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Pregnancy-Related Mortality in California

Causes, Characteristics, and Improvement Opportunities

Elliott K. Main, mp, Christy L. McCain, mrH, Christine H. Morton, P, Susan Holtby, MPH,

and Elizabeth S. Lawton, MHS

OBJECTIVE: To compare specific maternal and clinical
characteristics and contributing factors among the five
leading causes of pregnancy-related mortality to develop
focused clinical and public health prevention programs.

METHODS: California pregnancy-related deaths from
2002-2005 were identified with enhanced surveillance
using linked birth and death certificates. A multidisciplin-
ary committee reviewed medical records, autopsy re-
ports, and coroner reports to determine cause of
death, clinical and demographic characteristics, chance
to alter outcome, contributing factors (at health care pro-
vider, facility, and patient levels), and quality improve-
ment opportunities. The five leading causes of death
were compared with each other and with the overall
California birth population.

RESULTS: Among the 207 pregnancy-related deaths, the
five leading causes were cardiovascular disease, preeclamp-
sia or eclampsia, hemorrhage, venous thromboembolism,
and amniotic fluid embolism. Among the leading causes of
death, we identified differing patterns for race, maternal
age, body mass index, timing of death, and method of
delivery. Overall, there was a good-to-strong chance to
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alter the outcome in 41% of deaths, with the highest rates
of preventability among hemorrhage (70%) and preeclamp-
sia (60%) deaths. Health care provider, facility, and patient
contributing factors also varied by cause of death.
CONCLUSION: Pregnancy-related mortality should not
be considered a single clinical entity. Reducing mortality
requires in-depth examination of individual causes of
death. The five leading causes exhibit different character-
istics, degrees of preventability, and contributing factors,
with the greatest improvement opportunities identified
for hemorrhage and preeclampsia. These findings pro-
vide additional support for hospital, state, and national
maternal safety programs.

(Obstet Gynecol 2015;125:938-47)

DOI: 10.1097/A0G.0000000000000746

LEVEL OF EVIDENCE: 11

he past century has seen remarkable progress in

improving the safety of childbirth in the United
States. Maternal mortality fell from 850 per 100,000
live births in 1900 to 7.7 per 100,000 in 1997." Over
the past 20 years, however, this decline has
reversed.” The 2009 U.S. pregnancy-related mortal-
ity rate was 17.8 deaths per 100,000 live births,
above that of other high-resource countries.*® This
rise has prompted a renewed focus at national and
state levels to examine the causes and contributing
factors of maternal death and improve public health
and clinical practice.*’

Most previous studies of pregnancy-related
deaths have included demographic and limited clin-
ical information but did not compare specific causes
of death for factors other than preventability.>*™®
Studies focused on a single cause of pregnancy-
related mortality often were based on administrative
data sets with limited access to clinical records and
unable to identify improvement opportunities.”"'
One of every eight U.S. births occurs in California,
resulting in more than 500,000 annual deliveries with
extensive racial and ethnic diversity. The California
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Department of Public Health sponsored the Califor-
nia Pregnancy-Associated Mortality Review in 2006
using its public health authority to collect all rele-
vant medical records and administrative reports for
each maternal death. California’s large population-
based sample, together with enhanced case ascer-
tainment and detailed medical record review,
provides a unique opportunity to compare major
causes of pregnancy-related mortality and identify
improvement opportunities.

MATERIALS AND METHODS

The California Pregnancy-Associated Mortality
Review used a previously described enhanced surveil-
lance methodology that links maternal death certificates
to neonatal birth and fetal death certificates and screens
autopsy and coroner reports to identify all deaths
occurring during, or within a year of, pregnancy,
defined as pregnancy-associated deaths.'? Using a case
series design, we examined California pregnancy-
related deaths, a subset of pregnancy-associated deaths,
for the years 2002-2005. Pregnancy-related deaths are
defined as the “death of a woman while pregnant or
within one year of termination of pregnancy, irrespec-
tive of the duration and site of the pregnancy, from any
cause related to or aggravated by her pregnancy or its
management, but not from accidental or incidental
causes.”"® The World Health Organization now consid-
ers all deaths from suicide during pregnancy or within
42 days postpartum as pregnancy-related.'* During the
California Pregnancy-Associated Mortality Review
pilot period, we determined that it was not possible to
assess preventability and contributing factors of suicide
cases without access to mental health records and have
excluded them from this analysis.

Prepregnancy weight, height, parity, delivery
type, and gestational age at delivery were collected
from the medical record. Maternal race and country
of birth were identified from the birth certificate. A
woman’s body mass index (BMI, calculated as weight
(kg)/[height (m)]?) was considered “prepregnancy” if
recorded before 10 weeks of gestation. Population-
based comparisons were made using the California
Birth and Death Statistical Master Files (California
Birth Cohort) for demographic data and the Maternal
Infant Health Assessment, an annual representative
statewide survey of more than 13,000 women, for
prepregnancy obesity.

The California Pregnancy-Associated Mortality
Review Committee included nearly two dozen experts
from nursing, obstetrics, maternal-fetal medicine, mid-
wifery, cardiology, anesthesiology, emergency medi-
cine, public health, and sociology. Committee
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members reviewed deidentified case summaries with
detailed synopses of hospital and outpatient medical
records from the prenatal period up to the death as well
as autopsy and coroner reports. The California
Pregnancy-Associated Mortality Review Committee
determined the causes of death, contributing factors,
chance to alter the outcome, and opportunities for
quality improvement for each case.'?

Causes of death were categorized into 12 diag-
nosis groups, one of which was “other.”"* These cat-
egories mirrored those used by the Centers for
Disease Control and Prevention and the U.K. Confi-
dential Enquiry to allow for external comparisons.*'?
In participants with two or more major diagnoses, we
chose the underlying disease process that initiated the
cascade toward death. Through consensus, the Cali-
fornia Pregnancy-Associated Mortality Review Com-
mittee assessed the chance to alter the fatal outcome
as 1) strong, 2) good, 3) some, or 4) none. The case
was considered to have a strong or good chance to
have had an altered outcome (preventable) if specific
and feasible actions had been implemented that might
have changed the course of the woman’s disease
trajectory and potentially prevented the death. Exam-
ples of specific and feasible actions included: treat-
ment of severe hypertension among women who
died from intracranial hemorrhage; timely recogni-
tion and treatment of postpartum hemorrhage among
women with massive blood loss and coagulopathy; or
provision of perioperative venous thromboembolism
prophylaxis when major risk factors were apparent
among women who developed fatal pulmonary
emboli. The California Pregnancy-Associated Mortal-
ity Review Committee also identified health care pro-
vider, facility, and patient factors contributing to the
death. Health care provider factors include actions
involving diagnosis, treatment, and communication
processes. Facility factors include systems-level pro-
cesses involving policies, nursing knowledge, or infra-
structure. Patient factors include circumstances, risk
factors, or health behaviors contributing to the cause
of death. Also identified were quality improvement
opportunities, defined as alternative approaches to
recognition, diagnosis, treatment, or follow-up, that,
if implemented, may have led to better patient care or
a better outcome.

Data analyses were conducted using IBM SPSS
Statistics  20.0. Unadjusted statistical differences
(P<.05) among the five leading causes of death were
compared by the Pearson x? and Fisher’s exact test for
categorical variables and the univariate analysis of
variance based on estimated marginal means with
Bonferroni’s post hoc statistics or the Mann-Whitney
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Table 1. Pregnancy-Related Mortality Rates per 100,000 Live Births* Among All Causes of Death by Race-

Ethnicity, California, 2002-2005

Cause of Death

Cardiovascular Disease

Preeclampsia or Eclampsia  Obstetric Hemorrhage

Race-Ethnicity n Rate (95% CI) n Rate (95% CI) n Rate (95% CI)
Hispanic 17 1.6 (0.8-2.3) 24 2.2 (1.3-3.1) 9 0.8 (0.3-1.4)
Foreign-born 8 1.2 (0.4-2.0) 18 2.6 (1.4-3.8) 5 1.0 (0-2.0)

U.S.-born 9 2.3 (0.8-3.7) 6 1.5 (0.3-2.7) 4 —
White 11 1.7 (0.7-2.7) 6 0.9 (0.2-1.7) 7 1.1 (0.3-1.9)
African American 19 16.37 (9.0-23.7) 5 4.3 (0.5-8.1) 2 —_
Other 2 — 1 — 2 —

All races 49 2.3 (1.6-2.9) 36 1.7 (1.1-2.2) 20 0.9 (0.5-1.3)
% of all pregnancy-related deaths 23.7 17.4 9.7

Cl, confidence interval.

Rates for fewer than five deaths not calculated as a result of instability.

* Number of pregnancy-related deaths divided by total number of live births with known race—ethnicity (N=2,138,551) per California Birth

Statistical Master File (2002-2005) multiplied by 100,000.

¥ Pregnancy-related mortality rate differs significantly from all other racial and ethnic groups (P<.001).

U test for continuous variables, depending on data
distributions. The California Department of Public
Health Committee for the Protection of Human Sub-
jects approved all project protocols and materials. The
Stanford University and Public Health Institute insti-
tutional review boards exempted analysis of deidenti-
fied data on deceased persons.

RESULTS

From 2002-2005, there were 2,163,457 live births and
732 pregnancy-associated deaths in California; 207 of
these deaths were determined to be pregnancy-related.
We analyzed the five leading causes—cardiovascular
disease, preeclampsia or eclampsia (referred hereafter
as simply preeclampsia), hemorrhage, venous throm-
boembolism, and amniotic fluid embolism, which rep-
resented nearly 70% of the pregnancy-related deaths
(n=143) in the study period. Other causes of
pregnancy-related death included cerebrovascular acci-
dents, sepsis from multiple nonobstetric sources, anes-
thesia complications, and various other medical
diagnoses, each affecting one to three women.

Table 1 shows cause-specific pregnancy-related
mortality rates among the 2002-2005 deaths by
race—ethnicity. Cardiovascular disease was the leading
cause, with a pregnancy-related mortality rate of 2.3
deaths per 100,000 live births. Cardiovascular disease
deaths included those attributed to cardiomyopathies
(n=33) and other cardiovascular causes (n=16). Over-
all, African American women comprised 6% of the
births yet 39% of cardiovascular disease deaths and
22% of all pregnancy-related deaths. This translates
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into an almost 10-fold higher risk of cardiovascular
disease death (pregnancy-related mortality rate of
16.3 deaths per 100,000 live births) and more than
a fourfold risk overall compared with other racial
and ethnic groups (relative risk 4.2, confidence inter-
val 3.0-5.8).

The leading causes of pregnancy-related mortal-
ity had differing distributions of maternal age, parity,
and gestational age at delivery (Table 2). Of the
California birth cohort, 41% were 30 years or older
compared with 67% of preeclampsia deaths, 75% of
hemorrhage deaths, and 78% of amniotic fluid
embolism deaths (P<.001), whereas the age distribu-
tion of women who died of cardiovascular disease
and venous thromboembolism mirrored that of the
California birth cohort.

Women who died of preeclampsia were more
likely than women who died of the other four causes
to be primiparous (44% compared with 21%, P<.01)
but their rate of primiparity was similar to the
California birth cohort. Women who died from hem-
orrhage, venous thromboembolism, and amniotic
fluid embolism were more likely to be grand multip-
arous than the California birth cohort (P<.01).
Women who died of preeclampsia (61%), hemor-
rhage (50%), venous thromboembolism (40%), and
cardiovascular disease (32.6%) were more likely to
have delivered preterm (less than 37 weeks of gesta-
tion) than the California birth cohort (11%) (P<.001).
Almost all (94%) who died from amniotic fluid em-
bolism delivered at term, differing from the other
four causes (P<.05).

OBSTETRICS & GYNECOLOGY



Cause of Death

Venous Thromboembolism  Amniotic Fluid Embolism

All Other Causes All Causes of Death

n Rate (95% CI) n Rate (95% CI) n Rate (95% CIl) n Rate (95% CI)
9 0.8 (0.3-1.4) 6 0.6 (0.1-1.0) 28 2.6 (1.6-3.5) 93 5 (6.8-10.3)
4 — 5 1.0 (0-2.0) 13 1.9 (0.9-2.9) 53 7 (5.6-9.7)
5 1.3 (0.2-2.3) 1 — 15 3.7 (1.8-5.6) 40 10 O (6.9-13.1)
6 0.9 (0.2-1.7) 4 — 16 2.5(1.3-3.7) 50 8 (5.6-10.0)
5 4.3 (0.5-8.1) 5 4.3 (0.5-8.1) 10 8.6 (3.3-13.9) 46 39 5+ (28.1-50.9)
0 — 3 — 10 3.4 (1.3-5.6) 18 2 (3.3-9.0)
20 0.9 (0.5-1.3) 18 0.8 (0.5-1.2) 64 3.0 (2.3-3.7) 207 7 (8.4-11.0)
9.7 8.7 30.9 100

Women who died were significantly more likely
to be obese (BMI 30 or higher) before pregnancy than
the Maternal Infant Health Assessment population
(30% compared with 16%, respectively, P<.05)
(Fig. 1). An even greater difference was found in the
percent of extremely obese (BMI 40 or higher) women
(10% compared with 2%, P<.05). Women who died of
cardiovascular disease were more likely to be obese
than those who died of preeclampsia or amniotic fluid
embolism (P<.05). Women who died of venous throm-
boembolism were more likely to be obese than those
who died of preeclampsia, hemorrhage, and amniotic
fluid embolism (P<.01). At the time of delivery, of the
58% obese women who died from venous thromboem-
bolism, half were extremely obese.

The median time interval between delivery and
death varied by cause (Fig. 2). Amniotic fluid embo-
lism and hemorrhage deaths were more likely than
venous thromboembolism and cardiovascular disease
deaths to occur during labor or within 1 day of deliv-
ery (P<.05). Cardiovascular disease deaths occurred
significantly later (median 9 days) than amniotic fluid
embolism, hemorrhage, and preeclampsia deaths
(P<.001) largely as a result of cardiomyopathy deaths,
which occurred up to 5 months postpartum. The short
time interval from delivery to death for women with
preeclampsia reflected the high percentage of these
deaths with hypertension-related hemorrhagic stroke
(58%). The extreme outliers represented women with
multiorgan failure or brain injury, which resulted in
prolonged hospitalization before death.

Cesarean delivery was the most frequent mode of
delivery among the five leading causes of pregnancy-
related death (67%) (Table 2), as would be expected
because more than half of the cesarean deliveries were
emergent or perimortem. The exception was among
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patients with venous thromboembolism, in whom
64% were repeat cesarean deliveries, only two were
emergent, and none were perimortem. Of the women
with BMIs 40 or higher who died of venous throm-
boembolism, 89% delivered by cesarean (n=14).

With the exception of amniotic fluid embolism,
the frequency of labor induction was similar among
the major causes of pregnancy-related mortality. Of
the women who died of amniotic fluid embolism, 53%
were induced compared with 21% of women who
died from the other major causes (P<.01).

For hemorrhage deaths, the underlying processes
were evenly attributed to placental issues (previa,
accreta, and retained placenta) (35%), uterine lacer-
ations or rupture (35%), and atony, with or without
coagulopathy (30%).

Overall, 41% of pregnancy-related deaths had
a good-to-strong chance of preventability, and nearly
90% had at least “some” chance; however, the lead-
ing causes showed considerable variation (Fig. 3).
Hemorrhage and preeclampsia were significantly
more likely than cardiovascular disease and amniotic
fluid embolism deaths to have had a good-to-strong
chance of preventability, estimated at 70% and 60%,
respectively. No amniotic fluid embolism deaths had
a good-to-strong chance, differing from all other
causes of death (P<.001), but 83% of amniotic fluid
embolism deaths had at least some chance of
preventability.

The California Pregnancy-Associated Mortality
Review Committee identified specific contributing
factors to guide quality improvement opportunities.
Each patient may have had multiple contributing
factors. Health care provider factors were the most
common type of contributor identified for all five
leading causes of death (Fig. 4A) and were particularly

Pregnancy-Related Mortality in California 941



Table 2. Maternal Age, Parity, Gestational Age, and Mode of Delivery Among Major Causes of
Pregnancy-Related Death, California, 20022005

Major Causes of Pregnancy-Related Death

Amniotic  California
Cardiovascular Preeclampsia  Obstetric Venous Fluid Birth
Maternal Characteristics Disease or Eclampsia Hemorrhage Thromboembolism Embolism  Cohort*
Maternal age (y)
Younger than 30 25 (51) 12 33)* 5 (25) 11 (55) 4 22)F 1,254,394
(59)
30-40 22 (45) 18 (50) 13 (65) 8 (40) 13 72)* 840,868
(39)
Older than 40 2 (4) 6 (17) 2 (10)F 1(5) 1 (6) 46,005 (2)
Parity*
1 13 (27) 16 (44) 3 (15)¢ 3 (15)° 3(17) 838,417
(39)
2-4 31 (63) 16 (44) 13 (65) 14 (70) 10 (56) 1,197,427
(56)
5 or more 5 (10) 4(11) 4 20/ 3 (15) 528" 103,498 (5)
Gestational age (wk) at
delivery or demise
Less than 32 8 (16) 6 (17)F 5 (25) — 35,901 (2)
32-36 8 (16) 16 (44) 5 (25)F 8 (40)" 1 (6) 175,788 (9)
37 or greater 33 (67)F 14 (39)F 10 (50)° 12 (60)° 17 (94) 1,797,342
(90)
Mode of delivery®
Vaginal 22 (46 6 (17) 9 (45) 4 (22) 5 (29) NA
Cesarean (total)! 26 (54 29 (83) 11 (55) 14 (78) 12 (71) NA
Circumstances Of cesarean
delivery (% of all
deliveries)
Planned or scheduled 3 (6) 1(3) 2 (10) 4 (22) — NA
Unplanned or labor 13 (27) 7 (20) 1 (5) 8 (44) 4 (24) NA
Crash or emergent'H 4 (8) 19 (54) (30) 2(11) 5(29) NA
Perimortem or 6 (13) 2 (6) 2 (10) — 3(18) NA
undergoing
cardiopulmonary
resuscitation
Total 49 36 20 20 18 2,141,619

NA, not applicable.
Data are n (%) or n.
Some percentages do not equal 100 as a result of rounding.

* Limited to women with known age, parity, and gestational age within the California Birth Cohort.

¥ Proportion of deaths differs significantly from the California Birth Cohort, P<.01.

* Parity=number of pregnancies 20 weeks of gestation or greater regardless of outcome; most recent pregnancy at time of death included.
S Five women died before delivery and were excluded from mode of delivery analysis.

I'Women who died of preeclampsia or eclampsia were more likely than those who died of cardiovascular disease or hemorrhage to have

had a cesarean delivery.

T Women who died of preeclampsia or eclampsia, amniotic fluid embolism, or hemorrhage were more likely than those who died of
cardiovascular disease or venous thromboembolism to have had a crash or emergent cesarean delivery (P<.05).

common for preeclampsia and hemorrhage, consis-
tent with their higher degree of preventability. The
most common health care provider factor was delayed
response to clinical warning signs followed by ineffec-
tive care. Of note, among women who died from
venous thromboembolism after cesarean delivery, on-
ly one received any form of mechanical or medical
prophylaxis.

942 Main et al
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Hemorrhage was associated with the most facility
factors identified (Fig. 4B), with inadequate staff
knowledge (42%), systems issues (ie, lack of massive
transfusion protocols) (30%), and coordination of care
(ie, delays in blood product administration) (30%) the
most common specific factors.

Patient-related factors, particularly underlying
medical conditions and obesity, were most
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(n=49) (n=34) (n=18) (n=19) (n=18) (n=13,200)

Fig. 1. Prepregnancy body mass index (BMI) among major causes of pregnancy-related death (n=138%*), California, 2002-
2005. *BMI data were missing for five women. *Significantly differs from Maternal Infant Health Assessment (MIHA)
(P<.05). *Significantly differs from preeclampsia and amniotic fluid embolism deaths (P<.05). SSignificantly differs from
preeclampsia or eclampsia, hemorrhage, and amniotic fluid embolism deaths (P<.01).

Main. Pregnancy-Related Mortality in California. Obstet Gynecol 2015.

commonly identified among cardiovascular disease
and venous thromboembolism cases (Fig. 4C). The
leading patient factors among preeclampsia deaths
were delays in seeking care (42%), underlying med-
ical conditions (39%), and presumed lack of knowl-
edge regarding the severity of a symptom or
condition (39%). Frequent patient factors among
hemorrhage deaths were delays in seeking care
(40%) and refusal of blood products among Jeho-
vah’s Witness adherents (20%).

DISCUSSION

This report demonstrates the clinical heterogeneity
among pregnancy-related deaths in California and has
important implications for medical and public health
efforts. This is a large study examining U.S.
pregnancy-related mortality analysis with both
enhanced ascertainment and full medical record re-
views. We identified significant differences among the
five leading causes of pregnancy-related death when
compared with each other or with the California birth
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population for race, age, parity, gestational age, BMI,
timing of death, induction, and delivery method. Our
findings point to specific actions to improve clinical
recognition and response for each cause of death
described subsequently.

Cardiovascular disease was the most common
cause of pregnancy-related death in California. This is
consistent with recent U.S. and U.K. analyses but
differs from France, where obstetric hemorrhage is
most prevalent.>'>'® Race and obesity were strong
risk factors for cardiovascular disease deaths, whereas
advanced maternal age was not. The cardiovascular
disease pregnancy-related mortality rate for African
American women was nearly 10 times higher than
any other racial or ethnic group, and women who died
of cardiovascular disease were more than three times
as likely to be obese than the California population.
African American and obese women seeking precon-
ception care should be counseled on how to moderate
their cardiovascular disease risk, including attaining
a healthy weight before pregnancy.

Pregnancy-Related Mortality in California 943
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Fig. 2. Timing of death among major
causes of pregnancy-related death
(n=143), California, 2002-2005.
Boxes represent the 25th to 75th
centile ranges. Vertical lines indicate
the median. Whiskers represent the
10th and 90th centile limits, with
outliers shown beyond (circles and
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Cardiovascular diseaset (n=49)

than amniotic fluid embolism, hemor-
rhage, and preeclampsia or eclampsia
(P<.001).
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Days between delivery and maternal death (n)

Preeclampsia deaths were most common among
foreign-born Hispanic and African American women
and were associated with early gestational age, consistent
with studies demonstrating the increased severity of
early-onset preeclampsia.'” This cause of death was
deemed one of the most preventable, with high rates
of delayed response to symptoms and vital signs, inef-
fective control of hypertension, inadequate staff
knowledge around blood pressure management,
misdiagnosis, and lack of continuity of care. Patient
factors included lack of understanding of warning
signs and delays in seeking care. These findings
reinforce the ongoing work to promote better

Cardiovascular disease (n=48)
Preeclampsia or eclampsiat (n=35)
Obstetric hemorrhaget (n=20)
Venous thromboembolism (n=20)
Amniotic fluid embolism* (n=18)
Other (n=64)

All deaths (n=205)

Main. Pregnancy-Related Mortality in Cal-
ifornia. Obstet Gynecol 2015.

clinical recognition and response to preeclampsia
and eclampsia. Recently, the California Maternal
Quality Care Collaborative, Hospital Corporation of
America, and the American College of Obstetricians
and Gynecologists released guidelines and quality
improvement tool kits with standardized approaches
to recognize and treat severe hypertension and to
increase awareness of atypical clinical presentations
and patient education.'”"

Hemorrhage deaths occurred among women who
were significantly older, multiparous, of normal
weight, and who had premature births. In this study,
35% of hemorrhage deaths were related to placental

Fig. 3. Chance to alter outcome
among major causes of pregnancy-
related death (n=205%), California,
2002-2005. *The California Preg-
nancy-Associated Mortality Review
Committee was unable to determine
preventability in one cardiovascular
disease death and one eclampsia
death. 1Significantly more likely to
have good-to-strong chance than
cardiovascular disease deaths and
amniotic fluid embolism deaths.

0 10 20 30 40 50 60

Percent of cases

*Significantly less likely to have good-

70 80 9 100
to-strong chance than all causes.

m Good-to-strong chance ® Some chance

Main. Pregnancy-Related Mortality in
California. Obstet Gynecol 2015.

No chance
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complications compared with 16% found in an earlier
national study.” We found high rates of preventability
among hemorrhage deaths, similar to other research.’
We identified very high rates of health care provider
factors, including delayed response to clinical warning
signs, ineffective medication, and inadequate blood
product utilization. Hemorrhage deaths had the high-
est rates of facility contributing factors. U.K. and
French reviews noted 66% of hemorrhage cases
involved suboptimal care among health care pro-
viders and facilities.'>'® Recent studies indicate that
standardized approaches to obstetric hemorrhage
reduce serious morbidity.***'

Venous thromboembolism pregnancy-related mor-
tality rates were highest in African American women,
obese women, and among women who had repeat
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cesarean deliveries. Half of the venous thromboembo-
lism deaths were highly preventable, with strong
improvement opportunities related to appropriate
venous thromboembolism prophylaxis and improved
responses to clinical warning signs. The United
Kingdom noted a similar relationship with obesity
and cesarean delivery, whereas France noted 61%
had suboptimal care.'>'® Currently, the U.S. mater-
nity care and safety community is discussing recom-
mendations for additional approaches for prevention
of venous thromboembolism based on risk factors
beyond universal sequential compression devices at
cesarean delivery.*

Women who died from amniotic fluid embolism
presented largely in their 30s, were more likely to be
multiparas, and to have term births. Other
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population-based reviews also found amniotic fluid
embolisms to be less common among first births.****
Our findings differ from earlier studies in that we
found no association between amniotic fluid embo-
lism deaths and obesity nor with risk factors such
as forceps delivery, multiple gestation, or placenta
previa.*

Labor induction is a controversial risk factor for
amniotic fluid embolism; several studies note a posi-
tive association,?*® whereas others do not.>*** With
access to the full medical record, we found that 53% of
women who died from amniotic fluid embolism were
induced, twice that of any other cause and much high-
er than the population induction rate (21.5%).?° These
cases presented catastrophically, with the shortest
time to death among all causes. However, recent stud-
ies of amniotic fluid embolism survivors suggest that
massive transfusion protocols with copious coagula-
tion factors and intensive cardiovascular support
may improve survival rates.”’

Our study has limitations. Despite California
having more than 500,000 annual births and
subsequently a relatively large cohort of deaths
over the 4-year study period, small numbers have
limited statistical power when analyzing specific
causes or performing multivariate analysis. Access
to medical records was a major strength; however,
judgments on preventability, contributing factors,
and improvement opportunities were limited to
information documented in the chart. Such data
do not provide a full picture of patient and health
care provider perspectives on decision-making,
quality care, or the role of social determinants in
health care utilization. We also had limited infor-
mation on hospital-level data such as policies,
procedures, or staffing, which may have contributed
to some deaths.

State maternal mortality reviews identify public
health and clinical efforts to reduce pregnancy-
related mortality and morbidity. These reviews are
valuable even in states with low numbers of maternal
deaths to identify locally important improvement
opportunities and develop ongoing surveillance.’
Our findings illustrate the need for public health in-
terventions aimed at helping all women understand
and recognize their risks and attain optimal prepreg-
nancy health and weight. These findings also under-
score the need for focused approaches to improve
care such as hospital-based safety bundles for hem-
orrhage, preeclampsia, and venous thromboembo-
lism prevention as well as comprehensive programs
for patient education, communication, and teamwork
development. Reversing increases in maternal mor-
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tality and severe morbidity requires the combined
efforts of public health, clinical and hospital leaders,
and their institutions.
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