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Clinical Investigation

Cerebral autoregulation in the first day after preterm birth:
no evidence of association with systemic inflammation

Gitte Holst Hahn', Lisa L. Maroun? Nanna Larsen? David M. Hougaard?, Line C. Sorensen?, Hans C. Lou® and Gorm Greisen'

INTRODUCTION: Both systemic inflammation and impaired
cerebral autoregulation (CA) have been associated with brain
injury in preterm infants. We hypothesized that impaired CA
represents a hemodynamic link between inflammation and
brain injury.

RESULTS: Neither fetal vasculitis nor interleukin-6 (IL-6) affected
CA significantly. A high level of IL-6 was associated with hypoten-
sion (P =0.03) irrespective of dopamine therapy. The magnitude
of impairment in CA increased with decreasing mean arterial
blood pressure (MAP) (P = 0.02). No significant associations were
found between these parameters and either intraventricular
hemorrhage (IVH) (n = 10) or neonatal mortality (n = 8).
DISCUSSION: In conclusion, postnatal inflammation was
weakly associated with arterial hypotension, and hypotension
was weakly associated with impaired autoregulation. There
was no direct association, however, between autoregulation
and antenatal or postnatal signs of inflammation.
METHODS: In our study, 60 infants (mean (£SD) of gestational
age (GA) 27 (£1.3) wk) underwent continuous recording of MAP
and cerebral oxygenation index (Ol) by means of near-infrared
spectroscopy (NIRS) for 2.3 + 0.5 h, starting 18 + 9h after birth.
Coherence and transfer function gain between MAP and Ol
represented the presence and degree of impairment of CA,
respectively. We considered fetal vasculitis (placenta histology)
to be an antenatal marker of inflammation, and used the level
of IL-6 in blood, measured at 18 = 10h after birth, as a postna-
tal marker of inflammation. Definition of hypotension was MAP
(mm Hg) < GA (wk).

mpaired cerebral autoregulation (CA) (1-3) and intrauterine

fetal inflammation (4-7) have been associated with perina-
tal brain injury in preterm infants. These conditions may not
be mutually exclusive. Inflammation-induced vasoparalysis,
triggering a combination of hypotension and impaired CA,
represents a potential link.

Few clinical studieshaveaddressed howintrauterineinflamma-
tion affects systemic and cerebral hemodynamics. Hypotension
has generally (4,8-10), but not consistently (11-13), been asso-
ciated with intrauterine inflammation. The effect on cerebral
hemodynamics is still unclear. Steady-state levels of cerebral

blood flow (CBF) (10) and cerebral oxygenation (13) are unaf-
fected. By contrast, a lower variability in cerebral oxygenation
indicates that cerebrovascular responsiveness is altered (14).
This observation is supported by the results of experiments in
animals demonstrating that inflammation impairs endotheli-
um-dependent vasodilator pathways in the brain (15,16) and
leads to a prolonged risk of impaired CA (17).

Our hypothesis was that ante- or postnatal systemic inflam-
mation is associated with impaired CA. For this purpose, we
compared measures of dynamic CA derived from near-infrared
spectroscopy (NIRS) in (i) infants with and without placental
signs of a fetal inflammatory response (FIR), and (ii) infants with
and without increased levels of the pro-inflammatory biomarker
interleukin-6 (IL-6) in blood in the postnatal period. Fetal vasc-
ulitis represents the more serious end of the continuum of intra-
uterine inflammation (18), whereas postnatal IL-6 is considered
a reliable marker of an ongoing inflammatory response (5,19).

RESULTS

Study Population

We examined 60 infants (male/female: 36/24) with a mean
(+SD) gestational age (GA) of 27 (+£1.3) wk and a mean birth
weight of 908 (£258) g (Figure 1). GA and birth weight did not
differ significantly between the infants recruited into the study
and infants (i) whose parents declined participation (n = 14)
and (ii) who were not considered for participation (n = 70).
Of the total sample, 23 infants (38%) received mechanical ven-
tilation. The others received nasal continuous positive airway
pressure. During the neonatal period 8 infants (13%) died, 3 of
them within the first week of life. The causes of death included
necrotizing enterocolitis (n = 3), sepsis (n = 4), and with-
drawal of intensive care after grade 4 intraventricular hemor-
rhage (IVH) (n = 1). A total of 10 infants (17%) had IVH as
shown on cranial ultrasound scans (grade 1: two infants; grade
2: three infants; grade 3: one infant; grade 4: four infants). In
four infants, cranial ultrasound scan was performed before
NIRS measurements. Of these, two infants were shown to
have IVH (grades 1 and 4) on this initial scan. A total of 17
infants (28%) received dopamine for hypotension during the
measurements.
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Figure 1. Flow diagram of eligible infants and placenta histology. BW, birth weight; FIR, fetal inflammatory response; GA, gestational age; MIR, maternal

inflammatory response.

Overall Hemodynamics

The mean age at the time of NIRS measurements was 18 (+9.4) h
and the mean duration of a measurement was 2.3 (+0.5) h, dur-
ing which a median of 10 (4-17) 10-min epochs were analyzed
for each infant. In the very low-frequency (VLF) range 30 infants
had significant coherence, indicating a suboptimal CA with
a median (range) gain of 0.249 (0.142-0.500) umol/l/mm Hg
(median coherence: 0.47 (0.35-0.66). In the low-frequency
(LF) range 35 infants had significant coherence, with a median
gain of 0.141 (0.078-0.296) umol/l/mm Hg (median coherence:
0.47 (0.35-0.68). Overall, coherence did not correlate with vari-
ability in mean arterial blood pressure (MAP). The group mean
MAP was 33 (+4) mm Hg. Of the total sample, seven infants
(12%) had hypotension during the NIRS measurement. Gain
increased significantly with decreasing MAP adjusted for GA
(i.e., MAP in mm Hg minus GA in weeks) in the LF range (P =
0.02) (Figure 2). The same correlation existed in the VLF range,
although this was not statistically significant (P = 0.08). None of
the three parameters—MAP, coherence, and gain—showed any
association with IVH or with neonatal mortality.

Placental Histology and Hemodynamics

FIR was present in 21 placentas (35%) and maternal inflam-
matory response (MIR) was present in 28 placentas (47%); all
the cases of FIR also had MIR. Consequently, 7 placentas had
signs of MIR alone, and 32 (control group) had no signs of
inflammation (Figure 1).
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Figure 2. Association between magnitude of impaired autoregulation
and age-adjusted MAP. Scatter plot of magnitude of impaired cerebral
autoregulation (i.e., gain, transformed logarithmically) vs. MAP, adjusted
for GA (LF range). Linear regression revealed a significant negative associa-
tion (P = 0.02). The broken lines represent 95% confidence intervals. GA,
gestational age; LF, low frequency; MAP, mean arterial blood pressure.

As compared with infants in the control group, those with
FIR had significantly lower GA (P = 0.001) and were sig-
nificantly less growth-retarded (P < 0.001). In the first day of
life, significantly fewer infants with FIR received surfactant
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(P = 0.02) and treatment for hypotension (P = 0.048) relative
to the controls. Significantly more infants with FIR received
antibiotics (P = 0.006) (all of which were prescribed on a pro-
phylactic basis as compared with 53% in the control group,
P =0.001). Hemoglobin (P = 0.04) and IL-6 (52 ng/1 (8-448) vs.
126 ng/1 (8-4,000); P = 0.01) were significantly lower in infants
with FIR than in the controls. Only 2 infants (10%) in the FIR
group had IL-6 in the top quartile as compared with 11 infants
(34%) in the control group (P = 0.053). There was no significant
difference in MAP and blood CO, (Table 1). Autoregulatory
parameters (i.e., the number of infants with significant coher-
ence and gain in these infants), cerebral oxygenation, the num-
ber of infants with IVH, and the number of neonatal deaths did
not differ significantly between the two groups.

IL-6 and Hemodynamics

Blood samples were taken at a mean (+SD) postnatal age of 18
(+£10.4) h, spaced 2 (0-34) h before and after the NIRS mea-
surements. A greater percentage of infants with IL-6 in the top
quartile had hypotension (P = 0.008) for which they received
treatment with volume (P =0.035) and dopamine (P =0.02), as
compared with infants with IL-6 in the lower three quartiles.
The association between a high level of IL-6 and hypotension
persisted even after controlling for dopamine therapy as a
confounder (P = 0.03). IL-6 in the top quartile was associated
with respiratory failure, with a greater percentage of infants
receiving treatment with surfactants (P = 0.001) and mechani-
cal ventilation (P = 0.02) in this group than in the other three
quartiles. Autoregulatory parameters, cerebral oxygenation,
the number of infants with IVH, and the number of neonatal
deaths were not affected by IL-6 (Table 1).

DISCUSSION
To the best of our knowledge, we are the first to address the issue
of whether systemic inflammation is associated with impaired
CA in preterm infants. We used fetal vasculitis as a marker of
antenatal (preceding) inflammation and IL-6 at a postnatal age
of 18 h as a marker of postnatal (concurrent) inflammation. Our
hypothesis could not be confirmed, and none of these mark-
ers was directly associated with CA, even though a high level
of IL-6 was associated with lower MAP and higher incidence of
hypotension, and CA was impaired with decreasing MAP.
Infants with a high level of IL-6 were more likely to be
hypotensive and receive dopamine treatment. Dopamine
increases synthesis of IL-6 (20). Therefore dopamine treat-
ment may per se account for the inverse association between
IL-6 and MAP. However, including dopamine treatment as a
confounder did not eliminate the association. Therefore our
findings support the concept of postnatal IL-6 as a marker of
systemic inflammatory activity leading to systemic vasodi-
latation and consequent hypotension (5,7). In contrast, fetal
vasculitis was not associated with hypotension. This is in line
with the findings of some published studies (12,13), but con-
trary to those of others (10,21). In a large cohort of preterm
infants Been et al. (12). found that the tendency toward lower
arterial blood pressure in infants with fetal vasculitis was

Copyright © 2012 International Pediatric Research Foundation, Inc.

explained by confounding factors such as GA and antenatal
steroids. Furthermore, evidence exists that antenatal steroids
eliminate the association between fetal vasculitis and brain
injury in preterm infants (22,23). In our study, all the infants
with fetal vasculitis received antenatal steroids, and this might
explain the differential effects of fetal vasculitis and IL-6 on
MAP. Alternatively, the difference might simply indicate that
systemic inflammatory activity on the first postnatal day is not
initiated in utero.

CA was weakened with decreasing MAP. This associa-
tion is well described (24-26). We were, however, unable to
demonstrate an association between impaired CA and either
fetal vasculitis or a high postnatal level of IL-6. Few studies
have investigated the association between fetal inflammation
and cerebral hemodynamics (10,13,14) and none of them
have evaluated the effect on CA. The study by Yanowitz et al.
implied that impaired CA is associated with fetal vasculitis
(14). In adult patients with sepsis, CA is impaired in severe
(27,28) but not in mild cases (29,30), supporting the concept
of a dose-dependent relationship as documented in the lit-
erature on studies in animals (31). Consequently, we specu-
late that systemic inflammatory activity may have been too
limited in the infants in our study to produce a measurable
impairment of CA.

Unfortunately, our study had relatively low power. Since the
start of this clinical study, methodological reviews have indi-
cated that it is better to use gain rather than coherence as a mea-
sure of CA, and only in measurements with significant coher-
ence (1,32). Approximately half of our study population was
lost in the application of this methodology. Therefore the con-
fidence intervals of the effect sizes of gain are relatively wide.
Assuming a constant metabolic rate of oxygen, a cerebral hemo-
globin concentration of 50 tmol/l, and an arterio-venous blood
volume ratio of 30:70 (33), our gain values in VLF correspond
to a global CBF-MAP-reactivity of 1.7%/mm Hg (1.1-2.1) in
infants with no inflammation and 1.9 %/mm Hg (0.9-3.3)in
infants with FIR. In LE, the corresponding values are 0.8%/mm
Hg (0.5-1.8) and 1.0%/mm Hg (0.6-1.9). With a mean MAP of
33mm Hg among infants with FIR, a CBF-MAP-reactivity of
3.3% corresponds to complete pressure passiveness. Therefore
an alternative and more conservative interpretation of our find-
ings is that there was a nonsignificant trend toward a higher
CBF-MAP-reactivity in infants with FIR.

Contrary to our finding, studies in animals generally
describe an association between systemic inflammation and
impaired CA. In a recently published study in a rat model of
chorioamnionitis, CBF velocity was significantly lower in the
litters born to rats that had received cervical endotoxin injec-
tions in pregnancy (34). However, MAP was not measured in
that study. Consequently, an inflammation-induced decrease
in MAP to below the autoregulatory range might explain their
finding. In a study in newborn lambs, however, endotoxin-
induced decrease in cerebral vasoreactivity to bradykinin (a
potent cerebral vasodilator) during steady MAP indicated that
inflammation per se impairs CA (15). Dose dependency, i.e., a
higher inflammatory activity in experimental settings, and lack
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Table 1. Clinical characteristics, hemodynamic features, and short-term outcome according to placental examination and IL-6

Placental examination

Postnatal blood sample

IL-6 in the IL-6 in the lower
FIR No inflammation top quartile three quartiles
(n=21) (n=32) Pvalue (n=15) (n=45) Pvalue

Gestational age (wk) 26+3+0.2 27+4+0.2 0.001* 26+5+0.3 27+1+£0.2 0.27
Birth weight (g) 950+ 49 895+ 50 0.5 808+ 70 941+36 0.08
Growth retardation (%) 4+29 -18+3.3 <0.001* -16+5.3 —7+2.7 0.09
Sex (no. of boys (%)) 11 (52%) 19 (59%) 0.8 10 (67%) 26 (58%) 0.8
Antenatal

Prolonged rupture of membranes (n (%)) 11 (52%) 7 (22%) 0.02* 2 (87%) 17 (38%) 0.11

Interval between membrane rupture and birth 8(1-53) 4(1-31) 0.2 17 (3-31) 6(1-53) 0.9

(days)

Intrapartum fever (n (%)) 2(10%) 1(3%) 0.3 1(7%) 3(7%) 1

Antenatal corticosteroids (n (%)) 21(100%) 29 (91%) 0.2 15 (100%) 42 (93%) 0.6
Delivery

Spontaneous labor (n (%)) 18 (86%) 14 (44%) 0.004* 7 (47%) 30 (67%) 0.2

Umbilical cord pH 74+0.03 7.3£0.01 0.1 7.3£0.02 7.3£0.02 1

Apgar at5min 10 (6-10) 10(2-10) 0.2 10(7-10) 10(2-10) 0.7
Medical therapy in the first day of life

Dopamine (n (%)) 2(10%) 11 (34%) 0.053 8(53%) 9(20%) 0.02*

Volume (n (%)) 5(24%) 15 (47%) 0.15 10 (67%) 15(33%) 0.035*

Dopamine or volume (n (%)) 5(24%) 17 (53%) 0.048* 10 (67%) 17 (38%) 0.07

Surfactant (n (%)) 11 (52%) 27 (84%) 0.02* 15 (100%) 26 (58%) 0.001*

Antibiotics (n (%)) 19(91%) 17 (53%) 0.006* 12 (80%) 27 (60%) 0.22
Clinical state at NIRS measurement

Postnatal age (h) 19.6+£1.7 174+£2.0 04 20+2.3 18+1.4 04

MAP (mm Hg) 32+0.9 33+0.8 0.5 31+1.2 34+0.6 0.02*

MAP < GA in weeks (n (%)) 2(10%) 5(16%) 0.7 5(33%) 2 (4%) 0.008*

Nasal CPAP (n (%)) 15 (71%) 18 (56%) 0.4 4(27%) 33(73%) 0.02*

Mechanical ventilation (n (%)) 6 (29%) 14 (44%) 0.4 11 (73%) 12 (27%) 0.02*

Inspiratory oxygen concentration (%) 23(21-40) 25(21-38) 0.4 27+14 25+0.8 0.3

Arterial oxygen saturation (%) 94+0.7 93+04 0.2 93+0.8 94+04 0.3

Blood CO, (kilopascal) 5.6 (4.4-8.4) 5.9 (4.6-8.4) 0.3 6.3(5.2-8.4) 5.6 (4.2-8.4) 0.01*

Hemoglobin (mmol/I) 85+0.3 9.2+0.2 0.04* 94+03 89+0.2 0.16
Cerebral hemodynamics

Duration of measurement (h) 2.2+0.13 2.3+0.09 0.5 2.3+0.1 2.3+0.1 0.94

Coherence in VLF 0.46 (0.37-0.58)  0.47(0.34-0.63) 0.9 0.46 (0.36-0.57)  0.47(0.35-0.66) 0.7

Significant coherence in VLF (n (%)) 10 (48%) 17 (53%) 0.8 7 (47%) 23(51%) 1

Gain in VLF in measurements with significant 0.29(0.14-0.50) 0.25(0.16-0.31) 0.12 0.24(0.21-0.28)  0..25(0.14-0.50) 0.57

coherence (umol/I/mm Hg)

Coherencein LF 0.47(0.37-0.62) 0.47(0.35-0.68) 0.7 0.44(0.37-0.58)  0.48(0.35-0.68) 0.4

Significant coherence in LF (n (%)) 13 (62%) 18 (56%) 0.8 7 (47%) 28(62%) 0.37

Gain in LF in measurements with significant 0.16(0.10-0.30)  0.13(0.08-0.28) 0.2 0.14(0.11-0.28) 0.14(0.08-0.30) 0.71

coherence (umol/I/mm Hg)
Cerebral oxygenation (%) 68+2.2 71+14 0.2 71+1.1 70+1.4 0.48
Short-term outcome

Treatment for persistent ductus arteriosus (n (%)) 12 (57%) 13 (41%) 0.3 8(53%) 22 (49%) 1

Intraventricular hemorrhage (all) (n (%)) 5(24%) 3(9%) 0.2 3(20%) 7 (16%) 0.7

Intraventricular hemorrhage (server) (n (%)) 4(19%) 1(3%) 0.07 1(7%) 4 (9%) 1

Cystic periventricular leukomalaci (n (%)) 0 0 0 0

Neonatal mortality 3(14%) 4(13%) 1 4(27%) 4 (9%) 0.1

Median (min-max), mean + SEM. Fischer’s exact test, t-test, or Mann-Whitney test depending on the nature of data.

CPAP, continuous positive airway pressure; FIR, fetal inflammatory response; GA, gestational age; IL-6, interleukin-6; LF, low frequency; MAP, mean arterial blood pressure; NIRS, near-

infrared spectroscopy; VLF, very low frequency.

*Pvalue < 0.05.
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of a clinically relevant animal model with antenatal adminis-
tration of steroids (23) might explain the discrepancy.

The strengths of our study include (i) well-defined groups,
because infants displaying only MIR were excluded from the
placental part of our study as per a priori definitions; (ii) analy-
ses of both antenatal and postnatal signs of inflammation; (iii)
avoidance of the possible influence of delivery-related and
early invasive procedures (e.g., intubation, umbilical catheriza-
tion), given that IL-6 was measured at a postnatal age of 18h;
(iv) a study design with postnatal instead of antenatal consent
possibly allowed us to include cases with higher grades of
in utero inflammation, where delivery is likely to occur shortly
after admission; (v) optimized estimation of CA; i.e., measure-
ments showing changes in arterial saturation (SaO,) >5% were
discarded, and precision was improved by means of weighting
repeated measurements according to the amount of variation
in MAP in each infant, and finally, (vi) blinded analysis. The
limitations of our study include (i) our setup with point mea-
surements might have missed periods during which CA was
indeed impaired; (ii) our study might have had an ascertain-
ment bias because indwelling catheters are used only in the
sickest infants; (iii) the consequence of fluctuations in arterial
CO, during NIRS measurements was not accounted for. These
fluctuations might induce physiologic noise and therefore an
incorrect low value for coherence, because fluctuations in CO,
instead of in MAP might drive changes in cerebral oxygenation.
We regard the impact of this limitation as minimal because our
infants were clinically stable during NIRS measurements; 38%
of them were on mechanical ventilation, and each measure-
ment lasted only 10 min. Finally, (iv) our study was not pow-
ered to enable analysis with multivariable adjustment.

In conclusion, postnatal inflammation was significantly
associated with hypotension, and hypotension with impaired
CA. There was, however, no significant association between
CA and either antenatal or postnatal signs of inflammation.
In clinical terms, our data imply that, provided arterial blood
pressure is kept within the autoregulatory range, CA is at most
moderately affected by systemic inflammation on the first day
after preterm birth. Our findings imply that mechanisms other
than impaired CA mediate the association between inflamma-
tion and brain injury.

METHODS

Patients

We recruited infants with GA <32wk born in the Neonatal Depart-
ment at Copenhagen University Hospital, Rigshospitalet, from
February 2008 to March 2010. Only infants who had already been fit-
ted with indwelling arterial catheters were eligible. Infants with major
malformations were excluded. The Danish Local Ethical Committee
(journal no. H-A-2007-0109) approved the study. Written informed
parental consent was obtained for all the infants.

Study Protocol

We attempted to perform the NIRS-measurements during the first
day oflife in the infants recruited. The attending clinician was respon-
sible for the treatment, and care was not altered for the purposes of
our study. Compromised circulation—was defined as MAP (in mm
Hg) < GA (in wk) along with at least one clinical sign of circula-
tory insufficiency. The treatment followed a standardized protocol:

Copyright © 2012 International Pediatric Research Foundation, Inc.

up to 2 x 10ml saline infusion/kg, followed by dopamine (2-15 ug/
kg/min) and, occasionally, higher doses of dopamine, epinephrine,
dobutamine, and/or glucocorticosteroid.

The investigator (G.H.H.) performing all NIRS measurements and
subsequent data analysis was blinded as to inflammation parameters
until analyses of the autoregulatory variables were completed.

Data Recording

The infants were clinically stable at the time points when measure-
ments were carried out. NIRS data were recorded using a NIRO-300
oxygenation monitor (Hamamatsu Photonics, Hamamatsu City,
Japan). The probes were fixed in a nontransparent, soft probe holder
(interoptode distance = 4cm) and secured to the frontotemporal or
frontoparietal region of the head with a flexible bandage. Cerebral
oxygenation and changes in the relative concentrations of oxygen-
ated and deoxygenated hemoglobin were recorded. The oxygenation
index (OI) is the difference between oxygenated and deoxygenated
hemoglobin divided by a factor of 2. Changes in OI have been vali-
dated to represent changes in CBF (35).

Arterial blood pressure waveforms were measured using a trans-
ducer connected to the arterial catheter. MAP was calculated using a
first-order low-pass filter with a cutoff frequency of 0.3 Hz.

NIRS, MAP, and SaO, (assessed by pulse oximetry) were sam-
pled simultaneously at 2 Hz. Recording was automatically stopped
if changes in SaO, increased to >5%. The data were automatically
divided into 10-min epochs of uninterrupted recordings. One investi-
gator (G.H.H.) observed the infants continuously during the measure-
ments, and interrupted the recording in case of disruption of signals
(e.g., X-ray, manipulation of the infant, and blood gas sampling). The
data from epochs containing obvious artifacts were deleted manually.
In the case of short artifacts, for which the surrounding data points
were of similar magnitude, the data points were bridged.

Calculation of NIRS-Derived Measures

of CA (Coherence and Gain)

We studied CA as the frequency-specific relationship between spon-
taneous changes in MAP and OI (36,37). Based on this concept,
coherence (3,24) and gain as derived from transfer function analysis
(1,38) have been used in several studies in preterm infants to moni-
tor CA noninvasively and continuously. We recently validated this
method in a piglet model (32).

A test for coherence (i.e., correlation in the frequency domain)
detects whether variability in MAP is being transferred to the cere-
bral circulation, i.e., whether CA is impaired. Gain estimates the
magnitude of this impairment, i.e., the amount of variability in MAP
that is transferred to the cerebral circulation. Coherence ranges
between 0 and 1, with 0 indicating perfectly working CA and 1 indi-
cating complete lack of CA (Figures 3-5). Impaired CA is presumed
when coherence reaches the cutoft for significant coherence. We used
Monte Carlo simulations to determine this cutoff (=0.47 in VLF and
20.45 in LF (39)). In the subgroup of infants with significant coher-
ence (i.e., impaired CA), gain was used to estimate the magnitude of
impairment in CA (1,32).

Coherence and gain were computed in the VLF (0.003-0.04 Hz)
and the LF (0.04-0.1 Hz) ranges, corresponding to periodic varia-
tions occurring over 25-300 and 10-25s, respectively (Matlab, Math
Works). Epochs were detrended and subdivided into three 5-min seg-
ments with 50% overlap. A Hanning window was applied to minimize
spectral leakage. For each 10-min epoch, coherence and gain were
averaged over the frequency band. Also, to reduce possible measure-
ment noise, we weighted these repeated measurements of coherence
and gain with the quantum of variability in MAP expressed in the form
of power spectral density. That is, in each infant, epochs with high vari-
ation in MAP were weighted in favor of those with low variation (39).

Placental Histology

An experienced placental pathologist (L.L.M.), blinded as to the
infant’s clinical course and parametric data, coded the placental
inflammation as suggested by Redline and colleges (40). Given the
relatively small sample size, standardized grading and staging were
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in MAP are clearly correlated to changes in Ol (LF coherence = 0.49, VLF
coherence = 0.52). The amount of variability in MAP that is transferred to

the cerebral circulation is, however, relatively low (LF gain = 0.113 pmol/Il/
mm Hg; VLF gain = 0.181 umol/l/mm Hg) as compared with the infant in
Figure 3. GA, gestational age; LF, low frequency; MAP, mean arterial blood
pressure; Ol, cerebral oxygenation index; SaO,, arterial saturation; VLF, very
low frequency.

not analyzed. Therefore, FIR and MIR were coded as “present” or “not
present.” Because FIR represents the more serious end of the contin-
uum of intrauterine inflammation (41), we decided a priori to discard
data obtained from infants whose placentas showed only MIR.

Measurement of IL-6

Blood samples (50 pl) for the study were collected along with those
being drawn for clinical indications. The samples were air-dried on filter
paper and stored as dried blood spots at —20°C in sealed bags until the
end of the study. The sample taken closest in time to the NIRS measure-
ment was analyzed for IL-6 in duplicate by immunoassay by means of
flowmetric Luminex xMAP technology (Luminex, Austin, TX), using
the method described by Skogstrand et al. 2005 (42). Because the most
extreme concentrations of IL-6 are the most relevant biologically, and
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Figure 5. Significant coherence and relatively high gain. Simultaneous
changes in MAP, Ol, and Sa0, in a 1-d-old infant of GA 28 wk. Changes in
MAP are clearly correlated to changes in Ol (LF coherence = 0.49, VLF coher-
ence = 0.53). The amount of variability in MAP that is transferred to the cere-
bral circulation is relatively high (LF gain = 0.125 pmol/I/mm Hg, VLF gain =
0.260 pmol/l/mm Hg) as compared to the infant in Figure 4. GA, gestational
age; LF, low frequency; MAP, mean arterial blood pressure; O, cerebral oxy-
genation index; Sa0,, arterial saturation; VLF, very low frequency.

given that IL-6 was not normally distributed, we dichotomized the dis-
tribution into the top quartile and the lowest three quartiles (43).

Clinical Data

Based on each infant’s medical chart we documented specific clini-
cal features, including pre- and perinatal events, clinical treatment
within the first 24 h (respiratory support, surfactant, volume bolus,
dopamine, and antibiotics), neonatal mortality (death before post-
natal day 30) and treatment for persistent ductus arteriosus. Blood
gas and hemoglobin values measured during or closest to NIRS mea-
surements were also recorded. Blood CO, was recorded either from
blood gases drawn during or close to NIRS measurements or from
transcutaneous measurements made during NIRS measurements.
MAP was calculated as a mean value over the entire study period.

Cranial Ultrasound Scans

The attending physician performed cranial ultrasound scans in accor-
dance with the policy of the unit, at (i) 4-7 d postnatal, (ii) 14 d post-
natal, (iii) 35 d postnatal, and (iv) full-term age, or pretransfer, or
predischarge, or as clinically indicated. The scans were recorded using
Papile’s classification (44). In case of disagreement between reports,
or where there was bilateral IVH, the highest grade was registered.
Grades 3-4 were considered severe.

Statistics

The infants were compared after grouping according to (i) antenatal
inflammation (either presence of FIR or no inflammation in placental
histology), and (ii) level of postnatal inflammation (concentration of
IL-6 either in the top quartile or in one of the three lowest quartiles).
Prior to analyses, a normality test was used (Shapiro-Wilk’s test for
normality). Differences between groups were compared using the
Student’s ¢-test, Fischer’s exact test, or the Mann-Whitney U-test, as
appropriate. We used Mantel-Haenszel statistics to level out a con-
founding effect of dopamine on the association between MAP and
IL-6. In measurements with significant coherence, linear regression
was used to test the association between MAP and gain (transformed
logarithmically to obtain normality). A P value of <0.05 was consid-
ered to be statistically significant (SPSS 17.0 for Windows).

The study was powered to detect a 1 SD difference in coherence
between infants with FIR and those with no placental inflammation.
With a population SD of 0.19 (3), 90% power and a-error of 0.05, 21
infants were required in each group. Consequently, with the incidence
of FIR estimated at ~35%, a sample size of 60 infants was needed.

Copyright © 2012 International Pediatric Research Foundation, Inc.
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