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Abstract

Background: Deep vein thrombosis and pulmonary embolism (PE) are responsible for substantial mortality, morbidity, and
impaired health-related quality of life. The aim of this study was to evaluate the correlates of in-hospital deaths among
hospitalizations with a diagnosis of PE in the United States.

Methodss: By using data from the 2001—2008 National Hospital Discharge Survey, we assessed the correlates of in-hospital
deaths among 14,721 hospitalizations with a diagnosis of PE and among subgroups stratified by age, sex, race, days of
hospital stay, type of admission, cancer, pneumonia, and fractures. We produced adjusted rate ratios (aRR) and 95%
confidence intervals using log-linear multivariate regression models.

Results: Regardless of the listing position of diagnostic codes, we observed an increased likelihood of in-hospital death in
subgroups of hospitalizations with ages 50 years and older (aRR=1.82—8.48), less than 7 days of hospital stay
(@RR=1.43—1.57), cancer (aRR=2.10—2.28), pneumonia (aRR=1.79—2.20), or fractures (@RR=2.18) (except for first-listed
PE), when compared to the reference groups with ages 1—49 years, 7 days or more of hospital stay, without cancer,
pneumonia, or fractures while adjusting for covariates. In addition, we observed an increased likelihood of in-hospital death
for first-listed PE in hospitalizations of women, when compared to those of men (aRR=1.45).

Conclusions: The results of this study provide support for identifying, developing, and implementing effective, evidence-
based clinical assessment and management strategies to reduce PE-related morbidity and mortality among hospitalized PE
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patients who may have concurrent health conditions including cancer, pneumonia, and fractures.
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Introduction

Deep vein thrombosis (DVT) and pulmonary embolism (PE) are
part of a venous thromboembolism spectrum with a complex and
multifaceted etiology involving the interactions of biological,
behavioral, health, and environmental risk factors [1-4]. The
2008 Surgeon General’s Call to Action to Prevent Deep Vein Thrombosis and
Pulmonary Embolism suggests that DV'T and PE may contribute to as
many as 100,000—180,000 deaths per year [5]. Furthermore, PE
can result in substantial morbidities including recurrence, chronic
pulmonary hypertension, disability, and impaired health-related
quality of life [5-8]. Accumulating evidence suggests that
hospitalized patients including those with cancer, pneumonia,
and fractures may have a high risk of PE [1,9-11]. These health
conditions were found among the leading diagnostic categories
and linked to approximately 3.3 million hospitalizations in the
United States in 2007 [12]. Recent data from the National
Hospital Discharge Survey (NHDS) showed that the overall case-
fatality rate of hospitalizations with a PE diagnosis declined from
11.4% to 7.1% during 2001 —2008, even though a corresponding
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reduction in the estimated number of in-hospital deaths among
such hospitalizations was not observed for the same period [13].
To date, numerous clinical and epidemiologic studies have
assessed PE mortality by using data ascertained from death
certificates, autopsy records, or participants of clinical investiga-
tions [14-17]. A number of studies have assessed the case-fatality
rates of PE and the relationship between in-hospital death and
risk factors among patients or hospitalizations with a PE
diagnosis by using the national hospital discharge surveys
[13,18-24]. However, few studies have examined the correlates
of in-hospital death, encompassing diagnostic categories of
cancer, pneumonia, and fractures, among a nationally represen-
tative sample of hospitalizations with a PE diagnosis in the
United States. Such a study is valuable to identify risk factors for
PE-related death and to provide observational evidence that can
inform and improve clinical assessment and intervention
strategies for hospitalized PE patients. Therefore, the aim of this
study was to assess the correlates of in-hospital death, including
demographic characteristics and clinical risk factors, among
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hospitalizations with a PE diagnosis (i.e., first-listed and any-
listed) in the United States by analyzing data from the
2001—2008 NHDS [25].

Methods

Data Source

The NHDS was conducted annually from 1965-2010 by the
National Center for Health Statistics (NCHS), Centers for Disease
Control and Prevention (CDC) to collect demographic and
medical information of a sample of hospitalizations from a
national probability selection of hospitals in the 50 states and the
District of Columbia [26]. The NHDS was designed to collect
information on characteristics of inpatients discharged from non-
Federal short-stay hospitals in the United States. The NHDS
includes general or children’s general hospitals with an average
length of stay of fewer than 30 days for all patients. Federal,
military, and Department of Veterans Affairs hospitals were
excluded, as were hospital units of institutions and hospitals with
fewer than 6 beds staffed for patient use. Details about the survey
methodology are available elsewhere [25]. The NHDS collects
information of hospitalizations including age, race, sex, length of
hospital stay, type of admission (e.g., emergency, urgent, and
elective), discharge status (e.g., death), medical diagnosis and
procedure codes. Data collection for the NHDS was approved by
the NCHS Research Ethics Review Board (NCHS ERB #2011
12). Analysis of deidentified data from the survey is exempt from
the federal regulations for the protection of human research
participants.

Hospitalization Records

Because persons with multiple hospitalizations during the survey
year may be sampled more than once, estimates from the NHDS
are for hospitalizations, not for persons. Each sampled hospital-
ization has a maximum of seven diagnostic codes based on the
International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM). The first-listed code is a principal
diagnosis. We limited our analysis to a sample of non-newborn
hospitalizations with a first-listed PE (n=8,990) or any-listed PE
(n=14,721). Table 1 lists the codes for identification of PE and
selected diagnostic categories for the years 2001—2008. In
addition to demographic variables (i.e., age, sex, and race), we
also included covariates such as cancer, pneumonia, and fractures
in the analysis. We included these covariates because they are well-
established independent risk factors for PE and may represent
important pathways for prevention.

Statistical Analysis

We combined 8 years of data to increase statistical reliability
and to allow the analysis of some subpopulation groups that

selected medical diagnoses, 2001 —2008.
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otherwise would have been too small to produce statistically
reliable estimates [25,27]. We estimated the case-fatality rates in
hospitalizations with a diagnosis of PE (i.e., first-listed and any-
listed) and in subgroups stratified by age, sex, race, days of hospital
stay, type of admission, and status of cancer, pneumonia, and
fractures [28]. To examine the associations between in-hospital
death and risk factors among hospitalizations with a PE diagnosis
during the period 2001—2008, we produced unadjusted and
adjusted rate ratios (aRRs) with 95% confidence intervals (Cls) by
using demographic and medical risk factors as predictors; status of
in-hospital death was used as an outcome variable in multivariate
log-linear regression models.

To present all estimates that fully account for multiple stages of
sampling, stratification, and clustering design of the NHDS, we
accessed the restricted datasets through the Research Data Center
(CDC, Atlanta, GA, 2011) [26]. We used SPSS 19 Complex
Samples for Survey Analysis IBM Corp., Armonk, NY, 2010) and
STATA 11 (StataCorp LP, College Station, TX, 2009) to perform
the data management and analyses to account for complex sample
survey design [29].

Results

Except for a limited number of deaths in hospitalizations of
fractures with first-listed PE, the case-fatality rates varied
significantly by age, status of cancer, pneumonia, and fractures
among hospitalizations with first-listed PE and any-listed PE
(P<<0.05 for Wald-F test). Specifically, the case-fatality rates were
higher among hospitalizations with advanced ages, cancer,
pneumonia, or fractures than among those with younger ages,
without a diagnosis of cancer, pneumonia, or fractures (P<<0.05 for
Wald-F test) (Table 2). Of those hospitalizations with first-listed
PE, we observed increased likelihoods of in-hospital death in
subgroups with ages 50—79 years (aRR =3.63; CI: 1.88—7.02),
ages 80 years and older (aRR =8.48; CI: 4.03—17.90), female
(aRR =1.45; CI: 1.09—1.93), less than 7 days of hospital stay
(@aRR=1.57; CI. 1.12—2.21), cancer (aRR=228; CI:
1.68—3.09), or pneumonia (aRR =2.20; CI: 1.28—3.77), when
compared to the reference groups with ages 1—49 years, male, 7
days or more of hospital stay, without cancer or pneumonia while
adjusting for all covariates (Table 2). Similarly, of hospitalizations
with any-listed PE diagnosis, we observed increased likelihoods of
in-hospital death among subgroups with ages 50-79 years
(@RR=1.82; CI. 1.47-2.25), ages 80 years and older
(aRR =3.26; CI: 2.58—4.12), race/ethnicity listed under “other”
(aRR=1.36; CI: 1.15—1.76), less than 7 days of hospital stay
(aRR=1.43; CI. 1.15—1.76), cancer (aRR=2.10; CI:
1.74—2.53), pneumonia (aRR =1.79; CI: 1.48—2.17), or fractures
(aRR =2.32; CI: 1.68—3.20), when compared to the reference
groups with ages 1—49 years, male, white, 7 days or more of

Table 1. The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes for identification of

Description ICD-9-CM codes?

Pulmonary embolism
Cancer (malignant neoplasm) 140-208, 230-234
480-486

800-829

Pneumonia

Fractures

415.1%, 634.6 %, 635.6%, 636.6 %, 637.6 %, 638.6, and 673.2x

doi:10.1371/journal.pone.0034048.t001
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2Only three-digit category codes are listed for cancer, pneumonia, and fractures.
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hospital stay, without cancer, pneumonia, or fractures after
adjustment of all covariates (Table 2).

Discussion

Previous studies have assessed many correlates of in-hospital
death among PE patients in healthcare settings [21-24], our
study expanded previous research by assessing in-hospital deaths
with a PE diagnosis encompassing first-listed and any-listed ICD-
9 diagnostic codes during 2001—2008. The associations of
cancer, pneumonia, and fractures with in-hospital deaths among
a nationally representative sample of hospitalizations with a first-
listed and any-listed PE diagnosis in the United States during the
study period have not been reported in the past. Such
observational evidence is valuable for identifying risk factors that
may place patients at an increased risk of death and for
improving clinical assessment and management to prevent fatal
PE. Regardless of the listing position, we observed an increased
likelihood of in-hospital death in subgroups of hospitalizations
with advanced ages, less than 7 days of hospital stay, cancer,
pneumonia, or fractures (except for first-listed PE), when
compared to the reference groups with ages 1—49 years, 7 days
or more of hospital stay, without cancer, pneumonia, or fractures
while adjusting for all covariates. In addition, we observed an
increased likelihood of in-hospital death for first-listed PE in
hospitalizations of women when compared to those of men.
However, the exact reason for this increase remained unknown,
additional research may be needed. Interestingly, regardless of
the listing position, we did not find that type of admission (e.g.,
emergency admission) was a factor independently associated with
in-hospital death with a PE diagnosis.

Some results of this study were consistent with evidence that
mortality rates were high among patients with advanced ages or
co-morbid conditions such as cancer. Recent data suggested that a
decline in the overall case-fatality rate of US hospitalizations with
a PE diagnosis could be attributable to a combination of an
increased number of PE diagnoses resulting from the widely used
computed tomography pulmonary angiography (e.g., detection of
asymptomatic PE or small peripheral emboli) together with more
effective treatment and fewer complications [13,20,30-32].
Regardless, the strength of associations between the correlates
and in-hospital death remained essentially unchanged during the
study period, when survey year was used as an additional
stratification variable or as a covariate in the regression models
(data not shown).

The results of our study provide support for enhancing efforts
toward identifying and implementing appropriate preventive
strategies among hospitalized patients, including those with co-
morbid conditions such as cancer, pneumonia, and fractures in
healthcare settings [33]. Because of the disease severity, fatal PE
may occur early during a hospital stay and may be undiagnosed,
clinicians must be attentive to identify PE patients. Because the
case-fatality rate was higher among hospitalizations of a shorter
hospital stay than those of a longer stay, our results suggest that
fatal PE may occur early after a hospital admission [34,35]. As
such, clinical assessment, diagnostic evaluation, and appropriate
treatment for PE should be performed early and promptly among
hospitalized patients [34,36,37].

Our study has some limitations. Cross-sectional surveys are not
designed to evaluate a cause-effect relationship. The NHDS
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