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Abstract
Background  The aim of the study is to investigate the effects of olfactory stimuli from breast and formula milk on 
near-infrared spectroscopy (NIRS) cerebral and splanchnic patterns in late preterm infants.

Methods  We conducted a multicenter prospective observational pretest-test study in 30 late preterm infants 
subjected to olfactory stimuli from breast and formula milk. Regional oxygenation status, tissue function in cerebral 
and splanchnic districts, and cerebral-splanchnic hemodynamic redistribution were recorded at four pre-determined 
time-points: before sniffing (30 min), during sniffing (30 s), short-term (30 min), and long-term after olfactory stimuli 
(180 min).

Results  After olfactory stimuli from breast and formula milk we found: (i) a significant increase (p < 0.05) in cerebral 
oxygenation and cerebral-splanchnic hemodynamic redistribution after breast milk stimulus, (ii) a significant increase 
(p < 0.05) in splanchnic oxygenation and splanchnic-cerebral hemodynamic redistribution after formula milk stimulus.

Conclusions  The present results show early changes in NIRS patterns in cerebral and splanchnic districts after breast 
and formula milk stimuli. Data opens the way to further studies using NIRS as a reliable tool for central nervous system 
and splanchnic development and response after olfactory stimuli.
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Background
There is a general consensus on the unique properties 
of breast milk (BM) [1, 2]. BM-fed infants have a lower 
incidence of early and late onset sepsis, of necrotizing 
enterocolitis as well as better neurocognitive develop-
ment [3, 4]. This especially refers to sensor cortical acti-
vation and olfaction. There is evidence that olfaction 
is essential for newborns: (i) behavioral adaptation, (ii) 
moving towards odors produced by the mother, particu-
larly for nipple localization and feeding, and (iii) ability 
to identify pleasant or unpleasant smells commonly met 
during a stay in the neonatal intensive care unit (NICU) 
[5–8].

In the perinatal period, among different monitor-
ing strategies for olfaction function, near infrared spec-
troscopy (NIRS) has been argued for [9, 10]. Changes in 
cerebral regional oxygen saturation (CrSO2), in fraction 
of tissue oxygen extraction (FTOE) and hemodynam-
ics have been shown under different conditions [11, 12]. 
These mostly regarded the studied populations (preterm 
vs. late preterm), feeding modalities (bolus vs. continu-
ous), feeding regimens (human vs. formula milk, FM), 
and the occurrence of acute/chronic hypoxia (perinatal 
asphyxia; intrauterine growth retardation, IUGR) [11, 
13–18]. Exposure to detergent, vanilla and BM smell has 
been found to affect CrSO2, FTOE and cerebral/systemic 
hemodynamics [6, 19]. Recently, it has been shown that 
low/very low birthweight infants can process low concen-
trations of maternal smells at a cortical level, suggesting 
awareness of their environment [11, 12]. However, data 
on potential changes, due to BM vs. FM olfaction stimuli, 
in cerebral and systemic districts (i.e. splanchnic) oxygen-
ation status, tissue function, and hemodynamic redistri-
bution is at this stage lacking.

Therefore, in the present study we aimed to investi-
gate, in a cohort of late preterm (LP) infants, whether BM 
and FM olfaction stimuli can change at short/long-term 
cerebral and splanchnic: (i) oxygenation status, (ii) tissue 
function, and (iii) systemic/splanchnic redistribution by 
means of NIRS longitudinal monitoring.

Methods
Population
We conducted an observational pretest-test study, where 
each case acted as its own control, in 30 LP newborns 
admitted to our 3rd level NICUs from June 2020 to Janu-
ary 2022 fed under BM and FM regimens.

The study was approved by the local ethics committees 
and the parents of the subjects admitted to the study gave 
signed and informed consent (ASO.Neonat.12.01).

Gestational age (GA) was determined by the last men-
strual period and confirmed by a first trimester ultra-
sound scan. Appropriate growth was defined by the 
presence of ultrasonographic signs (biparietal diameter 

and abdominal circumference between the 10th and 90th 
centiles), according to the nomograms of Campbell and 
Thoms, and by post-natal confirmation of a birthweight 
(BW) between the 10th and 90th centiles, according to 
our population standards, correcting for the mother’s 
height, weight, parity, and the sex of the newborn [20, 
21].

Exclusion criteria were: congenital abnormalities, 
perinatal asphyxia, the need for cardiovascular support, 
necrotizing enterocolitis, gastrointestinal anomalies and 
cutaneous diseases impeding the placement of probes.

NIRS monitoring
The NIRS parameters in the cerebral (C) and splanch-
nic (S) districts were recorded by the Sen Smart X-100 
(Nonin Medical, Minnesota, USA). Equanox Advance 
self-adhesive sensors (Nonin Medical, Minnesota, USA) 
were placed on the central region of the infants’ skulls, 
and on the infra-umbilical abdomen region. CrSO2 and 
splanchnic regional oxygen saturation (SrSO2) were cal-
culated by the inbuilt software as well as arterial oxygen 
saturation (SaO2). Fractional tissue oxygen extraction 
(FTOE) represents a composite parameter and can be 
calculated from regional oxygen saturation (rSO2) and 
SaO2. FTOE values in the C and S districts were assessed 
according to the following formula: (SaO2 - rSO2)/SaO2 
[11–18].

We also calculated the C/S oxygenation ratio (CSOR), 
which is the ratio of C vs. S district oximetry, according 
to the following formula: CrSO2/SrSO2 [22]. This ratio 
has been found to be a valuable index of hemodynamic 
redistribution in chronic hypoxic infants [23].

NIRS monitoring patterns were consecutively recorded 
in each LP at four different monitoring time-points: 
30  min before sniffing (T0), at sniffing exposure (30  s), 
the short-term effects (30  min) after olfaction stimuli 
(T1) and, long-term effects (30 min after T1) (T2).

For each NIRS variable (C, S, rSO2, FTOE, CSOR), we 
calculated the mean ± SD from the selected 30” periods 
(120 data points per hour), which were chosen at the 
end of T0-T2. We made this choice to obtain the high-
est stability of the NIRS signal, even though selecting a 
30” period could induce a selection bias. Sometimes 
this selection was not possible due to the occurrence of 
unwanted artifacts (generally infant movements); in this 
case the 30” period without artifacts closest to the end of 
T0-T2 was selected.

Olfaction stimuli
To match the LP response to BM and FM olfaction stim-
uli, we used a cotton cloth routinely used in the NICU. 
Briefly, after feeding LP were positioned in a clean incu-
bator or in an open bed in a quiet and well-ventilated 
single room where NIRS recordings were performed. The 
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aim was to avoid any bias due to nosocomial odors and 
NICU sensory inputs. LP were tested 30 min after feed-
ing when pre-test monitoring started (T0). The olfaction 
stimuli were randomly performed by putting cloths one 
centimeter below LP’s nose by a single examiner who was 
blinded to its nature. We started first with BM or FM 
olfaction stimuli with a presentation lasting 30 s followed 
by short-long term NIRS monitoring (T1, T2). Secondly, 
30 min after feeding, in the same studied population, we 
re-started pre-test monitoring (T0) followed by FM or 
BM olfaction stimuli, identically performed as before, fol-
lowed by T1 and T2 NIRS monitoring.

Standard monitoring parameters
Heart and respiratory rates and SaO2 monitoring were 
continuously recorded by MX700 monitors (Philips, 
Eindhoven, The Netherlands) at 12” intervals. Labora-
tory parameters (red blood cell count, RBC; hemoglobin 
blood concentrations, Hb; hematocrit rate, Ht; venous 
blood pH; partial carbon dioxide venous pressure, pCO2; 
partial oxygen venous pressure, pO2; base excess, BE; 
blood ion, glucose, urea, creatinine and bilirubin levels) 
were recorded in all infants on admission to NICUs and 
at different NIRS monitoring time-points.

Cranial assessment and neurological examination
Cerebral ultrasound scanning recordings were performed 
by a real-time ultrasound machine (Acuson 128SP5, 
Mountain View, CA, USA), at 12-h and 24-h from admis-
sion and on discharge from the hospital. Cerebral ultra-
sound scanning and neurological patterns were assessed 
by a single examiner in each center, blinded to the NIRS 
test results.

Neonatal neurological conditions were assessed daily 
and classified as described by Prechtl [24]. Each infant 
was defined as normal, suspect, or abnormal, in accor-
dance with the classification used by Jurgens–van der 
Zee et al. [25].

Perinatal outcomes
The following main perinatal and neonatal outcomes 
were recorded in the studied groups: maternal age; inci-
dence of premature rupture of membrane, chorioam-
nionitis, gestational diabetes mellitus, preeclampsia, and 
IUGR; antenatal glucocorticoids supplementation; GA; 
BW; delivery mode; gender; Apgar scores at 1st and 5th 
min; occurrence of respiratory distress syndrome (RDS); 
need for mechanical (MV) or non-invasive (NIV) venti-
lation and surfactant administration; bronchopulmonary 
dysplasia (BPD) (moderate/severe degree) in accordance 
with Jobe and Bancalari [26]; persistent patent ductus 
arteriosus (PDA); intraventricular hemorrhage (IVH) 
according to Papile et al. [27]; periventricular leukoma-
lacia (PVL); early/late onset sepsis (EOS, LOS); perinatal 

death; retinopathy of prematurity (ROP) (higher than 
second degree) [28].

Statistical analysis
For sample size calculation, we used changes in CrSO2 
as the main parameter [29]. We assumed an increase of 
0.5 SD in CrSO2 to be clinically significant. Consider-
ing an α = 0.05 and using a two-sided test, we estimated 
a power of 0.90, recruiting 23 LP. We added n = 7 cases 
to allow for dropouts and consent retirement. Therefore, 
the study population was composed of 30 LP exposed to 
BM and FM olfaction stimuli (Fig. 1).

All perinatal and neonatal parameters were expressed 
in medians and interquartile ranges. Data was analyzed 
for statistically significant differences between the two 
groups, by t-test and with Mann-Whitney U two-sided 
test when they were not normally distributed. The com-
parison between the different monitoring timepoints was 
performed by Kruskal-Wallis one-way ANOVA. Statisti-
cal significance was established at P < 0.05.

Results
Population
Perinatal characteristics are reported in Table  1. Mater-
nal age ranged from 29 to 37 years, premature rupture of 
membrane and chorioamnionitis incidences accounted 
for 26.3%, and none was complicated by gestational dia-
betes mellitus. Preeclampsia and IUGR rates were 10% 
and 3.4%, respectively. Antenatal steroid prophylaxis was 
administered in 23.3% of the pregnant women.

Neonatal outcomes
GA at birth ranged from 34 to 36 weeks and all LP 
recruited weighed less than 2500  g. Caesarean section 
and vaginal delivery rates were 43.3% and 56.7% respec-
tively, whilst male and female births accounted for 53.3% 
and 46.7%, respectively. Outborn/inborn incidences were 
26.7% and 73.3%, respectively. None of the 30 LP showed 
an Apgar score < 7 at 1st and 5th minute.

Incidences of RDS and need for MV occurred in 10%, 
whilst rates for NIV and the need for surfactant admin-
istration 80% and 40%, respectively. None of LP were 
complicated by BPD, IVH, PVL, NEC, early neonatal 
death, and ROP. PDA incidence was 10% whilst rates of 
EOS and LOS were 16.7% and 6.7%, respectively. None 
of the LP showed overt neurological abnormalities either 
at pre-determined monitoring timepoints or at discharge 
from hospital (Table 1).

Monitoring parameters
Clinical (GA, W), laboratory and monitoring parameters 
performed at birth (heart rate, respiratory rate, SaO2) 
were within reference ranges and no significant differ-
ences (P > 0.05, for all) were found at T0-T2 (data not 
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shown). Identically, blood pH, pCO2, pO2, BE, RBC, Hb, 
Ht, glucose, urea, creatinine, ions and bilirubin blood lev-
els performed at pretest time-point were within reference 
curves (Table 2). Furthermore, no differences were found 
in laboratory analytes at T0-T2 (P > 0.05, for all) (data not 
shown).

NIRS monitoring after BM stimuli
In LP subjected to BM olfaction stimuli the BMCrSO2 
pattern was characterized by a progressive increase with 
significantly higher (P < 0.05) values at T2 than T0. No 
differences (P > 0.05, for both) were found between T1 vs. 
T0 and T2 vs. T1, respectively. BM C FTOE at T2 was 
significantly lower (P < 0.05, for both) than T0 and T1, 
whilst no differences (P > 0.05) were observed between 
T0 and T1 (Table 3).

In the splanchnic district BMSrSO2 pattern was flat 
and no differences (P > 0.05, for all) were found among 
pre-determined monitoring time-points. BM S FTOE at 
T1 was lower (P < 0.05, for both) than T2 and T0 whilst 
no differences (P > 0.05) were found between T0 and T2 
(Table 3).

Cerebral-splanchnic hemodynamic pattern was charac-
terized by a higher BM CSOR (P < 0.05, for both) at T2 

and T1 than T0 whilst T2 and T1 did not differ (P > 0.05) 
(Table 3).

NIRS monitoring after FM stimuli
In LP subjected to FM olfaction stimuli the FMCrSO2 
pattern was characterized by a progressive increase with 
significantly higher (P < 0.05) values at T2 than T0. No 
differences (P > 0.05. for both) were found between T0-T1 
and T1-T2, respectively.

FM C FTOE at T2 was significantly lower (P < 0.05) 
than T0, whilst no differences (P > 0.05. for both) were 
observed between T1-T2 and T0-T1, respectively 
(Table 3).

In the splanchnic district FMSrSO2 at T2 was lower 
than T0 and T1 (P < 0.05, for both), whilst no differ-
ences (P > 0.05) were found at T0-T1 time-points. FM S 
FTOE at T1 was lower (P < 0.05, for both) than T0 and 
T2, whilst no differences (P > 0.05) were found between 
T0 and T1 (Table 3).

Cerebral-splanchnic hemodynamic pattern was charac-
terized by a higher FM CSOR (P < 0.05, for both) at T2 
than T0 and T1, whilst T0 and T1 did not differ (P > 0.05) 
(Table 3).

Fig. 1  Study population. Flow chart describing patients’ recruitment
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BM vs. FM NIRS parameters
In the cerebral district, BMCrSO2 was higher (P < 0.05, 
for both) at T0 and T2 than FMCrSO2, whilst no differ-
ences (P > 0.05) were observed at T1 (Table 3). Moreover, 
no differences (P > 0.05, for all) in C FTOE were observed 
between BM and FM groups at different monitoring 
time-points (Table 3).

In the splanchnic district, FMSrSO2 was higher 
(P < 0.05, for both) at T0 and T1 than BMSrSO2, whilst 
it was lower (P < 0.05) than BMSrSO2 at T2. FM S FTOE 
was lower (P < 0.05. for all) than BM S FTOE at all moni-
toring time-points (Table  3). Finally, BM CSOR was 

higher (P < 0.05, for all) than FM CSOR at all monitoring 
timepoints (Table 3).

Discussion
Late preterm period is crucial for whole organ develop-
ment, especially of the brain. At this time, the central 
nervous system (CNS) is at its maximum growing point 
in terms of brain weight, volume and synaptogenesis 
[30]. The fact is noteworthy, particularly for sense organ 
development such as visual and acoustic systems today 
screened by current standard-of-care procedures (i.e. 
acoustic oto-emissions and red pupillary reflex) [31–34]. 
Conversely, no progress has been achieved in the moni-
toring of olfactory function. In this respect, NIRS can 
constitute a promising noninvasive monitoring/diagnos-
tic tool [9].

In the present study we showed that tissue oxygen-
ation status and function as well as cerebral-splanchnic 
hemodynamic redistribution, in a cohort of LP infants, 
significantly changed before, during and after BM or FM 
olfaction stimuli. In detail, in LP subjected both to BM 
and FM olfaction stimuli: (i) CrSO2 increased at short-
long term after olfaction stimuli (T1,T2), (ii) SrSO2 
remained stable after BM olfaction, whilst it significantly 
decreased at short-long term after FM olfaction stimuli 
(T1,T2), (iii) CFTOE decreased at short term after BM/
FM olfaction stimuli, whilst at long-term only after BM 
olfaction stimuli, (iv) SFTOE decreased after BM olfac-
tion stimuli, whilst it increased after FM olfaction stim-
uli, and (v) a hemodynamic redistribution in favor of 

Table 1  Perinatal characteristics and neonatal outcomes in the 
late preterm infants admitted into the study
Parameters Late preterm (N = 30)
Perinatal characteristics
Maternal age (y) 34 ± 5
Premature rupture of membrane (n/tot) 8/30
Chorioamnionitis (n/tot) 8/30
Gestational diabetes mellitus (n/tot) 0/30
Preeclampsia (n/tot) 3/30
IUGR 1/30
Glucocorticoids (n/tot) 7/30
Neonatal characteristics
GA (wks) 34 ± 1
BW (g) 2076 ± 378
CS (n/tot) 13/30
Gender (M/F) 16/14
Outborn/inborn (n/tot) 8/30
Apgar 1’ 9 ± 1
Apgar 5’ 9 ± 1
Main outcome measures (n/tot)
RDS 3/30
MV 3/30
NIV 24/30
Surfactant administration 12/30
BPD 0/30
PDA 3/30
IVH 0/30
PVL 0/30
NEC 0/30
Death 0/30
EOS 5/30
LOS 2/30
ROP 0/30
Neurological examination (n/tot)
normal/suspect/abnormal 30/0/0
normal/suspect/abnormal at discharge 30/0/0
Abbreviations: intrauterine growth retardation (IUGR); gestational age (GA); 
birthweight (BW); caesarean section (CS); respiratory distress syndrome 
(RDS); mechanical ventilation (MV); non-invasive ventilation (NIV); broncho-
pulmonary dysplasia (BPD); patent ductus arteriosus (PDA); intraventricular 
hemorrhage (IVH); periventricular leukomalacia (PVL); necrotizing enterocolitis 
(NEC); early-onset sepsis (EOS); late-onset sepsis (LOS); retinopathy of 
prematurity (ROP); years (y); weeks (wks); grams (g)

Table 2  Monitoring parameters recorded before sniffing stimuli 
in late preterm infants admitted into the study
Parameter Late Preterm

(N = 30)
GA (wks) 36 ± 1
W (g) 2112 ± 223
pH > 7.20 (n/total) 40/40
pCO2 (mmHg) 41.6 ± 2.5
pO2 (mmHg) 43.7 ± 1.3
BE (mmol/L) -0.9 ± 0.8
RBC count (1012/L) 4.2 ± 0.2
Hb (g/L) 14.1 ± 2.8
Ht (%) 40.8 ± 0.08
Plasma glucose (mmol/L) 5.3 ± 0.4
Urea (mg/dL) 36.1 ± 4
Creatinine (mg/dL) 0.79 ± 0.18
Na+ (mmol/L) 139 ± 1
Ca++ (mmol/L) 1.14 ± 0.03
K+ (mmol/L) 3.9 ± 0.3
Bilirubinemia (mg/dL) 6.4 ± 5.2
SaO2 (%) 98 ± 1
Abbreviations: gestational age (GA); weight (W); partial carbon dioxide venous 
pressure (pCO2); partial oxygen venous pressure (pO2); base excess (BE); red 
blood cell count (RBC); hemoglobin blood concentrations (Hb); hematocrit rate 
(Ht); pulsed arterial oxygen saturation (SaO2); weeks (wks); grams (g)
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the brain at short-long term was shown. Finally, when 
NIRS parameters were compared according to different 
olfaction stimuli we found that FM olfaction stimuli cor-
related with lower CrSO2, with an increased splanchnic 
oxygenation status, tissue function and hemodynamic 
redistribution in favor of the gut.

Increased CrSO2 partially maps data in the litera-
ture: discrepancies related to different study-design and 
endpoints. On one hand, a beneficial effect on cere-
bral-splanchnic NIRS parameters has been reported in 
preterm infants fed by different regimens (BM, FM) and 
in different ways (bolus, gavage) [11, 16, 35]. On the other 
hand, changes in NIRS parameters have been shown after 
different olfaction stimuli response to various odors such 
as vanilla, distilled water, colostrum/maternal milk or 
formula milk in healthy full-term newborns [6, 9, 10, 12].

The finding of CrSO2 pattern after BM olfaction stim-
uli merits further consideration. In particular increased 
BMCrSO2: (i) offered additional support to olfaction 
CNS area development at the stage under investigation 
[6, 10], (ii) can be expression of frontal lobe activation 
associated with hemodynamic redistribution sugges-
tive of neurovascular interaction, and (iii) corroborated 
the ability of LP infants to provide neurophysiological 
responses to the mother’s scent [6, 8, 10]. Altogether, it is 
reasonable to argue that among different milk regimens 
LP were able to distinguish BM scent, offering addi-
tional support to the unique BM properties including 
selective CNS area development such as olfaction. Addi-
tional advantages resided in an increased oxygen status 
and hemodynamic redistribution in favor of the brain, 

thus available for putative developmental processes. Fur-
ther multicenter investigations in a wider population are 
therefore required.

In the present series we found, for the first time, that 
splanchnic oxygenation status, tissue activation and 
hemodynamic redistribution were higher in LP infants 
after FM olfaction stimuli. The NIRS pattern partially fits 
with previous observations showing differences between 
BM and FM regimens and under different administration 
modalities [15, 16].

The NIRS splanchnic pattern deserves further consid-
eration. In particular increased SrSO2 and SFTOE are 
suggestive of a LP ability to distinguish a different olfac-
tion stimulus from BM, one requiring a major oxygen 
request, tissue activation and subsequent hemodynamic 
response. The issue is noteworthy since similar NIRS 
patterns have been observed in infants fed by FM [14]. 
Therefore, it is tempting to argue that olfaction stimu-
lus activates a cascade of behavioral and physiological 
events preparing the infants for feeding as well as their 
knowledge/memory of major energy consumption when 
fed by FM. These issues are further corroborated by a 
hemodynamic response suggestive of a redistribution in 
these cases in favor of the splanchnic district. Lastly, it is 
reasonable to infer that FM olfaction stimulus activates a 
response involving CNS and splanchnic oxygenation, tis-
sue activation and hemodynamic at higher metabolic cost 
than BM. Further multicenter studies in a wider popula-
tion aimed at elucidating the issue are required.

Finally, in the present study we identified a number of 
limitations such as: (i) the small number of cases studied 

Table 3  Cerebral and splanchnic NIRS patterns recorded before (T0), during (T1) and after (T2) breast (BM) and formula milk (FM) 
olfactory stimuli in late preterm infants

BM
(n = 30)

FM
(n = 30)

P
(BM vs. FM)

Parameter Median 25° 75° Median 25° 75°
CrSO2 T0 81 78 83 80 78 82 < 0.05
CrSO2 T1 80 80 83 80 78 83 NS
CrSO2 T2 82a 79 85 81a 78 83 < 0.05
SrSO2 T0 82 74 86 83 77 88 < 0.05
SrSO2 T1 80 81 87 81 73 86 < 0.05
SrSO2 T2 83 73 86 81b 75 88 < 0.05
CFTOE T0 0.18 0.14 0.22 0.18 0.17 0.20 NS
CFTOE T1 0.19 0.17 0.20 0.17 0.14 0.21 NS
CFTOE T2 0.17b 0.12 0.21 0.17a 0.16 0.19 NS
SFTOE T0 0.15 0.13 0.26 0.15 0.11 0.21 < 0.05
SFTOE T1 0.19c 0.14 0.36 0.13c 0.11 0.18 < 0.05
SFTOE T2 0.16 0.12 0.27 0.16 0.11 0.24 < 0.05
CSOR T0 1.00 0.98 1.05 0.96 0.93 1.00 < 0.05
CSOR T1 1.00a 0.99 1.17 0.96 0.95 0.99 < 0.05
CSOR T2 1.00a 0.99 1.07 1.00b 0.98 1.04 < 0.05
Values are expressed in median and interquartile ranges. a: P < 0.05 vs. T0; b: P < 0.05 T2 vs. T0-T1; c: P < 0.05 T1 vs. T0-T2, when compared in the same studied group

Abbreviations: cerebral regional oxygen saturation (CrSO2); splanchnic regional oxygen saturation (SrSO2); cerebral fractional tissue oxygenation extraction (CFTOE); 
splanchnic fractional tissue oxygenation extraction (SFTOE); cerebral-splanchnic oxygenation ratio (CSOR); not significant (NS)
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recruiting LP alone instead of preterm and term ones, (ii) 
the stratification of LP infants for gender known to be 
different at the age of investigation, (iii) fixation problems 
of the sensors leading to movement artifacts and (iv) the 
reliability of NIRS measurements on the abdomen [36].

Conclusions
In conclusion, the present findings providing early NIRS 
changes in cerebral and splanchnic districts after dif-
ferent BM/FM regimen odors, pave the way for further 
multicenter investigations using NIRS as a reliable tool 
for CNS and splanchnic development and response after 
olfaction stimuli.

Abbreviations
BM	� Breast milk
NICU	� Neonatal intensive care unit
NIRS	� Near infrared spectroscopy
rSO2	� Regional oxygen saturation
FTOE	� Fraction of tissue oxygen extraction
FM	� Formula milk
IUGR	� Intrauterine growth retardation
LP	� Late preterm
GA	� Gestational age
BW	� Birthweight
C	� Cerebral
S	� Splanchnic
SaO2	� Arterial oxygen saturation
CSOR	� Cerebral/splanchnic oxygenation ratio
RBC	� Red blood cell count
Hb	� Hemoglobin blood concentrations
Ht	� Hematocrit rate
pCO2	� Partial carbon dioxide venous pressure
pO2	� Partial oxygen venous pressure
BE	� Base excess
PROM	� Premature rupture of membrane
GDM	� Gestational diabetes mellitus
RDS	� Respiratory distress syndrome
MV	� Mechanical ventilation
NIV	� Non-invasive ventilation
BPD	� Bronchopulmonary dysplasia
PDA	� Persistent patent ductus arteriosus
IVH	� Intraventricular hemorrhage
PVL	� Periventricular leukomalacia
EOS	� Early onset sepsis
LOS	� Late onset sepsis
ROP	� Retinopathy of prematurity
CNS	� Central nervous system

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​5​2​-​0​2​5​-​0​1​9​1​2​-​0.

Supplementary Material 1

Acknowledgements
Not applicable.

Author contributions
CD and AG conceptualized and designed the study, drafted the initial 
manuscript, and critically reviewed and revised the final one. MS, GL, SP, MBE 
and MBO and collected data, carried out the initial analyses, and critically 
reviewed and revised the manuscript. ED, AM, CP, ASA and MP designed the 
data collection instruments, collected data, carried out the initial analyses. 

VS, FG and MS collected data, drafted the initial manuscript and critically 
reviewed and revised the manuscript. DG conceptualized and designed the 
study, coordinated and supervised data collection, and critically reviewed and 
revised the manuscript for important intellectual content. All authors have 
read and approved the final version of the manuscript.

Funding
This work is part of the I.O. PhD International Program under the auspices 
of the Italian Society of Neonatology and was partially supported by grants 
to D.G. from “I Colori della Vita Foundation” 3/2020, “L’Insieme” 4/2019, Italy. 
Authors extend their sincere appreciation to Researchers Supporting Project 
number (RSPD2025R750), King Saud University, Riyadh, Saudi Arabia. The 
funding organizations played no role in the study design, in the collection, 
analysis, and interpretation of data; in the writing of the report; or in the 
decision to submit the report for publication.

Data availability
The data that support the findings of this study are available from the 
corresponding author, [DG], upon request.

Declarations

Ethics approval and consent to participate
The study was approved by the local ethics committees and the parents of 
the subjects admitted to the study gave signed and informed consent (ASO.
Neonat.12.01).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 10 September 2024 / Accepted: 21 February 2025

References
1.	 Martin CR, Ling PR, Blackburn GL. Review of infant feeding: key features of 

breast milk and infant formula. Nutrients. 2016;8:279–90.
2.	 Meek JY, Noble L. Section on breastfeeding. Policy statement: breastfeeding.

and the use of human milk. Pediatrics. 2022;150:e2022057988.
3.	 Menchetti L, Traina G, Tomasello G, Casagrande-Proietti P, Leonardi L, Barbato 

O, et al. Potential benefits of colostrum in Gastrointestinal desease. Front 
Biosci. 2016;8:331–51.

4.	 Goelz R, Meisner C, Bevot A, Hamprecht K, Kraegeloh-Mann I, Poets CF. Long-
term cognitive and neurological outcome of preterm infants with postnatally 
acquired CMV infection through breast milk. Arch Dis Child Fetal Neonatal Ed. 
2013;98:430–3.

5.	 Gellrich J, Breuer AS, Han P, Guducu C, Hummel V, Schriever V. Central 
nervous system processing of floral odor and mother’s milk odor in infants. 
Chem Senses. 2021;46:20–4.

6.	 Bartocci M, Winberg J, Ruggiero C, Bergqvist LL, Serra G, Lagercrantz H. 
Activation of olfactory cortex in newborn infants after odour stimulation: a 
functional near-infrared spectroscopy study. Pediatr Res. 2000;48:18–23.

7.	 Shiyi Z, Fang S, Jing L, Weiju C. The analgesic effects of maternal milk odor on 
newborns: a meta-analysis. Breastfeed Med. 2018;13:327–34.

8.	 Raimbault C, Saliba E, Porter RH. The effect of the odour of mother’s 
milk on breastfeeding behaviour of premature neonates. Acta Paediatr. 
2006;96:368–71.

9.	 Harada H, Tanaka M, Kato T. Brain olfactory activation measured by near-
infrared spectroscopy in humans. J Laryngol Otol. 2006;120:638–43.

10.	 Frie J, Bartocci M, Kuhn P. Neonatal cortical perceptions of maternal breast 
odours: A fNIRS study. Acta Paediatr. 2020;109:1330–7.

11.	 Strozzi C, Di Battista C, Graziosi A, D’Adamo E, Librandi M, Patacchiola R, et al. 
Cerebral and systemic near infrared spectroscopy patterns in preterm infants 
treated by caffeine. Acta Paediatr. 2024;113:700–8.

12.	 Bartocci M, Winberg J, Papendieck G, Mustica T, Serra G, Lagercrantz H. Cere-
bral hemodynamic response to unpleasant odors in the preterm newborn 
measured by near-infrared spectroscopy. Pediatr Res. 2001;50:324–30.

https://doi.org/10.1186/s13052-025-01912-0
https://doi.org/10.1186/s13052-025-01912-0


Page 8 of 8Battista Di et al. Italian Journal of Pediatrics          (2025) 51:113 

13.	 Grometto A, Pizzo B, Strozzi MC, Gazzolo F, Gazzolo D. Cerebral NIRS patterns 
in late preterm and very preterm infants becoming late preterm. J Matern 
Fetal Neonatal Med. 2019;32:1124–9.

14.	 Dani C, Coviello C, Montano S, Remaschi G, Petrolini C, Strozzi MC, et al. Effect 
on splanchnic oxygenation of breast milk. Fortified breast milk. And formula 
milk in preterm infants. Pediatr Res. 2020;89:6.

15.	 Grometto A, Pizzo B, Strozzi MC, Gazzolo F, Gazzolo D. Near-infrared spec-
troscopy is a promising non-invasive technique for monitoring the effects 
of feeding regimens on the cerebral and splanchnic regions. Acta Paediatr. 
2019;107:234–9.

16.	 Bozzetti V, Paterlini G, De Lorenzo P, Gazzolo D, Valsecchi MG, Tagliabue P. 
Impact of continuous vs bolus feeding on splanchnic perfusion in very low 
birth weight infants: a randomized trial. J Pediatr. 2016;176:86–92.

17.	 Toet MC, Lemmers PM, van Schelven LJ, van Bel F. Cerebral oxygenation and 
electrical activity after birth asphyxia: their relation to outcome. Pediatrics. 
2006;117:333–9.

18.	 Cohen E, Baerts W, Alderliesten T, Derks J, Lemmers P, van Bel F. Growth 
restriction and gender influence cerebral oxygenation in preterm neonates. 
Arch Dis Child Fetal Neonatal Ed. 2016;101:F156–61.

19.	 Frie J, Bartocci M, Lagercrantz H, Kuhn P. Cortical responses to alien odors in 
newborns: an fNIRS study. Cereb Cortex. 2018;28:3229–40.

20.	 Campbell S, Thoms A. Ultrasound measurement of the fetal head to abdo-
men circumference ratio in the assessment of growth retardation. Br J Obstet 
Gynaecol. 1977;84:165–74.

21.	 Villar J, Cheikh Ismail L, Victora CG, Ohuma EO, Bertino E, Altman DG, et al. 
International standards for newborn weight. Length. And head circumfer-
ence by gestational age And sex: the newborn Cross-Sectional study of the 
INTERGROWTH-21st project. Lancet. 2014;384:857–68.

22.	 Naulaers G, Meyns B, Miserez M, Leunens V, Van Huffel S, Casaer P, et al. Use 
of tissue oxygenation index and fractional tissue oxygen extraction as non-
invasive parameters for cerebral oxygenation: a validation study in piglets. 
Neonatology. 2007;92:120–6.

23.	 Wardle SP, Yoxall CW, Weindling AM. Determinants of cerebral fractional 
oxygen extraction using near infrared spectroscopy in preterm neonates. J 
Cereb Blood Flow Metab. 2000;20:272–9.

24.	 Prechtl HFR. The Neurological Examination of the Full-term Newborn Infant 
Clinics in Developmental Medicine. 2nd edn. Clinics in Developmental Medi-
cine. No 63. London. SIMP/Hcinemann. 1977.

25.	 Jurgens-van der Zee AD, Bierman-van Eendenburg ME, Fidler VJ, Olinga AA, 
Visch JH, Touwen BC, et al. Preterm birth. Growth retardation and acidemia 

in relation to neurological abnormality of the newborn. Early Hum Dev. 
1979;3:141–54.

26.	 Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J Respir Crit Care 
Med. 2001;163:1723–9.

27.	 Papile LA, Burstein J, Burstein R, Koffler H. Incidence and evolution of sub-
ependymal and intraventricular hemorrhage: a study of infants with birth 
weights less than 1.500 Gm. J Pediatr. 1978;92:529–34.

28.	 Chiang MF, Quinn GE, Fielder AR, Ostmo SR, Paul Chan RV, Berrocal A, et al. 
International classification of retinopathy of prematurity. Third Ed Ophthal-
mol. 2021;128:e51–68.

29.	 Grometto A, Pluchinotta F, Gazzolo F, Strozzi MC, Gazzolo D. NIRS cerebral 
patterns in healthy late preterm and term infants are gender- and gestational 
age-dependent. Acta Paediatr. 2019;108:1036–41.

30.	 Kostović I, Jovanov-Milosević N. The development of cerebral connec-
tions during the first 20–45 weeks’ gestation. Semin Fetal Neonatal Med. 
2006;11:415–22.

31.	 Dang JC, Hsu NM, Hearing Loss Screening G. 2023 Nov 5. In: StatPearls. Trea-
sure Island (FL): StatPearls Publishing; 2024 Jan.

32.	 Malik AN, Evans JR, Gupta S, Mariotti S, Gordon I, Bowman R, et al. Universal 
newborn eye screening: a systematic review of the literature and review of 
international guidelines. J Glob Health. 2022;12:12003–10.

33.	 Hussain SAS, Hohman MH. Nonorganic functional hearing loss. In: StatPearls. 
Treasure Island (FL): StatPearls Publishing; 2025 Jan. Available from: ​h​t​t​p​s​:​​​/​​/​w​
w​​w​.​​n​c​b​​​i​.​n​​​l​m​.​​n​​i​​h​.​​​g​o​v​/​​b​o​​o​​k​s​​/​N​B​K​5​8​0​5​5​5​/

34.	 Matcher SJ, Kirkpatrick P, Nahid K. Absolute quantification methods in tissue 
near infrared spectroscopy. Optical tomography. Photon migration. And 
spectroscopy of tissue And model media: theory, human studies And instru-
mentation. Proc SPIE 1995:486–95.

35.	 Corvaglia L, Martini S, Battistini B, Rucci P, Aceti A, Faldella G. Bolus vs. 
continuous feeding: effects on splanchnic and cerebral tissue oxygenation in 
healthy preterm infants. Pediatr Res. 2014;76:81–5.

36.	 Lemaître H, Augé P, Saitovitch A, Vinçon-Leite A, Tacchella JM, Fillon L, et al. 
Rest functional brain maturation during the first year of life. Cereb Cortex. 
2021;31:1776–85.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.ncbi.nlm.nih.gov/books/NBK580555/
https://www.ncbi.nlm.nih.gov/books/NBK580555/

	﻿Short-long term near infrared spectroscopy patterns after different milk regimens olfactory stimuli in late preterms
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Population
	﻿NIRS monitoring
	﻿Olfaction stimuli
	﻿Standard monitoring parameters
	﻿Cranial assessment and neurological examination
	﻿Perinatal outcomes
	﻿Statistical analysis

	﻿﻿Results﻿


