
From the holdings of the Department of Special Collections , Princeton University Library,

Princeton, NJ

These documents are either in the public domain, or can only be used for educational and research

purposes (Fair use) as per U.S. Copyright law (text below). By accessing this file, all users agree that their

use falls in the public domain or within fair use as defined by the copyrightlaw. We do not charge any

permission or usage fees for the publication of images of material inour collections, including those provided

by Princeton University Library, via our website, catalog, or directly from staff.For more information

regarding copyright, credit, and citation please review the information onthe Copyright, Credit and Citation

Guidelines page of our website.

https://library.princeton.edu/special-collections/policies/copyright-credit-and-citation-guidelines. If you have

any questions, including how to order higher-quality images from the collection, contact Special Collections

Public Services via our Ask Us! Form. https://library.princeton.edu/special-collections/ask-us

Doctoral Dissertations, 2011-2026 Public and International Affairs

2013

The Correlates of Postpartum Blood

Loss: Examination of Means and

Markers for Risk Reduction

Sheldon, Wendy

Princeton, NJ : Princeton University

http://arks.princeton.edu/ark:/88435/dsp01cv43nw93v

U.S. Copyright law: The copyright law of the United States (Title 17, §108, United States Code) governs the
making of photocopies or other reproductions of copyrighted material. Under certain conditions specified in the
law, libraries and archives are authorized to furnish a photocopy or other reproduction. One of these specified
conditions is that the photocopy or reproduction is not to be used for any purpose other than private study,
scholarship, or research. If a user makes a request for, or later uses, a photocopy or reproduction for purposes
in excess of fair use that user may be liable for copyright infringement. This institution reserves the right to
refuse to accept a copying order if, in its judgment, fulfillment of the order would involve a violation of copyright
law. https://www.copyright.gov/title17/title17.pdf



 
 

 

THE CORRELATES OF POSTPARTUM BLOOD LOSS: 

EXAMINATION OF MEANS AND MARKERS FOR RISK REDUCTION 

 

WENDY RUTH SHELDON 

 

A DISSERTATION 

PRESENTED TO THE FACULTY 

OF PRINCETON UNIVERSITY 

IN CANDIDACY FOR THE DEGREE 

OF DOCTOR OF PHILOSOPHY 

 

RECOMMENDED FOR ACCEPTANCE 

BY THE  

WOODROW WILSON SCHOOL OF PUBLIC AND INTERNATIONAL AFFAIRS 

ADVISOR: JAMES TRUSSELL 

 

SEPTEMBER 2013 



 
 

 

 

© Copyright by Wendy Ruth Sheldon, 2013. 

All rights reserved. 

 



iii 
 

ABSTRACT 

Using secondary data on more than 40,000 hospital-based births in five countries, this thesis 

examines the role of select clinical and demographic variables in postpartum blood loss. Each 

chapter builds on prior work in the field and addresses outstanding questions with important 

implications for clinical practice. 

In chapter one I assess systematically the independent and combined effectiveness of three 

interventions that are recommended for prevention of postpartum hemorrhage: oxytocin 

prophylaxis, controlled traction of the umbilical cord, and uterine massage. I also examine for 

the first time the effect of route of oxytocin administration (intravenous versus intramuscular). 

Results affirm the importance of oxytocin and controlled cord traction, but suggest that their 

relative importance depends upon the combination of interventions used. Findings also indicate 

that route of administration is important only when oxytocin is given alone, and in such cases 

intravenous administration is superior to intramuscular administration. 

In chapter two I examine the relationship between duration of the third stage of labor and 

postpartum blood loss among women with and without oxytocin prophylaxis. While delays in 

placental delivery are known to increase postpartum hemorrhage risk, the precise trajectory of 

risk over the duration of the third stage has not been established. In addition, the potential effect 

of oxytocin prophylaxis on this relationship is not known. Results indicate that hemorrhage odds 

increase with third stage duration, peaking at durations of 25 minutes or more. Findings also 

suggest that oxytocin prophylaxis has a large and consistent effect on absolute hemorrhage odds 

at all third stage durations, but does not obviate the incremental change in hemorrhage odds over 

time.    
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Chapter three examines the role of low and high maternal hemoglobin on postpartum blood loss. 

While anemia is widely considered a risk factor for postpartum hemorrhage, the role of elevated 

hemoglobin has not been previously explored. Results suggest that anemia is an important 

correlate of hemorrhage risk, irrespective of the receipt of oxytocin prophylaxis. However there 

was considerable country-level heterogeneity in the magnitude of effect, which raises questions 

about the underlying nature of this relationship. Findings also suggest that elevated hemoglobin 

may increase hemorrhage odds among those with no oxytocin prophylaxis. 
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INTRODUCTION 

Postpartum hemorrhage (PPH) is a major cause of maternal mortality, accounting for about one-

third of all pregnancy-related deaths in Africa and Asia (Khan et al., 2006). It is also a substantial 

source of morbidity and can lead to blood transfusion, hysterectomy, renal or liver failure, 

anemia and fatigue. (McDonald, 2007; ACOG, 2006). Primary PPH is defined by the World 

Health Organization as the loss of 500 mL or more of blood from the genital tract within 24 

hours following vaginal birth, and severe PPH as the loss of 1,000 mL or more during this same 

period (WHO, 2003).  

In practice, average blood loss at birth has been found to be approximately 500 mL (Fahy, 2009; 

Pritchard, 1965), and a woman’s ability to tolerate such blood loss depends upon individual 

factors such as overall health and nutritional status. In light of this, some studies use higher 

thresholds for identification and treatment of PPH, due to its greater clinical significance 

(AbouZahr, 2003). In low resource settings, however, where there is high prevalence of 

malnutrition, anemia and infectious diseases, women are believed to be less capable of tolerating 

blood loss ≥ 500 mL than are women from higher resource settings.  

The incidence of PPH ranges from less than 5% to more than 10% of all pregnancies (Carroli et 

al., 2008; AbouZahr, 2003; Akins, 1994), and has been found to vary widely by geographic 

region (Calvert et al., 2012; Carroli et al., 2008). PPH incidence is also impacted by the use of 

uterotonics during the third stage of labor (see Chapter 1 for more details), which have been 

shown to reduce hemorrhage risk by up to 60% (Cotter et al., 2001). Other factors that are known 

to impact incidence estimates include the delivery setting and means used to quantify blood loss. 

PPH incidence has been found to be higher in rural than urban settings (Carroli et al., 2008); and 
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when blood loss is measured objectively as compared with visual estimation (Carroli et al., 2008; 

Patel et al., 2006; Prasertcharoensuk et al., 2000).  

The etiology of PPH falls into four main categories: tone or contraction abnormalities; tissue, 

involving retention of placental fragments or blood clots, abnormal placental positioning, or 

connective tissue disorders; trauma, involving lower genital tract lacerations or uterine rupture; 

and thrombosis involving coagulation abnormalities (Kominiarek and Kilpatrick, 2007). The vast 

majority of cases (70-90%) are due to uterine atony, which is failure of the uterus to contract 

naturally after giving birth (ACOG, 2006). Uterine contractions in the postpartum period serve to 

aid placental separation from the uterine wall and arrest subsequent bleeding at the placental site. 

If contractions do not occur, the uterus is said to be atonic and the risk of hemorrhage is greatly 

increased.  

PPH is a largely unpredictable event, as two-thirds of cases have no identifiable risk factors. For 

the remaining one-third of cases, risk factors cited in the literature include a history of prior PPH; 

nulliparity; grand multiparity; presence of fibroids; prior uterine surgery; overdistended uterus, 

often caused by multiple gestations or a large baby; placental abnormalities such as placenta 

previa or accreta; coagulation abnormalities; anemia; receipt of obstetric or anaesthetic 

interventions such as labor induction, augmentation or epidural; and prolonged labor lasting 

more than 15 hours (Fahy, 2009; RCOG, 2009; Brabin et al., 2001; Akins, 1994; Tsu, 1993; 

Combs et al., 1991).   

Prevention of PPH 

There are two primary clinical strategies for prevention of PPH. The first involves identification 

and management of antenatal risk factors, where possible; and the second involves provision of a 
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package of interventions to prevent PPH, which are known collectively as active management of 

the third stage of labor (see Chapter 1 for details). This dissertation examines the effectiveness of 

both strategies. Chapter one explores the effectiveness of three interventions recommended for 

active management of the third stage of labor: oxytocin prophylaxis, controlled traction of the 

umbilical cord, and uterine massage. Chapters two and three assess the roles of two variables that 

have been identified as risk factors for PPH—delays in progression of the third stage of labor and 

maternal anemia.  
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CHAPTER 1 

 

How Effective are the Components of Active Management of the Third Stage 

of Labor?
1,2

  

 

Abstract 

Background: Active management of the third stage of labor is recommended for prevention of 

postpartum hemorrhage and commonly entails prophylactic administration of a uterotonic, 

controlled cord traction, and uterine massage. While oxytocin is the first-choice uterotonic, it is 

not known whether its effectiveness varies by route of administration. There is also insufficient 

evidence regarding the benefits of controlled cord traction or uterine massage. This analysis 

assessed the independent and combined effectiveness of all three interventions, and the effect of 

route of oxytocin administration on postpartum blood loss.  

Methods: Secondary data were analyzed from 39,202 hospital births in four countries and two 

clinical regimens: one in which oxytocin was administered following delivery of the baby; the 

other in which it was not. We used logistic regression to examine associations between clinical 

and demographic variables and postpartum blood loss ≥ 700 mL.  

                                                           
1
 A version of this paper was published as: Sheldon WR, Durocher J, Winikoff B, Blum J, Trussell J. (2013). How 

effective are the components of active management of the third stage of labor? BMC Pregnancy Childbirth, 13:46.  

 
2
 Parts of this paper were also presented at the XXII Asian and Oceanic Congress of Obstetrics and Gynecology in 

Taipei City, Taiwan (2011); and the XX FIGO World Congress of Gynecology and Obstetrics in Rome, Italy 

(2012). 
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Results: Among those with no oxytocin prophylaxis, provision of controlled cord traction 

reduced postpartum hemorrhage odds by nearly 50% as compared with expectant management 

(P<0.001). Among those with oxytocin prophylaxis, provision of controlled cord traction 

reduced hemorrhage odds by 66% when oxytocin was administered intramuscularly (P<0.001) 

but conferred no benefit when it was administered intravenously. Route of administration was 

important when oxytocin was the only intervention provided: intravenous administration reduced 

hemorrhage odds by 76% as compared with intramuscular administration (P<0.001); when 

combined with other interventions, route of administration had no effect. In both clinical 

regimens, uterine massage was associated with increased hemorrhage risk. 

Conclusions: Recommendations for active management of the third stage of labor should 

account for setting-related differences such as the availability of oxytocin and its route of 

administration. The optimal combination of interventions will vary accordingly.   

Background 

Postpartum hemorrhage is a leading cause of maternal death in low resource settings (Khan et 

al., 2006). International guidelines for the prevention of postpartum hemorrhage currently 

recommend a package of interventions known collectively as Active Management of the Third 

Stage of Labor (AMTSL) (WHO et al., 2006; ICM/FIGO, 2004). These include prophylactic 

administration of a uterotonic agent, controlled traction of the umbilical cord, and uterine 

massage. AMTSL is intended to reduce postpartum blood loss through expediting placental 

delivery and preventing uterine atony (Begley et al., 2010). 

Uterotonic agents are administered shortly following delivery of the baby to stimulate uterine 

contractions. Oxytocin is the first-choice agent due to its high efficacy and lower incidence of 
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adverse side effects (Gülmezoglu et al., 2007; McDonald et al., 2004; Cotter et al., 2001; 

Gülmezoglu et al., 2001). In a 2001 systematic review of seven randomized or quasi-randomized 

controlled trials involving more than 3,000 women, oxytocin prophylaxis was associated with a 

50% reduction in the risk of postpartum bleeding ≥ 500 mL, as compared with no uterotonics 

(Cotter et al., 2001).
 
Oxytocin can be administered intravenously or intramuscularly and it has 

been widely assumed that its effect on postpartum blood loss does not vary with route of 

administration (Gülmezoglu et al., 2001).
 

This assumption is based largely on a 1972 

pharmacokinetic study (N=26) that found little difference in the absorption rates of intramuscular 

and intravenous oxytocin (Gibbens et al., 1972).  Since then, no published studies have further 

examined this question (Oladapo et al., 2012).   

Controlled cord traction is intended to facilitate placental separation and delivery. It involves 

manual application of gentle downward tension on the umbilical cord while maintaining counter 

pressure on the uterus, and is administered in conjunction with uterine contractions (WHO et al., 

2006; ICM/FIGO, 2004; Spencer, 1962). So far no studies have assessed the independent effect 

of controlled cord traction on postpartum blood loss, and few have assessed its effect in 

combination with other AMTSL components. Most recently, a large randomized controlled trial 

involving more than 24,000 participants found that provision of controlled cord traction had only 

a small, non-significant effect on the risk of severe hemorrhage among women who were already 

receiving oxytocin prophylaxis (intravenous or intramuscular) (Gülmezoglu et al., 2012). In 

contrast, a 1997 trial involving more than 1,600 women found that controlled cord traction 

combined with intramuscular oxytocin reduced the risk of postpartum bleeding ≥ 500 mL by 

50%, as compared with expectant management (Khan et al., 1997).
 
Lastly, a 2009 pilot study 

involving just over 200 participants found a non-significant decrease in median blood loss 
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among those who received all three AMTSL components, as compared with receipt of uterine 

massage plus oxytocin (intramuscular or intravenous) (Althabe et al., 2009).  

Uterine massage is believed to stimulate uterine contractions through prompting the release of 

prostaglandins. As a result, in 2004 the International Confederation of Midwives and 

International Federation of Gynaecologists and Obstetricians (FIGO) added uterine massage to 

their updated joint AMTSL guidelines (ICM/FIGO, 2004). To date, two trials have assessed its 

effect on postpartum blood loss. The first was a pilot study (N=198) in which provision of all 

three AMTSL interventions was associated with a non-significant decrease in postpartum blood 

loss, as compared with oxytocin plus controlled cord traction (Abdel-Aleem et al., 2006). In the 

second trial uterine massage was associated with increased blood loss, although treatment was 

initiated before placental delivery rather than after, as per current AMTSL guidelines (Abdel-

Aleem, 2010).
 
 

Numerous studies have also attempted to assess the cumulative effectiveness of the full AMTSL 

package. Findings from a 2010 systematic review of three randomized controlled trials, all 

comparing active with expectant management, indicated that provision of all three interventions 

reduced the average risk of severe postpartum hemorrhage (≥ 1,000 mL) by two-thirds (Begley 

et al., 2010).
 
The studies in this review, however, used an early definition of AMTSL that did not 

include uterine massage, while also including early clamping of the umbilical cord, which is no 

longer recommended due to concerns about possible adverse neonatal effects.  

There are a number of important, unanswered questions about the effect of the AMTSL 

components on postpartum blood loss. While this is partly due to a paucity of evidence, it also 

results from heterogeneity across studies in selection of treatment and control groups, 
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measurement of blood loss (e.g. visual assessment versus more objective means), and variation 

over time in the interventions included in the AMTSL package. The primary objectives of this 

analysis, therefore, were to assess systematically the independent and combined effectiveness of 

all three current AMTSL components, and to examine the effect of route of oxytocin 

administration on measured postpartum blood loss.   

Methods 

Data were collected as part of two randomized controlled trials that compared two uterotonics for 

the treatment of postpartum hemorrhage, the details of which have been reported elsewhere 

(Blum et al., 2010; Winikoff et al., 2010). The trials took place between August, 2005 and 

January, 2008 and involved nine secondary- and tertiary-level hospitals from five countries in 

two distinct clinical regimens. In the first regimen oxytocin was not routinely provided during 

the third stage of labor, while in the second oxytocin was routinely provided. Study sites 

included hospitals in Egypt (one), Ecuador (one) and Vietnam (two) in the no oxytocin 

prophylaxis regimen; and Burkina Faso (one), Egypt (one), Turkey (one) and Vietnam (two) in 

the oxytocin prophylaxis regimen. The original research was approved by the Western 

Institutional Review Board (Seattle, WA, USA) and relevant institutional review boards in 

participating countries.  

All women were screened for eligibility and provided written informed consent upon admission 

to the hospital labor ward. Women were excluded if they delivered by caesarean section, delivery 

occurred outside the hospital facility, or they were enrolled in the no oxytocin prophylaxis 

regimen but received uterotonics for any reason during labor. The study protocols were identical 

across both clinical regimens, with exception of the provision of oxytocin prophylaxis. For 
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women in the oxytocin prophylaxis regimen, oxytocin (10 IU or 5 IU) was administered 

intramuscularly or intravenously in accordance with standard hospital procedures. For women in 

both clinical regimens, controlled cord traction and uterine massage were provided at the 

discretion of each site and in accordance with hospital procedures.  

Information about basic demographic and obstetric characteristics, pre-partum hemoglobin 

concentrations, postpartum blood loss, provision of all AMTSL components, and route of 

oxytocin administration (if applicable) were recorded for each participant. Hemoglobin was 

measured using a Hemocue device (Hemocue
®
, Ängelholm, Sweden). Blood loss was measured 

using a polyurethane receptacle with calibrated funnel (Brasss-V Drapes
®
, Excellent Fixable 

Drapes, India) beginning immediately after birth and continuing for the first hour postpartum or, 

if hemorrhage was diagnosed, until the cessation of active bleeding. Treatment for hemorrhage 

was provided if bleeding reached 700 mL within the first hour postpartum or, prior to that, by 

clinical judgment.   

Statistical analysis 

For these analyses we used data from eight of the nine study sites. We excluded all 1,625 

participants from Quito, Ecuador, the only high elevation site in the study, due to atypical blood 

loss patterns across the AMTSL groups studied (overall, rates of hemorrhage were 30% in Quito 

versus 2-12% at all other sites). We examined bivariate relationships between clinical and 

demographic variables and outcomes of mean and median postpartum blood loss, blood loss ≥ 

500 mL, and blood loss ≥ 700 mL. For the multivariate analyses we used multivariable logistic 

regression with an outcome of blood loss ≥ 700 mL in order to capture the more serious cases, 

and because most women diagnosed with postpartum hemorrhage received treatment at this level 
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of blood loss. We also conducted analyses using an outcome of blood loss ≥ 500 mL and the 

results (not shown) were largely consistent with those obtained using the 700 mL cutpoint.  

All analyses were stratified by receipt of oxytocin prophylaxis in order to adjust for 

heterogeneity that may have been due to clinical regimen. We were unable to include site 

controls directly in the regression models due to lack of within-site variation in the provision of 

AMTSL components.   

Results 

8,427 women were enrolled in the no oxytocin prophylaxis regimen, 8,221 of whom were 

included in these analyses. Among the 206 excluded from analysis, 45 had caesarean sections, 

153 were missing information on postpartum blood loss, and eight were missing information on 

AMTSL components. 31,180 women were enrolled in the oxytocin prophylaxis regimen, 30981 

of whom were included in these analyses.  Among the 199 excluded from analysis, four 

delivered outside the hospital, 79 had caesarean sections, 45 were missing information on 

postpartum blood loss, 39 were missing information on AMTSL components, and nine did not 

receive oxytocin during the third stage of labor.  23 others received oxytocin plus uterine 

massage and were excluded due to the small number of participants for that AMTSL group. 

The demographic and obstetric characteristics of study participants by AMTSL group are 

summarized in Table 1. There were important country-level differences in provision of AMTSL 

components that were largely site-driven. There were few other demographic differences across 

AMTSL groups with exception of educational attainment, which primarily reflected country-

level disparities; and obstetric practices such as receipt of epidural and labor 

induction/augmentation, which reflected differences in standard hospital practices.  
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The distribution of postpartum blood loss across AMTSL groups is summarized in Table 2. The 

variation in median blood loss was greatest in the no oxytocin prophylaxis regimen and ranged 

from 300 mL among those receiving uterine massage only, to 135 mL among those receiving 

controlled cord traction only. Within the oxytocin prophylaxis regimen, median blood loss was 

highest (300 mL) among those who received intramuscular oxytocin only or intramuscular 

oxytocin plus controlled cord traction, and lowest (200 mL) among those who received all three 

AMTSL components, irrespective of route of oxytocin administration.   

The incidence of postpartum hemorrhage across AMTSL groups is presented in Table 3. With no 

oxytocin prophylaxis, the rate of blood loss ≥ 700 mL was highest among those who received 

uterine massage plus controlled cord traction (13.8%) and lowest among those who received 

controlled cord traction only (4.9%). With oxytocin prophylaxis, the rate of blood loss ≥ 700 mL 

was highest among those who received oxytocin only by intramuscular administration (3.8%) 

and lowest among those who received oxytocin only by intravenous administration (1.0%).   

Table 4 shows logistic regression results for both clinical regimens using an outcome of blood 

loss ≥ 700 mL. In the no oxytocin prophylaxis regimen, provision of controlled cord traction 

reduced postpartum hemorrhage odds by nearly 50% as compared with no AMTSL components 

(OR=0.53, 95% CI 0.42–0.66). Provision of uterine massage was associated with increased 

hemorrhage risk, although these differences were only statistically significant for those receiving 

controlled cord traction plus massage (OR=1.66, 95% CI 1.31–2.10). Other predictors of 

postpartum hemorrhage risk were nulliparity (OR=1.24, 95% CI 1.04–1.48) and anemia 

(OR=1.19, 95% CI 1.00–1.42).  
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In the oxytocin prophylaxis regimen, provision of controlled cord traction reduced postpartum 

hemorrhage odds by 66% when oxytocin was administered intramuscularly (OR=0.33, 95% CI 

0.25–0.45) but conferred no benefit when oxytocin was administered intravenously (OR=1.13, 

95% CI 0.43-2.96)
*
. Uterine massage, on the other hand, was consistently associated with 

increased postpartum hemorrhage risk. When comparing those who received all three AMTSL 

components with those who received oxytocin plus controlled cord traction, the odds of blood 

loss ≥ 700 were nearly twice as high among those with intramuscular oxytocin (OR 1.94, 95% CI 

1.43–2.65)
*
, and nearly three times as high among those with intravenous oxytocin (OR=2.86, 

95% CI 1.46–5.59)
*
. 

Route of oxytocin administration was important when oxytocin was the only intervention 

provided: in such cases intravenous administration reduced postpartum hemorrhage odds by 76% 

as compared with intramuscular administration (OR=0.24, 95% CI 0.12–0.50). Route of 

administration had no effect, however, when oxytocin was combined with other active 

management interventions. There were no significant differences in the odds of blood loss ≥ 700 

mL among those who received intravenous oxytocin plus controlled cord traction as compared 

with intramuscular oxytocin plus controlled cord traction (OR=1.21, 95% CI 0.60-2.46)
*
; or for 

receipt of intramuscular oxytocin plus controlled cord traction and uterine massage, as compared 

with intravenous oxytocin plus controlled cord traction and uterine massage (OR=0.83, 95% CI 

1.00-1.44)
*
.   

Other factors associated with increased odds of postpartum blood loss ≥ 700 mL in the oxytocin 

prophylaxis regimen were nulliparity (OR=2.36, 95% CI 2.01–2.76), anemia (OR=1.28, 95% CI 

1.11–1.49), prior postpartum hemorrhage (OR=5.17, 95% CI 3.21–8.31), age 35 or older 

                                                           
*
 Results for these tests are listed at the bottom of Table 4. 
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(OR=1.46, 95% CI 1.07–1.99), and completion of secondary school or higher (OR=1.20, 95% CI 

1.00–1.44). In contrast with prior research, labor induction/ augmentation did not increase 

hemorrhage odds and, in both the oxytocin and no oxytocin regimens, neither did multiple 

pregnancy (Combs et al., 1991; Stones et al., 1993; Magann et al., 2005).  

Table 5 shows the predicted probabilities of postpartum bleeding ≥ 700 mL for all AMTSL 

groups. In general, the probability of blood loss ≥ 700 mL was considerably higher among all 

groups in the no oxytocin prophylaxis regimen, as compared with those in the oxytocin 

prophylaxis regimen. There was also greater heterogeneity in predicted hemorrhage probabilities 

among those who did not receive oxytocin prophylaxis, with probabilities ranging from 4.8% for 

receipt of controlled cord traction to 13.7% for receipt of uterine massage plus controlled cord 

traction. In the oxytocin prophylaxis regimen, the predicted probability of blood loss ≥ 700 mL 

ranged from 1.0% for receipt of intravenous oxytocin only to 3.9% for receipt of intramuscular 

oxytocin only.  

Discussion 

This is the first systematic assessment of the relative effectiveness of almost every possible 

combination of AMTSL interventions. There were important findings related to the provision of 

controlled cord traction. Our results suggest this intervention plays a critical role in preventing 

postpartum hemorrhage under two circumstances: 1) when oxytocin prophylaxis is unavailable 

during the third stage of labor; and 2) when oxytocin prophylaxis is available but administered 

intramuscularly. On the other hand, it may be unnecessary if oxytocin prophylaxis is 

administered intravenously.   
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Our findings are especially relevant in light of recent evidence that suggests controlled cord 

traction has little effect on postpartum blood loss when combined with oxytocin (Gülmezoglu et 

al., 2013). In this study, however, oxytocin was provided intramuscularly or intravenously, and 

the analyses did not address the potential effect of route of oxytocin administration. Our findings 

are also important in light of recent concerns about whether controlled cord traction increases 

risks for uterine inversion or placental separation from the umbilical cord (Althabe et al., 2009). 

There were no reported complications related to AMTSL practices in either clinical regimen. 

However, the providers administering controlled cord traction were all highly skilled physicians 

and nurses working in hospital settings. On the other hand, this procedure may be most valuable 

in non-hospital settings where oxytocin is either unavailable or available by intramuscular 

injection only. Since providers in these settings often have less training than those in hospital 

settings, this could increase procedure-related complication risks. 

We found no evidence to support provision of uterine massage for the prevention of postpartum 

hemorrhage. In fact, our findings uniformly suggest that uterine massage either increases 

postpartum blood loss or confers no added benefits. This was true in both clinical regimens and 

is consistent with findings from prior research (Abdel-Aleem et al., 2010). These findings likely 

reflect some selection bias, however, since uterine massage is often provided in response to 

heavy postpartum bleeding. We suspect this may have occurred to some degree in our study, 

particularly among those for whom uterine massage was initiated either before or during 

placental delivery, rather than after as per current AMTSL guidelines (ICM/FIGO, 2004). 

Furthermore application of abdominal pressure may facilitate expulsion of blood into the 

measurement receptacle at a more rapid pace than would otherwise occur. If so, this may also 

explain at least some of the positive association between uterine massage and time dependent 
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measures of postpartum blood loss, even if the intervention itself was not a direct cause of 

increased bleeding.   

Our analysis also provided an opportunity to examine the effect of route of oxytocin 

administration on postpartum blood loss. The results indicate that the longstanding assumption of 

equivalent effect may be incorrect, and that intravenous administration is superior to 

intramuscular administration. The evidence for this can be found in the large differences in 

hemorrhage risk among those who received oxytocin only. The fact that route of administration 

had no discernible effect on hemorrhage risk when oxytocin was combined with other active 

management interventions suggests that any underlying differences due to route of 

administration are mediated by the presence of controlled cord traction and possibly also by 

uterine massage. 

While one of the key strengths of this analysis was the large number of participants in each 

AMTSL group with measured blood loss postpartum, there were also several limitations. The 

studies were carried out in hospital facilities only, and thus may not be generalizable to other 

delivery settings. In addition, the provision of AMTSL components was not randomly assigned 

and there was little within-site variation in interventions given, thus preventing inclusion of site 

controls in the analyses. Finally, there was some variation in procedures for administering 

AMTSL , and these differences occurred both within- and between-sites. This variation is also a 

strength, however, since it reflects real differences in implementation of active management of 

the third stage of labor (Stanton et al., 2009; Winter et al., 2007; Festin et al, 2003; Farrar et al, 

2010).
 

Conclusions 
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Our findings call into question current consensus regarding the provision of AMTSL components 

and suggest that practice guidelines should account for setting-related differences such as the 

availability of oxytocin and its route of administration. The optimal combination of interventions 

will vary accordingly.  
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Table 1. Demographic and obstetric characteristics of study participants by receipt of AMTSL components  

 No oxytocin prophylaxis (N=8221)  Oxytocin prophylaxis (N=30981) 

 No AMTSL 

components 

(n=1832) 

 

UM only 

(n=959) 

 

CCT only 

(n=4014) 

 

CCT + UM 

(n=1416) 

 Oxytocin 

only 

(n=3638) 

Oxytocin + 

CCT 

(n=6898) 

Oxytocin + 

CCT + UM 

(n=20445) 

Country of residence         

     Burkina Faso  0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)  0 (0.0) 9 (0.1) 3684 (18.0) 

     Egypt  2 (0.1) 2 (0.2) 3979 (99.1) 1385 (97.8)  0 (0.0) 0 (0.0) 16305 (79.8) 

     Turkey  0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)  2385 (65.6) 544 (7.9) 11 (0.1) 

     Vietnam 1830 (99.9) 957 (99.8) 35 (0.9) 31 (2.2)  1253 (34.4) 6345 (92.0) 445 (2.2) 

         

Mean age in years ± SD 26.2 ± 4.9 26.2 ± 4.8 26.1 ± 5.1 26.9 ± 4.8  25.6 ± 5.2 25.6 ± 5.0 25.3 ± 5.2 

         

Educational attainment         

     No education 60 (3.3) 12 (1.3) 1122 (28.0) 357 (25.2)  102 (2.8) 161 (2.3) 8190 (40.1) 

     Primary 660 (36.1) 348 (36.4) 1178 (29.4) 439 (31.0)  1877 (51.7) 3384 (49.2) 2763 (13.5) 

     Secondary or higher 1111 (60.7) 597 (62.4) 1711 (42.7) 620 (43.8)  1655 (45.5) 3338 (48.5) 9477 (46.4) 

         

Currently married 1812 (99.0) 952 (99.3) 4009 (99.9) 1415 

(100.0) 

 3626 (99.7) 6830 (99.3) 20258 (99.1) 

         

Parity         

     0 930 (50.9) 489 (51.0) 1706 (42.5) 543 (38.4)  1759 (48.4) 3712 (53.8) 9175 (44.9) 

     1-3 895 (49.0) 468 (48.9) 2133 (53.1) 795 (56.2)  1860 (51.2) 3163 (45.9) 10084 (49.4) 

     4+ 1 (0.1) 1 (0.1) 175 (4.4) 77 (5.4)  17 (0.5) 21 (0.3) 1159 (5.7) 

         

Multiple pregnancy 26 (1.4) 9 (0.9) 31 (0.8) 26 (1.8)  39 (1.1) 61 (0.9) 351 (1.7) 

         

Mean gestational age at 

delivery in weeks ± SD 

38.7 ± 1.6 39.0 ± 1.2 39.5 ± 1.4 39.5 ±  1.3  39.0 ± 1.6 39.4 ± 1.3 39.1 ± 1.8 

         

Prior known PPH 15 (0.8) 4 (0.4) 4 (0.1) 3 (0.2)  56 (1.5) 39 (0.6) 165 (0.8) 
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Mean pre-delivery 

hemoglobin in g/dL ± SD 

11.9 ± 1.4 12.0 ± 1.1 11.1 ± 1.2 10.9 ± 1.4  12.1 ± 1.5 12.3 ± 1.3 11.0 ± 1.1 

         

Epidural given 37 (2.0) 69 (7.2) 2 (0.1) 1 (0.1)  24 (0.7) 42 (0.6) 21 (0.1) 

         

Labor 

induced/augmented 

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)  1968 (54.3) 681 (9.9) 11898 (58.3) 

Data are n (%) unless otherwise indicated. AMTSL denotes active management of the third stage of labor; CCT, controlled cord 

traction; UM, uterine massage; PPH, postpartum hemorrhage; and SD, standard deviation. 
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Table 2. Distribution of postpartum blood loss (mL) by receipt of AMTSL components 

 n Mean total 

blood loss 

(SD) 

Median total 

blood loss 

(IQR) 

Range 

No oxytocin prophylaxis     

     No AMTSL components  1832 325 (240) 250 (200) 50-1800 

     UM only 959 368 (268) 300 (250) 50-2000 

     CCT only 4014 181 (167) 135 (95) 10-1550 

     CCT + UM 1416 247 (255) 145 (125) 25-1350 

Oxytocin prophylaxis     

     Intramuscular administration     

          Oxytocin only  2853 335 (234) 300 (200) 25-3000 

          Oxytocin + CCT 6103 279 (115) 300 (100) 100-2500 

          Oxytocin + CCT + UM 4085 240 (195) 200 (180) 0-2250 

     Intravenous administration     

          Oxytocin only  785 277 (175) 250 (200) 50-2000 

          Oxytocin + CCT 794 272 (149) 250 (120) 50-1700 

          Oxytocin + CCT + UM 16343 235 (152) 200 (100) 30-2000 

Note: Total blood loss was recorded upon cessation of active bleeding. 

AMTSL denotes active management of the third stage of labor; CCT, controlled cord 

traction; UM, uterine massage; SD, standard deviation; and IQR, inter-quartile range.  
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Table 3. Incidence of postpartum hemorrhage by severity of blood loss and receipt of 

AMTSL components  

 N Blood loss ≥ 500 mL Blood loss ≥ 700 mL 

No oxytocin prophylaxis  n=932 n=638 

     No AMTSL components  1832 302 (16.5) 154 (8.4) 

     UM only 959 219 (22.8) 93 (9.7) 

     CCT only 4014 204 (5.1) 196 (4.9) 

     UM + CCT 1416 207 (14.6) 195 (13.8) 

Oxytocin prophylaxis  n=1740 n=807 

     Intramuscular administration    

          Oxytocin only 2853 560 (19.6) 109 (3.8) 

          Oxytocin + CCT 6103 147 (2.4) 90 (1.5) 

          Oxytocin + CCT + UM 4085 223 (5.5) 110 (2.7) 

     Intravenous administration    

          Oxytocin only 785 99 (12.6) 8 (1.0) 

          Oxytocin + CCT 794 58 (7.3) 9 (1.1) 

          Oxytocin + CCT + UM 16343 653 (4.0) 481 (2.9) 

Data are n (%). AMTSL denotes active management of the third stage of labor; CCT, 

controlled cord traction; UM, uterine massage; and PPH, postpartum hemorrhage. 
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Table 4. Factors associated with postpartum hemorrhage: Results from logistic regression 

analyses 

 Blood loss ≥ 700 mL 

 No oxytocin prophylaxis 

(N=8154) 

Oxytocin prophylaxis 

(N=30569) 
 OR (95% CI) P-value OR (95% CI) p-value 

Receipt of AMTSL components*     

     None ref - - - 

     UM only 1.14 (0.87-1.50) 0.349 - - 

     CCT only 0.53 (0.42-0.66) 0.000 - - 

     CCT + UM  1.66 (1.31-2.10) 0.000 - - 

     

     Oxytocin (IM) only - - ref - 

     Oxytocin (IM) + CCT - - 0.33 (0.25-0.45) 0.000 

     Oxytocin (IM) + CCT + UM  - - 0.65 (0.48-0.88) 0.006 

     Oxytocin (IV) only - - 0.24 (0.12-0.50) 0.000 

     Oxytocin (IV) + CCT - - 0.28 (0.14-0.55) 0.000 

     Oxytocin (IV) + CCT + UM - - 0.79 (0.62-0.99) 0.044 

     

Labor induced/augmented - - 0.91 (0.76-1.09) 0.284 

     

Parity     

     0 1.24 (1.04-1.48) 0.016 2.36 (2.01-2.76) 0.000 

     1-3  ref - ref - 

     4+  0.61 (0.32-1.16) 0.130 0.51 (0.29-0.88) 0.017 

     

Multiple pregnancy 1.33 (0.68-2.62) 0.401 1.62 (0.97-2.70) 0.065 

     

Gestational age at delivery (weeks)     

     <37 0.40 (0.22-0.73) 0.002 0.32 (0.20-0.51) 0.000 

     37-41 ref - ref - 

     42+  0.82 (0.46-1.45) 0.495 1.48 (0.93-2.36) 0.102 

     

Anemia** 1.19 (1.00-1.42) 0.049 1.28 (1.11-1.49) 0.001 

     

Prior known PPH 2.18 (0.74-6.48) 0.159 5.17 (3.21-8.31) 0.000 

     

Age (years)     

     <20 1.24 (0.89-1.73) 0.195 0.78 (0.61-0.99) 0.041 

     20-34 ref - ref - 

     35+ 0.94 (0.66-1.32) 0.715 1.46 (1.07-1.99) 0.017 

     

Educational attainment     

     No education ref - ref - 

     Primary school 0.87 (0.67-1.13) 0.288 1.14 (0.91-1.43) 0.250 

     Secondary or higher 1.03 (0.81-1.32) 0.786 1.20 (1.00-1.44) 0.045 

AMTSL denotes active management of the third stage of labor; CCT, controlled cord traction; and 

UM, uterine massage. 

*Additional tests for differences between AMTSL groups yielded the following:  
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          Oxy (IV)+CCT vs. oxy (IV) (ref): OR=1.13, 95% CI 0.43-2.96 

          Oxy (IM)+CCT+UM vs. oxy (IM)+CCT (ref): OR=1.94, 95% CI 1.43-2.65 

          Oxy (IV)+CCT+UM vs. oxy (IV)+CCT (ref): OR=2.86, 95% CI 1.46-5.59 

          Oxy (IV) + CCT vs. Oxy (IM) + CCT (ref): OR=1.21, 95% CI 0.60-2.46 

          Oxy (IM) + CCT + UM vs. Oxy (IV) + CCT + UM (ref): OR=0.83, 95% CI 0.64-1.07 

**Anemia was defined as pre-delivery hemoglobin of < 11.0 g/dL. 
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Table 5. Predicted probability of postpartum blood loss ≥ 700 mL by AMTSL components 

and route of oxytocin administration 

 Predicted probability 

No oxytocin prophylaxis  

     No AMTSL components  8.8% 

     UM only 9.9% 

     CCT only 4.8% 

     UM + CCT 13.7% 

Oxytocin prophylaxis  

     Intramuscular administration  

          Oxytocin only 3.9% 

          Oxytocin + CCT 1.3% 

          Oxytocin + CCT + UM 2.6% 

     Intravenous administration  

          Oxytocin only 1.0% 

          Oxytocin + CCT 1.1% 

          Oxytocin + CCT + UM 3.1% 

Predictions were generated from regression models summarized in Table 4. 

They reflect the average probability of postpartum blood loss ≥700mL, 

assuming that all study participants in each clinical regime received each 

AMTSL treatment but otherwise retained their observed characteristics. 
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CHAPTER 2 

 

Duration of the Third Stage of Labor, Postpartum Blood Loss and the Effect 

of Oxytocin Prophylaxis
3
 

 

Abstract 

Background: Delays in placental delivery are associated with increased postpartum hemorrhage 

risk, however the precise trajectory of this risk over the course of the third stage of labor remains 

unclear. This analysis examined the relationship between duration of the third stage of labor and 

postpartum blood loss among women with and without oxytocin prophylaxis.  

Methods: Secondary analysis involving 39,110 hospital deliveries in four countries and two 

clinical regimens: one in which oxytocin prophylaxis was administered following birth of the 

baby; the other in which it was not. We used logistic regression with site-level random effects to 

examine the relationship between third stage duration (modeled in five-minute intervals) and 

postpartum blood loss ≥ 700 mL. We also assessed the effect of oxytocin prophylaxis on this 

relationship.  

Results: For both clinical regimens, the odds of hemorrhage increased by about one-third for 

third stage durations of 5-9 minutes (OR=1.35, 95% CI 1.15-1.58) and 10-14 minutes (OR=1.33, 

95% CI 1.06-1.66), as compared with 0-4 minutes. Hemorrhage odds rose more steeply from 15-

                                                           
3
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(2012); and the XX FIGO World Congress of Gynecology and Obstetrics in Rome, Italy (2012). 
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19 minutes on, peaking at durations of 25 minutes or more (OR=3.26, 95% CI 2.15-4.94). 

Oxytocin prophylaxis reduced hemorrhage odds by nearly 80% throughout the third stage of 

labor (OR=0.22, 95% CI 0.14-0.36), but did not alter the trajectory of relative hemorrhage odds 

over time. 

Conclusions: Postpartum hemorrhage odds increase with progression of the third stage of labor, 

irrespective of the receipt of oxytocin prophylaxis. While oxytocin prophylaxis has a large and 

consistent effect on absolute hemorrhage risk at all third stage durations, it does not obviate the 

incremental change in relative hemorrhage odds over the course of the third stage of labor. 

Background 

The third stage of labor is normally a rapid event, with an estimated 90% of women completing 

placental delivery within 15 minutes following birth of the baby (Dombrowski et al., 1995; 

Magann et al., 2006). Delays in placental delivery are known to be associated with increased risk 

of postpartum hemorrhage (Hibbard, 1964; Combs and Laros, 1991; Combs et al., 1991; 

Dombrowski et al., 1995; Magann et al., 2005; Magann et al., 2006), however the precise 

trajectory of this risk over the course of the third stage of labor remains unclear. The few studies 

that have investigated relationships between duration of the third stage and postpartum blood 

loss have produced inconsistent results. In one retrospective analysis of hospital records 

involving 12,979 women, the incidence of hemorrhage (≥ 500 mL) was constant for the first 30 

minutes postpartum, but increased progressively thereafter until reaching a plateau at 75 minutes 

(Combs and Laros, 1991). In a prospective analysis of 45,852 hospital deliveries, the frequency 

of hemorrhage (≥ 500 mL) peaked at 40 minutes postpartum (Dombrowski et al., 1995). In yet 

another study involving 6,588 women, a third stage duration of 18 minutes was determined to be 
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the best predictor of severe hemorrhage (Magann et al., 2005). Most recently, a study involving 

1,607 participants concluded that the risk of severe hemorrhage was indeed time related, and 

significant increases in risk were present by 10-15 minutes and >15 minutes postpartum, as 

compared with durations < 5 minutes (Magann et al., 2006). 

The effect of oxytocin prophylaxis on the relationship between duration of the third stage of 

labor and postpartum blood loss is also unclear. Although administration of oxytocin 

immediately following birth of the baby is believed to expedite placental delivery and reduce 

postpartum blood loss (Brucker, 2001), this relationship has never been systematically examined 

among women with and without oxytocin prophylaxis. Of the four studies cited above, three did 

not record which interventions (if any) were used to manage the third stage of labor (Magann et 

al., 2006; Dombrowski et al., 1995; Combs and Laros, 1991), although one noted that 

prophylactic oxytocics were “rarely used” (Combs and Laros, 1991). In the fourth study, 

oxytocin prophylaxis was provided to all participants (Magann et al., 2005).  

Better information about the relationship between duration of the third stage and postpartum 

blood loss, and the role of oxytocin prophylaxis, could improve clinical management of the third 

stage of labor. The primary objective of this analysis, therefore, was to examine this relationship 

among women with and without oxytocin prophylaxis. 

Methods 

Data were collected as part of two trials carried out simultaneously for the treatment of 

postpartum hemorrhage, the details of which have been reported elsewhere (Blum et al., 2010; 

Winikoff et al., 2010). Data collection took place between 2005 and 2008 and involved nine 

secondary or tertiary hospitals from five countries. The trials were differentiated by provision of 
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oxytocin prophylaxis: in one trial oxytocin was routinely provided immediately following birth 

of the baby; in the other it was not. Study sites in the no oxytocin prophylaxis trial included 

hospitals in Egypt (one), Ecuador (one) and Vietnam (two); sites in the oxytocin prophylaxis trial 

included hospitals in Burkina Faso (one), Egypt (one), Turkey (one), and Vietnam (two).  

All participants were screened for eligibility and provided written informed consent upon 

admission to the hospital labor ward. Women were excluded if they delivered by caesarian 

section, delivery took place outside the hospital facility, or they were enrolled in the no oxytocin 

prophylaxis trial but received oxytocin or other uterotonics for any reason during labor. For all 

women, treatment for postpartum hemorrhage was provided if bleeding reached 700 mL within 

the first hour postpartum or, prior to that, by clinical judgment. Oxytocin was administered in 

accordance with standard hospital practices and controlled cord traction was provided at the 

discretion of each provider. 

Information about basic demographic and clinical characteristics, postpartum blood loss, 

duration of the third stage, and provision of interventions to prevent hemorrhage were recorded 

for all participants. Blood loss was measured for the first hour postpartum using a polyurethane 

receptacle with calibrated funnel. If hemorrhage was diagnosed, blood measurement continued 

until the cessation of active bleeding. Duration of the third stage was measured in minutes using 

standard one-hour timers, beginning immediately after birth of the baby and continuing until the 

completion of placental delivery. For the 57 women for whom third stage duration exceeded one 

hour, the additional time was noted using clocks in the postpartum ward.  

Statistical analysis 
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A total of 39,110 women were included in this analysis, 8212 with no oxytocin prophylaxis and 

30898 with oxytocin prophylaxis. We excluded all 1,625 participants from one hospital site in 

Quito, Ecuador, the only high elevation site in the study, due to atypical blood loss patterns that 

disproportionately influenced the results of our analyses.  

We examined bivariate relationships between duration of the third stage and outcomes of mean 

postpartum blood loss, median blood loss, and blood loss ≥ 700 mL. We conducted multivariate 

analyses using logistic regression with random effects in order to account for potential bias due 

to site-level clustering. We could not include site controls directly in the regression models due 

to overlap with the provision of oxytocin prophylaxis. The use of random effects made almost no 

difference in either the magnitude or significance of any of our estimates with exception of 

controlled cord traction, which became significant. We used a binary outcome of postpartum 

blood loss  ≥ 700 mL to capture the more serious cases, and because all study participants who 

reached this level of blood loss received treatment for postpartum hemorrhage, thus censoring 

the natural progression of subsequent blood loss.  

We assessed the independent effect of duration of the third stage of labor, demographic variables 

(age, education and marital status), and clinical variables (receipt of oxytocin and controlled cord 

traction, multiple pregnancy, gestational age at delivery, anemia, and history of prior postpartum 

hemorrhage). Duration of the third stage was modeled in five-minute intervals. We could not 

include labor augmentation/induction in the regression models due to overlap with oxytocin 

prophylaxis. We also tested interactions between oxytocin and all other independent variables in 

order to assess whether the effect of third stage duration or any other independent variables was 

dependent upon receipt of oxytocin prophylaxis. The final model presented includes only those 

variables that were significantly associated with blood loss ≥ 700 mL.   
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Results 

Table 1 presents the demographic and clinical characteristics of study participants. Participants 

in both trials were demographically similar, with exception of educational attainment which was 

due mainly to country-level differences. In contrast there were some trial-level disparities in 

clinical practices. All five sites in the oxytocin prophylaxis trial routinely administered oxytocin 

for management of the third stage of labor, and were more likely than sites in the no oxytocin 

prophylaxis trial to provide controlled cord traction (88% vs. 66%). There were also differences 

in the use of oxytocics for labor induction/augmentation (47% vs. 0%), however trial enrollment 

criteria prevented the use of oxytocin for either indication among the no oxytocin prophylaxis 

sites.  

The cumulative distribution of duration of the third stage is shown in Figure 1. There were 

notable differences by receipt of oxytocin for the first nine minutes postpartum (P<0.000). A 

greater share of those with no oxytocin prophylaxis completed placental delivery between 0-4 

minutes (51.0% vs. 16.4%), while more of those with oxytocin prophylaxis completed placental 

delivery between 5-9 minutes (62.3% vs. 18.9%). By 10 minutes postpartum, however, 92% of 

women in both groups had completed placental delivery and from 13 minutes on, the 

distributions were statistically indistinguishable (P=0.187). By 15 minutes postpartum, 

approximately 97% of all participants from both groups had completed placental delivery. 

Table 2 summarizes the distribution of postpartum blood loss by duration of the third stage. 

Among those with no oxytocin prophylaxis, mean and median blood loss increased steeply with 

progression of the third stage and, in both cases, peaked at durations of 20-24 minutes. Among 

those with oxytocin prophylaxis, mean blood loss also increased with progression of the third 
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stage, albeit less dramatically than among those with no oxytocin, peaking at durations of 25 

minutes or more. However there was little change in median blood loss over time (range was 

200-250 mL). Figure 2 shows trends in mean blood loss by duration of the third stage (in five-

minute intervals). Mean blood loss was higher among those with oxytocin prophylaxis at the 

outset of the third stage, but this was reversed from 10-14 minutes postpartum and thereafter. 

The differences by receipt of oxytocin prophylaxis were greatest at durations of 20-24 minutes 

(433 mL vs. 299 mL).  

Table 3 summarizes duration of the third stage by receipt of oxytocin prophylaxis and incidence 

of hemorrhage ≥ 700 mL. Overall the differences in mean and median third stage duration were 

0.5 minutes and 1.0 minutes, respectively, with greater variation among those with no oxytocin 

prophylaxis. Although these differences were statistically significant (P<0.000), they are unlikely 

to be of clinical importance. Among those with blood loss ≥ 700 mL, there were no differences 

by receipt of oxytocin prophylaxis in mean third stage duration (7.2 versus 7.1 minutes, 

P=0.643). Within both groups, mean third stage duration was greatest among those with blood 

loss ≥ 700 mL, as compared with blood loss < 700 mL. Figure 3 shows the incidence of 

hemorrhage (≥ 700 mL) by duration of the third stage. Hemorrhage incidence was higher among 

those with no oxytocin prophylaxis at all third stage intervals, with the greatest disparity 

occurring at durations of 15-19 minutes or more. 

Table 4 presents results from logistic regression with site-level random effects using an outcome 

of blood loss ≥ 700 mL. Oxytocin prophylaxis reduced absolute hemorrhage odds by nearly 80% 

(OR=0.22, 95% CI 0.14-0.36). None of the interaction terms for oxytocin by third stage duration 

were significant, indicating that receipt of oxytocin prophylaxis did not alter the trajectory of 

relative hemorrhage odds across any of the five-minute third stage intervals studied. For both 
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groups, hemorrhage odds increased by about one-third for durations of 5-9 minutes (OR=1.35, 

95% CI 1.15-1.58) and 10-14 minutes (OR=1.33, 95% CI 1.06-1.66), as compared with 

durations of 0-4 minutes.  Hemorrhage odds rose more steeply from 15-19 minutes on, peaking 

at durations of 25 minutes or more (OR=3.26, 95% CI 2.15-4.94).  

Other factors associated with increased hemorrhage odds were nulliparity (OR=1.26, 95% CI 

1.07-1.49), anemia (OR=1.32, 95% CI 1.18-1.48), and interactions between oxytocin and 

nulliparity (OR=1.69, 95% CI 1.35-2.11) as well as oxytocin and prior postpartum hemorrhage 

(OR=3.39, 95% CI 1.03-11.18). Factors associated with decreased odds of blood loss ≥ 700 mL 

were receipt of controlled cord traction (OR=0.60, 95% CI 0.44-0.83) and gestational age < 37 

weeks (OR=0.33, P<0.000). Factors not significantly associated with blood loss ≥ 700 mL and 

thus dropped from the final model included age, educational attainment, marital status, and 

multiple pregnancy. 

Discussion 

This analysis is uniquely able to examine the relationship between duration of the third stage of 

labor and postpartum blood loss among women with and without oxytocin prophylaxis. Our 

results suggest that for both groups, postpartum hemorrhage risk increases with progression of 

the third stage. In both cases, mean and median postpartum blood loss increased with duration of 

the third stage and so did the incidence of blood loss ≥ 700 mL. Multivariate analysis showed 

that receipt of oxytocin prophylaxis did not obviate the incremental change in relative 

hemorrhage odds over the course of the third stage of labor. Furthermore relative hemorrhage 

odds were significantly greater at all intervals ≥ 5-9 minutes, as compared with 0-4 minutes. In 

contrast, Magann et al. (2005) found that hemorrhage risk (≥ 1000 mL) did not increase 
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significantly until third stage durations of 10-15 minutes or more. Additionally, our findings 

indicate that hemorrhage odds were greatest in the final third stage interval studied (25+ 

minutes), irrespective of the receipt of oxytocin prophylaxis. This suggests that oxytocin 

prophylaxis is least effective among those considered to be at highest risk of postpartum 

hemorrhage—women with delays in placental delivery.   

On the other hand, our results show that oxytocin prophylaxis has a powerful and consistent 

protective effect on postpartum hemorrhage risk throughout the duration of the third stage. When 

compared with those who received no prophylaxis, the odds of bleeding ≥ 700 mL were 

approximately 80% lower among those with oxytocin at all third stage intervals studied. 

Although the role of oxytocin prophylaxis in controlling postpartum bleeding has been well-

established (Cotter et al., 2001; Gülmezoglu et al., 2001; McDonald et al., 2004; Gülmezoglu et 

al., 2007), our results confirm prior evidence and further suggest that the magnitude of effect 

remains stable throughout the course of the third stage of labor.  

Among those with oxytocin prophylaxis, we found that nulliparity and prior postpartum 

hemorrhage each increased hemorrhage odds. While both characteristics are considered risk 

factors for postpartum hemorrhage (Combs et al., 1991; Gilbert et al., 1987; Tsu, 1993; Magann 

et al., 2005), their association with additional risk in the presence of oxytocin prophylaxis has not 

been previously established. We suspect that the oxytocin by nulliparity interaction may be at 

least partly related to the use of oxytocics for labor induction/ augmentation. Prior research 

indicates that provision of oxytocin during early stages of labor may serve to desensitize 

oxytocin receptors, thereby diminishing the drug’s subsequent effectiveness when administered 

postpartum (Phaneuf, 2000; Robinson et al., 2003). If such an effect exists, perhaps it is 

enhanced somehow among nulliparous women who are already less responsive to oxytocin than 
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their parous counterparts (Satin et al., 1992). In our sample, 50% of the 14,571 nulliparous 

women with oxytocin prophylaxis received labor induction/ augmentation and their rate of 

hemorrhage was 4.2%, as compared with 2.9% among the nulliparous women with oxytocin 

prophylaxis who did not receive labor induction/ augmentation. One possible mechanism for the 

interaction between oxytocin and prior postpartum hemorrhage might be the presence of occult 

bleeding disorders. Coagulation defects are known to elevate postpartum hemorrhage risk (Greer 

et al., 1991; Kadir et al., 1997; Kominiarek and Kilpatrick, 2007), and perhaps receipt of 

oxytocin serves somehow to further unmask this risk. We believe this possibility warrants further 

examination as there is currently very little literature on this topic.  

Our results also highlight the importance of controlled cord traction, indicating it may reduce the 

odds of blood loss ≥ 700 mL by 40%. Although a large, recent trial by Gülmezoglu et al. (2012) 

found that controlled cord traction conferred little benefit among those with oxytocin 

prophylaxis, an earlier trial involving 1,600 women found that controlled cord traction plus 

oxytocin reduced hemorrhage risk by 50% (Khan et al., 1997). Our analysis is distinct from both 

of these studies in that it controls for duration of the third stage of labor as well as receipt of 

oxytocin prophylaxis. 

The lack of differences by receipt of oxytocin prophylaxis in mean and median duration of the 

third stage of labor raise questions about the role of oxytocin in expediting placental delivery. In 

our analysis mean and median third stage duration were slightly lower among those with no 

oxytocin prophylaxis, appearing to support to a small body of evidence that suggests oxytocin 

has little effect on duration of the third stage (Jackson et al., 2001; Huh et al., 2004; Zamora, 

1999). In one randomized controlled trial involving close to 1,500 participants, there were no 

differences in third stage duration between those who received oxytocin at the beginning versus 
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at the end of the third stage of labor (Jackson et al., 2001). Two smaller randomized controlled 

trials also found that the timing of oxytocin administration (at the beginning versus the end of the 

third stage) had little or no effect on third stage duration (Zamora, 1999; Huh et al., 2004). In 

order to examine this further, we performed univariate and multivariate linear regression 

analyses with site-level random effects, using a continuous outcome of third stage duration. In all 

of our analyses, receipt of oxytocin prophylaxis was not associated with third stage duration. On 

the other hand, the timing of oxytocin administration does appear to have an important effect on 

postpartum blood loss, even if it has little influence on the length of the third stage.  

Finally, our data indicate that third stage duration might be a useful means for identifying need 

for clinical intervention related to postpartum hemorrhage. This is consistent with prior research, 

which has recommended manual removal of the placenta at 30 minutes postpartum (Combs and 

Laros, 1991), and 18 minutes postpartum (Magann et al., 2006). Our findings suggest that high-

risk cases could be identified as early as 15 minutes postpartum, since 97% of women in both 

trials had completed placental delivery by this time, and since hemorrhage odds increased 

sharply beginning at 15-19 minutes postpartum. On the other hand, not all women with durations 

≥ 15 minutes were diagnosed with hemorrhage, so universal treatment at 15 minutes postpartum 

would almost certainly result in over-intervention. Yet in many settings where there are no 

means for objectively identifying hemorrhage, the benefits of such a strategy might nevertheless 

outweigh the costs. 

One of the main strengths of this analysis was the large number of women with objectively 

measured information about postpartum blood loss and duration of the third stage. One limitation 

was both trials were conducted in hospital facilities, thus the findings may not be generalizable to 

other delivery settings.  
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Table 1. Demographic and clinical characteristics of study participants  

 No oxytocin 

prophylaxis 

(N=8212) 

Oxytocin prophylaxis 

(N=30898) 

Country of residence   

     Burkina Faso 0 (0.0) 3627 (11.7) 

     Egypt 5363 (65.3) 16257 (52.6) 

     Turkey 0 (0.0) 2940 (9.5) 

     Vietnam 2849 (34.7) 8074 (26.1) 

   

Mean age in years ± SD 26.3 ± 5.0 25.4 ± 5.2 

   

Educational attainment   

     No education 1549 (18.9) 8394 (27.2) 

     Primary  2618 (31.9) 8017 (26.0) 

     Secondary or higher 4039 (49.2) 14452 (46.8) 

   

Currently married or cohabitating 8179 (99.7) 30633 (99.2) 

   

Parity   

     0 3661 (44.6) 14613 (47.3) 

     1-3 4289 (52.3) 15072 (48.8) 

     4+ 254 (3.1) 1182 (3.8) 

   

Multiple pregnancy 93 (1.1) 450 (1.5) 

   

Mean gestational age at delivery in 

weeks ± SD 

39.3 ± 1.5 39.2 ± 1.7 

   

Mean pre-delivery hemoglobin in 

g/L ± SD 

11.4 ± 1.3 11.4 ± 1.4 

   

Prior known PPH 26 (0.3) 257 (0.8) 

   

Receipt of controlled cord traction 5419 (66.1) 27212 (88.1) 

   

Epidural given 109 (1.3) 90 (0.3) 

   

Labor induced or augmented 0 (0.0) 14512 (47.1) 

Data are n (%) unless otherwise indicated.  

PPH denotes postpartum hemorrhage; SD, standard deviation. 
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Table 2. Postpartum blood loss by duration of the third stage of labor 

Third stage duration 

(minutes) 

n Mean total 

postpartum blood 

loss (mL [SD]) 

Median 

postpartum blood 

loss (mL [IQR]) 

Range 

(mL) 

No oxytocin prophylaxis 8212 246 (226) 180 (180) 10-2000 

     0-4 4166 190 (191) 125 (95) 10-1550 

     5-9  1555 246 (215) 185 (150) 30-1400 

     10-14 1896 327 (236) 250 (200) 50-2000 

     15-19  410 368 (288) 280 (250) 50-1700 

     20-24 108 433 (344) 300 (350) 50-1700 

     25+ 77 383 (297) 200 (425) 30-1400 

     

Oxytocin prophylaxis 30898 256 (165) 200 (150) 0-3000 

     0-4 5071 239 (159) 200 (150) 11-2100 

     5-9  19255 249 (155) 200 (150) 0-2100 

     10-14 4282 289 (178) 250 (100) 50-3000 

     15-19  1584 278 (205) 250 (150) 25-1800 

     20-24 438 299 (203) 250 (100) 80-2300 

     25+ 268 336 (295) 250 (200) 80-2500 

SD denotes standard deviation; IQR, inter-quartile range. 
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Table 3. Duration of the third stage of labor by receipt of oxytocin prophylaxis and 

postpartum blood loss ≥ 700 mL 

 No oxytocin 

prophylaxis 

(N=8212) 

Oxytocin 

prophylaxis 

(N=30898) 

P-

value* 

Mean third stage duration in 

minutes (SD) 

6.0 (5.3) 6.5 (5.1) 0.000 

     Blood loss < 700 mL 5.9 (5.2) 6.5 (5.0) 0.000 

     Blood loss ≥ 700 mL 7.2 (6.3) 7.1 (5.5) 0.643 

    

Median third stage duration in 

minutes (IQR) 

4 (7) 5 (2) 0.000 

     Blood loss < 700 mL 4 (7) 5 (2) 0.000 

     Blood loss ≥ 700 mL 5 (7) 5 (4) 0.000 

*P-values were obtained from two-sample t tests for unequal variance (for 

differences in means) and Wilcoxon rank-sum tests (for differences in medians).  

SD denotes standard deviation; IQR, inter-quartile range. 
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Table 4. Relationship between duration of the third stage and postpartum blood loss ≥ 700 

mL: Logistic regression with random effects 

 Blood loss ≥ 700 mL (N=38853) 

 OR (95% CI) P-value 

Third stage duration (minutes)   

     0-4 Ref - 

     5-9  1.35 (1.15-1.58) 0.000 

     10-14  1.33 (1.06-1.66) 0.015 

     15-19  2.06 (1.55-2.73) 0.000 

     20-24 2.41 (1.60-3.63) 0.000 

     25+ 3.26 (2.15-4.94) 0.000 

   

Receipt of oxytocin prophylaxis 0.22 (0.14-0.36) 0.000 

   

Receipt of controlled cord traction 0.60 (0.44-0.83) 0.002 

   

Parity   

     0 1.26 (1.07-1.49) 0.006 

     1-3  ref - 

     4+  0.64 (0.35-1.19) 0.160 

   

Parity X oxytocin prophylaxis   

     0 X oxytocin prophylaxis 1.69 (1.35-2.11) 0.000 

     1-3 X oxytocin prophylaxis ref - 

     4+ X oxytocin prophylaxis 1.05 (0.47-2.38) 0.903 

   

Gestational age at delivery (weeks)   

     <37 0.34 (0.23-0.48) 0.000 

     37-41 ref - 

     42+  1.06 (0.74-1.52) 0.754 

   

Anemia* 1.32 (1.18-1.48) 0.000 

   

Prior known PPH 1.86 (0.62-5.55) 0.268 

   

Prior PPH X oxytocin prophylaxis 3.39 (1.03-11.18) 0.045 

   

PPH denotes postpartum hemorrhage. 

*Anemia was defined as pre-delivery hemoglobin of <11.0 g/dL. 
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Figure 1. Cumulative distribution of duration of the third stage of labor (N=39110) 

 

*We conducted likelihood ratio chi-square tests for regimen-level differences in the distribution of duration of the third stage. 

Results were significant for third stage durations up to 12 minutes, while there were no significant differences for durations ≥ 13 

minutes (P=0.187, 2 groups). 
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Figure 2. Postpartum blood loss by duration of the third stage of labor (N=39110) 
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Figure 3. Incidence of postpartum hemorrhage by duration of the third stage of labor 

(N=39110) 
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CHAPTER 3 

 

Does Maternal Hemoglobin Outside the Normal Range Increase the Risk of 

Postpartum Hemorrhage?
4
 

 

Abstract  

Background: Maternal anemia is believed to increase the risk of postpartum hemorrhage, yet the 

magnitude of effect and underlying biological mechanisms remain unclear. In addition, the 

potential role of elevated hemoglobin has not been previously explored. For all such 

relationships, the possible effect of oxytocin prophylaxis is also not known. This analysis 

examined the relationship between low and high pre-delivery hemoglobin and postpartum blood 

loss among women with and without oxytocin prophylaxis. 

Methods: Retrospective analysis of 40,362 hospital births in Burkina Faso, Ecuador, Egypt, 

Turkey and Vietnam. To assess the predictors of low and high pre-delivery hemoglobin, we used 

multinomial logistic regression. To assess the relationship between pre-delivery hemoglobin and 

postpartum blood loss, we used logistic regression with a binary outcome of blood loss ≥ 700 

mL. Hemoglobin was categorized as moderate-to-severe anemia (Hb <9.0 g/dL), mild anemia 

(Hb 9.0 to <11.0 g/dL), normal (11.0 to < 15.0 g/dL), and elevated (≥15.0 g/dL).  

                                                           
4
 Parts of this paper were presented at the annual meeting of the American College of Obstetricians and 

Gynecologists (2013). 
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Results: Pre-delivery anemia was associated with increased hemorrhage odds across countries 

and irrespective of the receipt of oxytocin prophylaxis, although there was considerable variation 

in the magnitude of effect. The relationship was strongest in Egypt and Vietnam, and among 

those with moderate-to-severe anemia. Among those with no oxytocin prophylaxis, elevated 

hemoglobin was also associated with a non-significant 60% increase in hemorrhage odds in 

Egypt and Vietnam.   

Conclusions: Maternal anemia is an important risk factor for postpartum hemorrhage, however 

the variation in magnitude of effect across settings raises questions about the nature of this 

relationship. The role of elevated hemoglobin in postpartum blood loss also warrants further 

examination. 

Background 

While it has long been recognized that anemic women suffer disproportionately from the severe 

consequences of postpartum hemorrhage (WHO, 1990; Alauddin, 1986; Harrison & Rossiter, 

1985; Harrison, 1975; Llewelyn-Jones, 1965), the question of whether maternal anemia increases 

the quantity of postpartum blood loss has yet to be resolved. One of the first papers to address 

this question was a case control study of risk factors for postpartum hemorrhage in Zimbabwe 

(Tsu, 1993). Results indicated that hemorrhage cases were 2.2 times as likely to have antenatal 

hemoglobin (Hb) <12.0 g/dL than were non-hemorrhage controls. These findings were limited, 

however, by missing hemoglobin measurements for two-thirds of study records and by very low 

incidence of Hb<11/0 g/dL, which is the conventional standard for anemia during pregnancy. 

(WHO, 2001)   
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Numerous studies have since explored relationships between maternal anemia and postpartum 

blood loss. Three recorded the incidence of hemorrhage among women with severe anemia. Two 

studies were conducted in India and both reported incidence of 26% among women with pre-

delivery Hb <7.0 g/dL (Rohilla et al., 2010) or antenatal Hb <5.0 g/dL (Patra et al., 2005). The 

third study, conducted in Pakistan, reported incidence of 9.8% among women with pre-delivery 

Hb <7.0 g/dL, as compared with 0.8% among non-anemic controls (Jaleel et al., 2008). Other 

studies have tested associations between anemia and postpartum blood loss. In a review of 

307,415 births in Norway, pre-delivery Hb < 9.0 g/dL was associated with 2.2 times the risk of 

bleeding >1500 mL (al-Zirqi et al., 2008). An analysis of 446,397 births in Peru found moderate 

and severe pre-delivery anemia were both associated with increased risk of blood loss > 500 mL. 

(Gonzales et al., 2012). A third study found that antenatal Hb < 9.0 g/dL increased total blood 

loss by an average of 91 mL as compared with Hb > 11.0 g/dL (Kavle et al., 2008). In contrast, a 

study of 447 births in India found no significant differences in hemorrhage incidence across four 

hemoglobin categories (Hb > 11.0, 9.0-10.0, 7.0-8.9, and <7.0 g/dL), however the authors 

concluded that this was likely due to the small number of study participants (Malhotra et al., 

2002).  

Despite accumulating evidence of a relationship between maternal anemia and postpartum blood 

loss, important outstanding questions remain. For instance the precise magnitude of effect by 

severity of hemoglobin deficit has not been clearly established. This is partly due to 

methodological variation across studies, including variance in definitions of anemia and 

hemorrhage, as well as in the means used to identify both conditions (e.g. measured versus visual 

blood loss). In addition, the underlying biological mechanisms responsible for such a relationship 

are not well understood. It has been suggested that anemia due to iron deficiency may contribute 



55 
 

to uterine atony, the primary cause of postpartum hemorrhage, through depletion of the 

myoglobin needed for uterine action (RCOG, 2009; Kavle et al., 2008; Jaleel et al., 2008; Rush, 

2000), or through weakening resistance to infection (Rush, 2000; Koblinsky et al., 1995), with 

anecdotal evidence indicating that ascending lower genital tract infections might specifically 

serve to inhibit uterine contractility (Bergström, 2003). 

The potential role of elevated hemoglobin in postpartum blood loss has also not been adequately 

explored. Most studies examining the relation between maternal hemoglobin and adverse 

maternal outcomes have treated all women with hemoglobin > 11.0 g/dL as one uniform group, 

assuming that higher concentrations yield consistently favorable outcomes. Yet there is much 

evidence that this is not always the case. Elevated hemoglobin has been associated with adverse 

perinatal outcomes (Steer et al., 1995; Murphy et al., 1986; Huisman et al., 1986; Garn et al., 

1981; Garn et al., 1981) as well as pregnancy-induced hypertension and pre-eclampsia in prior 

research (Gonzales et al., 2012; Murphy et al., 1986; Huisman et al., 1986; Sagen et al., 1982;  

Heilman et al., 1981).  

Finally, it is not known whether receipt of oxytocin prophylaxis might alter this relationship in 

any way. As a result, the main objective of this analysis was to examine the relationship between 

low and high pre-delivery hemoglobin and postpartum blood loss among women with and 

without oxytocin prophylaxis. 

Methods 

Study setting and participants 

Data were collected between 2005 and 2008 as part of two randomized controlled trials that were 

carried out simultaneously for the treatment of postpartum hemorrhage, the details of which have 
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been reported elsewhere (Blum et al., Winikoff et al.). The trials were identical with exception of 

the provision of oxytocin or other uterotonics during labor. In the first trial, involving five 

hospitals from four countries (Burkina Faso, Egypt, Turkey and Vietnam), oxytocin prophylaxis 

was routinely administered following birth of the baby. In the second trial, involving four 

hospitals from three countries (Egypt, Ecuador and Vietnam), oxytocin prophylaxis was not 

routinely administered following birth of the baby.  

For both trials, enrollment took place during admission to the hospital labor ward. Information 

about demographic and clinical characteristics, pre-delivery hemoglobin and postpartum blood 

loss were recorded for all participants. Hemoglobin was measured using a Hemocue device. 

Postpartum blood loss was measured using a polyurethane receptacle with calibrated funnel 

beginning immediately after birth of the baby and continuing for one hour postpartum or, if 

postpartum hemorrhage was diagnosed, until the cessation of active bleeding. Treatment for 

postpartum hemorrhage was provided to all women whose bleeding reached 700 mL within the 

first hour postpartum or prior to that, by clinical judgment. 

Statistical analysis 

For the statistical analyses we categorized hemoglobin as moderate-to-severe anemia (Hb <9.0 

g/dL), mild anemia (Hb 9.0 to <11.0 g/dL), normal (11.0 to < 15.0 g/dL) and elevated (≥15.0 

g/dL). The anemia categories were based on accepted standards for the third trimester of 

pregnancy (WHO, 2001). The cut point for elevated hemoglobin was selected based on a 

literature review and because hemorrhage incidence in our sample peaked at around 15.0 g/dL. 

We combined moderate with severe anemia due to the small number of participants (n=57) in the 

latter group. 
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To assess the predictors of low and high pre-delivery hemoglobin, we used multinomial logistic 

regression with a reference category of normal hemoglobin. To assess the relationship between 

pre-delivery hemoglobin and postpartum blood loss, we used logistic regression with a binary 

outcome of blood loss ≥ 700 mL. We also stratified the analyses by country of residence and 

receipt of oxytocin prophylaxis. For both sets of analyses, the final multivariate models include 

only those factors that were significantly associated with the outcome variables. 

The protocol for this secondary analysis was approved by Princeton University’s Institutional 

Review Board on 19 December 2009, protocol number 0000004672. 

Results 

A total of 40,362 women were included in this analysis, 9,339 with no oxytocin prophylaxis and 

31,023 with oxytocin prophylaxis. A total of 870 women were excluded from analysis for the 

following reasons: 597 were missing information on postpartum blood loss, 23 were missing 

information on pre-delivery hemoglobin, 42 did not receive oxytocin as per the standard for their 

clinical trial, 203 delivered by caesarean section, and 5 delivered outside the study facility. 

Table 1 presents the demographic and clinical characteristics of study participants by country of 

residence. The prevalence of any anemia was highest in Burkina Faso and Egypt, affecting about 

one-half of study participants in both settings, as compared with 15-25% of those in Turkey and 

Vietnam, and only 3% of those in Ecuador. Elevated hemoglobin was rare in all countries except 

Ecuador, the only high elevation site in the study, where there was a prevalence of 13%. The 

large, country-level disparities in educational attainment mirrored disparities in anemia 

prevalence: in Burkina Faso, where anemia prevalence was highest, so was the incidence of no 

education (60%); while in Ecuador, where anemia prevalence was lowest, only 1% of women 
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had no education. There were small differences in all other demographic and clinical variables 

with exception of the receipt of oxytocin prophylaxis, which reflected variation in hospital 

practices.   

The distribution of pre-delivery hemoglobin by country of residence and receipt of oxytocin 

prophylaxis is presented in Table 2.  Mean and median hemoglobin were lowest in Burkina Faso 

(10.9 g/dL) and highest in Ecuador (13.5 and 13.6 g/dL, respectively). In Egypt and Vietnam, 

there were small, site-driven differences by receipt of oxytocin prophylaxis that ranged from 0.2 

g/dL to 0.4 g/dL.  

Table 3 presents results from multinomial logistic regression analysis of the predictors of low 

and high pre-delivery hemoglobin. Results reflect the relative probability of each abnormal 

hemoglobin category (moderate-to-severe anemia, mild anemia or elevated hemoglobin), as 

compared with normal hemoglobin. Factors positively associated with the presence of low 

hemoglobin (moderate-to-severe anemia and/or mild anemia), included residence in Burkina 

Faso, Turkey or Egypt as compared with Vietnam; age under 20 years; multiple pregnancy; and 

gestational age < 37 weeks, as compared with 37-41 weeks. Factors negatively associated with 

low hemoglobin included residence in the high elevation setting of Quito Ecuador, completion of 

secondary school or higher as compared with completion of primary school, being married, and 

nulliparity. The only factors significantly associated with elevated hemoglobin were country of 

residence, for which there was a negative association for Burkina Faso and positive association 

for Ecuador; and completion of secondary school or higher.  

Table 4 presents results from logistic regression analysis of the factors associated with 

postpartum blood loss ≥ 700 mL. Anemia was associated with increased hemorrhage odds in all 
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countries, although these differences were only significant in Egypt, Turkey and Vietnam. In 

most cases there was a greater magnitude among those with moderate-to-severe anemia than 

among those with mild anemia. In Egypt and Vietnam, elevated hemoglobin was also associated 

with a non-significant increase of about 60% in hemorrhage odds among those with no oxytocin 

prophylaxis, while the direction of effect was reversed among those with oxytocin prophylaxis. 

Other variables positively associated with hemorrhage odds in one or more countries included 

gestational age of 42 weeks or more as compared with 37-41 weeks, nulliparity, multiple 

pregnancy, and prior postpartum hemorrhage. Factors negatively associated with hemorrhage 

odds included gestational age < 37 weeks. 

Discussion 

This is the first multi-country assessment of the relationship between pre-delivery hemoglobin 

and measured postpartum blood loss. Our findings corroborate prior research and suggest that 

low hemoglobin is an important risk factor for postpartum hemorrhage. We obtained significant 

associations for both mild and moderate-to-severe anemia that persisted across countries and 

irrespective of receipt of oxytocin prophylaxis. In most cases, the magnitude of effect increased 

with severity of hemoglobin deficit, corroborating findings from prior research. At the same 

time, the considerable country-level variation in the magnitude of our estimates, particularly 

among those with moderate-to-severe anemia, raises questions about the relative contribution of 

biological mechanisms versus correlation with other underlying conditions.  

The prior literature on this topic has largely assumed a causal relationship, yet biological 

plausibility has not been sufficiently established. Thus far speculation has focused on the 

contribution of iron deficiency anemia to uterine atony (RCOG, 2009; Kavle et al., 2008; Jaleel 
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et al., 2008; Rush, 2000; Bergström, 2003). We believe an alternate possibility also warrants 

exploration. For more than a half century, there has been a known association between 

hematocrit concentrations, bleeding time and platelet adhesiveness (Coller, 2012; Boneu et al., 

1987; Turitto et al, 1980; Hellem et al., 1961). Anemia is thought to impair the normal 

interaction between platelets and blood vessels that typically serves to arrest bleeding and 

promote platelet aggregation. In light of this, anemia is considered the main source of prolonged 

bleeding time in patients with renal failure (Boccardo et al, 2004; Fernandez et al, 1985); while 

provision of erythropoietin/red blood cell transfusion to such patients has been shown to 

decrease bleeding time as well as hemorrhage frequency (Boccardo et al., 2004, Moia et al., 

1987). In order to determine if maternal anemia has a similar effect on birth-related bleeding 

time and platelet adhesiveness in the postpartum period, there is a need for research along these 

lines. 

At the same time, our anemia findings might have been at least partly due to correlation with 

other underlying conditions such as inherited coagulation disorders. Unfortunately we were 

unable to directly control for this possibility in our analyses. Coagulation disorders include von 

Willebrand’s disease, which affects about 1% of the general population and is the most common 

disorder (Rodeghiero et al., 1987; Chi et al., 2012), followed by factor deficiencies, platelet 

disorders, and hemophilia A and B (SOGC Guidelines, 2005). Women with coagulation 

disorders frequently experience menorrhagia and excessive bleeding during surgeries and dental 

procedures. They are also at increased risk for primary and secondary postpartum hemorrhage 

(Chi et al., 2012; Kadir et al., 1998; Kadir et al., 1997; SOGC Guidelines, 2005; ACOG, 2009). 

As a result, these same women would be likely to have a higher prevalence of maternal anemia at 

the time of birth, although we were unable to find relevant published incidence information.  
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It is also possible that the relationship between anemia and postpartum blood loss is 

multifactorial and that the importance of any given factor varies across settings. This would help 

explain the country-level heterogeneity in our findings. Another source of variation might have 

been site-level error in the measurement of hemoglobin. While the Hemocue device that was 

used at all study sites to obtain hemoglobin measurements has been shown to be highly accurate 

(von Schenck et al., 1986), its precision relies upon regular maintenance/cleaning of the 

microcuvet devices. If the microcuvets were not cleaned properly at any of the study sites, this 

could have led to systematic inaccuracy in hemoglobin readings.  

Finally, our results suggest that elevated hemoglobin may also be associated with increased odds 

of postpartum hemorrhage, albeit only among those with no oxytocin prophylaxis. Although our 

findings were not statistically significant, this may have been due to the small number of women 

with hemoglobin ≥ 15 g/dL in our dataset. To our knowledge, this is the first evidence of such a 

relationship. Elevated hemoglobin has been associated with adverse perinatal outcomes in prior 

research, but an association with increased postpartum bleeding has not been previously 

identified. Nevertheless, elevated hemoglobin is known to produce hyper-viscosity which 

increases the risk of thrombotic and hemorrhagic complications in a number of pathological 

conditions (Koller, 1982), so there is a potentially plausible pathway for such a relationship.  

Alternatively, this finding could have been due to the presence of other underlying conditions. 

For instance, pre-eclampsia is known to be associated with elevated hemoglobin (Gonzales et al., 

2012; Huisman et al., 1986; Sagen, 1982; Heilman et al., 1981) and is also thought to increase 

postpartum hemorrhage risk (Combs et al., 1991). We could not assess this possibility since we 

lacked information on the prevalence of pre-eclampsia among the women in our dataset. It’s also 

unclear what might account for the divergent results by receipt of oxytocin prophylaxis. 
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Nevertheless given the consistency of our estimates in two of the three no oxytocin prophylaxis 

settings, the role of elevated hemoglobin in postpartum blood loss also warrants further 

examination. 

Conclusions 

Maternal anemia is an important risk factor for postpartum hemorrhage, however the variation in 

magnitude of effect across settings raises questions about the relative contribution of biological 

mechanisms versus correlation with other underlying conditions. The role of elevated 

hemoglobin in postpartum blood loss also warrants further examination.  
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Table 1. Demographic and clinical characteristics of study participants by country of 

residence  

Participant 

characteristics 

Country of residence 

Burkina Faso  

(N=3702) 

Ecuador 

(N=1112) 

Egypt 

(N=21678) 

Turkey 

(N=2940) 

Vietnam 

(N=10930) 

Pre-delivery hemoglobin in g/dL 
     < 7.0 0.9 (34) 0.0 (0) 0.1 (14) 0.2 (5) 0.04 (4) 

     7.0 to < 9.0  5.9 (219) 0.2 (2) 1.8 (388) 3.0 (89) 0.6 (65) 

     9.0 to < 11.0 43.7 (1616) 3.2 (36) 42.2 (9138) 20.1 (592) 14.6 (1593) 

     11.0 to < 15.0 49.4 (1829) 83.2 (925) 55.4 (12015) 74.4 (2188) 82.9 (9056) 

     ≥ 15.0 0.1 (4) 13.4 (149) 0.6 (123) 2.2 (66) 1.9 (212) 

      

Mean age ± SD 25.6 ± 6.3 24.0 ± 6.3 25.5 ± 5.0 25.3 ± 5.1 25.8 ± 5.0 

      

Education      

     No education  59.8 (2204) 1.2 (13) 34.4 (7460) 2.1 (63) 2.6 (283) 

     Primary  18.5 (682) 36.9 (410) 15.8 (3422)  54.9 (1615) 45.3 (4941) 

     Secondary+  21.8 (803) 62.0 (689) 49.8 (10793) 42.9 (1262) 52.1 (5681) 

      

Married  95.2 (3516) 84.4 (938) 100.0 

(21669) 

99.9 (2937) 99.3 (10825) 

      

Gestational age at delivery in weeks 
     <37  4.2 (153) 7.5 (83) 5.7 (1241) 7.2 (213) 4.9 (1224) 

     37-41  95.0 (3479) 88.3 (982) 92.4 (20039) 91.8 (2699) 92.3 (10036) 

     42+  0.9 (32) 4.2 (47) 1.8 (398) 1.0 (28) 3.2 (342) 

      

Nulliparous 42.4 (1558) 36.3 (404) 44.4 (9624) 48.4 (1423) 52.5 (5736) 

      

Multiple pregnancy 3.2 (118) 0.1 (1) 1.3 (275) 0.2 (6) 1.4 (149) 

      

Prior known PPH 3.7 (135) 5.6 (62) 0.2 (33) 1.9 (57) 0.5 (59) 

      

Receipt of oxytocin 

prophylaxis 

100.0 (3702) 0.0 (0) 75.2 (16305) 100.0 (2940) 73.9 (8074) 

Data are % (n) unless otherwise specified. 

SD denotes standard deviation; PPH, postpartum hemorrhage.  
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Table 2. Distribution of pre-delivery hemoglobin by country of residence and receipt of 

oxytocin prophylaxis  

  Pre-delivery hemoglobin 

(g/dL) 

 n Mean (SD) Median (IQR) 

Oxytocin Prophylaxis    

Burkina Faso 3702 10.9 (1.4) 10.9 (1.6) 

Egypt 16305 10.9 (1.0) 11.0 (1.5) 

Turkey 2940 12.0 (1.5) 12.1 (2.0) 

Vietnam 8076 12.3 (1.3) 12.3 (1.6) 

    

No oxytocin prophylaxis    

Ecuador 1112 13.5 (1.3) 13.6 (1.9) 

Egypt 5373 11.1 (1.3) 11.2 (1.8) 

Vietnam 2854 11.9 (1.2) 12.0 (1.5) 

SD denotes standard deviation; IQR, inter-quartile range. 
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Table 3. Predictors of low and high pre-delivery hemoglobin: multinomial logistic regression results (N=40032) 

 Moderate-to-severe anemia vs. 

normal hemoglobin 

Mild anemia  

vs. normal hemoglobin 

Elevated hemoglobin 

vs. normal hemoglobin 

RRR (95% CI) P-value RRR (95% CI) P-value RRR (95% CI) P-value 

Country of residence       

     Burkina Faso 16.26 (12.08-21.87) 0.000 4.64 (4.22-5.09) 0.000 0.09 (0.03-0.26) 0.000 

     Ecuador 0.25 (0.06-1.04) 0.057 0.21 (0.15-0.29) 0.000 7.02 (5.49-8.96) 0.000 

     Egypt 4.64 (3.54-6.08) 0.000 4.29 (4.02-4.57) 0.000 0.42 (0.32-0.53) 0.000 

     Turkey  5.32 (3.87-7.31) 0.000 1.51 (1.35-1.67) 0.000 1.31 (0.99-1.74) 0.059 

     Vietnam ref - ref - ref - 

       

Age in years       

     <20 1.09 (0.85-1.39) 0.489 1.11 (1.02-1.20) 0.011 0.86 (0.64-1.16) 0.327 

     20-34 ref - ref - ref - 

     35+ 1.06 (0.80-1.40) 0.672 1.08 (0.98-1.18) 0.115 1.24 (0.89-1.73) 0.193 

       

Educational attainment        

     No education 0.84 (0.69-1.02) 0.083 0.99 (0.93-1.06) 0.777 1.15 (0.81-1.65) 0.438 

     Primary  ref - ref - ref - 

      Secondary plus 0.54 (0.45-0.65) 0.000 0.88 (0.83-0.93) 0.000 1.23 (1.01-1.49) 0.037 

       

Currently married 0.55 (0.33-0.93) 0.027 0.77 (0.59-1.00) 0.049 1.21 (0.74-1.99) 0.402 

       

Parity       

     0 0.85 (0.72-0.99) 0.041 0.95 (0.90-1.00) 0.028 1.08 (0.90-1.31) 0.402 

     1-3 ref - ref - ref - 

     4+ 1.04 (0.75-1.44) 0.817 1.13 (1.00-1.27) 0.052 1.22 (0.73-2.04) 0.449 

       

Multiple pregnancy 1.34 (0.82-2.20) 0.246 1.26 (1.05-1.51) 0.015 1.12 (0.46-2.74) 0.803 

       

Gestational age at delivery        

     <37 1.76 (1.35-2.29) 0.000 1.23 (1.12-1.35) 0.000 1.12 (0.78-1.61) 0.524 

     37-41 ref - ref - ref - 

     42+ 1.19 (0.71-2.00) 0.522 0.85 (0.72-1.01) 0.063 1.28 (0.81-2.05) 0.294 

g/dL denotes grams per deciliter; OR, odds ratio; and CI, confidence interval. 



66 
 

Table 4. Factors associated with postpartum hemorrhage: logistic regression results 

 Blood loss ≥ 700 mL [OR (95% CI)] 

Oxytocin prophylaxis No oxytocin prophylaxis 

Burkina Faso 

(N=3578) 

Egypt 

(N=16303) 

Turkey 

(N=2877) 

Vietnam  

(N=7958) 

Ecuador 

(N=1111) 

Egypt 

(N=5361) 

Vietnam 

(N=2808) 

Hb status in g/dL        

     < 9.0 1.41 (0.58-3.43) 4.12 (2.36-7.19)
‡
 1.21 (0.29-5.11) 2.74 (0.84-8.92)⁺ 2.55 (0.15-42.10) 0.96 (0.55-1.65) 3.13 (1.01-9.71)* 

     9.0 to < 11.0 0.87 (0.51-1.47) 1.35 (1.12-1.63)
†
 1.72 (0.99-2.98)⁺ 1.58 (1.10-2.29)* 0.74 (0.34-1.62) 1.27 (1.03-1.58)* 1.17 (0.84-1.62) 

     11.0 to < 15.0 ref ref ref ref ref ref ref 

     ≥ 15.0 - 0.32 (0.04-2.31) 0.73 (0.10-5.44) 0.42 (0.10-1.71) 1.02 (0.70-1.48) 1.60 (0.20-12.75) 1.56 (0.53-4.57) 

        

Education        

     No education 0.81 (0.42-1.57) 1.01 (0.73-1.38) 1.01 (0.13-7.67) 1.21 (0.52-2.81) 1.03 (0.28-3.86) 1.00 (0.76-1.31) 0.42 (0.10-1.76) 

     Primary  ref ref ref ref ref ref ref 

      Secondary plus 1.21 (0.59-2.49) 1.04 (0.77-1.41) 1.51 (0.91-2.52) 1.22 (0.92-1.63) 1.72 (1.30-2.27)
‡
 0.90 (0.70-1.16) 1.66 (1.24-2.22)

†
 

        

Gestational age at 

delivery in weeks 

       

     <37 0.34 (0.05-2.51) 0.19 (0.09-0.39)
‡
 0.61 (0.19-1.95) 0.69 (.030-1.59) 0.49 (0.28-0.88) 0.31 (0.11-0.83)* 0.46 (0.22-0.94)* 

     37-41 ref ref ref ref ref ref ref 

     42+ 1.43 (0.19-10.96) 1.88 (1.03-3.42)* 1.92 (0.25-14.6) 0.80 (0.35-1.83) 2.30 (1.27-4.17) 0.50 (0.23-1.07)⁺ 1.98 (0.81-4.80) 

        

Nulliparity 1.72 (1.01-2.91)* 3.01 (2.46-3.69)
‡
 1.95 (1.15-3.32)* 1.07 (0.80-1.42) 1.15 (0.87-1.51) 1.25 (1.01-1.54)* 1.37 (1.05-1.79)* 

        

Multiple pregnancy 1.63 (0.50-5.36) 2.73 (1.45-5.12)
†
 - 0.56 (0.13-2.32) - 1.08 (0.38-3.03) 1.95 (0.79-4.78) 

        

Prior known PPH 4.72 (2.11-10.56)
‡
 9.95 (3.33-29.74)

‡
 - 14.26 (6.58-30.93)

‡
 1.61 (0.93-2.77)⁺ - 3.14 (1.00-9.82)* 

OR denotes odds ratio; CI, confidence interval; mL, milliliters; g/dL, grams per deciliter; and PPH, postpartum hemorrhage. 

⁺ indicates P<0.10, * P<0.05; 
†
 P<0.01, and 

‡
 P<0.001. 
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CONCLUSIONS 

Each chapter of this thesis provides new or enhanced information about possible means for 

achieving further reductions in postpartum hemorrhage risk. In particular, it appears that 

controlled cord traction adds value when oxytocin prophylaxis is unavailable, as well as when it 

is available but given intramuscularly; and that manual removal of the placenta or other clinical 

intervention may be warranted when placental delivery is delayed for 15 minutes or more. It also 

appears that women with low pre-delivery hemoglobin should be considered at increased risk for 

postpartum hemorrhage, and especially those with moderate-to-severe anemia. 

At the same time, there are some limits to the generalizability of the findings in this thesis. The 

analyses in all three chapters were based on secondary data and as a result, I was unable to 

account for potential bias due to omission of some important covariates, or due to collinearity 

issues. Furthermore the data were collected in secondary- and tertiary-level hospital facilities and 

as a result, the findings may not be relevant other delivery settings. Given these limitations, there 

is a need for additional, policy-relevant information prior to implementation of any broad 

changes in clinical practice. For instance, it would be important to determine whether controlled 

cord traction can be safely and effectively provided by non-physician clinicians outside of 

hospital facilities before altering clinical guidelines relevant to such settings. There is also a need 

to better understand the role of biological mechanisms that might be responsible for the 

relationship between anemia and postpartum blood loss; and to examine whether efforts to treat 

anemia (e.g. antenatal iron supplementation) have any effect on postpartum hemorrhage risk. 


