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Introduction

Preterm newborns (PTNB), especially those with a gestational 
age (GA) less than 28 weeks and/or birth weight less than 1250 
grams, represent an extremely vulnerable population, with high 
rates of morbidity and mortality.1 In recent decades there has been 
an increase in survival in this population, but with greater mor-
bidity, highlighting the deficits in neuropsychomotor development 
(NPD) and weight and height growth.2,3 The mortality frequency of 
these patients is around 40%, and approximately 25% of survivors 
evolve with cerebral palsy or some type of deficit in growth and/or 
NPD.2 The first 72 hours of life of the PTNB represent a stage of ex-
treme vulnerability, due to the intense hemodynamic changes from 
the transitional period to extrauterine life.4 This phase is marked by 
an increased risk of irreversible brain damage, treatment-refracto-
ry hemodynamic instability and also an increased chance of death.4

Thus, in addition to aiming for survival and its increase for ex-
treme PTNB, one of the great challenges in the Neonatal Intensive 
Care Unit is to contribute to the best possible quality of life for 
them, minimizing neurological comorbidities. In this context, infra-
red spectroscopy, also known as NIRS (Near-infrared spectrosco-
py®), has been applied as a method of monitoring regional oxygen 
saturation, and is currently applied mainly for cerebral, renal and/
or mesenteric monitoring, depending on the patient's clinical need. 
The NIRS consists of a small equipment, which can be used at the 

bedside, it is a non-invasive method that allows continuous mea-
surement/monitoring of regional oxygen saturation, that is, of a 
specific region of the body.5

Among the possible etiologies of neurological injuries that can 
affect PTNB, especially those with extremely low birth weight, are 
intraventricular hemorrhage and periventricular leukomalacia. 
Both are multifactorial, and the hypoxic-ischemic lesion is an event 
with a great impact on the future development of these newborns. 
This lesion reflects an imbalance between oxygen supply and de-
mand in a certain brain region.6 Unfortunately, currently, neurolog-
ical lesions in PTNB are diagnosed late, without the possibility of 
instituting early therapy and avoiding sequelae that can have an im-
pact throughout the child's life. Continuous monitoring of cerebral 
oxygen saturation can be useful in early identification of a state of 
cerebral hypoxia or hyperoxia, which would hardly be identifiable 
only through clinical signs and symptoms.6

The hemodynamic evaluation of extreme PTNB is limited in 
our country, and clinical parameters/signs routinely used, such as 
blood pressure, are unspecific in this population and there is no 
consensus on the definition of hypotension for these neonates,7,8 

impairing the assessment and early detection of problems related 
to specific/local oxygen saturation. However, there are few studies 
so far applying the NIRS in neonatology, especially in extremely low 
weight PTNB. This monitoring seems to be reliable to assess the he-
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modynamic status of PTNB, mainly because it is an extremely valu-
able hemodynamic parameter, which can be obtained in a non-inva-
sive and continuous way.9  

Through the application of this non-invasive and easy-to-apply 
method at the bedside, it may be possible to identify early hemo-
dynamic instability and regional oxygen saturation, in an attempt 
to prevent and/or avoid brain injuries. But regional oxygen satura-
tion (rStO2) reference values for PTNB have not yet been defined.10 

Thus, the main objective of this case series is to verify whether the 
application of NIRS in this age group interferes with the mortality 
outcome and, in future studies with a larger sample, to identify cut 
off points for the rStO2 of extremely low weight PTNB, in the various 
possibilities of its regional monitoring (brain; kidneys; mesenteric).

Method

In this prospective pilot case series, PTNB with birth weight less 
than 1250 grams, admitted to the Neonatal Center of the Instituto 
da Criança, Hospital das Clínicas, Faculty of Medicine, University 
of São Paulo, from September to November 2018, were included. 
Those who met the inclusion criteria (newborns with birth weight 
less than 1250 grams, born during the study period) were continu-
ously monitored with the NIRS, regarding the measurement of cere-
bral and renal rStO2. Informed consent form was signed by the legal 
guardian for each newborn.

Monitoring protocol: performed in the first 24 hours of life; 
closed after completing 72 hours of monitoring. This period was 
chosen as it is the period of greatest vulnerability of blood flow and 
SpO2. The values found for cerebral and renal rStO2 were blinded 
and not reported to the medical team. Only the monitoring quality 
signal was exposed. Cerebral and renal rStO2 values were revealed 
only at the end of the research so that the PTNB would not under-
go interventions based on rStO2 values, since the values are not 
yet fully defined in the scientific literature and so there is no bias 
regarding the outcome evaluated in this pilot: comparison of the 
frequency of those who died versus survivors, as well as determi-
nation of rStO2 cutoff points as a risk factor for increased mortality. 
The epidemiological characterization of the sample was performed 
using clinical data from each PTNB, obtained through the analysis 
of the electronic medical record (MV Soul).

Survival in the first 28 days of life was considered the prima-
ry outcome of this study. Patients who were transferred to other 
institutions, were born with congenital malformations that could 
cause hemodynamic changes, malformations of the central nervous 
system or who required surgery within the first 72 hours of life 
were excluded from the study. Gestational age was determined by 
the date of last menstruation (DLM) or obstetric ultrasound. Small 
for gestational age was defined as birth weight less than the 10th 
percentile for gestational age on the Fenton scale. Positive pressure 

ventilation in the delivery room was administered via a T-piece re-
suscitator. The SNAPPE II and CRIB II scales were used to measure 
the severity of clinical cases.

The results are presented in number with proportions (%), 
mean with standard deviation of the mean (SD) or median with 
interquartile range (IQ25%-75%). Comparisons between groups 
(death versus survivors) were performed using the Mann-Whitney 
test for continuous variables. All analyzes were conducted using 
IBM SPSS Statistics for Macintosh® software, Version 25.0. It was 
considered statistically significant when p ≤ 0.05.

Results

During the study period, 10 extremely low weight PTNB were 
included Table 1. Mortality in the first 28 days of life was 30%. Sev-
en PTNB were female, with a mean gestational age of 28.88 ± 2.61 
weeks and mean birth weight of 837 ± 279 grams. Of these, two 
PTNB were multiple pregnancies, eight were classified as small for 
gestational age (SGA); eight out of 10 received antenatal corticoste-
roids and in the 10 cases the delivery was cesarean. There was no 
use of epinephrine in the delivery room and no cases of chorioam-
nionitis were identified.

Table 1: Clinical demographic characteristics of 10 extremely low birth 
weight premature newborns.

Demographic and clinical characteristics Value
Death in the first 7 days, n (%) 2 (20)
Death in the first 28 days, n (%) 3 (30)
Gestational age, mean ± SD 28.88 ± 2.61
Birth weight (grams), mean ± SD 837 ± 279
Head circumference (cm), mean ± SD 25.05 ± 2.22
SNAPP II score, mean ± SD 38.7 ± 19.97
CRIB II score, mean ± SD 9.7 ± 2.98
Small for gestational age, n (%) 8 (80)
female gender, n (%) 7 (70)
APGAR 5 minutes, mean ± SD 7.3 ± 1.49
Cesarean delivery, n (%) 10 (100)
Multiple pregnancy, n (%) 2 (20)
Antenatal corticoid, n (%) 8 (80)
Positive pressure ventilation in the delivery room, 
n (%) 8 (80)

Tracheal intubation in the delivery room, n (%) 4 (40)
CPAP in the delivery room, n (%) 6 (60)
Umbilical venous catheter, n (%) 10 (100)
Arterial umbilical catheter, n (%) 3 (30)
Inotropic use, n (%) 4 (40)
Persistence of ductus arteriosus, n (%) 4 (44,4)
Mild adverse event related to NIRS use 1 (10)

No serious adverse events related to the use of NIRS equipment 
were observed. There was only one mild adverse event in a new-
born who presented mild hyperemia at the device's contact site, 
and it was not necessary to interrupt its use, the hyperemia disap-
peared after removing the electrode from the equipment.

The values referring to regional cerebral oxygen saturation are 
described in Table 2. The mean regional cerebral oxygen saturation 
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was 78.32 ± 6.77%. The values referring to regional renal oxygen 
saturation are described in Table 3. The mean regional renal oxygen 
saturation was 79.67 ± 6.98%.

Table 2: Cerebral rStO2 values   and other variables resulting from mon-
itoring through the NIRS.

Variables monitored by NIRS Values   found

Regional brain saturation (%)* 78.32 (6.77)

Minimum cerebral rStO2 (%)* 45 (16.80)

Maximum cerebral rStO2 (%)* 91.5 (3.44)

Time (minutes) with cerebral rStO2 < 50%** 0 (0 – 10.5)

Time (minutes) with cerebral rStO2 < 55%** 1.5 (0 – 13.5)

Time (minutes) with cerebral rStO2 < 60%** 7.5 (1 – 26)
Time (minutes) with cerebral rStO2 < 65% ** 36.5 (3 – 171.5)
Time (minutes) with cerebral rStO2 < 70% ** 207.25 (54 – 889.5)
Time (minutes) with cerebral rStO2 < 75% ** 1121 (319.5 – 2188)

Caption: rStO2: regional oxygen saturation
* results in mean ± SD
**Results in median (IQR25%-75%)
Table 3: Renal rStO2 values   and other variables resulting from monitor-
ing through the NIRS.

Variáveis mensuradas pelo NIRS Valores
Regional renal saturation (%)* 79.67 ± 6.98
Minimum renal rStO2 (%)* 29.1± 12.20
Maximum renal rStO2 (%)* 94.4 ± 1.35
Time (minutes) with renal rStO2 < 50%** 21.25 (6 – 192.5)
Time (minutes) with renal rStO2 < 55% ** 52.5 (14.5 – 201.5)
Time (minutes) with renal rStO2 < 60%** 140 (46 – 220.5)
Time (minutes) with renal rStO2 < 65% ** 262.5 (176.5 – 294)
Time (minutes) with renal rStO2 < 70% ** 525 (419.5 – 594)
Time (minutes) with renal rStO2 < 75% ** 983 (757.5 – 1158.5)

* results in mean ± SD
**Results in median (IQR25%-75%)

The comparison between the clinical characteristics and mor-
tality of the sample are shown in Table 4. In a univariate analysis, it 

was possible to demonstrate that the SNAPPE II score is directly re-
lated to mortality (p=0.024), as well as the use of inotropic agents. 
related to higher mortality (p=0.011). Comparison of cerebral NIRS 
variables between surviving premature newborns versus those 
who evolved to death are shown in Table 5. The median regional 
cerebral oxygen saturation of surviving premature newborns was 
76.97 (76.31 – 86.6), statistically higher compared to premature 
infants who evolved to death 72.48 (71.25 – 75.84), (p=0.033). The 
time in minutes with regional cerebral oxygen saturation less than 
60% was significantly longer in newborns who died (p=0.033). The 
time in minutes with regional cerebral oxygen saturation less than 
65% was significantly longer in premature newborns who died 
(p=0.017). There was no statistically significant difference regard-
ing the time in minutes with regional cerebral oxygen saturation 
less than 70% between the groups (p=0.183).

Comparison of the variables measured by the renal NIRS be-
tween the survivors and death groups are shown in Table 6. There 
was no statistically significant difference in the median value of 
regional renal oxygen saturation between the groups (p=0.117). 
The time in minutes with regional renal oxygen saturation less 
than 50% was significantly longer in preterm newborns who died 
compared to those who survived (238.5 vs 11 minutes; p=0.017). O 
tempo em minutos com saturação de oxigênio renal regional menor 
que 55% foi significativamente maior nos preterm newborns que 
foram à óbito (399.5 vs 43.5 minutos; p=0.017). The time in minutes 
with regional renal oxygen saturation less than 60% was signifi-
cantly longer in preterm newborns who died (647 vs 117 minutes; 
p=0.017). There was no statistically significant difference regarding 
the time in minutes with regional renal oxygen saturation less than 
65% between both groups (p=0.183).

Table 4: Comparison between surviving premature newborns versus those who evolved to death regarding demographic and clinical variables.

Variables Survivors N = 7 Death <28 days N = 3 P

Gestational age (weeks)* 29.24 (1.81) 28.05 (10.47) 0.540

Birth weight (grams)* 905.71 (203.24) 676.66 (963) 0.257

Head circumference (cm)* 25.71 (1.19) 23.5 (8.69) 0.161

CRIB II score* 9 (1.60) 11.33 (12.50) 0.282

SNAPPE II score* 30 (7.37) 59 (66.70) 0.024

Small for gestational age N (%)** 5 (71.4) 3 (100) 0.301

Female gender N (%)** 5 (71.4) 2 (66.7) 0.880

ERASE 5 minutes* 7.42 (1.58) 7 (2.48) 0.703

Multiple pregnancy N (%)** 14.3 33.3 0.490

Antenatal corticosteroid N (%)** 5 (71.4) 3 (100) 0.301

VPP in delivery room N (%)** 6 (85.7) 2 (66.7) 0.490

Orotracheal intubation in the delivery room N (%)** 2 (28.6) 2 (66.7) 0.260

CPAP in delivery room N (%)** 5 (71.4) 1 (33.3) 0.260

Use of inotropic N (%)** 1 (14.3) 3 (100) 0.011
*T-test
**Chi-square
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Table 5: Comparison of the variables measured by the NIRS between surviving premature newborns and those who evolved to death.

Variables measured by NIRS Survivors Death <28 days P

Regional cerebral oxygen saturation* 76.97 (76.31 – 86.6) 72.48 (71.25 – 75.84) 0.033

Minimum cerebral rStO2 (%), median (IQR)* 52 (35 – 59) 47 (15 – 54) 0.383
Maximum cerebral rStO2 (%)* 94 (90 – 95) 89 (84 – 91) 0.067
Time (minutes) with rStO2 < 50%* 0 (0 – 4) 23 (0 – 128.5) 0.183
Time (minutes) with cerebral rStO2 < 55%* 0,5 (0 – 7) 65 (1 – 142.5) 0.117
Time (minutes) with cerebral rStO2 < 60%* 2 (1 – 12) 108 (17 – 156) 0.033
Time (minutes) with cerebral rStO2 < 65%* 14.5 (2 – 55) 179 (171.5 – 293) 0.017
Time (minutes) with cerebral rStO2 < 70%* 88.5 (5.5 – 365.5) 889.5 (216.5 – 1226) 0.183

Time (minutes) with cerebral rStO2 < 75%* 1071.5 (21.5 – 1378) 2188 (841.5 – 2856) 0.383

Median results (IQR25%-75%)
* Mann-Whitney Test

Table 6: Comparison of the variables measured by the NIRS during renal monitoring between the groups of preterm newborns who survived versus 
those who evolved to death.

Variables monitored by NIRS Sobreviventes Death <28 days P

renal rStO2 (%) 80.24 (77.96 – 90.43) 72 (69.55 – 80.22) 0.117

Minimum renal rStO2 (%) 33 (22 – 40) 20 (15 – 20) 0.067

Maximum renal rStO2 (%) 95 (95 – 95) 95 (91 – 95) 0.667

Time (minutes) with renal rStO2 < 50% 11 (1 – 23) 238.5 (192.5 – 637.5) 0.017

Time (minutes) with renal rStO2 < 55% 43.5 (1 – 55) 399.5 (201.5 – 807.5) 0.017

Time (minutes) with renal rStO2 < 60% 117 (1.5 – 140) 647 (220.5 – 1077) 0.017

Time (minutes) with renal rStO2 < 65% 253.5 (6.5 – 270.5) 1166.5 (266 – 1383) 0.067

Time (minutes) with renal rStO2 < 70%, median (IQR) 493 (18.5 – 567.5) 1715 (419.5 – 1859.5) 0.267

Time (minutes) with renal rStO2 < 75% 1071.5 (21.5 – 1378) 2188 (841.5 – 2856) 0.383
Results in median (IQR25%-75%)
* Mann-Whitney test

Discussion

To our knowledge, this is the first study to evaluate the use of 
infrared spectroscopy in very low birth weight preterm newborns 
in Brazil. With the data of these 10 pilot cases, it was possible to 
observe that in preterm newborns with very low birth weight that a 
lower cerebral rStO2 is associated with higher mortality in the first 
28 days of life. This demonstrates that the NIRS can be useful, main-
ly because it is a non-invasive and continuous monitoring device, 
which allows the early identification of measures to increase cere-
bral rStO2 and can reduce the mortality of preterm newborns with 
birth weight less than 1250 grams. Classically, values between 55 
to 85% have been used as a normality reference for cerebral rStO2. 
There are no studies to date validating these values for very low 
birth weight preterm newborns. In this case report, preterm infants 
who spent more time with cerebral rStO2 lower than 65% had a 
higher risk of death. However, the same cannot be said when the ad-
opted value was less than 55%. A possible explanation for this data 
is that perhaps a cerebral rStO2 lower than 55% is too low a value, 
and it is enough to be lower than 65% to cause irreversible dam-
age to the patient. However, more studies, especially randomized 
controlled trials, are needed to confirm these findings. But, with-
out a doubt, this is an alarming fact that if confirmed, it proves that 

we are being permissive in relation to the value of cerebral rStO2. 
Adopting a safety band with a higher minimum cerebral rStO2 val-
ue (example: 65%) may be beneficial for the very low birth weight 
premature newborn.

Regarding renal rStO2, there was no statistically significant dif-
ference in its value between the survivors and non-survivors. How-
ever, very low birth weight preterm newborns who spent a longer 
time with renal rStO2 lower than 60% had a higher risk of death. 
This demonstrates that, perhaps, renal rStO2 can also be used as a 
marker of mortality in these patients. A descriptive analysis of ce-
rebral and renal rStO2 values is necessary to understand the char-
acteristics of this population, in order to offer a better treatment. 
Some limitations of the study should be considered when interpret-
ing the results: small sample (n=10), which can make interpreta-
tion of the results difficult; there was no follow-up of these patients 
to assess neuropsychomotor development and correlate with mid- 
and long-term cerebral rStO2 values.

Conclusion

Normal values for cerebral rStO2 defined as 55 to 85% may not 
be beneficial for very low birth weight preterm infants. In this se-
ries of 10 cases, it was observed that a cerebral rStO2 lower than 
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65% is associated with higher mortality. It is necessary to define 
normal values of cerebral and renal rStO2 for very low birth weight 
preterm newborns. It is suggested that future studies be carried 
out correlating regional cerebral saturation values and short-, me-
dium-, and long-term comorbidities.
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