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Background: Hypoxic hypoperfusion injury in the brain is a cause of potential injury and even death in the growth period of
newborns. Therefore, monitoring regional cerebral oxygen saturation (CrSO,) during this period is particular-
ly important. This observational clinical study from a single center aimed to investigate the factors associated
with CrSO, in full-term newborn infants during birth transition.

Material/Methods: We enrolled 84 full-term newborn infants delivered by cesarean section. We started the stopwatch with the
obstetrician clamping the newborns’ umbilical cords and recorded the values of newborns’ CrSO,, pulse oxy-
gen saturation (SpO,) pulse rate (PR), end-tidal carbon dioxide (EtCO,), and respiratory rate (RR) at 2 min, 5
min, and 10 min. We weighed the newborns before they left the operating room and used statistical methods
to compare the correlation between each observation factor.

Results: Pearson correlation coefficients between CrSO, and SpO, measured at 2 min, 5 min, and 10 min were 0.491,
0.599, and 0.587, respectively (P<0.01). Pearson correlation coefficients between CrSO, and EtCO, measured
at 2 min, 5 min, and 10 min were -0.304, -0.443, and -0.243, respectively (P<0.05). Regardless of a newborn’s
weight, PR, or RR, the correlation between any of those factors and the value of CrSO, measured at the corre-
sponding time point had no significance (P>0.05).

Conclusions: This study showed a correlation between CrSO, and SpO, and CrSO, and EtCO, during birth transition of full-
term infants delivered by elective cesarean section, but CrSO, had no significant correlation with neonatal
weight, PR, or RR.
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Background

When a fetus changes from the intrauterine environment to
the extrauterine environment, its respiratory and hemody-
namic functions go through a complex physiological change,
and these physiological changes are mainly caused by the es-
tablishment of spontaneous respiration and the clamping of
the umbilical cord [1]. During the immediate transition peri-
od, the newborn infant is prone to hypoxia or bradycardia or
both, which most often affect the brain and lead to perinatal
brain damage [2-4]. Clinically, the transition from the fetus to
the neonatal period (the period of birth transition) is a process
that is extremely prone to large changes in oxygen metabo-
lism [5]. Therefore, monitoring oxygen metabolism in various
organs of the newborn in a continuous and noninvasive man-
ner, especially in the brain, has potential significance to guide
the timely supplementation of oxygen or respiratory support
when needed [6]. Previously, the initial assessment of the ba-
sic situation of newborns in the clinical transition period was
generally based on inspection, palpation, auscultation, and
observation of response to stimuli. The specific assessments
included activity, pulse, grimace, appearance, and respiration,
which make up the Apgar score. However, this evaluation meth-
od is inadequate in clinical application because it has a high
degree of observer subjectivity, which leads to differences in
scores due to considerable human error. There are currently
several clinical methods to monitor changes in the brain, one
of the most vulnerable organs, during the transition from fetus
to newborn, including trans-cranial Doppler ultrasound, moni-
toring of regional cerebral oxygen saturation (CrSO,), and am-
bulatory electroencephalogram [2], of which CrSO, monitoring
has been gradually promoted because of its continuity, nonin-
vasiveness, and timely effectiveness. There has been increas-
ing interest in continuous monitoring of CrSO, using near-in-
frared spectroscopy (NIRS) during immediate fetal-to-neonatal
transition [2,7]. NIRS is useful in monitoring the effect of tran-
sition on the brain, the most important organ of the human
body, and may help to predict the prognosis of neurological
outcomes [1]. CrSO, monitoring is a noninvasive monitoring
technology that uses the NIRS technology to measure the ox-
ygen saturation of the mixed blood contained in local brain
tissue, thereby assessing the oxygen metabolism of the brain
tissue. Nearly 70% of the mixed blood in the monitored brain
tissue comes from the small veins, nearly 20% comes from
the small arteries, and nearly 10% comes from the capillaries.
CrSO, monitoring has a wide range of applications, high sen-
sitivity and specificity, and is not affected by temperature and
pulsating blood flow. It can find the oxygen supply and balance
demands of the measured brain area and changes in cerebral
blood flow in a timely and effective manner. Therefore, it is
widely increasing in use, often as a supplement to traditional
monitoring. As early as 1992, Peebles et al conducted the first
study on the transition period of a full-term infant using NIRS
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equipment and reported that with the establishment of neo-
natal respiration, the oxygenated hemoglobin concentration
in the body increases rapidly and the deoxyhemoglobin de-
creases rapidly [8]. In 2000 and 2002, Isobe et al reported on
the oxygen saturation of brain tissues in newborns after birth
for the first time [9,10]. Recently, there have been many stud-
ies on the range of CrSO, during the fetal-to-neonatal transi-
tion period, and several observational studies on the changes
of CrSO, within a few minutes after birth have been report-
ed [10-12]. However, there are few reports in the literature
about whether the monitoring indicators of traditional neo-
natal monitoring such as pulse oxygen saturation (Sp0O,) and
heart rate (HR) are correlated with CrSO,. We believe it is also
of great significance to explore which factors are related to
the oxygen metabolism of the neonatal brain. Therefore, this
observational clinical study from a single center aimed to in-
vestigate the factors associated with CrSO, in full-term new-
born infants during birth transition.

Material and Methods

This study was approved by the Ethics Committee of the Second
Affiliated Hospital and Yuying Children’s Hospital of Wenzhou
Medical University (approval No. 2017 Research Project No. 54).
After being introduced to the research process, 100 pregnant
women signed the informed consent to participate in the study.
The inclusion criteria were term pregnancy (gestational age >
37 weeks), singleton pregnancy, ASA grade | to Il, and birthing
by elective cesarean section with epidural block. The exclusion
criteria included history of prenatal intrauterine fetal distress,
history of cardiopulmonary, liver, or kidney dysfunction, and
moderate to severe anemia. The patients were enrolled in the
study from February to August 2017 at the Second Affiliated
Hospital and Yuying Children’s Hospital of Wenzhou Medical
University. Inclusion in the study was finalized only after the
birth of the baby, as shown in Figure 1.

After the umbilical cord was properly cut within 2 min of birth,
we excluded the newborns with weights less than 2500 g or
greater than 4000 g after birth, Apgar scores <6 within 1 min,
congenital abnormalities, and needing oxygen or mask posi-
tive pressure ventilation, vasoactive drugs, or tracheal intuba-
tion within 10 min of birth. Pregnant women with a changed
method of anesthesia during surgery were also excluded. If
an alarm message appeared on the brain oxygen saturation
monitor, such as low signal, low perfusion, sensor off, or am-
bient light, we also excluded the patient.

After the pregnant woman’s arrival in the operating room, she
signed the informed consent, and her HR, noninvasive blood
pressure (BP), and SpO, were monitored. When the vital signs
were stable, the woman was placed in the right lateral position

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€928750-2




Zhang W. et al:
Regional cerebral oxygen saturation in full-term newborns
© Med Sci Monit, 2021; 27: €928750

CLINICAL RESEARCH

100 pregnant women, Term (GA >37), singleton, ASA 1to II, no

or moderate to severe anemia, taken with epidural block, were
initially enrolled into the study.

history of cardiopulmonary function, liver and kidney dysfunction,

v

BP. HR and SpOz were measured after anival in the
operation room, epidural block, waited for the anesthesia

5 newborns requiring oxygen inhalation within 10
minutes after birth, and 11 newborns weighittg more than

level to reach T8 or more and notified the obstetricians to
perform cesarean section.

v

4000 g after birh totally 16 cases were excluded during
the study.

The measurement data of neonatal weight, crS0,, Sp0,, PR, EtCO2
and RR were recorded at 2 min, 5 min and 10 min after the umbilical

cord was clamped by the obstetrician. The basic situation of newborns
were assessed by the obstetrician's Apgar score (2 min, 5 min, 10 min).

v

84 cases were included in the statistical analysis, comparison data
were analyzed by Pearson correlation. The description of quantitative
indicators would be expressed itt median and inter-quartile range.

Figure 1. Flow chart of the study.

Table 1. Statistical values of neonatal monitoring indicators (CrSO,, SpO,, PR, EtCO,, RR and neonatal body weight) measured at 3 time
points. Values are mean+SD; n=84.

Crso, (%) SpO, (%) EtCO, (mmHg) PR (/min) RR (/min) Weight (g)
2 min 45+17 72%10 38.1+7.9 141+15 55+18
5w 6316 s0x0  37es2  laes12 60s14 33072437
© 1omn sl 885 344169 144813 60116

CrSO, — regional cerebral oxygen saturation; SpO, — pulse oxygen saturation; PR — pulse rate; EtCO, — end-tidal carbon dioxide;

RR — respiratory rate.

for epidural puncture was given anesthetic drugs consisting of
2% lidocaine hydrochloride 5 mL and 0.75% ropivacaine hydro-
chloride 5 to 10 mL. When the anesthesia blockade level reached
T8 or higher, the obstetricians were notified to perform the ce-
sarean section. The stopwatch was started with the obstetri-
cian clamping the newborn’s umbilical cord, and the vital signs
(BP, HR, and SpO0,) of the pregnant woman were recorded at
this time. The obstetrician assessed the basic situation of the
newborn by the Apgar score at 2 min, 5 min, and 10 min af-
ter birth, and the midwife performed sputum suction and lung
expansion of the newborn. The anesthesia research assistant
immediately placed the neonatal sensor of the INVOS 5100C
device on the left side of the forehead of the newborn (avoid-
ing the frontal sinuses area), fixed it with an infusion patch,
placed the SpO, probe on the right wrist of the newborn, and
prepared a breathing mask to monitor EtCO, and RR. The new-
born was continuously monitored throughout the research pro-
cess, during which time, the anesthesia assistant recorded the
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values of CrSO,, SpO, PR, EtCO,, and RR at 2 min, 5 min, and
10 min after birth. Lastly, the newborn’s weight was measured
before the newborn left the operating room.

Statistical Analysis

Data analysis was performed using SPSS version 21.0 (IBM
Corp, Armonk, NY, USA). The description of quantitative indi-
cators was expressed as meanzstandard deviation. The data
met the normality and homogeneity of variance. The correla-
tions between the comparison data were analyzed by Pearson
correlation. P<0.05 was considered statistically significant.

Results

A total of 100 pregnant women who underwent elective ce-
sarean section were included at the beginning of the study. A
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Figure 2. Dynamic changes of regional cerebral oxygen
saturation (CrSO,), pulse oxygen saturation (Sp0,), and
end-tidal carbon dioxide (EtCO,) values measured in
the first 10 min after birth. The unit of CrSO, and Sp02
is percent; the unit of EtCO, is mmHg. The overall
values of CrSO, and SpO, show an upward trend over
time, and the CrSO, value increased more obviously in
the first 5 min after birth. However, EtCO2 showed a
downward trend.

total of 16 pregnant women were excluded during the study
(including 5 cases of neonates requiring oxygen inhalation
within 10 min after birth and 11 cases of newborns weighing
more than 4000 g after birth). The data of 84 term newborns
were included in the statistical analysis.

The average values of neonatal monitoring indicators CrSO,,
Sp0,, PR, EtCO,, RR, and neonatal body weight were measured
at 3 time points, as shown in Table 1.
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We found that the values of CrSO, and SpO, measured in the
first 10 min after birth in the 84 full-term infants increased over
time, and the CrSO, value increased more obviously in the first 5
min after birth. However, EtCO, showed a decrease over time, as
shown in Figure 2. The pulse rate (PR) and RR values of the neo-
nates did not show obvious patterns during the monitoring period.

As seen in Table 2, the statistical results showed that CrSO,
measured at 2 min, 5 min, and 10 min after birth had no sig-
nificant statistical correlation with the weight of the newborns
(between 2500 g and 4000 g), PR, or RR (P>0.05). The CrSO,
and SpO, values of term infants measured at 2 min, 5 min,
and 10 min after birth had a moderate positive correlation,
with Pearson correlation coefficients of 0.491 (P<0.01), 0.599
(P<0.01), and 0.587 (P<0.01), respectively. The CrSO, and EtCO,
values of term infants measured at 2 min, 5 min, and 10 min
after birth had a weak negative correlation, a moderate nega-
tive correlation, and a weak negative correlation, respectively,
with Pearson correlation coefficients of -0.404 (P<0.01), -0.443
(P<0.01), and -0.243 (P<0.05). The scatter plot and regression
equation of the correlation analysis between CrSO, value and
SpO, value or EtCO, value measured at 2 min, 5 min, and 10
min after birth are shown in Figures 3 and 4, respectively.

Discussion

The transition from fetus to newborn is a complicated process and
includes changes in the respiratory system, cardiovascular sys-
tem, and nervous system. Some of these changes will have long-
term beneficial effects, while others will have adverse effects.
The timely and effective identification of these adverse effects
and the introduction of appropriate intervention are essential.

Table 2. Correlation analysis between CrSO, measured at 3 time points and neonatal body weight or SpO, or EtCO, or PR or RR
measured at the corresponding time point (n=84). Asterisk (*, **) indicates significant differences from the CrSO, at (P<0.05,

P<0.01).

Weight

Pearson correlation coefficient 0.044
2min  Pvalue (2talled) 0692
e
© Pearson correlation coefficient 009
(150, Smin  Pvalue (-tailed) 0413
N s
© Pearson correlation coefficient 0,007
0min Pvale Q-talled) 0953
N s

Spo, EtCO, PR RR
0.491** -0.304** 0.079 0.205
o001 00046 0475 0059
e
""""" 0599%  0443* 002 0216
<0001 <0001 0841 0057
84 8 8 s
""""" 0587 -0243* 0192 0048
o001 0025 0078 0660
&4 8 8 s

CrSO, — regional cerebral oxygen saturation; SpO, — pulse oxygen saturation; PR — pulse rate; EtCO, — end-tidal carbon dioxide;

RR — respiratory rate.
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Figure 3. The scatter plots and regression equations for the correlation analysis of regional cerebral oxygen saturation (CrSO,) and
pulse oxygen saturation (Sp0O,) values measured at 2 min, 5 min, and 10 min after birth. (A) The correlation analysis of CrSO,
and SpO, at 2 min; (B) the correlation analysis of CrSO, and SpO, at 5 min; (C) the correlation analysis of CrSO, and SpO, at
10 min. The red straight line indicates linear regression. R? refers to the goodness of fit of the regression equation. The closer

the value of R? is to 1, the better the regression line fits the observations; otherwise, the smaller the value of R, the worse
the regression line fits the observations.
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Figure 4. The scatter plots and regression equations for the correlation analysis of regional cerebral oxygen saturation (CrSO,) and
end-tidal carbon dioxide (EtCO,) values measured at 2 min, 5 min, and 10 min after birth. (A) The correlation analysis of

CrS0O, and EtCO, at 2 min; (B) the correlation analysis of CrSO, and EtCO, at 5 min; (C) the correlation analysis of CrSO, and
EtCO, at 10 min. The red straight line indicates linear regression.

The results of this study showed that there was a moderate
positive correlation between CrSO, and SpO, values measured
in term newborns within 10 min of birth (P<0.01) and a low
to moderate negative correlation between CrSO, and EtCO,
values (P<0.05), but CrSO, had no correlation with neonatal
weight, PR, or RR value (P>0.05).

and 15 min after birth were 56% (39-75%), 66% (50-78%), 75%
(62-85%), and 73% (61-84%), respectively. It is generally believed
that cTOI values measured with the NIRO 300 are higher com-
pared with the CrSO, values measured with the INVOS 5100C
when regional oxygen saturation is <60%, but if regional oxygen
saturation is >60%, CrSO, values are higher compared to TOI val-
ues [14]. Therefore, compared with the results of Baik et al, we
found the CrSO, value measured in the present study was gener-
ally highly reliable. Our results also confirm the correlation anal-
ysis between CrSO, and other monitoring indicator of newborns.

There have been many studies on the range of CrSO, during the
fetal-to-neonatal transition period. Baik et al [13] used the NIRO
200NX device to measure the cerebral tissue oxygen saturation
index (cTOl) of 230 healthy full-term newborns delivered by elec-
tive cesarean section at 15 min after birth, with results showing

It has been reported that CrSO, is determined not only by SpO,,
that the median cTOI values measured at 2 min, 5 min, 10 min,

but also depends on the oxygen supply and oxygen consumption
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of the brain. The brain’s oxygen supply is mainly affected by
cerebral blood flow (CBF), and the change in CBF is affected
by cardiac output and vascular resistance [15]. Therefore, the
results of the present study show that the positive correlation
between CrSO, and SpO, may have been due to the gradu-
al increase of oxygenated hemoglobin concentration and the
decrease of deoxyhemoglobin concentration in the newborn
with the establishment of respiration. This is because CrSO,
monitors the oxygen saturation of mixed blood in local brain
tissue, with nearly 70% of the mixed blood coming from the
small veins, nearly 20% coming from the arterioles, and near-
ly 10% coming from the capillaries, so that as SpO, gradual-
ly rises, CrSO, rises as well. Isobe et al [9] found evidence of
a mild increase in CBF in the first 2 to 3 min after birth, fol-
lowed by a decline in CBF. The underlying cause of the drop in
CBF in that study is unknown. One possible explanation may
be that the cerebral vascular bed constricts in response to the
postnatal increase in blood oxygen content to protect the brain
from excessive oxygen exposure. Another explanation might be
that the increasing left-to-right shunt across the patent duc-
tus arteriosus together with an inadequate compensatory in-
crease in left ventricular output reduces the CBF [16,17], and
CrSO, is affected by a change in CBF. The above also precisely
explains why the CrSO, value showed a more obvious increas-
ing trend in the first 5 min after birth in our present study. As
Fauchere et al [12] and others have reported, CrSO, measured
in full-term infants can reach a stable level at 7 to 8 min af-
ter birth, earlier than that of SpO, and peripheral tissue oxy-
gen saturation, which is similar to the results of our study [18].

At the same time, our study showed a negative correlation
between CrS0O, and EtCO,, which may have resulted from the
continuous exchange between the blood and the atmosphere
after the establishment of the extrauterine respiratory and cir-
culatory system during the neonatal transition period. In oth-
er words, CrSO, gradually increased, and EtCO, gradually de-
creased. During a newborn’s initial breaths, lung liquid is cleared
and air remains in the lung at the end of expiration, providing
a functional residual capacity [19]. Uniform lung aeration, es-
tablishment of functional residual capacity, and a decrease in
pulmonary vascular resistance are required to commence ef-
fective pulmonary gas exchange [1]. Hypercapnia is a power-
ful stimulant for respiratory drive both before and after birth
and could induce the large respiratory efforts observed [1].
Fetal respiratory drive is controlled by similar stimuli (hypox-
ia and hypercapnia), which arises from the respiratory center
and mainly causes activation of the diaphragm via the phren-
ic nerve [20]. At the early stage of the establishment of neo-
natal spontaneous breathing, the excessively high CO, con-
centration in the blood in the body is expelled from the body
through the gas exchange between the expanded pulmonary
capillaries and the alveoli. With the continuous exchange of gas
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between the newborn and the outside atmosphere, the concen-
tration of CO, in the blood in the body gradually decreases, and
EtCO, gradually decreases until the value of EtCO, stabilizes.

Our results showed that the PR or RR in this study had no sta-
tistically significant correlation with CrSO,. Because similar
reports have not been published before, we consider that al-
though PR (here, PR=heart rate) partially determines the cardi-
ac output of newborns, hemodynamic changes caused by fluc-
tuations in PR within a certain range will not affect the CBF of
newborns because of the ability of the brain to automatical-
ly regulate; therefore, it will not affect the CrSO, of the new-
born. Although RR can reflect, to a certain extent, the respira-
tory function of newborns when spontaneous breathing is just
established, other interfering factors may have occurred dur-
ing our study, such as the pain stimulation (eg, wiping, patting
the soles of the feet) by the midwife, which affected measured
values. Therefore, RR was not discussed in the present study,
as further experimental research is needed. The results of this
study showed that there is no significant correlation between
the weight of full-term neonates and CrSO,.

There are some limitations in the design of this study. First,
the object of the study was the full-term neonate born by ce-
sarean section. Because cesarean section includes anesthesia,
this study cannot rule out whether anesthesia affected its re-
sults. If we want to completely exclude the influence of anes-
thesia, we need to study neonates born by vaginal delivery.
Second, we have not added the blood gas analysis results of
neonatal arterial blood (which can be replaced by umbilical
cord blood) in exploring the relevant factors that affect brain
tissue metabolism; therefore, we cannot effectively exclude
some potential influencing factors, such as neonatal anemia,
which could interfere with the results of the study. Third, be-
cause of social and other limiting factors, this study recorded
and analyzed only the corresponding observation indicators of
newborns within 10 min after birth, so it is still unknown how
the observation indicators of newborns change after this peri-
od of time. We need to study this in the future.

Conclusions

In summary, this study showed a correlation between CrSO, and
Sp0, and CrSO, and EtCO, during the birth transition of full-
term infants delivered by elective cesarean section, but CrSO,
had no significant correlation with neonatal weight, PR, or RR.

Conflicts of Interest

None.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€928750-6




Zhang W. et al:
Regional cerebral oxygen saturation in full-term newborns
© Med Sci Monit, 2021; 27: €928750

References:

—_

N

w

»

S,

(=)}

~

o

o

. van Vonderen JJ, Roest AA, Siew ML, et al. Measuring physiological changes

during the transition to life after birth. Neonatology, 2014;105(3):230-42

. Pichler G, Cheung PY, Aziz K, et al. How to monitor the brain during imme-

diate neonatal transition and resuscitation? A systematic qualitative re-
view of the literature. Neonatology, 2014;105(3):205-10

. Rees S, Harding R, Walker D. The biological basis of injury and neuroprotec-

tion in the fetal and neonatal brain. Int ) Dev Neurosci, 2011;29(6):551-63

. Rees S, Inder T. Fetal and neonatal origins of altered brain development.

Early Hum Deyv, 2005;81(9):753-61

. Pichler G, Binder C, Avian A, et al. Reference ranges for regional cerebral

tissue oxygen saturation and fractional oxygen extraction in neonates dur-
ing immediate transition after birth. ) Pediatr, 2013;163(6):1558-63

. Pichler G, Baumgartner S, Biermayr M, et al. Cerebral regional tissue Oxygen

Saturation to Guide Oxygen Delivery in preterm neonates during immedi-
ate transition after birth (COSGOD Ill):An investigator-initiated, random-
ized, multi-center, multi-national, clinical trial on additional cerebral tissue
oxygen saturation monitoring combined with defined treatment guidelines
versus standard monitoring and treatment as usual in premature infants
during immediate transition: Study protocol for a randomized controlled
trial. Trials, 2019;20(1):178

. Pichler G, Schmolzer GM, Urlesberger B. Cerebral tissue oxygenation during

immediate neonatal transition and resuscitation. Front Pediatr, 2017;5:29

. Peebles DM, Edwards AD, Wyatt JS, et al. Changes in human fetal cere-

bral oxygenation and blood volume during delivery. Am J Obstet Gynecol,
1992;167(6):1916-17

. Isobe K, Kusaka T, Fujikawa Y, et al. Changes in cerebral hemoglobin con-

centration and oxygen saturation immediately after birth in the human
neonate using full-spectrum near infrared spectroscopy. J Biomed Opt,
2000;5(3):283-86

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

€928750-7

CLINICAL RESEARCH

Isobe K, Kusaka T, Fujikawa Y, et al. Measurement of cerebral oxygenation
in neonates after vaginal delivery and cesarean section using full-spectrum
near infrared spectroscopy. Comp Biochem Physiol Mol A Integr Physiol,
2002;132(1):133-38

Toet MC, Lemmers PM. Brain monitoring in neonates. Early Hum Dey,
2009;85(2):77-84

Fauchere JC, Schulz G, Haensse D, et al. Near-infrared spectroscopy mea-
surements of cerebral oxygenation in newborns during immediate post-
natal adaptation. J Pediatr, 2010;156(3):372-76

Baik N, Urlesberger B, Schwaberger B, et al. Reference ranges for cerebral
tissue oxygen saturation index in term neonates during immediate neo-
natal transition after birth. Neonatology, 2015;108(4):283-86

Hyttel-Sorensen S, Kleiser S, Wolf M, Greisen G. Calibration of a prototype
NIRS oximeter against two commercial devices on a blood-lipid phantom.
Biomed Opt Express, 2013;4(9):1662-72

Noori S, Wlodaver A, Gottipati V, et al. Transitional changes in cardiac and ce-
rebral hemodynamics in term neonates at birth. J Pediatr, 2012;160(6):943-48

Meek JH, Tyszczuk L, Elwell CE, Wyatt JS. Cerebral blood flow increases over
the first three days of life in extremely preterm neonates. Arch Dis Child
Fetal Neonatal Ed, 1998;78(1):F33-37

Kehrer M, Blumenstock G, Ehehalt S, et al. Development of cerebral blood
flow volume in preterm neonates during the first two weeks of life. Pediatr
Res, 2005;58(5):927-30

Urlesberger B, Grossauer K, Pocivalnik M, et al. Regional oxygen saturation
of the brain and peripheral tissue during birth transition of term infants. )
Pediatr, 2010;157(5):740-44

te Pas AB, Davis PG, Hooper SB, Morley CJ. From liquid to air: Breathing af-
ter birth. ) Pediatr, 2008;152(5):607-11

Hooper SB, Harding R. Fetal lung liquid: A major determinant of the growth
and functional development of the fetal lung. Clin Exp Pharmacol Physiol,
1995;22(4):235-47

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



