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Abstract

Objetive—To evaluate whether the use of oxytocin during first and second stages of labor is
associated with higher incidence of postpartum hemorrhage (PPH) in pregnant women who
received active management of third stage of labor (AMTSL).

Study design—A secondary data analysis from vaginal deliveries in a hospital-based cohort
study from 24 maternities in South America. The primary outcomes analyzed were: moderate PPH
(=500ml of blood loss), severe PPH (=1000ml of blood loss) and need of blood transfusion.

Results—A total of 11,323 vaginal deliveries were included. The incidence of moderate and
severe PPH was 10.8% and 1.86%, respectively. Overall, 36% received AMTSL. There was no
association between induced/augmented labor and moderate PPH (p=0.753), severe PPH
(p=0.273) and blood transfusion (p=0.603) in the population that received AMTSL.

Conclusion—AMTSL should be recommended regardless of whether pregnant women received
or not oxytocin during the first and second stages of labor.
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Introduction

Third stage of labor is defined as the period of time between the delivery of the baby and the
delivery of the placenta. The length of this stage and its subsequent complications depend on
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a combination of the length of time it takes for placental separation and the ability of the
uterine muscle to contract (1). There is strong evidence that the active management of the
third stage of labor (AMTSL) reduces the risk of postpartum hemorrhage (PPH) by more
than 40% (2;3). Currently, prestigious organizations such as the Joint Statement of the
International Confederation of Midwifes (ICM), the International Federation of Gynecology
and Obstetrics (FIGO) and the World Health Organization recommend this practice for all
vaginal deliveries as a way to prevent PPH in developed and developing countries (4-7).

AMTSL involves the administration of an oxytocic agent, early umbilical cord clamping and
division and controlled cord traction for delivery of the umbilical cord (2). Oxytocin is the
current drug of choice for AMTSL(8). As the binding of oxytocin to receptors on the
myometrial cell membranes releases intracellular calcium and produces the uterine
contractility, this drug is used as a potent stimulant of labor during early stages of labor (9).
Oxytocin has been prescribed to induce labor from the beginning (induction of labor), or
after the labor has been initiated and requires an oxytocic agent to improve uterine
contractility (augmentation of labor)(10). Therefore, due to current recommendations many
pregnant women who receive oxytocin during the third stage of labor are also exposed to
receive the drug during the early stages of labor.

However, it has been observed that the use of oxytocin in first and second stages associated
with AMTSL may be associated with an increase in blood loss and blood transfusion (11).
This finding may be product of an interaction between the use of oxytocin during two
different stages of labor, resulting in a decrease in the effect of active management of the
third stage of labor on PPH. Robinson et al. showed that pre-treatment with oxytocin
resulted in a decrease in the percentage of cells that responded to subsequent oxytocin
exposure. The authors found that this oxytocin-induced desensitization occurred over a
clinical time frame of 4.2 hours (12). Nevertheless, this potential interaction between
oxytocin used during first and second stages and third stage of labor has not consistently
been described (13).

The main objective of this current study is to evaluate whether the use of oxytocin during
the first and second stages of labor is associated with a higher risk of PPH in pregnant
women who received AMTSL. Our hypothesis is that patients who received oxytocin during
the earlystages of labor have a higher risk for PPH due to the presence of an interaction
effect given by the oxytocin-induced desensitization.

Material and methods

The Trial for Improving Perinatal Care in Latin America was a multicenter cluster
randomized trial in 24 public maternity hospitals in Argentina and Uruguay. The main aim
of the trial was to increase the use of two evidence-based birth practices, the use of oxytocin
during the third stage of labor and selective episiotomy. For that purpose, the trial evaluated
a behavioral intervention to facilitate the development and implementation of evidence-
based clinical guidelines regarding the prevention of PPH and the use of episiotomy,
compared to usual training activities. A complete description of the trial and the main results
have been previously published (14;15). Out of the 24 hospitals that were initially invited to
participate in the study, 19 were finally randomized. For this secondary data analysis we
used baseline data from the 24 hospitals and post-intervention data from the 19 randomized
hospitals. The protocol for this analysis was approved by the Institutional Review Board
from the Tulane Office of Human Research Protection.
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Study population

A total of 15,263 deliveries were recorded in the final dataset. We excluded 3,690 deliveries
that were terminated by cesarean section (24.2%), 14 cases whose birthweight was less than
500 grams (defined as abortion), and 236 cases in which blood loss during the third stage of
labor was not registered. After these exclusions, data were available from 11,323 women.

Clinical data collection instruments and database

Although the hospital was the unit of analysis at the end of the trial, individual patient
information was collected at the patient level. A standard perinatal clinical history form was
designed for the study in which data on obstetric history, prenatal care, labor, delivery and
neonatal outcomes were registered. These data were collected directly from the clinical
records and the delivery log book from each hospital. For these analyses we included all
vaginal deliveries. Data for primary and secondary outcomes and on potential confounders
or effect modifiers were collected.

Outcome measurement and definition

Nurses, midwifes and physicians who were part of the teams attending deliveries at
participating hospitals were trained in post-partum blood loss measurement. A plastic bag
designed to collect blood (drape) was used to collect post-partum blood loss. As soon as the
baby was delivered, the drape was placed under the buttock. The blood was allowed to flow
into the drape as long as the woman stayed in the delivery chair. After pouring the blood in a
calibrated jar, the amount of blood was recorded on the study form and the drape was
properly disposed. For the current study, we defined the primary outcome as moderate PPH
based on the definition by WHO (= 500 ml of blood loss). In addition, severe PPH (= 1000
ml of blood loss) and the need of blood transfusion were used as secondary outcome
measures.

Statistical analysis

All analyses were conducted in STATA, version 9.0. Delivery characteristics were
calculated as means and proportions for continuous and categorical variables, respectively.
Preliminary analyses included univariate and bivariate analyses. Chi-square statistics were
used to determine whether the independent variable (use of oxytocin during early stages of
labor) was significantly associated with PPH or blood transfusion. Two specific analyses
were done in order to evaluate our research question about the potential interaction between
the use of oxytocin during the first and second stage of labor and the use of AMTSL with
the same drug: 1) stratified analysis in women that received and not received active
management of third stage of labor; and 2) multivariate analyses in the whole dataset with
the use of interaction terms between induction/augmentation of labor and AMTSL. Due to
the fact that the included population was originally from 24 hospitals, we performed cluster
regression analyses. Finally, sensitivity analyses were performed comparing the final results
of the 24 hospitals with: 1) the five hospitals dropped after baseline collection; 2) the 19
hospitals kept in the main trial.

Power calculations

Based on the following considerations: i) a minimum expected sample size of 2,200 vaginal
deliveries that received AMTSL (20% of all expected vaginal deliveries); ii) an estimated
prevalence of moderate PPH of 6% (defined as blood loss > 500 ml) in women that received
active management of labor; and iii) a relative risk of 1.7 between exposed and non-exposed
for oxytocin during early stages of labor, we estimated in advance that the power of the
study would be 80% for the analyses restricted to women that received AMTSL.
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Table 1 shows the distribution of the independent variables in all vaginal deliveries and in
women that received and not received oxytocin during the first and second stage of labor.
Almost two thirds of the pregnant women received oxytocin during the early stages of labor
(induction or augmentation of labor) (N=6,991). In a total of 1,221 vaginal deliveries
(10.8%), blood loss was > 500 ml (moderate PPH) and in 209 (1.86%) vaginal deliveries the
amount of blood loss was > 1,000 ml (severe PPH). Among all 11,323 vaginal deliveries,
only 40 (0.35%) received blood transfusion. However, when we analyzed only the
subpopulation that received AMTSL, we found that moderate PPH was 6.7% (275/4,084)
and severe PPH was 1.2% (50/4,084). Only 12 patients out of the 4,084 that received
AMTSL required blood transfusion (0.29%).

Bivariate analyses between use of active management of labor and use of oxytocin during
early stages of labor for PPH are shown in figure 1. In these analyses we did not find any
association between the use of oxytocin during early stages of labor and the outcomes when
AMTSL was or was not done. Similar results were found when blood transfusion was
analyzed as a main outcome (not shown in the figure).

The variables associated with PPH were: maternal age, parity, birthweight, gestational age,
multiple pregnancy, termination, episiotomy, tears, suture and retained placenta. Since these
variables may be interrelated, we performed multivariate analyses in the whole population.
An interaction term between the use of oxytocin during the first stage of labor and the use of
AMTSL with the same drug was added to the final model. Neither the interaction term nor
the main effect for oxytocin during the first/second stage of labor were statistically
significant for any of the outcomes (Table 2). A multivariate analysis with and without
retained placenta was performed - to consider this event as a potential result of the drug
interaction - and the findings were similar. Finally, we performed sensitivity analysis in
hospitals kept after the baseline data collection (N=19) and in hospitals dropped after this
period (N=5). Despite the loss of power due to sample size reduction, the findings from
these analyses were similar to the main results.

The purpose of this report was to evaluate whether AMTSL, as a widely recommend
obstetrical intervention, was less effective in preventing PPH in pregnant women that
received oxytocin during early stages of labor. Before discussing the findings, the strengths
and limitations of our study must be considered. The main strength of this study is the
accurate way in which blood loss was measured. The majority of previously reported studies
measured blood loss through visual estimation without any objective measurement. In our
case, the main cluster randomized controlled trial used a plastic bag specifically designed to
collect blood during the third stage of labor for all vaginal deliveries (14). Furthermore, data
in this study should be considered of high quality due to the design of a continuous control
process within each hospital, and among the main data centre and each hospital in the
original trial. All these processes achieved a final dataset with a very low rate of missing
data (14). On the other hand, an important limitation of this study is the absence of some
variables in the dataset that could be considered important confounding factors for our
research question (such as prolonged labor or previous post partum haemorrhage). A further
problem with some of the outcomes, such as blood loss transfusion, derives from the fact
that the observed number of events was low; therefore, statistical power to detect significant
associations was also low.
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Our research question was to address the effect of AMTSL in patients that received oxytocin
during the first and/or second stage of labor. We hypothesized that women that received
oxytocin during early stages of labor could have a different effect when they received active
management of labor. The physiological reasoning for this hypothesis was based on the
possible binding of the oxytocin receptor by this drug during early stages of labor that could
interact with the oxytocin used during the active management of labor. Nevertheless, all the
analyses were consistent with the presence of no clinical important differences between
pregnant women that received and not received oxytocin during early stages of labor and the
use of active management of labor. One limitation from our dataset that may affect our
findings is the fact that there was no information about the time that the pregnant women
received oxytocin during early stages of labor. This is an important consideration because
oxytocin is rapidly metabolized by several enzymes in the kidney and the placenta with a
short half-life, therefore, discontinuation of the infusion during induction/augmentation early
during labor may reduce the potential interaction effect with the oxytocin in the third stage
of labor. Nevertheless, there is some physiological evidence that the oxytocin receptors
desensitization occurs during the following 4 hours after the prescription of oxytocin during
labor (12). Other findings from our analysis were the description of specific risk factors in
our Latin American population, such as: retained placenta, multiple preghancy, macrosomia,
episiotomy, tears, operative delivery and suture. All these risk factors were considered
during the analysis in order to avoid important confounder effects that could alter our
conclusions.

According to the literature and to our findings (16—-18), PPH was more associated with
complications of the second or third stage of labor (placental retention, tear, forceps, etc).
Most cases of PPH are due to retained placenta, maternal soft tissue trauma, uterine atony or
a combination of these factors. We presume that the interaction between the use of oxytocin
during different stages of labor and blood loss should be related to uterine atony, and not
with maternal soft tissue trauma during delivery. Although uterine atony was not specifically
registered as a variable for this study, when we adjusted for retained placenta and maternal
soft tissue trauma, we indirectly evaluated the potential effect of uterine atony in this
population —as an intermediate variable. Nonetheless, as it was shown, there was no
evidence of effect in any of the adjusted analyses. Finally, we explored the possibility that
the interaction of oxytocin use in different stages of labor could produce an increase of PPH
mediated through the retention of the placenta. Nevertheless, the findings were similar and
there was no effect observed between pregnant women that received and those who did not
receive oxytocin during the early stages of labor.

In sum, we can conclude that there is no interaction between the use of oxytocics during the
first and/or second stage of labor and AMTSL for the outcome PPH. Thus, active
management of the third stage of labor should be recommended to any vaginal delivery
regardless of whether pregnant women received or not oxytocin during the early stages of
labor.
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Figure 1.
Moderate and severe postpartum hemorrhage stratified by use of oxytocin during early
stages of labor and use of active management of third stage of labor.
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Distribution of different characteristics in the studied population and population characteristics by oxytocin-

used during first and second stage of labor
No oxytocin during first/
All vaginal deliveries second stage of labor Induced/augmented labor
Number (%0)N = 11,323 Number (%)N = 4,332 Number (%0)N = 6,991
Maternal Age Mean (SD) 24.69 (0.06) 24.80 (0.09) 24.63 (0.07)
Birthweight Mean (SD) 3,238 (5.13) 3,186 (8.93) 3,271 (6.16)
Gestational Age Mean (SD) 38.6 (0.02) 38.4 (0.04) 38.78 (0.02)
Parity
Nullipara 4,047 (35.7) 1,290 (29.7) 2,757 (39.4)
1 -3 previous para 5,622 (49.7) 2,351 (54.3) 3,271 (46.8)
More than 3 previous para 1,654 (14.6) 691 (16.0) 963 (13.8)
Birthweight
Low birth weight (< 2,500 g) 776 (6.8)) 381 (8.8) 395 (5.7)
Normal weight 9,836 (86.9) 3,703 (85.5) 6,133 (87.7)
Macrosomia (> 4,000 g) 711 (6.3) 248 (5.7) 463 (6.6)
Gestational age &
Preterm birth (less than 37 weeks) 669 (5.9) 328 (7.6) 341 (4.9)
Term pregnancy (37 — 41 weeks) 10,557 (93.3) 3,980 (91.9) 6,577 (94.1)
Post-term pregnancy (> 41 weeks) 92 (0.8) 21 (0.5) 71 (1.0)
Multiple pregnancy
No 11,280 (99.6) 4,316 (99.6) 6,963 (99.6)
Yes 43 (0.4) 16 (0.4) 27 (0.4)
Termination
Spontaneous 10,960 (96.8) 4,241 (97.9) 6,719 (96.1)
Operative deliveries 363 (3.2) 91 (2.1) 272 (3.9)
Episiotomy
No 6,818 (60.2) 2,816 (65.0) 4,002 (57.2)
Yes 4,505 (39.8) 1,516 (35.0) 2,989 (42.8)
Tears
No 9,312 (82.2) 3,610 (83.3) 5,702 (81.6)
First degree 1,454 (12.8) 577 (13.3) 877 (12.5)
Second degree 499 (4.5) 133 (3.1) 366 (5.2)
Third and fourth degree 58 (0.5) 12 (0.3) 46 (0.7)
Active management of third stage of labor b
No 7,235 (63.9) 3,016 (69.7) 4,219 (60.4)
Yes 4,084 (36.1) 1,313 (30.3) 2,771 (39.6)
Retained placenta
No 11,174 (99.0) 4,275 (99.1) 6,899 (98.9)
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No oxytocin during first/
All vaginal deliveries second stage of labor Induced/augmented labor
Number (%)N = 11,323 Number (%)N = 4,332 Number (%)N = 6,991
Yes 111 (1.0) 37(0.9) 74 (1.1)

a5 missing data
b . .
4 missing data

c38 missing data
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