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ABSTRACT: Posthemorrhagic hydrocephalus (PHHC) represents a
major complication of preterm birth. The aim of this study was to
determine whether cerebrospinal fluid (CSF) levels of the pro-
inflammatory cytokines IL-1�, IL-18, and interferon (IFN)-� are
altered in the CSF of preterm infants with PHHC and may serve as
a marker of white matter damage (WMD). Twenty-seven preterm
infants with PHHC were included in the study; 13 of them had signs
of cystic WMD (cWMD) on ultrasound examinations. CSF sample 1
was obtained at first ventriculostomy, sample 2 at shunt implantation.
Results were compared with a control group of 20 age-matched
patients without neurologic diseases. IL-1� concentrations were el-
evated in CSF sample 1 of PHHC patients without WMD and in
sample 1 of patients with cWMD. Concentrations of IL-18 were
increased in both samples of patients without WMD and in sample 2
of patients with cWMD. CSF levels of IFN-� were elevated in
sample 1 of PHHC patients with cWMD. The pro-inflammatory
cytokine IL-1� and IL-18 levels in the CSF are elevated in patients
with PHHC. Higher IFN-� levels are detected in a subgroup of
patients developing cWMD, indicating its involvement in the patho-
genesis of cWMD in the context of PHHC. (Pediatr Res 61:
722–726, 2007)

Hydrocephalus following IVH represents a major compli-
cation of preterm birth and may result in adverse neu-

rologic outcome in later life. IVH is associated with damage to
the white matter, which is exacerbated by hydrocephalus (1).
Pressure, distortion, ischemia, and inflammation seem to con-
tribute to this process (2). Although shunting CSF is often an
effective treatment, it may prevent only some of the neuro-
logic changes. The identification of mechanisms, mediators,
and markers of hydrocephalus appears critical to improve the
treatment and prevention of neurologic disability caused by
hydrocephalus and associated WMD.

It is now widely accepted that immune and inflammatory
processes take place in the brain in response to diverse insults

such as infection, neurodegenerative disorders, trauma, hem-
orrhage, and hypoxia-ischemia (3–5). Brain inflammation is
characterized by infiltration of circulating immune cells and
by activation of resident cells, including microglia. These cells
can express, release, and respond to inflammatory mediators.
In the CNS, one of the most widely studied is the pro-
inflammatory cytokine IL-1�. In the immature brain,
caspase-1, which is responsible for cleavage of the pro-
inflammatory cytokines IL-1� and IL-18 into their biologi-
cally active forms, seems to be an important mediator of brain
injury (6). There is extensive evidence of direct involvement
of IL-1� in adult and also in developmental brain injury
(7–11). The next member of the IL-1 family, previously
designated “IFN-� inducing factor,” has many properties sim-
ilar to IL-1�. To date, only few studies have addressed the
function of IL-18 in the context of injury to the immature
CNS. Data from animal experiments indicate that IL-18 has an
influence on the development of WMD in the immature brain
(12). IL-18 itself may induce the production of other pro-
inflammatory cytokines, e.g. IFN-�, IL-1�, and tumor necro-
sis factor-� (TNF-�) (13–15). IFN-� is an important regulator
of immune and inflammatory responses that activates natural
killer cells and cytotoxic T cells (16) and stimulates macro-
phages to produce a variety of toxic substances such as
reactive oxygen intermediates (ROI) (17). There is consider-
able evidence suggesting that IFN-� produced by CNS infil-
trating T cells contributes to the pathogenesis of myelin
disorders, e.g. multiple sclerosis (18–20). Experiments on
transgenic mice showed that IFN-� is detrimental to the
myelination process in the developing brain (21). Based on in
vitro data of immature brain cells, a particular susceptibility of
developing brain cells during the myelination process to
IFN-� can be assumed (22). Furthermore, IFN-� has been
shown to be elevated in brain sections of former preterm
patients with WMD compared with healthy controls (23).
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Aims of the study were to characterize the expression of
pro-inflammatory IL-1�, IL-18 and IFN-� in the CSF of
patients with PHHC in comparison to infants without neuro-
logic disease, and to investigate whether levels of these cyto-
kines correlate with the presence of cWMD.

SUBJECTS AND METHODS

Patient selection. CSF was analyzed from either premature infants �32
wk gestational age with PHHC or neonates who underwent lumbar puncture
for septic work-up (Table 1). All infants were treated at one of the three study
centers (Department of Neonatology, University of Bonn; Department of
Neonatology, CVK, Charité Universitätsmedizin Berlin; Wilhelmina Chil-
dren’s Hospital, University Medical Center, Utrecht) between March 1999
and September 2005.

A total of 54 ventricular CSF samples were obtained from 27 premature
infants admitted for surgical treatment. In all patients, IVH was documented
by ultrasound. Classification of IVH was performed in concordance with the
criteria of Papile (24): grade I—germinal matrix hemorrhage with no or
minimal IVH (mild); grade II (moderate) —intraventricular hemorrhage of
10–50% of ventricular area in parasagittal scan (moderate); grade III—IVH
of �50% of ventricular area in parasagittal scan (severe), and as a distinct
criteria apparent periventricular hemorrhagic infarction. Severe IVH was
defined as either IVH grade III or IVH with apparent periventricular hemor-
rhagic infarction. WMD was defined as single or multiple cystic periventricu-
lar leukomalacia or gross cystic white matter defect after hemorrhagic infarc-
tion of the periventricular white matter (25). Thirteen of the 27 patients had
signs of cystic WMD on ultrasound at 28 d postnatal age (Table 2).

Neurosurgical intervention was indicated by the attending physicians if
one or more of the following criteria were met: Clinical symptoms of
increased ICP (apnea-bradycardia, hypoventilation, seizures), bulging fonta-
nel with widening of the sagittal suture, excessive enlargement of head
circumference (�2 cm/wk, daily measurement), or signs of IVH and progres-
sive ventricular dilatation identified by ultrasound (ventricular width �97%
percentile according the criteria of Levene (26). All patients with WMD had
cystic lesions, which can easily be identified using ultrasound (27).

Two CSF samples were taken from each patient for analysis: sample 1 was
taken at first ventriculostomy, sample 2 was taken at the time of permanent
shunt placement representing chronic stages of brain damage due to PHHC
(Table 1). All CSF samples were immediately centrifuged after sampling and
stored at –40°C before analysis. To exclude a confounding effect of protein
denaturation after a storage time of �3 y aliquots of CSF samples of seven
patients were analyzed for IL-6 concentrations for a second time (28).
Correlation analysis (Pearson test; SPSS Inc., Chicago, IL) did not reveal a
difference between the two measurements (correlation coefficient, 0.96; p �
0.0001).

In the control group, CSF samples were collected from 20 neonates who
underwent lumbar puncture for septic work-up to rule out meningitis (Table
1). In all of these neonates, CSF leukocyte counts and total protein content
were within normal ranges and bacterial cultures were negative. None of the
infants suffered from neurologic deficits on clinical and ultrasound examina-
tions. CSF was immediately centrifuged and stored at –20°C until further
analysis. All CSF samples were taken for diagnostic or therapeutic purposes.

The study was performed according to the ethical guidelines of the study
centers and received approval from the local ethical committees of the
University of Bonn, the Charité–Universitätsmedizin Berlin, and the Univer-
sity Medical Center in Utrecht.

Written parental consent was obtained for all infants included in this study.
IL-18, IL-1�, and IFN-� assays. Concentrations of IL-18, IL-1�, and

IFN-� were determined using commercially available sandwich ELISA (R&D
Systems, Wiesbaden, Germany) according to the manufacturer’s instructions.
The sensitivity of the assay was 12.5 pg/mL for IL-18, �1 pg/mL for IL-1�,
and �8.0 pg/mL for IFN-�. The intra-assay coefficient of variation was 5.0%
for IL-18 (mean � 276 pg/mL, n � 8), 8.5% for IL-1� (mean � 18.9 pg/mL,
n � 20), and 4.7% for IFN (mean � 79.2 pg/mL, n � 20). All assays were
carried out in duplicate. All ELISA 96-well microtiter plates were analyzed
using a microplate photometer (Dynotech MR5000, Denkendorf, Germany).

Data analysis. For statistical analysis, the Mann-Whitney U test was used
with two-sided p values to compare continuous nonparametric groups of
values, as the distribution of values was non-Gaussian. Statistical analyses
were processed by the use of statistical software SPSS 12.0 (SPSS Inc.).

RESULTS

Concentrations of the cytokines IL-1�, IL-18, and IFN-�
were measured in the CSF of preterm infants with PHHC with
and without cWMD to characterize the expression of pro-
inflammatory cytokines and to determine whether altered
cytokine expression may serve as a pathogenetic marker of
cystic WMD. To compare earlier stages after hemorrhage with
later stages, two samples were used for analysis: sample 1 at
first ventriculostomy, sample 2 at permanent shunt implanta-
tion after several weeks of CSF wash out and clearance of
previously released cytokines.

In the CSF of PHHC patients without WMD (Fig. 1), IL-1�
concentrations were significantly higher in sample 1 compared
with controls (median 14.3 pg/mL, quartiles 8.52–19.8 versus
median 1.37 pg/mL, quartiles 1.0–1.61; p � 0.01), but not in

Table 1. Clinical data of the study population

Characteristic PHHC, no cWMD (n � 14) PHHC with cWMD (n � 13) Control (n � 20)

Gestational age§ (wk � d) 26 � 5 27 � 3 29 � 2
23 � 4 to 29 � 5 25 � 3 to 28 � 6 26 � 4 to 35 � 1

Birth weight§ (g) 970 925 1130
625–1432 782–1152 645–2410

Severe IVH, n (%) 14 (100) 13 (100) 0
Age at ventriculostomy orlumbar puncture§ (d) (sample 1) 32 23 13*

21–56 17–29 5–29
Age at shunt placement or lumbar puncture§(d) (sample 2) 62 59 13**

39–72 47–68 5–29

Comparison of patients with PHHC without WMD (n � 14), patients with PHHC with WMD (n � 13), and controls with CSF taken at septic work-up for
exclusion of meningitis (n � 20). There is no statistically significant difference of birth weight and gestational age between the groups.

§Values are median and quartiles. *p � 0.01 compared with patients without cWMD. **p � 0.001 compared with both patient groups.

Table 2. Ultrasound findings in cWMD patients

WMD
patient

IVH
(left/right) Localization of cystic defects on ultrasound

1 IV/II Left-sided large cystic periventricular white
matter defect

2 IV/— Left-sided frontal cystic periventricular white
matter defect

3 III/IV Left-sided frontal white matter cysts
4 III/II Left-sided porencephalic white matter defect
5 III/IV Left-sided porencephalic white matter defect
6 IV/III Left-sided porencephalic white matter defect
7 IV/II Left-sided frontal cystic white matter defect
8 II/IV Right-sided frontal cystic white matter defect
9 IV/— Left-sided large cystic white matter defect

10 III/III Bilateral cystic white matter damage
11 III/IV Right-sided porencephalic cyst
12 II/III Bilateral cystic white matter damage
13 III/III Bilateral periventricular cysts
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sample 2. Concentrations of IL-18 were significantly elevated
in both samples of these patients (sample 1: median 90.5
pg/mL, range 34.9–122.3; sample 2: median 77.9 pg/mL,
quartiles 47.2–124.8) compared with controls (median 12.5,
quartiles 12.5–30.4 pg/mL, p � 0.005). In both patient sam-
ples, levels of IFN-� did not differ from controls.

In the CSF of PHHC patients with cWMD (Fig. 2), IL-1�
concentrations were significantly elevated in sample 1 (me-
dian 4.43, quartiles 1.0–26.4 pg/mL) compared with controls
(p � 0.01) but not in sample 2. Concentrations of IL-18 were
significantly elevated in sample 2 of these patients (median
22.7, quartiles 12.5–47.2 pg/mL) compared with controls
(p � 0.05) but not in sample 1. In this patient group with signs
of WMD, CSF levels of IFN-� in sample 1 were significantly
higher than in the control group (median 21.4 pg/mL, quartiles
12.9 –52.3 versus median 8.0 pg/mL, quartiles 8.0 –32.2;
p � 0.05).

DISCUSSION

The present study revealed elevated levels of IL-1� and
IL-18 in the CSF of preterm infants with PHHC. CSF levels of
IFN-� were significantly elevated only in PHHC patients with
concomitant cWMD but not in patients without cWMD.

IL-1� is one of the best described cytokines to exert
pro-inflammatory actions in the brain, such as induction of
fever and exacerbation of neurodegeneration (29). In rats,
maternal administration of the endotoxin lipopolysaccharide
led to induction of IL-1� in the fetal brain (3). It has been
shown that elevated levels of IL-1� in amniotic fluid are

associated with the development of white matter cysts in
preterm infants (30). Moreover, CSF levels of IL-1� have
been reported to be increased in preterm infants with posthem-
orrhagic ventricular dilatation (31). Our data confirm an as-
sociation of elevated IL-1� levels in the CSF of preterm
neonates with PHHC. In the first CSF samples obtained at
ventriculostomy, IL-1� levels were significantly higher in
PHHC patients compared with controls, regardless of whether
they had cWMD or not. These data therefore extend previous
findings that IL-1� is not a reliable marker for cWMD in the
context of PHHC (31). In the second sample at permanent
shunt implantation, IL-1� levels in PHHC patients reversed
and did no longer differ from controls. Apparently, intracranial
IL-1� expression is increased in rather acute stages of brain
injury but does not play a role at later stages of PHHC.

In contrast to IL-1�, increased concentrations of IL-18 in
PHHC patients without cWMD were detected in both the first
and in the second sample. This observation is supported by
animal studies showing a constant up-regulation of IL-18
expression in contrast to a short peak of IL-1� expression after
hypoxic-ischemic brain injury (32). A long-term increase of
IL-18 was also found in our PHHC patients with cWMD, in
whom IL-18 levels were significantly elevated only in the first
but not in the second sample. To date, only a few studies have
addressed the function of IL-18 in the context of injuries to the
immature brain. Elevated IL-18 protein concentrations have
been observed in homogenated brain tissue of immature rats
following exposure to supraphysiological oxygen concentra-
tions leading to neural cell death (33). In IL-18 knock-out

Figure 2. CSF cytokine levels of patients
with PHHC with cWMD. Sample 1 at first
ventriculostomy and sample 2 at definite
shunt placement of neonates with PHHC
and signs of cWMD (n � 13). Control:
Neonates with CSF taken at sepsis work up
for exclusion of meningitis (n � 20). In
sample 1, levels of IL-1� and interferon-�
were significantly higher than in controls
(*p � 0.01 and **p � 0.05, respectively).
In sample 2, levels of IL-18 were signifi-
cantly higher than in controls (**p �
0.05). Values are median and 25th and
75th percentile (boxes) and 5th to 95th
percentile (whiskers).

Figure 1. CSF cytokine levels of patients
with PHHC without cWMD. Sample 1 at
first ventriculostomy and sample 2 at definite
shunt placement of neonates with PHHC
without signs of cWMD (n � 14). Control:
Neonates with CSF taken at sepsis work up
for exclusion of meningitis (n � 20). In
comparison to controls, levels of IL-1� were
significantly higher in sample 1 (*p � 0.01)
but not in sample 2; levels of IL-18 were
significantly elevated in sample 1 and in
sample 2 (**p � 0.005); levels of IFN-�
were not elevated in either samples. Values
are median and 25th and 75th percentile
(boxes) and 5th to 95th percentile (whiskers).
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mice, WMD after hypoxic-ischemic injury was significantly
attenuated compared with wild-type mice (12). IL-18 has
moreover been shown to be elevated in the CNS during acute
stages of demyelinating diseases in animal models (34) and in
the serum and CSF of adults with multiple sclerosis (35). High
cord blood concentrations of IL-18 seem to correlate with the
development of WMD and cerebral palsy in neonates (36).
The results presented here indicate that IL-18 in the CSF of
preterm infants correlates with late stages of PHHC and of
cWMD. However, early stages of cWMD were not associated
with elevated IL-18 levels in this study.

IFN-� seems to be the major cytokine that exerts detrimen-
tal effects on cerebral myelination. It apparently contributes to
the demyelination process in adults with multiple sclerosis
(18,19) and in neonatal transgenic mice (17). In vitro data
indicate its direct toxic effect on premyelinating, immature
oligodendrocytes (20). In this study, CSF levels of IFN-� were
significantly elevated in patients with PHHC and gross WMD
but not in patients without WMD. This is in contrast to a study
in which CSF levels of INF-� in preterm infants with pos-
themorrhagic ventricular dilatation and WMD were not sig-
nificantly elevated compared with controls (31). A reason for
this difference could be that samples were obtained at a lower
median postnatal age of 17 d in that study compared with 27 d
in our investigations, and inflammatory processes involving
IFN-� produced by activated T-lymphocytes and/or microglia
might need longer time spans to be detectable in the CSF. Our
observations are confirmed by data in brain sections demon-
strating specifically elevated IFN-� expression in the presence
of WMD rather than in the context of nonspecific injury such
as germinal matrix hemorrhage (22). In a recent study on
cytokine levels in the serum of preterm infants of �32 ges-
tational weeks after premature rupture of membranes, elevated
serial levels of IFN-� from 6 to 72 h after birth were found to
be associated with the development of WMD until the age
of 40 gestational weeks (37). However, it was an objective of
that study to determine whether increased circulating levels of
IFN-� also reflect elevated levels in the CSF. In a recent study
by Ellison et al. (38) in premature infants with signs of WMD
on MRI imaging, CSF levels of IFN-� did not differ from
controls without WMD. In theory, this might be caused by the
higher sensitivity of MRI compared with ultrasound to detect
mild white matter alterations. Although the majority of very
preterm infants in that study had severe WMD, including
ventriculomegaly or cysts, the severity of WMD in that study
population seems to be comparable to that of our 13 patients
with white matter lesions. Remarkably, only 2 of the 40
samples by Ellison et al. had IFN-� concentrations above
detection limit. This could be explained by different patient
populations, because in that study preterm infants without
other CNS diseases than WMD were analyzed, whereas the
results presented here were obtained in preterm infants with
signs of gross WMD in the context of PHHC.

Diagnosis of WMD was made by ultrasound, being the
most common and cost-effective bedside imaging technique
with high sensitivity for cystic lesions (27). Nevertheless one
has to consider that ultrasound may underestimate diffuse
WMD (39).

In summary, the present results indicate that not only IL-1�
but also IL-18 is significantly elevated in the CSF of patients
with PHHC and may play a role in inflammatory processes in
this context. Interestingly, increased levels of IL-18 in the
CSF are maintained over a longer period of time than IL-1�.
In this analysis, IFN-� is increased only in the CSF of PHHC
patients with WMD but not in PHHC patients without WMD.
IFN-� levels in the CSF may specifically distinguish the
inflammatory process taking place in cWMD from that in
PHHC and serve as a pathogenetic marker of cWMD.
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