathologic examination. To prevent interex-
aminer variation, the same pathologist (RRDK) examined all placentas for
histologic evidence of infection. The pathologist was blinded for clinical
information. Placental infection was categorized according to the stages of
maternal and fetal inflammatory response as suggested by the Amniotic Fluid
Infection Nosology Committee (11). Accordingly, fetal involvement was
diagnosed when any of the following was present: chorionic vasculitis,
umbilical phlebitis or vasculitis, (subacute) necrotizing funisitis, or concentric
umbilical perivasculitis.

Blood pressure and heart rate. Heart rate and both diastolic and mean BPs
were recorded at regular intervals during the first 72 h after birth. BP was
measured using a pressure transducer connected to an intra-arterial catheter or
oscillometry when an intra-arterial catheter was absent. For each patient,
mean values per 4-h period for both BP and heart rate were computed and
used in further analyses. Hypotension was considered to be present when the
mean BP (in mm Hg) was lower than the gestational age at birth (in wks) (29).
For statistical analyses, the population was divided into separate groups
depending either on AS timing or on presence of chorioamnionitis with or
without fetal involvement.

Statistics. Continuous data are expressed as mean * SD. Differences
between groups were tested using x test for dichotomous data and one-way
ANOVA for continuous data. Dunnett’s post hoc analysis was used for
multiple group comparisons. Variables shown to be significantly different
among the groups of interest were kept in the linear model to warrant
adjustment, irrespective of their significance as BP predictors.

To evaluate the adjusted effect of the main predictors on the BP and the
change in BP over time, a generalized linear mixed model analysis was
conducted. Individual infants were considered as random factor. A random
intercept and random slope model (unstructured covariance structure) allowed

for individual differences both in initial BP as well as in the course of its
changes during the 3 d to be modeled. The variables displayed in Table 3
constituted the fixed effects part in the model. A top-down procedure was
handled to select the variables in the final model. Model parameters were
estimated via the restricted maximum likelihood method. All analyses were
performed using the SPSS 15.0 computer program.

Ethical aspects. The study was approved by the Medical Ethics Committee
for Research on Human Subjects of the Erasmus University Medical Centre,
Rotterdam, The Netherlands. Written parental consent was obtained.

RESULTS

BP and heart rate data were collected from 271 of 301
infants included in the parent study (25). A total of 7574
individual BP measurements were included, 73% of which
were derived from intra-arterial measurements. The need for
indomethacin treatment for patent ductus arteriosus within the
study period was not associated with changes in mean BP or
incidence of hypotension at any time point (data not shown).

Chorioamnionitis. Histologic chorioamnionitis was present
in 109 (40.2%) infants and accompanied by fetal involvement
in 59 (21.8%). Infants with chorioamnionitis both with and
without fetal involvement were more premature and had lower
rates of HELLP and preeclampsia but higher rates of PPROM
and clinical chorioamnionitis (Table 1). Infants with chorio-
amnionitis with fetal involvement had higher rates of necro-
tizing enterocolitis, IVH, and neonatal mortality, whereas
early-onset sepsis was more frequent in those without fetal
involvement. Importantly, there were no differences be-
tween the two groups in any of the treatments needed for
circulatory disturbances (Table 1) or administration of
morphine (data not shown).

Blood pressure and heart rate: unadjusted effects. Infants
with chorioamnionitis had higher heart rates than those with-
out chorioamnionitis during the first 12 h of life, most prom-
inently so directly after birth (Fig. 1A). Because of great
similarity in temporal pattern between diastolic and mean BP,
further analyses were performed using only mean BP values.
Mean BP tended to be lower in infants with chorioamnionitis
during the whole study period, most prominently so for those
with fetal involvement (Fig. 1A). No significant differences in
the incidence of hypotension during the first 3 days after birth
were present among the three groups (Fig. 1B).

Antenatal steroids. Of infants included in the study, 227
(83.8%) received AS. In this group, exact timing of AS
administration was documented in 193 (85.0%). The last dose
was administered <24 h before birth in 77 (39.9%), between
2 and 7 d before birth in 72 (37.3%), and >7 d before birth in
44 (22.8%). There were no significant differences in general
characteristics or circulatory treatment between groups based
on timing of AS administration (Table 2). Administration of
steroids between 2 and 7 d before birth was associated with
decreased RDS incidence (Table 2).

Blood pressure and heart rate: unadjusted effects. No
important heart rate differences were present between groups
during the study period (Fig. 24). Clearly, steroid administra-
tion between 2 and 7 d before birth was associated with higher
mean BP during the first 48 h after birth (Fig. 2A). Moreover,
steroid administration, both within 24 h before birth and
between 2 and 7 d before birth, was associated with a signif-
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Table 1. General characteristics for infants divided by HC with or
without fetal involvement (F)

HC— HC + F— HC + F+
(n = 162) (n = 50) (n =59)
Perinatal characteristics
HELPP 56 (35) 3(6)F 0 O0)f
Preeclampsia 89 (55) 5(10)F 2 (3)f
PPROM 23 (14) 15 (30)* 36 (61)F
Clinical chorioamnionitis 19 (12) 27 (54)F 40 (68)
Antenatal steroids (n = 237) 111 (79) 37 (86) 45 (81)
<24 h before birth 43 (31) 19 (44) 15 (28)
2-7 d before birth 39 (28) 12 (28) 21 (40)
>7 d before birth 29 (21) 6 (14) 9(17)
Gestational age (wks) 295+ 1.7 287+ 19%F 278 +2.0f

1102 £ 341 1243 = 373* 1098 = 339
722*+1.12 726 = 1.07 7.30 % 0.84*

Birth weight (g)
Umbilical artery pH

Male sex 79 (49) 28 (56) 32 (54)
Neonatal outcome
RDS 92 (57) 27 (54) 37 (63)
Mechanical ventilation 121 (75) 34 (68) 51 (86)
PDA 51(32) 21 (42) 21 (36)
Early-onset sepsis 28 (17) 17 (34)* 11(19)
BPD 23 (15) 9(19) 11(23)
NEC 3(2) 4(8) 6 (10)*
IVH 21 (13) 7 (14) 17 (29)*
Grade 3-4 8(5) 2(4) 3(5)
Cystic PVL 4(3) 24 2(3)
Died 16 (10) 3(6) 13 (22)*
Circulatory treatment
Volume expansion
Day 0 (n = 215) 28 (19) 10 (22) 10 (19)
Day 1 (n = 231) 16 (17) 5(10) 7(12)
Day 2 (n = 219) 13 (19) 2(4) 6(11)
Cardiotonics
Day 0 (n = 215) 9 (6) S5(11) 4(7)
Day 1 (n = 231) 17 (11) 6(12) 509)
Day 2 (n = 219) 13.(9) S5(11) 4(7)
Volume expansion and/or
cardiotonics
Day 0 (n = 215) 29 (20) 10 (22) 13 (24)
Day 1 (n = 231) 31(20) 8 (16) 12 (21)
Day 2 (n = 219) 27 (18) 7 (15) 9 (16)
Numbers represent mean *= SD or n (%) in which characteristic is present.
*p < 0.05.
#*p < 0.01.

Tp <0.001 vs HC—

HC, histological signs of chorioamnionitis; HELLP, hemolysis, elevated
liver enzymes and low platelets; PPROM, preterm premature rupture of
membranes; RDS, respiratory distress syndrome; PDA, patent ductus arteri-
osus; BPD, bronchopulmonary dysplasia; NEC, necrotizing enterocolitis;
IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia.

icant reduction in the incidence of hypotension at day 0 (Fig.
2B). Noteworthy is that on each day, the highest rate of
hypotension was present in infants exposed to steroids >7 d
before birth.

Multivariable analyses. To determine the adjusted effects
of chorioamnionitis and AS on postnatal BP during the first 3
days after birth, a mixed model analysis was performed.
Figures 1 and 2 hint at a curvilinear relationship between BP
and time. Hence, to improve linearity of the BP-time associ-
ation, time was log transformed (natural logarithm). A model
with random intercept and random slope (unstructured covari-
ance structure) was used, whose variances components values

heart rate

blood pressure
(mmHg)

T T T
0 12 24 36 48 60 72

B 40 time (hrs)
§ 30+
[}
=
L]
s 204
o
>
k3
® 10
0- T T . T T T T
day 0 day 1 day 2

Figure 1. A, Heart rate and mean blood pressure during the first three
postnatal days for infants divided by histologic signs of chorioamnionitis
(HC) with or without fetal involvement (F) (HC—: open circle, dashed line;
HC+F—: closed circle, dashed line; HC+F+: closed circle, continuous line).
Points represent means = SEM per 4-h period. B, Percentage of infants with
hypotension during the first 3 postnatal days. Subgroups defined by presence
of histologic signs of chorioamnionitis (HC) with or without fetal involve-
ment (F) (HC—: black bars; HC+F—: white bars; HC+F+: gray bars). *p <
0.05, **p < 0.01, 'p < 0.001 vs HC—.

were 20.827, 3.055, —5.508, and 18.270 for random intercept,
slope, and their covariance and residual, respectively.

The estimates of the fixed effects for each determinant in
the final model are shown in Table 3. As expected, post-
natal BP was significantly associated with both gestational
age and time (on the Ln scale). AS administration <24 h
before birth and, more prominently so, steroid exposure
between 2 and 7 d before birth was associated with signif-
icantly increased BP. For visualization purposes, BP values
during the first three postnatal days as predicted by the
model for groups based on timing of AS administration are
shown in Figure 3. Furthermore, umbilical artery pH was
positively associated with postnatal BP, whereas maternal
HELLP syndrome was associated with a significant decrease in
BP (Table 3). Noticeably, chorioamnionitis either with or without
fetal involvement did not significantly affect postnatal BP after
multivariable adjustment.

DISCUSSION

In this large prospective cohort of preterm infants, we found
that exposure to AS within the last week before birth is
associated with increased postnatal BP and a decreased inci-
dence of hypotension. Histologic chorioamnionitis, either with
or without fetal involvement, did not significantly affect BP,
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Table 2. General characteristics for infants divided by timing of AS administration

No AS (n = 44) AS <24 h (n =177) AS2-7d (n = 72) AS >7d (n = 44)
Perinatal characteristics
HELPP 9 (21) 11 (14) 22 (31) 15 (34)
Preeclampsia 16 (36) 20 (26) 31 (43) 20 (46)
PPROM 9 (21) 20 (26) 23 (32) 12 (27)
Clinical chorioamnionitis 9(21) 30 (39) 25 (35) 11 (25)
Histological chorioamnionitis 14 (32) 34 (44) 33 (46) 15 (34)
With fetal involvement 8 (18) 15 (20) 21 (29) 9 (21)
Gestational age (wks) 289 = 2.1 28.8 2.0 29.1 1.9 294+ 1.8
Birth weight (g) 1038 + 392 1181 * 362 1129 = 320 1060 * 308
Umbilical artery pH 7.20 = 1.21 725 *1.17 7.25 = 1.09 7.26 = 0.77
Male sex 25 (57) 37 (48) 38 (53) 23 (52)
Neonatal outcome
RDS 29 (66) 48 (62) 29 (40)* 26 (59)
Mechanical ventilation 36 (82) 57 (74) 51(71) 33 (75)
PDA 17 (39) 23 (32) 19 (26) 14 (32)
Early-onset sepsis 10 (23) 17 (22) 13 (18) 7 (16)
BPD 7(18) 11 (16) 9 (14) 8(22)
NEC 1(2) 4(5) 5(7) 2(5)
IVH 10 (23) 14 (18) 8(11) 7 (16)
Grade 3-4 2(5) 5(7) 3(4) 1(2)
Cystic PVL 1(2) 2(3) 2(3) 1(2)
Died 7 (16) 12 (16) 5(7) 7(16)
Circulatory treatment
Volume expansion
Day 0 (n = 215) 11(28) 20 (28) 10 (16) 3(8)
Day 1 (n = 231) 10 (23) 10 (13) 7 (10) 6 (14)
Day 2 (n = 219) 6 (14) 8 (11) 5(8) 5(13)
Cardiotonics
Day 0 (n = 215) 4 (10) 6 (8) 3(5) 5(12)
Day 1 (n = 231) 8 (19) 6 (8) 6(9) 6 (14)
Day 2 (n = 219) 6 (14) 34) 6(9) 4 (10)
Volume expansion and/or cardiotonics
Day 0 (n = 215) 11 (28) 21 (29) 11 (18) 5(12)
Day 1 (n = 231) 13 (30) 12 (16) 11 (16) 9 (21)
Day 2 (n = 219) 10 (23) 11 (15) 10 (16) 7(18)

Numbers represent mean = SD or n (%) in which characteristic is present.
*p < .05 vs “no AS.”

AS, antenatal steroid; HELLP, hemolysis, elevated liver enzymes, and low platelets; PPROM, preterm premature rupture of membranes; RDS, respiratory
distress syndrome; PDA, patent ductus arteriosus; BPD, bronchopulmonary dysplasia; NEC, necrotizing enterocolitis; IVH, intraventricular hemorrhage; PVL,

periventricular leukomalacia.

incidence of hypotension, or need for BP support after birth in
these infants. Instead, HELLP syndrome emerged as a signif-
icant negative modulator of postnatal BP.

Our findings are in line with earlier reports of a positive
association between AS exposure and postnatal BP in preterm
infants (6,10,18,19). Likewise, animal experimental data show
an increase in BP after maternal steroid administration in
preterm fetuses (30—33) and newborn animals (33,34). To our
knowledge, the effect of timing of AS has not been reported
before. Disregarding this temporal dimension may explain the
inability of some reports to demonstrate an overall association
between steroid exposure and postnatal BP (8,24). This is
important, because our data suggest that the effect of AS
exposure on postnatal BP is indeed time dependent. In this
light, the high incidence of hypotension in infants exposed to
steroids >7 d before birth is of concern and warrants further
investigation. An attenuation of the endogenous corticosteroid
response because of inhibition of the hypothalamic-pituitary-
adrenal axis after exogenous steroid exposure may offer a
possible explanation for this effect.

Although AS are known to reduce RDS at least partly
through a stimulation of surfactant secretion, the mechanisms
behind their effect in reducing the incidences of IVH and
neonatal mortality remain largely obscure (35). Given the
association between hypotension and adverse outcome in
preterm infants, the decreased incidence of hypotension after
AS exposure during the last week before birth found in our
study may explain part of these effects (1-10). However, no
significant improvement of neonatal outcome other than RDS
was observed in our population.

Circulatory disturbance is a common finding in inflamma-
tory processes related to infection such as sepsis because of a
variety of mechanisms (36). Likewise, chorioamnionitis is an
inflammatory process associated with increased cord blood
levels of a whole range of cytokines, chemokines, and other
proinflammatory proteins (37). In a small study, Yanowitz et
al. (14) found an association among chorioamnionitis, ele-
vated IL-6 cord blood levels, and lower early postnatal BP in
preterm infants. In line with this observation, Lee et al. (15
reported a relationship between chorioamnionitis and hypo-
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Figure 2. A, Heart rate and mean blood pressure during the first three
postnatal days for infants divided by timing of antenatal steroid (AS) admin-
istration (no AS: open circle, dashed line; AS <24 h before birth: open circle,
continuous line; AS 1-7 d before birth: closed circle, dashed line; AS >7 d
before birth: closed circle, continuous line). Points represent means + SEM
per 4-h period. B, Percentage of infants with hypotension during the first three
postnatal days. Subgroups defined by timing of antenatal steroid administra-
tion (no AS: black bars; AS <24 h before birth: white bars; AS 1-7 d before
birth: gray bars; AS >7 d before birth: hatched bars). *p < 0.05, **p < 0.01,
p < 0.001 vs “no AS.”

Table 3. Adjusted fixed effects parameters of perinatal modulators
on postnatal blood pressure in a mixed
model analysis

Factor B (95% CI) P
Male sex 0.41 (—0.62 to 1.45) 0.43
Chorioamnionitis without fetal —0.35(—1.87to 1.16) 0.65
involvement
Chorioamnionitis with fetal —0.19 (—1.78 to 1.40) 0.82
involvement
HELLP —1.54 (—2.87to —0.21) 0.02
Steroids
<24 h before birth 1.47 (0.00 to 2.95) 0.05
1-7 d before birth 2.79 (1.30 to 4.28) <0.001
>7 d before birth —0.65 (—2.30to 1.01) 0.44
Caesarean section 0.93 (—0.41 t0 2.27) 0.17
Gestational age (per wk 1.20 (0.79 to 1.62) <0.001
increase)
Birth weight (per kg increase) 1.09 (—1.10 to 3.28) 0.33
Umbilical artery pH (per 0.10 0.58 (0.09 to 1.08) 0.02
increase)
Ln [time (h)] 2.40 (2.11 to 2.68) <0.001

Estimates reflect the average change in mean blood pressure (in mmHg)
during the first three postnatal days per unit increase for continuous variables,
and vs the reference group for categorical variables.

HELLP, hemolysis, elevated liver enzymes, low platelets.

mean blood pressure
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Figure 3. Predicted mean blood pressure values during the first three postnatal
days for groups based on timing of antenatal steroid (AS) administration (no
AS: open circle, dashed line; AS <24 h before birth: open circle, continuous
line; AS 1-7 d before birth: closed circle, dashed line; AS >7 d before birth:
closed circle, continuous line). Points represent mean predicted values *
SEM. Values predicted from mixed model analysis displayed in Table 3.

tension on the first postnatal day). Others found no significant
effect of chorioamnionitis with fetal involvement on early
postnatal BP in extremely preterm infants, although both
catecholamine use and cumulative volume load were in-
creased (16). Given these observations, the absence of an
effect of chorioamnionitis in our study is surprising. Possible
explanations for this discrepancy include a shorter sampling
period in earlier studies (14-16), differences in hypotension
criteria (15) and population characteristics (16), and not ac-
counting for effects of potential confounders (14,16). The
importance of the latter is further emphasized by our findings.
That is, in unadjusted analyses chorioamnionitis was associ-
ated with lower BP, whereas our multivariable model suggests
that this may largely be due to the lower gestational age in this
group. Taken together, our findings do not seem to imply an
important role of neonatal BP modulation in the etiology of
adverse outcome after chorioamnionitis.

Although HELLP and umbilical artery pH were not the
main variables of interest in this study, their emergence as
significant modulators of postnatal BP in preterm infants is
interesting. The positive association between umbilical artery
pH and BP is in agreement with the recognized relationship
between perinatal asphyxia and subsequent hypotension (38).
Data regarding neonatal BP in infants born to mother with
HELLP are scarce. We are aware of one study showing
HELLP to be associated with a higher need for volume
expansion and a trend toward more hypotension on day 1 in
preterm infants (39). Our results point in the same direction
and may provide a link between HELLP syndrome and ad-
verse outcome in preterm infants (40), although data concern-
ing the latter are conflicting. Whether the association between
HELLP and lower BP represents a direct disease-specific
effect or is due to a maternal administration of antihyperten-
sive medication needs further study.

To allow for nonlinear time-dependent modeling of post-
natal BP pressure with concurrent adjustment for potential
confounders, a mixed model analysis was used in this study.
To our knowledge, this approach is unique in the evaluation of
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perinatal modulators of neonatal BP. Although many earlier
studies reported unadjusted effects on BP of a single perinatal
factor, a multivariable modeling approach allows for disen-
tanglement of the distinct effects that potential modulators
may have. Together with the relatively large cohort size, this
strengthens the conclusions drawn from this study.

Several considerations need to be taken into account when
interpreting the results. First, the effect of treatment for hypo-
tension was not accounted in our analyses. However, in this
light, the absence of treatment differences between groups is
reassuring. Furthermore, when quantifying BP, the actual
variable of interest is tissue perfusion. Clearly, the correlation
between the two is far from perfect, and at best, BP may be
considered a surrogate measure of the latter. Accordingly,
hypotension is not a perfect representation of poor tissue
perfusion. Moreover, there is considerable debate about the
most appropriate definition of hypotension and likewise, about
its management (41,42). Our data further support the use of
individualized thresholds for hypotension (41), given the im-
portant BP changes observed over time and effects of perinatal
variables such as gestational age and birth weight. Additional
studies using other markers of tissue perfusion are needed to
further evaluate the relationships among perinatal factors,
circulatory regulation, and neonatal outcome.

In conclusion, we were unable to confirm earlier reports of an
association between chorioamnionitis and lower postnatal BP in
preterm infants. Instead, we present evidence for a time-
dependent stimulatory effect of AS on neonatal BP, associated
with a decrease in hypotension. The large cohort size and use of
temporal analysis with adjustment for potential confounders
strengthen our findings. Improved cardiovascular stability may in
part mediate the reduction in adverse outcome after AS.
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