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EQ EXECUTIVE SUMMARY

Severe maternal morbidity (SMM) refers to health-impacting and life-threatening complications
of pregnancy, with the current report focusing on SMM occurring during hospitalizations for
childbirth. These complications carry significant short- and long-term physical, psychological,
social, and financial consequences for individuals, families, and society. Severe maternal
morbidity is a key metric for tracking maternal health at the population level, for increasing
knowledge of what causes complications during pregnancy, at delivery, and after birth, and
ultimately for informing prevention efforts.

Key Findings

Between 2018 and 2022, there were 189 pregnancy-related deaths and 2,795
deliveries with one or more SMM. This means that for every death, 15 deliveries
experienced SMM events.

Between 2018 and 2021, the SMM rate (the number of deliveries with one or more
SMM indicators per 10,000 deliveries) increased from 71 to 87 - a 23% increase
likely driven by COVID-19. However, there was a slight decrease to 81 per 10,000
deliveries in 2022.

Hemorrhagic diagnoses and procedures were the most common category of
SMM, accounting for one-third of morbidities.

Disseminated intravascular coagulation was the most common diagnosis-
based indicator, and hysterectomy was the most common procedure-based
indicator. These were also the first and second most common hemorrhagic
indicators, respectively.

Non-Hispanic Black women in Tennessee experienced the highest burden of
severe maternal morbidity with an SMM rate of 112/10,000, which was over 1.5
times as high as that among Hispanic and non-Hispanic White women.

Severe maternal morbidity rates increased with increasing maternal age, with
the rate among women 40 years and older almost three times as high as among
women less than 25 years of age.

Severe maternal morbidity rates varied across Tennessee health department
regions, with the highest rates observed among women living in the East Region
and the Shelby, Knox and Madison metro counties. Women living in the Upper
Cumberland Region had the lowest rate.
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What is severe maternal morbidity?

For every pregnancy, there is a range of
possible maternal outcomes, from
uncomplicated delivery to maternal death.
Maternal morbidity is a term used to
describe health issues that can happen
during pregnancy, during delivery or
postpartum. These issues can range from
mild to severe, with severe maternal
morbidity (SMM) referring to health-
impacting and life-threatening complications
of pregnancy. (1)
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Maternal Morbidity

Uncomplicated Delivery

The current report focuses on SMM occurring during hospitalizations for childbirth and
includes analysis of 20 diagnosis- and procedure-based SMM indicators that are further
categorized into 7 indicator groups.

SMM Indicator Groups and Indicators*

. o Acute myocardial infarction o Heart failure during procedure e Aneurysm
Cardiac : . : )
o (Conversion of cardiac rhythm (P) e Pulmonary edema/heart failure e Cardiac arrest
v hagi e Disseminated intravascular coagulation e Shock
emorrhagic y Hysterectomy (P)
m * Acute renal failure
.  Acute respiratory distress syndrome e \Ventilation (P
Respiratory piretory y P
e Temporary tracheostomy (P)
Sepsis e Sepsis
Other e Puerperal cerebrovascular disorders
Medical o Sickle cell disease with crisis
Other o Air and thrombotic embolism e Eclampsia
Obstetric e Amniotic fluid embolism e Severe anesthesia complications

*Procedure-based indicators designated by (P).



What are the consequences of maternal morbidity?

Severe maternal morbidity carries significant short- and long-term physical, psychological,
social, and financial consequences for individuals, families, and society. (2) Beyond the
increased risks of short-term mortality and prolonged hospital stay compared to unaffected
persons, those who survive SMM are more likely to develop chronic health conditions. These
include cardiovascular disease, long-term impaired functional ability, chronic pain and mental
health conditions. The trauma of SMM and its consequences adversely affect mental health
(e.g., depression, anxiety, and PTDS) and can lead to substance use disorder. (1) (3) (4)

Severe maternal morbidity rates in the
United States increased between 2016
and 2021.
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Nationally, severe maternal morbidity
rates have been rising. Between 2016 and
2021, SMM rates in the United States
increased by 40%, from 72 to 101 per
10,000 deliveries. (5) Improved
documentation and surveillance may have
contributed to this increase. Other
potential contributors include delayed
childbearing, increased cesarean delivery,
emerging infections, and increasing
prevalence of pre-pregnancy obesity and
underlying chronic conditions. (6)

What are the risk factors for maternal morbidity?

Risks for severe maternal morbidity span a range of demographic, social, physiologic and

clinical factors that include the following (1):

e Advanced maternal age

¢ Underrepresented racial and ethnic group o

e Lower socioeconomic status

o Different delivery and readmission hospitals J

e Hospital rurality and birth volume
e Short or long interpregnancy interval

e Medical comorbidities
Preterm birth

o Stillbirth

Cesarean birth

¢ Previous SMM



BACKGROUND CONTINUED

Why is it essential to understand severe maternal morbidity?

Although rare, the seriousness of maternal deaths and recent increases in pregnancy-related
mortality rates highlight the need to better understand maternal health complications that
precede these deaths. One way of doing this is to track severe maternal morbidity.

Severe maternal morbidity is a key metric for tracking maternal health, increasing knowledge
of what causes complications during pregnancy, at delivery, and after birth, and ultimately for
informing prevention efforts. (2) It can be used by clinicians, researchers, governmental
organizations, and other parties involved in obstetric health care delivery as an indicator of
potential systems issues that can be addressed to improve patient outcomes and as a tool to
inform population-level actions to improve maternal health. (1)

\.I

Increasing Pregnancy-Related Mortality Rates -O-
(PRMR) in Tennessee highlight the need for an A Pregnancy-Related Death is the “32*
understanding of severe maternal morbidity. death of a woman during pregnancy
PRMR = deaths per 100,000 live births (7) or within one year of the end of
pregnancy from a pregnancy
65 complication, a chain of events
58 55 initiated by pregnancy, or aggravation

of an unrelated condition by the
physiologic effects of pregnancy.

27 29
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Number of Deliveries -
with Severe Maternal Morbidity Severe Maternal @
Between 2018 and 2022, there were 2,795 deliveries in Morbidity (SMM) is a )
Tennessee with one or more severe maternal morbidity health-impacting and life-
indicators. While the number of such deliveries has threatening event that
fluctuated slightly from year to year, recent years show occurs during

an overall increase, with the number of yearly deliveries hospitalization for

with one or more SMM indicators increasing from 506 in childbirth.

2018 to 605 in 2022.

Number of Deliveries with One or More Distribution of Deliveries by Number of
Severe Maternal Morbidity, 2018-2022 Severe Maternal Morbidities, 2018-2022

2018 2019 2020 2021 2022

80%

A woman can experience multiple types of severe maternal morbidity during delivery. Between
2018 and 2022, the number of SMM indicators per delivery ranged from one to nine. Most
deliveries (80%) had a single severe maternal morbidity indicator. Just 11% of deliveries had two
SMM and 9% had three or more.

Between 2018 and 2022, there were 189 pregnancy-related deaths and 2,795

deliveries with one or more SMM. This means that for every death there were 15
deliveries that experienced severe maternal morbidity.



Severe Maternal Morbidity Rate

Between 2018 and 2022, the severe
maternal morbidity rate in Tennessee was
78 per 10,000 deliveries. In other words,
among every 10,000 deliveries occurring
during that five-year time period,
approximately 78 experienced one or
more SMM.

Between 2018 and 2021, the SMM rate
increased from 71 to 87 per 10,000
deliveries—a 23% increase. However,
there was a slight decrease in 2022, so the
overall increase between 2018 and 2022
was 14%.

Impact of COVID on the Severe Maternal
Morbidity Rate, 2018-2022
Deliveries with 1 or more SMM per 10,000 deliveries

All deliveries 83 87 81

71 69

2018 2019 2020 2021 2022

Between 2018 and 2022, the severe maternal morbidity rate in
Tennessee was 78 per 10,000 deliveries.

Severe Maternal Morbidity Rate, 2018-2022
Deliveries with 1 or more SMM per 10,000 deliveries

87
83 81

71 69

2018 2019 2020 2021 2022

Although confirmed COVID-19 diagnoses
were not common among delivery
hospitalizations, they still had an impact
on overall severe maternal morbidity
rates.

Severe maternal morbidity rates between
2020 and 2021 were lower when deliveries
with a confirmed COVID-19 diagnosis were
excluded from the analysis, with the
largest impact observed in 2021. COVID-19
had little impact in 2022, with similar SMM
rates for deliveries with and without a
confirmed COVID-19 diagnosis.



Severe Maternal Morbidity and COVID-19

Pregnant women are a high-risk group for severe coronavirus disease (COVID-19), and COVID-19
during pregnancy is associated with increased risk of maternal mortality and complications,
particularly in the third trimester. (8)

Between 2020 and 2022, the percentage of total deliveries with a COVID-19 diagnosis
fluctuated, with suspected or confirmed COVID-19 diagnoses peaking at 36% in 2021.
Confirmed cases were less common than suspected cases, with only 1-2% of deliveries having
a confirmed diagnosis each year.*

The severe maternal morbidity rate was higher among deliveries that had a concurrent
COVID-19 diagnosis compared to those without a diagnosis during these three years. The SMM
rate among deliveries with a suspected COVID-19 diagnosis was 50% higher than the rate
among those without COVID-19, while the rate among those with a confirmed diagnosis was
almost 800% higher.

Percent of Total Deliveries with Confirmed or Severe Maternal Morbidity Rate by
Suspected COVID-19, 2020-2022 COVID-19 Status, 2020-2022
Displayed percentages are combined suspected and Deliveries with 1 or more SMM per 100,00 deliveries
confirmed cases
Confirmed S d N
@ Confirme uspecte one 612
2020 |14%
2021 36%
103 70
2022 | 220 I
Confirmed  Suspected No
0% 100% covip-19 CoviD-19 CoviD-19

*COVID19 status was determined using International Classification of Diseases, Tenth Revision (ICD-10) diagnosis
codes as defined by the Centers for Disease Control and Prevention. (9)



LEADING INDICATORS

Between 2018 and 2022, there were 3,786 Number of Severe Maternal Morbidities

individual severe maternal morbidities by Indicator Group, 2018-2022
that occurred during deliveries in

Tennessee. Because there can be more
than one morbidity indicator per delivery,

this number is greater than the number of

deliveries with one or more SMM.

Hemorrhagic diagnoses and procedures
were the most common category of SMM
indicator, accounting for 1,304 or 34% of
morbidities between 2018 and 2022. This
was more than double the number of
respiratory morbidities, which were the
second most common category at 17%.

0 200 400 600 800 1000 1200 1400

Distribution of Severe Maternal Morbidities by Indicator Group, 2018-2022

Hemorrhagic Respiratory Other Obstetric Cardiac
34% 17% 14% 10%

Sepsis
8%

Other Medical
5%

Between 2018 and 2022, hemorrhagic diagnoses and
procedures were the most common group of severe maternal

morbidities.
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Disseminated Intravascular Coagulation (DIC) was the most common severe maternal
morbidity overall, as well as the most common diagnosis-based and hemorrhagic indicator.
Between 2018 and 2022, there were 724 DIC diagnoses, representing 19% of total morbidities,
23% of diagnosis-based morbidities, and 56% of hemorrhagic morbidities.

Disseminated intravascular coagulation (DIC) was the most
common severe maternal morbidity between 2018 and 2022.

What is DIC?
DIC is a serious condition that causes

Total SMM Diagnosis-Based SMM  Hemorrhagic SMM abnormal blood clotting throughout the
body's blood vessels, which can reduce or
‘ block blood flow and cause organ damage.
DIC DIC This increased clotting also uses up
19% 239% platelets and clotting factors needed to

control bleeding, in turn leading to
excessive bleeding.

Hysterectomy was the fourth Distribution of Severe Maternal Morbidities, 2018-2022

most common SMM overall, as

well as the most cornmon SMM Indicator Number  Percent of Total
. DIC 724 19% NG
procedure-based indicator and , '
Acute respiratory distress syndrome 458 12% -
the second most common ,
. Acute renal failure 410 1% -
hemorrhagic indicator. Between .
Hysterectomy 406 11% -
2018 and 2022, there were 406 .
sterectom N Eclampsia 33 10% [
ysterectomies, rgprgsen ing Sensis 314 s [
11% of total morbidities, 65% of
o Pulmonary edema 285 8% -
procedure-based morbidities Shock 174 s [l
0 .
and 3.1 ./o‘of hemorrhagic Ventilation* 173 500 [
morbidities. Air and thrombotic embolism 134 4% .
Puerperal cerebrovascular disorders 126 3% .
Between 2018 and 2022, ilck:.e cell disease with crisis gg 1:;0 I
ardiac arrest
DIC was the most | e 0
di . Acute myocardial infarction 28 1% |
common diagnosis- Conversion of cardiac rhythm* 24 1% I
based SMM and Amniotic fluid embolism 22 1% I
hysterectomy was the Temporary tracheostomy* 20 1% |
most common Severe anesthesia complications 1M1 03% |
procedure-based SMM. Aneurysm 10 03% |
Heart failure during procedure 7 02% |

*procedure

1"



The rates of individual severe maternal
morbidity indicators varied over time, with
some increasing, some decreasing and
some remaining stable. The indicators
making the biggest contributions to the
increase in overall severe maternal
morbidity rates between 2018 and 2022
were acute renal failure (ARF), acute
respiratory distress syndrome (ARDS),
sepsis, and shock. The rates of DIC and
hysterectomy (the most common
diagnosis and procedure-based indicators,
respectively) did not change significantly
during this time.

between 2018 and 2022.

Acute Respiratory Distress Syndrome
without Confirmed COVID

24

2020 2021

2018 2022

2019

and

Rate of Select Severe Maternal Morbidities
2018-2022

Number of diagnosis per 10,000 deliveries

25

20

15

10

The rates of DIC and hysterectomy (the most common diagnosis
and procedure-based indicators, respectively) did not change

ARF
ARDS
Sepsis

2018 2019 2020 2021 2022

The impact of acute respiratory distress
syndrome (ARDS) on overall SMM rates
was related to COVID. In 2021, over one-
half of ARDS cases (82 out of 155 or 53%)
also had a confirmed COVID diagnosis. The
impact of COVID lessened in 2022, with
only 9% of ARDS cases having a concurrent
COVID diagnosis.



Leading Causes of Pregnancy-Related Deaths

S L 4
What is a pregnancy-related death? Q
Pregnancy-related death is the death of a woman during pregnancy or within one year of the
end of pregnancy from a pregnancy complication, a chain of events initiated by pregnancy,

or aggravation of an unrelated condition by the physiologic effects of pregnancy.

Between 2018 and 2022 there were a total of 189 pregnancy-related deaths in Tennessee. Ten
percent of these deaths occurred on the day of delivery and all deaths that happened on the
day of delivery took place in the hospital. (7)

The most common cause of pregnancy-related deaths occurring on the day of delivery was
hemorrhage, which was responsible for over one-third of deaths. (7) Hemorrhagic conditions
were also the most common cause of severe maternal morbidity, accounting for one-third of
deliveries with one or more SMM during the same time.

Cardiovascular conditions were the second leading cause of pregnancy-related deaths
occurring on the day of delivery, making up about one-quarter of deaths. (7) In comparison,
cardiac conditions represented just 10% of deliveries with one or more severe maternal
morbidity.

Distribution of Pregnancy-Related Deaths Causes of Pregnancy-Related Deaths
by Timing of Death, 2018-2022 Occuring on the Day of Delivery, 2018-2022
Hemorrhage 37%
Cardiovascular Conditions 26%
Infections 11%
Embolism (Excluding AFE) 11%

Amniotic Fluid Embolism 5%

19%
10%

During Day of After
Pregnancy Delivery Delivery

Epilepsy/Seizure Disorder = 5%

Substance Use Disorder | 5%

| » A more detailed discussion of pregnancy-related mortality in Tennessee can be found in the
ﬁ ~ 2024 Maternal Mortality in Tennessee Annual Report. Download the MMR report here.
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http://mmr/
https://www.tn.gov/content/dam/tn/health/program-areas/FINAL%20MMR%20REPORT%202024%20(4).pdf
https://www.tn.gov/content/dam/tn/health/program-areas/FINAL%20MMR%20REPORT%202024%20(4).pdf
https://www.tn.gov/content/dam/tn/health/program-areas/FINAL%20MMR%20REPORT%202024%20(4).pdf

*,® RACIAL AND ETHNIC DISPARITIES

Non-Hispanic Black women in Tennessee
experienced the highest burden of
severe maternal morbidity, with an SMM
rate over 1.5 times as high as those of
Hispanic and non-Hispanic White
women.

Although non-Hispanic Black women
made up approximately 20% of total in-
hospital deliveries between 2018 and
2022, they accounted for 29% of
deliveries with one or more severe
maternal morbidities.

Severe Maternal Morbidity Rates by Maternal
Race and Ethnicity, 2018-2022

Deliveries with 1 or more SMM per 10,000 deliveries

140 NH
120 Black
100 NH
80 White
0—/\0
60 Hispanic
40
20

2018 2019 2020 2021 2022

Severe Maternal Morbidity Rate by Maternal
Race and Ethnicity, 2018-2022

Deliveries with 1 or more SMM per 10,000 deliveries

Non-Hispanic Black
112

Non-Hispanic White
70

Hispanic

66

The severe maternal morbidity rate
increased among both non-Hispanic Black
and non-Hispanic White women between
2018 and 2022, and the degree of disparity
between the two groups was similar in
2022 compared to 2018.

Although the SMM rate was similar among
Hispanic and non-Hispanic White women
between 2018 and 2020, the rate among
Hispanic women decreased between 2020
and 2022, while that of non-Hispanic White
women continued to increase. As a result,
Hispanic women had the lowest SMM rate
in 2022 and the gap between Hispanic
versus non-Hispanic White and Black
women widened.

14



Compared to non-Hispanic White women, those who were non-Hispanic Black had higher rates
for 16 out of 20 severe maternal morbidity indicators.

The most noticeable exception was disseminated intravascular coagulation (DIC). The rate of
DIC was 38% higher among non-Hispanic White vs non-Hispanic Black women (22 vs. 16 per
10,000 deliveries, respectively). In addition, DIC was the leading cause of SMM among non-
Hispanic White and Hispanic women, while acute renal failure was the leading cause among
non-Hispanic Black women.

Leading Cause of Severe Maternal Morbidity by Maternal Race and Ethnicity, 2018-2022
1st 2nd 3rd

Hispanic DIC Hysterectomy

NH Black G EGEIREHTTES ARDS

NH White Hysterectomy ARDS
Rates for Select SMM Indicators Among Non- Distribution of Select SMM Indicators Among
Hispanic Black and White Women, 2018-2022 Non-Hispanic Black and White Women, 2018-
Number of SMM per 10,000 deliveries 2022
NH Black Non-Hispanic White M Non-Hispanic Black
Acute Renal Failure .8 (24
oic e
Sepsis @ | (14
Hysterectomy | @
Shock @O

15



AGE-RELATED DISPARITIES

Severe maternal morbidity rates rose with increasing maternal age. At 159 per 10,000
deliveries, the SMM rate among Tennessee women 40 years and older was almost three times
as high as the rate among women less than 25 years of age. Because deliveries among women
40 and over are uncommon (2% of total deliveries), they represent a small number of
deliveries with SMM (133 out of 2,795 or 5%) despite this high rate.

Severe Maternal Morbidity Rates by Maternal Distribution of Deliveries by Maternal
Age, 2018-2022 Age, 2018-2022

Deliveries with 1 or more SMM per 10,000 deliveries
40+
12%
18% 35-39

40+
26%
35-39 29% 30-34
30-34 S
27% 25-29
25-29
30% 22% <25
<25
Total Deliveries Deliveries with SMM

Disseminated intravascular coagulation (DIC) was the leading cause of severe maternal
morbidity among women aged 25-39 and the second leading cause among those less than 25
and among those 40 and older. Eclampsia was the leading cause of SMM among women less
than 25, while hysterectomy was the leading cause among those 40 and older.

Leading Cause of Severe Maternal Morbidity by Maternal Age, 2018-2022

1st 2nd 3rd
40+ Hysterectomy ARDS
35-39 DIC Hysterectomy ARDS
30-34 DIC Hysterectomy ARDS

25-29 DIC ARDS Acute Renal Failure
T

<25
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Qg/:; DISPARITIES BY SOCIOECONOMIC FACTORS

23

Tennessee women with less education,
those with TennCare coverage, and those
who were not married experienced higher
rates of severe maternal morbidity
compared to their counterparts.

Pregnancy-related mortality rates during
the same time followed a similar pattern,
with higher mortality rates among those
with less education, those with TennCare
coverage, and those who were not
married. (7)

)
The conditions in which people live, ‘&°

work, learn, play, and age can impact
health risks and outcomes as well as
functioning and quality of life. (10)

Economic factors like income and
education level can tell us about the
resources, access, and opportunities
a person or group has.

Severe Maternal Morbidity Rates by Level of
Community Vulnerability, 2018-2022
Deliveries with 1 or more SMM per 10,000 deliveries

Low Medium High

Severe Maternal Morbidity Rates by
Socioeconomic Factors, 2018-2022
Deliveries with 1 or more SMM per 100,000 deliveries

High School Education or Less

Some College Credit,
but No Degree

Associate, Bachelor, or
Advanced Degree

Medicaid/TennCare

Private Insurance

Unmarried

Married

Community vulnerability is the inability of
a community to withstand adverse impacts
from multiple stressors. Counties were
grouped into areas of low, medium and
high vulnerability based on characteristics
such as demographics, socioeconomics,
housing and transportation. (11)

Severe maternal morbidity rates in
Tennessee counties increased with
increasing vulnerability. The rate among
women living in high-vulnerability areas

was 20% higher than that of those living in

low-vulnerability areas.



K2 GEOGRAPHIC DISPARITIES

Severe maternal morbidity rates varied across Tennessee Health Department regions, with the
highest rates observed among women living in the East Region and the Shelby, Knox, and
Madison metro counites. Women living in the Upper Cumberland Region had the lowest SMM
rate.

Severe Maternal Morbidity Rates by Health Department Region, 2018-2022
Deliveries with 1 or more SMM per 10,000 deliveries

68

;
4

The severe maternal morbidity rate was Severe Maternal Morbidity Rates by Maternal
higher among women living in urban Residence, 2018-2022
counties compared to those in rural Deliveries with 1 or more SMM per 100,000 deliveries

counties.* Among women living in rural
counties, SMM rates were higher among
those living in urban-adjacent areas Urban County 81
compared to those living in counties that
were not urban-adjacent.
Rural County
Pregnancy-related mortality rates during Urban Adjacent 72
the same time were also found to be
higher among urban versus rural

residents. (7) Rural County

Not Urban Adjacent =9

*Urban/rural status was determined using USDA rural-urban continuum codes which distinguish U.S.
metropolitan (urban) counties by the population size of their metro area, and nonmetropolitan (rural) counties by
their degree of urbanization and adjacency to a metro area. (12)

18



PRENATAL CHARACTERISTICS

Pre-Pregnancy BMI

Severe maternal morbidity rates Severe Maternal Morbidity Rates by
increased with increasing maternal Pre-Pregnancy Body Mass Index, 2018-2022
, , Deliveries with 1 or more SMM per 10,000 deliveries

weight as determined by pre-

pregnancy body mass index (BMI).* Obese
Women who were obese before 93
becoming pregnant were 36% more

likely to experience SMM during Overweight
delivery compared to those with 76

normal BMIs.*

Normal
68

) ! 4
What is body mass index? @
Body mass index is a measure of body
size that is calculated using a person'’s
height and weight.

Pre-Pregnancy Diabetes and Hypertension

Severe Maternal Morbidity Rates by Pre- Severe maternal morbidity rates among
Pregnancy Diabetes and Hypertension, 2018-2022 women with pre-pregnancy diabetes or
Deliveries with 1 or more SMM per 10,000 deliveries hypertension were three times as high as

the rate among those who did not have
either of these chronic conditions before
pregnancy. Those with both pre-

pregnancy diabetes and hypertension had
an SMM rate almost four times as high as
those with neither condition.

Both Diabetes Hypertension  Neither
Only Only

*Normal BMI is 18.5 to less than 25; overweight is 25 to less than 30; obese is 30 or more.
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Prenatal Care

Both timing and adequacy of prenatal care were associated with differences in severe
maternal morbidity rates.*

Although severe maternal morbidity rates increased with increasing delay of entry to prenatal
care, these differences were minor when compared to deliveries where no prenatal care was
received. The SMM rate among women who received no care was three times as high as
among those who received at least some care during pregnancy. However, deliveries with no
prenatal care were uncommon, accounting for 2% of all deliveries or about 1,400 per year.

Women who received inadequate prenatal care had a severe maternal morbidity rate that was
approximately double that of women who received intermediate and adequate levels of
prenatal care. Women who had adequate plus care also had a higher SMM rate. This higher
rate is not unexpected given that women with high-risk pregnancies might need more frequent
monitoring during their pregnancies.

Severe Maternal Morbidity Rates by Start of Severe Maternal Morbidity Rates by
Prenatal Care, 2018-2022 Adequacy of Prenatal Care, 2018-2022
Deliveries with 1 or more SMM per 10,000 deliveries Deliveries with 1 or more SMM per 10,000 deliveries
224
87
73 75 E n
No Care 1st 2nd 3rd Inadequate Intermediate Adequate Adequate
Trimester  Trimester  Trimester Plus

*Adequacy of prenatal care was assessed using the Kotelchuck Adequacy of Prenatal Care Utilization Index, which
is based on 1) when prenatal care began, and 2) the number of prenatal visits received from when care began until
delivery. (13)

20



a:. DELIVERY CHARACTERISTICS

The severe maternal morbidity rate was higher among women having their first birth and

those who had two or more previous births compared to women who had a single previous
birth.

Birth plurality refers to the number of fetuses in a pregnancy. Severe maternal morbidity rates
increased with increasing plurality, with the rate among triplet and higher order deliveries over
four times as high when compared to singleton deliveries.

Method of delivery was also associated with differences in severe maternal morbidity rates.
Rates were lowest for spontaneous and vacuum-assisted vaginal deliveries and highest for
forceps-assisted vaginal deliveries and cesareans. The SMM rate among cesareans was four
times that for spontaneous vaginal deliveries.

Severe Maternal Morbidity Rates by Delivery Distribution of Deliveries by Delivery
Characteristics, 2018-2022 Characteristics, 2018-2022
Deliveries with 1 or more SMM per 10,000 deliveries

2+ Previous Births 2+ Previous Births 28%

1 Previous Births 1 Previous Births 32%

First Birth First Birth 40%

Triplet+ Triplet+ ’0.3%
Twin Twin IZ%
Cesarean Cesarean

Forceps-assisted

Forceps-assisted ’0.5%

Vacuum-assisted m Vacuum-assisted I3%

Spontaneous . 39 Spontaneous

21



g HOSPITAL CHARACTERISTICS

Severe maternal morbidity rates at Severe Maternal Morbidity Rates by Maternal
birthing hospitals increased with Care Level, 2018-2022
increasing maternal care levels.* The SMM Deliveries with 1 or more SMM per 10,000 deliveries

rate at level 4 facilities was three times as

high as at level 1 facilities (115 vs. 38 per

10,000 deliveries, respectively).

Because level 4 hospitals provide the

highest level of care and are equipped to e 73
handle the most complex and critically ill

cases, higher SMM rates are expected at

these facilities.

Level 1 Level 2 Level 3 Level 4

What are maternal care levels?

Perinatal regionalization is a system for matching moms and babies to a delivery hospital
that can provide the correct level of care based on their health risks.

Perinatal regionalization includes:
» Hospital designations that indicate the level of care provided
e Perinatal regionalization centers that provide direct care to high-risk patients and that
offer consultation and support to other hospitals
e Transport of high-risk patients
e Education for healthcare professionals

Birthing hospitals are grouped into four levels of care based on the services they provide:
Level 1 - Basic care for low- to moderate-risk pregnancies

Level 2 - Specialty care for moderate- to high-risk pregnancies

Level 3 - Subspecialty care for high-risk pregnancies

Level 4 - The highest level of care for the most complex and critically ill moms

*Maternal care levels were determined in 2018 using the Centers for Disease Control and Prevention’s Levels of
Care Assessment Tool (LOCATe) survey of hospitals. (14) Births at non-birthing hospitals were excluded from the
analysis.
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Severe maternal morbidity rates at individual hospitals ranged from 0 to 224 per 10,000
deliveries. Although rates increased with increasing care levels, within a given care level, there
was variability across hospitals. In some cases, SMM rates at lower-level facilities were higher
than rates at some higher-level facilities.

Although only 6 out of 64 birthing hospitals in Tennessee provided level 4 maternal care
between 2018 and 2022, they each had a large volume of deliveries. Together, births at these 6
hospitals represented 31% of total deliveries and 45% of deliveries with one or more severe
maternal morbidities during this time.

Hospital-Specific Severe Maternal Morbidity Distribution of Deliveries by Maternal Care
Rates by Maternal Care Level, 2018-2022 Level, 2018-2022
Deliveries with 1 or more SMM per 10,000 deliveries
Level 4
(N=6) e e o=@ 31%

45% Level 4
Level 3 . . .
(N=4)

Level 3
L,j{j'gz W@Ee ¢ 0
(N=18) Level 2
Level 1 @m0 ©
(N=36) Level 1
0 250
Total Deliveries SMM Deliveries
p

Severe Maternal Morbidity and Birth Volume =
A recent study examined the association between annual birth volume and severe Z
maternal morbidity in rural and urban US hospitals. Although the study found no

association between SMM rates and birth volume among urban hospitals, the risk of SMM

was elevated for both low-risk and higher-risk obstetric patients who gave birth in lower-
volume rural hospitals (defined as 460 or fewer annual births), compared with similar

patients who gave birth at rural hospitals with higher birth volume (more than 460 annual
births). These findings suggest a need for tailored quality improvement strategies for lower-
volume hospitals in rural communities. (15)
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ﬂﬂﬂ Patient Safety Bundiles and TIPQC

The Alliance for Innovation on Maternal Health (AIM) is a national program led by the
American College of Obstetricians and Gynecologists (ACOG) working to reduce and eliminate
preventable maternal death and severe maternal morbidity through development of patient
safety bundles.

Patient safety bundles are collections of evidence-informed best practices developed by
multidisciplinary experts, which address clinically specific conditions in pregnant and
postpartum women. The goal of the bundles is to help healthcare professionals address and
prevent key contributors to maternal morbidity and mortality.

In Tennessee, implementation of AIM bundles is overseen by the Tennessee Initiative for
Perinatal Quality Care (TIPQC), a statewide collaborative for improving the quality of care for
mothers and babies. TIPQC brings together hospitals, healthcare providers, payers, families,
and communities to drive meaningful change, promote health equity, and enhance the quality
of care for Tennessee families throughout pregnancy, delivery, and the postpartum period.
There are currently three bundles that have been implemented to specifically address leading
causes of severe maternal morbidity in Tennessee. Additional information on these and other
bundles (including promotion of safe vaginal deliveries) can be found on the TIPQC website
(see link below). This report may be useful in selecting future bundles and other quality
improvement projects to prevent severe maternal morbidity and improve maternal health.

Number of Severe Maternal Morbidities by Indicator Group, 2018-2022

Hemorrhagic B¢

Respiratory

AIM Bundles

Obstetric hemorrhage in sustainment
(2016-2017)

Other Obstetric

. % Severe maternal hypertension in
Cardiac [y g sustainment (2020-2022)

* Cardiac conditions in obstetric care
began fall 2024

Other Medical
0 200 400 600 800 1000 1200 1400

I, Alliance for Innovation on Maternal Health

Tennessee Initiative for Perinatal Quality Care
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https://saferbirth.org/
https://tipqc.org/

METHODOLOGY

Data Sources

Tennessee Department of Health; Division of Vital Records & Statistics; Birth Statistical
System (BSS). The BSS includes records of all live births in the state and of out-of-state births
to Tennessee residents. It contains data collected on certificates of live birth, including place of
birth, maternal demographics, pregnancy and medical history of the mother, circumstances of
the delivery, and infant health status. For this analysis, BSS data were restricted to in-state, in-
hospital births to Tennessee residents between the ages of 12 and 55 that occurred between
2018 and 2022.

Tennessee Department of Health; Division of Population Health Assessment; Hospital
Discharge Data System (HDDS). The HDDS collects data on patient discharges from all acute
care hospitals licensed by the Tennessee Department of Health. This includes patient
demographics, clinical information about the hospitalization (e.g., diagnoses, procedures
performed, length of stay), and billing information. For this analysis, HDDS records were
restricted to inpatient hospitalizations for delivery that occurred between 2018 and 2022, as
identified using a combination of International Classification of Diseases, Tenth Revision (ICD-
10) diagnosis and procedure codes and Medicare Severity Diagnosis Related Groups (MS-DRG).

Data Linkage

Records for 2018-2022 in-state, in-hospital births to Tennessee residents (N=393,641) were
linked to in-patient hospital discharge records for deliveries during the same time (N=391,201).
Approximately 92% of birth records were successfully linked to a hospital record. Because birth
records included twins and higher-order multiples, linked records were then deduplicated to
count each delivery only once, using the first-order birth to represent the delivery. This
deduplication process resulted in a total of 356,864 unique records included in the analysis.

g:ll:E Data linkage process for birth and hospital discharge records

In-state, in-hospital
TN resident births
N=393,641(2018-2022)

Linked birth and Deduplication Records included
Data Linkage I—b hospital records » in analysis
N=363,476 (92%) N=356,864

Hospital discharge records for

deliveries
N=391,201 (2028-2022)
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Identification of Severe Maternal Mortality

Severe maternal morbidity (SMM) was identified using an algorithm developed by the Centers
for Disease Control and Prevention (CDC). (16) The algorithm uses ICD-10 diagnosis and
procedure codes to identify 21 indicators of SMM that represent either serious complications
of pregnancy or delivery or procedures used to manage serious conditions. These indicators
are then categorized into seven SMM indictor groups. See page 27 for a detailed list of ICD-10
codes included in each indicator.

Indicator Groups and Indicators*

o Acute myocardial infarction o Heart failure during procedure e Aneurysm

Cardiac o Conversion of cardiac rhythm (P) e Pulmonary edema/heart failure e Cardiac arrest

o Disseminated intravascular coagulation e Shock
e Hysterectomy (P) e Transfusion (P)**

Hemorrhagic

o Acute renal failure

. e Acute respiratory distress syndrome e \Ventilation (P)
Respiratory
e Temporary tracheostomy (P)

Sepsis o Sepsis

Other e Puerperal cerebrovascular disorders

Medical o Sickle cell disease with crisis

Other e Air and thrombotic embolism o Eclampsia

Obstetric e Amniotic fluid embolism e Severe anesthesia complications

*Procedure-based indicators designated by (P).

**Although included in the CDC's SMM definition, recent studies show transfusions by themselves may not
always signify a severe maternal event. They were therefore excluded from the analysis. (17)

Analysis

The analysis was restricted to in-state, in-hospital deliveries to Tennessee residents between
the ages of 12 and 55 that occurred between 2018 and 2022 and could be linked to a
corresponding hospital discharge record. The numerator for SMM rates is the number of
deliveries with one or more SMM indicators. The denominator is all deliveries, with severe
maternal mortality rates expressed per 10,000 deliveries. All data analyses were conducted
using Statistical Analysis System (SAS) version 9.4.
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Severe Maternal Morbidity ICD-10 Codes

Indicator Group |Indicator ICD-10 Codes
Cardiac Acute Myocardial Infarction 121.xx, 122.x
Cardiac Aneurysm 171.xx, 179.0
Cardiac C'argllac.Arrest / Ventricular 146.x, 149.0x
Fibrillation
Cardiac Conversion of Cardiac Rhythm (P) [5A12012, 5A2204Z
Cardiac Heart Failure During Surgery or |0 15 197121, 197.130, 197.131, 197.710, 197.711
Procedure
o Ederma / Acute Heart | 150-1: 150:20, 150.21, 150.23, 15030, 15031, 150.33, 150.40, 150.41,
Cardiac F”.Imonary ema ZAcute Heart 156 43 150,810, 150.811, 150.813, 150.814, 150.82, 150.83, 150.84,
atiure 150.89, 150.9, J81.0
D65, D68.8, D68.9, 045.002, 045.003, 045.009, 045.012,
Dicserninated Intravascular 045.013, 045.019, 045.022, 045.023, 045.029, 045.092,
Hemorrhage oo 045.093, 045.099, 046.002, 046.003, 046.009, 046.012,
oagulation 046.013, 046.019, 046.022, 046.023, 046.029, 046.092,
046.093, 046.099, 067.0, 072.3
Hemorrhage Hysterectomy (P) 0UT90ZL, 0UT90ZZ, OUT97ZL, 0UT97ZZ
075.1, R57.x, T78.2XXA, T81.10XA, T81.11XA, T81.19XA,
Hemorrhage Shock

T88.6XXA

Other Medical

Puerperal Cerebrovascular
Disorders

A81.2, G45.x, G46.X, G93.49, H34.0x, 160.xx, 161.xX, 162.XX,
163.00, 163.01x, 163.1xx, 163.2xx, 163.3xX, 163.4xx, 163.5xx, 163.6,
163.8x, 163.9, 165.xx, 166.xx, 167.xX, 168.xx, 022.50, 022.52,
022.53,197.810, 197.811, 197.820, 197.821, 087.3

Other Medical

Sickle Cell Disease With Crisis

282.42,282.62, 282.64, 282.69, 289.52

126.x, 088.012-088.03, 088.212-088.23, 088.312-088.33,

Other Obstetric Air and Thrombotic Embolism 088.812-088.83, T80.0XXA
Other Obstetric  [Amniotic Fluid Embolism 088.112, 088.113, 088.119, 088.12, 088.13
Other Obstetric  |Eclampsia 015.X
029.112-029.119, 029.122-029.129, 029.192-029.199,
Other Obstetric  [Severe Anesthesia Complications |029.212-029.219, 029.292-029.299, 074.0, 074.1, 074.2,
074.3, 089.0x, 089.1, 089.2, T88.2XXA, T88.3XXA
Renal Acute Renal Failure N17.x, 090.4

Respiratory

Acute Respiratory Distress
Syndrome

180, J95.1, ]95.2, J95.3, J95.82x, ]96.0x, ]96.2x, ]96.9%, R06.03,
R09.2

Respiratory

Temporary Tracheostomy (P)

0B110F4, 0B113F4, 0B114F4

Respiratory

Ventilation (P)

5A1935Z, 5A19457, 5A1955Z

Sepsis

Sepsis

A32.7, A40.x, Ad41.x, 176, 085, 086.04, R65.20, R65.21,
T81.12XA, T81.44XA
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