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A B S T R A C T

Background: The aim of this study was to describe the effect of factors on time to reach a pulse
oxygen saturation (SpO2) level of 90% in preterm infants in the delivery room.
Methods: Preterm (<35 gestational age) infants who did not require supplemental oxygen were
included in the study. Continuous recordings were taken by pulse oximetry during the first 15 min
of life.
Results: Of 151 preterm infants, 79 (52.3%) were female and 126 (83.5%) were delivered by cesar-
ean section. Target saturation level (�90%) was achieved faster in preductal measurements. Mean
times taken to have a preductal and postductal SpO2 level of 90% were significantly lower in pre-
term babies born by vaginal delivery, with umbilical arterial pH� 7.20 and whose mothers were
non-smokers during pregnancy.
Conclusions: Differences in achievement of target saturation level were influenced by multiple fac-
tors (birth way, probe location, maternal smoking and umbilical blood gas pH) in the delivery room
during resuscitation of preterm babies.

K E Y W O R D S : preterm infants, oxygen saturation, delivery room

B A C K G R O U N D
Approximately 10% of newborns, even higher rates
of premature infants, require some form of resuscita-
tion at birth [1]. A number of large studies have
demonstrated that standardized resuscitation prac-
tices significantly reduce neonatal mortality and im-
prove outcomes [2, 3]. Worldwide, one of the most
common causes of neonatal death is preterm birth
and related complications [4]. Not only mortality
but also morbidity of preterm infants is related to

oxygen exposure in the delivery room [5, 6].
Published neonatal resuscitation algorithms have
suggested that a pulse oximeter should be used dur-
ing resuscitation of preterm infants to avoid poten-
tially harmful effects of oxygen [7, 8].

European Consensus Guidelines stated that in
preterm babies receiving oxygen, the saturation tar-
get should be between 90 and 94% beyond delivery
room handling [9]. Now we know very well that
newborn infants achieve these levels about 10 min
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after delivery. The Neonatal Resuscitation Program
(NRP) recommends targeted pulse oxygen satur-
ation (SpO2) levels for only term neonates [7].
However, data on changes in SpO2 in preterm in-
fants are very limited and are not included in the
NRP. Furthermore, preterm infants need signifi-
cantly more time to reach target saturation [10].

The purposes of this study were to determine the
factors that have an impact on oxygen saturation lev-
els and to obtain reliable time for functional pulse
oximeter signal and time to reach 90% SpO2 level in
preterm infants with no interventions in the delivery
room.

M A T E R I A L S A N D M E T H O D S
Preterm infants (<35 weeks’ gestation) born be-
tween 1 November 2013 and 1 May 2015 who did
not require oxygen supplementation in the delivery
room were included in this prospective study. Verbal
consent and written informed consent were obtained
from parents before the infants’ birth. The study
protocol was approved by the ethical committee.

Patient selection
Inclusion criterion was healthy preterm (<35 gesta-
tional age) infants. Exclusion criteria included pre-
terms requiring oxygen, ventilation, medications and
interventions (including continuous positive airway
pressure [CPAP]) at birth and those with congenital
abnormalities, poor biophysical profiles and insuffi-
cient records.

Study procedures
All premature infants were assessed at birth. A pedi-
atrician and two neonatal nurses attended each deliv-
ery. Resuscitation protocols were performed
according to the NRP guidelines by different clin-
icians, if necessary [11]. The time of birth was deter-
mined at the time of cord clamping, which occurred
immediately after birth. The chronometer was
started at clamping of the cord. The sensors were
placed at the right wrist for the preductal SpO2

measurements and the dorsum of the foot for the
postductal SpO2 measurements immediately after
cord clamping. The time to apply the sensor and the
time to first reliable reading of SpO2 level were
noted. Oxygen saturation levels and heart rate were

recorded and downloaded automatically to a com-
puter every 2 s. The averages of SpO2 levels 30 s be-
fore and after each minute were accepted as 1-min
result of that interval. The measurements were re-
corded during the first 15 min of life.

Oxygen saturation (%) level measurements were
performed using two new-generation pulse oximeters
(Masimo Radical, Masimo Corporation, Irvine, CA,
USA) secured with a Coban wrap (3M Health Care,
St. Paul, MN, USA). Prior to the measurement, the
precision was set to maximum sensitivity and the
alarm was muted. Sensors were placed at the right
wrist (preductal) and right dorsum of the foot (post-
ductal) after cord clamping. Next, the probes were
connected to the pulse oximeters.

Temperatures of newborn preterm infants were
continuously monitored with a skin probe, with ser-
vocontrol to keep skin temperature at 36.5 �C. The
body temperatures were measured at 1-min intervals
during the first 15 min of life.

Gestational age assessment was defined as fol-
lows: it was calculated from the first day of the moth-
er’s last menstrual period, if it was not known
according to sonographic evidence of early preg-
nancy or the criteria of the New Ballard Score [12].
Mothers who reported smoking any cigarettes per
day or week throughout pregnancy were considered
smokers. Groups that may affect the oxygen satur-
ation were determined: gender, delivery route, um-
bilical arterial [UA] pH< 7.20 vs.�7.20 and
maternal smoking. The SpO2 levels and mean time
to reach 90% level during the first 15 min of life were
compared between groups.

Statistical methods
Statistical analyses were performed by using the
MedCalc Statistical Software (Turkey). All results
are expressed as means 6 standard deviations, me-
dian and interquartile range (IQR). MedCalc
Statistical software program was used for the calcula-
tion of continuous variable nomogram. Comparisons
between two independent groups for numerical vari-
ables were made by Student t-test if samples were
normally distributed and Mann–Whitney U test if
samples were not normally distributed. Paired-sam-
ple t-test was used if numerical variables were nor-
mally distributed, and Wilcoxon test was used if
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variables were not normally distributed, for compari-
son of dependent groups. A p < 0.05 was considered
to indicate significant difference.

R E S U L T S
During the study period, 319 preterm babies were
born at <35 weeks’ gestation. Of these, 106 required
oxygen and/or resuscitation and/or any intervention
(CPAP), 7 had anomalies and 55 were excluded for
other reasons (insufficient records, lack of sufficient
medical staff, simultaneous delivery, etc.).

After enrollment, 151 preterm newborns were
analyzed. Seventy-nine of the infants (52.3%) were
female and 126 (83.5%) were delivered by cesarean
section. Mean gestational age was 32.9 6 1.04 weeks
(there were 14 infants with <32 weeks’ gestation
and the lowest gestational age was 30), and birth-
weight was 1888.8 6 344.5 g. Thirteen of the pre-
term infants’ mother (8.6%) had used cigarettes
during pregnancy. There were 30 (19.9%) infants
whose UA pH values were<7.20.

The mean time to apply the sensor was
19.5 6 3.8 s (median time 19 s, IQR: 16–22 s), and
the mean times to first SpO2 reading measurements
were 48.1 6 9.3 s for preductal (median time 48 s,
IQR:42–53 s) and 50.9 6 9.0 s (median time 51 s,
IQR: 44–53 s) for postductal location.

At all time segments, preductal SpO2 levels were
found to be higher than the postductal SpO2 levels
(Table 1). During the 15 min after birth, preductal
SpO2 levels were significantly higher than postductal
SpO2 levels (Fig. 1).

Preductal SpO2 levels were lower in preterm
babies born by cesarean delivery (Fig. 2). There
were no significant differences in SpO2 values be-
tween male and female infants (Fig. 3). Preterm in-
fants with UA pH<7.20 and whose mother was a
smoker had lower SpO2 values (Figs. 4 and 5) in all
time segments.

Target saturation level (�90%) was achieved
faster in preductal measurements (preductal,
9.2 6 6.4 min; postductal, 11.0 6 7.2 min). The
mean times taken to have a preductal and postductal
SpO2 level of 90% were significantly lower in pre-
term babies born by vaginal delivery, with UA
pH� 7.20 and whose mother was a non-smoker dur-
ing pregnancy. No evidence was found for gender

differences. The mean times to reach a preductal and
postductal SpO2 level of 90% with respect gender,
route of delivery, UA blood pH value and maternal
smoking are shown in Table 2. There were no differ-
ences between groups of infants according to body
temperatures.

C O N C L U S I O N S
It is the basic paradox of life that oxygen is necessary
for survival, but, on the other hand, it can be damag-
ing in variable amounts, especially for preterms. This
contradiction was defined as ‘the albatross of neona-
tal medicine’ or as a ‘double edge sword’ [13, 14].
Otherwise, increasing the production of free oxygen
radicals is an independent risk factor for mortality
owing to low intracellular antioxidant activity at birth
in premature infants [15]. Furthermore, several stud-
ies have shown evidence of oxygen toxicity in the de-
livery room that influenced the pathogenesis of
many diseases of the infants [16, 17]. Pulse oximetry
has provided an objective follow-up measurement of
oxygen saturation that allows administrating a med-
ical approach especially for preterm infants in the de-
livery room [18].

Table 1. Preductal and postductal measure-
ments during the first 15 min of life

Time (s) SpO2 (mean 6 SD) p

Preductal Postductal

1 61.92 6 6.76 58.07 6 6.38 <0.001
2 67.40 6 6.97 63.74 6 6.43 <0.001
3 71.61 6 7.19 67.78 6 6.64 <0.001
4 75.83 6 7.31 71.93 6 6.72 <0.001
5 79.30 6 7.14 76.46 6 6.67 <0.001
6 82.54 6 6.74 79.35 6 6.02 <0.001
7 85.32 6 6.17 82.43 6 6.08 <0.001
8 87.44 6 4.98 84.58 6 5.51 <0.001
9 89.01 6 4.26 86.43 6 4.98 <0.001
10 89.77 6 3.82 87.99 6 4.08 <0.001
11 91.95 6 2.65 89.74 6 3.72 <0.001
12 93.18 6 2.30 91.53 6 2.93 <0.001
13 94.26 6 2.36 92.91 6 2.50 <0.001
14 95.15 6 2.61 93.93 6 2.44 <0.001
15 95.81 6 2.90 94.97 6 2.60 <0.001

288 � Oxygen Saturation in Preterm Infants in Delivery Room

D
ow

nloaded from
 https://academ

ic.oup.com
/tropej/article/63/4/286/2738797 by guest on 19 April 2024

Deleted Text: it was
Deleted Text: ,
Deleted Text: a total of 
Deleted Text: ly 
Deleted Text: Seventy 
Deleted Text: a
Deleted Text:  gestation
Deleted Text: &hx2019;
Deleted Text: ec
Deleted Text: -
Deleted Text: ec
Deleted Text: SpO2
Deleted Text: ec
Deleted Text: -
Deleted Text: ec
Deleted Text: ec
Deleted Text: -
Deleted Text: ec
Deleted Text: SpO2
Deleted Text: SpO2
Deleted Text: utes
Deleted Text: SpO2
Deleted Text: SpO2
Deleted Text: Figure 
Deleted Text: SpO2
Deleted Text: Figure 
Deleted Text: SpO2
Deleted Text: Figure 
Deleted Text: maternal 
Deleted Text: smoking 
Deleted Text: SpO2
Deleted Text: Figure 
Deleted Text: , Figure 5
Deleted Text: SpO2
Deleted Text: smoked 
Deleted Text: SpO2
Deleted Text: umbilical artery
Deleted Text: were 
Deleted Text: &hx201D;
Deleted Text: due
Deleted Text: which 


Many studies have stated that preductal SpO2 lev-
els are significantly higher than postductal SpO2 levels
immediately after birth, similar to our study [19, 20].
Previous studies did not demonstrate the need to re-
quire longer time to reach SpO2 of>90% in postduc-
tal measurements for newborn preterm infants. It was

described as owing to high pulmonary artery pressure
and right-to-left shunt through the ductus arteriosus
for term neonates in many previous trials, but a simi-
lar explanation may also apply in premature infants.

Vento et al. stated that preterm female newborns
achieved targeted SpO2 significantly earlier than

Fig. 1. Preductal and postductal SpO2 levels during the first 15 min after birth (means; 95% confidence interval for
mean). Postductal levels were lower than preductal levels during the first 15 min (p< 0.05).

Fig. 2. Preductal SpO2 levels of premature infants delivered by vaginal and cesarean route during the first 15 min after
birth (means; 95% confidence interval for mean).
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male babies [21]. On the other hand, no evidence
was found for gender differences to time to reach
SpO2 level of 90% in our study and similarly in sev-
eral previous trials [19, 22, 23]. All of these studies
consisted of term or near-term infants and there was
no explanatory information on this subject. In

Vento’s study, small-for-gestational-age infant ratio
was significantly higher among male babies and
lesser (<32) gestational weeks than our study.

In the present study, preterm infants born by vagi-
nal delivery had higher SpO2 levels and took a shorter
time to reach SpO2 level of 90% compared with those

Fig. 3. Preductal SpO2 levels of male and female premature infants during the first 15 min after birth (means; 95%
confidence interval for mean).

Fig. 4. Preductal SpO2 levels of premature infants at two different levels of cord blood gas pH group (pH< 7.20 vs.
pH� 7.20) during the first 15 min after birth (means; 95% confidence interval for mean).
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born by cesarean section. Few studies addressed these
issues for preterm infants, and this situation was
described as secondary to delayed clearance of lung
fluid during cesarean delivery [24, 25].

Maternal smoking during pregnancy is associated
with stillbirth [26], lower birth weight [27] and pre-
term delivery [28]. The present study is the first to
reveal the relationship between maternal smoking

and SpO2 values in preterm infants during the first
15 min of life. Schneider et al. showed that, com-
pared with infants of non-smoking mothers, oxygen
saturation values are adversely affected in maternal
smoking-exposed preterm infants during pregnancy
[29]. Two possibilities were put forward to explain
this situation, tobacco’s content exposure effects on
neural control of breathing and altered pulmonary

Fig. 5. A comparison of the preductal SpO2 levels of premature infants according to maternal smoking status during the
first 15 min after birth (means; 95% confidence interval for mean).

Table 2. The mean time to reach preductal and postductal SpO2 level of 90%

Characteristics Time to reach an SpO2 of 90% (min)

n Preductal p Postductal p

Gender
Male 79 8.7 6 2.2 0.811 10.5 6 2.2 0.872
Female 72 8.7 6 2.0 10.4 6 2.1

Delivery route
Vaginal 25 7.5 6 2.0 0.001 8.9 6 2.2 <0.001
Cesarean 126 8.9 6 2.0 10.8 6 2.1

pH value
pH <7.20 30 10.8 6 1.3 <0.001 12.7 6 1.4 <0.001
pH �7.20 121 8.2 6 1.9 9.9 6 2.0

Maternal smoking
Smoker 13 8.5 6 2.0 <0.001 10.2 6 2.1 <0.001
Non-smoker 138 11.4 6 1.0 12.7 6 1.2
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development. Nicotine interacts with highly selective
endogenous neuronal nicotinic acetylcholine recep-
tors and may affect the development of areas in the
central nervous system that are essential for respira-
tory control. On the other hand, alterations in lung
development may also cause suboptimal gas ex-
change, leading to lower oxygen saturation.
However, it is difficult to differentiate the effect of
maternal smoking and other confounders.

We concluded that term infants with pH< 7.20
had lower SpO2 levels in the first 11 min of life, and
they took longer to reach>90% SpO2 level com-
pared with infants with pH� 7.20 in our previous
study [22]. We have reached similar results in pre-
term infants in the present study with base pH values
determined from our previous study. Arikan et al.
stated that low preductal fetal oxygen saturation
measured at birth is associated with low fetal pH
[30]. Linhartova et al. found that in the group of
fetuses with fetal oxygen saturation levels>30%, the
umbilical blood pH values were�7.2 in 82.2%, and
in the other group of fetuses with fetal oxygen satur-
ation values<30%, the umbilical blood pH values
were<7.2 in 67.7% [31]. Our study also gave evi-
dence about the relationship between low fetal SpO2

levels in the intrauterine period and low pH values
that continued immediately after birth similarly, as
investigators highlighted.

The median time for reaching a preductal
SpO2> 90% was found to be about 5.8–7.5 min in
several studies for term infants [19, 32]. Dawson et
al. stated that preterm infants needed significantly
more time to reach SpO2 levels of>90% [24].
Kamlin et al. determined this time for preterm babies
as 6.5 min, and Kopotic et al. stated that the mean
time to reach SpO2 of�80% was 4.4 min, although
the infants have received oxygen therapy [32, 33].
Nuntrarumit et al. found the median SpO2 was 90%
at 6 min after birth [25], but 75 preterm babies they
dealt with had bigger gestational weeks (median 35)
than our study and 68% of the babies born via vagi-
nal delivery. It is noteworthy that achievement of tar-
get SpO2 levels in premature babies is influenced by
multiple factors.

Another gray zone is time to achieve stable pulse
oximetry values in premature infants. Gandhi et al.
stated that mean time to achieve functional pulse

oximetry was 79 6 42 s, median time was 67 s for-
� 1500 g preterm babies [34]. In the study by
Nuntnarumit et al., basic steps of resuscitation were
as long as 60 s for preterm babies, so they found that
reliable values were obtained at about 160 s [25].
These results indicate that the SpO2 monitoring
cannot be performed in the first minutes of life. We
attribute the earlier detection time to the following
factors: methodology difference, greater median ges-
tational age, experienced researchers, application of
sensors immediately after birth before basic steps of
resuscitation and skin-to-skin contact was not used
in the study. On the other hand, the time obtained
for premature babies in this study was longer than
that for term babies that was obtained in our previ-
ous study (median time 43 vs. 48 s for preductal
measurement) [22]. In management of premature
babies in the delivery room, it will be a more appro-
priate approach to place the saturation probe from
the time of birth with a predetermined procedure,
taking into account this long period. Hereby, tar-
geted oxygen saturation levels recommended in the
NRP can be used by the first minute of life.

As a result, one should know that, using new gen-
eration pulse oximeters, binding time of saturation
probe from the moment of birth (including late
umblical cord clamping strategy), paying attention to
application technique (set to maximum sensitivity,
muting the alarm and connection to the oximetry
cable before being applied to the newborn) and dif-
ferences in achievement of target saturation level
(90%) influenced by multiple factors (gestational
week, birth way, location of probe, maternal smoking
and umbilical artery blood gas values) are effective
for the delivery room resuscitation of preterm
babies.
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