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Abstract 

Background  To validate the role of Activin A in the early diagnosis and prognosis of preterm newborns at risk 
for intraventricular hemorrhage and neurological sequelae by means of cerebral ultrasound and magnetic resonance 
imaging (MRI), currently considered standard of care procedures.

Methods  We conducted an observational case–control study in 46 preterm newborns, 23 with intraventricular hem-
orrhage (IVH group) and 23 controls matched for gestational age. Standard clinical, laboratory, cerebral ultrasound 
monitoring procedures and Activin A urine measurement were performed at four time-points (first void, 24, 48, 96 h) 
after birth. Cerebral MRI was performed at 40–42 weeks of corrected gestational age.

Results  Elevated (P < 0.001, for all) Activin A levels were observed in the IVH group at all monitoring time-point. 
Activin A correlated (P < 0.05, for all) with intraventricular hemorrhage grade on cerebral ultrasound. At the cut-off 
of 0.08 pg/mL Activin A at 48-h achieved the best sensitivity, specificity, positive/negative predictive values as early 
predictor of an abnormal MRI pattern (area under the curve: 0.93).

Conclusions  The present data showing a correlation among Activin A, cerebral ultrasound and MRI provide fur-
ther support to Activin A inclusion in clinical daily management of cases at risk for intraventricular hemorrhage 
and adverse neurological outcome.
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Background
Despite technological improvements in perinatal care, 
preterm birth still represents the most important cause 
of perinatal mortality and morbidity, accounting for 
5–9% in Europe and up to 12–13% in the USA [1, 2]. In 
this regard, intraventricular hemorrhage (IVH) remains 
the main complication of prematurity, leading to adverse 
short-long term neurological outcomes [3]. Obtain-
ing a prompt diagnosis of IVH is still an unsolved issue: 
when injury is at a sub-clinical stage standard diagnostic 
procedures can be silent or unavailable [4]. Therefore, 
the assessment in biological fluids of biomarkers (BM) 
denoting central nervous system (CNS) development/
damage could be especially useful. Recently, the Food and 
Drug Administration, the European Medicines Agency 
and the National Institutes of Health promoted research 
for the inclusion of BM in clinical daily practice [5]. In 
this regard, BM have to fulfill a series of requirements 
including the possibility of monitoring the progression 
and the extension of the disease through correlation 
with so-called standard-of -care procedures such as cer-
ebral ultrasound (CUS) and magnetic resonance imaging 
(MRI).

Among a suite of potential BM currently under inves-
tigation, Activin A (AcA) has been indicated as a useful 
tool for perinatal CNS monitoring. AcA is a member of 
the TGF-beta superfamily involved in several cellular 
processes, such as neuronal differentiation and survival 
after hypoxia insult [6–8]. Elevated AcA levels in sev-
eral biological fluids have been found in infants compli-
cated by IVH, perinatal asphyxia and hypoxic ischemic 
encephalopathy [9–12]. However, data on the correlation 
between longitudinal AcA levels in biological fluids and 
CUS and MRI patterns suggesting CNS damage follow-
ing IVH are still lacking.

Therefore, it was the aim of the Cooperative Multi-
task against Brain Injury of Neonates International Net-
work (CoMBINe) to investigate in a cohort of preterm 
newborns (PN) whether longitudinal AcA urine levels: 
i) changed in PN complicated by IVH, and ii) correlated 
with CUS and MRI patterns, and iii) were predictors of 
abnormal MRI patterns.

Materials and methods
Patients
Research involving human subjects complied with all 
relevant national regulations, institutional policies and 
was conducted in accordance with the tenets of the Hel-
sinki Declaration (as revised in 2013). The local Ethic 
Committees of CoMBINe approved the study protocol 
and informed and signed consent was obtained from all 
parents of patients admitted to the study. From January 
2016 and December 2020 we performed at our third level 

centers for NICUs a case–control study in a cohort of PN 
(< 30 weeks), either complicated or not by IVH.

Sample size determination was based on AcA urine 
changes occurring in IVH newborns as previously 
reported [13]. Assuming an increase of 0.5 SD in AcA 
concentrations with a α = 0.05, a two-sided test and esti-
mating a power of 0.80 we recruited 17 PN. We added 
n = 6 cases per group to allow for mortality, dropouts, 
withdrawal of consent and cross-over (Fig. 1). The study 
population therefore consisted of a group of 23 IVH 
and another of 23 non-IVH infants (1 IVH vs 1 control) 
matched for gestational age (GA) at sampling. The sam-
ple size was calculated using nQuery Advisor® (Stonehill 
Corporate Center, Saugus, MA, USA) software version 
5.0.

GA was determined by clinical data and by first trimes-
ter ultrasound scan. Appropriate growth was defined by 
the presence of ultrasonography signs (when biparietal 
diameter and abdominal circumference were between 
the 10th and the 90th percentiles), according to the nom-
ograms of Campbell and Thoms [14], and by postnatal 
confirmation of a BW between the 10th and 90th percen-
tiles, according to our population standards, corrected 
according to the mother’s height, weight, parity and the 
sex of the newborn [15].

Exclusion criteria were: CNS malformations, chromo-
somal abnormalities, congenital heart diseases, congeni-
tal infections and maternal drug addiction. Infants with 
any malformations, cardiac or hemolytic disease were 
also excluded from the study.

Monitoring parameters
Standard clinical, laboratory and radiological monitor-
ing parameters (i.e. red blood cell count; hemoglobin 
concentration; hematocrit rate; venous blood pH; partial 
pressure of oxygen and carbon dioxide, pO2, pCO2; base 
excess; ion concentrations; plasma glucose, urea, creati-
nine and bilirubinemia) were also recorded.

In PN, clinical and laboratory parameters were 
recorded at five time-points: at first urination (time 0, 
T0), 24 (time 1, T1), 48 (time 2, T2), 72 (time 3, T3) and 
96 (time 4, T4) hours after birth.

Perinatal characteristics and neonatal outcomes
The following main perinatal and neonatal outcomes 
were recorded in the studied groups: maternal age, 
the incidences of premature rupture of membranes 
(PPROM), chorioamnionitis and intrauterine growth 
retardation (IUGR) and twin pregnancies, antenatal 
glucocorticoids supplementation (GC), GA, BW, deliv-
ery mode, gender, Apgar scores at 1st and 5th minutes, 
the occurrence of respiratory distress syndrome (RDS), 
of pneumothorax (PNX), and of bronchopulmonary 
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dysplasia (BPD), the need of mechanical or non-invasive 
respiratory support and surfactant administration, the 
incidence of persistent patent ductus arteriosus (PDA) 
requiring pharmacological treatment, retinopathy of pre-
maturity (ROP) greater than second degree, necrotizing 
enterocolitis (NEC), early/late onset sepsis (EOS, LOS). 
Moderate/severe BPD was defined according to Jobe and 
Bancalari and ROP to the ROP International Committee 
criteria [16, 17].

Neurological examination
Neurological examination was performed at birth and at 
24, 48 and 96-h of age. Neonatal neurological conditions 
were classified as described by Prechtl [18]. Each infant 
was assigned to one of the three diagnostic groups: nor-
mal, suspect or abnormal, in accordance with the classifi-
cation used by Jurgens–van der Zee et al. [19]. An infant 
was considered to be abnormal when one or more of the 
following neurological syndromes was unequivocally pre-
sent: i) increased/decreased excitability (hyperexcitability 
syndrome, convulsions, apathy syndrome or coma); ii) 
increased/decreased motility (hyperkinesia/hypokinesia); 
iii) increased or decreased tonus (hypertonia/hypotonia); 
iv) asymmetries (peripheral/central); v) defects of the 
CNS, and vi) any combination of the above. When indi-
cations of the presence of a syndrome were inconclusive 

or if only isolated symptoms were present the case was 
classified as suspect.

Cranial assessment
CUS was performed during the first 72-h of life in all the 
study population. Recordings were performed by real-
time ultrasound machine (Acuson 128SP5 Mountain 
View CA, USA) at the predetermined monitoring time-
points. A single examiner who did not know the results 
of the urine test and clinical data reviewed the images. 
IVH was classified according to the criteria of Papile et al. 
[20].

Activin A measurement
Activin A levels in urine (0.5  mL) were collected at the 
five predetermined monitoring time-points by using a 
standard urine bag collector. Samples were centrifuged at 
900 g for 10 min, and supernatants stored at 70°C. AcA 
was measured by an ELISA assay (Bio-Rad Laboratories, 
Segrate, Italy), as previously described [13] by an opera-
tor blind to clinical pattern. The assay detection limit was 
10  ng/L, and samples were tested in a single run with 
intra- and inter-assay CVs of 2.5% and 3.0%, respectively.

Cerebral MRI
MRI was performed at 40–42 corrected GA by means 
of a 1.5-T scanner. Standard sequences included sagittal 

Fig. 1  Flow chart describing the recruitment of preterm infants complicated or not by intraventricular hemorrhage (IVH), diagnosed by cerebral 
ultrasound scanning (CUS), and abnormal magnetic resonance imaging (MRI) patterns
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and axial spin-echo T1, double-acquisition axial fast-
spin echo T2 proton density, coronal fast-spin echo T2, 
and axial diffusion-weighted images. A single opera-
tor blinded to clinical and laboratory data reviewed the 
images.

A standardized scoring system (K-score) was used to 
evaluate cerebral white matter (WM), cortical gray mat-
ter (CGM), deep gray matter (DGM), cerebellum abnor-
malities (CER)  and global brain abnormality (GLOB) 
[21].

Statistical analysis
AcA urine levels were expressed as the median and 
5–95% coefficient intervals (CI). Data were analyzed for 
statistically significant differences between groups by a 
student’s t-test and a Mann–Whitney U two-sided test 
when not normally distributed. Comparison between 
proportions was performed with Fisher’s exact test. Cor-
relations between AcA at different monitoring time-
points and K-score were calculated by linear regression 
analysis.

Sensitivity, specificity and positive and negative predic-
tive values (PPV, NPV) of AcA as diagnostic test for the 
detection of an abnormal MRI pattern in IVH newborns 
were assessed using the receiver operating characteris-
tic curve (ROC) test. The probability of developing brain 
damage by means of MRI when neither, one, or both tests 
were positive (higher than the cut-off point) was esti-
mated and compared with the pretest probability, defined 
as the prevalence of brain damage in the whole group of 
newborns. Comparisons between ROC curves were per-
formed by using Hanley and McNeil test. Data was ana-
lyzed using Sigma-Stat 8.0 (SPSS Inc., Chicago, IL, USA). 
Statistical significance was set at P < 0.05.

Results
Main outcomes measures
Table  1 shows perinatal characteristics of the studied 
groups. No significant differences (P > 0.05, for all) were 
observed in the two studied groups regarding maternal 
age, the incidences of PPROM, chorioamnionitis, IUGR, 
twin pregnancies as well as the rate of maternal GC 
antenatal supplementation. Identically, GA, BW, deliv-
ery mode and gender were superimposable (P > 0.05, for 
all) in the two groups, as well as Apgar scores at 1–5’. 
Among the several main outcomes there were no differ-
ences (P > 0.05, for all) between studied groups regarding 
the incidences of RDS, the need for mechanical ventila-
tion and surfactant therapy, PNX, BPD, PDA, NEC, ROP, 
EOS, LOS as well as neurological examination at T0-T4 
time-points and at discharge from hospital.

Laboratory parameters recorded at admission to 
the NICU such as venous blood red blood cell count, 

Table 1  Main perinatal characteristics, outcome measures and 
laboratory parameters in preterm infants complicated (IVH) or 
not (non-IVH) by intraventricular hemorrhage

Abbreviations: PPROM Premature rupture of membrane, IUGR​ Intrauterine 
growth retardation, GC Antenatal glucocorticoids, GA Gestational age, BW 
Birth-weight, CS Caesarean section, VD Vaginal delivery, M male, F Female, RDS 
Respiratory distress syndrome, PNX Pneumothorax, BPD Bronchopulmonary 
dysplasia, PDA Patent ductus arteriosus, NEC Necrotizing enterocolitis, ROP 
Retinopathy of prematurity, EOS Early onset sepsis, LOS Late onset sepsis, pCO2 
Partial carbon dioxide pressure, pO2 Partial oxygen pressure

Parameter non-IVH
(n = 23)

IVH
(n = 23)

Perinatal/Neonatal Characteristics

Maternal Age (yrs) 29 ± 4 28 ± 5

PPROM 12/23 13/23

Corioamnionitis 9/23 11/23

IUGR​ 2/23 2/23

Twins 2/23 2/23

GC 14/23 13/23

GA (wks) 29 ± 1 28 ± 2

BW (g) 1508 ± 475 1488 ± 502

Delivery mode (CS/VD) 14/9 15/23

Gender (M/F) 16/23 17/23

Apgar score at 1’ < 7 11/23 13/23

Apgar score at 5’ < 7 4/23 5/23

Neonatal Outcomes

RDS 13/23 16/23

PNX 1/23 1/23

BPD 0/40 0/40

Mechanical ventilation 9/23 8/23

Surfactant therapy 20/23 21/23

PDA 2/23 4/23

NEC 0/23 1/23

ROP 1/230 2/23

EOS 4/23 4/23

LOS 5/23 6/23

Neurological examination

normal/suspect/abnormal T0-T4 12/10/1 15/6/2

normal/suspect/abnormal at discharge 18/5/0 13/5/5

Laboratory analytes

Red blood cell count (1012/L) 4.1 ± 0.4 4.0 ± 0.7

Hemoglobin (g/L) 141 ± 2.6 141 ± 2.6

Hematocrit rate (%) 41 ± 0.2 41 ± 0.2

Venous blood pH > 7.20 40/40 40/40

pCO2 (mmHg) 42.3 ± 3.8 42.3 ± 3.8

pO2 (mmHg) 43.4 ± 0.95 43.4 ± 0.95

Base excess 2.7 ± 0.8 2.7 ± 0.8

Na+ (mmol/L) 138.5 ± 0.5 138.5 ± 0.5

Ca++ (mmol/L) 1.13 ± 0.02 1.13 ± 0.02

K+ (mmol/L) 3.5 ± 0.15 3.5 ± 0.15

Plasma glucose (mmol/L) 4.8 ± 0.5 4.8 ± 0.5

Urea (mg/dl) 38 ± 8.1 38 ± 8.1

Creatinine (mg/dl) 0.9 ± 0.15 0.9 ± 0.15

Bilirubinemia (mg/dl) 9.1 ± 1.3 9.1 ± 1.3
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hemoglobin, hematocrit rate, pH, pCO2, pO2, base 
excess, ions, glucose, urea, creatinine and bilirubin levels 
did not differ (P > 0.05, for all) between groups (Table 1).

CUS pattern
CUS was performed in the studied groups according to 
current guidelines. As expected no IVH was observed 
in the non-IVH group whilst in the IVH groups Grade I 
IVH occurred in 5 PN, Grade II in 13 PN, Grade III in 
3 PN, and Grade IV in 2 PN, respectively.

MRI pattern
MRI results in the two studied groups are reported 
in Table  2. As expected, significantly higher K-scores 
(P < 0.05, for all) were observed in the IVH than non-IVH 
infants in terms of WM, CGM, DGM, CER and GLOB 
values.

Activin A measurement
AcA urine levels were measurable in all recruited 
infants. In the non-IVH group AcA showed a flat trend 
from T0 to T4 and no differences (P > 0.05, for all) 
among different monitoring time-points were observed. 
An identical AcA pattern was shown in the IVH group 
and no differences (P > 0.05, for all) at all monitoring 
time-points were detectable.

When AcA was compared between non-IVH and 
IVH groups, higher AcA levels (P < 0.05, for all) were 
observed at all monitoring time-points (T0-T4) in the 
IVH infants (Fig.  2). Notably the highest AcA levels 
were observed in PN showing at CUS pattern sugges-
tive of IVH grade III and IV (data not shown).

Table 2  Magnetic resonance imaging results in infants complicated or not by intraventricular hemorrhage (IVH). *P < 0.05 vs. control

Abbreviations: IVH Intraventricular hemorrhage, WM White matter, CGM Cerebral grey matter, DGM Deep grey matter, CER Cerebellum, GLOB Global brain abnormality 
score

non-IVH
(n = 23)

IVH
(n = 23)

Median Min Max Median Min Max

WM 0 0 4 8* 3 10

CGM 0 0 3 7* 4 9

DCM 0 0 3 3* 2 4

CER 0 0 3 4* 2 5

GLOB 0 0 10 23* 14 25

Fig. 2  Activin A urine levels (pg/mL) recorded at the pre-determined monitoring time-points at first void (T0), 24 (T1), 48 (T2), 72 (T3) and 96 h (T4) 
from birth, in preterm newborns complicated or not (non-IVH) by intraventricular hemorrhage (IVH). AcA was significantly (P < 0.05, for all) higher 
in the IVH group at T0-T4. Values are expressed as median and interquartile ranges
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Activin A and magnetic resonance imaging correlations
A positive significant correlation (P < 0.05, for all) 
between AcA at T1-T4 time-points and all MRI param-
eters was found. Conversely, at T0 AcA positively cor-
related (P < 0.05, for all) with CGM, CER and GLOB, 
whilst no significant correlations (P > 0.05, for both) were 
observed with WM and DGM.

ROC curves analysis
ROC curve analysis results are reported in Table 3. At the 
cut-off of 0.08 pg/mL, chosen from the ROC curve, AcA 
at T2 (48-h), achieved the best sensitivity, specificity, 
PPV and NPV as best predictor of abnormal MRI pattern 
(AUC: 0.93). When we compared ROC curves at T0-T4, 
significantly higher (P < 0.05) values were found between 
T2 and T0, whilst no differences (P > 0.05, for all) were 
observed among T0, T1, T3 and T4, respectively (Fig. 3).

Discussion
The worldwide incidence of IVH ranges from 3 to 45% 
of premature births, with severe grades (IVH III-IV) 
occurring in about 8% [22]. At this stage, among stand-
ard procedures no clinical, laboratory and radiological 
parameters constitute a reliable early diagnostic tool for 
IVH. Further problems regard the timing of the insult, 
in most cases of pre/perinatal origin, and the occur-
rence of cerebral bleeding within the first 3 days of life in 
most cases, about 50% in the first 5 h and in about 70% 
in the first 24 h of life [22, 23]. All in all, the possibility 
that a qualitative/quantitative brain constituent could be 
included in clinical daily practice once the criteria of offi-
cial institutions have been met, is no longer remote.

In the present study we found in IVH PN higher uri-
nary levels of a well-established brain development/dam-
age marker, namely AcA. Furthermore, higher AcA levels 
correlated with abnormal CUS and MRI patterns. To the 
best of our knowledge this is the first report on the cor-
relation between both AcA and CUS and AcA and MRI 
patterns, respectively.

The finding of AcA in high-risk infants partially 
matches previous observations and lends further support 
to the role of AcA as an early reliable marker of active 
CNS cell damage, measurable in unconventional bio-
logical fluids, when CUS and MRI are silent or not per-
formed [5, 9, 11, 13, 24]. Discrepancies regard different 
monitoring time-points, endpoints and studied popula-
tion (IVH vs. perinatal asphyxia) [11, 13, 25, 26].

The pattern of early increased AcA levels in PN later 
developing into IVH warrants further consideration. In 
particular, AcA: i) at its highest levels was observed in 

Table 3  Prediction of pathological cerebral resonance imaging in preterm infants complicated or not by intraventricular hemorrhage 
based on urine Activin A concentrations (pg/mL)

Abbreviations: PPV Positive predictive value, NPV Negative predictive value, CI Coefficient interval

Time-point cut-off (pg/mL) Sensitivity
(CI5–95%)

Specificity
(CI5–95%)

PPV
(CI5–95%)

NPV
(CI5–95%)

AUC​
(CI5–95%)

First void, T0 > 0.08 65(43–87) 87(66–97) 83(63–94) 71(58–82) 0.74(0.59–0.86)

24 h, T1 > 0.04 78(56–93) 83(61–95) 82(64–92) 79(63–89) 0.83(0.69–0.92)

48 h, T2 > 0.08 74(52–90) 100(85–100) 100 79(66–88) 0.93(0.82–0.99)

72 h, T3 > 0.05 74(52–90) 91(72–99) 90(69–97) 78(64–88) 0.83(0.69–0.92)

96 h, T4 > 0.09 65(43–84) 100(85–100) 100 74(62–83) 0.86(0.72-.094)

Fig. 3  Receiver operating characteristic curve (ROC) of AcA urine 
levels measured at first void (T0), 24 (T1), 48 (T2), 72 (T3) and 96 h 
(T4) from birth, in preterm newborns complicated or not by 
intraventricular hemorrhage for the early prediction for abnormal 
magnetic resonance imaging pattern. At T2 AcA, at the cut-off 
of 0.08 pg/mL, achieved the best sensitivity (CI 5–95%: 74, 52–90), 
specificity (CI 5–95%: 100, 85–100), positive (CI 5–95%: 100) and negative 
predictive value (CI 5–95%: 79, 66–88) as best predictor of abnormal 
magnetic resonance imaging pattern (area under the ROC curve: CI 

5–95%: 0.93, 0.82–0.99). *P < 0.05 T2 vs. T0
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PN Grade III-IV IVH and correlated with MRI K-score 
values suggestive of a greater extension of CNS dam-
age. The issue is noteworthy bearing in mind that about 
one-third of grade III-IV IVH lead to post-hemorrhagic 
hydrocephalus, increasing mortality and cerebral palsy 
rates [22], and ii) already increased in the IVH group at 
a stage (first void, < 2h) when both standard monitoring 
procedures and therapeutic strategies were silent or not 
been performed.

This fact should not be overlooked, considering AcA 
different functions after a hypoxic insult. On the one 
hand, data in animal models and in humans has shown 
that an early increase in protein levels can be an expres-
sion of an AcA-mediated protective action in an attempt 
to preserve neurons from a cascade of events leading to 
cell damage by means of necrosis and apoptosis mecha-
nisms [8, 27–31]. On the other hand, the persistently high 
AcA levels, despite the protein’s short half-life (about 
2 h) pointed toward ongoing CNS damage rather than a 
neuroprotective action [10–13, 32, 33]. This latter issue 
finds support in previous observations in PN and perina-
tal asphyxia infants [11, 13]. All in all, it is reasonable to 
argue for a dual role for AcA in PN complicated by IVH: 
neuroprotection and as a damage marker. Further mul-
ticenter studies over a wider population providing AcA 
longitudinal measurement at shorter intervals (i.e. 4  h) 
are therefore justified.

In the present study we also found that AcA urine lev-
els correlated with MRI, to date the gold standard diag-
nostic test. The finding constitutes one of the main stages 
along the way to the inclusion of a BM in clinical daily 
practice. Among a suite of BM, today still under investi-
gation, AcA can be added to a calcium binding protein, 
namely S100B, as a predictor of an adverse brain MRI 
pattern [34]. Furthermore, we found that in PN longitu-
dinal AcA urine assessment, from first void up to 96  h 
from birth, was predictive of a pathological cerebral MRI 
pattern limited to the CGM, CER and GLOB parame-
ters. It is noteworthy, in this respect, that for AcA at first 
void (< 2  h from birth) above the thresholds defined by 
the ROC curve analysis (> 0.08  ng/mL), the probability 
(PPV) of abnormal MRI pattern was as high as 83%, while 
it was 71% if these levels were below the threshold, with 
PPV and NPV that differed from the overall prevalence 
of an abnormal MRI pattern (50%) in the study popula-
tion. Indeed, when we compared ROC curve results 
at different monitoring time-points AcA achieved the 
best performance as a predictor of abnormal cerebral 
MRI pattern at 48 h from birth. These findings promote 
the possibility of identifying newborns at higher risk of 
a poor MRI pattern in the first hours after birth. This 
issue should not be overlooked, bearing in mind that 
MRI, today the gold standard diagnostic test, can be 

performed at 40–42 GA, thus limiting its usefulness in 
the early detection of cases at risk [21, 22, 35]. Additional 
MRI limitations lie in the impossibility of transporting 
a critically ill neonate for an MRI test. Conversely, by 
measuring AcA, the identification of PN at risk of long-
term brain damage sequelae can be obtained at the earli-
est stage, thus paving the way for better neuroprotective 
strategy management. Altogether, it is possible to argue 
that AcA can be considered suitable for inclusion in daily 
clinical practice since it achieved one of the main items 
requested by FDA, EMA and NIH. Further investigations 
aimed at fulfilling the remaining items established by offi-
cial institutions are therefore awaited [5].

In the present study we identified a series of limitations. 
These mainly regarded: i) the quality of MRI recordings 
performed with a 1.5-T scanner instead of 3.0-T one, and 
ii) the need for a wider studied population. In this regard, 
further multicenter studies over a wider population using 
an up-to-date MRI device are required.

Conclusions
In conclusion, the present data showed that the possibil-
ity to identify PN at risk of IVH and an abnormal MRI 
pattern is getting closer. The data paves the way for fur-
ther studies aimed at promoting the assessment in non-
invasive biological fluids of a suite of BM for the early 
diagnosis and management of high risk newborns.
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