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Abstract

Background: Extremely low birth weight (ELBW) infants are at risk for end-organ hypoxia 

and ischemia. Regional tissue oxygenation of the brain and gut as monitored with near-infrared 

spectroscopy (NIRS) may change with postnatal age, but normal ranges are not well defined.

Methods: A prospective study of ELBW preterm infants utilized NIRS monitoring to assess 

changes in cerebral and mesenteric saturation (Csat and Msat) over the first week after 

birth. This secondary study of a multicenter trial comparing hemoglobin transfusion thresholds 

assessed cerebral and mesenteric fractional tissue oxygen extraction (cFTOE and mFTOE) and 

relationships with perinatal variables.

Results: In 124 infants, both Csat and Msat declined over the first week, with a corresponding 

increase in oxygen extraction. With lower gestational age, lower birth weight, and 5-minute Apgar 

score ≤5, there was a greater increase in oxygen extraction in the brain compared to the gut. 

Infants managed with a lower hemoglobin transfusion threshold receiving ≥2 transfusions in the 

first week had the lowest Csat and highest cFTOE (p<0.001).

Conclusion: Brain oxygen extraction preferentially increased in more immature and anemic 

preterm infants. NIRS monitoring may enhance understanding of cerebral and mesenteric 

oxygenation patterns and inform future protective strategies in the preterm ELBW population.

Introduction

After birth, extremely low birth weight (ELBW) preterm infants are at risk for impaired 

end-organ perfusion and oxygenation. Factors including tenuous systemic oxygenation, 

compromised cardiac output, and anemia, may result in inadequate oxygen delivery to 

the brain and the intestines. Non-invasive monitoring of regional tissue saturation with 

near-infrared spectroscopy (NIRS) is feasible in preterm infants, however normal ranges of 

cerebral (Csat) and mesenteric (Msat) oxygen saturation in preterms remain unclear in the 
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first week after birth 1. Changes in perfusion and tissue oxygen extraction for brain and 

gut may vary depending on gestational and postnatal age and be influenced by physiologic 

changes occurring with postnatal transition.

Single-center NIRS studies focusing on the first 72 hours after birth show an increase in 

Csat levels in preterm infants with gestational age between 24-32 weeks and a decrease with 

chronologic age 2–5, as well as higher Csat levels in small for gestational age males 6. Less is 

known about preterm Msat ranges in preterm infants; with only single-center observational 

studies 3,7–9, suggesting that Msat decreases during the first week.

The Transfusion of Prematures (TOP) trial (NCT 01702805) allowed for recruitment of 

a large number of preterm, ELBW infants to undergo NIRS monitoring of the brain 

and intestines at participating centers of the Eunice Kennedy Shriver National Institute 

of Child Health and Human Development (NICHD) Neonatal Research Network (NRN) 

and in collaboration with the National Heart, Lung, and Blood institute (NHLBI) 10. This 

current study was designed to examine how oxygen saturation and oxygen extraction of 

the brain and gut change over the first week of age in relation to other perinatal variables. 

We hypothesized that in the transitional period during the first week after birth, cerebral 

fractional tissue oxygen extraction (cFTOE) would be higher than mesenteric oxygen 

extraction (mFTOE), but both would increase over time.

Methods

Patient Population and Study Design

Infants were eligible for this secondary study if they were enrolled in the NRN TOP trial 

with birth weight ≤1000 g and with gestational age between 22 weeks 0 days and 28 

weeks 6 days, inclusive and postnatal age ≤48 hours 10. Subjects were approached for 

parental informed consent, unless skin integrity was deemed inadequate to allow for NIRS 

sensor placement for the duration of the infant’s enrollment in the trial; or if any TOP 

exclusion criteria were present (cyanotic congenital heart disease, non-viability as deemed 

by attending neonatologist, in-utero fetal transfusion, twin-to-twin transfusion syndrome, 

isoimmune hemolytic disease, congenital condition other than premature birth that adversely 

affects life expectancy or neurodevelopment, parents opposed to the transfusion of blood, 

parents with hemoglobinopathy or congenital anemia, prior blood transfusion beyond the 

first 6 hours of life, or high probability that the family would not be able to return for 

follow-up at 22-26 months) 10. The primary outcome was the pattern of Csat and Msat 

over the first week of age, with estimated sample size of 61 having power over 99% to 

detect a minimum 8% decline in NIRS measures over the first week based on pilot data and 

two-sided Type I error of 0.05. Approval of the institutional review board at each site was 

obtained, and written informed consent was required for participation.

Intervention

Within 6 hours of enrollment, a cerebral neonatal sensor connected to a NIRS device 

(INVOS 5100, Medtronic, Minneapolis, MN) was applied to the infant’s forehead to monitor 

Csat continuously until 7 days of age. A second sensor was applied to monitor Msat in the 
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infant’s left-lower abdominal quadrant, a location commonly utilized in neonatal intestinal 

oxygenation studies 11,12. A Mepitel (Molnlycke, Gothenburg, Sweden) dressing was used 

for skin protection under each sensor and was previously confirmed not to alter NIRS 

measures 13. The NIRS monitor screen was obscured to mask clinicians to Csat and Msat 

measures. A Vital Sync device (Medtronic) captured and time-synchronized NIRS data 

with patient pulse oximetry data (Nellcor, Medtronic). NIRS sensors were assessed daily 

to evaluate surrounding skin integrity and replaced on day 4 of age and as needed. All 

data were downloaded to electronic media and securely transferred to the NRN/TOP data 

coordinating center at RTI.

Demographic and perinatal variables including birth weight, gestational age, sex, antenatal 

steroid exposure, maternal race, Apgar scores at 1 and 5 minutes, small for gestational 

age status, SNAPPE-II score, and mode of delivery were recorded as part of the TOP 

trial. Other clinical variables in the first week of life were collected including PaCO2 

levels during the time of NIRS monitoring, concomitant medications, mode of ventilation, 

feeding details, and red blood cell (RBC) transfusions given. Data regarding presence of 

a hemodynamically significant patent ductus arteriosus (PDA) was unavailable as not all 

centers perform echocardiograms in the first week.

Data processing

NIRS values of Csat, Msat, and peripheral oxygen saturation (SpO2) data were acquired 

every 30 seconds. Measures were averaged on an hourly basis for an individual infant if at 

least 10 minutes of consecutive data for the hour were available. Total time with missing 

data was recorded. Cerebral fractional tissue oxygen extraction (cFTOE) was calculated with 

the following formula: cFTOE = (SpO2-Csat)/SpO2. Mesenteric fractional tissue oxygen 

extraction (mFTOE) was similarly calculated. The splanchnic to cerebral oxygenation ratio 

(SCOR) was calculated as Msat/Csat. Outlying data were excluded as determined by 

elimination of negative cFTOE or mFTOE values.

Statistical analyses

Descriptive trends in NIRS measures (Csat, cFTOE, Msat, mFTOE, Msat/Csat ratio 

(SCOR)) and SpO2 over 6-hour time periods across the first week of life were summarized 

with plots of mean values with 95% confidence intervals and additional exploratory analyses 

for interactions with perinatal features performed. Validity checks were conducted by 

comparing the baseline characteristics of NIRS infants included in the analysis versus 

those who were missing data. Relationships of key baseline perinatal characteristics (birth 

weight, gestational age, sex, growth restriction status, 5-minute Apgar score, number of 

transfusions received, and hemoglobin threshold group) with each NIRS measure over 

time were explored using cubic regression lines with 95% confidence intervals. Cubic 

regression was used to allow for non-linear changes in these associations over time that 

were suggested by the exploratory plots. Infant averages of NIRS measures and hemoglobin 

over the first week were estimated from models adjusting for the random effect of infant. 

Changes in infant mean NIRS measures over 1-hour periods were analyzed using mixed 

modeling, testing the relationship of each baseline perinatal characteristic with each NIRS 

measure over time, and adjusting for infant within center as a random effect. Multiplicative 
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interactive effects of each characteristic with time were also tested. Least squares means 

of each NIRS measure were reported at key timepoints (48, 96, and 144 hours of life). 

Final multivariable models of each NIRS measure were adjusted for critical baseline and 

first week of life characteristics. Interactions among these characteristics were tested, and 

if significant, estimates from stratified analyses were reported. All analyses utilized SAS 

software version 9.4.

Results

Population

Of 179 enrolled subjects from 17 centers of the NICHD NRN between July 2015 and April 

2017, 124 (72%) had adequate NIRS monitoring data from the first week (Supplemental Fig. 

S1). A total of 12,363 hours of NIRS monitoring data were available for analysis. During 

the first week, 3.7% of NIRS data were excluded as outliers, and 2.5% of NIRS data were 

missing, mostly from the first 2 days as enrollment was permissible up to 48 hours of age. 

Mesenteric NIRS data were more likely to be missing than cerebral NIRS data, with Msat 

(0.85%) and mFTOE (1%) missing of overall NIRS data. Available subject data for specific 

NIRS measures was accordingly variable, ranging from 22-37 at 24 hours, to 55-76 at 48 

hours, and 58-92 at 72 hours.

Patient characteristics including perinatal and neonatal variables are shown in Table 

1. Additional selected factors known to potentially affect cerebral saturation occurred 

either transiently or infrequently; these included hypoglycemia and other events leading 

to prolonged systemic oxygen desaturation or subject agitation (tracheal intubations, 

extubations, or surfactant administration events in the first week). Hypocarbia with any 

PaCO2 reading of <40 mmHg occurred in over 50% of subjects; however, this was 

infrequent with a median of 1 episode (IQR 1-2) over the first week with mean (± SD) 

PaCO2 value of 34.9 ± 3.2 mmHg (range 24-39). In the study population, 92% had blood 

gases measured from either arterial, venous, or capillary samples. Prolonged or multiple 

episodes (>5/day) of hypocarbia occurred in the first 2 days in only three infants.

Primary Outcome – Pattern of NIRS measures over the first week

Plots of mean Csat, Msat, cFTOE, and mFTOE with 95% confidence intervals (Fig. 1) 

demonstrate the distribution of these NIRS measures over the first week of life. Both Csat 

and Msat levels decreased significantly over time, while cFTOE and mFTOE increased 

significantly over time. There was minimal change in SpO2 and SCOR. Mean (95% CI) 

Csat decreased by 6.1% (5.5-6.7) and mean Msat decreased by 5.2% (4.0-6.4) from day 3 to 

day 7 after adjusting for random effect of infant. Across the entire monitoring period of the 

first week, the estimated infant mean (± SE) Csat was 65 ± 1% and Msat 45 ± 2%, while 

estimated infant mean cFTOE was 0.31 ± 0.01 and mFTOE 0.54 ± 0.02. Estimated mean 

hemoglobin levels (± SE), when available, decreased from 16.2 ± 0.4 g/dl on the day of birth 

to 13.9 ± 0.2 g/dl on day of life 1 with a slower decline to 13.4 ± 0.3 g/dl on day of life 4 

(Supplemental Fig. S2).
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Effect of perinatal variables on NIRS measures

Variables of interest including gestational age, SGA status, and 5-minute Apgar score were 

dichotomized, and select cubic regression lines of predicted NIRS measures over time 

with 95% confidence intervals are shown in Fig. 2. Estimates of mean NIRS measures by 

gestational age in the first week are included in Supplemental Table S1.

All analyses were considered exploratory and hypothesis-generating. Relationships are 

summarized in Supplemental Table S2, with p-values for test of interaction of each variable 

with hour of age across the entire first week. As the test of interaction was significant 

(p<0.05) for many variables, indicating changing relationships of variables with NIRS 

measures over time, we provided estimated NIRS measures at 96 hours of age as a single 

time point midway through the first week. At this time point, lower birth weight, lower 

gestational age, and two or more red blood cell transfusions in the low hemoglobin threshold 

group in the first week appeared to be associated with decreased Csat and increased cFTOE. 

In contrast, Msat and mFTOE showed opposite directionality for these conditions. Fig. 2 

also suggests similar relationship for those with 5-minute Apgar score ≤5. No differences 

were seen based on sex. Infants with small for gestational age status had decreased 

Csat and increased cFTOE, but notably also had decreased Msat and increased mFTOE. 

Analyses at early (48 hours) and later (144 hours) timepoints demonstrated slightly different 

NIRS estimates, but similar relationships between NIRS measures, confirming the complex 

interactions over time (data not shown).

Multivariable models

Multivariable modeling revealed a complex interaction between the transfusion 

characteristics of hemoglobin threshold level, number of transfusions, and postnatal age 

for all NIRS measures (p<0.001). Models for changes in NIRS values over the first week 

adjusting for the covariates of gestational age, sex, SGA status, 5-minute Apgar score 

≤5, and the 3-way interaction between time, number of red blood cell transfusions, and 

transfusion threshold group are presented in Table 2. Gestational age effects on NIRS 

measures were of borderline significance, with an increase in Csat but decrease in Msat with 

increasing gestational age. The effects of hemoglobin threshold and number of transfusions 

were reduced after models were adjusted for gestational age, SGA status, and 5-minute 

Apgar score. SNAPPE-II score, a measure of illness severity, was also associated with lower 

Csat in a bivariate analysis, but the relationship was no longer significant after adjusting the 

model for gestational age and number of transfusions in the first week.

Transfusion characteristics and NIRS measures

Neonates received an average of 1.1 ± 1.3 RBC transfusions in the first week of life (Table 

1). Infant mean (± SE) pre-transfusion hemoglobin was 10.2 ± 0.05 g/dl. Figure 3 depicts 

changes in mean Csat with transfusion parameters and time in the first week of age. The 

accompanying table in Fig. 3 reports estimated Csat and 95% confidence intervals for 

combinations of high/low threshold level and number of transfusions at selected time points 

of 48, 96, and 144 hours after birth (2, 4, and 6 days of age). Modeling revealed that thirteen 

subjects in the low hemoglobin threshold transfusion arm with 2 or more transfusions in 

the first week (low threshold/2+ transfusions) had the lowest adjusted mean Csat measures 
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throughout the first week and the highest cFTOE measures. Moreover, these infants did not 

exhibit the pattern of decline in Csat over the first week as was demonstrated by the overall 

population. Cerebral NIRS differences were most significant at 2 days of age compared 

to 4 and 6 days of age. There were minimal differences between transfusion groupings 

for mesenteric NIRS measures (data not shown). There was no significant difference in 

timing of transfusions, availability of NIRS data, or SpO2 between transfusion threshold 

groups. However, the low threshold/2+ transfusions group also had lower mean birth weight 

compared to all other groups (679 ± 123 g versus 811 ± 135 g). Supplemental Fig. S3 

demonstrates unadjusted NIRS changes in the first week by hemoglobin threshold group 

alone, suggesting increased Csat and Msat, but decreased cFTOE and mFTOE in the high 

hemoglobin threshold group compared to the low threshold group.

Discussion

This study is the largest to date in the extremely low birth weight, preterm population 

to describe developmental changes in simultaneously recorded cerebral and mesenteric 

oxygenation and oxygen extraction over the first week of life, and the first to directly 

examine the effect of anemia and red blood cell transfusions on these physiologic measures. 

We found that despite minimal change in SpO2, both Csat and Msat decreased over the first 

week, whereas cFTOE and mFTOE increased. However, risk factors for impaired end-organ 

perfusion (lower gestational age, lower birth weight, 5-minute Apgar ≤5) affected cerebral 

and mesenteric NIRS measures differently, with greater oxygen extraction by the brain 

compared to the gut. These findings suggest unique developmental regulation of oxygen use 

for different end organs.

Existing literature shows a decline in Csat and increase in cFTOE in the first month 3,14,15, 

potentially reflecting changes in brain blood flow and improved ability of the brain to extract 

oxygen with maturation. The largest single-center NIRS monitoring study demonstrated 

a parabolic change in Csat in the first 72 hours, with a peak at 36 hours of age 2. 

However, we could not replicate these findings as infants were enrolled up to 48 hours. 

We confirmed studies showing an increase in Csat and decrease in cFTOE with increasing 

gestational age 2,3, although one study demonstrated the opposite 15. Findings may differ 

by monitoring device, sensor type, sampling periods, gestational age or postnatal age range, 

and clinical management of early SpO2, blood pressure, and hemoglobin goals. However in 

our population, mean Csat was 65 ± 16%, consistent with previously published ranges in 

preterm infants and the 55-85% range used for current interventional studies 2,4,16.

Our study is the first multicenter prospective investigation of mesenteric oxygenation in 

the ELBW infant. It confirms both the feasibility of mesenteric NIRS monitoring in this 

population and the simultaneous decline in Msat and increase in mFTOE over the first 

week as described in other studies 3,7–9,17. Blood flow to the preterm infant intestine 

slowly increases in the first week of age as documented by ultrasound Doppler studies 
18–20. However, despite this increase in intestinal blood flow, several studies, including ours, 

documented a decrease in mesenteric oxygenation measurements using NIRS in the first 

week of life 3,7–9. It is hypothesized that the preterm intestine extracts more oxygen to meet 

metabolic demands during this transitional early period of life; this study confirms increased 
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mFTOE in the first week. Van der Heide et al, in a large (N=220) single-center study, found 

a nadir in splanchnic oxygen saturation occurred on day 4 at 38.7 ± 16.6% and then slightly 

increased to 44.2 ± 16.6% by day 7 9. Comparable values of Msat in our study showed a 

similar pattern with a nadir of 38.2 ± 22% by day 5 and a plateau at 45.4 ± 21% by day 

7. No clear association between a specific Msat threshold and gastrointestinal morbidity 

such as necrotizing enterocolitis (NEC) or spontaneous intestinal perforation has yet been 

established.

Limited research into variables affecting mesenteric oxygenation has been performed. We 

describe increased Msat and decreased mFTOE in infants with lower gestational ages. Other 

investigators have demonstrated contradictory findings with lower gestational age resulting 

in decreased Msat 3,9,21. However, these investigators did not measure corresponding 

changes in oxygen extraction over time, and they examined more mature and less anemic 

preterm infants than we studied. Differences could also be attributable to use of imputed 

values, different transfusion or feeding guidelines, and monitoring only at selected time 

points in other studies. Similar to our findings, lower splanchnic oxygenation in SGA 

compared to appropriate for gestational age preterm infants has been described 9,22. We 

further supplement this association with evidence of corresponding higher mFTOE in 

SGA infants, potentially reflecting the response to fetal ischemia and growth restriction 

by increasing intestinal oxygen extraction. This process is similar to that which occurs in 

the SGA infant brain 6. While 41% of monitored infants were enterally fed in the first 

week, we did not specifically measure changes in Msat with response to feeds. One study 

investigating the effect of feeding on Msat 8 suggests that postprandial Msat increases only 

in more mature preterm infants (postmenstrual age >32 weeks), which may confirm the 

limited ability of preterm infants to meet metabolic demands associated with early feeding.

Combined cerebral and mesenteric NIRS monitoring suggests different end-organ effects in 

response to perinatal stressors, with preferential oxygen extraction by the brain. Our study 

demonstrated greater cFTOE but lower mFTOE in infants with lower gestational age, lower 

birth weight, 5-minute Apgar ≤5, and need for ≥2 transfusions. These infants may be at risk 

for ongoing hypoxia and ischemia, with adaptive efforts by the brain to increase oxygen 

extraction at the expense of other end organs like the gut. Indeed, research in preterm 

fetal sheep demonstrate a preferential increase in cerebral oxygen extraction rather than 

cerebral blood flow during non-injurious hypoxia 23,24. However, potentially longer-standing 

conditions like in utero growth restriction may have allowed time for both brain and gut to 

adapt with increased cFTOE and mFTOE. Lack of a clear pattern of splanchnic to cerebral 

oxygenation (SCOR) over the first week suggests not only differential organ blood flow, but 

also distinct changes in oxygen extraction by brain and gut. In a small study, Bozzetti et al. 

monitored SGA infants and found higher cerebral than splanchnic oxygenation measures, 

suggesting a brain-sparing effect in the first 24 hours after birth, with greater FTOE in the 

brain but with reperfusion of the splanchnic region by 72 hours 25. The complex relationship 

between brain and gut oxygenation is also evident from literature suggesting lower Csat in 

infants who developed NEC 26 and a possible explanation for worse neurodevelopmental 

outcome in infants with NEC 27.
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Complex interactions exist between hemoglobin level, number of transfusions, and postnatal 

age with regards to tissue oxygenation. Studies have examined transient increases in Csat 

and Msat and decreases in cFTOE and mFTOE with blood transfusions 14,22,28,29 Literature 

supports decreased Csat 30 and increased cFTOE in the most anemic infants 29,31,32 but 

limited compensatory increase in gut oxygen extraction 29,33. Our study provides further 

evidence of this prioritization of oxygen use by the brain over the gut under conditions of 

anemia. Others have also found that the association between cerebral NIRS measures and 

hemoglobin is mitigated with repeated exposures to red cell transfusions 30, possibly related 

to adaptive changes over time including increased cardiac output and cerebral blood flow 
34,35. As hemoglobin levels slightly decrease over the first week (Supplemental Fig. S2) 

while SpO2 remains the same, increases in cFTOE and mFTOE may also be due in part to 

postnatal reduction in hemoglobin.

The TOP trial found that a higher hemoglobin threshold for red-cell transfusion in ELBW 

infants did not improve survival without neurodevelopmental impairment 10. This secondary 

study demonstrated that within the confines of the TOP transfusion algorithm, infants 

with a greater degree of anemia in the first week (those in the low hemoglobin threshold 

group requiring 2 or more transfusions) had the lowest Csat and highest cFTOE measures, 

especially in the first few days. Whether NIRS measures, including cerebral oxygenation, 

may be more predictive of neurodevelopmental outcomes compared to traditional measures 

of anemia severity such as hemoglobin level is unknown.

Limitations of this study include lack of correlation between NIRS data and outcomes 

such as death, neurodevelopmental impairment, or necrotizing enterocolitis. However, 

clinical outcome data in relation to NIRS measures will be forthcoming in future analyses. 

Monitoring data available over 7 days from 124 ELBW infants from multiple centers 

using the same type of NIRS device and neonatal sensor is a significant strength of 

this investigation. However, data were analyzed as hourly averages and not continuous 

waveforms, potentially not accounting for subtle changes. While we investigated other 

factors contributing to Csat or Msat, additional variables were not accounted for, including 

degree of hemodynamic significance of a PDA and feeding intervals, both of which 

could significantly impact mesenteric perfusion. Moreover, hypercarbia or hypocarbia, 

hypotension, PDA, and severe intraventricular hemorrhage are not infrequent in the ELBW 

population and may impact Csat measures. Adjustment for all these potential confounders 

was not done given the focus on patterns of NIRS measures in a representative ELBW 

population over time but must be considered as a limitation of the investigation. This study 

also did not capture the immediate transition period after birth, as monitoring did not occur 

in the delivery room, and early missing data was noted given variable enrollment until 48 

hours of age. Although Msat has been characterized as an unreliable measure due to the 

potential effects of peristalsis, underlying intestinal air or stool, and variability of blood 

supply 36,37, we found only minimal missing Msat or mFTOE data overall, confirming the 

feasibility of abdominal NIRS monitoring in the preterm population.
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Conclusion

Tissue oxygenation of the brain and gut declines over the first week with a corresponding 

increase in oxygen extraction by these organs and a preferential increase in brain oxygen 

extraction for more immature and anemic preterm ELBW infants. These distinct changes 

in end-organ oxygen balance may clarify risks of impaired cerebral and mesenteric 

oxygenation inherent to the preterm population. Knowledge of these early changes in tissue 

saturation and oxygen extraction may better inform brain protective strategies and feeding 

approaches for the ELBW infant in the first week of age.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Impact statement:

• Simultaneous monitoring of cerebral and mesenteric tissue saturation 

demonstrates the balance of oxygenation between preterm brain and gut and 

may inform protective strategies.

• Over the first week, oxygen saturation of the brain and gut declines as oxygen 

extraction increases.

• A low hemoglobin transfusion threshold is associated with lower cerebral 

saturation and higher cerebral oxygen extraction compared to a high 

hemoglobin transfusion threshold, although this did not translate into 

clinically relevant differences in the TOP trial primary outcome.

• Greater oxygen extraction by the brain compared to the gut occurs with lower 

gestational age, lower birth weight, and 5-minute Apgar score ≤5.
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Figure 1: 
NIRS measures over the first week with 95% confidence intervals demonstrate a decrease 

in cerebral saturation (Csat) and mesenteric saturation (Msat) and an increase in cerebral 

fractional tissue oxygen extraction (cFTOE) and mesenteric fractional tissue oxygen 

extraction (mFTOE). Systemic saturation (SpO2) and splanchnic cerebral oxygenation ratio 

did not exhibit a significant change in pattern.
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Figure 2: 
NIRS measures of cerebral and mesenteric saturation (Csat and Msat) and cerebral and 

mesenteric oxygen extraction (cFTOE and mFTOE) differ based on gestational age, small 

for gestational age (SGA) status, and 5-minute Apgar score. Predicted NIRS measures are 

shown using cubic regression lines with 95% confidence intervals in the first week.
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Figure 3: 
Mean cerebral saturation (Csat) varies with transfusion parameters and time in the first week 

of age. Those with the lowest mean Csat had 2 or more transfusions and were in the low 

hemoglobin transfusion threshold arm. Mean Csat and 95% confidence intervals are shown 

for each group at selected time points of 48, 96, and 144 hours after birth.
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Table 1:

Perinatal and Neonatal Variables (N=124)

Characteristic Mean ± SD or n (%)

Antenatal and Delivery Room

Gestational Age (weeks) 25.9 ± 1.4

Birth weight (g) 798 ± 139

Small for gestational age, n (%) 14 (11.3)

Head circumference at birth (cm) 23.2 ± 1.6

Male sex, n (%) 49 (39.5)

Maternal racial or ethnic group, n (%)

 White 27 (21.8)

 Black 36 (29.0)

 Hispanic 53 (42.7)

 Asian 3 (2.4)

 Other 5 (4.0)

Prenatal steroids, n (%) 115 (92.7)

Inborn, n (%) 117 (94.4)

Cesarean section delivery, n (%) 86 (69.4)

Delayed cord clamping, n (%) 36 (29.0)

Umbilical cord milking, n (%) 6 (4.8)

Delivery room resuscitation

 Intubation, n (%) 67 (54.0)

 Chest compressions, n (%) 7 (5.7)

 Epinephrine, n (%) 5 (4.0)

1 min Apgar ≤ 5, n (%) 82 (66.1)

5 min Apgar ≤ 5, n (%) 22 (17.7)

SNAPPE-II Score
a 44.8 ± 20.4

First week of life

Number of red blood cell transfusions 1.1 ± 1.3

Hypocarbia (any paCO2 <40 mmHg), n (%) 66 (53.2)

Hypoglycemia (any blood glucose <40), n (%) 0 (0)
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Characteristic Mean ± SD or n (%)

Concurrent medications

 Dopamine, n (%) 22 (17.7)

 Dobutamine, n (%) 2 (1.6)

 Epinephrine, n (%) 2 (1.6)

 Fluid bolus, n (%) 8 (6.5)

 Steroids for hypotension, n (%) 9 (7.3)

 Indomethacin, n (%) 17 (13.7)

Respiratory support (primary mode)
b
, n (%)

 High frequency ventilation 20 (16.1)

 Conventional ventilation 37 (29.8)

 Nasal SIMV/SiPAP/NIPPV 15 (12.1)

 CPAP/HFNC 42 (33.9)

 Nasal cannula/Hood 2 (1.6)

 Room air 7 (5.7)

Events, n (%)

 Intubation 21 (16.9)

 Extubation 30 (24.2)

 Surfactant administration 20 (16.1)

 Lumbar puncture 5 (4.0)

 Surgery 4 (3.2)

a
SNAPPE score could not be calculated for 9 infants

b
Most common mode of respiratory support in first week reported. One infant had no respiratory support data from first week of life
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Table 2:

Multivariate model for changes in NIRS measures over first week

Measure Cerebral Saturation 
(Csat, n=122)

Cerebral Fractional 
Tissue Oxygen Extraction 

(cFTOE, n=111)

Mesenteric Saturation 
(Msat, n=95)

Mesenteric Fractional 
Tissue Oxygen Extraction 

(mFTOE, n=84)

Beta (SE) p-value Beta (SE) p-value Beta (SE) p-value Beta (SE) p-value

Number of 
transfusions, Hb 
threshold group, 
time (3-way 
interaction)

n/a 0.0002 n/a <0.0001 n/a <0.0001 n/a <0.0001

Male sex (vs. 
female)

0.15 (2.72) 0.95 −0.02 
(0.03)

0.57 −1.86 
(3.80)

0.62 0.05 (0.04) 0.23

Gestational age 1.98 (1.20) 0.05 −0.01 
(0.01)

0.26 −2.31 
(1.65)

0.16 0.01 (0.02) 0.44

SGA status −2.29 
(4.47)

0.61 0.05 (0.01) 0.29 −4.69 
(6.08)

0.44 0.06 (0.07) 0.35

5-minute Apgar ≤5 −1.72 
(3.64)

0.64 0.04 (0.04) 0.33 2.14 (4.84) 0.66 −0.04 (0.5) 0.52

*
Each model is adjusted for all listed covariates, the main effects of the interaction terms, and the random effect of subject within center. N denotes 

the number of infants represented in each model.
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