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Condensation

PE-related maternal mortality rates remained stable during 2003-2020 and was 2
deaths per 100,000 live births in 2020, while PE accounted for 6% of all maternal

deaths.

Short title

Pulmonary embolism-related maternal mortality

AJOG at a Glance

A. This study was conducted to describe the changes in PE-related maternal
mortality rates in the United States over the past two decades.

B. The PE-related maternal mortality rates increased from 0.93 in 2003 to 1.96 in
2020; however, when accounting for the implementation of the pregnancy
checkbox in the death certificates, the trends in PE-related maternal mortality
were largely unchanged from 2003 to 2020. PE accounted for 6% of all
maternal deaths.

C. Maternal mortality rates due to PE did not decrease during the period 2003-

2020, as opposed to mortality rates from PE in the general population.
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Abstract

Background: Pulmonary embolism is a leading cause of maternal morbidity and
mortality in Western countries. In the United States, pulmonary embolism-related
mortality rates have plateaued in the general population after an initial decrease the
past 20 years.

Objective: To describe the changes in pulmonary embolism -related maternal
mortality rates in the United States over the past two decades.

Study Design: In this epidemiological study of public vital registration data (death
certificates encompassing underlying and contributing causes of death) from the
Centers for Disease Control and Prevention Mortality Multiple Cause of Death
database (2003-2020) we identified all maternal deaths with a pulmonary embolism
code listed in any position of the death certificates. We investigated the changes in
annual crude pulmonary embolism -related maternal mortality rates for the years
2003 to 2020, considering the effect of the introduction of the pregnancy checkbox in
death certificates on the pulmonary embolism -related maternal mortality rates.
Results: Overall, 735 pulmonary embolism -related maternal deaths out of 12,871
total maternal deaths (5.7%) were recorded between 2003 and 2020; the overall
pulmonary embolism -related maternal mortality rate was 1.02 (95% confidence
interval 0.95-1.10) per 100,000 live births. The pulmonary embolism -related
maternal mortality rates increased from 0.93 in 2003 to 1.96 in 2020; however, when
accounting for the implementation of the pregnancy checkbox in the death
certificates, the trends in pulmonary embolism -related maternal mortality were
largely unchanged from 2003 to 2020. The crude pulmonary embolism -related
maternal mortality rates differed across maternal age groups (overall 0.61, 1.09, and

3.83 maternal deaths per 100,000 live births for <24, 25-39, and 240 years old,
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respectively) and racial/ethnicity groups (2.89, 0.47, 0.77, and 0.63 maternal deaths
per 100,000 live births for black non-Hispanics, other non-Hispanics, white non-
Hispanics, and Hispanics, respectively).

Conclusion: Maternal mortality rates due to pulmonary embolism did not decrease
during the period 2003-2020, as opposed to mortality rates from pulmonary embolism
in the general population. More research is required to assess whether improvement
in venous thromboembolism prevention and pulmonary embolism diagnosis and
management strategies might reduce death due to pulmonary embolism in this

vulnerable population.

Keywords: maternal mortality; pulmonary embolism; pregnancy; epidemiology; CDC

multiple causes of death; venous thrombosis
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Introduction

Acute venous thromboembolism (VTE), and particularly its potentially fatal
manifestation pulmonary embolism (PE), is a leading cause of maternal morbidity
and mortality.” The risk of VTE during pregnancy is up to 6 times higher than in the
non-pregnant female population at reproductive age, with an absolute risk ranging
between 2.7 and 12.2 per 10,000 deliveries per year compared to 2 per 10,000
persons per year in non-pregnant women.? Estimates regarding maternal PE-related
death and its temporal trends are sparse and inconsistent, even in high-income
countries.? 3 Reliable information on the occurrence of acute diseases and their
associated mortality in vulnerable patient groups, such as in pregnant women, is
essential for prospective risk stratification and optimization of management to
prevent or treat hemodynamic deterioration during acute PE events.3 4 Therefore,
describing the trends in PE-related maternal mortality is of particular importance to
better depict the magnitude of this problem, recognize potential gaps in the
contemporary clinical evaluation and practice, as well as expand the existing limited
knowledge.

Over the past 20 years, the overall PE-related mortality rate decreased in
Europe, whereas it plateaued in the United States (US) after the previous decades-
long decline.® 8 In this epidemiological analysis, we sought to evaluate PE-related
maternal mortality rates in the US over the past two decades using nationwide vital

registration statistics.
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Materials and Methods

We accessed the Mortality Multiple Cause of Death database (years 2003-2020)
provided by the US Centers for Disease Control and Prevention (CDC).” The
database provides information on the causes of death of all decedent US residents,
as indicated on their death certificates. The database includes demographic
(including age, sex, race and ethnicity), as well as geographical (i.e., place of death)
and diagnostic data (i.e., indicating whether an autopsy was performed or not). Up to
20 causes of death are available for each death record, as reported by physicians
(“entity axis” field). Of them, the condition that directly led to death is defined as the
underlying cause of death, all other conditions as contributing causes of death. A
standardized process of translation of codes, elimination of repetitions, and
automatic reassignment converts the causes of death as entered by the physician in
the death certificate (“entity axis” in the CDC terminology, as each condition of
“entity” is preserved as entered) into a sequence of causes free of contradictions and
medically plausible (“record axis” in the CDC terminology, as the sequence and
codes are adapted by considering all other conditions in the whole record).? As in
previous studies, we used the record axis for this analysis.® Disease classification
and ordering details can be found on the CDC website (cdc.gov).

We used the World Health Organization (WHO) definition of maternal death:
“the death of a woman while pregnant or within 42 days of termination of pregnancy,
irrespective of the duration and the site of the pregnancy, from any cause related to
or aggravated by the pregnancy or its management, but not from accidental or
incidental causes”.® Accordingly, we primarily identified maternal deaths using the
International Classification of Disease, 10t Revision (ICD-10) codes A34, O00-095,

and 098-099 as underlying cause of death (the full ICD-10 definitions are provided
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in Supplementary Table 1). We excluded late maternal deaths (death of a woman
occurring more than 42 days but less than one year after termination of pregnancy)
defined by ICD-10 codes 096 and O97. We used the “WHO application of ICD-10
deaths during pregnancy, childbirth and the puerperium” to categorize underlying
causes of death in mutually exclusive, totally inclusive groups (Supplementary Table
1).9

Beginning from 2003, a “pregnancy checkbox” has been introduced gradually
in US death certificates to reduce the number of maternal deaths missed due to
imprecise reporting: its use has been associated with more accurate identification of
maternal deaths.'® This checkbox item specifies whether the decedent was currently
in a pregnancy or had a pregnancy in the past year and, in such case, enforced the
appropriate use of maternal ICD-10 O-codes. However, the checkbox was not
implemented nationwide at the same time, but progressively across States from
2003 until 2017, when it was finally adopted in the whole United States. This
staggered implementation hinders the evaluation of true temporal maternal mortality
trends in this period, since more maternal deaths were captured in each State after
the local introduction of the checkbox, thus correcting the maternal mortality rates
upwards."" Indeed, prior reports documented that, when the checkbox was
implemented, less clearly defined ICD-10 codes, such as 026.8 (“Other specified
pregnancy related conditions”) and O99 (“Other maternal diseases classifiable
elsewhere but complicating pregnancy, childbirth and the puerperium”) were used
more frequently.’ Therefore, we additionally performed a sensitivity analysis of the
temporal trends in PE-related maternal mortality rates, excluding deaths that
reported either O26.8 or 099 as an underlying cause of death, which has been

shown to mitigate the effect of the pregnancy checkbox implementation and reflects

10
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the possible underestimation of maternal mortality rates in the absence of the
checkbox.' 12 To prevent misclassification of causes of death as maternal deaths
due to errors in the use of the pregnancy checkbox and a subsequent inflation of
maternal mortality rates for older women, we excluded deaths of women at aged 55
years or older."3

We defined deaths related to PE as deaths with ICD-10 codes in any place of
the death certificate that were specific for PE or DVT, including 126.x and O88.2
(PE), as well as 180.x, 182.2, 182.4, 182.9, 022.3, and 087.1 (DVT) in line with
previous research.% 1% 15 The ICD-10 codes used to define the different causes of
death are presented in Supplementary Table A1.

In order to calculate race/ethnicity-specific as well as age-specific mortality
rates, we used the annual total birth counts for the period 2003-2020 (overall and by
maternal race/ethnicity) and the maternal age groups provided by the National Vital
Statistics System of the National Center for Health Statistics.'® Both birth and
mortality data were categorized across four racial/ethnicity groups: non-Hispanic
black, non-Hispanic other (including American Indian, Alaska Native, Asian and
Native Hawaiian or Other Pacific Islander), non-Hispanic white, and Hispanic. Age
was categorized in three groups: <24 years, 25-39 years, and 240 years.

The present study used de-identified data for public use and did not require
approval by an institutional review board. Two investigators (ITF, LV) independently
performed data extraction and validation, as well as the statistical analysis. This
report abides by the Guidelines for Accurate and Transparent Health Estimates

Reporting (GATHER) standards."”

Statistical analysis

11
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We investigated the association of mortality related to PE (PE in any place in the
death certificate) with mortality related to other causes (in any place in the death
certificate) with relative risk regression using a log-link binomial generalized linear
model adjusting for age. We calculated crude PE-related maternal mortality rates by
dividing the number of PE-related deaths by the total births in any given year (deaths
per 100,000 live births). We did not provide age-standardized estimates of PE-
related maternal mortality rates because we did not anticipate major differences in
the distribution of pregnancies during the 2003-2020 period across the age groups.
We estimated the proportionate mortality of PE-related maternal mortality, defined as
the proportion of PE-related maternal deaths out of all maternal deaths. Locally
estimated scatterplot smoothing with least squares fitting to generate smoothed lines
with 95% confidence intervals (Cl) were used to depict the trends in crude mortality
rates and proportionate mortality over the study period. Differences in contingency
tables were explored with the use of the Pearson's Chi-squared test or Fisher's exact
test as appropriate. All analyses were stratified by racial/ethnic and age groups.

Statistical analysis was performed using R (version 4.1.2).

Results

Overall, 12,871 maternal deaths were recorded in the US from 2003 to 2020 with
increasing numbers over time: 496 deaths in 2003 and 863 deaths in 2020 (Table 1).
This corresponds to an increase in reported all-cause maternal mortality from 12.1
maternal deaths per 100,000 live births in 2003 to 23.9 maternal deaths per 100,000
live births in 2020. This increase followed the introduction of the pregnancy

checkbox.

12
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Focusing on the deaths due to PE, 735 PE-related maternal deaths were
recorded between 2003 and 2020, corresponding to 5.7% of all maternal deaths
recorded in the same period; this figure peaked at 8.2% in 2020. After age
adjustment, PE-related maternal deaths were more likely to be associated with non-
Hispanic black race and with concomitant cardiovascular causes of death. In
contrast, they were less likely to occur in patients with a concomitant respiratory
disease (Figure 1).

The overall maternal mortality rate related to PE between 2003 and 2020 was
1.02 (95% CI1 0.95-1.10) per 100,000 live births. The trend in PE-related maternal
mortality rates remained stable between 2003 and 2015, and increased abruptly
thereafter peaking at 1.96 (95% CI 1.7-2.2) maternal deaths per 100,000 live births
in 2020 and is depicted in Figure 2A. The trend in proportionate PE-related maternal
mortality is displayed in Figure 3A and shows that the proportion of PE-related death
out of all maternal deaths increased in the later years of the period, as the pregnancy
checkbox was implemented nationwide.

The use of 026.8 or 099 ICD-10 codes as underlying cause of death in PE-
related maternal deaths increased abruptly after 2015 (Supplementary Figure A2),
following the progressive introduction of the pregnancy checkbox. In the sensitivity
analysis accounting for the implementation of the pregnancy checkbox, after the
exclusion of deaths with 026.8 and O99 ICD-10 codes as underlying cause of death,
the trends in PE-related maternal mortality remained stable from 2003 to 2020
(Figure 2B). On the other hand, in the sensitivity analysis, the rise in proportionate
mortality due to PE in later years is not evident, possibly indicating the effect of the
pregnancy checkbox in revealing a higher burden of PE among maternal deaths

(Figure 3B). Comparing the PE-related maternal deaths in the two periods — the first

13
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years of the pregnancy checkbox implementation (2003-2005) versus the period
after its universal use across states (2018-2020) — we observed that PE was
reported more frequently in the death certificates in the group aged 25-39 years,
although autopsy was performed less frequently (Table 2). Report of cardiovascular
diseases (24% vs 0%), respiratory diseases (5.2% vs 0%) and bleeding (3.6% vs
0%) as cause of deaths anywhere in death certificates was more frequent in later
than in earlier years of the period considered.

The crude PE-related maternal mortality rates differed across maternal age
groups (overall 0.61, 1.09, and 3.83 maternal deaths per 100,000 live births for <24,
25-39, and 240 years old, respectively). A steeper increase over time was observed
in the age group 25-39 years than in the age group <24 years (Figure 3A), which
was not evident in the sensitivity analysis (Figure 3C). In contrast, the 240 years old
age group showed fluctuating trends across the time period in both analyses. The
crude PE-related maternal mortality rate was 2.89 deaths per 100,000 live births in
black non-Hispanics, 0.47 in other non-Hispanics, 0.77 in white non-Hispanics, and
0.63 in Hispanic origin. Trends in maternal PE mortality across ethnicities showed a
steeper increase among black non-Hispanics than in the other groups (Figure 3B

and Figure 3D).

Discussion

In this epidemiological analysis, the increased specificity of reporting of maternal
mortality associated with PE over time in the US database results in an observed
increase in maternal mortality rates related to PE from 0.93 per 100,000 live births in
the year 2003 to 1.96 per 100,000 live births in 2020 in the US. This is in general

accordance with the increase in all-cause maternal mortality rates during the same

14
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period as recorded in the literature.'® However, the increase suggested by death
certificates may not represent a true temporal increase in factual PE-related
maternal mortality, as it may primarily depend on the way maternal death
surveillance was performed and maternal deaths were recorded in death
certificates.' Beginning in 2003, the “pregnancy checkbox” was adopted in the
death certificates with the goal of reducing the number of missed maternal deaths.'®
The implementation of the checkbox was gradual: by 2018, after all states had
adopted it, increased awareness and reduced under-coding were reported.
Consequently, the overall maternal mortality rates reported in the US have been
increasing since 2003. However, this increase has been observed to have been
driven by the potentially inappropriate use of the codes 026.8 and 099'2. In line with
these observations, our sensitivity analysis conducted by excluding these codes
confirmed that maternal mortality rates remained rather stable in the period
considered.

Our findings suggest that PE remains a significant driver of maternal mortality,
contributing to 8.2% of all maternal deaths in the year 2020. In an analysis of
German nationwide inpatient data, the PE-related maternal mortality rate was
estimated at 0.8 per 100,000 live births.? Although the German study used only
inpatient data, out-of-hospital deaths are unlikely to be the sole reason of the low
reported rate, since the present analysis indicates that ~90% of PE-associated
maternal deaths in the US occurred in the hospital. Therefore, the considerable
difference between the US and the German mortality rate suggests that a similar
underreporting of maternal deaths may occur in other Western countries as in the
US before the implementation of the pregnancy checkbox. Since the universal

implementation of the pregnancy checkbox in 2018, the PE-related maternal
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mortality rate in the US almost doubled. Accordingly, and while taking into account
that the temporal trends in maternal mortality were stable in our analysis, we may
consider the true PE-related maternal mortality rates to be best represented by the
years 2018-2020 (nationwide implementation of the checkbox), when they
approached 2 deaths per 100,000 live births. We have previously published mortality
data from the general population in US and Canada denoting stable or decreasing
PE-related mortality trends.® Given that PE is a preventable cause of death, and that
pregnancy and especially the early postpartum period is a known significant risk
factor for PE, we would expect that PE-related mortality rates would be decreasing in
this vulnerable population. However, we did not observe such a decrease.

In concordance with our findings, a retrospective analysis of the US
Nationwide Inpatient Sample (NIS) by Elgendy et al. indicated that the rates of acute
PE per 100,000 pregnancy-related hospitalizations did not change significantly from
2007 to 2015 (18.01 in 2007 vs 19.36 in 2015)."° However, cardiovascular risk
factors, such as obesity??, new-onset hypertension?’, and smoking remain
considerable in younger women, which could also contribute to explain the higher
prevalence of cardiovascular causes of death in the later period.?
Thromboprophylaxis could be another potential driver of the trends observed.?® Data
from MBRRACE in the United Kingdom indicate that maternal deaths from VTE have
decreased after the introduction of thromboprophylaxis guidelines, suggesting an
increased use of thromboprophylaxis; trends of thromboprophylaxis use among
pregnant women are lacking in the US.

Taken together, these factors could partly explain the unchanged rates of
hospitalizations as reported by Elgendy et al., but also the stable mortality rates of

our study. The risk for PE during a pregnancy-associated hospitalization increased

16



358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

Farmakis et al., Pulmonary embolism-related maternal mortality

particularly in women aged >40 years, similar to our study. The risk was also greater
in pregnant women of black race, as in the present analysis, possibly reflecting
social factors and healthcare inequalities.® 2* A trend analysis using NIS data from
2000 to 2018 indicated that the PE rates averagely increased 4.9% per year for
cesarean delivery hospitalizations and 8.7% per year for vaginal delivery

hospitalizations.?® A similar trend was not observed in our analysis.

Strengths and Limitations

A limitation of our analysis is that there was no knowledge of whether the
pregnancy checkbox was used (or even existed) in each individual death certificate,
and therefore we were not able to analyze separately deaths without the use of the
pregnancy checkbox to identify more accurate temporal trends in the report of PE-
related maternal mortality. However, we believe that the sensitivity analysis
excluding the clearly defined codes 026.8 and O99 provides an insight into the true
temporal trends of PE-related maternal mortality, as per previous analyses.'? We
cannot exclude that some PE deaths were misclassified as maternal deaths due to
the misuse of the pregnancy checkbox, but we partially addressed this limitation by
excluding from the analysis women 55 years or older at the time of death. Lastly, the
CDC Mortality Multiple Cause of Death database provides 4-digit ICD-10 codes as
causes of death; this prevented us from differentiating between mortality rates
occurring during pregnancy, delivery or puerperium, which would have required the
more detailed 7-digit ICD-10 codes. Also, we had no reliable information on the
prevalence of risk factors such as obesity, smoking, and hypertension, which are not

provided in death certificates.

Conclusions
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In conclusion, this analysis found that the PE-related maternal mortality rate
was 2 deaths per 100,000 live births in 2020 and PE accounted for 6% of all maternal
deaths in the entire period. Maternal mortality rates related to PE remained stable
during the period 2003-2020. The risk for PE-related maternal mortality was highest
in women aged >40 years and women of black race. More research is required to
assess whether public health strategies to promote awareness improvements in VTE
prevention, or advances in the diagnosis and management of PE would reduce the

risk of death from PE in this vulnerable population.
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Tables

Table 1. Characteristics and causes of maternal deaths 2003-2020 in the presence

versus absence of pulmonary embolism (PE).

Maternal Maternal p-
Overall
deaths with deaths value
Characteristic N =
PE without PE
12,8717
N = 7357 N = 12,136
Age group <0.001
2,290
<24 134 (18) 2,156 (18)
(18)
7,727
25-39 520 (71) 7,207 (59)
(60)
2,854
>40 81 (11) 2,773 (23)
(22)
Race <0.001
4,380
Black 303 (41) 4,077 (34)
(34)
2,061
Hispanic 107 (15) 1,954 (16)
(16)
733
Other 28 (3.8) 705 (5.8)
(5.7)
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Characteristic

White

Autopsy performed

Marital status

Divorced

Married

Single

Unknown

Widowed

Place of death

Decedent’s home

Overall
N =]

12,871’

151

(1.2)

1,768

(14)

Maternal
deaths with
PE

N =735’

297 (40)

451 (61)

55 (7.5)

342 (47)

326 (44)

6 (0.8)

6 (0.8)

66 (9.0)

Maternal p-
deaths value
without PE
N =12,136’

5,400 (44)

<0.001
5,480 (45)

0.3

1,148 (9.5)

5,455 (45)

5,267 (43)

121 (1.0)

145 (1.2)

1,702 (14)
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Characteristic

Hospice facility

Hospital, Clinic or Medical Center -

Dead on Arrival

Hospital, clinic or Medical Center -

Inpatient

Hospital, Clinic or Medical Center -
Outpatient or admitted to Emergency

Room

Nursing home/long term care

Other

Unknown

Other causes of death

Cardiovascular diseases

Maternal
Overall
deaths with
N =]
PE
12,8717
N = 7357
178
2(0.3)
(1.4)
157
15 (2.0)
(1.2)
7,829
371 (50)
(61)
2,420
268 (36)
(19)
133
0 (0)
(1.0)
315
11 (1.5)
(2.4)
71 (0.6) 2 (0.3)
569
46 (6.3)
(4.4)

Maternal p-

deaths value

without PE

N=12,136’

176 (1.5)

142 (1.2)

7,458 (61)

2,152 (18)

133 (1.1)

304 (2.5)

69 (0.6)

0.013
523 (4.3)
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Characteristic

Respiratory diseases

Cancer

Bleeding

Autoimmune disease

Obesity

COVID-19

Causes of death related to pregnancy, childbirth and the puerperium

Pregnancy with abortive outcome

Hypertensive disorders in pregnancy,

childbirth and the puerperium

Obstetric hemorrhage

Overall
N =]

12,871’

364

(2.8)

163

(1.3)

159

(1.2)

40 (0.3)

127

(1.0)

103

(0.8)

512

(4.0)

938

(7.3)

Maternal

deaths with

PE

N =735’

10 (1.4)

4 (0.5)

8 (1.1)

1(0.1)

18 (2.4)

3(0.4)

5 (0.7)

7 (1.0)

Maternal p-
deaths value
without PE
N = 12,136
0.013
354 (2.9)
0.071
159 (1.3)
0.7
151 (1.2)

39 (0.3) 0.7

0.2
109 (0.9)

<0.001
100 (0.8)
507 (4.2)
931 (7.7)
725 (6.0)
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Characteristic

Pregnancy-related infection

Other obstetric complications®

Unanticipated complications of

management

Non-obstetric complications

Unknown/undetermined

Contributory cause

"n (%)
*includes the 0O88.2 ICD code

Overall
N =]

12,871’

Maternal

deaths with

PE

N =735’

1(0.1)

535 (73)

68 (9.3)

2 (0.3)

96 (13)

Maternal p-
deaths value
without PE

N=12,136’

280 (2.3)

2,051 (17)

32 (0.3)

4,244 (35)

458 (3.8)

2,908 (24)

25



Farmakis et al., Pulmonary embolism-related maternal mortality

Table 2. Characteristics in maternal deaths related to pulmonary embolism in the

two periods 2003-2005 and 2018-2020.

2003-2005, N 2018-2020, N p-
Characteristic

=116’ =193’ value
Age group 0.013
<24 28 (24) 22 (11)
25-39 78 (67) 151 (78)
240 10 (8.6) 20 (10)
Race/Hispanic origin 0.3
Black 57 (49) 79 (41)
Hispanic 18 (16) 25 (13)
Other 4 (3.4) 8 (4.1)
White 37 (32) 81 (42)
Autopsy performed 84 (72) 99 (51) <0.001
Other causes of death
Cardiovascular diseases 0 (0) 46 (24) <0.001
Respiratory diseases 0(0) 10 (5.2) 0.015
Cancer 1(0.9) 3(1.6) >0.9
Bleeding 0 (0) 7 (3.6) 0.048
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Characteristic

Autoimmune disease

Obesity

Causes of death related to pregnancy, childbirth and the puerperium

Pregnancy with abortive outcome

Hypertensive disorders in pregnancy, childbirth

and the puerperium

Obstetric hemorrhage

Pregnancy-related infection

Other obstetric complications

Unanticipated complications of management

Non-obstetric complications

Unknown/undetermined

Contributory cause

n (%)

=116’

0(0)

2 (1.7)

2 (1.7)

1(0.9)

101 (87)

2 (1.7)

1(0.9)

2 (1.7)

5 (4.3)

2003-2005, N  2018-2020, N

=193’

1(0.5)

14 (7.3)

1(0.5)

2 (1.0)

3(1.6)

0(0)

85 (44)

0 (0)

59 (31)

0 (0)

43 (22)

p-

value

>0.9

0.034

<0.001
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Figure legends

Figure 1. Title: Forest plot of the association of covariates with the maternal deaths
related to PE. Legend: The figure depicts the association of age, race/Hispanic
origin and other causes of death to the maternal deaths related to PE. All risk ratios
have been adjusted for age.

PE: pulmonary embolism.

Figure 2. Title: Trends in maternal mortality rates related to pulmonary embolism
during the period from 2003 to 2020. Legend: The figure depicts the rates in the
overall population (A), and in the sensitivity analysis excluding 026.8 (“Other
specified pregnancy related conditions”) and 099 (“Other maternal diseases
classifiable elsewhere but complicating pregnancy, childbirth and the puerperium”)
ICD-10 codes as underlying causes of death, which mitigates the effect of the
pregnancy checkbox implementation (B). The points in red represent the observed
crude rates at each year, while the solid line is the result of statistical smoothing
along with 95% confidence interval (shaded surface).

PE: pulmonary embolism.

Figure 3. Title: Trends in pulmonary embolism related proportionate maternal
mortality during the 2003-2020 period. Legend: The figure depicts the proportionate
mortality due to PE among all maternal deaths in the overall population (A), and in
the sensitivity analysis excluding 026.8 (“Other specified pregnancy related
conditions”) and 099 (“Other maternal diseases classifiable elsewhere but
complicating pregnancy, childbirth and the puerperium”) ICD-10 codes as underlying
causes of death, which mitigates the effect of the pregnancy checkbox
implementation and shows the possible underestimation of maternal deaths in the
absence of the checkbox (B). The points in red represent the observed proportionate
mortality at each year, while the line is the result of statistical smoothing along with

95% confidence interval (shaded surface).
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Figure 4. Title: Trends in maternal mortality rates related to pulmonary embolism
during the period from 2003 to 2020 in different subgroups. Legend: According to
age groups (A) and race/Hispanic origin (B). Sensitivity analysis excluding 026.8
and 099 as underlying causes of death, according to age groups (C) and
race/Hispanic origin (D). Crude rates are depicted without statistical smoothing.

PE: pulmonary embolism.
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