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Increased serum levels of interleukin 6 are associated with
severe inftraventricular haemorrhage in extremely

premature infants
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Background: Intraventricular haemorrhage (IVH) and periventricular leucomalacia (PVL) in premature
infants presumably have many causes. It has been proposed that inflammatory processes in the
fetomaternal unit play an important role in the pathogenesis of these lesions.
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prevent cerebral morbidity.

systemic inflammatory response, local activation of

endothelial inflammation processes, and premature
birth.! Inflammation of the fetomaternal unit may lead to
chorioamnionitis and omphalovasculitis, which are regarded
as definite signs of fetal involvement.”* Cytokine pathways
have been proposed as a possible link between systemic
infection of the fetomaternal unit and consecutive neonatal
brain injury.”®

Premature infants of < 28 weeks gestation are at highest
risk of cerebral damage and developmental retardation.”™"!
Vulnerability of the immature cerebral vessels is thought to
be an important factor in the pathogenesis of cerebral
haemorrhage.” Recently, more detailed analyses have
demonstrated the role of inflammatory processes in this
context.* > * > There is evidence of involvement of cytokine
release, with subsequent endothelial damage of the germinal
matrix and the white matter.® ' ' An early marker of the
activated inflammatory cascade is interleukin (IL) 6. *' IL6
levels in serum peak 3—4 hours after endotoxin stimulation
and may be used as an early diagnostic marker of neonatal
bacterial infection.”'

The aim of this study was to correlate early neonatal
inflammatory response and development of severe intraven-
tricular haemorrhage (IVH) and periventricular leucomalacia
(PVL)" in high risk preterm infants. We hypothesised that an
elevated serum IL6 concentration at 12 hours of postnatal
age reflects activation of the proinflammatory cascade. Thus,
IL6 may increase cerebral vascular endothelial permeabil-
ity,”> > being part of an important pathophysiological
mechanism for the development and progress of IVH.

Proinﬂammatory cytokines are a major component of

PATIENTS AND METHODS

A retrospective cohort study was carried out on 97 inborn
preterm infants, gestational age < 28 weeks, who were
admitted consecutively to a single tertiary neonatal intensive

Obijective: To study the correlation of postpartum serum interleukin 6 (IL6) concentration as a marker of
inflammation and neonatal cerebral morbidity in preterm infants < 28 weeks of gestational age.
Methods: A total of 88 infants were grouped according to maximum serum IL6 levels within 12 hours post
partum: group A (n = 50), < 100 pg/ml; group B (n = 38), > 100 pg/ml. Ultrasound studies and
clinical assessment were performed routinely.

Results: IVH was noted significantly more oz;
(p = 0.02). In a multiple logistic regression model, raised serum IL6 independently predicted development
of severe IVH (odds ratio 8.4; 95% confidence interval 2.85 to 24.9; p = 0.0001).

Conclusions: Raised serum IL6 may serve as a marker for severe IVH in infants < 28 weeks of gestational
age. Although cerebral morbidity in premature infants is determined by different variables, the
identification of systemic inflammation can help to define the need for anti-inflammatory strategies to

en in group B (24/38; 63%) than in group A (19/50; 38%)

care unit at the University of Bonn between January 1999
and December 2001. Nine patients were excluded from
analysis because of missing IL6 values (n = 5) or postnatal
death within 12 hours (n = 4). The remaining 88 infants
were grouped according to maximum IL6 concentration
(< 97th centile of healthy neonates)' *' within 12 hours of
postnatal age: group A, < 100 pg/ml; group B, >100 pg/ml.
Serum IL6 concentration was measured as part of routine
laboratory testing (Immulite; DPC-Biermann, Bad Nauheim,
Germany). Clinical and outcome data of the study population
were taken from patient records. The clinical risk index for
babies (CRIB score) was determined for all study infants
from birth weight, gestational age, presence or absence of
congenital malformations, worst base excess, and minimum
and maximum appropriate fractions of inspired oxygen
(F10,) during the first 12 h of life.* * All patients were
routinely monitored by central or peripheral arterial catheter.
Arterial hypotension within the first 12 hours of life was
defined as mean arterial blood pressure less than 28 mm
Hg.** The treatment of arterial hypotension followed a
standardised protocol: up to 2 x 10 ml saline infusion/kg
body weight/30 minutes, followed by catecholamine treat-
ment (dopamine infusion 5-10 pg/kg/min or adrenaline
(epinephrine) infusion 0.1-0.3 pg/kg/min) to maintain blood
pressure in the normal range. Cerebral ultrasound was
performed with a 8.5-10 MHz transducer (Vingmed Vivid
FiVe) at 0-2, 12, 24, 36, 72 hours after birth and at days 7 and
28 of postnatal age. The sonographic findings of IVH and PVL
were classified using the criteria given by Volpe'’ *”: (a) grade
1 (mild), germinal matrix haemorrhage with no or minimal
IVH; (b) grade 2 (moderate; 10-50% of ventricular area in

Abbreviations: IL, interleukin; IVH, intraventricular haemorrhage; PVL,
periventricular leucomalacia
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parasagittal scan); (c) grade 3 (severe; > 50% of ventricular
area in parasagittal scan); (d) apparent periventricular
haemorrhagic infarction. According to the classification given
by Volpe, in our study severe IVH was defined as either grade
3 IVH or IVH with apparent periventricular haemorrhagic
infarction.

Death before postnatal day 28 postnatal and/or severe IVH
was defined as a secondary outcome variable.

DATA ANALYSIS

For statistical analysis, we used the Mann-Whitney U test and
v* test with two sided p values to compare values between
groups of patients. The effect of serum IL6 = 100 pg/ml at
12 hours of postnatal age and potential confounding vari-
ables (gestational age, birth weight, cord blood pH, antenatal
steroid exposure, catecholamine treatment, serum C reactive
protein concentration, blood leucocyte count) on the inci-
dence of total IVH or severe IVH was tested by stepwise
logistic multivariate regression analysis. Data were processed
by use of statistical software SPSS 10.7 (SPSS Inc, Chicago,
Mlinois, USA).

RESULTS

Table 1 summarises the perinatal data of infants in groups A
and B. The two groups were similar with respect to
gestational age, sex, birth weight, antenatal steroid exposure,
arterial umbilical pH, and CRIB score. The variables serum C
reactive protein concentration (p = 0.012) and catechola-
mine treatment (p = 0.002) measured at 12 hours of
postnatal age were different in the two groups.

In infants with elevated IL6 concentrations (group B), a
higher incidence of IVH was noted (p = 0.021). Severe IVH
also occurred more often in group B (p = 0.0001). There was
a tendency towards a higher rate of survival at day 28 in
group A (88% v.68%; p = 0.077). Infants with raised IL6 had
a higher risk of death at < 28 days of postnatal age or
survival with severe IVH at 28 days of postnatal age
(p = 0.0001) than infants with IL6 < 100 pg/ml (group
A) (table 2).

In the study population, IVH (43/88) correlated with the
variables gestational age (p = 0.003), IL6 > 100 pg/ml
(p = 0.034), and catecholamine treatment (p = 0.002)
(table 3). Birth weight, C reactive protein > 5 mg/l, cord
blood pH, and leucocyte count did not correlate with IVH.

Table 1 Perinatal data of 88 infants of < 28 weeks
gestation
Group A Group B
Characteristic (n = 50) (n = 38) p Value
Gestational age (weeks) 26+0 25+1 0.09
(23+42-2746)  (23+2—27+2)*
Birth weight (g) 652 (333-1000)* 705 (470-910)* 0.18
Male/female 25/25 18/20 1.0
Antenatal steroids 47(94%) 35(92%) 0.43
Cord blood pH 7.32 (6.9 7.32(7.13-
7.46)* 7.44)* 0.62
CRIB score 8(1-21) 8(1-20) 0.063
Catecholamine treatment  31(62%) 35(92%) 0.002
C reactive protein 7(14%) 15(39%) 0.012
> 5 mg/I
IL6 concentration (pg/ml) 12(0-96)* 1000 (114- 0.0001
50 000)*
PDA 34(68%) 32(84%) 0.22
Mechanical ventilation ~ 48(96%) 38(100%) 0.25
Study population divided into two groups according to serum IL6 level at
12 hours of postnatal age: A, < 100 pg/ml; B, > 100 pg/ml.
*Values are given as median and range.
IL, inferleukin; CRIB, clinical risk index for babies; PDA, patent ductus
arteriosus.
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Table 2 Outcome data of 88 infants of < 28 weeks
gestation

Group A Group B
Characteristic (n = 50) (n = 38) p Value
IVH 19 (38) 24 (63) 0.02
Severe IVH 6(12) 21(55)  0.0001
PVL 2 (4) 3(8) 0.64
Survival day 28 44(88) 26 (68) 0077
Death before day 28 or 8 (16) 24 (63) 0.0001
severe [VH
BPD (Fio, > 0.21 at 36 weeks 13 (28) 9 (35) 0.79
gestation)

Values in parentheses are percentages. Study population divided into two
groups according fo serum ILé concentration at 12 hours of postnatal
age: A, < 100 pg/ml; B, > 100 pg/ml.

IVH, Intraventricular haemorrhage; PVL, periventricular leucomalacia;
BPD, bronchopulmonary dysplasia.

Referring to the development of severe IVH in the study
population (27/88; 30%; table 4), we found a correlation with
the variables gestational age (p = 0.014), IL6 > 100 pg/ml
(p = 0.0001), catecholamine treatment (p = 0.0001), and
leucocyte count (p = 0.037).

To determine the influence of inflammation on the
development and extent of IVH, stepwise multivariate logistic
regression models were applied separately for (a) all patients
with IVH (table 3) and (#) patients with severe IVH (table 4).
Variables included in the stepwise regression were gesta-
tional age, birth weight, antenatal steroid exposure, leucocyte
count, C reactive protein > 5 mg/l, cord blood pH, catecho-
lamine treatment, and serum IL6 concentration > 100 pg/ml
at 12 hours of postnatal age. In the first regression model,
gestational age (odds ratio (OR) 0.92, 95% confidence
interval (CI) 0.86 to 0.98) and catecholamine treatment
(OR 3.6, 95% CI 1.15 to 11.3) maintained independent
variables associated with the development of TVH.

The second regression model confirmed the independent
association of IL6 level > 100 mg/dl and catecholamine
treatment with grade 3 IVH or IVH with periventricular white
matter disease (OR 8.94, 95% CI 3.1 to 25.7; OR 6.25, 95% CI
2.04 to 19.1). The other confounding variables were excluded
from the regression model.

DISCUSSION
The results of this clinical study emphasise the relevance of
inflammatory processes in the pathogenesis of IVH in
extremely premature infants. Infection of the fetomaternal
unit increases the risk of preterm delivery and adverse
neonatal outcome.” * '* ** There is evidence that inflammatory
umbilical cord lesions, elevated amniotic fluid, and cord
blood IL6 levels are associated with increased neonatal
morbidity.” > ¢* " * IVH and PVL in preterm infants in early
postnatal magnetic resonance imaging are apparently related
to intrauterine T cell activation and increased proinflamma-
tory activity.”® Studies on human cerebral microvascular
endothelial cells indicate that these are capable of upregulat-
ing inflammatory endothelial mediators in response to
proinflammatory cytokines or ischaemia.'® The upregulated
expression of adhesion molecules in the endothelial cells,
mediating neutrophil rolling and attachment, is the first step
of tissue damage. Consecutive pathophysiological steps are
vasoparalysis'® and activation of microglial cytokine expres-
Sion.31735

There are thought to be many causes of IVH in premature
infants.' "' **?* Its incidence is independently related to
gestational age and perinatal morbidity."* * Haemodynamic
disturbances are known to be related to cerebral morbidity in
preterm infants.' ** Recently, a study of infants of less than
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(multivariate logistic regression model)

Table 3 Variables predicting intraventricular haemorrhage (IVH) in the study population

Unifactorial (y? fest)

Multifactorial (stepwise logistic regression)

Variable p Value Odds ratio  95% Cl p Valve
Gestational age* 0.003 0.92 0.86t0 0.98  0.05
Birth weightt 0.17

Antenatal steroid exposuret 0.66

Leucocyte count (/pl)t 0.52

C reactive protein > 5 mg/It 0.78

Cord blood pH arterialt 0.8

Catecholamine treatment* 0.002 3.6 11510 11.3  0.028
IL6 > 100 pg/mlt 0.034 NS

Bold indicates significance.

1Variables excluded at first step of regression model.
IL, Interleukin.

*Variables included in first and second step of regression model.

30 weeks gestation may show a correlation of fetal inflam-
matory response syndrome (chorioamnionitis, raised pro-
inflammatory cord blood cytokines) with reduction of
systemic blood pressure, right ventricular cardiac output,
and increased incidence of severe IVH.”” As in the model of
cerebral ischaemia-reperfusion injury by Suzuki et al>
systemic and local haemodynamic changes and cerebral
endothelial damage may contribute to the inflammatory
response as postulated in our primary hypothesis.

The study population was defined by gestational age, and
not by birth weight, to exclude small for gestational age
infants who account for about 20% of our patients with birth
weight less than 1000 g.

The CRIB score was determined from all study infants to
assess the severity of clinical conditions in the first 12 hours
of life (fig 1). The median CRIB score did not differ in the two
study groups. It is a valid index of initial neonatal risk,
predicting neonatal morbidity and mortality even in extre-
mely low birthweight infants as shown by other studies.** *
Statistical analysis of the perinatal data for the two study
groups showed no difference in factors known to contribute
to the increased risk of neonatal morbidity (antenatal
steroids, gestational age, sex, patent ductus arteriosus,
mechanical ventilation). Therefore we assume that the
elevated serum IL6 concentrations measured at 12 hours of

Table 4 Variables predicting severe intraventricular
haemorrhage (IVH) in the study population (multivariate
logistic regression model)
Unifactorial Multifactorial (stepwise logistic
(2 test) regression)
Odds

Variable p Value raio  95% Cl p Value
Gestational aget  0.014

Birth weightt 0.73

Antenatal steroid 0.9

exposuret

Leucocyte count 0.037

(/ul)t

C reactive protein  0.49

> 5 mg/It

Cord blood pH 0.39

arterialt

Catecholamine 0.0001 6.25  2.04-19.1 0.0001
treatment*

IL6 > 100 pg/ml* 0.0001 894  3.1-25.7 0.0001
Bold indicates significance.

*Variables included at first and second step of regression model.
tVariables excluded at first step of regression model.

IL, Interleukin.

life do not indicate a secondary serum response to perinatal
stimuli or represent, irrespective of neonatal inflammation, a
sicker infant per se. Owing to the retrospective design of the
study, placental histology was not available for all of the
study infants to correlate inflammation of the fetomaternal
unit with neonatal IL6 serum concentrations and neonatal
morbidity.

Studies on the evaluation of IL6 for early diagnosis of
neonatal infection indicate that cut off values of 80-100 pg/ml
are ideal, detecting early neonatal infection with a high
degree of sensitivity and specificity.*' * We chose a cut off
value within that range, to exclude other confounding
perinatal variables (delivery mode, period of delivery) that
might have influenced serum IL6 concentration.*

The incidence of IVH found in the study population (43/88)
corresponds to other observations.”"" Almost a third (27/88)
of the patients in our study developed grade 3 IVH or IVH
with apparent haemorrhagic infarction. We did not diffe-
rentiate between IVH and PVL for the statistical analysis. All
cases of PVL in our study population were multicystic PVL.*
It was coincidental with severe IVH found in five patients
(one grade 3 IVH, four IVH + periventricular haemorrhagic
infarction). It has been shown that the extent of white matter
lesions is coherent with the severity of IVH.*’

The first stepwise logistic regression (variables associated
with IVH) confirmed that gestational age and catecholamine
treatment were independently associated with the develop-
ment of IVH. In the second regression model (variables
associated with severe IVH), IL6 concentration > 100 pg/ml
and catecholamine treatment correlated with severe IVH.
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Figure 1 Distribution of CRIB score in group A (IL6 < 100 pg/ml) v
group B (IL6 > 100 pg/ml) (n = 88) (p = 0.063). The graphic is jittered
(5%) to figure overlapping data.
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Our data indicate that inflammatory mechanisms may not

be separable from other variables that predict cerebral
morbidity in a study population of less than 28 weeks
gestation. Early neonatal systemic inflammation and haemo-
dynamic disturbances seem to be linked pathophysiological
mechanisms which determine the extent of cerebral morbid-
ity in extremely premature infants. Measurement of serum
IL6 concentrations provides important clinical

information on early anti-inflammatory processes, before
histopathology can confirm fetal involvement in amniotic
infection.” *
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