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Abstract  

Introduction 

Several studies have identified risk factors for PPH secondary to uterine atony, but with little 

evidence to support additional prophylaxis for patients with these risk factors. Therefore, the 

objective of this study is to determine which risk factors might lead to early identification and 

perhaps prevention of PPH. 

Methods 

Data were obtained from medical records of patients diagnosed with PPH due to uterine atony 

between December 2011-December 2014 from a university center. PPH was defined as blood 

loss greater than 500mL (vaginal delivery) or greater than 1000mL (cesarean section (CS)). 

Similarly, the control group consisted of a random selection of all patients without PPH. After 

risk factors were identified in univariate analysis, those with p-value <0.20 were entered into 

forward logistic regression.   

Results 

A total of 268 patients with PPH were analyzed along with 200 controls. There were 172 

patients who underwent CS and 296 who with vaginal delivery (NSVD). Patients with PPH were 

not individually matched to the controls, but there was no significant difference between the 

groups with respect to age, BMI, and gravidity. Four variables using logistic regression were 

found to significantly predict PPH in those undergoing CS: hypertension (OR 3.17), fetal 

macrosomia (OR 3.61), prolonged labor (OR 8.13), and gestational age <37 weeks (OR 7.27). 

The area under the ROC curve was 0.766.  

Conclusion/Implications 

In this study four variables independently predicted PPH with reasonable discrimination. 

Further studies are needed to determine if these findings are validated and if early aggressive 

prophylaxis will prevent morbidity from PPH.  



 

Table of Contents 

INTRODUCTION ..................................................................................................................... 1 

METHODS ............................................................................................................................. 3 

RESULTS ................................................................................................................................ 4 

DISCUSSION .......................................................................................................................... 6 

FUTURE DIRECTIONS............................................................................................................ 11 

REFERENCES ........................................................................................................................ 12 

 
  



 

List of Figures and Tables  

Figure 1- Univariate Analysis of Possible Predictors of PPH (regardless of delivery type)  

Figure 2- Number of Patients with Each Individual Risk Factor  

Figure 3- Multiple Logistic Regression Model for PPH Associated with Cesarean Section and 

Vaginal Deliveries  

Figure 4- ROC of Predicted Probability of PPH for Those Undergoing Cesarean Section  

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



 1 

Introduction  

Postpartum hemorrhage (PPH) is defined as abnormal or excessive blood loss that occurs after 

delivery. It is the leading cause of maternal death worldwide. In 2009, the World Health 

Organization reported that world-wide 140,000 women die of PPH every year7. It is estimated 

that PPH occurs in 4-6% of deliveries and that this incidence is rising7.  PPH is arguably the most 

preventable cause of maternal mortality. Currently, management in the third stage of labor 

includes uterotonic agents that have been shown to decrease the risk of PPH. Because, the 

most common cause of PPH is uterine atony7.  

According the Banner University Medical Center Phoenix (BUMCP), 2.37% of obstetrical 

patients had PPH in 2013. As such, Banner Good Samaritan has implemented standard Clinical 

Practice Guidelines for the occurrence of PPH with the intent that it will result in early 

identification of PPH, timely response, clear communication and improved patient outcomes. 

Currently the preferred prophylaxis is an oxytocin regimen. At BUMCP this regimen is given as 

follows:  30 units in 500mL of normal saline oxytocin as a 150mL bolus then 150mL per hour for 

two 500ml bags IV continuous for all women during the third stage of labor following 

spontaneous normal vaginal deliveries. This means that all women receive the same 

prophylactic management even though there are many studies that show that certain risk 

factors pose greater predictive value for PPH.  

When looking at risk factors leading to PPH due to uterine atony several studies have identified 

risk factors. Combs and colleagues1 looked at 374 cases of PPH and found that risk factors 

included a prolonged third stage of labor with an odds ratio of 7.6, previous PPH (OR, 4.7) and 

twin gestation (3.3). Combs defined PPH as a 10% drop in hematocrit. Other studies define PPH 

by the amount of blood loss. For example, Magann and coworkers5 defined PPH as blood loss 

>1000mL or the need for transfusion. They identified the following risk factors: prior PPH, 

macrosomia, labor induction, still birth, prolonged labor, chorioamnionitis, history of retained 

placenta, epidural anesthesia, and forceps after a failed vacuum.  Sheiner et al8 also studied risk 

factors for PPH using diagnosis for PPH defined as above 500mg of blood lost. Sheiner using a 

multivariable analysis found the following risk factors: retained placenta (OR, 3.5), failure to 
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progress in the second stage (OR, 3.4), Placenta accrete (OR, 3.3), and lacerations (OR, 2.4). 

Other risk factors with less significant odds ratio included, a large-for-gestational-age fetus, and 

augmentation of labor with oxytocin.  

These studies exemplify that there are risk factors that have been identified that have a higher 

predictive value for PPH. However, due to the difficulty and differences in diagnosing PPH, 

different studies show different significance of the various risk factors. As mentioned above, 

common clinical practice is to actively manage the third stage of labor as a prophylactic 

measure for PPH.  However, the question then becomes, why are we treating all women with 

the same prophylaxis if some are at a greater risk for developing PPH than others? 

There exists little research to support additional prophylaxis for women with risk factors for 

PPH secondary to uterine atony. Therefore, the goal of this study is to determine which risk 

factors predict PPH secondary to atony. With this in mind, we hope to provide evidence to 

support the idea that women with certain risk factors should receive more prophylactic 

management because of their increased risk for PPH.  
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Methods  

This was a 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. Demographic 

data was collected on patients age, parity, and BMI. Diagnosis of PPH 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. This includes those with 

lacerations, retained placenta, or clotting disorders. The 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 mutiparity, retained placenta, pre-eclampsia, and hypertension. All risk factors are binary 

except hours on oxytocin augmentation which is a continues variable. Associations with PPH 

were studied using t-test for oxytocin augmentation and chi-squared test for categorical 

predictors. Significant predictors were then entered into multiple logistic regression to 

determine independent predictors of PPH. All predictors with a p-value <0.10 were entered into 

the regression and forward regression was used to obtain the final model. A Chi-square test 

was run to create possible risk score based on the point system. An ROC curve was then created 

using this point system.  
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Results  

There was 268 cases of PPH reviewed with 200 controls for a total of 468 total cases reviewed. 

Half of the control group were vaginal delivery while the other half were made up of CS 

deliveries. The PPH and control groups were compared with respect to age, pre-gravid BMI, and 

parity number. These three factors were not significantly different between the two groups. 

Average age was 28.4 years (21.7- 35.1 95% CI), average BMI was 26.6 (20.3- 32.9 95%CI).  

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) 

Two logistic regression models were built, 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 (Figure3). 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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Figure 1- Univariate Analysis of Possible Predictors of PPH (regardless of delivery type)  
 
 

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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Figure 2- Number of Patients with Each Individual Risk Factor  
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Figure 3- Multiple Logistic Regression Model for PPH Associated with Cesarean Section and 
Vaginal Deliveries  
 

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 

Vaginal OR Significance 

Gestational age <37 weeks 4.31 0.002 

Hours on Pitocin 1.15 <0.001 
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Figure 4- ROC of Predicted Probability of PPH for Those Undergoing Cesarean Section  
 

 
 

Area Standard 
Error 

95% Confidence Interval 

Lower Bound Upper Bound 

0.766 0.039 0.690 0.841 
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Figure 5- Risk of PPH in Those Undergoing Cesarean Section by Category of Risk  
 

 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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Discussion  

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 hemorrhage7. Similarly, patients with vaginal deliveries under 37 weeks gestational 

age and with each hour on oxytocin have a greater predictability of hemorrhaging.  

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.  
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Future Directions  

Further research into outcomes for cesarean sections on deliveries that are less than 37 weeks 

gestation should be done to determine if this is in fact a new and significant risk factor or due to 

confounding factors. However, because delivery before 37 weeks is not considered normal and 

it would theoretically make sense that this could be secondary to a pathological physiological 

reason for its increased risk to cause hemorrhage.  

Because postpartum hemorrhage is the leading cause of maternal morbidity and mortality 

word-wide, and also because of the increased rise of maternal morbidity and mortality in the 

United States, it is important to find ways to prevent the leading causes of these poor 

outcomes. Applying this knowledge of weighted risk factors to protocols might be a way to 

identify patients that should qualify for either prophylaxis or more aggressive initial 

management of signs and symptoms of PPH occur. As such, a future study should implement 

risk factor stratification into PPH protocol.  
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