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Purpose: The physiologic transition from a fetus to a neonate is composed of a series of 
complex processes that include changes in cerebral tissue oxygenation saturation (cSO2). 
Monitoring this process is of great importance. This study aimed to define the cSO2 reference 
interval in neonates without medical support, extending the measurements until 1 hour after 
birth, and to determine the incidence of abnormally low or high regional cerebral oxygena-
tion during the neonatal transition.
Patients and Methods: A total of 418 neonates delivered by cesarean section were 
enrolled. Near-infrared spectroscopy was used to monitor cerebral oxygenation.
Results: We found that cSO2 of the non-oxygen-inhaled intrathecal anesthesia in neonates 
without medical support increased from about 49.0% in the second minute. Most of them 
reached cSO2 relative stabilization at 55.7–81.0% between 7 and 8 minutes after birth. 
One hour after birth, newborn cSO2 was maintained at 78.0–87.0%. The low cSO2 rate 
among babies born under intrathecal anesthesia with and without maternal oxygen inhalation 
during cesarean sections was approximately 4.5% and 9.0%, respectively.
Conclusion: We reported the trend in cSO2 from 2 minutes after birth to 1 hour in the 
neonatal nursing room and determined the incidence of abnormal regional cSO2 during this 
neonatal transition period. Anesthesiologists should pay special attention to the risk of cSO2 

abnormalities in newborns when managing pregnant women with comorbidities.
Keywords: cerebral oxygenation saturation, transitional period after birth, cesarean section, 
anesthetic monitoring

Introduction
The physiologic transitions from a fetus to a neonate include a series of complex 
processes that show changes in cerebral tissue oxygenation when pulmonary 
circulation is established after clamping the umbilical cord.1 Monitoring this pro-
cess during immediate transition and into early life is crucial as hypoxia can 
threaten the metabolic functions of various body systems, particularly the immature 
neonatal central nervous system. Hypoxia can lead to nerve damage if not corrected 
in time, and cerebral hypoxia can lead to poor clinical outcomes, such as short-term 
or long-term brain damage, paralysis, disability, and death.2,3 Meanwhile, excessive 
oxygen exposure can also cause bronchopulmonary dysplasia, retinopathy of neo-
nates, and neurologic damage.4,5

Cerebral tissue oxygenation saturation (cSO2) can reflect the oxygen delivery 
and consumption by the brain and is more indicative of brain oxygenation than 
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arterial oxygen saturation (SpO2) and heart rate (HR). 
cSO2 monitoring can guide respiratory and supplemental 
oxygen support and reduce the risk of cerebral hypoxia 
during immediate transition and resuscitation after birth.6 

Near-infrared spectroscopy (NIRS) can measure real-time 
cSO2 changes in the microcirculation of biologic tissues, 
including arterioles, venules, and capillaries, noninva-
sively and approximately 1.2 cm below the skin surface. 
The principle of this method is based on the absorption 
characteristics of oxygenated protein and deoxygenated 
protein chromophores.7 Some studies have described 
cSO2 changes in the first minutes during the neonatal 
transition.8–12 These neonatologists only studied the 
range of brain oxygen within 15 minutes after birth, and 
few of them analyzed the factors that can cause abnormal 
brain oxygen before birth.13 In the present study, our team 
describes cSO2 changes during the immediate transition 
until 1 hour after birth after cesarean deliveries. Anesthetic 
factors, such as oxygen inhalation, or a lack of inhalation, 
and comorbidities can also affect cSO2 changes during 
neonatal transition.

Our study aimed to chart the cSO2 changes in neonates 
without medical support while extending the measure-
ments until 1 hour after birth. We sought to determine 
the incidence of abnormally low or high regional cerebral 
oxygenation during neonatal transition.

Patients and Methods
Ethics
This study protocol was approved by the Shengjing 
Hospital Ethics Committee (No.2016PS125J) and regis-
tered in the Chinese Clinical Trial Registry 
(ChiCTR1900024929). The anesthesiologist informed the 
research plan during the preoperative visit on the day 
before the operation and answered the patient’s anesthesia- 
related questions to relieve any maternal tension before the 
operation. On admission to the operating room, written 
informed consent was obtained from eligible patients. In 
addition, the patients were able to voluntarily participate 
in, or withdraw from, the experiment. The information 
obtained was considered confidential, and it was not 
shared with any third party. This trial was conducted in 
accordance with the Declaration of Helsinki.

Study Design and Patient Recruitment
This prospective observational cohort study was conducted 
at Shengjing Hospital, China Medical University, between 

August 3 and December 31, 2019. The enrollment criteria 
were consecutive full-term neonates (gestational ages 
between 37 and 42 weeks) born by scheduled cesarean 
section in the obstetrics department of Shengjing Hospital 
from pregnant women willing to participate in the study 
during daytime working hours. The exclusion criteria 
included (1) mothers with syphilis, hepatitis B infection, 
HIV infection, or other infectious diseases, (2) fetuses 
diagnosed with a neurologic brain disease, or those with 
structural malformations of the frontal brain, scalp, or 
skull on pregnancy examination, or those with abdominal, 
heart, and vascular hypoplasia, or any other deformity, and 
(3) fetuses diagnosed with hemoglobin abnormalities and 
anemia ahead of surgery.

Data Collection
Baseline data, including the history of the current preg-
nancy (maternal body mass index, postmenstrual age 
[PMA], concurrent obstetric disease, and other disease 
histories) were collected using a standard questionnaire. 
Parturient women were instructed to lie in the most com-
fortable position (either left or right lateral position) to 
prevent hypotension in the supine position. Physiologic 
indices on admission to the operating room, but before 
delivery (SpO2, HR, blood pressure [BP], total hemoglo-
bin), were monitored and recorded.

If the parturient women underwent spinal-epidural 
anesthesia, several anesthetic factors were assessed, 
which included positioning the needle puncture into the 
intervertebral space of the lumbar vertebrae using ultra-
sound (GE Docking Cart, Type NZCART, USA), admin-
istering and dosing the drugs into the subarachnoid space, 
and measuring the anesthetic levels. Other assessed factors 
included acupuncture to determine the range of skin 
analgesia (the upper limits were called anesthetic planes), 
vasoactive drug administration, and determination of 
whether inhaled oxygen was given after needle puncture 
and from the time of subarachnoid administration to umbi-
lical cord clamping. If the mothers received general 
anesthesia (GA), the time from anesthetic administration 
to umbilical cord clamping was recorded.

Immediately after birth, umbilical cords were clamped, 
maternal physiologic indices (SpO2, HR, BP) were docu-
mented, and any special neonatal conditions at birth, 
including nuchal cords, cord knots, and lack of amniotic 
fluid, were also documented. After the umbilical cords 
were clamped, neonates were moved to a radiant warmer 
and received pressure stroking or oral/nasal suction by the 
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neonatologists if the neonates had difficulty breathing 
owing to particulate meconium, blood clots, thick tena-
cious mucus, or vernix. A cerebral oximeter monitor 
(CASMED Fore-sight cerebral oximeter monitor, MC- 
2000, Grenoble, France) with a neonatal sensor was used 
to measure cSO2 levels. The monitor calculated regional 
tissue oxygenation using the following formula:

½HbO2 =� ½HbO2 þ Hbð �Þ � 100%

The cerebral oximeter monitor uses a luminescent oxygen 
sensor to transmit light from the monitor to the patient 
contact point through a fiber that reduces light-induced 
heat at the patient end. The monitor captures cSO2 every 
2s. The sensor was placed on the left frontoparietal fore-
head of each neonate and was secured with a wrap placed 
around the head. SpO2, HR, and BP were measured and 
recorded using a Mindray monitor (Mindray, 
BeneVisionN15, China) with a neonatal sensor. Since neo-
natal skin is tender, BP measurements were tested and 
recorded once while they were transferred to a radiant 
warmer after the cord was clamped. Umbilical arterial 
blood was routinely drawn from the umbilical cord by an 
obstetrician from which the venous blood gas was ana-
lyzed and documented. The time taken for the cSO2 to 
come to a balanced measurement was determined when 
the cSO2 floated <5% up or down for 1 minute. In addition 
to this data, the American Society of Anesthesiologists 
(ASA) physical status classification, Apgar score at 1 and 
5 minutes (determined by the neonatologists), and neonatal 
demographic variables (sex, weight) were recorded by 
a nurse trained to monitor the neonates.

After initial measurements, the neonates were routinely 
transferred to the nursing room for a 1-hour observation. 
The time it took for neonates to be transferred to the 
nursing room, SpO2, HR, cSO2, and other special issues 
in nursing room, such as spontaneous respiration, supple-
mental oxygen, or hospitalization were also documented.

Quality Criteria
SpO2 is a measure of hemoglobin-oxygen saturation in the 
arteries and should be greater than cSO2. If SpO2 was 
≤ cSO2, both values were discarded from the analysis for 
detection and elimination of any artifacts, as these were 
not considered physiologic.

Statistical Analyses and Definitions
According to the sample size estimation method proposed 
by Jennen-Steinmetz in 2005,14 a sample size of 173 

would produce a 2-sided 95% CI with 0.0125 tolerance 
error and 90% test power. About 10% of neonates in our 
previous study needed assisted ventilation, and taking into 
account that 10% of the data may be missing in the 
experiment or the exit rate in the experiment, we needed 
about 220 newborns for cSO2 reference estimation.

The following definitions defined a priori and were 
used in the data collection and analysis.

Intrathecal anesthesia neonates (IA neonates) refer to 
the newborns whose mothers underwent combined spinal- 
epidural anesthesia or epidural anesthesia.

GA neonates refer to the newborns whose mothers 
underwent GA.

Oxygen-inhaled neonates refer to newborns whose 
mothers inhaled oxygen (50%) after epidural needle punc-
tures or those whose mothers inhaled oxygen (50%) before 
GA induction.

Neonatal transitional period covers the time from 
umbilical cord clamping to the time when the neonates 
were transferred to a neonatal nursing room.

The source of the cSO2 reference interval was obtained 
during data collection from the non-oxygen-inhaled IA 
(NOIA) without medical support (NOIAWM) neonates, 
such as respiratory support or additional inhaled oxygen 
needed after birth.

cSO2 relative stabilization time covers the time from 
clamping the umbilical cord to cSO2 stabilization (when 
the ΔcSO2 of 2 consecutive cSO2 measurements was 
below 5% for 1 min)

The duration of the operating room time refers to the 
time from clamping the umbilical cord to the time when 
the neonates left the operating room.

Low cSO2 refers to neonatal cSO2 below the cSO2 

reference interval during the neonatal transitional period 
(for more than 30 s during the OR time, or for more than 3 
minutes during the time in the neonatal nursing room).

High cSO2 refers to the cSO2 neonatal measurements 
above the cSO2 reference interval during the neonatal 
transitional period (for more than 30 s in the operating 
room, or for more than 3 minutes in the neonatal nursing 
room).

Descriptive summary statistics of the perioperative data 
for the patient population were presented as frequencies and 
percentages for the categorical variables and means and SDs 
for the continuous variables. For the defined variables, 
including low cSO2, high cSO2, and the cSO2 stabilization 
time (as defined above), incidence rates were reported as 
medians (ranges) or 95% confidence intervals (CI)s. For the 
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risk factor analysis of abnormal cSO2 measurements, uni-
variate regression models were run when the incidence was 
not rare (greater than 5%). A 2-sample t test was used for 
continuous variables, and the chi-square test or Fisher exact 
test was used for categorical variables, as found appropriate. 
A P-value of <0.05 was considered statistically significant.

Results
Patient Population
Between August 3 and December 31, 2019, a total of 437 
pregnant women met the inclusion/exclusion criteria and 
were informed about the project. Four hundred and twenty- 
one women signed the consent and were enrolled in the 
study. Cerebral oxygenation saturation monitoring was per-
formed in 421 neonates (418 patients were finally included, 
and 3 patients had incomplete data), 391 IA neonates, and 27 
GA neonates. Three neonates (who underwent tracheal intu-
bation owing to respiratory distress, were directly hospita-
lized, and did not complete the whole study) were excluded 
because of inadequate data. All mothers of the GA neonates 

inhaled oxygen (50%) before general anesthetic induction. 
A total of 418 neonates were included in the final data 
analysis (Figure 1). Among the neonates under non-oxygen- 
inhaled intrathecal anesthesia, 16 newborns received oxygen 
by mask after assessment by a neonatologist (owing to turbid 
amniotic fluid and other factors). Cerebral oxygenation 
saturation curve reference intervals were developed from 
230 NOIA neonates who did not require medical support.

No significant differences were found in the characteris-
tics of the baseline population between the enrolled pregnant 
women and those not enrolled (Table 1). The demographic 
information of the enrolled population is shown in Table 1.

Anesthesia-Related Data in the Operating 
Room and Nursing Room
Of the 418 pregnant women and neonates who completed 
the study, 391 received IA, and 385 received combined 
spinal-epidural anesthesia, and 6 received epidural 
anesthesia. Twenty-seven pregnant women received GA, 
of which 1 had changed to GA after inadequate analgesia 

Figure 1 Flow chart of the study.
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from an epidural. Apgar scores immediately after birth 
were above 5 in all the enrolled neonates. Among the IA 
neonates, 11 had a score below 10. Four had scores below 
10 in the GA neonates. Apgar scores immediately after 
birth were significantly different between the GA and IA 
neonates (P <0.01). The results of other anesthesia-related 
and neonatal variables are described in Tables 2-4.

Cerebral Oxygen Saturation in Neonates 
During the Transitional Period
The cSO2 chart of NOIAWM neonates was drawn 2 minutes 
after birth (from 49% [29.5–64.5], median [10th-90th percen-
tiles]) (Figure 2, Table 5). Figure 2 shows the 10th, 50th, and 
90th percentiles of cSO2 values in the NOIAWM neonates, 
demonstrating that 99 of these neonates (43.0%) reached 
a brain oxygen saturation relative stabilization by 7.3 min-
utes after birth. One hundred and eighty-one of the 
NOIAWM neonates (78.7%) achieved brain oxygen satura-
tion balance 8 minutes after birth, and of these, 94 (40.9%) 
showed a curve decline of more than 5% for greater than 30 
s in the operating room. In addition, 37.4% of the declines in 
the neonatal cSO2 curve occurred within 2–5 minutes (Table 
6). The average duration of cSO2 monitoring was 8.8 min-
utes in the operating room, 43.7 minutes in the nursing room, 
and 8.0 minutes for transfer from the operating room to the 
nursing room. Eighty percent of the neonates maintained 
brain oxygen levels between 55.7%–81.0%, 7 minutes after 
birth before leaving the operating room, and 80% of the 

neonates maintained brain oxygen levels between 78.0%– 
87.0%, 60 minutes after birth in the neonatal nursing room.

The Occurrence of Low/High cSO2 

Levels During the Neonatal Transition 
Period
According to the cSO2 values of the NOIAWM neonates, 
we defined the neonatal cSO2 reference interval at each 
time point. Table 7 displays the incidence of low or high 
cSO2 values during the neonatal transition period. Eleven 
(4.5%) of the NOIA neonates had cSO2 values below the 
reference interval for more than 30 s in the operating room 
and more than 3 minutes in the neonatal nursing room. 
The incidence of low cSO2 levels in OIA neonates and GA 
neonates were 13 (9.0%) and 6 (22.2%), respectively. 
Fifteen (6.1%) of the NOIA neonates had cSO2 levels 
above the reference interval for greater than 30 s in the 
operating room and more than 3 minutes in the neonatal 
nursing room. The incidence of high cSO2 levels in OIA 
neonates and GA neonates were 8 (5.5%) and 5 (18.5%).

Maternal Factors Associated with the 
Occurrence of Low/High cSO2 Levels
Factors associated with low and high cSO2 levels during the 
neonatal transition period were assessed using univariate 
analyses (Table 8). The factors with odds ratios >3 for low 
cSO2 levels were maternal comorbidities, and ASA III 
status, while those with odds ratios >3 for high cSO2 levels 

Table 1 Demographic Information of Enrolled and Not Enrolled Population

Parturients/Neonates 
Characteristics

Not Enrolled 
(n= 91)

Final Enrolled 
(n=418)

NOIA 
(n=246)

OIA (n=145) GA(n=27)

Parturients age (mean ± SD, years) 32.25±5.12 32.30±4.51 32.27±4.31 32.65±4.48 30.67±6.08

Parturients height (mean ± SD,cm) 162.24±4.60 162.34±5.28 163.08±4.93 161.38±5.49 160.80±6.13

Parturients weight (mean ± SD,kg) 76.12±12.60 76.54±12.25 76.44±11.45 76.77±13.16 76.22±15.51
Parturients BMI (mean ± SD,kg/m2) 28.85±4.48 29.01±4.37 28.73±3.99 29.41±4.76 29.47±5.44

Postmenstrual age (mean ± SD, days) 268.91±9.49 269.67±8.05 269.76±8.10 269.58±7.81 269.27±9.25

ASA physical status (n, %)

I 10 (11.0%) 50 (12.0%) 28 (11.4%) 19 (13.1%) 3 (11.1%)
II 77 (84.6%) 358 (85.6%) 212 (86.2%) 124 (85.5%) 22 (81.48%)

III 4 (4.4%) 10 (2.4%) 6 (2.4%) 2 (1.4%) 2 (7.41%)

IV 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Neonates gender (n, %)

Male 40 (44.0%) 208 (49.8%) 126 (51.2%) 70 (48.3%) 12 (44.4%)
Female 51 (56.0%) 210 (50.2%) 120 (48.8%) 75 (51.7%) 15 (55.6%)

Neonates weight (mean ± SD, g) 3273.52±544.67 3269.44±484.37 3261.36±476.34 3280.94±496.73 3099±537.80

Abbreviations: NOIA, non-oxygen-inhaled intrathecal anesthesia; OIA, oxygen-inhaled intrathecal anesthesia; GA, general anesthesia.
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included maternal comorbidities, and maternal systolic BPs 
above 143 mmHg or diastolic BP above 90 mmHg after IA. 
We did not identify anesthetic planes above T6, time 

lengths from administration to umbilical cord clamping of 
greater than 17 minutes, existing umbilical cord problems, 
or risk factors for abnormal cSO2 levels.

Table 2 Perioperative Anesthesia-Related Data of Study Population

Parturients/Neonates Characteristics Final Enrolled 
(n=418)

NOIA (n=246) OIA (n=145) GA (n=27)

Parturients BP after entering OR (mean ± SD, mmHg) 127.07±18.66/ 

81.05±41.83

126.11±18.09/78.34 

±13.18

127.14±19.20/ 

84.52±68.59

136.58±18.88/87.81 

±13.62

Parturients HR after entering OR (mean ± SD, times/ 
min)

89.96 ±13.87 89.08±13.90 92.12±13.05 86.78±16.86

Parturients SpO2 after entering OR (mean ± SD, %) 97.76±1.28 97.83±1.32 97.54±1.20 98.31±1.29

Preoperative THb (mean ± SD, g/L) 123.18±11.06 124.30±10.42 122.3±10.47 117.62±17.20
Comorbiditiesa (n, %) 154 (36.84%) 87 (35.37%) 49 (33.79%) 18 (66.67%)

Anesthesia level (n, %)

T4 – 14 (5.69%) 11 (7.59%) –

T5 – 3 (1.22%) 2 (1.38%) –
T6 – 143 (58.13%) 85 (58.62%) –

T7 – 9 (3.66%) 7 (4.83%) –

T8 – 73 (29.67%) 37 (25.52%) –
T9 – 1 (0.41%) 0 (0%) –

T10 – 3 (1.22%) 3 (2.07%) –

Whether given vasoactive drugs before cord 

clamping (n, %)

Phenylephrine 105 (25.12%) 66 (26.83%) 39 (26.90%) 0 (0%)
Ephedrine 120 (28.71%) 73 (29.67%) 47 (32.41%) 0 (0%)

Length of time from administration to cord clamping 
(mean ± SD, min)

12.50±4.56 12.46±2.73 13.76±5.82 5.58±4.24

Maternal BP while cord clamping (mean ± SD, mmHg) 110.96±22.50/ 

67.93±17.33

110.96±22.501/ 

67.93±17.33

111.53±23.40/ 

67.12±17.90

134.42±21.51**##/ 

88.19±19.25
Maternal HR while cord clamping (mean ± SD, times/ 

min)

82.26±17.07 82.13±17.05 81.05±16.47 89.46±19.27

Maternal SpO2 while cord clamping (mean ± SD, %) 98.36±1.75 97.92±1.54 99.2±0.99 97.85±3.98

Special circumstances at birth (n, %)

Umbilical cord around neck 83 (19.86%) 48 (19.51%) 34 (23.45%) 1 (3.70%)
Umbilical cord torsion 4 (0.96%) 3 (1.22%) 1 (0.69%) 0 (0%)

Umbilical cord true knot 3 (0.72%) 2 (0.81%) 1 (0.69%) 0 (0%)

Single umbilical artery 4 (0.96%) 2 (0.81%) 2 (1.38%) 0 (0%)

Apgar score immediate after birth(median, range) 10 (5–10) 10 (8–10) 10 (5–10) 10 (7–10)**##

Apgar score 5 min after birth(median, range) 10 (9–10) 10 (9–10) 10 (9–10) 10 (9–10)
Neonatal first BP after cord clamping (mean ± SD, 

mmHg)

60.28±13.55/31.74 

±11.03

61.03±13.55/31.71 

±10.69

59.25±14.03/31.98 

±11.89

59.04±10.59/30.6 

±9.82

Neonatal first HR after cord clamping (mean ± SD, 
times/min)

160.19±18.28 160.00±18.52 159.83±17.67 163.58±19.90

Neonatal first SpO2 after cord clamping (mean ± SD, %) 64.66±14.83 64.60±15.31 65.63±13.13 60.04±18.76

Whether received medical support (n, %) 13 (3.11%) 6 (2.44%) 6 (4.14%) 1 (4.70%)
Operating room dwell time(mean ± SD, min) 8.84±1.71 8.80±1.67 8.93±1.87 8.69±1.29

Notes: **P < 0.01 compared with NOIA group; ##P < 0.01 compared with OIA group; a: Include hypertensive disorder complicating pregnancy, gestational diabetes 
mellitus, hypothyrea, hashimoto disease, arrhythmia (frequent junctional premature beats, junctional premature beats with differential junctional escape, ventricular 
extrasystoleventricular), asthma, congenital heart defect, thrombocytopenic purpura, aplastic anemia. 
Abbreviations: NOIA, non-oxygen-inhaled intrathecal anesthesia; OIA, oxygen-inhaled intrathecal anesthesia; GA, general anesthesia.
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Discussion
In the present study, we recorded that the cerebral oxyge-
nation of non-oxygen-inhaled intrathecal anesthesia neo-
nates without medical support increased from about 49% 

in the second minute, and most of these neonates can reach 
cerebral oxygen saturation relative stabilization at 55.7%– 
81.0% between 7 and 8 minutes after birth before leaving 
the operating room. One hour after birth, newborn brain 

Table 3 Umbilical Arterial Blood Gas Analysis

Blood Gas Parameters Final Enrolled (n= 418) NOIA (n=246) OIA (n= 145) GA (n=27)

pH (mean ± SD) 7.34±0.04 7.34±0.03 7.34±0.04 7.33±0.03
pCO2(mean ± SD, mmHg) 47.38±6.56 47.03±6.53 47.90±6.78 48.18±5.27

pO2(mean ± SD, mmHg) 21.92±6.66 21.47±6.01 21.93±7.24 25.54±7.31

Hct (mean ± SD, %) 42.13±4. 06 41.82±3.98 42.45±4.22 43.3±3.67
HCO3

− (mean ± SD, mmol/L) 24.43±2.15 24.28±2.03 24.75±2.37 24.11±1.84

Na+(mean ± SD, mmol/L) 135.75±2.20 135.61±2.12 135.90±2.37 136.38±1.76

K+(mean ± SD, mmol/L) 4.18±0.54 4.19±0.57 4.19±0.48 3.97±0.50
Ca+(mean ± SD, mmol/L) 1.66±5.33 1.38±0.09 1.47±0.131 1.43±0.31

Cl− (mean ± SD, mmol/L) 107.30±1.60 107.35±1.62 107.18±1.62 107.57±1.18
Glu (mean ± SD, mmol/L) 3.73±0.57 3.76±1.62 3.68±0.57 3.78±0.65

Lac (mean ± SD, mmol/L) 2.20±0.52 2.22±0.51 2.20±0.56 2.03±0.30

tHb (mean ± SD, mmol/L) 14.92±1.41 14.84±1.42 14.99±1.42 15.34±1.15
SO2 (mean ± SD, %) 61.85±16.90 51.82±14.47 61.85±16.90 59.48±15.74

CH+(mean ± SD, nmol/L) 45.72±3.51 45.48±3.48 45.91±3.60 46.72±2.86

BE (mean ± SD, mmol/L) −1.31±1.59 −1.35±1.49 −1.18±1.80 −1.58±1.40

Abbreviations: NOIA, non-oxygen-inhaled intrathecal anesthesia; OIA, oxygen-inhaled intrathecal anesthesia; GA, general anesthesia.

Table 4 Nursing Room Data

Neonates Characteristics Final Enrolled (n=418) NOIA (n= 246) OIA (n=145) GA (n=27)

Neonates transfer time (mean ± SD, min) 7.95±3.70 7.77±3.69 8.10±3.70 7.72±3.70

Neonatal SpO2 after entering Nursing room (mean ± SD, %) 95.65±3.88 96.02±2.97 95.24±4.19 94.52±7.55

Whether received mask oxygen (n, %) 8 (1.91%) 6 (2.44%) 2 (1.38%) 0 (0%)

Special circumstances in nursing room (n, %)

Hypoglycemia 34 (8.13%) 28 (11.38%) 5 (3.45%) 1 (3.70%)
Apnea 2 (0.48%) 1 (0.41%) 1 (0.69%) 0 (0%)

Whether hospitalized during watching (n, %) 10 (2.39%) 9 (3.66%) 1 (0.69%) 0 (0%)

Nursing room dwell time (mean ± SD, min) 43.68±6.02 43.88±5.32 43.23±7.37 44.38±3.06

Abbreviations: NOIA, non-oxygen-inhaled intrathecal anesthesia; OIA, oxygen-inhaled intrathecal anesthesia; GA, general anesthesia.

Figure 2 Cerebral regional oxygen saturation reference range of neonates without medical support.
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oxygen levels were maintained at approximately 78.0– 
87.0% in the neonatal nursing room. The low cSO2 rates 
of babies born under intrathecal anesthesia with or without 
maternal oxygen inhalation for cesarean sections was 
approximately 4.5% and 9.0%, respectively, while the high 
cSO2 rate was approximately 6.1% and 5.5%, respectively. 
Lastly, we identified the maternal factors associated with 
abnormal cerebral oxygenation during the neonatal 
transition.

The fetus depends on the placenta for survival; how-
ever, neonates can survive independently. The transitional 
period from intrauterine to extrauterine life includes 
changes in the circulatory pathways, initiation of ventila-
tion and oxygenation via the lungs instead of the placenta, 
and many metabolic changes.15 The transition period 
occurs very quickly and is complicated and vulnerable. 
Most term neonates have reversal flow across the ductus 
arteriosus (DA) within 10 minutes after birth; meanwhile, 
systemic vascular resistance also rapidly increases. During 
this period, these factors and others could cause rapid 
oxygenation changes in cerebral tissues, and oxygenation 
in the brain changes faster than that in other tissues.16 

Neonates with low cerebral oxygenation could suffer 

from neonatal hypoxic-ischemic brain disease (HIBI) that 
can cause long-term neurologic sequelae, such as cogni-
tive, behavioral, or memory disorders.17 Also, clinical 
trials show that oxygen overdoses could cause additional 
oxidative stress-inducing increases in the mortality of neo-
nates during resuscitations.18 Excessive oxygen exposure 
can also cause bronchopulmonary dysplasia, retinopathy 
of prematurity, and neurologic damage.4,5 Therefore, we 
recorded the cSO2 levels of neonates primarily during the 
first hour after birth to provide a clear assessment of the 
normal physiologic indicators during the neonatal transi-
tion period to facilitate detection and treatment of abnor-
mal events during this period. Eighty percent of neonates 
maintained brain oxygen levels of 55.7%–81.0%, 7 min-
utes after birth, and 78.7% of neonates reached brain 
oxygen saturation balances between 7 to 8 minutes after 
birth in the operating room. The reference interval before 
oxygen saturation relative stabilization and stabilization 
time points we measured are similar to those reported in 
studies by Pichler et al11 and Baik et al,12 and the slight 
numerical difference may be due to different NIRS 
devices. Eighty percent neonates maintained brain oxygen 
levels at 78.0%–87.0%, 1 hour after birth in the nursing 
room. Our study showed significantly extended neonatal 
cSO2 reference levels and provided effective data refer-
ences for clinical monitoring.

We reported neonatal cSO2 changes in 230 NOIA 
neonates without medical support 2 minutes after the 
umbilical cord was clamped. cSO2 increased rapidly dur-
ing the first 5 minutes. This general trend was similar to 
that reported by Pichler et al.11 Moreover, we observed an 
interesting phenomenon, which showed that 60% of new-
borns experienced a short period of cerebral oxygen 
decline between 2 and 5 minutes after cord clamping that 
lasted approximately 20–50 s. The decreases were not 
marked, generally between 5% and 30%, and at the time 
points where the cSO2 levels fell were relatively scattered, 
and therefore, the graphic display in Figure 2 is not 
obvious. Before cord clamping occurs, low-resistance pla-
cental tissues are responsible for gas exchange. Also, 
oxygen-enriched umbilical vein blood flows through the 
opening foramen ovale and arterial ducts, eventually 
reaching the left and right ventricles. Then, mixed blood 
is delivered to the entire body, including the brain.19 When 
the umbilical blood vessel is ligated, systemic circulation 
resistance sharply increased, and venous blood volumes 
decreased by 30% to 50%.20 The direction of blood flow is 
changed by resistance changes in the systemic and 

Table 5 The 10th, 50th, and 90th Percentiles of cSO2 of NOIA 
Neonates Without Medical Support

min NOIAWM (n=230)

10th 50th 90th

2 29.5 49.0 64.5
3 34.0 51.0 69.0

4 38.2 57.0 74.8

5 44.0 64.5 77.0
6 49.0 70.0 80.0

7 54.0 73.0 82.6

8 55.7 73.0 81.0
9 61.4 75.0 82.0

10 62.0 74.0 83.0

15 73.9 80.0 86.0
20 76.0 82.0 86.0

25 76.0 82.0 87.0

30 77.0 82.0 87.0
35 77.0 82.0 86.0

40 74.4 81.0 86.0

45 73.9 81.0 87.0
50 78.0 82.0 86.0

55 75.2 81.0 86.0

60 73.6 81.0 87.0
65 78.0 83.0 87.0

Abbreviation: NOIAWM, non-oxygen-inhaled intrathecal anesthesia neonates 
without medical support.
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pulmonary circulation that promote closure of the ana-
tomic structures associated with vascular shunting, such 
as the DA and foramen ovale.21 Therefore, a slight 
decrease in neonatal cSO2 levels might be related to sys-
temic vascular resistance, which could decline slightly 
after sharp cSO2 increases, or because of a decrease in 
the return of blood volumes or patent DA. We are more 
inclined to believe that the reduced cerebral oxygenation is 
related to the open status of the arterial ducts. Clinical 
trials have proven that the direction and degree of ductal 
blood flow can influence oxygen delivery to the brain 
postnatally, and about 72% of neonates were identified 
with left-to-right shunts via the DA 15 minutes after 
birth.21 We speculate that this decrease might be related 
to a decrease in left-to-right shunt traffic via the DA. 

Urlesberger et al reported that the incidence of left-to- 
right shunts after birth was larger than that of cerebral 
oxygen decline measured in our study after cord clamping. 
We believe that the lack of measurement data from the 
time of cord clamping to when we measure the first cSO2 

value could cause the rate of cSO2 decline to be slightly 
lower than the true value. Moreover, as PaCO2 has 
a significant regulatory effect on the cerebrovascular sys-
tem, we also compared PaCO2 in neonates with and with-
out a decrease in cerebral oxygenation and found no 
significant differences. Further accurate monitoring of 
DA blood flow is needed to verify our supposition. 
Besides, studies show that delayed cord clamping would 
cause a more stable cardiocirculatory transition and 
improve cerebral oxygenation.22–24 Therefore, a short 

Table 6 cSO2 Related Data During Neonatal Transition Period

cSO2 Related Data Final Enrolled 
(n=418)

NOIAWM 
(n=230)

NOIA 
(n=246)

OIA (n= 145) GA (n= 27)

First cSO2 in OR (median, 10th-90th percentiles) 50.0 (34.0–67.0) 48.0 (32.0–67.0) 49.0 (32.7–68.0) 51.0 (35.6–65.0) 51.0 (33.4–68.2)

Time to obtain first cSO2 (mean ± SD, min) 1.91±0.84 1.86±0.72 1.90±0.77 1.88±0.87 2.26±1.20

cSO2 relative stabilization time (mean ± SD, s) 445.70±115.90 437.10±103.80 437.00±104.50 456.50±129.40 468.00±137.20
The curve declines more than 5% for more than 

20s (n, %)

158 (37.80%) 94 (40.86%) 99 (40.24%) 51 (35.17%) 8 (29.63%)

Decline time point after birth

Within 2min (n, %) 14 (3.35%) 4 (1.74%) 4 (1.63%) 6 (4.14%) 0 (0%)
3min (n, %) 133 (31.82%) 47 (20.43%) 49 (19.92%) 33 (22.76%) 4 (50.00%)

4min (n, %) 84 (20.10%) 35 (15.22%) 37 (15.04%) 10 (6.90%) 2 (25.00%)

5min (n, %) 18 (4.31%) 6 (2.61%) 7 (2.85%) 3 (2.07%) 2 (25.00%)
6min or more (n, %) 5 (1.20%) 2 (0.87%) 2 (0.81%) 1 (0.69%) 0 (0%)

Duration of cerebral oxygen decline(mean ± SD, s) 38.18±17.68 37.11±18.71 37.11±18.45 39.12±15.15 45.00±15.38
cSO2 when neonates left OR (median, 10th-90th 

percentiles)

79.0 (67.6–85.0) 80.0 (67.0–86.0) 80.0 (66.7–86.0) 79.0 (68.8–84.0)

ΔcSO2 after neonates arrived Nursing room 
(mean ± SD, %)

0.10±2.32 0.11±1.83 0.26±2.08 −0.19±2.66 0.21±2.34

cSO2 when neonates left Nursing room (median, 

10th-90th percentiles)

82.0 (34.0–67.0) 82.0 (75.0–87.0) 82.0 (75.0–87.0) 82.0 (76.0–86.6) 79.5 (57.1–90.0)

Abbreviations: NOIAWM, non-oxygen-inhaled intrathecal anesthesia neonates without medical support; NOIA, non-oxygen-inhaled intrathecal anesthesia; OIA, oxygen- 
inhaled intrathecal anesthesia; GA, general anesthesia.

Table 7 Incidence of Low/High cSO2 During Neonatal Transition Period Categorized by Anesthesia Type

Incidence of Low/High cSO2 Final Enrolled (%, 95% CI) NOIA (%, 95% CI) OIA (%, 95% CI) GA (%, 95% CI)

Low cSO2 during neonatal transition period 7.18 (4.70–9.65) 

n=30

4.47 (1.89–7.05) 

n=11

8.97 (4.31–13.62) 

n=13

22.22 (6.52–37.90)** 

n=6

High cSO2 during neonatal transition period 6.70 (4.30–9.10) 

n=28

6.10 (2.32–9.87) 

n=15

5.52 (1.80–9.23) 

n=8

18.52 (4.20–32.83)*# 

n=5

Notes: *P < 0.05, **P < 0.01 compared with NOIA group; #P < 0.05 compared with OIA group. 
Abbreviations: NOIA, non-oxygen-inhaled intrathecal anesthesia; OIA, oxygen-inhaled intrathecal anesthesia; GA, general anesthesia.
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period of cerebral oxygen decline between 2 and 5 minutes 
in our study might also be due to the unstable cardiocircu-
latory transition caused by early cord clamping, and needs 
further investigation regarding the cord clamping timing. 
Moreover, in our study cSO2 increased until minute 7 or 8, 
which is similar to the findings in studies by Pichler11 and 
Schwaberger,25 where SpO2 increased until minute 10 or 
even until minute 12. We thought that might be explained 
by a compensatory decrease in cerebral perfusion. 
Schwaberger et al demonstrated a significant decrease in 
cerebral blood volume assessed by NIRS in full-term 
infants after cesarean section.24

The secondary outcomes of this study were that low 
cSO2 rates in newborns born under intrathecal anesthesia 
cesarean sections with and without oxygen inhalation were 
approximately 4.5% and 9.0%, respectively, with no sig-
nificant difference, and the high cSO2 rates were approxi-
mately 6.1% and 5.5%, respectively, with no significant 
difference. We also analyzed the correlation between oxy-
gen inhalation during intrathecal anesthesia and abnormal 
cerebral oxygenation in neonates and found weak correla-
tions. The univariate regression used in this study 

indicated that low cerebral oxygenation levels were asso-
ciated with several factors, including maternal comorbid-
ities; further, the ASA III stage and high cerebral 
oxygenation levels were associated with maternal comor-
bidities, and maternal systolic BPs above 143 mmHg or 
diastolic BP above 90 mmHg after IA.

For maternal comorbidities, the risk factors for low 
cerebral oxygenation in neonates were primarily circula-
tory disease, and metabolic diseases, such as gestational 
diabetes mellitus. A study by Cnattingius et al found that 
the risks of severe asphyxia-related neonatal complications 
increased in the offspring of mothers with diabetes 
mellitus.26 Hyperglycemia in pregnant women might 
increase fetal hyperglycemia, and therefore, increase the 
risk of hypoxia.27,28 These findings might explain the 
relationship between the maternal comorbidities of gesta-
tional diabetes mellitus and low cerebral oxygenation. 
However, we did not find a significant correlation in our 
regression analysis regarding neonatal hyperglycemia and 
low cerebral oxygenation, and no correlation was found 
with the other blood gas-related indicators. This finding is 
in contrast with Mattersberger’s result29 that blood glucose 

Table 8 Anesthetic and Patient Factors Associated with Low/High cSO2

Anesthetic and Patient Factors Low cSO2 During Neonatal Transition 
Period, OR(95% CI)

High cSO2 During Neonatal Transition 
Period, OR(95% CI)

Oxygen inhalation 2.1 (0.9–4.8) 0.9 (0.4–2.2)

Comorbidities 3.2 (1.5–7.0)** 3.4 (1.5–7.5)**

Anesthesia plane above T6 1.1 (0.3–4.9) 0.9 (0.9–1.0)
Vasoactive drug used before cord clamping 0.6 (0.3–1.4) 0.8 (0.3–1.9)

Maternal systolic BP below 74mmHg or diastolic BP 

below 40mmHg under IA

1.8 (0.4–8.1) –

Maternal systolic BP above 143mmHg or diastolic 

BP above 90mmHg under IA

– 4.8 (1.8–12.5)**

Maternal SpO2 below 96% 3.0 (0.8–10.6) –

Male sex (male/female) 0.3 (0.9–1.1) 2.0 (0.7–6.0)

ASA II vs I 3.8 (0.5–28.9) 1.9 (0.4–8.2)
ASA III vs I 21.0 (1.9–231.0)* 1.0 (0.9–1.0)

ASA III vs II 5.5 (1.3–22.4)* 1.1 (0.1–9.0)

Low arteriole pressure(SBP less than 35mmHg or 
DBP less than 11mmHg)

1.8 (0.5–6.1) 0.7 (0.3–2.1)

Low HR(less than 123 times/min) 3.0 (0.3–26.1) 1.6 (0.2–13.1)

Length of time from administration to cord clamping 
more than 17min

1.7 (0.2–14.1) 1.3 (0.2–10.8)

Existing problems with umbilical cord at birth 0.8 (0.2–3.9) 0.3 (0.0–2.2)

Neonatal THb less than 14.84g/dL 0.3 (0.1–1.3) 0.7 (0.2–2.2)
Neonatal Glu less than 3.78 mmol/L 0.7 (0.2–2.1) 2.1 (0.7–6.2)

Neonatal O2Hb less than 51.67% 1.7 (0.3–9.8) 1.4 (0.2–8.0)

Maternal THb less than 124.6g/L 1.2 (0.4–3.3) 0.5 (0.1–1.5)

Notes: **Data show statistical significance at P < 0.01; *Data show statistical significance at P < 0.05.
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concentration was associated with cerebral oxygenation 
during the immediate transition after birth in neonates 
born at term and preterm. This might be because of the 
different testing time points between the 2 studies. The 
neonatal blood glucose concentration in our study was 
derived from the umbilical arterial blood, while 
Mattersberger’s was tested 10–15 minutes after birth sug-
gesting an influence of metabolic status on cerebral oxy-
genation after birth transition period. Therefore, in the 
management anesthesia of cesarean sections for pregnant 
women with comorbidities, such as diabetes mellitus, 
anesthesiologists should pay attention to the risk of low 
cerebral oxygen in newborns.

We also found that neonates born under IA during 
cesarean sections from mothers with comorbidities, such 
as pregnancy-induced hypertension (PIH), were more 
likely to have high cerebral oxygen levels. The pathophy-
siologic changes involved with PIH mainly include sys-
temic arterial spasms, which can lead to insufficient 
intrauterine fetal blood supplies or chronic hypoxia.30 

However, in this study, we found that pregnant women 
with PIH were at a higher risk of giving birth to neonates 
with abnormally high cerebral oxygen levels, which might 
be related to a compensatory increase in total hemoglobin 
(tHb) levels or red blood cell volumes.31 We analyzed the 
relationship between neonatal tHb levels and high cSO2 

rate; however, the regression analyses of the correlations 
were also not significant. At the same time, of the 418 
patients enrolled in this study, 37 pregnant women suffered 
from PIH. Among these PIH pregnant women, 16 new-
borns were found to have growth restriction. This is con-
sistent with Baik-Schneditz’s research that an intrauterine 
growth restriction group did show significantly higher 
cSO2 values.32 The abnormal high cerebral oxygen levels 
might cause oxidative stress and cell damage in oxygen- 
sensitive organs, such as the developing brain.32 

Therefore, anesthesiologists should pay attention to the 
risk of neonatal cerebral oxygen abnormalities when 
managing anesthesia in a pregnant mother with comorbid-
ities, such as PIH. In contrast, decreases in BP were shown 
to poorly correlate with decreases in relative cSO2 levels, 
which were comparable to the findings of 2 previous 
studies.33,34

We also analyzed the relationship between maternal 
SpO2, neonatal BP, neonatal HR, other factors, and abnor-
mal cerebral oxygen levels. The maternal and neonatal- 
related values listed in Table 7 were derived from the 
estimated ranges of NOIAWM neonates as the mean ± 

1.96 SD. The correlations were weak. There are several 
limitations to this study. First, we observed the normal 
range of cerebral oxygenation within 1 hour after birth 
and calculated the abnormal low/high cerebral oxygena-
tion rate and analyzed the related factors. Data collection 
on the long-term outcomes of neonates with abnormal 
cerebral oxygenation has not been completed, and it is 
not yet concluded whether there is a correlation between 
abnormal cerebral oxygenation and long-term cognitive 
dysfunction. Second, we found that abnormal cSO2 rate 
in neonates born from pregnant women who received GA 
(standard GA drug used as recommended35) was higher, 
and the Apgar scores immediately after birth in the GA 
group were lower. There were relatively few GA patients; 
therefore, the analysis of risk factors related to GA is 
limited. Further expansion of the sample size of partici-
pants under GA is warranted to analyze the reason for this 
phenomenon. Besides, this result is in contrast with that in 
the study by Willfurth et al,13 though this might be due to 
the difference in the samples. Only term infants after 
elective section were included in this study. Vaginal birth 
and preterm birth could also be included in further studies. 
Third, immediate cord clamping was performed in all the 
infants, and this might have led to unstable cardiocircula-
tory transition. Delayed cord clamping should be consid-
ered for further investigation. Fourth, owing to the 
standard process of transferring neonates from the operat-
ing room to the nursing room after birth, cerebral oxygen 
monitoring had to be interrupted. Subsequent observa-
tional clinical studies should extend the observation 
times within the operating room.

In summary, we reported the trend in cerebral oxyge-
nation from 2 minutes after birth to relatively stable from 
7–8 minutes before leaving the operating room, and 1 hour 
after birth in the neonatal nursing room. We also deter-
mined the incidence of abnormal regional cerebral oxyge-
nation during this neonatal transition period. 
Anesthesiologists should pay special attention to the risk 
of cSO2 abnormalities in newborns when managing preg-
nant women with comorbidities.

Abbreviations
ASA, American Society of Anesthesiologists; SpO2, arter-
ial oxygen saturation; BP, blood pressure; cSO2, cerebral 
oxygenation saturation; CI, confidence interval; Eph, 
Ephedrine; GA, general anesthesia; HR, heart rate; 
IUGR, intrauterine growth restriction; IA, intrathecal 
anesthesia; NIRS, Near-infrared spectroscopy; NOI 
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