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Background: Near-infrared spectroscopy (NIRS) is an 
upcoming clinical method for monitoring regional cerebral 
oxygen saturation (rScO2) in neonates. There is a growing mar-
ket offering different devices and sensors. Even though this 
technique is increasingly clinically applied, little is known about 
the similarities and/or differences in rScO2 values between the 
different devices and sensors. The aim of this study was to 
compare the rScO2 values obtained in (preterm) neonates with 
all available sensors of three frequently used NIRS devices.
Methods: Fifty-five neonates admitted to our neonatal 
intensive care unit (NICU) were included in this study. rScO2 
was simultaneously monitored bilaterally with two different 
NIRS sensors (left and right frontoparietal) for at least 1 h. Then, 
the sensors were switched, and measurements were collected 
for at least another hour.
results: We detected a rather close correlation between all 
investigated sensors from the three different NIRS devices, but 
absolute rScO2 values showed substantial differences: Bland–
Altman analysis showed average differences from 10 to 15%.
conclusion: Although the rScO2 values correlated well 
between different NIRS sensors, sometimes there were sub-
stantial differences between the absolute rScO2 values, which 
may complicate clinical application.

investigating and monitoring the neonatal brain provides 
us with important clinical information. Besides continuous 

electroencephalogram monitoring, cranial ultrasound, mag-
netic resonance imaging, and magnetic resonance spectros-
copy, near-infrared spectrometry (NIRS)-monitored regional 
cerebral oxygen saturation (rScO2) is increasingly used (1–3). 
NIRS is a noninvasive, bedside technique which can be used to 
monitor mixed cerebral saturation, which correlates well with 
venous jugular bulb saturation (4–6) and estimates oxygen 
supply to the brain (1,2). Normal values of rScO2 in the neona-
tal brain are reported to range from 55 to 85% (2,4–6).

NIRS-monitored rScO2 cannot be used as a robust quantita-
tive measure, given the large inter- and intrapatient variabil-
ity (7). However, rScO2 provides us with absolute values, and 
movement artifacts have a minor influence, which facilitates 

its ease of use in clinical practice as a trend-monitoring device, 
analog to arterial saturation (SaO2) monitoring (8–10). A study 
of Menke et al. (11) using the Critikon 2000 device (Critikon, 
Tampa, FL) showed that rScO2 could be determined with 
an  acceptable reproducibility, whereas a study of Sorensen 
et al. (12) using the NIRO 300 device (Hamamatsu Photonics, 
Hamamatsu, Japan) showed a precision of cerebral saturation 
measurements (as represented by the tissue oxygenation index 
or TOI) of ~5.2%.

NIRS has shown its usefulness in multiple studies, it can 
function as an additional tool to detect a hemodynamically 
significant patent ductus arteriosus and the effects of (non) 
invasive ductal closure and as an important prognostic tool 
after severe perinatal asphyxia and (cardiac) surgery (13–16). 
When NIRS is combined with arterial blood pressure monitor-
ing, the correlation between rScO2 and mean blood pressure 
can also be used to assess autoregulation of the cerebral arterial 
circulation (17).

To expand the use of NIRS in neonatal care, it is important 
that different NIRS devices provide similar results. Grubhofer 
et al. (18) compared the INVOS 3100 (Somanetics, Troy, MI) 
and NIRO 500 (Hamamatsu Photonics) devices during and 
after hypocapnia. Although the overall correlation between 
the two devices was significant, changes in cerebral hemo-
globin oxygenation state were more accurately measured by 
the INVOS 3100. Cho et al. (19) studied the INVOS 3100 
and NIRO 500. In addition, Yoshitani et al. (6) compared the 
INVOS 4100 (Somanetics) with the NIRO 300. Generally, the 
responses of the INVOS and NIRO devices to the cerebral oxy-
genation changes seem to be similar with a slightly stronger 
response by the NIRO device. Moreover, these devices show 
a positive correlation in response to a CO2 challenge test. 
However, Bland–Altman analysis revealed bias in the latter 
study in both absolute values and the percentage of changes. 
This indicates that measurements were not quite equivalent 
and varied depending on the chosen NIRS device and that 
different NIRS devices provide us with rScO2 values which 
correlate on average closely, but absolute rScO2 values may 
(although slightly) differ between different devices.
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In neonatal studies of NIRS-monitored rScO2, the NIRS sen-
sors are, until now, the same as those used on adults. Because 
of the emerging use of NIRS-monitored rScO2 in the often 
sick and/or unstable (preterm) neonates, most NIRS-device 
suppliers are developing pediatric and neonatal sensors that 
are smaller and more suitable for the smaller heads. We ear-
lier reported that pediatric and neonatal sensors provided us 
with substantially higher rScO2 values as compared with adult 
sensors, although they correlated well with each other (20). 
Differences in technical aspects such as different algorithms, 
near-infrared light emission source, number of wave lengths, 
or scattering subtraction may be underlying causes. However, 
for clinical purposes, it is important to define the normal range 
of rScO2 values in the (preterm) neonate. A prerequisite for 
this is that new devices and sensors provide similar results. 
Comparing the NIRS devices and sensors is therefore much 
needed and relevant.

The aim of this study was therefore to compare the rScO2 
values obtained by different sensors of three frequently used 
NIRS devices in the neonatal setting.

RESULTS
Clinical characteristics of all the included infants are shown 
in Table 1. During the actual data collection, all infants were 
hemodynamically stable, had normal blood gasses, and were 
not disturbed by feeding or changing. rScO2 signals were mea-
sured in 67 neonates bilaterally. Of these, 55 provided reliable 
and representative rScO2 signals. Figure 1 shows the simple 
regression plots of NIRS-monitored rScO2 as a function of 
comparing two different devices. Figure 2 shows the Bland–
Altman plots with the limits of agreement between the two 
rScO2 signals analyzed per measuring value. Statistical analysis 
was performed and described per infant. An example is shown 
in Figure 3. Detailed results are given in the following sections.

Sixteen neonates were monitored with the adult sensor and 
the neonatal sensor of the INVOS 5100C (Covidien, Troy, MI). 
Of these, 13 resulted in two measuring periods of 1 h each and 
3 in only one measuring period of 1 h. Mean rScO2 was 76 ± 7% 
for the neonatal sensor, and 66 ± 10% for the adult sensor. 
These means differ significantly (P < 0.001). There appeared a 
close correlation between the two sensors (r = 0.88, P < 0.001) 
(Figure 1a). Bland–Altman analysis revealed an average dif-
ference of 10 ± 5%. The corresponding limits of agreements are 
0–20% (Figure 2a, represented as per measuring value).

In comparing the pediatric sensor with the adult sensor, both 
from the INVOS 5100C (Covidien), 14 infants were NIRS mea-
sured. One infant resulted in only one measuring period of 1 h. 
Mean rScO2 was 80 ± 10% for the pediatric sensor, and 70 ± 11% 
for the adult sensor (P < 0.001). Linear regression showed a 
correlation coefficient of r = 0.89, P < 0.001 (Figure 1b). The 
Bland–Altman plot shows an average difference of 10 ± 5%. 
Limits of agreement are 0–20% (Figure  2b, represented as 
per measuring value). The neonatal sensor of the Fore-Sight 
device (CAS Medical Systems, Branford, CT) was compared 
with the adult sensor of the INVOS 5100C (Covidien) in 14 
infants. In three infants, measurements resulted in only one 
measuring period of 1 h. Mean rScO2 was 81 ± 5% for the Fore-
Sight neonatal sensor and 66 ± 8% for the INVOS (Covidien) 
adult  sensor (P < 0.001). The linear regression coefficient was 
r = 0.74 (P = 0.002) (Figure 1c). The average difference was 
16 ± 6% and limits of agreement were 4–27% (Figure 2c; rep-
resented as per measuring value).

The last comparison was between the Equanox (NONIN 
Medical, Plymouth, MN) sensor and the Fore-Sight neona-
tal sensor. Eleven neonates were measured, of whom three 
resulted in one measuring period of 1 h and eight in two 
 measuring periods. Mean rScO2 values were 78 ± 6% for the 
Fore-Sight neonatal sensor and 65 ± 5% for the Equanox sensor 

table 1. Patient characteristics

Sensors
INVOS neonatala–INVOS 

adulta
INVOS pediatrica–INVOS 

adulta
Fore-Sight neonatalb–

INVOS adulta
Fore-Sight neonatalb–

Equanox adultc

Total N 16 14 14 11

Male/female 5/11 5/9 5/9 6/5

BW (g); mean ± SD 1,330 ± 790 2,104 ± 1106 1,214 ± 317 1,683 ± 983

GA (wk); mean ± SD 30 ± 3 33 ± 5 29 ± 2 31 ± 4

APGAR 5 min; median (range) 7 (1–10) 9 (7–10) 8 (3–10) 9 (3–10)

Postnatal age (d); median (range) 2 (1–16) 3 (0–31) 2 (1–15) 4 (0–19)

Respiratory support

 None 1 5 1 3

 NF 1 3 3 4

 CPAP 8 2 5 2

 SIMV 6 4 5 2

SGA (<p10)

 Yes/no 0/16 0/14 0/14 1/10

BW, birth weight; CPAP, continous positive airway pressure; GA, gestational age; NF, nasal flow 0.5 l/min; SGA, small for gestational age; SIMV, synchronized intermittent mandatory 
ventilation.
aINVOS 5100C (Covidien). bFore-Sight (CAS Medical Systems). cEquanox model 7600 (NONIN Medical).
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(P < 0.001). Linear regression coefficient (r) was 0.62 (P = 0.054) 
showing a similar pattern of differences with the Fore-Sight 
and INVOS (Covidien) comparisons (Figure 1d). The average 
difference between the Equanox and Fore-Sight sensors was 
15 ± 4% with limits of agreement of 7–23% (Figure 2d; repre-
sented as per measuring value). The linear regression analysis 
and Bland–Altman analysis are summarized in Tables 2 and 
3, respectively.

DISCUSSION
This study shows a substantial difference in rScO2 between 
the adult NIRS sensors, irrespective of the brand of the NIRS 
device on the one hand and the pediatric and neonatal sensors 
of the two devices on the other hand. The pediatric and neona-
tal sensors measure consequently higher rScO2 values, ranging 
from 10 to 14%. The rScO2 values determined with the adult 
sensors from the INVOS 5100C (Covidien) and the Equanox 
7600 devices were comparable although no direct comparison 
was possible here because of interference of the NIRS signals. 
Moreover, the rScO2 values obtained with the two neonatal 
sensors and the pediatric sensor from INVOS (Covidien) pro-
vided us with comparable results.

These results are important for clinical practice because the 
clinician must be able to rely on NIRS-determined cerebral 

oxygenation using rScO2. The clinical application of NIRS 
is especially important in detecting hypoxia for preventing 
hypoxic damage in the neonatal brain. Earlier experimen-
tal and human studies in neonatal animals (1- to 3-day-old 
piglets) and term neonates, respectively, almost always per-
formed with the older (adult) sensors showed that rScO2 val-
ues <35–44% for at least 30–60 min lead to functional and/
or anatomical hypoxic brain damage (21–23). The new infor-
mation gathered in this study strongly suggest that the lower 
limit of acceptable rScO2 values obtained with the neonatal 
sensors, irrespective which NIRS device has been used, will 
be higher. Likewise, the upper limit of rScO2 values to avoid 
hyperoxia will be different when using the neonatal sensors of 
the NIRS devices investigated. Important to state here is that 
this issue has not yet been well investigated at all. In our neo-
natal intensive care unit (NICU) where we routinely monitor 
all preterm neonates below 30 weeks of gestation for the first 3 
days of life during the last 5 years with the small adult sensor 
of the INVOS 5100C (Covidien), we use an upper limit 85% 
being two standard deviations above the expected mean value 
±1 SD (71 ± 7%). We obtained these data from a population of 
~500 babies (unpublished data), which is well in line with nor-
mative data of another study in preterm infants investigated 
with NIRS devices using adult sensors (8,12). Hyperoxia has 

Figure 1. Simple regression plots of the near-infrared monitored regional cerebral oxygen saturation (rScO2) combinations. (a) INVOS adult sensor 
(SomaSensor SAFB-SM) vs. INVOS neonatal sensor (Oxyalert CNN) (both by Covidien) (r = 0.88; P < 0.001). (b) INVOS adult sensor (SomaSensor SAFB-SM) 
vs. INVOS pediatric sensor (SomaSensor SPFB) (both by Covidien) (r = 0.98; P < 0.001). (c) INVOS adult sensor (SomaSensor SAFB-SM) (Covidien) vs. Fore-
Sight neonatal sensor (small sensor) (CAS Medical Systems) (r = 0.74; P = 0.002). (d) Equanox sensor (Classic Sensor 8000CA) (NONIN Medical) vs. Fore-
Sight neonatal sensor (small sensor) (CAS Medical Systems) (r = 0.57; P = 0.054).
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been suspected to be toxic and to negatively influence long-
term cognitive and motor outcome of especially the extremely 
preterm neonates born before 28 wk of gestation (24). A com-
plicating factor here is that the neonatal sensors of INVOS 
(Covidien) and Fore-Sight do not measure rScO2 values above 
90% as measured with the adult sensors: as can be seen in 
Figures 2a–d, the values of the pediatric and neonatal sensors 
of INVOS (Covidien) cannot exceed 95% (upper limit installed 
by manufacturer) when the adult sensors are still within range 
of 85–95%. This makes it impossible to rely on these measure-
ments in case of assumed hyperoxia and greatly impair the use 
of neonatal and pediatric sensors in NIRS-monitored rScO2 
in clinical practice. We, therefore, continue using the original 
adult sensors in our extremely preterm babies, where we have 
a lot of experience with and an abundant amount of data, until 
the reason(s) for the discrepancy between adult and pediatric/
neonatal sensors with respect to rScO2 values has been solved.

We can only speculate about the reason for the discrepancy in 
rScO2 values between the different types of NIRS sensors. As we 
already stated in an earlier report, we postulated that the differ-
ences between adult and neonatal sensors are related to differ-
ences in the processing of the received NIRS signal. According 
to the manufacturer of the INVOS 5100C (Covidien) device, 

for instance, the neonatal sensor has been engineered to have 
a higher sensitivity. The algorithm for this neonatal sensor has 
indeed been adjusted to increased signal intensities transmit-
ted through the thinner infant’s skull (20). This makes it easier 
for the ambient light to enter, and may account for the 10–14% 
higher values of rScO2 we found in this study, although it may 
be expected that the instrument will adjust for different light 
intensities. It is furthermore important to realize that the NIRS 
devices present in this study use different measurement tech-
niques of rScO2, spatially resolved spectroscopy, and the prin-
ciples of the Beer–Lambert law to measure cerebral oxygen sat-
uration. Although interference between the two sensors (left 
and right frontoparietal positions) may account for the higher 
rScO2 values, this does not seem very likely because the pre-
amplifier and the distance between the NIRS sensors actually 
prevent this interference. Other differences in technical details, 
low hemoglobin values (not the case in our investigated group, 
data not shown), or extra cranial blood flow could contribute 
to the differences between sensors but are not very probable. 
Differences in intracranial blood flow could account for differ-
ences between the two sides of the neonatal head. We tried to 
compensate for differences between left and right positions by 
measuring both the sides with the two sensors. Earlier studies 

Figure 2. Bland–Altman plots of the near-infrared spectroscopy (NIRS) monitored regional cerebral oxygen saturation (rScO2) combinations (depicted as 
per-measuring values). The black lines represent the lower and upper limits of agreement and the average difference. (a) INVOS adult sensor (SomaSensor 
SAFB-SM) and INVOS neonatal sensor (Oxyalert CNN) (both by Covidien), average difference, 10 ± 7%; limits of agreement, −4 to 24%. (b) INVOS adult sen-
sor (SomaSensor SAFB-SM) vs. INVOS pediatric sensor (SomaSensor SPFB) (both by Covidien), average difference, 10 ± 7%; limits of agreement, −5 to 24%. 
The straight line on the right side of panel b indicates the upper limit of the INVOS (Covidien) device. As values become higher, the difference between 
the two sensors cannot increase along because of the upper limit of 95% installed by the manufacturer. (c) INVOS adult sensor (SomaSensor SAFB-SM) 
(Covidien) and Fore-Sight neonatal sensor (small sensor) (CAS Medical Systems), average difference, 15 ± 7%; limits of agreement, 0–30%. (d) Equanox 
sensor (Classic Sensor 8000CA) (NONIN Medical Inc) and Fore-Sight neonatal sensor (small sensor) (CAS Medical Systems Inc), average difference, 14 ± 5%; 
limits of agreement, 4–25%.
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have shown that differences are usually within the range of 
7%; recent work compared the neonatal sensor and found 
even higher differences between left and right positions (20). 
Finally, as the sensors are of different sizes and use different 
wavelengths, the size of the measured area and signal depth 
could be uneven. Although beyond the scope of this study, 
other reasons for differences between rScO2 values measured 

in extremely preterm infants can be manifold. Besides differ-
ences in the techniques as stated above, differences in post-
menstrual and postnatal age (25–28) or differences induced 
by the different locations of the brain under investigation (29) 
may contribute to differences in rScO2. It will be worthwhile 
and clinically very important to further investigate these issues 
in relation to cerebral oxygen saturation.

The main disadvantage of the adult sensors as compared with 
the smaller pediatric or neonatal sensors is its size. Intensive 
neonatal care is often extensive including the need for repeated 
cranial ultrasound investigations, monitoring of the electri-
cal brain activity with amplitude-integrated electroencepha-
logram, and the need for artificial ventilation. Considering 
how small a neonatal head can be in these extremely preterm 
babies, smaller NIRS sensors could surely be of advantage; but 
only when their technical details are fully known and reliable, 
rScO2 values can be measured.

Further research should therefore focus on whether it is pos-
sible to correct for the differences between the different types 
and brands of commercially available sensors. This issue is par-
ticularly pressing, given the fact that recent (although prelimi-
nary) research suggests that rScO2 values are indeed higher in 
the (preterm) neonate and were reported to be between 79 and 
85% (30).

In summary, we conclude that there appears to be a good 
correlation between the different NIRS sensors used in the 
NICU. However, differences between rScO2 values measured 
with the adult sensor and the pediatric and neonatal sensors 
range between 10 and 14%, being higher in the pediatric and 
neonatal sensors.

METHODS
Sixty-seven neonates without severe illness or respiratory failure 
admitted to the NICU of the Wilhelmina Children’s Hospital in 
Utrecht, The Netherlands, were measured bilaterally (left and right 
frontoparietal) NIRS-determined rScO2. Fifty-five infants provided 
us with representative measurements. The average gestational age was 
30.7 ± 3.9 weeks and birth weight 1,562 ± 886 g. Measurements were 
considered as nonrepresentative when differences exceeded 30%, 
when abundant artifacts were present, or when a stable monitoring 
period of 1 h could not be accomplished.

Informed consent was obtained, and the study was approved by the 
Institutional Review Board of the Wilhelmina Children’s Hospital in 
Utrecht.

Obstetric and intrapartum data were collected from the hospital 
records. Neonatal data were collected prospectively. The attending 
neonatologist made all clinically important decisions.

NIRS-determined rScO2 was used as an estimator for changes in 
cerebral oxygenation. When an infant was treated with phototherapy, 
an extra covering sheet was placed over the sensor to prevent the ther-
apeutic light from affecting the rScO2 measurements. Three frequently 

Figure 3. Bland–Altman plot of the near-infrared spectroscopy (NIRS) 
monitored regional cerebral oxygenation (rScO2) analyzed per infant. 
The black line in the figure represents the average difference of the rScO2 
monitored with the INVOS adult sensor (SomaSensor SAFB-SM) and INVOS 
neonatal sensor (Oxyalert CNN) (both by Covidien). Average difference, 
10 ± 5; limits of agreement, 0–20%.
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table 2. Linear regression analysis

Sensors
INVOS 
adulta

INVOS 
neonatala

INVOS 
pediatrica

Fore-Sight 
neonatalb

Equanox 
adultc

N 16 14 14 11

rScO2 (%); 
mean ± SD

66 ± 10 76 ± 7

P < 0.001

70 ± 11 80 ± 10

P < 0.001

66 ± 8 81.15 ± 5

P < 0.001

78 ± 6 5 ± 5

P < 0.001

Correlation 
coefficient

r = 0.88 r = 0.89 r = 0.74 r = 0.57

P < 0.001 P < 0.001 P = 0.002 P = 0.054

rScO2, regional cerebral oxygen saturation.
aINVOS 5100C (Covidien). bFor-Sight (CAS Medical Systems). cEquanox model 7600 
(NONIN Medical).

table 3. Bland–Altman analysis

Sensors
INVOS neonatala–INVOS 

adulta
INVOS pediatrica–INVOS 

adulta
Fore-Sight neonatalb–INVOS 

adulta
Fore-Sight neonatalb–

Equanoxadultc

N 16 14 14 11

Differences (%); mean ± SD 10 ± 5 10 ± 5 16 ± 6 15 ± 4

Limits of agreement (%) 0–20 0–20 4–27 7–23
aINVOS 5100C (Covidien). bFore-Sight (CAS Medical Systems). cEquanox model 7600 (NONIN Medical).
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used NIRS devices in the NICU—the INVOS 5100C (Covidien), the 
Equanox model 7600, and the Fore-Sight systems—were compared.

The INVOS 5100C (Covidien) sensors use light-emitting diodes to 
emit near-infrared light of two wavelengths (730 and 810 nm). The 
nature and quantity of the recaptured near-infrared light reflects the 
amount of HHb and O2Hb, used to calculate rScO2. Two detectors 
are located next to the light-emitting diodes. By subtracting the shal-
low (shorter) signal from the deeper (further) signal, surface inter-
ference contamination is minimized (31,32). Clinical applicability of 
the INVOS device in neonates has been researched (33). The INVOS 
5100C (Covidien) can be used with three different sensors: the adult 
(SomaSensor SAFB-SM), pediatric (SomaSensor SPFB), and neonatal 
sensor (Oxyalert CNN). As the adult sensor has been exclusively used 
at the Wilhelmina Children’s Hospital in the clinical setting, this sen-
sor serves as reference measurement.

The Equanox model 7600 uses two light-emitting diodes (Classic 
Sensor 8000CA), sending out a near-infrared signal composed of 
three wavelengths (730, 810, and 880 nm). The two light-emitting 
diodes are in the middle of the sensor, flanked by two photo diodes to 
capture the reflected light. Double detectors reduce intervening tissue 
and surface effects. At the time of the study, no neonatal sensor for the 
Equanox device was available. The Equanox device has thus far only 
one (adult) sensor.

The Fore-Sight tissue oximeter and its neonatal sensor (small sen-
sor) use four different wavelengths in the near-infrared light spectrum 
(from 670–780–805–850 nm). One light emitting source is placed 
next to an absorbing diode. An overview of the different devices and 
their sensors is shown in Table 4.

Study Design
Five different NIRS sensors from the three NIRS devices were com-
pared (Figure 4). Two sensors at the time were applied to the fronto-
parietal part of the head of the neonate, one on each side symmetri-
cally. Sensors were fixated with an opaque elastic bandage to shield the 
optodes from ambient light. After a period of at least 1 h, sensors were 
switched to the contralateral side to collect two periods of 60 min of a 

stable clinical episode, without interference due to, for example, feed-
ing or care. The INVOS (Covidien) adult sensor was used as refer-
ence measurement. However, in the course of this research, a practical 
limitation occurred in comparing the Equanox sensor to the INVOS 
(Covidien) adult sensor. Strong interference between the two sensors 
resulted in unreliable results. We therefore adjusted the study design 
and compared the Equanox sensor with the Fore-Sight neonatal sen-
sor, where the interference problem did not occur. The resulting com-
binations were as follows:

•	 INVOS (Covidien) adult sensor (SomaSensor SAFB-SM) vs. 
INVOS (Covidien) neonatal sensor (Oxyalert CNN)

•	 INVOS (Covidien) adult sensor (SomaSensor SAFB-SM) vs. 
INVOS (Covidien) Somanetics pediatric sensor (SomaSensor 
SPFB)

•	 INVOS (Covidien) adult sensor ((SomaSensor SAFB-SM) vs. 
Fore-Sight neonatal sensor (small sensor)

•	 Equanox sensor (Classic Sensor 8000CA) vs. Fore-Sight neona-
tal sensor (small sensor)

To correct for the 7% difference between left and right positions, 
we measured both the devices bilaterally resulting in two measuring 
periods (34). Of the 55 included neonates, 10 resulted in only one 
monitoring period of an hour. In our experience, it usually takes 
5 min to produce a reliable signal after application. We therefore did 
not include the first 5 min into the analysis of the results. Signal Base 
(a program especially designed at the Wilhelmina Children’s Hospital 
for NIRS signal analysis) was used to convert and to analyze the 
obtained rScO2 signals.

Statistical Analysis
Data were summarized as mean values ± SD or as median values 
and ranges where appropriate. Simple linear regression analysis was 
used to analyze the correlation between the different obtained rScO2 
signals. Bland–Altman statistics compares the difference between 
the signals with the average rScO2 (35). Representative rScO2 signals 
were converted in median values with a sampling rate of one value 
per minute, because the different NIRS devices use different sampling 
rates and to exclude the influence of ‘0’-values (artifacts). Sixty suc-
cessive values of each sensor (and if representative of both sides) were 
analyzed with the Signal Base program. No signals were removed or 
given less weight during the calculations. We used SPSS 17.0 (SPSS, 
Chicago, IL) for statistical analysis.
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