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Objectives

1. Discuss definitions of Severe Maternal Morbidity
2. Describe factors associated with Severe Maternal Morbidity
3. Discuss the state of maternal mortality and severe maternal morbidity in 

Arizona
4. Explain best practices to optimize risk factors for future pregnancies

- Hypertension, Diabetes, Substance Use, Short Birth Spacing, Obesity, 
underweight, non-modifiable risk factors

5. Appreciate the psychological considerations for women after experiencing 
Severe Maternal Morbidity

6. Assess risk in future pregnancy and barriers to optimal care
7. Describe current research on Severe Maternal Morbidity as a prediction of 

future health



Overview

■ What is SMM?

■ State of SMM in Arizona

■ Underlying factors of SMM

■ Psychological treatment 

■ Mitigating risk in future pregnancy & interconception care

■ Prediction of future health 



Severe Maternal Mortality

■ Mortality: the number of deaths caused by the health event under investigation

■ Morbidity: state of being symptomatic or unhealthy for a disease or condition





Severe Maternal Morbidity
Acute myocardial infarction

Aneurysm

Acute renal failure

Adult respiratory distress syndrome

Amniotic fluid embolism

Cardiac arrest/ventricular fibrillation

Conversion of cardiac rhythm

Disseminated intravascular coagulation

Eclampsia

Heart failure/arrest during surgery or procedure

Puerperal cerebrovascular disorders

Pulmonary edema/acute heart failure

Severe anesthesia complications

Sepsis

Shock

Sickle cell disease with crisis

Air and thrombotic embolism

Blood transfusion

Hysterectomy

Temporary tracheostomy

Ventilation

Maternal mortality: deaths due to the 
reproductive process

Severe Maternal Morbidity: A “near 
miss” of maternal mortality, where the 
patient had serious complications but 
did not die

Varying definitions of this, but 
commonly used in the literature is the 
definition from the CDC which includes 
ICD codes to identify cases of severe 
maternal morbidity



Severe 
Maternal 
Morbidity
■ Maternal mortality is a 

rising issue in the 
United States, but still 
a rare event

■ SMM happens at a rate 
of approximately 50 
times that of mortality, 
which makes it a useful 
measure to assess and 
outcome for 
intervention







Maternal Health in Arizona

■ Maternal Mortality 
Review Committee 
reviews every 
maternal death in 
Arizona

– Determined that 89% 
of maternal deaths 
from 2012-2015 were 
preventable 



SMM in Arizona



SMM in Arizona

■ New report from ADHS about to be released:

■ Lewandowski KS, Celaya MF, Quintana-Torres E, Coonrod D, Tarango P. 
Severe Maternal Morbidity in Arizona 2016-2018: An Analysis of Singleton 
Delivery Hospitalizations Using Arizona Birth and Hospital Discharge Data. 
Phoenix, AZ: Arizona Department of Health Services; 2020. 

■ When a figure comes from this report ADHS symbol will be on the slide.



SMM in 
Arizona
■ About 35 women 

experience SMM for 
every maternal death 
in Arizona



SMM in Arizona



SMM in Arizona

■ Non-Hispanic 
Native American 
population 
experienced far 
more SMM than 
any other group



SMM in Arizona

■ SMM is higher in rural setting than urban settings 
across the U.S. 

■ A national study found that when controlling for 
sociodemographic factors, rural residents had a 
9% higher rate of SMM than urban residents 



Underlying factors of SMM

Modifiable

■ Hypertension

■ Diabetes

■ Substance use 

■ Short birth spacing

■ Obesity

Non-modifiable

■ Increased maternal 
age

■ HIV

■ Lupus

■ Cardiac disease 

■ Sickle cell

■ Chronic renal disease

Comorbidity: a condition existing simultaneously with 
another condition 



Mitigating risk of future pregnancy

Reducing 
modifiable risk 

factors 

Optimizing 
non-modifiable risk 

factors



Hypertension

■ 16% of maternal deaths can be attributed to hypertensive 
disorders (hypertension and preeclampsia)

■ Hypertension can be present before pregnancy (chronic 
hypertension) or can develop during pregnancy (hypertensive 
disorders of pregnancy)

– Chronic hypertension: 5-6x the risk of cerebrovascular 
accidents, pulmonary edema, or renal failure; 2x risk of 
postpartum hemorrhage

■ Medication considerations: drugs used for chronic 
hypertension that are not safe in pregnancy include ACEi’s and 
ARB’s 

■ Pre-existing hypertension is a risk factor for 11 of the SMM 
outcomes including eclampsia, aneurysm, and cardiac arrest 
(Phillips 2019)



Hypertension

■ Gestational hypertension is defined as high blood pressure 
after 20 weeks of pregnancy. 

– High blood pressure in pregnancy is a component of 
preeclampsia, so women with gestational hypertension may 
go on to meet criteria for preeclampsia 

■ Aspirin has been shown to have some benefit in preventing 
preeclampsia if initiated before 16 weeks

– Many women may present to obstetric care after 16 weeks, so 
advising women who have had hypertensive pregnancies in 
the past to have both preconception care and early prenatal 
care is important 



Hypertension

■ Post partum follow up after any hypertensive pregnancy, even 
if it doesn’t meet the requirement for SMM is important. A 
clinic at Brigham and Women’s Hospital in Boston, MA piloted 
a specific clinic for this purpose

– Most women attended 2-3 visits, met with a nutritionist, and 
were referred to a PCP

– Home blood pressure monitors use increased from  56.8% to 
93.8%, 48.3% had medication adjustments

– Clinic was one afternoon per week, remained financially stable 
for 5+ years



Hypertension

■ Heart Safe Motherhood is another novel approach to 
addressing postpartum care for hypertensive pregnancies

– Through the Hospital of the University of Pennsylvania 

■ Their studies showed that 70% of women with hypertensive 
pregnancies missed their recommended 1-week follow up

■ Now, each woman is given a blood pressure monitor, and they 
receive a text reminder when to take their blood pressure. 
They text back their blood pressure 2x/day for 10 days

– Allows for fast intervention in women with elevated blood 
pressures after discharge 

■ 15% of women enrolled had blood pressure readings that 
needed intervention



Hypertension and Diabetes in 
Arizona



Diabetes 

■ Diabetes can be classified by when the woman is diagnosed:
– Type 1 or Type 2 diabetes diagnosed before pregnancy is 

referred to as pregestational diabetes
– Diabetes can also also happen during pregnancy, referred to as 

gestational diabetes 

■ Gestational diabetes and pregestational diabetes puts the 
mother and the child at higher risk for complications

– Pregestational diabetes is a risk factor for myocardial infarction 
in pregnancy, as well as preeclampsia 

– Macrosomia (babies bigger than 4500 g at delivery) increase 
need for cesarean section 



Diabetes

■ Risk of adverse pregnancy outcomes is directly related to 
glycemic control

– The higher the A1c, the higher the risk of adverse outcomes like 
stillbirth and major malformations (Galindo 2006)

■ The American Diabetes Association recommends an A1c of 6.5% 
or below before pregnancy

■ Currently, diabetes care is usually not coordinated with 
reproductive health care, making women with diabetes vulnerable 
to unintended pregnancy (Marshall 2010)

– The current rate of unintended pregnancy in the general US 
population is 45%



Diabetes

■ Women with diabetes have a higher risk for cesarean section 
– Medication controlled gestational diabetes: 25%
– Diet controlled gestational diabetes : 17%
– Women without diabetes: 9.5%

■ Cesarean section puts a woman at higher risk for SMM
– In a large study of all births in California from 2007-2014, 

cesarean section was associated with a 2.66x risk of SMM 
compared to vaginal delivery



Diabetes



Diabetes

■ Risk of gestational diabetes in second pregnancy is about 41.3%  
versus 4.2% if a women did not have gestational diabetes 
(Getahun 2010)

■ Follow up testing for all women with gestational diabetes is 
recommended at 6-12 weeks postpartum

– However, less than 50% of women with gestational diabetes get 
this follow up testing. Risk factors for lack of follow up include 
Latina ethnicity, public insurance, less education, and lower health 
literacy 

■ The transition of care from the period of pregnancy, where it is 
easy to find a provider and health coverage, to long term primary 
health coverage, is a vulnerable period where women who need 
care can be lost

– Improved handoff between an obstetrics provider and a primary 
care provider during this time is needed



Substance Use

■ Women with opiate use disorder have higher rates on 
unintended pregnancy than the general population, 
estimated at 86%

■ Opiate treatment programs provide services to women with 
opiate use disorder and is a possible place to improve 
reproductive health services for these patients. 

■ Postpartum is an especially vulnerable time for relapse, 
between caring for an infant and maternal postpartum 
changes



Substance Use

■ Further, opiate use after delivery is a potential route to 
addiction

■ A nationwide study looking at deliveries between 2003 
showed that 28.5% of vaginal deliveries were prescribed 
opiates within 1 week of discharge

– The median dose was 150 morphine milligram equivalents, 
equal to 20 pills of 5mg oxycodone

– 8.5% of these women had at least one refill by 6 weeks 
postpartum

■ Conditions that cause more pain (operative vaginal delivery, 
3rd and 4th degree lacerations, and tubal ligation) were 
associated with increased odds of being prescribed opiates, 
but this accounted for only 18% of the women prescribed 
opiates



Substance Use

■ Postoperative cesarean section pain is typically prescribed 
opiates

■ Most healthcare providers use a set amount of opiates at 
discharge for all their patients who have a cesarean section

■ A study at Vanderbilt containing 172 women showed that 
taking an individual prescribing approach based on how 
many opiates the patient was receiving in the hospital 
reduced opiate use 

– Individual dosing resulted in cutting the prescribed opiates 
in half

– Further, individual prescribing resulted in 50% fewer unused 
pills 



Short Birth Spacing



Short Birth Spacing

■ The American College of Obstetrics and Gynecology give a strong 
recommendation of waiting at least 6 months between pregnancies 
and a moderate recommendation of waiting at least 18 months 
between pregnancies 

– After a pregnancy complicated by severe maternal morbidity, a 
woman’s body may need even more time to optimally recover 

■ If a woman had a cesarean section,  delivery to delivery intervals of of 
18-24 months or less has an increased risk of uterine rupture and 
maternal morbidity of transfusion

– Many SMM pregnancies require a cesarean section

■ Women of color and low socioeconomic status are at the most risk for 
short inter-pregnancy intervals and unintended pregnancy



Short Birth Spacing

■ When women were interviewed after an SMM pregnancy in 
Ghana, 54% wanted more children, and 53% of those wanted to 
space out their births. 40% of the women interviewed wanted to 
limit childbearing 

■ Any care provider who has contact with a woman of reproductive 
age can assess contraception in an open ended and collaborative 
way

–  “Would you like to become pregnant in the next year?”
– “When would you like to become pregnant again?”



Obesity and Underweight



Obesity

■ Obesity increases adverse outcomes for the fetus, including 
congenital defects (neural tube defects, spina bifida, and 
cardiovascular abnormalities) as well as adverse outcomes for the 
mother

– cardiac dysfunction, proteinuria, sleep apnea, nonalcoholic fatty 
liver disease, gestational diabetes mellitus, and preeclampsia

■ Mild to moderate weight loss (2 BMI units or more) between 
pregnancies decreased risk of a large for gestational age infant 
(Jain 2013)

– 10 to 20 pounds for average woman



Obesity 

■ Bariatric surgery may be an option for women who have not had 
success with weight loss from diet and exercise alone

– One study looking at bariatric surgery between pregnancies 
found a decrease in hypertension, spontaneous preterm birth, 
and large for gestational age infants in women who had bariatric 
surgery between their first and second pregnancies



Obesity & Underweight 

Paediatric and Perinatal Epidemiology, First published: 20 May 2019, DOI: 
(10.1111/ppe.12555) 



Underweig
ht
■ Multiple studies have 

shown that 
underweight 
pre-pregnancy BMI 
also puts a woman at 
higher risk of SMM

■ This data from Arizona 
suggests that in these 
underweight women, 
excess and inadequate 
weight gain carry more 
risk than 
recommended weight 
gain in the 
underweight 
population



Future Pregnancy- BMI as a model

■ Management of a 
comorbidity should 
include 
management 
preconception, 
during pregnancy 
and postpartum 
(Barker 2018)

■ Requires 
integration and 
continuity of care



Optimizing Non-modifiable Risk 
Factors
■ Congenital Heart Disease (Haberer 2019): 
– Women should be educated from adolescence about their 

specific risks of pregnancy 
– Once pregnant, care needs to be coordinated with a 

cardiologist and a maternal-fetal medicine specialist 
– Preconception and interpregnancy care is important for 

risk assessment and medication review 

■ Autoimmune Conditions (Sammaritano 2019):
– Stable and quiet disease for 6 months is recommended 
– Medication review before pregnancy is important, 

especially for immune modulators and biologic medications



Psychological Considerations 

■ "An experience that we would hope and expect would be natural, 
beautiful, uplifting, becomes one that's terrifying," Bernstein says. 
"Women can wind up losing their uterus and therefore becoming infertile. 
They can wind up with kidney problems. They can have heart attacks. 
They can have brain damage from all the blood that they've lost."



Psychological Considerations

■ Adverse pregnancy outcomes are many times not expected, 
and never what a woman wants her pregnancy to look like 

– The stress and emotional toll that these experiences have on 
women is significant

■ A study looked at exploring the emotions that women faced 
when they had adverse pregnancy outcome, like preterm labor 
or preeclampsia (McCoyd et al.)

– A striking common shared experience was the feeling that their 
emotional reactions to stressful medical complications could 
hurt their fetus and thus being told by medical providers and 
others to not worry 



Psychological Considerations 

■ This emotional stress is many times not addressed, and on top of 
caring for a new infant, can be a significant burden for women

■ Lewkowitz et al. studied the likelihood that women who experienced 
SMM would have a diagnosed psychiatric condition within 1 year by 
looking at all deliveries in Florida from 2005-2015

– Without SMM: 1.6% had an ED visit or were hospitalized for a 
psychiatric condition

– With SMM: 2.9% -> a 75% increase

■ Women were also more likely to have hospitalization associated with 
substance use disorder  (1.1% vs 0.9%), even though none of the 
women included in the study had a hospital encounter including 
substance use disorder during their pregnancy

■ The highest risk was in the first 4 months
– Many women loose health insurance after 6 weeks postpartum



What is a definition of 
preconception care?
■ “… comprised of interventions that aim to identify and modify 

biomedical, behavioral, and social risks to a woman’s health or 
pregnancy outcome through prevention and management, 
emphasizing those factors which must be acted on before 
conception or early in pregnancy to have maximal impact. Thus, 
it is more than a single visit and less than all well-woman care. It 
includes care before a first pregnancy or between pregnancies 
(commonly known as interconception care)” - CDC 2006



Preconception and Interpregnancy 
Care■ A study in the 

Lancet in 2018 
emphasized 
the 
importance of 
preconception 
care

– Efforts to 
improve 
behaviors 
during 
pregnancy are 
often too late 



Access to Preconception and 
Interpregnancy Care
■ Optimizing preconception and interpregnancy care is influenced 

by a woman’s access to care

■ Medicaid has prioritized care for pregnant women, and now half 
of all pregnancies are financed by Medicaid 

■ Research investigating care between states that expanded 
Medicaid versus  states that did not, show better outcomes in 
states that did expand Medicaid under the Affordable Care Act

– increasing access to preventive care, reducing adverse health 
outcomes before, during and after pregnancies, and reducing 
maternal mortality rates

– These states also saw a 50% greater reduction in infant 
mortality compared to states that did not expand Medicaid



Access to Preconception and 
Interpregnancy Care
■ Further, Medicaid coverage expires 60 days postpartum 
– Many of these risk factors for SMM should ideally be followed 

throughout the interpregnancy interval to optimize care and 
decrease risk of repeat SMM

– More than half of pregnancy-related deaths occur after delivery, 
and 11.7% occur after the standard 6 week postpartum visit



Access to Preconception and 
Interpregnancy Care



Future Pregnancy

■ There is very little research on repeat SMM or future pregnancy 
choices of women who have experienced SMM

■ A study in the United Kingdom in 2002 looked at 50 women 
transferred to the ICU during delivery. 

– 14% had a hysterectomy at the time of delivery, 10% elected to 
have sterilization procedures at delivery or close after

– 64% of women preserved fertility. Of these, 50% had 
subsequent live births with 1 woman readmitted to the ICU. 



Future Pregnancy

■ A study in Brazil investigated future pregnancy in 382 women 
who experienced a potentially life-threatening pregnancy 
complication 

– Women who experienced SMM were 5x more likely to have 
pregnancy-related complications in their subsequent pregnancies

– Women who experienced SMM were 3.4x more likely to have a 
tubal ligation or hysterectomy with their index pregnancy

– Although not statistically significant, women who experienced 
SMM and maintained fertility had fewer subsequent pregnancies 
than those who did not experience SMM (7.5% vs 9.3%)

■ More research needs to be done on future pregnancy outcomes 
in this high-risk group



Prediction of Future Health

■ Pregnancy is a time of increased stress on the body, and 
problems during this time can show risk of problems later in 
life 

■ Gestational hypertension:
– Double the odds of cardiovascular mortality later in life (ACOG)

■ Gestational diabetes
– An estimated 70% of women with gestational diabetes develop 

Type 2 diabetes in the next 22-28 years (ACOG)

■ Improving the woman’s health postpartum also improves 
outcomes for future pregnancy



Prediction of Future Health

■ Preeclampsia (heavily weighted on the SMM comorbidity 
index) is one of the most studied predictor of future health 
(Smith 2019)

– 2.15x risk of cardiovascular disease
– 4.46x risk of hypertension
– 2.06x risk of ischemic heart disease
– 1.53x risk of stroke
– 2.27x risk of diabetes
– 1.49x risk of premature cardiovascular death

■ If the woman delivered an infant with fetal growth 
restriction and preeclampsia, the risk is even higher

– 8.12x risk of premature cardiovascular disease



Prediction of Future Health

■ Follow up for these women is essential
– The stress of pregnancy can be considered a “stress test” for 

a woman’s body

■ Even if the overt adverse pregnancy outcomes (diabetes, 
hypertension) resolve in the immediate postpartum period, 
there is opportunity to improve health risk factors (Smith 
2019)

– BMI: even a 5-10% weight loss improves various 
inflammatory markers

– Dyslipidemia: improved nutrition and a 5-10% weight loss has 
significant improvement

– Nutrition counseling: DASH diet 

■ Focus groups have shown that women are highly motivated 
during this time when they have had adverse pregnancy 
outcomes to improve their health



Summary

■ Maternal mortality and SMM are represent a public health crisis 

■ Severe Maternal Morbidity is a complex issue that requires more 
than one approach to combat

– Increased access to preventive healthcare, increased access to 
contraception, and better transitions of care between providers 
and patients are vital to improving SMM

■ Women who experience SMM should be cared for at a higher 
level before a future pregnancy, and should receive more 
aggressive preventive health management 



Question?
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