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ARTICLE INFO ABSTRACT

Background: Improvements in availability and accuracy of diagnostic testing in pulmonary embolism (PE) in the
last 20 years have more recently been paralleled by the introduction of additional anticoagulation agents and
treatment strategies. These developments are likely to shape potentially important changes in PE incidence,
associated mortality and treatment complications.

Methods: We investigated trends in PE incidence, PE-related mortality and bleeding risk by analysing Hospital
Episodes Statistics for England.
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gﬁ{::g;?r'y embolism Results: Between 1997 and 2015, 464,046 patients (53.9% female) were hospitalized with PE in England. The
Incidence annual number of hospitalizations with an associated diagnosis of PE more than doubled over this period
Mortality (24,366 in 1998 vs. 53,108 in 2014), with a corresponding increase in PE hospitalization rate (50.2 to 97.8 per
Bleeding 100,000 population/year), evident in all age categories. Mortality at 1 and 3 months decreased over the study
period and was significantly associated with age, treatment era and comorbidities. The risk of bleeding resulting
in hospitalization or death within 3 and 12 months after the index PE admission increased over the study period
(4.3%/5.1% for 1998-2004 versus 6.1%/7.2% for 2010-2014, p < 0.001 for both comparisons).
Conclusions: The incidence of PE doubled in England between 1997 and 2015, likely attributable to raised aware-
ness and ability to diagnose less severe cases. While PE-associated mortality decreased, there was an increase in
bleeding risk. Renewed efforts directed at reducing the incidence of bleeding, including consideration of
anticoagulation regimens and investigation of anticoagulation requirement in patients with low-risk features,
are needed.
© 2018 Elsevier B.V. All rights reserved.
1. Introduction these advances, PE remains a common cause of morbidity and mortality

Patients with pulmonary embolism (PE) have benefitted from signif-
icant developments in diagnostic and treatment pathways in the last
20 years, potentially shaping important trends in PE incidence and mor-
tality [1,2]. These include enhanced diagnostic algorithms incorporating
computed tomography (CT) and D-dimer testing as well as the adoption
of new risk assessment scores and treatment guidelines. In the last few
years there has been increasing use of direct oral anticoagulants
(DOACs), which in Phase 3 studies appear to have equivalent efficacy
to warfarin but with a safer bleeding profile. In addition, progressive
ageing of the general population and increase in availability and sensi-
tivity of diagnostic tests has contributed to an increasing PE incidence
over the last two decades in many developed countries [3]. In spite of
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in the general population of developed countries. As there has been very
sparse literature describing experience in England [4,5], we aimed to
investigate the longitudinal trends in PE incidence, associated
hospitalisations and outcomes in the England from 1997 to 2015.
Apart from providing important, novel information on a national level,
we believe the data will provide an important benchmark for future
studies given recent changes in PE prescribing practice toward greater
use of DOACs.

2. Methods

We analysed the hospital episode statistics database (HSCIC) for England for
years 1997 to 2015. This database contains records on the admissions under the
National Health Service (NHS), which is the publicly funded national healthcare
system for England. NHS Patients are assigned a unique identifier, which enables
tracking of patients within the database. Each record for hospital admission contains
up to twenty most relevant diagnoses and the most relevant procedures performed,
as well as dates of admission, discharge and dates of procedures. Diagnoses are
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coded using the 10th revision of the International Classification of Diseases system
(ICD-10), while procedures are reported using the ‘Office of Population Censuses
and Surveys’ system (OPCS-4). Pseudo-anonymized data are released for research
purposes and access to this database was granted for this project by the Health and
Social Care Information Centre. We identified all patients diagnosed with PE (ICD-
10 codes ‘126.x’). Data on mortality and primary cause of death were retrieved for
all patients from the UK Office for National Statistics. The HSCIC database provides
also information on approximate residency of the patient by assigning it to one of
6791 geographical regions in England, called Middle Layer Super Output Areas
(MSOA), with 5-15 thousand population each. Information about the size of the gen-
eral population and the age distribution for England for each MSOA was retrieved
from the UK Office for National Statistics. Comorbidities were classified using
Charlson Comorbidity Index [6]. Briefly, this score accounts for a range of diseases,
such as heart disease, cancer or acquired immune deficiency syndrome, with a total
of 22 categories of comorbid conditions. Each of these conditions is assigned a
score, ranging from 1 to 6, and the sum of all scores represents the comorbidity index.

2.1. Statistical analysis

Continuous variables are presented as median with interquartile range (IQR) in
square brackets while categorical variables are presented as number and percentage.
Comparison between groups was performed for continuous variables using Mann-
Whitney test or Analysis of Variance for multiple comparisons; distribution of categorical
variables was assessed using chi-squared test. Changes of incidence of PE, mortality and
bleeding over time were assessed by comparison across three treatment eras: early
(1998-2004), middle (2005-2009) and late (2010-2015). Dependence of linear variables
was assessed using Pearson correlation coefficient. The incidence of PE in each of the
analysed regions in England was assessed for correlation with proportion of residents
older than 65 years in each region and with social deprivation (IMD rank). As both param-
eters were significantly correlated with the incidence of PE, they were included in multiple
linear regression analysis. Logistic regression analysis was used for assessing the associa-
tion of independent variables with either death or bleeding, following PE. Kaplan-Meier
method was used for assessing survival following the first PE episode in the entire cohort
and in subgroups of patients. A two-sided p-value of <0.05 was considered indicative of
statistical significance. Statistical analyses were performed using R-package version
3.2.2 for Windows (R Foundation for Statistical Computing, Vienna, Austria) [7].
Tables were formatted using Microsoft Excel for Windows, version 2013.
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3. Results

Between 1997 and 2015, 464,046 patients (53.9% female) were hos-
pitalized with a diagnosis of PE in England. The annual number of PE
hospitalizations more than doubled over this period (24,366 in 1998
to 53,108 in 2014, Fig. 1) with a corresponding increase of PE incidence
from 50.2 to 97.8 per 100,000 population/year. The rise in PE incidence
was evident in all age categories (Table 1, Fig. 2), with the highest rela-
tive increase in seniors (115.0% in those aged 85-90 years and 206.7% in
those above 90 years of age).

In children, the relative increase was high (331.3%), but was small in
absolute terms (0.2 to 0.6 per 100,000 population for 0-14 year-olds).
The incidence of PE increased exponentially with age between 1998
and 2015, and rose by 294.1/100,000 in 85-90 year-olds and by 355.3/
100,000 in those above 90 years of age.

There were significant geographical differences in the incidence of
PE, with the lowest incidence seen in densely populated urban areas
(Fig. 1). Population density was negatively correlated with the propor-
tion of over 65 years-year-olds in each region (MSOA, r = —0.62, 95%
CI —0.65 to —0.58, P < 0.001). The incidence of PE was moderately cor-
related to the proportion of over 65-year-olds in each region (r = 0.37,
95% C10.32-0.42, P< 0.001) and weakly correlated to social deprivation
(IMD rank; r = —0.12, 95% CI —0.17 to —0.6, P < 0.001). On multiple
linear regression analysis, both parameters remained in the model, but
only explained 30.0% of the variability in PE incidence (P < 0.001).

The number of patients re-admitted to hospital with PE within
2 years from the first episode increased over the study period, from
7.5% (95% C1 7.2-7.9%) in 1998 to 14.8% in 2012 (95% CI 14.5-15.2%, P
< 0.001). The increase in the number readmitted within 2 years was
highest in younger patients (13.8%, 95%CI 13.5-14.2% for age < 40) as
opposed to 40-60 year-olds (12.9%, 95% Cl 12.7-13.1%, p < 0.001) and
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Fig. 1. Hospitalizations with pulmonary embolism in England by year and age category and geographical distribution of incidence. A) Distribution of hospitalizations by year and age
category. There was a significant increase in the number of hospitalizations with pulmonary embolism over time, which was evident in all age categories. B) Regional incidence of
pulmonary embolism in England. Incidence of pulmonary embolism for 1997-2015, based on patients' residential address and calculated for each ‘middle layer super output area’
(geographic areas with population ranging from 5000 to 15,000 resident population). Circle area proportional to city population.
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Table 1

Incidence of pulmonary embolism by year of diagnosis and age at diagnosis.

0- 15— 20— 25- 30— 35— 40- 45—
14 19 24 29 34 39 44 49

55- 60— 65~ 70— 75~ 80— 85—
59 64 69

2014
2013
2012
2011
2010
2009

19.3

2008 23.7 30.1 341 459 59.7
2007 253 344 377 514
2006 240 293 387 505
2005 18.4 239 292 38.1
2004 202 259 341 392
2003 183 2211 295 379
2002 21.8 274 371 504
2001 21.7 265 350 473

2000
1999
1998

222 305 356 46.1 664 818
202 288 354 472 624 780
21.7 254 341 471 63.7 714
21.8 26.1 342 445 582 699
18.6 256 319 431 512 722
239 322 403 494 602

227 268 350 49.6
18.9 239 36.0 455
193 250 324 470

1149 162.0 226.3
105.6 1592 2158
102.5 151.2  205.6
98.6 1385 197.6
95.6 131.7 191.3
91.5 123.1 180.8
859 116.6 180.0
740 111.1 159.6
659 955 141.1
53.0 77.0 104.7
55.8 857 1144
50.0 758 104.6
642 965 1350
63.9 902 1305
69.2 949 140.0
63.1 931 1358
652 100.1 134.8

Incidence of pulmonary embolism per 100,000 population. Incidence was higher in older patients and increased between
1998 and 2014. Colour of each cell reflects its numerical value, to aid visual perception of presented data, with a tri-colour
gradient used, ranging from green (low-range values), through yellow (mid-range values) to red (high-range values).

over 60 years of age (10.1%, 95% CI 10.0-10.2%, P< 0.001). In the overall
population, readmission for PE was also more likely in males compared
to females (11.3%, 95% CI 11.1-11.4% vs 10.8%, 95% C1 10.7-10.9%, P <
0.001), but in younger patients (age < 40y), females were more likely
to be readmitted with PE (14.4%, 95% CI 13.9-14.8% vs 13.1%, 95% CI
12.6-13.6% in men, P < 0.001).

4. Mortality and bleeding risk after pulmonary embolism

The survival at 1, 3 and 6 months following the first PE episode was
85.0% (95% C1 84.9-85.1%), 76.9% (95% C1 76.8-77.1%) and 72.4% (95% CI
72.3-72.5%), respectively (Table 2, Fig. 3).

Mortality was highest in older patients, those with higher comorbid-
ity score, lower socio-economic status and those who had PE in the early

Increase of PE incidence, 2014 vs. 1998
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Fig. 2. Absolute and relative increase of pulmonary embolism incidence in 2014 compared
to 1998. While the relative increase in pulmonary embolism (PE) incidence was highest in
children and in seniors (by approximately 300% and 200%, respectively), the absolute rise
in PE incidence was increased with older age (blue bars).

treatment era (1998-2004). The association between mortality and
gender was age-dependent (Table 3); mortality was lower in females
compared to males below the age of 40 years (HR 0.88, 95% CI 0.80-
0.97, P = 0.013), but was higher in those aged 40-60 years, while
there was no significant association of gender with mortality for age of
above 60 years.

The risk of bleeding resulting in hospitalization or death within 3 or
12 months after the index PE admission increased over the study period
(4.3% and 5.1%, respectively, for 1998-2004 versus 6.1% and 7.2% for
2010-2014, P < 0.001 for both comparisons).

On logistic regression analysis, bleeding risk within 12 months from
the first PE episode was related to age (OR 1.36 per 10 years, 95% CI
1.34-1.38, P < 0.001), comorbidity index (OR 1.23/1CCI, 95% CI 1.22—
1.24, P < 0.001) and PE occurring during the more recent treatment
era (OR 1.75, 95% CI 1.71-1.78 for years 2010-2014 compared to
1998-2004, P < 0.001), while there was no significant association with
gender (P = 0.16) or socioeconomic status (P = 0.06, for the most de-
prived quartile vs. the remainder).

5. Discussion

This large population study based on Hospital Episode Statistics in
England between 1998 and 2015 has highlighted the following
important messages. Firstly, the rate of hospitalization with an
associated diagnosis of PE more than doubled over the study period;
this was evident in all age categories. Secondly, and reassuringly,
mortality rates diminished. Thirdly, there appeared to be an important
trend of increasing bleeding rates resulting in hospitalization or death.
This final result indicates a pressing requirement for renewed attention
toward anticoagulation risk assessment and safety measures to main-
tain both low PE mortality and low bleeding risk in this growing
population.

5.1. Incidence

We believe this is the largest contemporary study investigating the
demographics and outcome of PE in England to date. In fact, there
have been surprisingly few previous national studies. Goldacre et al. re-
ported hospital admissions and mortality rates for VTE in the Oxford re-
gion between 1975 and 1998 [5]. The authors noted a steady increase in
hospital admissions from the early 1990s onwards; admission rates in
those patients under 50 were higher in women and higher in men in
the over 50s. Aylin et al. used Hospital Episode Statistics for England
to study the admission rates of patients admitted with any mention of
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Table 2
Absolute mortality and bleeding risk after hospitalization for pulmonary embolism.

(A) Absolute mortality after pulmonary embolism.

Age <40y Age 40-60y Age>60y
Im  3m ly Im | 3m ly Im | 3m ly
2010-2015 L1% | 13% | 2.1% 1.8% | 25% | 42% 58% | 89%  153%
CCI=0 2005-2009 1L6% | 2.0% | 2.7% 24% | 33% | 5.5% 9.0% | 12.6%  19.4%
1998-2004 24% | 28% | 3% 4.1% | 52% | 7.6% 152% | 193%  25.6%
2010-2015 22% | 32% | 4.6% 43% | 60% | 93% 112% | 17.1% | 27.3%
CCI=1 2005-2009 31% | 4.0% | 5.1% 63% | 83% | 11.9% 16.1% | 23.0% 333%
1998-2004 50%  61% | 8.0% 11.2% | 142% | 19.0% 252% | 33.1% 43.1%
20102015 64% | 10.8% | 20.0% 82% | 147% | 28.6% 14.5% | 24.9% 41.8%
CCI=2 2005-2009 6.5% | 11.6% | 21.9% 11.5% | 19.8% | 35.9% 202% | 31.8%  483%
1998-2004 10.5% | 17.2% | 28.1% 19.0% | 28.5% | 43.7% 312% | 429%  571%
20102015 17.9% | 31.7% | 52.5% 233% | 423% | 652% 269% | 45.8%  66.6%
CCIz 3 2005-2009 19.5%  33.8%  52.6% 264% 46.5%  68.8% 30.8%  50.8%  70.6%
1998-2004 229%  355%  53.4% 329% 49.8% 703% 39.8% 563% | 724%
(B) Absolute bleeding risk after pulmonary embolism
Age <40y Age 40-60y Age>60y

Im 3m | 1ly Im 3m | 1ly Im | 3m 1y

2010-2015 35% | 41% | 57% 35% | 42% | 6.0% 40% | 49% @ 7.3%
CCI=0 2005-2009 3.6% | 42% | 59% 37% | 43% | 59% 35% | 42% | 6.5%
1998-2004 33% | 39% | 5.6% 27% | 34% | 52% 31% | 38%  59%
20102015 74%  83%  10.1% 69%  78%  103% 70% | 82% 113%
CCI=1 2005-2009 60%  67%  9.0% 68% | 78% | 10.6% 68% | 17%  10.6%
1998-2004 56% | 7.1% | 94% 62% | 11% | 9.8% 5.6% | 64%  92%
20102015 69% 8% | 13.5% 6.0% | 74%  10.8% 74% | 88%  124%
CCI=2 2005-2009 48% | 6% | 10.1% 47% | 58% | 94% 62% | 74% | 11.0%
1998-2004 64% | 11% | 103% 4.1% | 54% | 85% 57% | 69%  103%

2010-2015 o8% | 118% JUGHSA| 720 | 92% |14a% 78%  96%  141%
2005-2009 8.0%  9.7% 132% 6.1% | 75% | 12.4% 7.0% @ 85%  13.0%
1998-2004 72%  89% | 13.6% 52% | 67% | 10.8% 65% | 1.9%  119%

CCIz 3

Absolute observed (A) mortality and (B) bleeding resulting in hospitalization or death fol-
lowing the index hospitalization for pulmonary embolism (PE), by age, treatment era and
Charlson comorbidity index (CCI; 0 = no relevant comorbidities). Mortality within
3 months after PE increased with older age (Odds ratio 1.55 per 10 y), higher CCI (OR =
1.45 per 1 point) but declined over the study period. In contrast, bleeding risk within
1 year after index PE increased over time (OR = 1.36/decade) and was higher in older pa-
tients (OR = 1.07/10 y) and those with comorbidities (OR = 1.72 for CCI > 0; P < 0.001 for
all presented odds).

Colour of each cell reflects its numerical value, to aid visual perception of presented data,
with a bi-colour gradient used, ranging from pale-red (low-range values) to red (high-
range values).

PE (similar to our study) between 1996 and 2006 [4]. There were
251,449 admissions with a diagnosis of PE in the study period with
non-elective admission rates rising from 28.0 per 100,000 in 1996/7 to
32.1 per 100,000 in 2005/6. The increasing incidence reported in our
study therefore extends the observations of these previous studies.

So what are the reasons behind the increasing incidence? Despite
the largest increase in PE incidence occurring in the 80 years and
above age groups and the apparent similarity between the geographic
distribution maps of incident PE and age-distribution map of England,
increased PE incidence was only partially accounted for by older age
and social deprivation (R? = 0.30) [8]. This discrepancy can be ex-
plained by increased likelihood of diagnosing PE over the study period.
In turn, this is most likely to reflect the increased use of diagnostic algo-
rithms advocating pre-test probability testing, wider availability of CT
pulmonary angiography and D-dimer testing, as well as a greater ten-
dency to investigate elderly patients who are more at risk. For instance,
at one extreme, a randomized study in 2012 suggested the combination
of Well's score and qualitative D-dimer testing may be used to safely
exclude a PE diagnosis in primary care [9]. However, lack of available
D-dimer testing in UK community practices has precluded widespread
adoption of this approach suggesting more UK evidence may be needed
in the community-based PE diagnostic pathway [10]. The advent of
multidetector row CT pulmonary angiography revolutionized

diagnostic approaches to PE around 1998. In the RIETE study the pro-
portion of patients diagnosed with PE using a CT scan has increased
from 47% to 90% over the period 2001 to 2013 [11]. Inevitably this has
led to the discovery of asymptomatic or ‘incidental’ PEs, which predom-
inate in sub-segmental pulmonary vessels [12]. Even discounting for
false positive diagnoses due to breathing motion or beam-hardening ar-
tefacts on CT, there remains considerable uncertainty over the clinical
relevance of sub-segmental thrombi and the risk/benefit of treatment
with anticoagulation. [3,13-15].

The number of patients re-admitted to hospital with PE within
2 years from the first PE episode increased over the study period, with
the highest re-admission rate observed in younger patients. The reason
for the general increase of re-admissions appears multifactorial and
may be related to the increasing age of the population but, also, to in-
creased availability of tests aiding PE diagnosis, including imaging and
D-dimers. The higher proportion of younger patients re-admitted with
PE compared to older patients is, however, surprising. Diagnosis of PE
may be clinically challenging, particularly in older patients with signifi-
cant comorbidities. Moreover, re-admissions due to recurrent events
may be less often observed in old individuals, as recurrent PE may be
fatal [12].

5.2. Mortality

Despite the increase in incidence over the study period, there was a
steady decrease in mortality. This was seen over all age groups and co-
morbidity score. Unsurprisingly, the highest mortality was seen in older
patients with higher co-morbidity score. An improvement in mortality
was also reported in the previous national studies as well as in more
prevalent international studies such as the RIETE Registry [4,5,11]. The
reasons for this improvement in mortality are likely to include both a
real improvement in patient care and “over-diagnosis” of incidental
and sub-segmental PE [13,16]. In more recent treatment era, patients
were older with greater comorbidity scores supporting the conclusion
that improved mortality is due, at least in part, to improved patient
care. Potential contributors to improvements in care include more effec-
tive guidelines and treatments, more judicious use of systemic throm-
bolysis in the acute setting [3,17], as well as a paradigm shift in
cancer-associated PE treatment toward low molecular weight heparin
in place of vitamin K antagonists [18].

5.3. Bleeding

A surprising result of this study is the apparent increase in bleeding
rates. Previous studies have clearly demonstrated that one of the most
important parameters associated with increased risk of bleeding related
to anticoagulation is age [19-21]. Yet, our analysis suggests that increas-
ing age of the general population in England may be only one of the
factors associated with increased likelihood of bleeding following PE-
episode over the years. Although we did not have anti-coagulation de-
tails for the patients included in this study, analysis of prescriptions of
anticoagulants in the United Kingdom performed by Loo et al. demon-
strates, that there was an increase of prescriptions since 2011 with an
exponential increase in use of DOACs and decline of prescriptions for Vi-
tamin K antagonists [22]. Multiple clinical studies support the safer
bleeding profile of DOACs over Vitamin K antagonists, the importance
of prolonged anticoagulation in symptomatic VTE as well as the benefit
of low dose DOACs in the chronic term. [23-26] This suggests that
greater DOAC use in the modern treatment era should reduce
anticoagulation complications and ameliorate bleeding risk [27], How-
ever, the use of DOACs remains relatively novel [24] and we found
that the majority of bleeding complications occurred in more elderly pa-
tients with greater comorbidity. Notably, this group has been under-
represented in current clinical trials of DOACs. Even the most recent
“real-world” evidence suggesting no worse bleeding with DOACs in a
large Canadian population are only short-term results. The only safe
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Mortality after pulmonary embolism by comorbidity index (CCI), A-C

A) Age <40y B) Age 40-60y C) Age >60y
100% 100% 100% —
80% 80% 80%
§60%— gso%— gﬁo%—
2 2 2
S 40% S 40% g 40%
20% 20% 20% — CCI>2
= CCI=2
CCI=1
0% - 0% " 0% - e CCI=0 (no relevant comorbidities)
T T T T T T T T T T T T
0 5 10 15 0 5 10 15 0 5 10 15
Time since PE (Years) Time since PE (Years) Time since PE (Years)
1661 333 141 43 14082 1277 413 102 75290 4561 943 211
1781 682 287 98 9893 2634 1012 248 54492 8411 2008 483
29201 19303 11004 3553 54055 32952 17757 5832 122509 53650 22733 5801
Mortality after pulmonary embolism by treatment era, for CCI=0 only, D-F
D) Age <40y E) Age 40-60y F) Age >60y
10% 25% 100% —
8% 20% 80%
g 6% - ng%— gso%—
2 2 2
g 4% - glo%— 240%—
2% 5% 20% 1998-2004
2005-2009 ——
0% - 0% - 0% 2010-2015 —
T T T T T T T T T T T T
0 5 10 15 0 5 10 15 0 5 10 15
Time since PE (Years) Time since PE (Years) Time since PE (Years)
8292 7902 572 15108 13582 891 33600 21443 1087
9556 730 18413 1426 37245 2353

Fig. 3. Mortality after pulmonary embolism by treatment era, age category and comorbidity index (CCI). Mortality after the first episode of pulmonary embolism (PE) by (A-C) age
category and Charlson Comorbidity Index (CCI) and (D-F) by treatment era (for patients without comorbidities, i.e. CCI = 0, only) showing declining mortality over the years
(Logrank P < 0.001 for D-F).

conclusion is that we must remain observant of bleeding rates in future
cohorts that will mainly be treated with DOACs. Therefore, we believe
our results present an important bench-mark for future studies. Given

Table 3
Predictors of mortality at 3 months following the first episode of pulmonary embolism.
Parameter OR (95% CI) P-value
Age (/10y) 1.55 (1.54-1.56) <0.0001
Female gender 1.07 (1.06-1.09) <0.0001
Age<40y 0.88 (0.80-0.97) 0.013
Age 40-60y 1.28 (1.23-1.33) <0.0001
Age > 60y 1.01 (1.00-1.03) 0.087
Charlson comorbidity score
0 0.22 (0.22-0.22) <0.0001
1 0.87 (0.85-0.88) <0.0001
2 1.57 (1.54-1.59) <0.0001
>2 4.89 (4.81-4.97) <0.0001
Event era
2010-2015 0.82 (0.81-0.84) <0.0001
2005-2009 0.88 (0.87-0.90) <0.0001
1998-2004 Reference
Social deprivation®
Most affluent 0.93 (0.91-0.94) <0.0001
Most deprived 1.03 (1.01-1.05) 0.0002

2 Analysed for quartiles of indices of multiple deprivation rank.

heightened interest in PE follow up, future national investment in spe-
cialized PE clinics and personalisation of treatment plans will be key.

54. Limitations

This study did not include complete data on anticoagulation pre-
scription and duration; therefore it is difficult to judge the relevance
of recent changes in anticoagulation prescribing practice to our findings.
In addition, Hospital Episode Statistics gathered over such a broad treat-
ment era are non-standardised and come with limitations inherent to
using hospital coding data for diagnosis.

6. Conclusions

The documented incidence of PE doubled over the period 1997-
2015 in England, with a significant increase across all age categories.
Mortality significantly declined, which may be associated with both
improvements in treatment and identification of less severe cases.
However, the risk of bleeding associated with PE, requiring admis-
sion or resulting with death, increased modestly over the study pe-
riod. Considering the trend of both increasing documented PE
incidence as well as increasing bleeding risk, management strategies
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should remain focused on the most appropriate method and dura-
tion of PE anticoagulation.
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