
 

Postpartum Hemorrhage (PPH)

● Leading cause of maternal morbidity & mortality

● Early risk identification improves outcomes

Definition: Blood Loss  ≥ 1,000 mL (ACOG) Tone Tissue

Thrombin Trauma

Kelly Li, BS, Yunping Li, MD, Philip E Hess, MD, Amnon A Berger, MD, PhD* 
Department of Anesthesia, Critical Care, and Pain Medicine at BIDMC | Harvard Medical School

    Improving Postpartum Hemorrhage Risk Prediction: 
Integration of Time-Based Anesthesia Factors
Introduction
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Preparation and Prediction

Anesthetic factors can indicate increased PPH risk and enhance risk stratification.

● ACOG Safe Motherhood Initiative
● California Maternal Quality Care Collaborative 
● Association of Women’s Health, Obstetric and Neonatal Nurses

Preparation

Is dysfunctional labor, which may be indicated by labor analgesia patterns,  associated with PPH? 

PPH risk assessment tools 
1. Risk assessment

2. Blood bank orders

3. Additional personnel

4. Transfer of high-risk 
patients
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Stratify patients  as low- / medium- / high- risk:

Hypothesis: 



Improving PPH Risk Prediction: Integration of Time-Based Anesthesia Factors
Methods

Study Design:  Single-center, retrospective cohort study 

Parturients > 18 y.o. 
who delivered at a tertiary center 
between 01/2017 - 05/2024.

Exclusion criteria:
Pts who did not labor

Placenta accreta spectrum disorders

Placenta previa

Placenta abruption

Uterine rupture

Known coagulopathy

Age

Gravidity/Parity

BMI

Gestational age

Gestation

Delivery weight

Cesarean section

Induction

Augmentation

Platelet count

Heart rate

Hematocrit

…

Adjusted Odds Ratio Significance

Age 1.01680294 *

Parity 0.887179169 **

BMI 1.010037978 *

Gestational age 0.885024854 ***

Multiple gestation 2.661010976 ***

Delivery weight 1.000846314 ***

General anesthesia 1.511635915

Cesarean section 7.140269132 ***

Induction 1.382317747 ***

Augmentation 1.028213927

Platelet count 0.998628939 **

Diabetes 1.081649854

Stage 1 duration 0.99873447

Stage 2 duration 1.000595364 ***

Stage 3 duration 1.002615889 *

Heart rate (admission) 1.019653203 ***

Hematocrit 1.002996299

Breech presentation 1.288840233

Hypertension 1.02667808

Cervical shortening 1.70546368

Preeclampsia 1.238213545 *

HELLP 1.059715209

Chorioamnionitis 1.299359189 ***

Endometritis 1.680334153

Polyhydramnios 0.972180286

Vaginal laceration 1.813365588 ***

Fibroids 1.242678757

History of PPH 2.172392114 ***

Eclampsia 8.282949361

Epidural 0.956374738

Need for epidural bolus 1.186248332 **

Epidural failure 1.347472454 **

‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05

Labor stages

Diabetes

Breech

Hypertension

Preeclampsia

Eclampsia

HELLP

Infection

Polyhydramnios

Vaginal laceration

Fibroids

History of PPH

…
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+ 
Anesthetic factors



Improving PPH Risk Prediction: Integration of Time-Based Anesthesia Factors
Results

AIC/BIC?

LASSO? SHAP?

Descriptive statistics of laboring population

Multivariate model
Outcome: PPH by EBL ≥ 1,000 mL

Model: Logistic regression

30 variables

  mean ± SD, or %
Age range 32.9 ± 4.77

BMI 30.5 ± 6.2 

Nulliparous 54.5% (15,448 / 28,330)

Multiple gestation 1.4% (393 / 28,330)

CS rate 17% (4,853 / 28,330)

Epidural  rate 83% (23,409 / 28,330)

PPH rate 8.1% (2,305 / 28,330)

Q: which variables should be depicted/included? 
NB: need to scale continuous variables, otherwise OR 
will seem much smaller
Full plot:

Odds Ratios

Augmented AUC
0.786 

Baseline AUC
0.784

+ epidural factors
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Need for epidural bolus: 1.18x**
Epidural failure: 1.35x**

1 3 5
Odds Ratio

2



Vanderbilt model (Ende et al., 2024) 
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Results: Another Model…

Original VB model: AUC 0.622

Adjusted VB model: AUC 0.903

Augmented VB model: AUC 0.928

+3_up_boluses
Q: Should the variables be listed out?

Outcome: PPH by EBL, with transfusion

No exclusion criteria 
(included placental conditions as predictors)

21 variables

Re-fit variables to our data

Incorporated  anesthetic factors
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ROC-AUC Comparison 



Limitations:
● Single-center, retrospective design

● Rarity of outcome, risk of overfitting 

● Unknown mechanism

● ?Inconsistent significance
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Conclusions and Future Directions

Future directions: 

● Validate findings externally

● Explore interaction effects

● Investigate mechanism of action

● PPH risk is a dynamic measure that changes 
during labor

● Epidural failure and bolus requirements are 
associated with increased PPH risk

● Integration of anesthesia factors can enhance 
PPH prediction in combination with obstetric 
predictors 

Conclusions:
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