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ABSTRACT The aim of our study was to analyse changes in the incidence, diagnostic procedures,
comorbidity, length of hospital stay, costs and in-hospital mortality of patients hospitalised for pulmonary
embolism in Spain over a 10-year period.

We included all patients who were hospitalised for pulmonary embolism (ICD-9-CM codes 415.11 and
415.19) as the primary diagnosis between 2002 and 2011. Data were collected from the National Hospital
Discharge Database, covering the entire Spanish population.

115671 patients were admitted. The overall crude incidence increased from 20.44 per 100 000 inhabitants
in 2002 to 32.69 in 2011 (p<<0.05). In 2002, 13.3% of patients had a Charlson comorbidity index >2, and in
2011 the prevalence increased to 20.8% (p<<0.05). Mean length of hospital stay was 12.7 days in 2002 and
decreased to 9.99 in 2011 (p<<0.05). During the study period, mean cost per patient increased from €3915
to €4372 (p<<0.05). In-hospital mortality decreased from 12.9% in 2002 to 8.32% in 2011 (p<<0.05). The
increase in the use of computed tomographic pulmonary angiography over time was associated with
increased incidence and lower mortality.

Our results revealed an increase in the incidence of hospitalised pulmonary embolism patients from 2002
to 2011 with concomitant increase in comorbidities and cost. However, length of hospital stay and in-
hospital mortality decreased.
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Introduction

Pulmonary embolism is a major public health problem. Although less common than other vascular diseases,
such as myocardial infarction or stroke, it is also a severe disease [1]. Patients with acute pulmonary
embolism usually require hospitalisation [1, 2]. In addition to significant morbidity and mortality, the
economic burden associated with pulmonary embolism is very high [3].

Collecting data on hospitalisations for pulmonary embolism is important at a national level to evaluate
incidence, patient characteristics and outcomes. For instance, a change has recently been observed in the
epidemiological patterns of pulmonary embolism in the USA. WIENER ef al. [4] found an increased
incidence, minimal changes in mortality and a substantially lower case fatality rate. Hospital admission rates
for pulmonary embolism have also increased over time in the UK [5] and Australia [6]. During recent years,
pulmonary embolism mortality has also decreased in these countries [5, 6]. Meanwhile, in other countries,
such as China, the incidence of pulmonary embolism has remained relatively stable in recent years while the
case fatality rate has declined over the same period [7]. International variation may have been partly due to
different risk factors for pulmonary embolism or inconsistencies in the accuracy of diagnosis.

Comparing hospital admissions and outcomes for pulmonary embolism between countries could help each
country understand their data set and could also aid in planning healthcare services provision. The National
Hospital Discharge Database provides a large alternative information source to describe and analyse the
trends and characteristics of hospitalisations for pulmonary embolism at a national level.

Little is known about the epidemiology of pulmonary embolism in Spain [8, 9]. In recent years, the RIETE
(Registro Informatizado de la Enfermedad TromboEmbolica) registry has shed light on the care and
management of pulmonary embolism in Spain [10], but the registry was not designed for the evaluation of
pulmonary embolism epidemiology. Thus, there are no recent epidemiological studies in Spain, and
national estimates are extrapolated from other countries. However, it is worth remembering that results of
epidemiological studies cannot be extrapolated to other populations.

The aim of this study was to conduct a nationwide analysis of discharge data, collected from 2002 to 2011
years. These data were used to elucidate changes in the incidence, diagnostic procedures, comorbidity
profiles, length of hospital stay, economic costs and in-hospital mortality of patients hospitalised for
pulmonary embolism in Spain over a 10-year study period.

Methods

According to the Spanish Health System, at the time of discharge of each hospitalisation physicians must
declare all diagnoses and procedures performed, using the International Classification of Disease, 9th
revision codes (ICD-9-CM). This information is collected by the Spanish National Hospital Database,
namely Conjunto Minimo Basico de Datos (CMBD), which compiles all the hospital data of the Spanish
National Health System [11]. The CMBD database includes patients’ variables (sex and date of birth), date
of admittance, date of discharge, discharge destination (home, deceased or other health/social institution),
and details of up to 14 discharge diagnoses and up to 20 procedures performed during admission.

We selected all patients hospitalised for pulmonary embolism (ICD-9-CM codes 415.11 and 415.19) as the
primary diagnosis during 2002-2011. We calculated the annual age-specific incidence proportions by
dividing the number of cases per year per age group, by the corresponding number of people in that
population group according to the National Institute of Statistics reported at December 31st each year [12].
The incidence proportions were expressed in terms of 100 000 inhabitants. The proportion of patients that
died during hospital admission (in-hospital mortality), length of hospital stay and costs were also estimated
for each year studied. Costs were calculated using diagnosis-related groups for the disease. Diagnosis-related
groups represent a medical economic entity concerning a set of diseases requiring analogous management
resources [13]. All costs shown were adjusted for the increment of the inflation in the same period in Spain.
Clinical characteristics included information on overall comorbidity at the time of the hospitalisation,
which was assessed by computing the Charlson comorbidity index [14]. The index applies to 17 disease
categories that are totalled to obtain an overall score for each patient. We divided patients into three
categories: 1) low index, which corresponds to patients with no previously recorded disease categories in the
Charlson comorbidity index; 2) medium index, patients with one or two disease categories; and 3) high
index, patients with more than two disease categories. For the purpose of the study we also identified
patients who suffered from cancer as a concomitant disease using the codes included in the Charlson
comorbidity index [14].

We specifically identified the following procedures: computed tomographic pulmonary angiography
(CTPA), lung scintigraphy and any surgical process.
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Statistical analysis

Quantitative variables were expressed as mean + sp. Qualitative variables were expressed as frequencies and
percentages. Comparisons were performed using the Chi-squared test, Fisher’s exact test, t-test or ANOVA
as appropriate. Multivariate analysis of time trend of study variables was conducted using Poisson
regression models for incidence and logistic regression models for in-hospital mortality and adjusting for
age, sex and other covariables. We then checked for interactions between the independent variables in the
regression models. Estimates were made using STATA version 10.1 (StataCorp LP, College Station, TX,
USA) and statistical significance was set at two-tailed 2<<0.05.

Data were treated with full confidentiality according to the Spanish legislation. Patient identifiers were
removed before the database was provided to the authors in order to keep strict patient confidentiality. It
was not possible to identify individual patients in this study or in the database. Given the anonymous and
mandatory nature of the dataset, it was not necessary to obtain informed consent. The Spanish Ministry of
Health evaluated the protocol of our investigation and considered that it met all ethical aspects according to
the Spanish legislation so provided us with the anonymous database. In addition, the study protocol was
approved by the ethics committee of the Universidad Rey Juan Carlos (Madrid, Spain).

Results

In total, we identified a total of 115671 discharges of patients (52 856 males and 62 815 females) admitted
for pulmonary embolism as the primary diagnosis in Spain from 2002 to 2011. Table 1 shows age-specific
incidence proportions and distribution according to sex. The overall crude incidence increased from 20.4
hospitalisations to 32.7 hospitalisations for pulmonary embolism per 100000 inhabitants in Spain from
2002 to 2011 (p<<0.05). Incidence proportions were higher in older patients, but there was a significant
increase over time in all age groups. However, no significant differences were found in sex distribution
during the study period.

Mean length of hospital stay for admissions for pulmonary embolism was 12.7 days in 2002, decreasing to
9.99 days in 2011. Time trends in Charlson comorbidity index are summarised in table 2. In 2002, 45.0% of
patients had a Charlson comorbidity index of 0, 41.7% had a Charlson comorbidity index of 1-2, and
13.3% had a Charlson comorbidity index of >2. In 2011, the proportion of patients who had been
hospitalised for pulmonary embolism and had a Charlson comorbidity index of 1-2 or >2 had increased to
42.5% and 20.8%, respectively. There is a significant association between the Charlson comorbidity index
and year (p<<0.001). The proportion of pulmonary embolism patients who had cancer increased
significantly throughout the study, from 11.8% in 2002 to 17.5% in 2011. Conversely, the proportion of
pulmonary embolism patients who had undergone surgical treatment did not change over time, from 2.7%
in 2002 to 2.14% in 2011. However, the mean cost per patient increased from €3915 in 2002 to €4372 in 2011.

Table 3 shows the diagnostic tests performed in patients hospitalised for pulmonary embolism during the
study period for the total sample and according to the presence of cancer. There was a significant increase in
the use of CTPA, from 32.1% in 2002 to 64.4% in 2011. This trend was observed in patients with and
without cancer. In parallel, the use of lung scintigraphy decreased over the same period, from 42.9% in 2002
to 7.8% in 2011. In patients who died in hospital, imaging tests were also carried out, although in a smaller
proportion than in those who survived. In both cases, the use of CTPA increased over time and the use of lung
scintigraphy decreased (table 4). Mean in-hospital mortality decreased from 12.9% in 2002 to 8.32% in 2011.

Table 5 summarises the results of multivariate analysis of trends and factors associated with incidence and
in-hospital death among patients hospitalised for pulmonary embolism. After controlling for possible
confounders using Poisson regression models, there was a significant increase in incidence from 2002 to
2011. Factors associated with incidence included age, sex and Charlson comorbidity index. Thereby, the
incidence was higher in older subjects, females and patients with >2 comorbidities. With regard to in-
hospital mortality, after adjusting the logistic regression model, there was a significant decrease in mortality
from 2002 to 2011. The risk of in-hospital mortality was higher in females, older patients, and patients with
increasing Charlson comorbidity index. Regarding diagnostic procedures, multivariate analysis showed an
increase in the use of CTPA over time, which was associated with increased incidence and lower mortality.
Other procedures such as lung scintigraphy were performed progressively less frequently, which is
associated with a lower incidence and lower mortality.

Discussion

In this observational study including 115671 hospital admissions for pulmonary embolism, we found a
significant increase in incidence proportions of hospitalisations from 2002 to 2011. Hospital admissions
rates for pulmonary embolism have also increased in the USA [15] and Denmark [16], as well as in other
countries, such as those mentioned previously [3-5]. In contrast, we found a decrease in pulmonary
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TABLE 5 Multivariate analysis of trends and factors associated with incidence and in-hospital
mortality among patients hospitalised for pulmonary embolism as the primary diagnosis in

Spain from 2002 to 2011

Incidence
IRR (95% CI)*

In-hospital mortality

OR (95%CI)"

Age years

<40 1 1

40-49 0.92 (0.89-0.9¢) 1.49 (1.24-1.80)

50-59 1.27 (1.23-1.31) 1.82 (1.54-2.16)

60-69 2.28 (2.22-2.34) 1.86 (1.59-2.19)

70-79 4.35 (4.24-4.46) 2.30 (1.97-2.68)

>80 4.60 (4.48-4.71) 4.15 (3.56-4.83)
Sex

Males 1 1

Female 1.18 (1.17-1.20) 1.06 (1.02-1.10)
Charlson comorbidity index

0 1 1

1-2 1.05 (1.04-1.07) 1.81 (1.72-1.90)

>2 1.47 (1.46-1.48) 4.08 (3.86-4.32)
Year

2002 1 1

2003 1.08 (1.05-1.12) 0.95 (0.87-1.05)

2004 1.09 (1.06-1.12) 0.83 (0.76-0.92)

2005 1.10 (1.07-1.14) 0.85 (0.77-0.94)

2006 1.18 (1.14-1.21) 0.71 (0.64-0.78)

2007 1.28 (1.25-1.32) 0.65 (0.59-0.72)

2008 1.39 (1.35-1.43) 0.65 (0.58-0.71)

2009 1.47 (1.43-1.51) 0.60 (0.55-0.66)

2010 1.68 (1.63-1.72) 0.57 (0.52-0.62)

2011 1.69 (1.64-1.73) 0.53 (0.49-0.59)
CTPA 1.20 (1.18-1.21) 0.40 (0.38-0.41)
Lung scintigraphy 0.26 (0.25-0.27) 0.31 (0.29-0.34)

The independent variables included in the models are shown in the table. CTPA: computed tomographic
pulmonary angiography. *: calculated using multivariate Poisson regression for the dependent variable
incidence of hospitalisations; ': calculated using logistic regression for the dependent variable in-hospital
mortality.

embolism mortality rates over time, although older studies conducted in Spain have demonstrated the
opposite trend [9]. In other countries, authors have detected similar changes in the patterns of pulmonary
embolism mortality over time. For instance, in the USA and Canada, the mortality rate increased from the
1960 s through to the early 1980 s, and then decreased until the late 1990 s [17-20]. After initially
increasing [21], mortality rates in the UK steadily declined from the late 1970 s [22] and in the period
between 1996 and 2006 [5]. Otherwise, in Germany, the in-hospital mortality rate ranged from 20.4% in
2001 to 24.9% in 2010, and decreased to 14% in 2006 [23].

The exact reasons for the discrepancy between the increase in hospital admission rates and the decrease in
pulmonary embolism mortality over time are unknown and may warrant further investigation. However,
possible explanations have been proposed, including a greater awareness of the incidence of pulmonary
embolism in hospitalised patients, an improvement in diagnostic techniques for the identification of this
disease [6], more effective treatment, and fewer complications [24]. In this regard, we found a significant
increase in the use of CTPA over time, which is associated with an increased incidence of pulmonary
embolism and a lower mortality. Indeed, part of this is because unstable patients simply didn’t undergo
imaging procedures. Another explanation is that CTPA allows pulmonary embolism to be diagnosed earlier
and at a less severe stage; therefore, improving the results of the treatment and, as a result, survival. WIENER
and co-workers [4, 25] have also recently shown a marked increase in the incidence of pulmonary embolism
with minimal changes in mortality in the USA with the use of CTPA for diagnosis of pulmonary embolism.
The increased use of CTPA may result in over diagnosis and subsequent over treatment, with the detection
of potentially harmless pulmonary emboli, which increases pulmonary embolism morbidity but not
mortality [4, 25]. Also, SEGARD et al. [26] found an increase in pulmonary embolism-related imaging in
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recent years, which was driven entirely by increased referrals for CTPA, resulting in more diagnoses but no
reduction in deaths from pulmonary embolism in Australia. Other causes have been suggested to explain
the divergence between hospital admission rates and pulmonary embolism mortality, such as preventive
health interventions, improved clinical awareness of pulmonary embolism risk, improved diagnosis and
treatment of venous thromboembolism, and increased use of thromboprophylaxis [6]. However, a decrease
in the prevalence of venous thromboembolism risk factors should have led to a parallel reduction in
pulmonary embolism hospital admissions rates [27, 28]. Another possible explanation for the decrease in
mortality rate is the decrease in autopsy rates in many countries, making death statistics hard to interpret [6].

We observed substantial differences in the incidence and mortality from pulmonary embolism according to
age and sex. Increasing age was associated with higher rates of incidence and mortality, a phenomenon that
has been reported in previous studies [5, 7, 15]. Also, females had a markedly higher burden of pulmonary
embolism incidence and mortality than males, even though males have an increased prevalence of some risk
factors, such as cigarette smoking and cancer [27]. FABBIAN et al. [29] have also shown that in-hospital
mortality for pulmonary embolism was independently associated with female sex. SHIRAEV et al. [6] detected
an increase in pulmonary embolism mortality among young females in Australia, and correlated these
results with the effects of pregnancy, smoking and oral contraceptive use. Additionally, the use of hormone
replacement therapy may be an important cause of pulmonary embolism in older females [6]. Other
authors have also observed an increasing likelihood of in-hospital mortality for first-listed pulmonary
embolism in hospitalisations of females compared with males [24]. In any case, the exact reasons for these
findings remain unknown and additional research is needed.

Finally, we observed an increased incidence of pulmonary embolism with a higher number of comorbidities.
While such comorbidities may predispose patients to develop pulmonary embolism, they may themselves
also determine the long-term prognosis of the patients [30]. In fact, NG et al. [31] have recently shown that
the Charlson comorbidity index predicts both in-hospital and long-term mortality in patients hospitalised
for acute pulmonary embolism. In addition, patients with a Charlson comorbidity index of 0 appear to have
a very favourable outcome, with long-term survival similar to the age- and sex-matched general population.
Although the outcome data were obtained from a death registry, the results have been extrapolated
successfully to other patient groups [32].

Consistent with international trends in length and cost of hospitalisation during this period [15], we
observed a shorter length of hospital stay and an increased burden associated with hospital admissions for
pulmonary embolism. Although increased comorbidity is one of the factors that may have influenced the
cost trend, the reduction in length of hospital stay indicates that the management of the patient with acute
pulmonary embolism may have improved in Spain during the study period. Another possibility that may
explain the cost trend is that more procedures are performed or the cost of procedures has increased over
time. In any case, several studies have shown that the costs per hospitalisation associated with pulmonary
embolism events are substantial [23, 33-35].

We should recognise the strengths and limitations of the current study. The main strength lies in a large
sample size and standardised methodology, which was constantly maintained during the study period.
Nevertheless, our study contains some limitations.

First, a potential source of bias comes from use of ICD-9-CM diagnosis codes to identify patients
hospitalised for pulmonary embolism. The major concern of using disease codes in such analyses is of
course the questionable accuracy of the primary pulmonary embolism diagnosis. For instance, it is
unknown which primary diagnosis code is provided in case of competing diagnosis, i.e. in hospital
pulmonary embolism after major surgery. However, this bias does not affect our results meaningfully, as the
number of cases of pulmonary embolism secondary to surgery in our study was extremely low (~98% of
patients with pulmonary embolism did not recorded any surgical procedure). It is also unknown whether
asymptomatic pulmonary embolism accounts for the majority of the excess pulmonary embolism.
Demonstration of unsuspected pulmonary embolism occurs in up to 5% of thoracic computed tomography
scans performed for non-pulmonary embolism indications, the majority in the context of malignancy [36].
However, our study has shown that the number of patients receiving thoracic computed tomography scans
has increased over time in patients with and without cancer. Therefore, it is expected that the proportion of
asymptomatic pulmonary embolism is very low. Furthermore, according to the CMBD methodology, non-
symptomatic incidental findings should not be coded as a diagnosis [13]. Another possible limitation is the
certainty of the discharge diagnosis if the patient died during the hospital stay. In this study we have
demonstrated that in patients who died in the hospital, imaging tests were also carried out, although in a
smaller proportion than in those who survived. In both cases, the use of CTPA increased over time and the
use of lung scintigraphy decreased. So, the certainty of the discharge diagnosis is surely higher among
survivals. In any case, previous studies have proven that the reliability of the CMBD in the diagnosis of
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venous thromboembolism is high [37, 38]. Although this is not a valuable validation, we support its use in
observational and epidemiological studies. In addition, discharge databases have been used by other authors
to assess outcomes, burden and trends of hospital admissions for pulmonary embolism [4, 6, 7, 15, 24].

Secondly, outcomes were limited to the variables coded, which do not include relevant data, such as the
severity of the pulmonary embolism or treatment, among others. However, a recent observational study
conducted in the USA revealed a decrease in case fatality rate attributable to pulmonary embolism from
1998-2008, which is largely due to a reduction of the case fatality rate in stable patients. There was no
reduction of case fatality rate with thrombolytic therapy, although unstable patients who received a
combination of vena cava filter with thrombolytic therapy had a relatively low case fatality rate [39].
Therefore, outcomes such as length of hospital stay may have been influenced by other covariates that were
different to those we studied. Despite these limitations, the CMBD discharge has the advantage of being
mandated by the National Public Health System and it includes almost 100% of admissions in Spain [40].
In addition, Spain is a large country with a public health system providing full, free of charge medical
services to the entire population, so patients come from a variety of socioeconomic categories, improving
the external validity of the current results.

In conclusion, the current study provides robust data indicating that, despite increasing hospital admissions
for pulmonary embolism over time, in-hospital mortality and length of hospitalisation had decreased but
with increasing costs for healthcare resources. These results suggest that the management of acute
pulmonary embolism has improved in Spain during the study period.
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