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Abstract
Few reports are available on the monitoring of regional cerebral oxygen saturation  (rSO2) in pediatric patients undergoing 
non-cardiac surgical procedures. In addition, no study has examined the  rSO2 levels in children of a broad age range. In 
this study, we aimed to assess and compare  rSO2 levels in pediatric patients of different age groups undergoing non-cardiac 
surgery. We used two oximeters, tNIRS-1, which uses time-resolved spectroscopy, and conventional INVOS 5100C. Seventy-
eight children—26 infants, 26 toddlers, and 26 schoolchildren—undergoing non-cardiac surgery were included. We inves-
tigated the differences in the  rSO2 levels among the age groups and the correlation between the models and physiological 
factors influencing the  rSO2 values.  rSO2 measured by INVOS 5100C was significantly lower in infants than those in other 
patients.  rSO2 measured by tNIRS-1 was higher in the toddler group than those in the other groups. The  rSO2 values of 
tNIRS-1 and INVOS 5100C were moderately correlated (r = 0.41); however, those of INVOS 5100C were approximately 
20% higher, and a ceiling effect was observed. The values in INVOS 5100C and tNIRS-1 were affected by blood pressure and 
the minimum alveolar concentration of sevoflurane, respectively. In pediatric patients undergoing non-cardiac surgery,  rSO2 
values differed across the three age groups, and the pattern of these differences varied between the two oximeters employing 
different algorithms. Further research must be conducted to clarify cerebral oxygenation in children.
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1 Introduction

Near-infrared spectroscopy (NIRS) is used for monitoring 
regional cerebral oxygen saturation  (rSO2).  rSO2 monitoring 
is a non-invasive continuous measurement method and has 
been reported to be useful in pediatric cardiac surgery [1]. 

However, very few reports are available regarding the use of 
NIRS in pediatric non-cardiac surgery [2].

Some reports have studied the differences in  rSO2 val-
ues due to children’s growth. Dullenkopf et al. examined 
 rSO2 in 30 pediatric surgery patients using INVOS 5100 
(Somanetics, Troy, MI, USA) and reported that children 
weighing < 40 kg had lower  rSO2 than that of those weigh-
ing > 40 kg [3]. In another study, the changes in  rSO2 during 
slow induction with sevoflurane were examined in children 
under 2 years of age using INVOS 5100C. In that study, 
the increase in  rSO2 after induction was approximately 10% 
lower in children under 6 months of age than in those over 
6 months of age [4]. However, no study, as far as we know, 
has divided children over a wide range of ages into several 
age groups and compared their  rSO2 levels.

The NIRS includes several algorithms, such as the 
modified Beer–Lambert (MBL) law, spatially resolved 
spectroscopy (SRS), and time-resolved spectroscopy 
(TRS) [5]. The TRS method can calculate the optical 
path length using short pulse light. Thus, this method 
enables the direct extraction of the absolute oxygenated 
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hemoglobin and deoxygenated hemoglobin values for the 
brain. In addition, the effect of extracranial blood flow, 
bone, and cerebrospinal fluid layer (also known as extrac-
ranial contamination) is lesser with the TRS method than 
that with the MBL and SRS methods [6]. Therefore, the 
TRS method is considered one of the most accurate and 
reproducible measurement algorithms, as we described in 
previous reports [7].

Some reports have compared the  rSO2 measured with two 
or more oximeters in newborns undergoing non-cardiac sur-
gery [8, 9]. However, to the best of our knowledge, such 
studies included only newborns and did not perform com-
parisons using the TRS method.

Therefore, this study divided children aged 0–12 undergo-
ing non-cardiac surgery into three groups (infants: 0 years 
old, toddlers: 1–6 years old, schoolchildren: 7–12 years old) 
and examined the difference in the  rSO2 values among the 
three age groups using two models of oximeters: tNIRS-1 
(Hamamatsu Photonics, Hamamatsu, Japan), which uses 
the TRS method, and INVOS 5100C, which uses the SRS 
method and is the most widely used model. In addition, as 
an exploratory study, we examined the correlation between 
the  rSO2 values obtained by tNIRS-1 and INVOS 5100C. 
Furthermore, we also examined the physiological factors 
that affect the  rSO2 value obtained using each model. Our 
hypotheses are that the  rSO2 values are different among the 
three age groups and that the pattern of these differences 
varies between the two oximeters.

2  Materials and methods

2.1  Participants

This prospective observational study was conducted with 
the approval of the Hokkaido University Hospital Volun-
tary Clinical Research Review Board (approval number: 
ji-017-0137). It was registered with the UMIN Clinical Tri-
als Registry (UMIN000030799) prior to the commencement 
of the study. The study was conducted in accordance with 
the Declaration of Helsinki and relevant regulations. Writ-
ten informed consent was obtained from all participants’ 
representatives.

The participants were pediatric patients aged 12 years or 
younger with American Society of Anesthesiologists physi-
cal status classification (ASA-PS) 1–2 who were scheduled 
to undergo non-cardiac surgery under general anesthesia at 
our hospital. The blood hemoglobin (Hb) concentration of 
the participants had been measured within 1 week before the 
surgery. Patients with abnormalities in the brain, cardiovas-
cular, or respiratory organs and those with hemorrhage or 
marked anemia were excluded.

2.2  Measurement procedure

General anesthesia was administered through slow or rapid 
induction. For slow induction, anesthesia was induced with 
3–5% sevoflurane and 1–5 µg/kg of fentanyl. Subsequently, 
0–0.9 mg/kg of rocuronium was administered, followed 
by laryngeal mask insertion or tracheal intubation. For 
rapid induction, anesthesia was induced with 2–2.5 mg/kg 
of propofol or 4–6 mg/kg of thiamylal and 1–5 µg/kg of 
fentanyl. Laryngeal mask insertion or tracheal intubation 
was performed after the administration of 0–0.9 mg/kg of 
rocuronium. In most cases, 2–4 min elapsed between the 
start of anesthetic administration and intubation (insertion). 
Thereafter, sevoflurane and remifentanil were maintained 
at 0.5–1.5 minimum alveolar concentration (MAC) and 
0.1–0.3 µg/kg/min, respectively, using the vaporizer dials. 
The MAC level was determined based on a report by Lerman 
et al. [10]. The fraction of inspired oxygen  (FiO2) was set to 
45–50% by adding air immediately after intubation.

Immediately after securing the airway with the instru-
ment, INVOS 5100C and tNIRS-1 probes were attached 
to the frontal region. The INVOS 5100C probe for new-
borns was used for patients weighing < 5 kg, the probe for 
children was used for patients weighing 5–40 kg, and the 
probe for adults was used for patients weighing > 40 kg. In 
half of the expected participants of each group, the INVOS 
5100C probe was attached on the left side, and the tNIRS-1 
probe was attached on the right side of the frontal region. 
In the other half, the position of the respective probes was 
switched. The end-tidal  CO2  (ETCO2) was confirmed to be 
within 35–45 mmHg and more than 5 min after securing the 
airway with an instrument (at least 7–9 min after the start of 
anesthetic administration),  rSO2 was continuously monitored 
using INVOS 5100C for 1 min, while waiting for the meas-
urement values to stabilize, and the final value was recorded. 
Subsequently, the power to INVOS 5100C was turned off 
to avoid interference between two oximeters, and  rSO2 was 
measured with tNIRS-1 for 1 min, and the final value was 
recorded. The power to tNIRS-1 was then turned off, and the 
measurement by INVOS 5100C and tNIRS-1 was similarly 
repeated. The average value of the two measurements was 
considered the respective  rSO2 value.

Non-invasive blood pressure (NIBP), heart rate (HR), 
oxygen saturation of peripheral artery  (SpO2),  FiO2, 
 ETCO2, and end-tidal sevoflurane concentration (ETsevo) 
were monitored every minute and recorded using an 
automated anesthesia recording system (Mirrel version 
3.4.1.24728(19), FUKUDA DENSHI, Tokyo). After con-
firming the absence of fluctuations, the last value of the 
measurement was extracted. The most recent preoperative 
blood Hb value was recorded. ETsevo was converted into 
age-adjusted MAC [11].
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2.3  Outcomes and statistical analysis

The  rSO2 value was 78.6 ± 6.1% according to a previous 
study evaluating  rSO2 measured by INVOS 5100C on the 
first day of life in full-term newborns [8]. A 20% reduction 
in  rSO2 from baseline has been suggested to be associated 
with hypoxia; thus, a 10% difference (7.9%) was hypoth-
esized to be clinically meaningful [12, 13]. Assuming the 
same dispersion as in other age groups, a sample size of at 
least 18 cases was required to ensure a significance level of 
0.05/3 based on the Bonferroni correction and a power of 
90%. The sample size was, at first, determined as 60 cases 
in total, with 20 cases in each of the three groups: 0 years 
old (infants), 1–6 years old (toddlers), and 7–12 years old 
(schoolchildren). However, after measuring 20 cases, the 
standard deviation of  rSO2 was larger than the initial esti-
mate; therefore, six cases were added to each group, result-
ing in a total of 78 cases.

The primary endpoint was the presence or absence of dif-
ferences in the  rSO2 values for each model among the three 
age groups (infants, toddlers, and schoolchildren). Consider-
ing that the anesthetic induction method (slow or rapid) may 
influence  rSO2 values [14, 15], we also compared the  rSO2 
values between the two induction methods. If the induction 
methods influenced the results, we adjusted for them and 
determined the least squares mean by using multiple regres-
sion analysis. As an exploratory study, we also examined the 
correlation between the  rSO2 values measured with INVOS 
5100C and tNIRS-1. Furthermore, to determine the influ-
encing factors in each model, we investigated the correla-
tion between the intraoperative parameters (Hb, NIBP, HR, 
 SpO2,  FiO2,  ETCO2, and MAC) and  rSO2 at the end of  rSO2 
measurement.

During the comparison of  rSO2 among the different age 
groups, multiple comparisons were performed using the 
Steel–Dwass test, as the measured values obtained using 
INVOS 5100C had a ceiling effect. Similarly, the  rSO2 val-
ues between different anesthetic induction methods were 
analyzed using the Steel–Dwass test. Spearman’s correla-
tion analysis was used for the correlation analysis of con-
tinuous variables [16]. We also examined the differences 
between the two  rSO2 measurement instruments using the 
Bland–Altman plot.

For comparison of the patient data and intraoperative 
measurement items except for sex and ASA classification, 
Tukey’s HSD method was used for parametric data and 
Steel–Dwass test for nonparametric data. Statistical signifi-
cance was set at p < 0.05. Chi-square test was used to com-
pare the sex distribution and ASA classification among the 
patients, and significance based on the Bonferroni correction 
was set at p < 0.05/3. JMP® Pro14 (SAS Institute, North 
Carolina, USA) was used for statistical analysis.

3  Results

3.1  Patient background and intraoperative 
parameters

Table 1 shows the background and intraoperative parameters 
of the 78 patients. The mean NIBP differed significantly 
among the groups, and multiple comparisons showed that 
schoolchildren had significantly higher NIBP than those of 
the other groups. The preoperative Hb levels were signifi-
cantly higher in schoolchildren than those in infants. MAC 
did not differ significantly among the age groups. Regarding 
the anesthetic induction methods, the numbers of patients 
who underwent rapid induction with intravenous anesthet-
ics varied among the age groups, with the highest number 
among schoolchildren.

3.2  Changes in  rSO2 with age

The  rSO2 values differed according to the age group, 
whereas the pattern of the difference differed according to 
the model. Table 2 and Fig. 1 show the difference in  rSO2 
according to the age group in each model.  rSO2 measured 
using INVOS 5100C was significantly lower in infants than 
those in the other two groups (vs. toddlers: p = 0.0085, vs. 
schoolchildren: p = 0.0082). In contrast,  rSO2 measured 
using tNIRS-1 was significantly higher in toddlers than those 
in the other groups (vs. infants: p < 0.0001, vs. schoolchil-
dren: p < 0.0001). No significant difference was observed 
between infants and schoolchildren (p = 0.8799).

When we evaluated the  rSO2 values according to the 
anesthetic induction method in all the children, the  rSO2 
value of the rapid-induction group in which intravenous 
anesthetics were used was approximately 5% lower when 
measured using tNIRS-1, although this difference was not 
statistically significant (p = 0.0791, Fig. 2). The values 
were almost the same when measured using INVOS 5100C 
(Fig. 2). In response to these results, we adjusted the  rSO2 
values according to the anesthetic method among differ-
ent age groups and determined the least squares mean. The 
results are summarized in Table 3. This tendency was the 
same as that observed before adjusting.

3.3  Correlation between tNIRS‑1 and INVOS 5100C

A moderate correlation was observed between the  rSO2 
values obtained using INVOS 5100C and tNIRS-1 in all 
the children (r = 0.41, p = 0.0002, Fig. 3). However, when 
stratified according to age, no significant correlations were 
observed among infants and toddlers (Fig. 4). As previously 
reported, the ceiling effect was observed in the measured 
values of INVOS 5100C. Bland–Altman analysis revealed 
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that the measurements of  rSO2 obtained using INVOS 
5100C were higher than those obtained using tNIRS-1, with 
a mean difference of approximately 20% between the two 
models (Figs. 3, 4).

3.4  Correlation between  rSO2 and physiological 
indicators in each model

Figure. 5 shows the correlation diagram between the physio-
logical indicators and  rSO2. The mean NIBP showed a posi-
tive correlation with INVOS 5100C only and no correlation 

with tNIRS-1 (r = 0.297, p = 0.0082). MAC also showed a 
correlation only with tNIRS-1.  SpO2 was correlated with 
both INVOS 5100C and tNIRS-1; however,  SpO2 val-
ues were almost 99–100%, suggesting little physiological 
significance.

4  Discussion

This study measured the  rSO2 values of children undergoing 
non-cardiac surgery using two models with different meas-
urement algorithms and found that the  rSO2 values varied 
according to the age group, and the pattern of the differences 
varied according to the model. A moderate correlation was 
observed between tNIRS-1 and INVOS 5100C. A differ-
ence in the physiological indicators that affected the  rSO2 
levels measured using INVOS 5100C and tNIRS-1 was also 
observed.

Previous studies that used INVOS 5100C reported lower 
 rSO2 levels in younger children [3, 4]; consistent with these 

Table 1  Patient background and intraoperative parameters

Data except for  SpO2 are shown by mean ± SD. Tukey’s HSD method was performed for multiple comparison of continuous variables. No statis-
tical comparison was performed because the significant differences in age and body weight were obvious
SpO2 is indicated by the median (1st–3rd quartiles). The Steel–Dwass test was used for multiple comparisons
A chi-square test based on the Bonferroni correction was used to compare sex and ASA-PS (α = 0.05/3)

(a) Infants (b) Toddlers (c) Schoolchildren p value

(a) vs. (b) (b) vs. (c) (c) vs. (a)

Number 26 26 26
Age (months) 6.7 ± 3.3 42.2 ± 21.6 117.0 ± 20.1
Sex (male/female) 17/9 15/11 17/9 0.5686 0.5686 1.0000
ASA-PS (1/2) 23/3 22/4 22/4 0.6845 1.0000 0.6845
Surgical procedure
 Plastic 15 12 13
 Urologic 5 7 4
 Orthopedic 4 4 6
 Ophthalmologic 2 1 2
 Otolaryngeal 0 2 0
 Abdominal 0 0 1

Body weight (kg) 7.5 ± 1.6 14.7 ± 4.5 35.2 ± 10.9
Anesthetic induction
 Slow induction 22 23 8
 Rapid induction
  With thiamylal 1 0 3
  With propofol 3 3 15

Preoperative Hb (g/dL) 12.3 ± 0.9 12.7 ± 0.8 13.1 ± 0.9 0.2201 0.1907 0.0027
Mean NIBP (mmHg) 46.3 ± 6.3 47.9 ± 5.6 55.9 ± 6.3 0.5899 < 0.0001 < 0.0001
SpO2 (%) 100 (100–100) 98 (98–100) 99 (99–100) 0.0342 0.6421 0.1796
FiO2 (%) 47.5 ± 10.4 51.1 ± 16.3 47.0 ± 11.1 0.5780 0.4850 0.9875
ETCO2 (mmHg) 37.9 ± 2.6 38.4 ± 2.7 37.5 ± 2.3 0.7582 0.3935 0.8200
MAC 0.75 ± 0.13 0.74 ± 0.13 0.65 ± 0.19 0.9830 0.0767 0.0511

Table 2  rSO2 value of each age group in each model

Data are shown by the median (1st quartile–3rd quartile)

Infants Toddlers Schoolchildren

INVOS 5100C 
(%)

85.3 (81.5–91.5) 92.8 (87.4–95.0) 92.3 (88.3–95.0)

tNIRS-1 (%) 66.5 (63.5–69.3) 76.5 (67.8–81.4) 66.5 (64.5–70.1)
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findings, the present study also observed significantly lower 
 rSO2 levels in infants compared with the other age groups 
using INVOS 5100C. This finding may be attributed to the 
physiological indicators.  rSO2 is affected by the arterial 
oxygen saturation  (SaO2), cerebral blood flow (CBF), Hb, 
and cerebral metabolic rate for oxygen  (CMRO2) [17]. A 
comparison of the physiological indicators among the three 
groups showed no significant difference in  SpO2, which 
reflects  SaO2, or MAC, which further reflects CBF and 
 CMRO2 [18, 19]. No significant difference was observed in 
 ETCO2, which affects CBF [20]. However, blood pressure 

Fig. 1  Comparison of the 
 rSO2 values among the age 
groups. ♢: Mean, center of box: 
Median, top and bottom of the 
box: 25th and 75th percentile 
values; top and bottom of the 
whiskers: 10th and 90th percen-
tile values. The Steel–Dwass 
test was used for performing 
comparisons among the age 
groups. *: p < 0.05

Fig. 2  Comparison of the  rSO2 values between anesthetic induction 
methods in all the children. ♢: Mean, center line of box: median, top 
and bottom of the box: 25th and 75th percentile values, respectively; 
top and bottom of the whiskers: 10th and 90th percentile values, 
respectively. The Steel–Dwass test was used for comparisons among 
the induction groups. *: p < 0.05, Means ± SD by groups: INVOS 
5100C Slow: 88.9% ± 0.9%, INVOS 5100C Rapid: 89.0% ± 5.9%, 
tNIRS-1 Slow: 71.1% ± 0.9%, tNIRS-1 Rapid: 66.7% ± 1.3%

Table 3  Least squares mean of  rSO2 value of each age group in each 
model

The ‘Least Squares Mean (95% CI)’ column shows the adjusted mean 
 rSO2 values along with their 95% confidence intervals, calculated 
using multiple regression analysis to account for the influence of dif-
ferent anesthetic induction methods as potential confounding factors
The ‘Mean’ column displays the unadjusted average  rSO2 values, 
along with their 95% confidence intervals, for each age group

Age group Least squares 
mean (95% CI)

Mean (95% CI)

INVOS 5100C 
(%)

Infants 84.8 (82.1–87.5) 85.4 (82.3–88.6)

Toddlers 90.0 (87.2–92.7) 90.6 (88.5–92.8)
Schoolchildren 91.0 (88.5–93.5) 90.7 (88.6–92.7)

tNIRS-1 (%) Infants 65.4 (62.8–68.1) 66.5 (64.3–68.8)
Toddlers 74.0 (71.4–76.7) 75.3 (72.3–78.2)
Schoolchildren 67.9 (65.5–70.4) 67.3 (65.3–69.4)
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Fig. 3  Correlation between the  rSO2 values (lt) and Bland–Altman plot (rt) measured using tNIRS-1 and INVOS 5100C in all the children. r: 
Spearman’s rank correlation coefficient. The dotted line in the Bland–Altman plot shows the average value (19.2%) of the difference

Fig. 4  Correlations between the  rSO2 values (upper) and Bland–Alt-
man plot (lower) measured using tNIRS-1 and INVOS 5100C for 
each age group. r: Spearman’s rank correlation coefficient. The dotted 

line in the Bland–Altman plot shows the average values of the differ-
ences: infants: 18.9%, toddlers: 15.2%, schoolchildren: 23.3%
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and Hb were significantly lower in infants than those in other 
age groups. CBF might have been influenced when blood 
pressure fell below the lower limit of cerebral autoregu-
lation. Conversely, if blood pressure was above the lower 
limit of cerebral autoregulation,  rSO2 might have reflected 
variations in extracranial blood flow due to blood pressure. 
Two previous reports demonstrated that  rSO2 measured 
using INVOS 5100C decreased by more than 15% after 
the inflation of the head cuff in adults [6, 21], whereas the 
decrease after inflation was less than 10% in tNIRS-1 [6]. 
This suggests that the impact of extracranial contamination 
might be more pronounced with INVOS 5100C than with 
tNIRS-1. Regarding Hb, our previous study indicated that 
changes in  rSO2 were more influenced by Hb alterations in 
INVOS 5100C compared to tNIRS-1 [22]. Consequently, 

both low blood pressure and Hb levels may be associated 
with reduced  rSO2 measured using INVOS 5100C in infants.

Meanwhile, the  rSO2 levels measured using tNIRS-1 
were significantly higher in toddlers than those in the 
other groups. However, this result cannot be attributed 
to the physiological indicators examined in the present 
study. There have been no reports of transient high  rSO2 
in early childhood. However, regarding the relationship 
between age and CBF, our results may be explained by 
the following reports. It has been reported that the com-
bined total CBF (total blood flow) of the internal carotid 
and vertebral arteries increases significantly between the 
ages of 3 and 6.5 years and then decreases to a certain 
level [23]. Another study showed that the flow velocity 
of the basal cerebral arteries measured using transcranial 

Fig. 5  Scatter plot matrix of the  rSO2 values measured using tNIRS-1 and INVOS 5100C and each physiological indicator. r: Spearman’s rank 
correlation coefficient. *: p < 0.05
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Doppler ultrasonography peaked at the age of 5–6 years 
and decreased to 70% at the age of 18 years [24]. Recent 
studies have also shown that the total CBF measured using 
magnetic resonance imaging increases significantly from 
7 months to 6 years of age and then decreases [25]. Our 
results on tNIRS-1 (transition of  rSO2 by age group) are 
fairly consistent with the results of these studies.

In our study, general anesthesia was administered 
through slow or rapid induction. For example, when 
2 mg/kg of propofol was administered at the induction, 
the plasma concentration reached a therapeutic range 
within 8 min [14]. Accordingly, the difference of induc-
tion method may affect  rSO2 values. Indeed, Kondo et al. 
reported a lower  rSO2 in the 4 min following propofol 
induction than that following sevoflurane induction in 
adults [15], possibly due to the decrease in cerebral blood 
flow caused by propofol. In our study, although we meas-
ured  rSO2 at least 7–9 min after the start of the anesthetic 
administration, the  rSO2 values in the rapid-induction 
group were approximately 5% lower when measured 
using tNIRS-1, similar to the previous report. However, 
after adjusting the  rSO2 values according to the anesthetic 
method in each age group, the results were similar to those 
before adjusting.

Thus, INVOS 5100C and tNIRS-1 showed different pat-
terns of  rSO2 changes according to age. Further research 
is needed to define which model is the gold standard (i.e., 
which model obtained the correct values). Anyway, this 
study revealed that  rSO2 changes with age and that the 
transition differs with the model, that is, the measurement 
algorithm.

Our study found a moderate correlation between the two 
models but not for infants and toddlers. In addition, INVOS 
5100C showed a ceiling effect, and several patients showed 
the 95% maximum value. Past studies have also reported the 
ceiling effect of INVOS 5100C. However, considering that 
INVOS 5100C assumes that the ratio of arteries and veins 
in the regional brain tissue is 25:75, the values obtained by 
the model are unlikely to be correct [16, 26]. In that respect, 
tNIRS-1 has no ceiling effect and seems useful even in the 
high  rSO2 range. The correlation remained moderate; how-
ever, if this ceiling effect of INVOS 5100C was eliminated, 
the correlation coefficient may have been higher. The  SO2 
values differed by approximately 20% between the two mod-
els. Previously, similar results have been reported for healthy 
adults, with tNIRS-1 yielding approximately 10% lower  SO2 
values than INVOS 5100C [6, 22]. This suggests that the 
degree of difference is larger in children than in adults. The 
reason for the difference is unknown, but it may be attributed 
to differences between the algorithms. In addition, consid-
ering that no significant correlations were observed among 
infants and toddlers, the differences in the algorithms may 
become more pronounced in the lower age.

The influencing physiological indicators also differed 
between tNIRS-1 and INVOS 5100C. A correlation with 
NIBP was only noted for INVOS 5100C, whereas the cor-
relation with MAC was only noted for tNIRS-1. Recent 
studies on cerebral autoregulation in children have reported 
that full-term infants have normal cerebral autoregulation, 
whereas cerebral autoregulation is incomplete in preterm 
infants [27]. In this study, as almost all babies were full-
term, it can be inferred that they had intact cerebral autoreg-
ulation. Although the lower limit of cerebral autoregulation 
in children is not well understood, a possible reason why 
the  rSO2 of INVOS 5100C depended on NIBP was that the 
blood pressure might have been lower than the lower limit 
during measurement [28]. However, assuming that the blood 
pressure was within the capacity of cerebral autoregulation, 
it might have been affected by extracranial blood flow, which 
is more dependent on blood pressure [21]. The reason why 
 rSO2 of tNIRS-1 was not dependent on blood pressure but 
dependent on MAC may be that blood pressure at measure-
ment was within the capacity of cerebral autoregulation and 
purely reflected the changes in CBF and  CMRO2. Sevoflu-
rane increases  rSO2 above 0.5 MAC due to the decrease in 
 CMRO2 and the increase in CBF [29, 30]. In the present 
study, sevoflurane had a MAC of 0.71 ± 0.16 (mean ± stand-
ard deviation), which is consistent with a positive correla-
tion. In addition, this study revealed that the  rSO2 values 
measured using tNIRS-1 were affected by the induction 
method (rapid vs. slow). Therefore, tNIRS-1 may be more 
sensitive to changes in cerebral circulation caused by anes-
thetics than INVOS 5100C.

The present study had some limitations. The results were 
obtained through a single measurement; hence, further stud-
ies should ideally investigate changes over time. Secondly, 
we did not investigate children with brain or heart prob-
lems. Furthermore, since it is relatively difficult to conduct 
measurements at rest while children are awake, the present 
study was limited to the comparison of  rSO2 under gen-
eral anesthesia. Nonetheless, this study’s novelty lies in the 
examination of  rSO2 of children of varying ages who do not 
have brain or heart damage according to a wide range of age 
groups and performed using two oximeters with different 
algorithms, one of which is TRS.

5  Conclusions

The  rSO2 of children aged 0–12 years without serious ill-
ness, such as heart disease, was measured using tNIRS-1, 
which employs TRS, and compared with that measured 
using INVOS 5100C. The  rSO2 value differed according to 
the age group, whereas the pattern of the difference varied 
according to the model. The two models showed a moder-
ate correlation; however, no significant correlations were 
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observed in children below school age. The value measured 
using INVOS 5100C was approximately 20% higher, and a 
ceiling effect was observed. INVOS 5100C was affected by 
blood pressure, whereas tNIRS-1 was affected by the MAC 
of sevoflurane. Although non-invasive and continuous moni-
toring is a great clinical advantage of NIRS, its usefulness 
in children remains unclear. Further research should be con-
ducted in the future to clarify the state of cerebral oxygena-
tion in children.
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