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Abstract

Objective: To determine the odds of postpartum hemorrhage (PPH) in low-risk women who gave 

birth vaginally and were exposed to different durations and dosages of oxytocin across a range of 

labor durations during spontaneous or induced labor.

Design: A retrospective cross-sectional analysis of data from the Consortium for Safe Labor.

Setting: Data were gathered from 12 clinical institutions across the United States from 2002 to 

2008.

Participants: After exclusions of high-risk conditions associated with PPH, we examined data 

from 27,072 women who gave birth vaginally.

Methods: Postpartum hemorrhage was defined as estimated blood loss of greater than 500 ml at 

the time of birth and/or a diagnostic code for PPH before hospital discharge. We included 

covariates were if they were associated with oxytocin use and PPH and did not mediate oxytocin 

use. We used regression models to determine the likelihood of PPH overall and within induced and 

spontaneous labor groups separately. We used subgroup analyses within specific durations of labor 

to clarify the findings.

Results: The overall rate of PPH was 3.9%. Women with induced labor experienced PPH more 

frequently than women who labored spontaneously. Labor augmentation was associated with 

higher adjusted odds for PPH when oxytocin was infused for more than 4 hours. Longer duration 

of spontaneous labor and second stage labor did not change this association. Oxytocin use during 

labor induction increased odds for PPH when administered for more than 7 hours. The odds 

further increased when induction lasted longer than 12 hours and/or the second stage of labor was 

longer than 3 hours.
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Conclusion: Strategies for judicious oxytocin administration may help mitigate PPH in low-risk 

women having vaginal birth.

Precis

Oxytocin administration increases women’s odds for postpartum hemorrhage when administered 

longer than 4 hours during spontaneous labor and longer than 7 hours for labor induction.
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Postpartum hemorrhage (PPH) is a key driver of maternal mortality and near miss morbidity 

globally (Maswime & Buchmann, 2017) and in the United States (Callaghan et al., 2010; 

Merriam et al., 2018; Wetta et al., 2013). The incidence of PPH that requires blood 

transfusion or surgical interventions has increased during the last 25 years in the United 

States (Centers for Disease Control and Prevention [CDC], 2020) and disproportionately 

affects women of color (Gyamfi-Bannerman et al., 2018). Oxytocin is used to help prevent 

conditions that may increase risk for PPH such as prolonged labor, intraamniotic infection, 

and cesarean birth due to labor dystocia (Kernberg & Caughey, 2017; Nyfløt et al., 2017). It 

is also a primary tool to prevent and treat PPH (Main et al., 2015). However, researchers 

reported that oxytocin is over used (Bernitz et al., 2014) and may also increase the risk for 

complications that result in PPH, including postpartum uterine atony, retained placenta, 

and/or heavy uterine bleeding (Belghiti et al., 2011; Coviello et al., 2015; Davis et al., 2012; 

Ekin et al., 2015; Endler et al., 2012; Khireddine et al., 2013; Nyfløt et al., 2017; Wetta et 

al., 2013). Some researchers did not find that intrapartum oxytocin use was a risk factor for 

PPH; however, these researchers used oxytocin as a dichotomous variable and did not 

distinguish induction from augmentation (Butwick et al., 2017; Sosa et al., 2011) or the 

participants were given very low doses of oxytocin (Kearney et al., 2018). Therefore, 

understanding the precise role of oxytocin use in mitigating or contributing to PPH remains 

a key area of research.

CALLOUT 1

Researchers studying the relationship between oxytocin use and PPH have found it 

challenging to separate this relationship from various other factors, including mode of labor 

onset, labor length/complexity (Erickson et al., 2019; Kearney et al., 2018; Nyfløt et al., 

2017) and prophylactic oxytocin to prevent PPH (Belghiti et al.,2011; Davis et al., 2012; 

Driessen et al., 2012). In addition, studying the relationship between oxytocin use and PPH 

is further complicated by a host of confounding variables, including antepartum anemia, 

parity, blood dyscrasias, magnesium sulfate administration, retained placenta, uterine 

fibroids, intraamniotic infection, macrosomia, uterine distension (polyhydramnios/multiple 

gestation), genital tract lacerations, instrument assisted vaginal birth, and cesarean birth.

Health care providers require better information on how oxytocin use during labor 

influences rates of PPH (increased or decreased) in women with a range of labor durations 

and oxytocin duration/dosages so that they can tailor management to the individual woman. 
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Therefore, the purpose of our study was to determine the odds of PPH in low-risk women 

who gave birth vaginally and were exposed to different durations and dosages of intrapartum 

oxytocin across a range of labor durations during spontaneous or induced labor.

Methods

Design

Our study was a retrospective cross-sectional design, and we used the Strengthening the 

Reporting of Observational studies in Epidemiology (STROBE) guidelines to generate this 

report. We gathered data on women’s labor characteristics, including oxytocin 

administration, from the Consortium for Safe Labor (CSL) dataset (Eunice Kennedy Shriver 

National Institute of Child Health and Human Development, n.d.). The CSL dataset contains 

detailed information collected prospectively from 12 clinical centers and includes 

information describing 228,438 births that occurred in the United States between 2002 and 

2008. Originally collected to explore reasons why women end labor with cesarean birth, to 

describe labor progression in a contemporary group of women, and to define the timing of 

labor protraction/arrest, the CSL data became available for secondary analyses through the 

Eunice Kennedy’s National Institute of Child Health and Disease’s Data and Specimen Hub 

in 2016. Included in the CSL dataset are variables related to maternal demographic 

characteristics, medical history, reproductive and prenatal history, labor interventions, birth 

outcomes, and newborn information. Data collected for the CSL study were cleaned, 

recoded, and validated by the original investigators. Institutional Review Board approval for 

this analysis was granted by Emory University, and both authors signed standard data use 

agreements, as required.

Settings

The 12 clinical centers of the CSL were located within nine districts of the United States as 

defined by the American College of Obstetricians and Gynecologists (2020). Within these 

12 clinical centers were a total of 19 hospitals including eight academic, tertiary medical 

centers; nine community teaching hospitals; and two non-teaching community hospitals.

Participants

Our participants were limited to women who experienced vaginal births at term gestation (37 

weeks or later) of a liveborn single fetus with no known congenital anomalies. We excluded 

cases if the record was a repeat birth for the individual participant in the dataset. We 

excluded women with missing data for pre-pregnancy body mass index (BMI), estimated 

blood loss, and/or oxytocin use. We also excluded women who experienced conditions 

known to increase the risk for bleeding during and after labor, including abnormal 

placentation (previa, accreta, abruption), antenatal thromboembolic disorders, prolonged 

third stage of labor (greater than 30 minutes), hypertensive disorders (preeclampsia, 

eclampsia or gestational hypertension), magnesium sulfate used in labor, presence of severe 

vaginal or third or fourth degree perineal lacerations, fever, and/or intraamniotic infection. 

We also excluded three cases for women whose durations of oxytocin administration 

exceeded the durations of their admissions, which suggested inaccurate data. In cases in 

which information on the duration of oxytocin duration was missing, we recorded duration 
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as zero (no oxytocin used) if we also had no evidence of oxytocin use after examining 

induction or augmentation variables. Figure 1 illustrates the selection of the study sample.

Procedures

The PPH outcome was generated by a composite of variables: a recorded blood loss greater 

than 500 ml on the birth record and/or a diagnosis code indicating that PPH had occurred 

(Table 1). The definition of PPH for vaginal birth has been updated since data were collected 

for the CSL study; PPH is now diagnosed at 1,000 ml or more in a woman who has any 

blood loss accompanied by signs/symptoms of hypovolemia (Sharp et al., 2017). We 

classified blood loss greater than 500 ml as PPH for this study because this was the 

definition of PPH for vaginal birth used at the time of data collection. In addition, estimates 

of blood loss by visualization are prone to underestimation (particularly at the higher end; 

Natrella et al., 2018). Thus estimated blood loss upwards of 500 ml may have represented 

higher actual volumes and would qualify as a PPH case even according to contemporary 

guidelines.

We examined the duration of oxytocin used in hours by quartile and used chi-square tests to 

evaluate significant differences in the frequency of PPH by duration quartile. To develop the 

appropriate panel of covariates for our analysis, we considered each variable’s place within 

the causal pathway to PPH using the directed acyclic graph (DAG) method as advocated by 

Tilden and Snowden (2018) among others. In this approach, variables identified as mediators 

(rather than covariates) are not used as controls in the regression, which limits over-

adjustment bias (Tilden & Snowden, 2018). In our study, mediators were variables that may 

have been caused or influenced by oxytocin use during intrapartum events leading to the 

PPH. We determined that neuroaxial analgesia use, instrument assisted vaginal birth, genital 

lacerations, and duration of third stage of labor were mediators and thus were not used as 

covariates in adjusted analyses. By contrast, we identified and retained for analyses 

covariates, defined as characteristics significantly associated with oxytocin use and PPH. 

The covariates we examined for inclusion in the analyses were maternal age, parity, 

gestational age, gestational weight gain, dilation of cervix at the time of labor admission, 

duration of full dilation, maternal pre-pregnancy BMI, maternal race/ethnicity, and newborn 

macrosomia.

Statistical Analyses

We evaluated the relationship of the covariates with the PPH outcome overall and according 

to use of oxytocin during women’s labors (no oxytocin, augmentation of spontaneous labor, 

induction of labor) using chi-square tests with a significance of p <.05 (Table 1). We 

conducted regression analyses using the composite PPH variable as the outcome and 

oxytocin duration (by quartile) as the exposure. We adjusted the full sample regression 

models for parity, maternal age, gestational age, level of weight gain, cervical dilation on 

admission, duration of full dilation, and macrosomia. Pre-pregnancy BMI and maternal race/

ethnicity were associated with oxytocin use but not associated with PPH outcomes, thus 

were not retained in the analysis. We repeated the regression (unadjusted and adjusted) 

within groups of women who had induced or augmented labors separately. In the adjusted 

analysis, we labeled women with the shortest oxytocin exposure (less than 2 hours) as the 
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reference group (Table 2). We also examined factors associated with PPH in the subgroup of 

the sample that had no oxytocin administration during spontaneous or induced labors (Table 

3).

We conducted an additional sub-group multivariable regression analysis to examine the role 

of oxytocin administration within groups of women according to duration of labor they 

experienced following hospital admission and also within groups having a similar second 

stage labor duration to further clarify the relationship between oxytocin use and PPH. 

Finally, we assessed the maximum dose of oxytocin reached within the duration categories 

using a Mann-Whitney non-parametric test and compared maximum dose reached within the 

oxytocin duration category between cases with/without PPH.

Results

The final sample size after exclusions included 27,072 vaginal births. Most participants were 

parous and identified as women of color or of multi-racial background. Most participants 

were between 20 to 34 years of age and gave birth at 37 to 40 weeks gestation. Induction of 

labor occurred in 52.4% (n = 14,197) of births and 62.2% of participants entered the hospital 

with cervical dilation of 3 cm or less (n=13,504).

The total frequency of PPH in the sample was 3.9% (n = 1,052). Oxytocin duration ranged 

from 0 hours (n = 5,824) to 107.4 hours during labor. The mean duration of use among those 

who received oxytocin was 5.6 hours (SD 5.5 hours). Among participants who started labor 

spontaneously n = 12,875 (47.6%), 65% received oxytocin to augment labor, with a mean 

duration of 3.9 hours (SD 4.2). Nearly all (91%, n = 12,892) women whose labors were 

induced received oxytocin with a mean duration of 6.5 hours (SD 5.8 hours).

The frequency of PPH was greatest among participants who underwent induction of labor 

with oxytocin (4.41%) compared to those who received no oxytocin (3.3%) or those who 

received oxytocin for augmentation following spontaneous onset of labor (3.5%; χ2 = 21.3, 

p <.011). Differences in PPH frequencies and use of oxytocin by sample characteristics are 

presented in Table 1.

CALLOUT 2

Postpartum Hemorrhage in Women with Different Exposure to Oxytocin During Labor

Among participants with augmented and induced labor, the duration of oxytocin infusion 

was associated with development of PPH at distinct time points (Table 1). For example, in 

participants with spontaneous onset of labor, rates of PPH significantly increased when they 

received augmentation for more than 4 hours (5.1%) compared to rates for women with no 

oxytocin exposure (2.9%; p <.001; Figure 2). Moreover, when spontaneous labor was 

followed by 12 or more hours of oxytocin augmentation, the rate of PPH increased to 7.1% 

(p <.001 vs. no oxytocin).

Participants with induced labor who did not require oxytocin (n = 1305) had a greater 

overall frequency of PPH (4.4%) than those with spontaneous labor (2.9%, n = 4519, p 
= .01). The rate of PPH among participants who were induced was not significantly greater 
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until the duration of oxytocin exposure exceeded 7 hours (PPH rate 4.7%) compared 

oxytocin use for 2 hours or fewer (3.6%, p=.02). Infusion of oxytocin for longer than 12 

hours was associated with a frequency of PPH of 7.5%, more than double the frequency for 

infusion for 2 or fewer hours (3.6%, p <.001).

Spontaneous labor.—In multivariable analyses adjusting for parity, age, gestational age, 

level of weight gain, cervical dilation on admission, macrosomia, and duration of second 

stage labor, we found that women with spontaneous onset of labor (n= 1720) who were 

augmented with 4 to 7 hours of oxytocin were 2.36 times as likely to have PPH (95% CI 

[1.64–3.40]) than women who had oxytocin infused for 2 hours or fewer (n = 3214). Also in 

adjusted analyses, longer durations of oxytocin augmentation beyond 7 hours among women 

with spontaneous labor were associated with PPH occurrence in a dose-response fashion 

(Table 2). Furthermore, in this model of oxytocin use during spontaneous labor, we found a 

23% increased likelihood of PPH with every additional hour of full dilation (duration of 

second stage of labor; OR 1.23 95% CI [1.10–1.37]). No other covariates (maternal age, 

parity, gestational age, gestational weight gain, dilation of cervix at the time of labor 

admission, or newborn macrosomia) were significantly associated with PPH occurrence. 

Additionally, among participants who had no oxytocin exposure, none of the covariates in 

the model were statistically associated with PPH (Table 3).

Induced labor.—In adjusted analyses, the odds of PPH among women with induced labor 

increased significantly after 7 hours of oxytocin infusion after adjustment for maternal 

demographic, pregnancy, and labor factors. Women who had their labors induced with 7 to 

12 hours of oxytocin were 51% more likely to have PPH (OR 1.51 95% CI [1.05–2.19]) 

compared to women who were induced with less than 2 hours of oxytocin. We found a dose-

response relationship between increasing durations of intrapartum oxytocin infusions during 

induction and PPH. For example, infusion of oxytocin during induction for longer than 12 

hours was associated with the highest odds of PPH (OR 2.08 95% CI [1.37–3.17]) compared 

to less than 2 hours of administration. Among the covariates examined in this model, only 

duration of the second stage of labor was significantly associated with PPH (OR 1.20, 95% 

CI [1.09–1.33]). These findings suggest that for women undergoing labor induction who 

otherwise appeared to be low risk, the duration of oxytocin use and the second stage of labor 

were useful factors with which to predict the likelihood of PPH.

Postpartum Hemorrhage in Women with Different Durations of Labor following Hospital 
Admission

Because prolonged labor duration is thought to increase risk of PPH (Nyfløt et al., 2017), we 

also analyzed the relationship between oxytocin use and PPH by the duration of time in the 

hospital before vaginal birth. In these subgroup analyses, we again controlled for maternal 

age, gestational age, BMI, weight gain, cervical dilation, and macrosomia. Figure 3 shows 

four categories of admission to birth duration (less than 6 hours, 6–12 hours, 12–18 hours, 

and greater than 18 hours). First, we calculated the likelihood of PPH among women who 

started labor spontaneously when they were given oxytocin for more than 4 hours compared 

to 0 to 4 hours during some part of labor. In the adjusted models, women who had moderate 

durations from admission to birth (6–12 or 12–18 hours) had greater odds of PPH if they 
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were augmented with oxytocin for longer than 4 hours compared to fewer than 4 hours 

(4.6%–6.8% vs. 2.7%–3.8%) or no augmentation (3.0%–3.8%). Among women with 

moderate durations from admission to birth, we found no difference in PPH rates between 

women with no oxytocin and those with less than 4 hours of oxytocin. Although women 

with spontaneous labor onset with the longest duration from admission to birth (more than18 

hours) and no oxytocin augmentation had greater rates of PPH (9.1%) than similar women 

whose labors were augmented (6.8%–6.9%), this increase was not statistically significant in 

bivariate or adjusted regression analyses. Thus, these findings suggest that oxytocin 

augmentation following spontaneous labor onset may increase risk for PPH if oxytocin 

infusions during labor continue for longer than 4 hours.

For women whose labors were induced (Figure 4), exposure to oxytocin for more than 7 

hours was associated with increased odds of PPH compared to exposure to oxytocin for less 

than 7 hours (OR 1.46, 95% CI [1.14–1.88]) when the time from admission to birth lasted 

longer than 12 hours. If women’s labor inductions lasted less than 12 hours, this difference 

in oxytocin infusion duration and PPH was not seen. Thus, longer durations of intrapartum 

oxytocin administration during labor induction protocols did not appear to increase women’s 

risk for PPH if their labor induction process was relatively brief (less than 12 hours).

Postpartum Hemorrhage in Women with Different Durations of Second Stage of Labor

Because duration of the second stage of labor is thought to increase women’s risk of PPH 

(Dionne et al., 2015), we also analyzed the relationship between oxytocin use and PPH 

within subgroups of women whose second stages of labor lasted for increasing amounts of 

time. Although it was not possible to quantify exactly when oxytocin was infused during 

these women’s labors (earlier vs. later in labor), this analysis nevertheless helps describe the 

relationship between oxytocin use and PPH risk in women with different second stage labor 

durations.

Figure 3 shows that within each category representing the amount of time women in 

spontaneous labor spent at full dilation (≤30 minutes, 31–59 minutes, 60–179 minutes, 

180+minutes), use of oxytocin for more than 4 hours was associated with increased rates of 

PPH compared to use of oxytocin for less than 4 hours. However, in analyses adjusted for 

maternal demographic, pregnancy, and labor factors, only women with short (less than 30 

minutes) or moderate (60–179 minutes) second stages of labor had increased odds of PPH 

when they received oxytocin augmentation for more than 4 hours compared to less than 4 

hours. In these adjusted analyses, maternal demographics, pregnancy, and labor 

characteristics were not significantly associated with PPH, regardless of the duration of 

second stage of labor. Only when the duration of the second stage was longer than 3 hours, 

one covariate, neonatal macrosomia, was significantly associated with PPH (OR 3.60, 95% 

CI [1.13–11.5]) in women with oxytocin augmentation for any length of time. Thus, for 

women in this sample who experienced second stage of labor that lasted less than 3 hours, 

oxytocin use for more than 4 hours during labor augmentation was a more significant 

predictor of PPH than infant macrosomia, gestational weight gain, or a host of other 

maternal and pregnancy factors.
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In contrast, for women with labor induction (Figure 4), PPH rates did not differ following 

use of oxytocin for longer than 7 hours vs. less than 7 hours until the second stage of labor 

persisted for at least 3 hours (9.7% in women with more than 7 hours oxytocin vs. 3.4% in 

women with less than 7 hours of oxytocin, p=0.01). These findings were confirmed in 

multivariable models after adjusting for maternal age, gestational age, BMI, weight gain, 

cervical dilation, and macrosomia. In these adjusted analyses, maternal demographic, 

pregnancy, and labor characteristics were not significantly associated with PPH, regardless 

of the duration of the second stage of labor. Thus, in women in this sample, prolonged 

exposure to oxytocin during induction of labor (more than 7 hours) was not a strong 

contributing factor to PPH if the second stage of labor concluded in less than 3 hours. 

Maternal demographic, pregnancy, and labor characteristics did not appear to change this 

relationship between oxytocin duration and PPH risk.

Postpartum Hemorrhage in Women with Exposure to Different Oxytocin Dosages During 
Labor

Because oxytocin infusions are titrated upwards over time, women with longer oxytocin 

infusion also tend to receive the highest titrations. However, in some women, health care 

providers may administer oxytocin infusions using a more measured approach whereby 

oxytocin titrations are increased very gradually over time. To examine more closely the 

relationship between oxytocin titration and PPH in this sample, we compared PPH rates in 

women by the maximum oxytocin titration (dose/time in mU/min) to which they were 

exposed during labor. We found that among women with spontaneous labor onset whose 

oxytocin infusions lasted less than 4 hours, the maximum oxytocin titration was similar 

regardless of PPH outcome (M 7.63 mU/min, SD 4.39). However, when labor augmentation 

lasted longer than 4 hours, women with PPH reached a mean maximum oxytocin dose of 

14.47 mU/min (SD 7.79) compared to a mean of 12.93 mU/min (SD 8.46) among similar 

women who did not have PPH (p=0.01).

For women whose labors were induced, we found higher maximum oxytocin doses among 

those who experienced PPH in the shorter and longer duration of administration subgroups. 

Women with oxytocin infusions that lasted less than 7 hours and experienced a PPH, had a 

mean maximal dose of 14.32 (SD 7.70) mU/min compared to the mean of 12.72 (SD 6.86) 

mU/min (p <.001) for those without PPH. When oxytocin lasted more than 7 hours and the 

woman experienced a PPH, the mean maximal dose reached 21.10 mU/min (SD 11.17) 

compared to a mean of 18.42 mU/min (SD 9.48) (p <.001) in women without PPH. These 

findings indicate that during labor induction, the duration of oxytocin infusion and the peak 

titration may be important factors in the development of PPH. In this sample, the safest 

combination of oxytocin dose and duration to avoid PPH was less than 12 mU/min for less 

than 7 hours.

Discussion

The purpose of our study was to determine the odds of PPH in low-risk women who gave 

birth vaginally and received different durations and dosages of oxytocin across a range of 

labor durations during spontaneous or induced labor. All women in this sample had term, 
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singleton fetuses and gave birth vaginally. Our findings help to clarify the durations and 

doses of oxytocin infusion during labor that are associated with increased odds of PPH. We 

found that when health care providers administered oxytocin for longer than 4 hours in 

women with spontaneous labor onset, PPH was more likely to occur regardless of the 

duration of time in hospital from admission to birth or of second stage labor. Although 

women in this sample whose labors were induced experienced PPH at greater rates overall 

than women in spontaneous labor, oxytocin durations of longer than 7 hours during 

induction were significantly associated with increased odds for PPH after controlling for 

relevant covariates. This relationship between longer oxytocin use and PPH was even 

stronger when induced labor lasted longer than 12 hours or the second stage of labor was 

longer than 3 hours. Our findings add to the literature on the risk of PPH in women with 

spontaneous or induced labor. In addition, we evaluated the influence of overall duration of 

labor and duration of the second stage of labor on risk of PPH within the context of duration 

of oxytocin titration. Finally, we clarified that among women without any oxytocin in this 

cohort, none of the covariates were significantly related to PPH.

CALLOUT 3

Postpartum Hemorrhage and Intrapartum Oxytocin Literature

Many researchers reported greater rates of PPH among women who received oxytocin 

during labor for augmentation or induction (Belghiti et al., 2011; Coviello et al., 2015; Davis 

et al., 2012; Ekin et al., 2015; Endler et al., 2012; Khireddine et al., 2013; Nyfløt et al., 

2017; Wetta et al., 2013). For example, in a case-controlled study from France, Belghiti et al. 

(2011) found that women with severe PPH had nearly 1.5 more hours of oxytocin infusion 

than matched women who did not hemorrhage (4.4 [IQR 2.5–6.8] hours vs. 3.0 [IQR 1.6–

4.9]). In another case-controlled study from Sweden, Endler et al. (2012) found that 

women’s odds of experiencing retained placenta and prolonged third stage of labor were 

associated in a dose-response manner to the duration of oxytocin infusion they received 

before birth. Compared to no oxytocin use, women who received 3.25 to 6.9 hours of 

oxytocin were twice as likely to experience retained placenta at vaginal birth (OR 2.0, 95% 

CI [1.20–3.34]), and women who received 6.9 hours of oxytocin were 6.55 times as likely to 

have retained placenta (OR 6.55, 95% CI [3.42–12.54]). Although we excluded women with 

third stages of labor that lasted longer than 30 minutes, our finding that women with 

oxytocin infusions exceeding 4 hours (augmentation) or 7 hours (induction) were at higher 

risk of PPH appear to be in line with previous findings from Endler et al. Our results are also 

supported by those of Grotegut and colleagues (2011). In their study, women with PPH 

involving uterine atony received a mean of 10.45 (SD 9.56) hours of oxytocin compared to a 

mean of 4.9 (SD 7.8) hours among women without uterine atony and PPH. Although the 

durations of oxytocin infusions associated with PPH in the study by Grotegut et al. (2011) 

were lengthier than those from our study, their sample was not stratified by mode of labor 

onset.

Implications

As revealed by animal-model research and foundational human studies, oxytocin secretion 

appears to increase naturally during active labor, through the second and third stages of labor 

Erickson and Carlson Page 9

J Obstet Gynecol Neonatal Nurs. Author manuscript; available in PMC 2021 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and culminates in separation of the placenta (Carter, 2018; Kenkel et al., 2014; Uvnäs-

Moberg et al., 2019). When uterine myocytes are exposed to oxytocin, receptor down-

regulation and desensitization occurs relative to the dose and duration of exposure (Balki et 

al., 2013, 2016). Once desensitization occurs, uterine myocyte cells may require up to 4 

hours to replenish downregulated receptors, which allows the tissue to again respond to 

oxytocin by increasing the strength and frequency of uterine contractions (Conti et al., 

2009). Corroborating these findings, clinical researchers recently noted that “oxytocin rest” 

of at least 8 hours during labor induction might be effective to improve uterine function 

(vaginal birth rates; McAdow et al., 2020).

In the context of PPH, it is therefore logical to assume that women who are exposed to 

longer or higher doses of oxytocin during labor are more likely to experience 

downregulation of oxytocin receptors. After birth, their uteruses are less responsive to 

natural and synthetic oxytocin and impeded from the heavy contractile work required during 

the third stage of labor to prevent excess bleeding (Balki et al., 2016). Our findings that 

women exposed to oxytocin for more than 4 hours (spontaneous labor onset) or 7 hours 

(induced labor) had greater odds of PPH even after accounting for the influence of known 

PPH risk factors such as fetal size, maternal demographic factors, and cervical dilation at 

labor admission fit within the larger body of research on oxytocin receptor desensitization.

Clinicians might consider optimizing their management of oxytocin throughout labor to 

achieve safe vaginal birth and minimize risk of PPH. For example, oxytocin exposure during 

labor induction might be reduced by continuation of cervical ripening interventions 

(prostaglandins, transcervical catheters) until Bishop scores reach 6 or higher for 

multiparous or 8 higher for nulliparous women, as suggested in recent induction guidelines 

(California Maternal Quality Care Collaborative. (2018). Another strategy to optimize labor 

stimulation may be a trial of oxytocin discontinuation for women in the active phase of labor 

(Hernández-Martínez et al., 2019).

Although international (World Health Organization, 2012) and interdisciplinary (Main et al., 

2015) agencies promote oxytocin administration in the postpartum period to reduce PPH, the 

influence of oxytocin duration and dose in labor on subsequent postpartum uterine 

contractility has not been a focus of PPH prevention guidelines. For example, the PPH risk-

screening tool from the California Maternal Quality Care Collaborative (Gabel et al., 2015) 

listed “prolonged oxytocin” use during labor as a risk factor but does not quantify 

“prolonged.” On a risk assessment table that is part of the Safe Motherhood Initiative via 

ACOG (2019) also listed prolonged oxytocin, defined as greater than 24 hours of 

administration, as a medium risk factor for PPH. In the PPH toolkit, the Association of 

Women’s Health, Obstetric and Neonatal Nurses (2015) lists any induction or augmentation 

with oxytocin as a medium risk factor for PPH. In our study, oxytocin durations far shorter 

than 24 hours were associated with PPH in otherwise low-risk women; thus, we recommend 

that future researchers reproduce and clarify these results in other populations of women.

Women who receive oxytocin during labor augmentation are known to require greater 

quantities of oxytocin prophylaxis during the third stage of labor than women whose labors 

are not augmented (Belghiti et al., 2011; Foley et al., 2018; Lavoie et al., 2015). Moreover, 
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women who do not receive oxytocin during labor (physiologic birth) may not appreciate the 

same benefits of postpartum prophylactic oxytocin for minimizing PPH compared to women 

with oxytocin infusion in labor (Davis et al., 2012; Erickson et al., 2017, 2019; Kearney et 

al., 2018). Thus, oxytocin exposure during labor appears to influence the occurrence of PPH 

and the efficacy of oxytocin prophylaxis in the third stage of labor. Women with no 

intrapartum synthetic oxytocin exposure (no oxytocin receptor downregulation) may require 

little or no supplemental oxytocin to prevent PPH, while women exposed to oxytocin during 

labor (oxytocin receptor downregulation) may require higher doses of prophylactic oxytocin 

in third stage labor. Refinement of PPH risk assessment tools to more accurately quantify the 

minimum doses and durations of oxytocin that should trigger health care providers to 

increase awareness for potential PPH would be a useful strategy to help them more 

effectively support women to avoid PPH.

Limitations

Our study is limited in ways common to other retrospective and cross-sectional studies, 

including unmeasured confounding caused by lack of randomization of women to 

comparison groups. In addition, although our intent was to limit this analysis to a cohort of 

women at low risk for PPH, there were some PPH risk factors (e.g., fibroids, history of PPH) 

that were not detailed in the CSL dataset, thus residual confounding variables remain a 

possibility. The CSL dataset may not be representative of all U.S. women, as most data came 

from women in participating tertiary care centers. Missing data on oxytocin duration, 

maternal BMI, and blood loss also reduced the sample size for this analysis. For example, 

we were unable to calculate the duration of oxytocin infusion in different phases of labor 

due to a lack of variables revealing relative timelines in the CSL. Finally, we were not able 

to analyze the influence of prophylaxis techniques such as active management of the third 

stage of labor on PPH in CSL medical centers because information was not collected for this 

dataset.

Conclusion

We found that even short durations of oxytocin infusion during labor are associated with 

increased likelihood of PPH in low risk women who have vaginal births. During labor 

augmentation, oxytocin infusions longer than 4 hours increased risk of PPH. During labor 

induction, odds of PPH increased when oxytocin infusion lasted longer than 7 hours. Even 

shorter durations of augmentation (less than 4 hours) were not protective against PPH 

compared to no oxytocin infusion in women who experienced similar durations of labor. 

Although oxytocin is an important obstetric tool, effective uterine function after the birth of 

the newborn may be hindered by even short oxytocin infusions during labor.
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Callouts

1. Use of oxytocin for labor management is ubiquitous, however, the precise 

duration of exposure that increases adverse outcomes such as postpartum 

hemorrhage is not known.

2. Augmentation with oxytocin did not reduce the likelihood of postpartum 

hemorrhage when administered for less than 4 hours.

3. Maternity care providers should consider strategies to promote effective labor 

without prolonged use of oxytocin when possible to help reduce the risk of 

postpartum hemorrhage.
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Figure 1: 
Sample identification procedure for analysis of Consortium for Safe Labor dataset on 

postpartum hemorrhage following vaginal birth.
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Figure 2. 
Frequency of postpartum hemorrhage following vaginal birth by duration of oxytocin used 

in labor by mode of labor onset. Data from Consortium for Safe Labor. Difference in PPH 

frequency by duration of oxytocin during spontaneous labor (n = 12,875, Chi Square 

p<0.001) and by induced labor (n = 14,197, Chi Square p<0.001).
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Figure 3: 
Duration of interval of hospital admission to delivery and duration of full dilation relative to 

oxytocin augmentation used during spontaneous labor and postpartum hemorrhage 

following vaginal birth (n = 12,875). * = p<0.05. Adjusted Odds Ratio (95% Confidence 

Interval) for PPH are as follows for Hospital Admission to Delivery Time: a=1.11 (0.44–

2.78), b= 1.98 (1.41–2.80), c= 1.81 (1.13–2.87), d= 0.72 (0.34–1.68); Duration of Full 

Dilation: e = 2.41 (1.32–3.48), f = 1.72 (0.97–3.14), g =2.32 (1.44–3.74), h =1.51 (0.55–

4.17). Adjusted for parity, maternal age, gestational age, excess gestational weight gain and 

cervical dilation on admission. n=1460 missing duration of full dilation, n = 188 missing 

duration admission. Odds Ratio is for oxytocin >4 hours compared to use of oxytocin for 

less than 4 hours or no oxytocin used. No odd ratios were significant for the comparison of 

no oxytocin used to 4 hours or less used. Data from Consortium for Safe Labor.
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Figure 4. 
Duration of interval of hospital admission to delivery and duration of full dilation relative to 

oxytocin administration used during induced labor and postpartum hemorrhage following 

vaginal birth (n = 14,197). * = p<0.05. Adjusted Odds Ratio (95% Confidence Interval) for 

PPH are as follows for Hospital Admission to Delivery Time: a=0.77 (0.52–1.14), b= 1.46 

(1.14–1.88); Duration of Full Dilation: c = 1.19 (0.85–1.67), d = 1.40 (0.87–2.26), e =1.37 

(0.94–2.00), f =3.15 (1.19–8.29). Adjusted for parity, maternal age, gestational age, excess 

gestational weight gain and cervical dilation on admission. n=1785 missing duration of full 

dilation, n = 45 missing duration of admission. Odds Ratio is for oxytocin >7 hours 

compared to use of oxytocin for less than 7 hours. Data from Consortium for Safe Labor.
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Table 1:

Characteristics of Sample, Postpartum Hemorrhage Frequency following 27,072 Vaginal Births and Use of 

Oxytocin During Labor from Consortium for Safe Labor Data.

Variable PPH Frequency By 
variable

Maternal and newborn characteristics 
Frequency by oxytocin use in labor.

n (%)

No Oxytocin in 
Labor
n=5824

Augmentation 
Oxytocin
n= 8356

Induction 
Oxytocin
n=12892

Difference 
by Oxytocin 

Use
p-value

Postpartum Hemorrhage

Composite Variable 1,052 (3.9) 190 (3.3) 294 (3.5) 568 (4.4) <.001

Over 500 mL blood loss 566 (2.1)

ICD-9 Diagnosis Code 733 (2.7)

Maternal/Pregnancy

Variables

Parity

Nulliparous 540 (5.1)* 2151 (36.9) 3688 (44.1) 4809 (37.3) <.001

Para 1–3 463 (3.1) 3282 (56.4) 4273 (51.1) 7412 (57.5)

Para >=4 49 (3.4) 391 (6.7) 395 (4.7) 671 (5.2)

Maternal Race/Ethnicity

White 481 (3.8) 2829 (50.4) 3724 (45.9) 6078 (48.2) <.001

Black/Non Hispanic 230 (3.8) 1268 (22.6) 1979 (24.4) 2848 (22.6)

Hispanic 252 (4.2) 1106 (19.7) 1934 (23.8) 2971 (23.6)

Asian Pacific Islander 30 (3.9) 288 (5.1) 220 (2.7) 259 (2.1)

Multi-racial/Other 29 (3.5) 123 (2.2) 255 (3.1) 457 (3.6)

Maternal Age (years)

<20 154 (4.9)* 662 (11.4) 1126 (13.5) 1354 (10.5) <.001

20–34 771 (3.7) 4477 (76.9) 6462 (77.4) 10,048 (77.9)

35 and older 126 (4.3) 678 (11.7) 766 (9.2) 1487 (11.5)

Maternal Body Mass Index 
(Pre-pregnancy)

<.001

Underweight 51 (3.5) 370 (6.4) 483 (5.8) 625 (4.9)

Normal 575 (3.8) 3332 (57.2) 4794 (57.4) 6985 (54.2)

Overweight 249 (4.0) 1277 (21.9) 1822 (21.8) 3067 (23.8)

Obese 177 (4.1) 845 (14.5) 1257 (15.0) 2215 (17.2)

Gestational Age (weeks)

37–38.9 346 (3.9)* 1921 (32.9) 3205 (38.4) 3611 (28.0) <.001

39–40 443 (3.5) 2862 (49.1) 3453 (41.3) 6306 (48.9)

40.1–41 214 (4.6) 894 (15.4) 1442 (17.3) 2308 (17.9)

>41 49 (4.6) 147 (2.5) 256 (3.1) 667 (5.2)

Gestational Weight Gain

Institute of Medicine <.001
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Variable PPH Frequency By 
variable

Maternal and newborn characteristics 
Frequency by oxytocin use in labor.

n (%)

No Oxytocin in 
Labor
n=5824

Augmentation 
Oxytocin
n= 8356

Induction 
Oxytocin
n=12892

Difference 
by Oxytocin 

Use
p-value

Met guidelines 289 (3.5)* 1758 (30.2) 2508 (30.0) 3937 (30.5)

Under guidelines 210 (3.4) 1377 (23.6) 1946 (23.3) 2810 (21.8)

Exceeded guidelines 553 (4.3) 2689 (46.2) 3902 (46.7) 6145 (47.7)

Labor/Birth Variables

Labor Onset

Induction of Labor 625 (4.4)* 1305 (22.4) 0 (0) 12,892 (100) <.001

Spontaneous Labor 427 (3.3) 4519 (77.6) 8356 (100) 0 (0)

Cervical Dilation on 
Admission (centimeters)

<.001

3 or less 582 (4.3)* 1875 (40.3) 3582 (53.5) 8047 (77.6)

3.5–5.5 240 (3.8) 1833 (39.4) 2418 (36.1) 2082 (20.1)

6 or higher 45 (2.4) 943 (20.3) 694 (10.4) 247 (2.4)

Duration Full Dilation

30 minutes or less 400 (3.1)* 2895 (58.6) 3755 (49.6) 6261 (55.3) <.001

31–59 minutes 180 (3.7) 938 (18.9) 1608 (21.3) 2372 (20.9)

>= 1 hour < 3 hours 275 (5.3) 954 (19.3) 1880 (24.9) 2374 (20.9)

>=3 hours < 6 hours 54 (6.8) 153 (3.1) 323 (4.3) 314 (2.8)

Oxytocin Duration

No oxytocin used 190 (3.3)* 5824 (100) 0 0 <.001

<= 2 hours 155 (2.9) 0 3214 (38.5) 2159 (16.8)

>2 to 4 hours 161 (3.3) 0 2250 (26.9) 2669 (20.7)

>4 to 7 hours 230 (4.3) 0 1720 (20.6) 3653 (28.3)

>7 to 12 hours 183 (4.8) 0 864 (10.3) 2926 (22.7)

>12 hours 133 (7.4) 0 308 (3.7) 1485 (11.5)

Newborn

Macrosomic (4000g+) 92 (5.0) 387 (6.8) 502 (6.0) 961 (7.5) <.001

Not macrosomic 955 (3.8)*

Note.

*
Denotes significantly different (p <.05) rate of postpartum hemorrhage associated with variable.
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