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Abstract
Objectives: To determine the time taken by neonates to reach 
target pulse oxygen saturations (SpO2) > 70% and > 90% and 
to assess if the appearance of pink color of tongue and trunk 
coincides with an SpO2 > 70%
Materials and Methods: This study included 352 term and 
preterm neonates not requiring any intervention at birth. All 
neonates were placed under a radiant warmer. One inves-
tigator recorded the pulse oximeter data every minute until 
10 minutes after birth. Simultaneously, another investigator 
assessed and recorded the time of appearance of pink color 
of the tongue and trunk. Data were statistically analyzed. 
Results: The median time required to attain > 70% SpO2 levels 
was 3 minutes with significant differences between term and 
preterm neonates. Median time required to attain saturation  
> 90% in term and preterm neonates was 5 minutes.  
The sensitivity and specificity of pink color of tongue and trunk 
to predict SpO2 > 70% were 97.03% and 0.80% and 89.6% and 
0.4%, respectively.
Conclusion: Preterm neonates have lower saturation at birth 
and take longer than term neonates to achieve an SpO2  
> 70%. Median time required to attain > 90% SpO2 is same for 
all neonates. The tongue and trunk color has poor specificity 
in detecting > 70% SpO2; thus, emphasizing the importance of 
having pulse oximeters in delivery rooms. 
Key Words: Resuscitation, pulse oximeter, gestational age, 
Apgar score, cesarean birth, vaginal birth
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Introduction
Neonates undergo certain changes during the imme-
diate postnatal life in the form of respiratory and 
circulatory alterations such as expansion of the lungs, 
clearance of the fetal lung fluid, establishment of effec-
tive gas exchange, and physiologic termination of right 
to left shunts. These changes help the newborn adapt 
to the postnatal life. Most newborns have a smooth 
transition to the postnatal life. Only around 10% of 
newborns require some assistance to begin breathing at 
birth and < 1% require extensive resuscitation efforts.1 
Newborns do not attain pulse oxygen saturation (SpO2) 
levels of > 90% immediately after birth. Even newborns 
who do not require any form of resuscitation at birth 
take several minutes to achieve SpO2 levels > 90%. 
Dawson et al2 found that the median time required to 
achieve SpO2 level of > 90% was 7.9 minutes. They also 
found that preterm neonates took a longer time to reach 
target SpO2 levels than term neonates. Hitherto, only 1 
study has assessed Indian neonates, in which the time 
to achieve target saturation by using pulse oximetry 
was analyzed. There can be variations in the SpO2 level 
achieved by neonates at different time periods after 
birth depending on the altitude of that place,3 varia-
tions in temperature within the delivery environment, 
and mode of delivery. 

A neonate’s response to resuscitation is measured in 
terms of heart rate. According to the Neonatal Resus-
citation Guidelines 2010 issued by the American Heart 
Association, auscultation of the heart is considered to 
be most accurate to assess the response to resuscita-
tion. The increase in heart rate after each step of resus-
citation is considered to be a successful response.4 Color 
assessment as needed for progressive steps of resusci-
tation, initially recommended in the 2005 guidelines 
was removed in the 2010 guidelines.4 During resusci-
tation of newborns in the delivery room, SpO2 levels 
should be monitored routinely by pulse oximetry. But, 
in a resource-limited setting, unavailability of a pulse 
oximeter limits the assessment of oxygenation status of 
newborns. 

Our study was hence planned with an aim to determine 
the time taken by neonates not requiring any medical 

intervention at birth to reach target SpO2 levels > 70%, 
as this is conventionally taken as a measure of adequate 
oxygenation for neonates in the delivery room5 and also 
the time taken to reach a saturation of > 90%. Our 
secondary aim was to find out if appearance of pink 
color of the tongue and trunk (observations used as 
indicators of adequate oxygenation by health workers in 
settings without pulse oximeter) coincides with a SpO2 
level > 70%.

Objectives
•	 To determine the range of SpO2 levels for the first 

10 minutes in neonates who did not require any 
medical intervention during delivery

•	 To assess if the pink color of the tongue and the 
trunk can be used as an indicator of good oxygena-
tion in resource-limited settings

Materials and Methods
This was a prospective study conducted from July 6 to 
August 6, 2016, at a tertiary care unit of Assam Medical 
College (Dibrugarh, Assam, India). 

Inclusion criteria
All viable newborns, both term and preterm, deliv-
ered in the normal delivery room and cesarean opera-
tion theater, during the study period, were included in 
the study. Viability was defined as gestational age > 28 
weeks. Of the 768 neonates delivered in our hospital 
during the study period, 352 matched the inclusion 
criteria and were included in the study.

Informed consent was taken from the mothers, prior 
to delivery, for keeping the neonates in the labor room, 
under a radiant warmer for 10 minutes to monitor their 
SpO2 levels. Ethical clearance to conduct the study was 
sought.

Exclusion criteria
Newborns with life-threatening congenital malforma-
tions, extreme prematurity, or those requiring any form 
of resuscitation or medical intervention or delivered 
without the simultaneous availability of 2 resuscitators 
in the labor room were excluded from the study. 
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Of the 768 neonates delivered in our hospital during 
the study period, 416 were excluded as per the exclu-
sion criteria—64 neonates required extensive resusci-
tation, 4 neonates had congenital malformations, 54 
neonates required intervention in the form of free flow 
oxygen or respiratory support, and 294 neonates were 
delivered when 2 resuscitators were not available in the 
labor room. 

Study procedure
Neonates not requiring any intervention at birth were 
placed under a radiant warmer soon after their umbil-
ical cords were cut. One investigator applied the pulse 
oximeter sensor on neonates’ right wrists after cleaning 
with a towel to remove the vernix. The pulse oximeter 
probe at the patient end was first applied to the wrist 
and then the probe was connected to the monitor. The 
pulse oximeter data were recorded from the time the 
display was available to every minute until 10 minutes 
after birth. The investigator recording the pulse 
oximeter data was blinded as to the appearance of pink 
color of the tongue and the trunk. Simultaneously, the 
tongue and trunk color was assessed by another investi-
gator who was blinded to the pulse oximeter data. The 
time of appearance of pink color of the tongue and the 
trunk was recorded by this investigator. Details of satu-
ration recordings and the time of appearance of pink 
color of the tongue and trunk were recorded in a struc-
tured pro forma later. 

Baseline characteristics of the neonates, such as 
gestational age and birth weight, are represented as 
percentage, mean, median, and standard deviation. 
Mann–Whitney U test was used to compare data of 
term and preterm neonates. A P value < .05 was consid-
ered significant. SpO2 of 70% was used as the cut-off 
value to determine the sensitivity and specificity of the 
tongue and trunk color because this is the saturation 
value below which supplemental oxygen is advised.5 

This cut-off value was used in other similar studies 
as well.6 The sensitivity, specificity, positive predic-
tive value, negative predictive value, positive likeli-
hood ratio, and negative likelihood ratio for tongue 
and trunk that are pink to have an SpO2 > 70% were  
calculated.

Outcome measures
•	 SpO2 level of the newborn every minute starting 

from 1 minute (or as soon as the pulse oximeter 
starts reading) to 10 minutes after birth

•	 Percentile saturation curves

•	 Time of appearance of pink color of the tongue 
and trunk and the SpO2 level at that time by pulse 
oximetry

Results
Table 1 shows the neonatal characteristics at birth. The 
mean gestational ages of 320 term neonates and 32 
preterm neonates were 38.05 ± 0.317 and 33.84 ± 2.76 
weeks, respectively.
Table 1. Neonatal Characteristics at Birth

Gestation Age, wk, Mean ± SD 37.67 ± 1.494
Preterm (28–36 wk), n (%) 32 (9)
Term (≥ 37 wk), n (%) 320 (90.9)
Birth Weight, g, Mean ± SD 2851 ± 563 
Apgar Score at 1 min, Median 9
Apgar Score at 5 min, Median 10
Vaginal Birth, n (%) 185 (52.55)
Lower Segment Cesarean Section, n (%) 167 (47.44)

For preterm neonates, at 1 minute, the 3rd, 10th, 25th, 
50th, 75th, 90th, and 97th percentiles of SpO2 were 
35.93%, 38%, 43.75%, 53%, 58.25%, 71.6%, and 
78.56%, respectively; at 2 minutes, 43.72%, 48.3%, 
53.75%, 62.5%, 72.25%, 80.9%, and 92.07%, respec-
tively; and at 5 minutes, 68.79%, 73.5%, 88.5%, 90.5%, 
94%, 95.9%, and 96.14%, respectively (Figure 1). 

Figure 1. Percentiles of SpO2 for Preterm Neonates 
Requiring No Medical Intervention After Birth
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For term neonates, at 1 minute, the 3rd, 10th, 25th, 
50th, 75th, 90th, and 97th percentiles of SpO2 were 
37%, 44.8%, 50%, 58%, 71%, 78.2%, and 86.46%, 
respectively; at 2 minutes, 48%, 54%, 62%, 70%, 
80.25%, 91%, and 94%, respectively; and at 5 minutes, 
75.57%, 83%, 90%, 93%, 96%, 96%, and 98%, 
respectively (Figure 2). 

It required a median of 3 minutes for the SpO2 to reach 
> 70% and 5 minutes for the SpO2 to reach > 90% in 
both term and preterm neonates.

Figure 2. Percentiles of SpO2 for Term Neonates 
Requiring No Medical Intervention After Birth

There was a statistically significant difference in SpO2 
levels between the term and the preterm neonates 
during the first 3 minutes of birth but not subsequently 
(Table 2). There was a significant difference in the time 
required to attain > 70% saturation between term and 
preterm neonates. Preterm neonates took more time 
to attain SpO2 levels > 70% (Table 3). Also, the SpO2 
levels of preterm neonates were also significantly less 
than that of term neonates during the first 3 minutes 
of birth. A median of 5 minutes was required for both 
term and preterm neonates to reach SpO2 levels > 90%. 
No difference was observed in SpO2 levels between the 
neonates born through cesarean section and sponta-
neous vaginal delivery (Table 4).

In our study, the median time required for the neonates 
to attain > 70% SpO2 levels was 3 minutes. When the 
SpO2 is > 70%, the tongue is likely to be pink. In our 
study, we found that the sensitivity of a pink tongue 
to predict SpO2 levels > 70% was 97.03% (95% CI: 
91.56%–99.38%); specificity was 0.80% (95% CI: 
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Table 2. Comparison of SpO2 Values From 1 to 10 
Minutes After Birth for Preterm and Term Births

Time After 
Birth, min

SpO2, %, Median (IQR) P Values
Preterm births Term births

1 53 (43.75–58.25) 58 (50–71) .017

2 62.5 (53.75–72.25) 70 (62–80.25) .057

3 74 (63–80.25) 80 (70–90) .009

4 84 (80.25–91) 89 (82–93) .067

5 90.5 (88.5–94) 93 (90–96) .108

6 94 (91.75–96) 94 (91–96) .880

7 96 (92.75–98.8) 96 (94–98) .559

8 98 (96–98.25) 98 (96–98) .184

9 98 (96.75–99) 98 (96–99) .965

10 99 (98–99) 98 (98–99) .081

Table 3. Time Taken for Neonates to Reach SpO2 
Targets of > 70%, > 80%, > 90%

SpO2 
Targets

Time to Reach Target SpO2, min, Median (IQR) 
P 

ValuesPreterm 
neonates

Term 
neonates

All 
neonates

> 70% 3 (2–4) 2 (1–3) 3 (1–3) .03

> 80% 4 (3–5) 4 (2–4) 4 (3–4) .11

> 90% 5 (4–6) 5 (3–6) 5 (4–6) .30

Table 4. Comparison of SpO2 Values From 1 to 10 
Minutes After Birth for Vaginal and Cesarean Births

Time After 
Birth, min

SpO2, %, Median (IQR) 
P Values

Vaginal births Cesarean births
1 57 (48–73) 57 (50–67) .30
2 71 (62–81) 69 (61–79.5) .04
3 80 (73–90) 78 (70–88) .33
4 89.5 (82–93) 88 (82–92.5) .72
5 93 (89–96) 92 (90–95) .95
6 94 (92–96) 94 (90–96) .81
7 96 (93–98) 96 (94–98) .78
8 98 (96–98) 98 (95–98) .79
9 98 (96–99) 98 (96–99) .07

10 98 (98–99) 98 (98–99) .09
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0.1%–2.85%); positive predictive value was 28.24% 
(95% CI: 23.56%–33.30%); negative predictive value 
was 40% (95% CI: 5.27%–85.34%); positive likeli-
hood ratio was 0.98 (95% CI: 0.94–1.01); and negative 
likelihood ratio was 3.73 (95% CI: 0.63–21.98). For the 
pink color of the trunk to predict SpO2 levels > 70% 
the sensitivity was 89.6% (95% CI: 83.21%–94.21%); 
specificity was 0.4% (95% CI: 0.01%–2.54%); posi-
tive predictive value was 35.91% (95% CI: 30.78%–
41.28%); negative predictive value was 6.7% (95% 
CI: 0.17%–31.95%); positive likelihood ratio was 0.90 
(0.85–0.95); and negative likelihood ratio was 22.50 
(95% CI: 2.9–169.20).

Discussion
This study shows how the SpO2 levels of a neonate 
change with time during the first 10 minutes of life. 
Both term and preterm neonates took a median time 
of 5 minutes to achieve SpO2 levels > 90%. However, 
preterm neonates took a median time of 3 minutes 
(IQR: 2–4 min) and term neonates took a median time 
of 2 minutes (IQR: 1–3 min) to achieve SpO2 levels  
> 70%. This was statistically significant (P < .05) in that 
the preterm neonates required more time to achieve  
> 70% SpO2 levels. SpO2 levels between the term and 
preterm neonates were significantly different during 
the first 3 minutes (P < .05) and thereafter there was no 
significant difference.

In a study by Dawson et al,2 the median time taken by 
neonates to reach SpO2 levels > 90% was 7.9 minutes 
(IQR: 5.0–10.0 min). At all time points monitored, 
the median SpO2 was significantly lower for preterm 
neonates than for term neonates. These results are 
inconsistent with that of our study. In our study, the 
median SpO2 levels during the first 3 minutes for both 
preterm and term neonates was lower compared with 
Dawson et al’s2 study, but the SpO2 levels increased 
later. The median SpO2 levels during the first 3 minutes 
as per Dawson et al’s2 study were 62% in preterm and 
68% in term neonates at 1 minute; 68% in preterm and 
76% in term neonates at 2 minutes; and 76% in preterm 
and 81% in term neonates at 3 minutes. The corre-
sponding values in our study were 53% in preterm and 
58% in term neonates at 1 minute; 62.5% in preterm 

and 70% in term neonates at 2 minutes; and 74% in 
preterm and 80% in term neonates at 3 minutes. This 
may be explained by the fact that our place of study is 
at an altitude higher than that of Dawson et al’s2 study. 
The subsequent increase in saturation may be explained 
by the increase in ambient temperature. The method 
and the type of instrument used to measure the SpO2 
levels may also be influencing factors.

Kattwinkel et al4 report that 10 minutes were required 
to achieve SpO2 levels > 90%. A study by Lu et al7 
reports that SpO2 levels > 90% was achieved at or 
around the 5th minute in most healthy term neonates, 
which is consistent with our study. But House et al,8 
Rabi et al,9 and Rao et al10 observed SpO2 levels < 90% 
at 5 minutes and SpO2 levels > 90% at 8 to 10 minutes. 
In a study conducted in north India, it was found that 
the SpO2 level of preterm neonates rises more slowly 
than that of term neonates but both the groups acquire 
≥ 90% saturation within the first 10 minutes of life. It 
took a mean time of 8.35 ± 1.16 minutes (IQR: 7.3–9.3 
min) for term neonates and 9.32 ± 0.59 minutes (IQR: 
9–10 min) for preterm neonates to reach SpO2 target  
≥ 90%.11 Thus, there appears to be regional differences 
in the time required for newborns to achieve appro-
priate saturation.

In our study, no significant differences were observed 
between the SpO2 levels in neonates born through 
cesarean or vaginal delivery. Our study demonstrated 
that there were no significant differences in SpO2 
levels after the first 5 minutes following birth through 
cesarean or vaginal delivery and similar results have 
been demonstrated by other studies too.7,8,12,13 However, 
during the first 5 minutes after birth, neonates born 
through cesarean delivery had significantly lower 
SpO2 levels than those delivered vaginally in studies by 
Dawson et al,2 Rabi et al,9 and Harris et al.14 

We created percentile saturation curves from 1 minute 
to 10 minutes for both term and preterm neonates, for 
use in the delivery room in our setting. The purpose 
of these curves was to guide the oxygen therapy in the 
delivery room. Irrational use of oxygen can cause hyper-
oxic damage to the newborn, and preterm neonates are 
more susceptible than term neonates. Keeping this in 

Research Article

Bora R, et al. Time Taken to Reach Target SpO2 and Determining Oxygen Requirement



138 • PERINATOLOGY • Vol 17 • No. 4 • Jan–Mar 2017

mind, saturation curves for both term and preterm 
neonates were created so as to help clinicians optimize 
oxygen usage.

Determining the oxygenation status of a newborn by 
its color has been found to be fallacious. Blue color of 
the tongue is known to be an indicator of low central 
SpO2. O’Donnell et al15 have proved that clinical assess-
ment of a newborn’s color is unreliable and advocated 
the use of pulse oximetry in the delivery room, which 
merits further evaluation. In another study by Dawson  
et al,6 it was found that the tongue color is a specific but 
insensitive indicator of oxygenation status. In a study 
by Goldman et al,16 lips were shown to be a better indi-
cator of central cyanosis than the trunk or the nail bed. 
In our study, we found that the median time required 
for achieving > 70% SpO2 was 3 minutes. The sensi-
tivity of tongue color to detect SpO2 levels > 70% was 
97.03%, but the specificity was 0.80%. For the pink 
color of the trunk to predict SpO2 levels > 70%, sensi-
tivity was 89.6% and specificity was 0.4%. Thus, the 
color of the tongue and trunk has a poor diagnostic 
value, but can be used as a screening tool in resource-
limited settings. This mandates the uniform availability 
of pulse oximeters in all settings for accurate assessment 
of oxygenation status of the neonate.

Conclusion
We determined the range of SpO2 levels in neonates for 
the first 10 minutes after birth and created percentile 
saturation curves for both term and preterm neonates. 
At birth, the SpO2 levels of preterm neonates are lower 
than that of term neonates. It takes longer for the 
preterm neonates to attain SpO2 level > 70%. But the 
median time required for the neonates to attain > 90% 
SpO2 levels is same. The percentile curves can guide 
clinicians in the delivery room in adjusting the oxygen 
concentrations as per the specific targets at different 
times after birth. This may in turn help prevent injudi-
cious use of oxygen and prevent hyperoxic damage to 
the neonate. We also found that the color of tongue and 
trunk has poor specificity to detect SpO2 levels > 70%, 
but can be used as a screening tool in resource-limited 
settings. This emphasizes the importance of ready avail-
ability of pulse oximeters in delivery rooms to accu-

rately assess the oxygen saturation levels of newborns 
and intervene accordingly.
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