
Periventricular leukomalacia (PVL) is a strong indicator of 
the subsequent appearance of cerebral palsy and develop-

mental impairments in premature infants [1-3].
PVL occurs in two overlapping forms of white matter injury 

(WMI): 
•  cystic PVL (cPVL): the necrosis is macroscopic and evolves 

to multiple cysts
•  non-cystic diffuse PVL (non-cPVL): the necrosis is micro-

scopic or appears as diffuse astrogliosis with a decrease in 
pre-myelinating oligodendrocytes and evolves to glial scars 
and disruption of white matter maturation [1]. 
The pathogenesis of PVL is multifactorial [4], involving a 

combination of ischemic and inflammatory injury to the vulner-
able pre-myelinating oligodendrocytes, as key factors in animal 
models [1,5]. Clinical studies have suggested that inflammation 
triggered by chorioamnionitis, or neonatal sepsis is expressed 
by activation of pro-inflammatory cytokines and a  microglial  
reaction evolving to white matter injury [5].

C-reactive protein (CRP) is a widely used clinical biomark-
er that has shown correlation with inflammation and infection 
as well as with their severity. As such, it has a role in prog-
nostication [6,7]. It is a plasma protein composed of five units 
in a pentraxins structure, and is considered part of the innate 
immune system [8]. Although much research has been con-
ducted on neonatal cytokines [1,5,9], relatively little is known 
about CRP during early life and its relationship to PVL. Earlier 
studies have reported that umbilical cord CRP levels measured 
at birth were not associated with the neurodevelopmental out-
come of preterm infants [10,11]. Several more recent studies, 
however, suggested that elevated early neonatal CRP levels of 
very preterm infants correlate with low cognitive scores [13-
15] suggesting that postnatal elevation of CRP could serve as 
a predictor of long-term outcome.

Our goals were to determine CRP levels during the first week 
of life in preterm infants who later developed cPVL and to com-
pare them to the CRP levels of healthy preterm controls. In addi-
tion, we sought to determine the correlation between first-week 
CRP levels to perinatal factors. We hypothesized that CRP lev-



els will be elevated in preterm infants who later develop cPVL 
and that they will be correlated with perinatal risk factors.

The study was approved by the institutional Helsinki review 
board of Shamir (Assaf Harofeh) Medical Center.

performed an electronic search of the patient database of the 
neonatal intensive care unit (NICU) and the child development 
center at our medical center for dates between January 2008 
and December 2017 and using the search term . Inclusion 
criteria for the study group were preterm infants with a sono-
graphic diagnosis of cPVL who had at least one serum CRP 
sample during the first week of life. The control group includ-
ed preterm infants with a normal cranial ultrasound through-
out their NICU stay. We also included infants with germinal 
matrix hemorrhage (IVH-1) in the control group since this 
mild degree of bleeding is usually not associated with major 
neurocognitive disability. Infants with a known or suspected 
brain malformation or with genetic or metabolic disorders 
were excluded.

The routine cranial ultrasound protocol at our institution re-
mained consistent throughout the study period. The protocol 
includes an initial examination during the first week of life and 
a second examination on day 28. Additional studies were per-
formed when clinically indicated according to the decision of 
the attending neonatologist. All ultrasound examinations were 
evaluated by a certified radiologist and re-evaluated by two 
study investigators (MC-E and HB). cPVL was defined as bilat-
eral echolucencies in the white matter dorsolateral to the lateral 
ventricles [1]. IVH grades 1–3 could coexist as long as the crite-
ria for a sonographic definition of cPVL were met. We excluded 
cases with porencephalic cyst secondary to IVH grade 4 since 
its pathogenesis (i.e., originating from hemorrhagic venous in-
farction) is different from that of cPVL [16].

Serum CRP levels are routinely assessed in our NICU during the 
first week of life of all preterm infants. The consensus normal 

-
els are determined by particle-enhanced immunoturbidimetric 

and control infants had at least one serum CRP sample during 
the first week of life.

Information on the study and control groups was retrieved from 
the hospital charts, which included demographics; obstetric his-
tory; maternal, prenatal, and postnatal course; maximal fraction-
al inspired oxygen during the first 12 hours of life (FiO2-12h); 
blood cultures; sepsis; and CRP levels. Perinatal factors were ad-
ditionally coded with a validated neonatal severity scale (Nursery 
Neurobiologic Risk Score [NBRS]). NBRS comprises parame-
ters evaluated in the first 28 days of life, including ventilation, 
pH, hypoglycemia, infection, seizures, and cranial sonography 
outcomes (IVH, PVL) [17]. Higher scores reflect a more severe 
clinical course. The neurodevelopment of each child was graded 
as either normal or abnormal based on the clinical record of sys-

corrected age). Outcome categorization was based on a neurode-
velopmental evaluation performed by a child neurologist (at our 

-
gist (at our preterm follow-up clinic) as well as information on 
whether there was a need for additional services or special edu-
cation. Abnormal neurodevelopment was defined as a significant 
developmental delay in at least two of the developmental domains 

palsy according to Hagberg and co-authors [18].

For the statistical analyses, simple comparisons between the 
study and control infants were made by chi square test or Fish-
er's exact test for dichotomous variables, by -test for continuous 
variables, and by Mann–Whitney U test for all CRP measure-
ments. CRP measurements were categorized into three timing 
groups: CRP at days 1–3 (CRP1–3d), CRP at days 4–7 (CRP4–7d), 
and CRP at days 1–7 (CRP1–7d). Since normality of all CRP mea-
surements was not proven by the Shapiro-Wilk test, Rank trans-
formation was applied. To investigate the association between 
several perinatal risk factors and CRP measurements in all in-
fants (study and controls), we administered the Pearson correla-
tion and point bi-serial Pearson correlation for continuous and 
dichotomic variables, respectively. Significance for all tests was 
set at  < 0.05. Statistical analyses were performed using IBM 
Statistical Package for the Social Sciences statistics software, 
version 23 (SPSS, IBM Corp, Armonk, NY, USA).

Twenty-five potential subjects met the study inclusion criteria of 
cPVL and a minimum of one CRP measurement during the first 
week of life. After re-evaluation of the cranial ultrasound exam-
inations, eight infants did not meet the definition of cPVL (five 
had intraventricular [choroid plexus] or germinal matrix cysts, 
and three had questionable very small white matter echolucen-
cies that did not appear consistently on several ultrasound views). 
The remaining 17 subjects comprised the study population (10 



males and 7 females, mean gestational age 27.65 ± 1.73 weeks, 
and mean birth weight 994.24 ± 290 grams) and met the sono-
graphic definition of cPVL. Only two infants had a concomitant 
grade 2–3 IVH. The rest had isolated cPVL. The control group 
comprised of 54 preterm infants (30 males, 24 females, mean ges-
tational age 27.26 ± 2.076 weeks and mean birth weight 975.17 
± 263.52 grams). Compared to controls, infants from the cPVL 
group had an increased frequency of fetal heart rate abnormalities 
(23.5% vs. 14.8%,  = 0.46), positive blood cultures (23.5% vs. 

13%,  = 0.4), and a significantly higher (worse) NBRS (7.94 ± 
1.78 vs. 3.76 ± 1.27,  < 0.0001). The cPVL group had signifi-
cantly higher rate of abnormal developmental outcomes than their 
control counterparts. There were no other significant differences 
between the study and the control groups [Table 1].

Next, we examined the documented CRP levels of the study 
and the control subjects. During the first week of life, 37 infants 
had three or more CRP samples, 14 had two CRP samples, and 
20 had one sample.



The cPVL and the control groups had comparable mean  
CRP1–3d levels. However, compared to the controls, the cPVL 
group had significantly higher mean CRP4–7d levels (12.75 ± 
21.2 vs. 2.23 ± 3.1, = 0.027) [Table 2]. We also found a sig-
nificant correlation between CRP1–7d and maximal FiO2-12h 
(n=71, r=0.5, < 0.001). CRP1–3d and CRP4–7d were also signifi-
cantly correlated to maximal FiO2-12h. No correlations were 
found between CRP and additional perinatal risk factors [Table 3].

The results of this study demonstrated that the levels of the in-
flammatory marker CRP between days 4 and 7 of life were sig-
nificantly higher in preterm infants who later developed cPVL. 
In addition, the maximal FiO2-12h was correlated to CRP levels 
between days 1 and 7 of life, supporting the relationship between 

CRP is a sensitive acute phase reactant, and its concentration 
increases rapidly during inflammatory and infectious process-
es. We therefore documented potential prenatal and postnatal 
inflammatory conditions (e.g., placenta culture, sepsis) in both 
the cPVL and control groups. The results showed no significant 
difference between the two groups. Inomata et al. [12] reported 
that combined elevation in serum IL-6 and CRP levels with-
in 3 hours after birth were associated with the development of 
WMI in preterm infants. The definition of WMI in their study, 
however, was based on magnetic resonance imaging and it was 
broader than ours by including either cPVL or ventriculomegaly 
diagnosed at term equivalent. In addition, their study population 
was limited to preterm infants with histological evidence of pla-
cental funisitis, which may explain the association of immediate 
postpartum CRP with WMI, in contrast to our finding of a later 
association between CRP (i.e., age 4–7 days) and cPVL.

In agreement with our findings, Leviton and colleagues [19] 
reported that preterm infants with an ultrasound diagnosis of 
IVH and WMI had a significant elevation of CRP, TNF-alpha, 
and interleukin 8 on days 1, 7, and 14 of life. Definition of WMI 
in their study was also broader than ours, by including poren-
cephalic cyst and ventriculomegaly in addition to cPVL. All of 
their WMI cases were associated with IVH, while only two in-
fants of our cPVL group (11.7%) had an associated IVH. They 
hypothesized that an inflammatory stimulus contributes to the 
occurrence of IVH, which, in turn, triggers a second inflamma-
tory response that leads to WMI, and that alternatively, the in-
flammation stimulus may independently contribute to both IVH 
and WMI [19]. Despite the differences between their study and 
ours, both support the claim that elevated postnatal CRP levels 
in premature infants may precede the evolution of WMI, with or 
without the presence of IVH.

Maximal FiO2-12h levels were correlated with elevated 
CRP levels during the first week of life for all study participants. 
Beyond indicating the degree of the infant’s oxygen exposure, 
maximal FiO2-12h may also be viewed as an indirect indica-
tor of severity of hypoxemia that triggered the high oxygen 
demand. Hypoxia itself can lead to a chain of pro-inflamma-
tory processes, activating the innate arm of the immune system 
[20], and CRP is considered part of that system [8]. However, 
the usage of a high inspired oxygen concentration can lead to 
increased production of oxygen free radicals that can also ac-
tivate an inflammatory cascade and lead to neuronal and glial 



cell death, resulting in injury of white and grey matter [21]. In 
agreement with these hypotheses, Bohrer et al. [22] reported 
an increase in the pro-inflammatory cytokines, IL-8, IL-1 beta, 
and TNF-alpha, as well as a decrease in the anti-inflammatory, 
cytokine IL-10 2 hours after the initiation of mechanical ven-
tilation in late preterm and term newborns without infection. 
Others have reported a significant association between higher 
FiO2 administration to preterm infants < 28 weeks gestation and 
elevation of the pro-inflammatory cytokines TNF-alpha, IL-6, 
and IL-8 [23,24]. Our finding of a positive correlation between 
CRP and maximal FiO2-12h, therefore, adds additional support 

cascade activation in preterm infants [25].

Studies on cPVL are difficult to undertake given the relatively 
low prevalence of this lesion. Our study is limited by its low 
sample size and has the potential limitations inherent to any 
retrospective study. cPVL diagnosis was based on ultrasonog-
raphy and, due to its technical limitations and the relatively low 
scanning frequency in our center, we may have missed cases of 
cPVL, especially those involving milder white matter injuries. 
In addition, there were variations in the number of CRP mea-
surements per infant as decided by the attending neonatologist. 
SGA was more common in the cPVL compared to the control 
group. It is not considered a known risk factor for cPVL or el-
evated CRP, and therefore it is not expected to have an effect 
our results. Neurodevelopmental outcome was based on our 
ambulatory clinic systematic assessment but not on formal eval-
uations. Nevertheless, our study group of ultrasonographic diag-
nosis of cPVL represents the more severe end of the spectrum of 
WMI, making it more homogenic.

Early elevation of CRP levels between days 4 and 7 of life may 
precede the later development of cPVL in preterm infants. Our 
study findings support the hypothesis that an early inflamma-
tory stimulus may be involved in the pathogenesis of cPVL. In 
addition, CRP levels during the first week of life were correlated 
to maximal FiO2-12h levels, suggesting that hypoxia and hy-
peroxia triggers may be implicated in activation of the inflam-
matory cascade in the first days of life of preterm infants. These 
associations call for further validation of CRP as a biomarker for 
white matter injury and its correlation to neurodevelopmental 
outcome in future trials.


