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Objective: To study the effects of maternal hyper-oxygenation on fetal circulation as 
measured by Doppler ultrasonography in the growth restricted fetus. 

Study Design: Patients were positioned in low-fowlers position with the head of the bed 
elevated between 15 and 30 degrees. Seventy to eighty percent oxygen was delivered 
at a flow rate of 8 l/min through a close-fitting face-mask (with a reservoir and non-
rebreathing valve) for a duration of 10 minutes. Fetal doppler ultrasonography was 
performed just prior to and 20 minutes after administration of supplemental oxygen. 
Doppler values for umbilical artery, middle cerebral artery, ductus venosus, were 
obtained during a period of fetal apnea. At least three consecutive waveforms attempts 
were gathered. 

Results: Seventeen patients with growth restricted fetuses (<1% to 9.7%ile for 
gestational age) were enrolled. We found no statistically significant differences in 
umbilical artery peak systolic flow, resistance index, pulsatility index, or systolic to 
diastolic ratio before and after maternal hyper-oxygenation, with a mild increase in end 
diastolic velocity (13.6 cm/s2 pre-oxygenation to 15.5 cm/s2 post-oxygenation, 
P=0.013). We also found no difference in middle cerebral artery peak systolic flow, end 
diastolic flow, resistance index, and pulsatility index before and after maternal hyper-
oxygenation. Similarly, we found no significant changes in ductus venosis dopplers with 
the exception of a mild increase in peak velocity index for veins (PVIV, 0.83 cm/s2 pre-
oxygenation, 1.24 cm/s2 post-oxygenation, P=0.027). Of note, we were unable to 
consistently measure fetal ductus venosus doppler flow in 5/17 (29%) of fetuses due to 
hyperactivity of the fetus following maternal oxygen administration. 

Conclusion: Maternal hyper-oxygenation caused a noted increase in fetal movements in 
the growth restricted fetus, and often precluded acquisition of fetal ductus venosus 
assessment following oxygen administration. We found no clinically significant 
differences in umbilical artery, middle cerebral artery doppler, and ductus enosis flow 
measurements following maternal hyper-oxygenation.

Abstract

Prolonged fetal hypoxia can result in significant sequelae making perinatal asphyxia a 
major cause of neonatal morbidity and mortality. As such, maternal hyperoxygenation is 
commonly utilized by practitioners in periods of fetal distress. The use of maternal 
supplemental oxygenation has been touted as imperative to ameliorate abnormal fetal 
heart rate (FHR) patterns, increase oxygen transport to the fetus, and improve fetal 
metabolic status. Supplemental oxygen administration has even been extrapolated to 
the setting of cesarean sections. The basis of this practice is rooted in the concept that 
supplementary oxygen compensates for the respiratory effects of a high regional 
block1,2. 

Despite the routine use, and sometimes overuse, of supplemental maternal oxygenation 
in times of perceived fetal distress, little is still known about the hemodynamic effects on 
the fetus. While regarded by ACOG as a recommended form of intrauterine resuscitation 
in the setting of fetal distress the positive effects of supplemental oxygen administration 
though demonstrated in fetal heart rate improvements, has not been documented 
unequivocally. In fact, increased oxygen content in the fetal circulation can have a 
vasoconstrictive effect in the umbilical cord and placental vessels3,4. If substantial 
enough, hyperoxia could impact umbilical artery and venous pH resulting in fetal 
acidemia5. Additionally, hyperoxygenation has been linked to the potential increased 
production of oxygen free radicals and lipid peroxidation in the mother as well as the 
fetus6,7.

Conflicting data exists regarding the effects of hyperoxygenation on fetal and utero-
placental hemodynamics as well as fetal acid-base balance. These inconsistencies are 
probably secondary to the different concentration and duration of inspired oxygen, as 
well as the particular vessels being assessed. Considering the rising concern regarding 
the potential for subsequent stress to the fetus after oxygen administration, it is 
important that we study the safety of hyperoxygenation. The purpose of this study is to 
elucidate how the administration of high FiO2 in non- laboring pregnancies complicated 
by IUGR affects fetal hemodynamics.

Background

This is prospective interventional study. Women 18 – 45 years of age between 24 – 42 0/7 weeks who were being followed for intrauterine growth restriction were screened for 
inclusion into the study. Patients were excluded from the study if any of the following criteria were present: multifetal gestation, known fetal anomaly or aneuploidy, congenital 
infections, severe medical or surgical complications during the pregnancy (excluding IUGR, hypertension, or preeclampsia), fetal distress or other indication for rapid stabilization 
and delivery, or if the patient was currently incarcerated.

Nonhypoxemic patients were positioned in low-fowlers position with the head of the bed elevated between 15 and 30 degrees. Baseline fetal doppler ultrasonography was 
performed. Doppler values for umbilical artery, middle cerebral artery, and ductus venosus were obtained. Next, FiO2 of 70-90% oxygen was delivered at a flow rate of 8 l/min 
through a close-fitting facemask (with a reservoir and non-rebreathing valve) for a duration of 10 minutes followed by a 10 minute recovery period. Fetal doppler ultrasonography 
was then repeated in the same fashion as mentioned above.

Doppler values were obtained using GE ultrasounds, in the Voluson line. Fetal dopplers were acquired in a non-standardized order during a period of fetal apnea, preferably fetal 
quiet sleep, as flow waveforms and cardiac output have been shown to vary with behavioral states. Attempts were made to capture at least three consecutive waveforms for each 
fetal vessel assessed. Measurements were made using electronic calipers on the ultrasound equipment. The following doppler indices were assessed: peak systolic velocity (PS), 
end-diastolic flow (ED), time-averaged maximum velocity (TAmax), resistance index (RI), pulsatility index (PI), systolic to diastolic ratio (S/D), and heart rate (HR).

Data was summarized by standard descriptive summaries (mean and standard deviation for continuous variables and number and percentage for categorical variables). Statistical 
comparisonwas performed using a 2-tailed paired t-test. Statistical analysis was conducted with SPSS version 27.0.0.0 (IBM, Armonk, NY, USA). A two-sided p<0.05 was 
considered statistically significant. This study was conducted with the approval of the ARMC Institutional Review Board. 

Study Design

Seventeen patients were enrolled over the study period. The mean gestational age at 
enrollment was 32.2 weeks (range 27.4 - 39.1 weeks, +/- 3.4 weeks standard deviation). The 
majority (11/17, 65%) of patients had severe IUGR, defined as 3%ile or less for gestational 
age, (Figure 1). 

Figure 1

Table 1: Results of mean doppler values both before and after maternal hyper oxygenation are shown 
here

Results

Pre-oxygenation Post-oxygenation P Value

Doppler parameter Mean Std. Deviation Mean Std. Deviation

MCA Dopplers (N=17)

Peak systolic velocity 38.99 12.71 40.18 12.93 0.59

End diastolic velocity 4.52 3.44 6.05 4.19 0.13

Resistance index 0.91 0.12 1.11 1.08 0.47

Pulsatility index 1.90 0.87 1.95 0.48 0.76

Umbilical artery (N=17)

Peak systolic velocity 37.52 7.14 39.92 8.51 0.17

End diastolic velocity 13.55 4.26 15.54 5.26 0.01

Resistance index 0.64 0.08 0.74 0.53 0.42

Pulsatility index 0.91 0.19 0.97 0.22 0.19

Systolic:Diastolic ratio 2.94 0.76 2.64 0.87 0.13

Ductus Venosus (N=11)

First peak (S-wave) 39.78 12.52 40.06 11.25 0.96

Second trough (a-wave) 16.68 8.86 65.34 182.84 0.38

Second peak (D-wave) 32.55 15.16 29.65 12.26 0.62

Preload index (PI) 1.19 1.25 1.20 0.68 0.98

S/a ratio (ventricular 
systolic to active 

diastolic filling)
3.19 2.53 21.20 56.63 0.30

a/S ratio 2.48 7.21 0.32 0.15 0.33

PVIV (peak velocity 
index for veins)

0.83 0.35 1.24 0.69 0.03

Ta max 29.64 11.73 27.11 6.79 0.59

Literature in pregnant and non pregnant subjects has demonstrated that 
hyperoxygenation can result in a rise in systemic vascular resistance due to 
vasoconstriction8. In our study there were minimal differences or alterations in fetal 
ductus venosus, umbilical artery or middle cerebral artery doppler flow 
measurements following supplemental oxygenation. There was an observed noted 
increase in fetal movements following maternal oxygen administration. This 
increase in fetal activity frequently precluded consistent acquisition of ductus 
venosus doppler measurements. 

While our study does not completely negate the possibility of a vasoconstrictive 
response as a result of hyperoxia, it  appears that this response was not substantial 
enough to cause a significant change in hemodynamics of growth restricted fetuses. 
Keeping in mind that prior studies have demonstrated changes in cerebral vascular 
resistance during administration of supplemental oxygen9, we acknowledge that our 
study design does not address the likelihood of immediate vascular changes as a 
response to hyperoxygenation. It is possible that vasoconstriction and 
hemodynamic changes occur during the period of oxygenation followed by a return 
to baseline over a period of minutes. 

We demonstrate that intermittent hyperoxia is unlikely to improve fetal 
hemodynamics in the setting of fetal growth restriction. While no significant doppler 
changes were seen, this study does not exclude the possibility of unwanted adverse 
effects of hyperoxygenation in the fetus.  It has been well documented in animal 
studies that hyperoxia can result in free-radical induced oxidative stress. Our future 
studies will focus on the impact of maternal oxygen administration on free-radical 
formation in the mother and neonate.
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