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In January 2022, the American College of Obstetricians and Gynecologists (ACOG,
2022) issued a practice advisory about supplemental oxygen for patients in labor with an
indeterminate (Category Il) or abnormal (Category I11) fetal heart rate tracing (FHR). Citing two
publications, a systematic review of 16 randomized controlled trials (RCTs) (Raghuraman et al.,
2021) and a report of a secondary data analysis from an RCT from a single institution
(Raghuraman et al., 2020), the Committee on Clinical Practice Guidelines-Obstetrics at ACOG
concluded that routine use of oxygen supplementation in individuals with normal oxygen
saturation is not recommended for fetal intrauterine resuscitation.

Nurse scientists and clinicians at the Association of Women’s Health, Obstetric, and
Neonatal Nurses (AWHONN) reviewed the ACOG (2022) practice advisory and the cited
publications. As part of the AWHONN Fetal Heart Monitoring program, available evidence is
frequently evaluated and continually updated as needed. The most recent course materials and
textbook have been published (Lyndon & Wisner, 2021). This is a very important clinical issue
for nurses because nurses provide the vast majority of direct hands-on care to laboring women in
the United States (National Academies of Sciences, Engineering, and Medicine, 2020) and are
thus the clinicians most likely to be closely assessing the FHR tracing and determining the type
and duration of common intrauterine resuscitation measures.

We present a summary of what is known on this topic and recommendations for
consideration of administration of oxygen in selected women in labor with an indeterminate
(Category I1) or abnormal (Category I11) FHR tracing.

Background

Intrauterine resuscitation measures are often used during labor when the FHR tracing is
indeterminate (Category I1) or abnormal (Category I1). There are limited data on the frequency
of intrauterine resuscitation measures based on current practice. A recent study, a secondary
analysis of data of 11,108 patients, indicated 20.3% of patients required at least one intervention
(maternal oxygen, intravenous [I1V] fluid bolus, amnioinfusion, or a tocolytic) for intrauterine
resuscitation (Reddy et al., 2021). These data were collected from 2010 to 2014 in a large,
multicenter RCT of fetal ECG ST-segment analysis as an adjunct to conventional electronic fetal
monitoring in laboring patients (Belfort et al., 2015). In an RCT where 277 patients were
enrolled in 2016 and 2017 at a single institution, 41.2% of patients received intrauterine
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resuscitation via maternal oxygen administration (Raghuraman et al., 2018) and in a before- and
after-protocol design study at a single institution involving 844 women enrolled in 2016,
approximately 50% of patients received intrauterine resuscitation via maternal oxygen
administration (Ankumah et al., 2018).

The goal of intrauterine resuscitation is to promote normal maternal-fetal exchange by
minimizing or correcting factors that may be problematic such as impaired uteroplacental blood
flow, maternal hypotension, umbilical cord compression, and/or excessive uterine activity.
Generally, maternal position change to right or left lateral is initiated first, followed by other
measures such as an 1V fluid bolus of approximately 500 mL of non-glucose containing solution
(Simpson, 2021). Recurrent variable decelerations in first stage labor may be remedied by
amnioinfusion if membranes are ruptured. Effects of recurrent variable decelerations in second
stage labor can be reduced by modification of maternal pushing efforts, e.g., pushing every other
or every third contraction or stopping pushing temporarily to allow the fetus to recover.
Tachysystole secondary to oxytocin can be treated by maternal lateral positioning, an 1V fluid
bolus, and/or decreasing or discontinuing oxytocin based on the FHR patterns. If these measures
are unsuccessful in decreasing uterine activity, subcutaneous terbutaline may be used (Simpson,
2021). Some types of FHR tracings during labor have characteristics that suggest the fetus may
be at risk for hypoxemia, including minimal or absent variability in the context of recurrent late,
variable, or prolonged decelerations. If these type of FHR patterns have not resolved with initial
intrauterine resuscitation measures, an optional next step is maternal oxygen administration at 10
liters via nonrebreather face mask, which is estimated to result in 80% to 100% FiO- delivered to
the mother (Simpson, 2021).

Evidence about Oxygen as an Intrauterine Resuscitation Measure during Labor

During the early years of use of electronic fetal monitoring, there was interest in
determining the efficacy of maternal oxygen administration in improving fetal oxygen status. For
example, in the 1960s, a number of researchers found positive results in increasing fetal oxygen
status and resolving concerning FHR changes (Althabe et al., 1967; Gare et al., 1969; Khazin et
al., 1969). In later years, when fetal pulse oximeter was available as a research tool, the effect of
maternal oxygen administration was studied as well (Aldrich et al., 1994; Haydon et al, 2006;
McNamara et al., 1993; Simpson & James, 2005) with consistent results indicating significant
fetal uptake of oxygen when given to the mother.

An increase in fetal oxygen saturation occurs when the mother in labor is given 80% to
100% oxygen 10 liters via nonrebreather face mask (Haydon et al, 2006; McNamara et al., 1993;
Simpson & James, 2005). This increase is relatively rapid, significant increases can be seen
within 5 minutes (Simpson & James, 2005). Peak levels of fetal oxygen saturation are reached
between 9 and 15 minutes after oxygen is initiated in these conditions (McNamara et al., 1993;
Simpson & James, 2005). Fetuses with lower oxygen saturation (fetal oxygen saturation < 40%)
take up greater amounts of oxygen than fetuses with higher oxygenation (fetal oxygen saturation
> 40%) suggesting fetuses in need may benefit most (Haydon et al, 2006; Simpson & James,
2005). The fetus responds to the changes in the placental oxygen gradient by accepting oxygen
more rapidly than it gives it up (McNamara et al., 1993; Simpson & James, 2005). Positive
effects on fetal oxygen saturation continue for at least 15 minutes after maternal oxygen
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administration is discontinued (McNamara et al., 1993; Simpson & James, 2005). Placental
equilibrium prevents fetal hyperoxia when the mother is given oxygen (Garite et al., 2015).
Maternal oxygen administration does not appear to cause fetal oxidative stress (Ahuja et al.,
2018; Khaw et al., 2009). Similar evidence of the transfer of oxygen to the fetus when given to
the mother has been published in the anesthesia literature as summarized in the meta-analysis by
Raghuraman et al. (2021). There are no data on long-term effects of supplemental oxygen
administered to the mother and subsequently transferred to the fetus in utero.

Some researchers dismiss classic studies that were conducted years ago. If the methods
are well described (e.g., type of device used to give the mother oxygen, how much was given and
for how long, and the outcomes measured are clinically relevant), studies conducted longer than
10 years ago remain applicable to current practice. Some of the studies with implications for
practice could not be conducted today because measurement techniques such as fetal pulse
oximeter are no longer available, however the physiology of the mother and fetus has not
changed.

Two recent studies have been published that show improvements in FHR patterns after
intrauterine resuscitation (Moors et al. 2020; Reddy et al., 2021). In the Moors et al. 2020 RCT,
114 women in labor with an intermediary or abnormal FHR were enrolled and randomized to
100% oxygen at 10 L per face mask or conventional care. Improvement of FHR was seen more
than four times more often in the intervention group compared to the control group (2.9 % vs
13.9%) while deterioration of FHR was seen four times less often in the intervention group than
in the control group (8.3% vs 34.3%). The Reddy et al., (2021) study was a secondary analysis of
data from an RCT involving 11,108 patients, 2,251 of whom received at least one intrauterine
resuscitation measure, with oxygen the most common (75.4%). Reddy et al. (2021) reported at
least two-thirds of category Il FHR tracings improved to category | within 60 minutes of the
intervention and those with absent accelerations and absent—-minimal variability subgroup (n =
332) were more likely to convert to category | tracing within 60 minutes than those with FHR
accelerations or moderate variability (n = 1919). In the Reddy et al. (2021) study, intrauterine
resuscitation measures were followed by improvement in FHR tracings, however maternal
oxygen administration was not the only measure used. These recent findings along with previous
classic research suggest that the evidence about maternal oxygen administration in labor is not
such that it should be abandoned as an option in selected women.

Evidence Cited in the ACOG Practice Advisory

The meta-analysis (Raghuraman et al., 2021) cited in the ACOG practice advisory
includes 16 RCTs involving use of oxygen via nasal cannula or facemask versus room air. There
was significant heterogenicity among the RCTs in how much oxygen was given, for how long,
and why. For example, to deliver oxygen, a nasal cannula was used in five studies and a simple
face mask was used in two studies. Some reported how much oxygen was given in FiO2 while
others used liters per minute, with a range of doses. Duration of oxygen administration varied. Of
the 16 RCTs, only four were of women in labor (Moors et al., 2020; Qian et al. 2017;
Raghuraman et al., 2018; Thorp et al., 1993). The other 12 RCTs involved women receiving
oxygen prior to and/or during cesarean birth. Of the 4 RCTs of laboring women, only two
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included therapeutic rather than prophylactic use of oxygen (indicated for a concerning FHR
pattern) and at 10 liters per nonrebreather face mask (Moors et al., 2020; Raghuraman et al.,
2018). These two studies produced conflicting results, with Moors et al. (2020) suggesting
benefit and Raghuraman et al. (2018) showing no differences between groups, possibly because
they were measuring different outcomes. In the Moors et al. (2020) study, a change
(improvement) in FHR was the main outcome, while in the Rgahuraman et al. (2018) study, the
main outcome was umbilical artery lactate, a marker of metabolic acidosis and neonatal
morbidity. Both had relatively small samples; Moors et al. (2020) n = 117 and Raghuraman et al
(2018) n = 114. Conclusions cannot be drawn from the meta-analysis (Raghuraman et al., 2021)
to warrant a change in practice because there were only two studies of women in labor with
therapeutic use of maternal oxygen administration for FHR characteristics considered concerning
and at 10 L/nonrebreather face mask, heterogenetic methods, dosages, and duration of oxygen
administration, and conflicting results.

Recommendations

e Oxygen should not be the first line intervention for intrauterine resuscitation, rather used
if other measures are not successful and then discontinued when the concerning FHR
characteristics have resolved (Simpson, 2008).

e Based on the available evidence, maternal oxygen therapy as an intrauterine resuscitation
technique for 15 to 30 minutes appears to be reasonable, in selected cases such as a FHR
tracing with minimal or absent variability in the context of recurrent late, variable, or
prolonged decelerations if other intrauterine resuscitations measures have not been
successful. Discontinuation of oxygen is based on the fetal response as noted by the FHR
pattern or changes in the plan of care such as expeditious birth (O’Brien-Abel &
Simpson, 2021).

e |f the FHR tracing has moderate variability, fetal hypoxemia has generally been ruled
out, so maternal oxygen administration is not indicated (Simpson, 2021).

e If there is concern for fetal wellbeing, simultaneous administration of oxygen and
oxytocin does not make sense in the context of minimizing stress to the fetus (Simpson,
2020).

Summary

It is not prudent to abandon the option for use of maternal oxygen administration for
selected patients in labor as an intrauterine resuscitation measure given the state of the evidence.
Clearly this issue needs more study via randomized controlled trials in real world conditions
during labor, using 10 liters of oxygen via non-rebreather face mask in the context of an
indeterminate (Category 1) or abnormal (Category I11) FHR tracing. In the interim, as per long-
standing AWHONN recommendations, reserve oxygen as an intrauterine resuscitation measure
when other measures have not improved the FHR pattern and the characteristics of the FHR
suggest risk of fetal hypoxemia, such as minimal or absent variability in the context of recurrent
late, variable, or prolonged decelerations.



March 30, 2022

References:

Ahuja, V., Gombar, S., Jaswal, D., Kaur, J., Gupta, P., Chawla, D., Huria, A., & Singh, S.
(2018). Effect of maternal oxygen inhalation on foetal free radical activity: A prospective,
randomized trial, Acta Anaesthesiologica Scandinavica, 62, 26-37. doi: 10.1111/aas.13007

Aldrich, C. J., Wyatt, J. S., Spencer, J. A., Reynolds, E. O., & Delpy, D. T. (1994). The

effect of maternal oxygen administration on human fetal cerebral oxygenation measured during
labour by near infrared spectroscopy, British Journal of Obstetrics and Gynaecology, 101(6),
509-513. doi: 10.1111/j.1471-0528.1994.tb13152.x.

Althabe Jr., O., Schwarcz, R. L., Pose, S. V., Escarcena, L., & Caldeyro-Barcia. R. (1967).
Effects on fetal heart rate and fetal pO2 of oxygen administration to the mother.

American Journal of Obstetrics and Gynecology, 98, 858-870. doi: 10.1016/0002-
9378(67)90205-0

American College of Obstetricians and Gynecologists. (2022). Oxygen supplementation in the
setting of category Il or 111 fetal heart tracings (Practice Advisory). Washington, DC: Author.
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2022/01/oxygen-
supplementation-in-the-setting-of-category-ii-or-iii-fetal-heart-tracings

Ankumah, N. E., Blackwell, S. C., Alrais, M. A., Amro, F. H., Wiley, R. L., Heale, P.,
Hutchinson, M., & Sibai. B. M. (2018). Liberal versus indicated maternal oxygen
supplementation in labor: A before-and-after trial. American Journal of Perinatology, 35(11),
1057-1064. doi: 10.1055/s-0038-1639357. Epub 2018 Mar 26

Belfort, M. A., Saade, G. R., Thom, E., Blackwell, S. C., Reddy, U. M., Thorp, J., Tita, A. T. N,
Miller, R. S., Peaceman, A. M., McKenna, D. S., Chien, E. K. S., Rouse, D. J., Gibbs, R. S., EI-
Sayed, Y. Y., Sorokin, Y., Caritis, S. N., & VanDorsten, J. P. for the Eunice Kennedy Shriver
National Institute of Child Health and Human Development Maternal-Fetal Medicine Units
Network (2015). A randomized trial of intrapartum fetal ECG ST segment analysis. New
England Journal of Medicine, 373(7), 632—41. doi: 10.1056/NEJM0al1500600

Gare, D. J., Shime, J., Paul, W. M., & Hoskins, M. (1969). Oxygen administration during labor.
American Journal of Obstetrics and Gynecology, 105(6), 954-61. https://doi.org/10.1016/0002-
9378(69)90104-5

Garite, T. J., Nageotte, M. P., & Parer, J. T. (2015). Should we really avoid giving oxygen to
mothers with concerning fetal heart rate patterns? American Journal of Obstetrics and
Gynecology, 212(4), 459-60, 459.el. doi: 10.1016/j.aj0og.2015.01.058.

Haydon, M. L., Gorenberg, D. M., Nageotte, M. P., Ghamsary, M., Rumney, P. J., Patillo, C., &
Garite, T. J. (2006). The effect of maternal oxygen administration on fetal pulse oximetry during
labor in fetuses with nonreassuring fetal heart rate patterns. American Journal of Obstetrics and
Gynecology, 195(3), 735-738. DOI: http://dx.doi.org/10.1016/j.ajog.2006.06.084



March 30, 2022

Khazin, A. F., Hon, E. H., & Hehre, F. W. (1971). Effects of maternal hyperoxia on the fetus. I.
Oxygen tension. American Journal of Obstetrics and Gynecology, 109(4), 628-637. doi:
10.1016/0002-9378(71)90639-9

Khaw, K. S., Wang, C. C., Ngan Kee, W. D., Tam, W. H., Ng, F. F., Critchley, L A. H., &
Rogers, M. S. (2009). Supplementary oxygen for emergency caesarean section under regional
anaesthesia. British Journal of Anaesthesia, 102(1), 90-96. doi:10.1093/bja/aen321

Lyndon, A. & Wisner, K. (2021). AWHONN'’s Fetal heart monitoring principles and practices
(6th ed.). Washington, DC: Association of Women’s Health, Obstetric and Neonatal Nurses.

McNamara, H., Johnson, N., & Lilford, R. (1993). The effect on fetal arteriolar oxygen
saturation resulting from giving oxygen to the mother measured by pulse oximetry. British
Journal of Obstetrics and Gynaecology, 100(5), 446-449. doi: 10.1111/j.1471-
0528.1993.th15269.x.

Moors, S., Bullens, L. M., van Runnard Heimel, P. J., Dieleman, J. P., Kulik, W., Bakkeren, D.
L., van den Heuvel. E. R., van der Hout-van der Jagt, B. & Guid Oei, S. (2020). The effect of
intrauterine resuscitation by maternal hyperoxygenation on perinatal and maternal outcome: A
randomized controlled trial. American Journal of Obstetrics and Gynecology MFM, 2:100102.
https://doi.org/10.1016/j.ajogmf.2020.100102

National Academies of Sciences, Engineering, and Medicine. (2020). Birth settings in America:
Outcomes, quality, access, and choice. Washington, DC: The National Academies Press.
https://doi.org/10.17226/25636

O’Brien-Abel, N. & Simpson, K. R. (2021). Fetal assessment during labor. In K. R. Simpson, P.
A. Creehan, N. O’Brien-Abel, C. Roth, & A. Rohan (Eds.), AWHONN'’s perinatal nursing (5th
ed., pp. 413-465). Philadelphia: Wolters Kluwer.

Qian, G., Xu, X., Chen, L., Xia, S., Wang, A., Chuai, Y., & Jiang, W. (2017). The effect of
maternal low flow oxygen administration during the second stage of labour on umbilical cord
artery pH: A randomised controlled trial. BJOG 124, 678-685. DOI: 10.1111/1471-0528.14418

Raghuraman, N., Lépez, J. D., Carter, E. B., Stout, M. J., Macones, G. A., Tuuli, M. G., &
Cahill, A. G. (2020). The effect of intrapartum oxygen supplementation on category Il fetal
monitoring. American Journal of Obstetrics and Gynecology, 223, 905. e1-7. doi:
10.1016/j.aj0g.2020.06.037

Raghuraman, N., Temming, L. A., Doering, M. M., Stoll, C. R., Palanisamy, A., Stout, M. J.,
Colditz, G. A., Cahill, A. G., & Tuuli, M. G. (2021). Maternal oxygen supplementation
compared with room air for intrauterine resuscitation: a systematic review and meta-analysis.
JAMA Pediatrics, 175, 368-76. doi:10.1001/jamapediatrics.2020.5351



March 30, 2022

Raghuraman, N., Wan, L., Temming L. A., Woolfolk, C., Macones, G. A., Tuuli, M. G., &
Cahill, A. G. (2018). Effect of oxygen vs room Air on intrauterine fetal resuscitation: A
randomized noninferiority clinical trial. JAMA Pediatrics, 172(9), 818-823.
doi:10.1001/jamapediatrics.2018.1208

Reddy, U. M., Weiner, S. J., Saade, G. R., Varner, M. W., Blackwell, S. C., Thorp, J. M. Jr.,
Tita, A. T. N., Miller, R. S., Peaceman, A. M., McKenna, D. S., Chien, E. K. S., Rouse, D. J., El-
Sayed, Y. Y., Sorokin, Y., & Caritis, S. N. for the Eunice Kennedy Shriver National Institute of
Child Health and Human Development (NICHD) Maternal-Fetal Medicine Units (MFMU)
Network. (2021). Intrapartum resuscitation interventions for Category 11 fetal heart rate tracings
and improvement to Category I. Obstetrics and Gynecology, 138(3), 409-416. doi:
10.1097/A0G.0000000000004508

Simpson, K. R. (2008). Intrauterine resuscitation during labor: Should maternal oxygen
administration be a first line measure? Seminars in Fetal and Neonatal Medicine (13)6, 362-367.
DOI: http://dx.doi.org/10.1016/j.siny.2008.04.016

Simpson, K. R. (2020). Cervical ripening and labor induction and augmentation (AWHONN
Practice Monograph, 5th ed.). Nursing for Women's Health, 24(4), S1-S41.
https://doi.org/10.1016/j.nwh.2020.04.005

Simpson, K. R. (2021). Physiologic interventions for fetal heart rate patterns. In A. Lyndon & K.
Wisner (Eds.). AWHONN'’s Fetal heart monitoring principles and practices (6th ed., pp. 155-
184) Washington, DC: Association of Women’s Health, Obstetric and Neonatal Nurses.

Simpson, K. R. & James, D. C. (2005). Efficacy of intrauterine resuscitation techniques in
improving fetal oxygen status during labor. Obstetrics and Gynecology, 105(6), 1362-1368.
d0i:10.1097/01.A0G.0000164474.03350.7¢c

Thorp, J. A., Trobough, T., Evans, R., Hedrick, J., & Yeast, J. D. (1995) The effect of maternal
oxygen administration during the second stage of labor on umbilical cord blood gas values: A
randomized controlled prospective trial. American Journal of Obstetrics and Gynecology,172 (2
Pt 1) 465-474. DOI: 10.1016/0002-9378(95)90558-8



