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Burden of Infection on Maternal Mortality and 
Morbidity

 2nd leading cause of maternal mortality (2020-2021)
 3rd leading cause of Severe Maternal Morbidity (SMM) at delivery 
     but it is 1st leading cause in antepartum and postpartum periods
 Significant racial
 inequities:

https://www.cdc.gov/maternal-
mortality/php/pregnancy-mortality-
surveillance, CDC DHHS, 2022
Creanga AA et al. Obstet Gynecol 2017
Petersen EE et al, MMWR Morb Mortal 
Wkly Rep 2019
Kendel et al. AJOG 2019

https://www.cdc.gov/maternal-mortality/php/pregnancy-mortality-surveillance
https://www.cdc.gov/maternal-mortality/php/pregnancy-mortality-surveillance


Preventability

California North Carolina Michigan
39% Preventable 43% Preventable 73% Preventable

Bauer et al. Obstet Gynecol (2015)
Berg CJ et al. Obstet Gynecol (2005)
Main EK et al. Obstet Gynecol (2015)



Three Deadly Delays

Recognition Treatment Esclation of 
Care

Seacrist et al. JOGNN 2019
Bauer et al. Obstet Gynecol 2015



Sepsis Bundle and Toolkit

To be updated in early 
2025

2023

Obstet Gynecol. 2023 Sep 1;142(3):481-492. 

https://www.cmqcc.org/resources-toolkits/toolkits/improving-diagnosis-and-treatment-maternal-sepsis-errata-712022
https://saferbirth.org/psbs/sepsis-in-obstetric-care/
https://journals.lww.com/greenjournal/fulltext/2023/09000/alliance_for_innovation_on_maternal_health_.7.aspx#:%7E:text=Maternal%20sepsis%20is%20defined%20by,(up%20to%2042%20days).


How to address?

(280 days)

(
(3-4 days)

(365 days)



Community 
Engagement

• An approach to 
research that 
involves partnership, 
power-sharing, and 
direct engagement 
from people the 
research will impact



Maternal Sepsis Community 
Leadership Board

• The purpose of the Maternal Sepsis Community Leadership Board 
(MSCLB) is to engage in research activities designed to understand and 
reduce maternal morbidity and mortality from maternal sepsis while 
leveraging community experiences and voices. 

• Membership:
o Maternal Sepsis Survivors
o Health Equity Advocates
o Public Health Experts
o Community members (rural, urban, tribal communities)



Hospital Implementation
• 66 birthing 

hospitals in MI
• 60 hospitals in 

CA
• Mentorship 

teams
-Doctor
-Nurse
-Community 
Leader
-Consultant 
with lived 
experience

Hospital Implementation Teams



Three Deadly Delays

Recognition Treatment Esclation of 
Care

Seacrist et al. JOGNN 2019
Bauer et al. Obstet Gynecol 2015



Recognition



Why is maternal sepsis different?

- Maternal Physiology Sepsis 

Heart rate

White blood cell count

Blood pressure

Lactic acid
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Evaluation of Screening Criteria for Maternal Sepsis:
Electronic Health Record Analyses

Electronic Health Record 
data collected on EPIC, 
available using Clarity

Hospital Admissions from 71 
hospitals in 12 states during 

the years 2016-2021 
(estimated N=581,640 births)

2,900 Cases of 
Maternal Sepsis 
were identified

COHORT 1: 
Delivery Admissions: 

Excluding 
Chorioamnionitis and 

Endometritis 

COHORT 2: 
Delivery 

Admissions: 
Chorioamnionitis 
and Endometritis 

(N=14,591)

COHORT 3: 
Antepartum 
Admissions

COHORT 4: 
Postpartum 
Admissions:

Main et al. Obstet Gynecol. 2024
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Study 
Hospitals for 

Delivery 
Admission

Cohorts

Main et al. Obstet Gynecol. 2024
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Study 
Hospitals for 

Delivery 
Admission

Cohorts

Main et al. Obstet Gynecol. 2024
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Study 
Hospitals for 

Delivery 
Admission

Cohorts

Main et al. Obstet Gynecol. 2024
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Study 
Hospitals for 

Delivery 
Admission

Cohorts

Main et al. Obstet Gynecol. 2024
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Study 
Hospitals for 

Delivery 
Admission

Cohorts

Main et al. Obstet Gynecol. 2024



20

Delivery 
Admissions

Screen for Sepsis 
and End Organ 

Injury using ICD-
10 codes

COHORT 1: 
Excluding 

Chorioamnionitis and 
Endometritis 

COMPARISON GROUP: 
without sepsis or 

chorioamnionitis matched 
4:1 by gestational age to 
Sepsis cases (N=2,588)

Sepsis excluding 
Chorioamnionitis 

(N=647)

Sepsis excluding 
Chorioamnionitis 

with 
End Organ Injury 

(N=228)

COHORT 2: 
Chorioamnionitis 
and Endometritis 

(N=14,591)

Chorioamnionitis 
without Sepsis 

(N=13,542)

Chorioamnionitis 
with Sepsis 
(N= 1,049)

Chorioamnionitis 
with Sepsis and 

End Organ Injury 
(N=238)

Electronic Health Record data including vital signs, laboratory results and 
ICD-10 codes were collected for all patients in the six study groups. 
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Sepsis Screening 
Systems Evaluated

Sepsis Screen in 
Nonpregnant Adults 

Pregnancy Screens 
for Severe Morbidity

Pregnancy-Adjusted Screens 
for Sepsis

Main et al. Obstet Gynecol. 2024
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Sepsis Screening 
Systems Evaluated

Sepsis Screen in 
Nonpregnant Adults 

Pregnancy Screens 
for Severe Morbidity

Pregnancy-Adjusted Screens 
for Sepsis

Main et al. Obstet Gynecol. 2024

CMQCC 
California Maternal 
Quality Care Collaborative 

IIDH IGAN ALLIANCE FOR INNO,!'ATIO:N 

Screen ·11rng Sy.stem cmd 
Oriterion 

Threshold 

SIRS 
(Systemic Inflammatory Response Syndrome) 

WBC <4or> 12 

Heart rate > '90 
R,esp i1rnto:ry r-at,e > 20 
T em peratu r,e < 36 or> 38 
Any two 
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Sepsis Screening 
Systems Evaluated

Sepsis Screen in 
Nonpregnant Adults 

Pregnancy Screens 
for Severe Morbidity

Pregnancy-Adjusted Screens 
for Sepsis

Main et al. Obstet Gynecol. 2024
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Sepsis Screening 
Systems Evaluated

Sepsis Screen in 
Nonpregnant Adults 

Pregnancy Screens 
for Severe Morbidity

Pregnancy-Adjusted Screens 
for Sepsis

Main et al. Obstet Gynecol. 2024
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Sepsis Screening 
Systems Evaluated

Sepsis Screen in 
Nonpregnant Adults 

Pregnancy Screens 
for Severe Morbidity

Pregnancy-Adjusted Screens 
for Sepsis

Goal: Find the 
balance between 

Sensitivity and the 
Screen Positive Rate

Main et al. Obstet Gynecol. 2024
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Performance of Screening Tools for 
Intrapartum Sepsis and Sepsis with End Organ Injury

Main et al. Obstet Gynecol. 2024



27

Performance of Screening Tools for 
Intrapartum Sepsis and Sepsis with End Organ Injury

Main et al. Obstet Gynecol. 2024



28

Summary
 Intrapartum Screening:

 Pregnancy-adjusted sepsis screening tools (CMQCC and UKOSS) have 
the best balance between sensitivity and false positive rates

 Chorioamnionitis/Endometritis is a challenge (~2-5% of births)
 Very high rates of false positives

 Antepartum and Postpartum Screening (full results not shown)
 After 20 weeks of gestation and readmission before 3 days postpartum, 

Pregnancy-adjusted screening tools have the best balance
 Before 20 weeks of gestation and after 3 days postpartum, SIRS has 

greater sensitivity (this is also when care is usually provided in the ED)

 High screen-positive rates remain an important issue

Main et al. Obstet Gynecol. 2024
Bauer et al. Obstet Gynecol. 2024



Outside of the Hospital

• Over 50% of cases occur during postpartum 
readmission

• How can we also help the patient identify when 
to seek care?

• How can we help the patient be listened to and 
feel heard?

Hensley et al. JAMA 2019



Patient Barriers to Care

• 20 total interviews
o19 survivors with 8 support persons
o1 support person of a non-survivor

• Goals: 
oIdentify barriers to care
oListen to patient’s stories and lessons learned
oCreate solutions to address barriers

Bauer et al. Euro J Obstet Gynecol Reprod Biol. 2024



Bauer et al. Euro J Obstet Gynecol Reprod Biol. 2024



Bauer et al. Euro J Obstet Gynecol Reprod Biol. 2024



Bauer et al. Euro J Obstet Gynecol Reprod Biol. 2024



Bauer et al. Euro J Obstet Gynecol Reprod Biol. 2024



Patients did not remember education about 
about warning signs

• “I think if when they discharged me, if they 
had said be on the lookout for these 
symptoms, if you have any of them, call and 
check in. If they had taken five minutes to do 
that, I think it would’ve made a huge 
difference.”

Bauer et al. Euro J Obstet Gynecol Reprod Biol. 2024



Urgent Maternal Warning Signs

• AIM Cornerstone resource,
originally developed by the
Council for Patient Safety in
Women’s Health Care

• Translated into 80 languages

• Standardized patient education
www.saferbirth.org/aim-resources/aim-cornerstones/urgent-maternal-warning-signs/

36

www.saferbirth.org/aim-resources/aim-cornerstones/urgent-maternal-warning-signs/


Phone Discharge Education

37



Community Dissemination

Approach

Public Health 
Departments 

and WIC

Community 
Based 

Organizations

Houses of 
Worship

Doulas and 
Home Visiting 

Nursing 
Program



Patient advocacy

•“I wish someone would've explained the 
signs and how to advocate for themselves. 

Like if you call and they tell you don't 
come, still go. ”

Bauer et al. Euro J Obstet Gynecol Reprod Biol. 2024



Co-Created with Community and
Patients with Lived Experience

•Advocacy Language
•Advocacy Actions



Advocacy Language





Patient Concerns dismissed as normal

“She’s dismissed there and throughout the 
whole stay whenever we brought these 
things up it was, ‘you just had a baby, 

everything’s okay. Don’t worry, you just had 
a baby,’ and that was the recurring theme 

throughout our stay.”

Bauer et al. Euro J Obstet Gynecol Reprod Biol. 2024



But if they had asked further…

“I had no strength; I couldn’t even go to the 
kitchen to get a glass of water”

“I was so weak; I couldn’t stand up”

“I was short of breath after brushing my teeth and 
had to lie down on the bed”

Bauer et al. Euro J Obstet Gynecol Reprod Biol. 2024





Treatment



Importance of prompt antibiotic therapy  
In Pregnant Patients

•Antibiotics within one hour
•8% (95% CI 1.2% to 22.5%) mortality

•Antibiotics after one hour
•20% (95% CI 5.7% to 43.7%) mortality

Bauer ME et al. Anesth Analg (2018)



CMQCC Toolkit

Courtesy of CMQCC



Systems-based solutions

•Automated dispensing system 
availability

•IV access
•Pharmacy
•Waiting for transport



Escalation of Care



Sepsis in Obstetrics Score

Albright et al. AJOG (2014)



Sepsis Calculator

http://perinatology.com/calculators/Sepsis%20Calculator.htm

http://perinatology.com/calculators/Sepsis%20Calculator.htm


Provider Resources



Next Steps

• Currently completing implementation in hospitals
• Data analysis to assess interrupted time series

o Sepsis, sepsis with end organ injury codes, mechanical ventilation and 
hemodialysis

• Qualitative patient centered assessment of the tools



The Team

Multiple PIs, Elliott Main 
and Bob Sokol

Research 
Coordinator, 

Morgan 
Caldwell

Community 
Engagement Liaison, 

Kendra Smith 

Implementation 
Scientists,

Melissa Rosenstein and 
Hayden Bosworth



Clinical Advisory Board

Maternal Sepsis Community 
Leadership Board
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