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• Postpartum hemorrhage (PPH) is the leading cause of maternal 
death worldwide. 

• Occurs in 4-6% of deliveries and this incidence is rising7.
• According the Banner University Medical Center Phoenix 

(BUMCP) data, 2.37% of obstetrical patients had PPH in 2013.
• Uterine atony accounts for 90% of PPH8

• Most women receive the same prophylactic management using 
oxytocin even though many studies show that certain risk factors 
pose greater risk for PPH. 

• Combs1 found that risk factors for vaginal delivery included a 
prolonged third stage with an odds ratio of 7.6, previous PPH 
(OR, 4.7) and twin gestation (OR, 3.3)

• Magann5 identified the following risk factors: prior PPH, 
macrosomia, labor induction, stillbirth, prolonged labor, 
chorioamnionitis, history of retained placenta, epidural 
anesthesia, and forceps after a failed vacuum.

• Sheiner et al8 found the following risk factors: retained 
placenta (OR, 3.5), failure to progress in the second stage (OR, 
3.4), placenta accreta (OR, 3.3), lacerations (OR, 2.4), 
instrumented delivery (OR, 2.3), large for gestational age (OR, 
1.9), hypertensive disorders (OR, 1.7), induction of labor (OR, 
1.4) and augmentation with oxytocin (OR. 1.4). 

• These studies show variable significance of the risk factors, 
possibly due to the difference in definition of PPH.  This study will 
look at risk factors for PPH secondary to uterine atony.  
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• While multiple risk factors influence PPH occurrence 
secondary to atony, some may more reliably be able to 
predict PPH. 

• Data collected suggests that risk factors such as prolonged 
labor, hypertension and fetal macrosomia in patients with 
cesarean section accurately predict likelihood of hemorrhage.

• Similarly, patients with vaginal deliveries under 37 weeks 
gestational age and with each hour on oxytocin have a greater 
predictability of hemorrhage. 

• Gestational age under 37 weeks has not been identified in 
previous studies as a significant risk factor for hemorrhage. 
This may be due to confounding co-morbidities, but deserves 
further study. 

• The findings of this study require us to question whether a 
different degree of prophylaxis is warranted given evidence of 
more likely hemorrhage associated with certain risk factors. 
This would have the potential to identify early at-risk patients 
and reduce morbidity. 

• This study is limited by its case control design and the number 
of patients enrolled, as it is possible that certain risk factors 
are under-represented in this population. 

• A strength of the study is that it was done in a tertiary 
medical center with a specific protocol to identify and 
accurately measure blood loss. 

The objective of this study is to determine which risk factors best 
predict PPH secondary to atony. We hope to provide evidence to 
support the idea that women with certain risk factors should receive 
more prophylactic management.

• Case-control study from BUMCP between 2011- 2014 on patients 
diagnosed with PPH secondary to atony and a control group that 
did not have a diagnosis of PPH.

• Diagnosis was based on measured blood loss >500mL vaginal 
delivery or >1,000mL cesarean section (CS). 

• Patients with hemorrhage that was not secondary to uterine 
atony were excluded. 

• Exclusions included PPH secondary to lacerations, retained 
placenta, coagulation deficiencies. 

• Controls were chosen randomly from deliveries during the same 
time period without being individually matched. 

• Risk factors recorded included: polyhydramnios, fetal
macrosomia, oxytocin augmentation, prolonged labor, precipitous 
labor, chorioamnionitis, use of magnesium sulfate, history of PPH, 
grand multiparity, retained placenta, pre-eclampsia, and 
hypertension. 

• Associations with PPH were studied using t-tests for continuous 
predictors and chi-squared test for categorical predictors. 

• Significant predictors were then entered into multiple logistic 
regression to determine independent predictors of PPH. 

• A total of 268 cases of PPH were reviewed. 

• There were a total of 200 controls 

• The PPH and control groups were compared with respect to age, 
pre-gravid BMI, and gravida number. These three factors were 
not significantly different between the two groups. 

• A chi-squared test revealed the following significant risk factors 
predictive of hemorrhage: oxytocin augmentation, prolonged 
labor, use of magnesium sulfate, retained placenta, pre-
eclampsia, multiple gestations, chorioamnionitis and 
hypertension. (Figure 1)
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Figure 1. Univariate Analysis of Possible Predictors of PPH
(regardless of delivery type)  

Cesarean Section OR Significance
Gestational Age <37 weeks 7.27 0.002
Prolonged Labor 8.13 0.001
Fetal Macrosomia 3.61 0.004
Hypertension 3.17 0.031

Figure 3. Multiple Logistic Regression Model for PPH 
Associated with Cesarean Section and Vaginal Deliveries

Area Standard
Error

95% Confidence Interval

Lower Bound Upper Bound

0.766 0.039 0.690 0.841

Vaginal OR Significance
Gestational Age <37 weeks 4.31 0.002
Hours on Pitocin 1.15 <0.001

CS Score
Low Medium High 

Risk by Percent within 
CS Score

22.4% 54.5% 86.7%

OR CS Score 2 vs 1 4.15 95% CI 
1.82-9.54

OR CS Score 3 vs 1 22.45 95% CI 
6.47-85.77
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Figure 2. Number of Patients with Each Individual Risk Factor

Figure 4. ROC of Predicted Probability of PPH for Cesarean 
Section

Figure 5. Risk of PPH in Those Undergoing Cesarean Section 
by Category of Risk

• We built two logistic regression models, one for CS and one 
for vaginal deliveries. Predictors of PPH from univariate
analysis with p <0.10 were entered into regression using 
forward selection. (Figure 3) 

• The predictive model for vaginal delivery only contains two 
predictor variables: gestational age <37 and hours on 
oxytocin. 

• An ROC curve for CS was constructed using the predicted 
probability of PPH from the logistic regression. (Figure 4)  The 
AUC (area under the curve) is fair (0.766). 

• The significant predictors for PPH following CS are seen in 
Figure 3.   The risk factors were assigned point values based 
on their odds ratios: hypertension (3 points) and fetal 
macrosomia (4 points), gestational age <37 (7 points), 
prolonged labor (8 points). These scores were then 
categorized into low risk (0 points), moderate risk (1-7 points), 
and high risk (8 or more points).

• These categories discriminated well the risk for PPH. (Figure 5)  
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Risk Factor p-value
Oxytocin augmentation <0.001
Use of magnesium sulfate <0.001
Prolonged labor <0.001
Retained placenta <0.001
Pre-eclampsia <0.001
Multiple gestations <0.001
Hypertension <0.001
Gestational Age <37 weeks <0.001
Hours on Pitocin <0.001
Chorioamnionitis 0.012
Fetal Macrosomia 0.062
Polyhydramnios 0.068
Precipitous labor 0.091
Grand Multiparity 0.170
History of PPH 0.312
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