
ABSTRACT – Pulmonary embolism (PE) can be dif-

ficult to diagnose and manage. This paper exam-

ines recent national trends in admission rates and

mortality for PE to help inform clinical practice.

Admissions to NHS hospitals in England between

1 April 1996 and 31 March 2006 were studied.

Trends in admission rates, the proportion of all

admissions with PE as primary or secondary diag-

nosis and hospital mortality following PE identi-

fied. There were 251,449 admissions with a diag-

nosis of pulmonary embolus in the study period.

Non-elective admission rates rose from 28.0 per

100,000 in 1996/7 to 32.1 per 100,000 in

2005/6. There was a significant increase in sec-

ondary diagnosis rates and a clear seasonal pat-

tern with excess admissions in winter. There was

significant in-hospital mortality for both primary

(13%) and secondary diagnosis (31%). Mortality

decreased over time and was highest among the

elderly. Pulmonary embolism is associated with a

significant mortality although overall trends in

mortality are improving in England. Age and co-

morbidities must be considered when developing

guidelines and individual treatment plans.

KEY WORDS: hospital mortality, pulmonary

embolism, seasonal variation, trends

Introduction

Pulmonary embolism (PE) can be difficult to diag-
nose and manage.1 Consequently, decision support
algorithms, risk stratification scores and guidelines
have been developed over the last 15 years.2–6 These
have incorporated the role of tests such as D-dimer,
to help rule out thromboembolic disease in low-risk
patients, and the increasing role of computed tomog-
raphy pulmonary angiography as well as giving clear
guidance about treatment and prophylaxis.7 The
National Institute for Health and Clinical Excellence
(NICE) issued further clinical practice guidelines for
the prevention of venous thromboembolism in April
2007.8 Pulmonary embolism is also a condition
which has attracted media attention with increasing
public awareness and concerns, particularly in rela-
tion to air travel.9 A previous study of thromboem-
bolism, including deep vein thrombosis (DVT) and

PE, found declining mortality rates, with the sugges-
tion that between 1975 and 1998 the admission rates
had initially fallen but were rising again in the early
1990s.10 National trends in admission rates and out-
comes for PE in England have not been described
previously and it is timely to understand the current
patterns of hospital admissions.

Methods

Trends in admission rates, the proportion of all
admissions with PE as primary or secondary diag-
nosis and hospital mortality following PE using
Hospital Episode Statistics for England were exam-
ined. All NHS inpatient episodes of care (excluding
day cases), with a mention of PE (ICD-10 codes 26.0
and 26.9) in any diagnosis field, between financial
years 1996/7 and 2005/6 were extracted from the
hospital episodes database. As there can be more
than one episode of care in any admission (some-
times called a spell), these episodes were linked with
any others occurring within the same admission.
Two classes of admissions were identified. The first
class, deemed as primary PE, consisted of non-elec-
tive admissions with a primary diagnosis of PE. The
second class, deemed as secondary PE, consisted of
any admission (elective or non-elective) with a sec-
ondary diagnosis of PE or a diagnosis of PE in any
episode subsequent to the episode of care containing
the main diagnosis. 

Directly standardised admission rates were calcu-
lated by year to establish trends (standardised to the
1996/7 English population). The trend was assessed
for linearity through weighted least squares regres-
sion. The proportion of all inpatient admissions with
a secondary diagnosis of PE was also calculated by
year with trends assessed through Poisson regression
because these proportions were all very small. Binary
logistic regression was used to calculate the odds of
death following PE in both classes using age group,
sex and year (as a continuous variable) as factors. All
analysis was carried out in SPSS version 12.0.

Results

In total, there were 251,449 inpatient admissions
(0.3% of all 76,295,078 admissions during the study
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period) with a diagnosis of pulmonary embolus between 1996/7
and 2005/6 (Table 1). Within this total, 59.4% (149,447) were
non-elective and had a primary diagnosis of pulmonary
embolus and 39.3% (98,739) had a pulmonary embolus
recorded as a secondary diagnosis. Of all records 3,263 (1.3%)
had a primary diagnosis and were admitted as an elective.
Further examination of this small group of patients suggested
that a large proportion of these had been admitted for diag-
nostic procedures or treatments to remove emboli and they were
not included in the rest of this analysis. Directly standardised
primary PE admission rates rose slightly from 28.0 per 100,000
population in 1996/7 to 32.1 per 100,000 in 2005/6, an average
increase of 0.3 per 100,000 per year (p=0.005) equivalent to an
increase of 11% over the 10 years. There was also a significant
increase of 1.9 per 100,000 in secondary diagnosis rates
(p=<0.001) with 123.0 per 100,000 admissions in 1996/97 and
140.8 per 100,000 in 2005/6 (Fig 1), an increase of 15% over the
10 years. There was a clear seasonal pattern in admissions for
primary pulmonary emboli, with peaks in the winter months
(Fig 2). 

Overall hospital mortality for all years for primary PE was
13% and for secondary PE 31%. For primary PE , there was no
significant difference in hospital mortality by sex, but mortality
increased by age (2% in the under 45s increasing to 41% in
patients aged 90 and over) with the odds of death increasing sig-
nificantly for each age group compared with the baseline (under
45s). A similar trend for increasing mortality by age group was
found for secondary emboli (8% in the under 45s increasing to
59% in 90+). Within this group, mortality was also significantly
higher for non-elective cases (odds ratio (OR)=1.91 p<0.001)
compared to elective and lower for women (OR=0.94 p<0.001)
compared to men.

For primary PE, hospital mortality decreased over time from
16% in 1996/7 to 10% in 2005/6, with a significant decrease in
the odds of death of 7% per year. A significant change in mor-
tality over time was also found in secondary PE with a fall from
36% in 1996/7 to 27% in 2005/6, with a significant decrease in
the odds of death of 4% per year. For primary PE, the absolute
number of deaths fell.

Discussion

Admission rates for primary PE have risen by 11% over the study
period. The Oxford group also suggested increasing admission
rates for thromboembolic disease from 1990 onwards, consistent
with these results.10 There are several potential explanations
for this. The first is that the increase may be due to better coding.
Clinical coding has been improving steadily and with the
advent of the new payments system based on activity, one
might expect to see further improvements, particularly in sec-
ondary coding.11 The incidence of PE as a secondary diagnosis
also rose by 15%, which may also be an indication of better
coding.
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Fig 1. Primary and secondary
pulmonary emboli (PE) rates per
100,000 by year.
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Table 1. Admissions for pulmonary embolism by elective/
non-elective and by whether primary or secondary
diagnosis. Hospital Episode Statistics inpatient admissions
1996/7–2005/6.

Main diagnosis Secondary 

(%) diagnosis (%) Total

Elective 3,263 (2.1) 13,818 (14.0) 17,081

Non-elective 149,447 (97.9) 84,921 (86.0) 234,368

Total 152,710 (100) 98,739 (100) 251,449



A second explanation is that overall admission rates for all
diagnoses have been increasing over the past 10 years by 13%,
and the rise in primary PE (11%) may merely reflect general
changes in practice resulting in lower non-elective admission
thresholds. Thirdly, the increase may reflect increased use of
clinical guidelines, improved access to diagnostic tests, and
better diagnostic techniques.4,5,6,7

Another interesting finding in our data, consistent with a pre-
vious large French study of DVT and pulmonary embolus, and
using a similar analysis, is a marked monthly variation in admis-
sions for pulmonary embolus, with the greatest number of
admission occurring in the winter months.12 This differs from
previous international studies which have not shown seasonal
variation and this potential phenomena merits further investi-
gation perhaps through linkage of detailed meteorological data
to patient records.13,14 One potential explanation for the sea-
sonal data may relate to changes in thrombotic tendency related
to seasonal changes or infection.15

Our data show that PE is a condition with significant in-hos-
pital mortality for primary (13%) and secondary diagnosis
(31%). Compared to an earlier prospective study which had a
mortality of 2.5% these figures appear high.16 This study had a
number of exclusion criteria including those who were deemed
haemodynamically unstable ie the most sick subgroup of
patients. Two more prospective studies one of pulmonary
embolus17 and one of venous thromboembolism18 including
sicker patients quote mortalities of 15% at three months and
12.5% respectively. Our study included patients with significant
co-morbidities which might have contributed to the higher
mortality found in our study but this represents the population
of patients in acute hospitals in England. It is impossible to

determine whether PE was the underlying cause of death, as
only fact of death was recorded in our data. It is therefore
impossible to exclude those patients who died with, rather than
of, their PE. On a positive note, hospital mortality has fallen sig-
nificantly for both groups over the period of the study (primary
falling from 16% to 10% secondary falling from 36% to 27%).
The higher mortality in the secondary group further emphasises
the importance of prophylaxis in higher risk patients. The
overall decline in mortality is also consistent with previously
published data10 although this also included DVT, and suggests
a continuing improvement in outcome in England. Similar data
from North America also suggested a decreasing mortality
between 1979 and 1996 for PE.19

Mortality may have decreased because of a change in admis-
sion threshold leading to less severe cases being diagnosed as
pulmonary emboli, and hence diluting the death rate. However,
the falls in mortality are much greater than the increase in inci-
dence. A decrease in numbers of deaths in the primary group
was also noted suggesting a real decrease in mortality. This trend
may represent a changing natural history of the disease or
improved management, possibly related to earlier diagnosis and
more consistent treatment plans in line with current guidelines,
including prophylaxis.5,6

Despite this beneficial trend towards improved outcome for
patients with PE there are some important considerations for
patients and medical staff. Firstly, age carries a significantly
increased risk of death, being markedly higher in the over 75s with
a primary diagnosis and at all ages when given as a secondary
diagnosis. All patients in which PE is a secondary diagnosis have a
much greater hospital mortality. Much of this increased risk, how-
ever, is in the non-elective subgroup suggesting that co-morbidity
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Fig 2. Monthly
percentage variations in
non-elective hospital
admissions with a
primary diagnosis of
pulmonary embolism (PE)
(0 represents the sum
of monthly variations)
based on Hospital
Episode Statistics
1996/7–2005/6.
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is an important factor in this group of patients. These are impor-
tant findings which should influence discussions with patients
regarding prognosis, prophylaxis and treatment. These data must
be considered in relation to acute treatment strategies, including
the development of ambulatory care programmes, particularly in
older patients and those with co-morbidities and appropriate risk
stratification and clinical protocols implemented.20

In summary, PE remains a common clinical problem and
when confirmed is still associated with high mortality which is
perhaps underestimated by clinicians. Overall trends in mor-
tality have shown improvement in England in recent years.
These outcome results and the impact of age and co-morbidities
must be considered when developing guidelines and individual
treatment plans.
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