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ABSTRACT cardiovascular conditions, cardiomyopathy,
cerebrovascular accidents, and anesthesia

Introduction: Recent studies indicate that
death single-cause-of-death
diagnoses can substantially underestimate the

certificate-based

contribution of sepsis to mortality in the

general population and among maternal
decedents. There are no population-based data
in the United States on the patterns of the
contribution of sepsis to pregnancy-associated
deaths.

Methods: We studied the Texas Inpatient
Public Use Data File to  identify
pregnancy-associated hospitalizations with
reported hospital death during 2001-2010. We
then examined the annual reporting of sepsis,
and that of other reported most common causes
of maternal death, including hemorrhage,

embolism, preeclampsia/eclampsia,
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complications. The annual rate of sepsis
among decedents, its trend over time, and
changes of its annual rank among other
examined potential causes of maternal death
were assessed.

Results: There were 557 pregnancy-associated
hospital deaths during study period. Sepsis was
reported in 131 (23.5%) decedents. Sepsis has
been increasingly reported among decedents,
rising by 9.1%/year (P = 0.0025). The rank of
sepsis, as compared to the other examined
potential causes of maternal death rose from
the S5th in 2001 to 1st since 2008. At the end of
the last decade, sepsis has been reported in
28.1% of pregnancy-associated deaths. More
than one potential cause of maternal death
was reported in 39% of decedents.

Conclusion: Sepsis has become the most
commonly reported potential cause of death
among maternal decedents in the present
cohort, noted in over 1 in 4 fatal
hospitalizations by the end of the last decade.
Although causality cannot be inferred from
administrative  data,

contribution to maternal death, it is likely that

given its known
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sepsis plays an increasing role in fatal maternal
hospital outcomes. The prevalent co-reporting
of multiple potential causes of maternal death
in the
complexity of determining the sources of
evolving rise of maternal mortality.

present cohort underscores the

Keywords: Mortality; Pregnancy; Sepsis

INTRODUCTION

Sepsis has recently become the most common
cause of direct maternal death in the United
(UK), as
Confidential Enquiry into Maternal Deaths,
involving review of decedents’ medical records
[1]. In the United States (US), determination of
causes of maternal death is based primarily on
review of death certificates, as part of the
Pregnancy Mortality

Kingdom determined by the

Surveillance  System
conducted by the Center of Disease Control
and Preventions (CDC) [2, 3], with infections
recently ranking as the third most common
cause [3]. The aforementioned Surveillance
System reports on causes of pregnancy-related
death, that is, “a death of a woman while
pregnant or within 1year of pregnancy
termination from any cause related to or
aggravated by the
management, but not from accidental or
causes” [2]. This group 1is a
subcategory of pregnancy-associated deaths,
defined as the death of a woman, from any
cause, while she is pregnant or within 1 year of

termination of pregnancy. While forming a

pregnancy or its

incidental

practical basis for national vital statistics,
determination of an underlying single cause of
death through death certificates is limited by
well-described inaccuracies [4], which may lead
to misinformed healthcare policy and research
[5-7]. More specifically, determination of an
association of deaths with pregnancy in the US

depends on use of a specific checkbox on a
death certificate to indicate that a decedent may
have been pregnant up to 1 year prior to death.
However, while clearly an improvement, a
recent study by Horon and colleagues [8]
found that only 65% of pregnancy-associated
deaths were captured through use of check
boxes on death certificates in Maryland.

As importantly, death
reports focus on a single cause of death due to
an underlying disease which has initiated a

certificate-based

train of events leading directly to or indirectly
to death [9]. However, this reported causal
information on maternal deaths lacks the
broader clinical context available in medical
records on conditions both in the chain events
leading to death or those that may have
contributed separately to maternal demise.
Previous studies documented a low level of
agreement between death certificate-based
cause of death and the sequence of events
described in medical records [10, 11]. In
addition, despite serial cause-of-death tracking,
the rate of pregnancy-related mortality has been
progressively rising [3], with many, if not most,
events considered preventable, with related
prevalent substandard care [1, 12, 13]. With
the multisystem  physiological
associated with the demands of pregnancy, the
risk of further deterioration may be increased in

changes

obstetric patients with decompensated new or
chronic illness, even when not directly related
to or aggravated by pregnancy. Thus, broader
characterization of the scope of co-existing or
evolving conditions among maternal decedents
may better inform health care policy and
clinical practice to identify areas for
intervention needed to effectively disrupt the
chain of events leading to death.

Because infections can often complicate
more chronic conditions, the former are more

likely to be underreported in death certificates.
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This was recently demonstrated in a study of the
general US population by Govindan and
colleagues [14], where the top three death
certificate-based causes of death matched, as
expected, reports (heart disease,
malignancy, and cerebrovascular disease).
However, hospital data showed that infections

national

were the most common diagnoses of same
terminal hospitalizations [14].

Whether an infection contributes to or
causes patient’s death, it is the dysregulated
systemic response to infection, often with
resultant organ failure, namely sepsis, that is
the key driver of patients’ morbidity and
mortality [15, 16]. Indeed, a recent report by
Liu and colleagues [17] demonstrated that sepsis
may have contributed to one in every two to
three hospital deaths in the general US
population.
sepsis associated with pregnancy may be
underreported in studies, partly
because in many studies sepsis was neither

However, the mortality from

clinical

defined, nor classified as an infectious cause of
death [18]. Nevertheless, when causes of
maternal death were directly examined, it was
sepsis, rather than infection that was considered
causal [1]. Similarly, sepsis, rather than
infection, has been examined among causes of
severe maternal morbidity [19]. On the other
hand, although reported causes of maternal
deaths by the Pregnancy Mortality Surveillance
System include an infection category, under
which there are subcategories of specific sites of
infection, sepsis appears as another infectious
subcategory. Thus, in a recent report by Creanga
et al. [3] sepsis constituted only 32% of all
infectious causes of death, although sepsis is not
a site-specific condition and it would be
implausible that sepsis was not present in the
remainder maternal decedents judged to die
due to an infectious cause. The occurrence of

sepsis at a population-level among hospitalized

maternal decedents in the US has not been
reported, to our knowledge.

Our aim was to examine the contemporary
patterns of the burden of sepsis in a
population-level cohort of maternal decedents
in Texas during terminal pregnancy-associated
hospitalizations and its relative rank compared
to the most common reported causes of

maternal death.

METHODS

Setting and Data Sources

We performed a retrospective, population-based
cohort study of pregnancy-associated mortality
during 2001-2010, using the Texas Inpatient
Public Use Data File (TIPUDF), a longitudinal
data set maintained by the Texas Department of
State Health Services [20]. The data set includes
detailed de-identified inpatient discharge data
from all state-licensed hospitals, with the
exception of those exempt by state statute
from reporting to the Texas Health Care
Information Collection.
include (a) those that do not seek insurance
payment or government reimbursement and

Exempt hospitals

(b) selected rural providers, based on bed
number and local county population. The
facilities included in the mandated report
account for 93% to 97% of all hospital
discharges. The TIPUDF data set includes
demographic, clinical, resource utilization, and
outcome information. The data set includes up
to 25 discharge diagnoses, and up to 25
procedures, coded wusing the International
Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM). Because we
used a publicly available, de-identified data set,
this study was determined to be exempt from
formal review by the Texas Tech Health
Sciences Center Institutional Review Board.
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This article does not involve any new studies
with human or animal subjects performed by
any of the authors.

Study Population

We used ICD-9-CM codes (please see Table S1 in
the supplementary material for details) to
identify Texas residents with
pregnancy-associated hospitalizations between
2001 and  2010.
hospitalizations with reported hospital death

were analyzed.

Pregnancy-associated

Data Collection

We collected data on patients’ age, race
(categorized as non-Hispanic black [black],
non-Hispanic white [white], Hispanic, and
other), health (categorized as
private, Medicaid, uninsured, and other), and
type of pregnancy-associated hospitalization.

insurance

We categorized the type of
pregnancy-associated hospitalizations into the
following mutually exclusive, hierarchical
groups, using pregnancy-associated ICD-9-CM
codes: (a)

abortive

miscarriage (pregnancies with

outcome, induced
abortion), (b) induced abortion, (c) delivery

(based on the approach described by Kuklina

excluding

et al. [21]), (d) post-partum (hospitalizations

with an ICD-9-CM code for puerperal
complications,  without pregnancy-related
diagnosis codes of groups a-c), and

(e) antepartum
pregnancy-related diagnosis, but without those
pregnancy-related diagnosis codes included in
groups a-d). We then examined the cohort of
maternal decedents for reporting of sepsis and
other specific systemic conditions, diseases or
complications of therapy, modeled on the

(hospitalization with

reported categories by the Pregnancy Mortality

Surveillance System as causes of maternal death
[3]. These conditions included primary or
secondary

diagnoses of: hemorrhage,

embolism, preeclampsia/eclampsia,
cardiovascular conditions, cardiomyopathy,
cerebrovascular accident, and anesthesia

complications (please see Table S2 in the
supplementary material for details). The case
definition of sepsis was modeled on the coding
system reported by Lagu et al. [22]. Specifically,
sepsis was defined as primary or secondary
diagnosis codes of either an infectious process
(please see Table S3 in the supplementary
material for details) or a specific ICD-9-CM
code 995.91 (systemic inflammatory response
syndrome due to an infectious process without
organ failure). A subcategory of severe sepsis
was defined as: (a) the presence of any of the
infectious process under the definition of sepsis
(excluding ICD-9-CM code 995.91), combined
with ICD-9-CM codes of at least one organ
failure (please see Table S4 in the supplementary
material for details), or (b) an ICD-9-CM code
for either septic shock (785.52) or systemic
inflammatory response syndrome due to an
infectious process with organ failure (995.92).

Outcomes

The primary outcome was the annual rate of
reported sepsis among maternal decedents. The
secondary outcome was the annual rank of
sepsis, as compared to the remainder examined
potential causes of maternal death.

Data Analysis

We report on pregnancy-associated deaths, that
is, focusing on
pregnancy-associated hospitalizations, without
determination whether death has been due to

decedents of

any cause related to or aggravated by the
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pregnancy or its management [2]. Because
administrative data sets preclude assessment of
causality of reported clinical conditions or
procedures, we examined reporting of sepsis
and other potential causes of maternal death as
contributing (termed as

contributor(s) in the remainder of the

conditions

manuscript) among maternal decedents.
However, while the presence of sepsis or other
to be

magnitude of

examined conditions is unlikely
inconsequential, the
contribution of each could not be inferred.
pregnancy-associated
deaths with sepsis or any of the other

examined contributors.

Rather, we describe

Eleven hospitalizations associated with
miscarriage/induced abortion could not be
adequately classified to only one group (that
is, either miscarriage or induced abortion),
because their only pregnancy-associated
ICD-9-CM code was 639.XX (complications
following abortion and ectopic and molar
pregnancies). We, thus, combined miscarriage
and induced abortion into a single group.
Group data are reported as
(percentages) for categorical variables. Linear

numbers

regression of log-transformed annual rate of
sepsis among maternal decedents was used to
examine trends over study years.

All statistical analyses were performed using
MedCalc version 15.6 (MedCalc Software,
Ostend, Belgium) and SAS version 9.3 (SAS
Institute, Cary, NC, USA). A 2-sided P value
<0.05 was considered significant.

RESULTS

There were 4,060,659 pregnancy-associated
hospitalizations with 557 deaths during the
2001-2010 period. The
characteristics, health
category of

demographic
insurance, and the
pregnancy-associated

hospitalization of maternal decedents are
detailed in Table 1. Women aged 35 years or
older comprised 22.3% of maternal decedents.
Most maternal deaths
women (40.8%), with Medicaid being the most
common type of health insurance (48.1%).
death
during delivery hospitalizations (57.6%), with

involved Hispanic

Maternal occurred predominantly

Table 1 The

insurance  and

health

of  pregnancy-associated

demographic  characteristics,

categories
hospitalizations among maternal decedents

Group Maternal decedents
(n =557)
Age (years),  [%]
<18 22 (3.9)
18-34 411 (73.8)
>35 124 (22.3)
Race/ethnicity, 7 (%)
Hispanic 227 (40.8)
Black 127 (22.8)
White 156 (28.0)
Other 47 (8.4)
Health insurance, 7 (%)
Private 169 (30.3)
Medicaid 268 (48.1)
Medicare 6 (29)
Uninsured 88 (15.8)
Other® 6 (2.9)
Category of hospitalization, 7 (%)
Miscarriage/abortion 61 (11.0)
Delivery 321 (57.6)
Postpartum 100 (18.0)
Antepartum 75 (13.5)

* Civilian Health and Medical Program of the Uniformed
Services (CHAMPUS), Title V, Veterans Affairs Plan, and
Workers Compensation Health Claim
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postpartum hospitalizations (18.0%) being the
second most common category.

The annual occurrence of sepsis and the
other examined contributors to
pregnancy-associated death are detailed in
Table 2. reported
among maternal decedents, with its rate rising
by 9.1%/year (P =0.0025). sepsis
accounted for 84.7% of all sepsis events. When
compared with other examined contributors,

sepsis ranked 5th in 2001, rising progressively

Sepsis was increasingly

Severe

and becoming since 2008 the most common
condition among all examined categories. More
than contributor to pregnancy-associated

mortality was reported in 217 (39%) decedents.

DISCUSSION

We found that sepsis has been increasingly
reported among pregnancy-associated deaths in
the present cohort. In addition, by the end of
the last decade sepsis has contributed to over
one in four pregnancy-associated deaths,
becoming the most common contributor
among the examined conditions.

population-based
focusing specifically on maternal decedents is,
to our knowledge, the largest reported to date.

Although numerous studies of obstetric patients

The present cohort

included data on maternal decedents, both
through direct review of medical records [12,
23, 24] and using administrative data [25-27],
the investigators focused on single causes of
death of decedents [12, 23]
conditions associated with combined maternal
[(24-27]
systematic examination of overall occurrence

or reported

morbidity and mortality without
of common potential causes of maternal death.
Because we studied the contribution of the most
commonly reported causes of maternal death
among all pregnancy-associated deaths during
women'’s terminal hospitalization, our findings

are not directly comparable to prior reports on
decedents. Of note, the
population-based study by Mhyre et al. [27]

maternal

cited earlier described, using administrative

data, various conditions reported among
hospitalizations with in-hospital

cardiac arrest as “proximate potential etiology”

maternal

of maternal cardiac arrest, including sepsis and
many of the most commonly reported causes of
death. However, the
investigators reported these conditions only

pregnancy-related

for all those sustaining cardiac arrest, of whom
59% survived hospitalization.

Women aged 18-34 years formed the most
common group of maternal decedents, similar
to the general obstetric population. However,
those aged 3Syears or
overrepresented, accounting for more than 1

older were

in 5 of pregnancy-associated deaths, in line with
comparable findings in national reports on
pregnancy-related deaths [3]. Hispanic women
were the most common ethnic group in the
present cohort, in line with state’s obstetric
population [28]. However, both Hispanic and
white decedents were underrepresented, while
black women were represented twofold higher
their share among live births the state [28], the
latter extending data on high pregnancy-related
mortality in the black population in the US [3].

The health insurance of maternal decedents
in the US has not been previously reported at a
population level, to our knowledge. Medicaid
and private insurance, the most common
categories in the present study, represent the
first (51.4%) and second (33.3%) most common
pregnancy-associated
hospitalizations in the state [29]. However,

payers for

both were slightly underrepresented among
pregnancy-associated deaths. It
hypothesized that the observed differences
may have been related to better and consistent

may be

access to healthcare and specifically prenatal
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care among the insured. On the other hand
Medicare insurance was used sevenfold more
often by maternal decedents versus its use
during all pregnancy-associated
hospitalizations in the state (0.4%) [29], likely
reflecting a subgroup with substantial disability
due to chronic medical problems, which would
be expected to increase the risk of adverse
pregnancy-associated outcomes. Finally, lack
of health insurance occurred nearly 2.5-fold
higher among maternal decedents than among
all pregnancy-associated hospitalizations in the
state (6.7%) [29], underscoring the adverse
impact of likely lack of adequate and timely
obstetric and general medical care, especially in
vulnerable populations. While lack of health
insurance is well known to have adverse health
effects [30, 31], broader characterization of
insurance state of maternal decedents can
further inform future healthcare policy.

Our findings on the categories of
pregnancy-associated hospitalizations are not
directly comparable to the national reports of
pregnancy-related  deaths.
findings that the
pregnancy-associated deaths involved delivery

However, our
majority of

hospitalizations are comparable to national
reports where live births (64.5%) were the
most common category [3]. On the other
hand, associated  with
miscarriage and induced abortion were nearly
twice as common in our cohort, as compared to
national reports on pregnancy-related mortality
[3]. The source of the difference is unclear.

hospitalizations

However, the outcome of pregnancy could not
about  10%  of
pregnancy-related deaths in a recent report [3],

be determined in

and may have contributed to the observed
difference. Of note, nearly one in five of
pregnancy-associated deaths occurred during
separate postpartum hospitalizations. Recent
data indicate that postpartum hospitalizations

are associated with much higher risk of severe
morbidity than
hospitalizations. In a study by Callaghan and

maternal delivery
colleagues [32], the investigators found in a
national US sample that severe maternal
morbidity occurred at a 14-fold higher rate
among postpartum hospitalizations than
among delivery hospitalizations.

Sepsis has contributed to up to more than
one in three pregnancy-associated deaths and
over one in four at the end of last decade.
Although sepsis has been examined in studies of
maternal death [25, 27], there were no reports
on its presence among decedents judged to die
due to other causes. However, while
determination of a single cause of death is
epidemiological
populations, the primary initiating causes of

essential  for studies  of
death are often complicated subsequently by
various factors, whose effective control may
alter otherwise fatal outcomes. The care of
septic patients is often inadequate in the
general population [33] and was reported to be
substandard in the majority of maternal
decedents [1, 34], mostly due to inadequate
early recognition and lack of timely effective
care. In addition, the majority of maternal
deaths are considered preventable [1, 12, 13].
Thus, moving beyond a single-cause-of-death
approach, studies on the broad scope of
potential contributors to maternal mortality
may inform the formulation of better targeted
preventive and intervention measures that may
reduce pregnancy-associated mortality.

When studied, in the general population
sepsis was found to contribute to between one
in two to one in three hospital deaths [17].
There are several possible sources for the
difference in the extent of contribution of
sepsis to patient death between maternal
decedents and the general population, as
described by Liu et al. [17]. First, the majority
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of septic patients in the general population are
elderly [22], with high burden of chronic illness
and immunosuppressive states, while obstetric
patients are generally healthy. In addition, we
have used a conservative approach to identify
sepsis, based mostly on the diagnoses of
septicemia with or without organ failure [22,
35]. On the other hand, Liu and colleagues
employed a broad case definition of sepsis,
including numerous sites of infection [36].
while the
originally validated when coupled with organ
failure to identify severe sepsis, its role remains
uncertain when substituting a diagnosis of
infection for the presence of sepsis. Thus,

However, latter approach was

sepsis has contributed to a substantial
proportion of pregnancy-associated deaths in
the present cohort even with use of a
conservative case definition. The noted case
definition of sepsis versus severe sepsis used by
Liu et al. [17] also likely explains their findings
that the majority of deaths with sepsis occurred
among patients without severe sepsis, in
contrast to the opposite in our cohort.
However, it would be expected that organ
failure will commonly develop when sepsis
contributes to death.

Sepsis was increasingly reported among
maternal decedents during the last decade,
reflecting rising incidence of sepsis in the
obstetric population in the state [37] and
nationally [38]. Oud et al. [37] have recently
reported that the
pregnancy-associated severe sepsis in Texas
rose by 9.7%/year between 2001 and 2010
with corresponding increased sepsis-associated
mortality rate from 1.1 to 3.3 deaths per
100,000 Total Estimated Pregnancies [37].
Although the rise of reported events of

incidence of

pregnancy-associated severe sepsis may be
considered to reflect over-coding and inclusion
of less severe sepsis events, this hypothesis was

not supported by the simultaneous rise in the
rate of admission to intensive care unit,
resource utilization,
fatality [37].
changes in reported events of severe sepsis the
obstetric population could have resulted from
higher awareness by clinicians, especially with a

and unchanged case

Alternatively, the observed

global initiative such as the Surviving Sepsis
Campaign [33], rather than actual increase in
incidence. However, sepsis among pregnant
patients has also been rising in the preceding
decades [35]. Moreover, a suggestion of increase
clinicians’ awareness of maternal sepsis is not
supported by the lack of decrease in case fatality
over time among hospitalizations with
pregnancy-associated severe sepsis [37], in
contrast with the consistently documented
decrease in case fatality of severe sepsis in the
general population [39]. In addition, sepsis has
recently become the most common cause of
direct maternal death in the UK [1], based on
the direct examination of clinical records,
which further showed prevalent lack timely
recognition and intervention in maternal
decedents with sepsis. Although the incidence
of pregnancy-associated sepsis and
sepsis-associated mortality were examined in
reports,
evaluated longitudinal population-level trends
of sepsis associated death in the obstetric
population.  Recent reports from  the
Netherlands [40] and France [41] noted no
significant change in maternal mortality rate
from infections or sepsis. However, both studies

other only few non-US studies

included very small number of decedents and
the French study examined only infections as
direct cause of death [41]. No non-US data were
reported, to our knowledge, on longitudinal,
population-based trends of the incidence of
Of note, no
population-based

pregnancy-associated sepsis.

longitudinal studies of

sepsis-associated deaths in the obstetric
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population were reported from developing
Indeed, investigators have
commented on the overall underestimation of

countries.

maternal death in areas where the burden of
sepsis is greatest [42]. It has been suggested that
the increasing maternal age, obesity, chronic
illness, use of cesarean section, and other
invasive procedures in the obstetric population
has contributed to the observed rise of
pregnancy-associated sepsis [43]. In addition,
increasing virulence of infecting
microorganisms and increasing resistance to
antimicrobials may have contributed to the
observed incidence changes. Assuming actual
rise in the incidence of maternal sepsis,
addressing the underlying causes may help to
reduce fatal maternal outcomes.

We chose to examine reporting of other
categories of specific system, disease, or
intervention-related causes of maternal death
reported in the US [3] to better characterize the
relative contribution of sepsis to
pregnancy-associated mortality. The rank of
sepsis as contributor to pregnancy-associated
deaths among the other examined contributors
rose progressively during study period,
becoming the most common contributor over
the last 3 years of the past decade. However,
although the rank of

consistently over time, the small number of

sepsis  increased
decedents under each category of potential
causes of maternal death in a given year limits
the precision of our rank examination. Thus,
our findings require further corroboration in
other populations.

The contribution of sepsis to patients’ death
may have been underestimated in both the
general

population and among maternal

decedents. Severe
population has been recently reported to be

associated with up to nearly 370,000 annual

sepsis in the general

deaths in the US [44], making it, if causative,

among the most common causes of death in the
country. However, neither sepsis nor severe
sepsis is included as the tracked cause of death
in national statistics. Even when considered
causative by clinicians, entering sepsis as cause
of death was proven challenging in some
locations [45]. The scope of underestimation
of sepsis as cause of death has been recently
demonstrated in a study by Ong and colleagues
[46], noting that reporting of sepsis as cause of
death has increased from 3.7% to 20% with
clinician training, while a decline was noted
when no training was provided.

In the obstetric population,
terminology in clinical practice and research
reports
underestimation of the role of sepsis among
maternal decedents [18]. In a recent study by

imprecise

may have contributed to

Horon and colleagues [8], comparing death
certificate-based causes of
pregnancy-associated death to a broader source
of clinical data, infectious causes of death were
the most common underreported medical
condition,
corresponding death certificates. However, as

noted earlier, when maternal deaths were

included in only 50% of

systematically reviewed by the Confidential
Enquiry into Maternal Deaths, sepsis was
increasingly common, becoming the most
common direct cause of maternal death in the
UK [1]. Thus, even when reported, sepsis is
likely underestimated among infectious causes
of death [3]. A study of administrative data
cannot quantify the degree to which sepsis has
contributed to pregnancy-associated death
among affected
pregnancy-associated sepsis can be rapidly
lethal [1, 34]. Given the prevalent substandard
care of maternal sepsis [1, 34], the increasing
reporting of sepsis among decedents in our
cohort underscores the need to improve

women. However,

clinicians’ and healthcare systems’

A\ Adis



Infect Dis Ther (2015) 4:321-335

331

performance to assure timely recognition and
care in order to disrupt the sequence of lethal
events, regardless of whether sepsis is the
primary cause or a separate contributor. Our
not unexpected finding that more than one of
the examined contributors to maternal death
was present in 39% of decedents underscores
the challenges and limitations of the current
single cause of death reporting when striving to
apply findings to bedside clinical practice.

Our findings should be considered in the
context of several
retrospective design of the present study and
use of an administrative data set with their

limitations. First, the

attendant limitations affects the interpretation

of our results. However, the
pregnancy-associated death in the US can be a
challenge for
approaches.
In addition, our cohort was based on
identified pregnancy-associated

hospitalizations. Thus, we may have omitted

rarity of

alternative population-based

maternal deaths among hospitalizations not
pregnancy-associated.
pregnancy-associated hospitalizations were the
most common category of hospitalization [29]

coded as However,

in Texas, with expected high clinician and
coder familiarity. In addition, we have likely
hospitalizations beyond the
postpartum period, but less than 1 year
following end of hospitalization, and could
pregnancy-associated deaths
occurring outside the hospital. Nevertheless,
similar

omitted

not examine
methodological limitations have
affected other population-based studies of
maternal death based on administrative data
[23, 25-27], as well as studies of severe maternal
morbidity [19]. Finally, the proportions of the
categories of pregnancy-associated
hospitalizations in the present study were

various

comparable to those reported by other

investigators [47].

The optimal ICD code-based approach to
identify patients with sepsis and specifically
severe sepsis in administrative data sets remains
unsettled. A recent study by Gaieski and
colleagues [44], using a national data set,
demonstrated nearly 3.5-fold difference in the
identified
hospitalizations, and marked variability in the

number  of severe  sepsis
number of failing organs and case fatality
between 4 different code-based methods. We
chose a conservative approach to identify sepsis
hospitalizations, in part because it produces for
the severe sepsis subset a distribution of the
number of failing organs comparable to
epidemiological chart-based studies of severe
sepsis in the general population [48, 49], and we
observed comparable findings in a prior study
[37], being in line with distribution of the
number of failing organs in a chart-based
study of pregnancy-associated severe sepsis
[50], supporting our case
approach. Nevertheless, we cannot exclude a

identification

possibility of underestimating occurrence of
sepsis hospitalizations. As noted by Gaieski
et al. [44], the various approaches to identify
severe sepsis in the general population
demonstrated similar upward trends over time.
Thus, it is unlikely that the observed increased
occurrence of sepsis in the present cohort is due
our case identification approach.

We have identified the other examined
potential causes of maternal death based on
specific ICD-9-CM codes. Thus, we cannot
exclude possible misclassification. However,
our approach for identification of each of the
examined conditions was based on very broad
code array and is similar to that reported by
[20, 25, 27]. Thus, a
systematic bias in the annual reporting of the
general

underestimation, as compared to our case

other investigators
examined conditions or

definition of sepsis, is unlikely.
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Finally, we examined pregnancy-associated
deaths in Texas due to its large and diverse
population, with a high-quality, longitudinal
hospital discharge data set. However,

practice
patterns, and the resultant contribution of

sepsis to maternal death and relative to the

population characteristics, clinical

other examined potential causes of maternal
death may vary across states and nationally.
Further studies on the role of sepsis in
pregnancy-associated death are warranted in
other healthcare environments.

CONCLUSIONS

The present study is, to our knowledge, the first
population-based examination to date of the
contemporary patterns of reporting of sepsis in
pregnancy-associated hospital deaths. The rate
of reported sepsis among maternal decedents
rose 130% during study period. Sepsis has
become the most commonly reported
condition among the examined potential
causes of maternal mortality, contributing to
over one in four pregnancy-associated deaths in
the present cohort by the end of the last decade.
The causal role and the degree of contribution
of sepsis and the other examined contributors
to maternal death in individual women cannot
be inferred from administrative data. However,
given its well-known contribution to maternal
mortality [1] and morbidity [19], it is likely that
sepsis plays an increasing role in fatal maternal
hospital outcomes. The prevalent co-reporting
of multiple potential known causes of maternal
death in the present cohort underscores the
complexity of determining the factors
underlying the evolving trends of increasing
mortality. Further

warranted in other populations to better

maternal studies are

characterize  the role of sepsis in

pregnancy-associated mortality in order to

limit its adverse impact in the obstetric
population. Finally, future studies involving
direct examination of the clinical data of all
maternal decedents, following the lead in the
UK [1], are key to better understand the relative
role of predisposing conditions-, pathogen-,
clinician-, health  care  systems-, and
patient-related factors driving the observed

trends.
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