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Abstract Background Recent data on temporal trends in excess mortality for patients with
pulmonary embolism (PE) and deep vein thrombosis (DVT) compared with the general
population are scarce.
Methods A nationwide Swedish register study conducted from 2006 to 2018
including 68,960 PE and 70,949 DVT cases matched with population controls. Poisson
regression determined relative risk (RR) for 30-day and 1-year mortality trends while
Cox regression determined adjusted hazard ratios (aHRs). A significance level of 0.001
was applied.
Results In PE cases, both 30-day mortality (12.5% in 2006 to 7.8% in 2018,
RR: 0.95 [95% CI: 0.95–0.96], p<0.0001) and 1-year mortality (26.5 to 22.1%,
RR: 0.98 [0.97–0.98], p<0.0001) decreased during the study period. Compared with
controls, no significant change was seen in 30-day (aHR: 33.08 [95% CI: 25.12–43.55] to
24.64 [95% CI: 18.81–32.27], p¼0.0015 for interaction with calendar year) or 1-year
(aHR: 5.85 [95% CI: 5.31–6.45] to 7.07 [95% CI: 6.43–7.78], p¼0.038) excess mortality.
The 30-day excess mortality decreased significantly (aHR: 39.93 [95% CI: 28.47–56.00) to
24.63 [95% CI: 17.94–33.83], p¼0.0009) in patients with PEwithout known cancer before
baseline,while the excess 1-yearmortality increased (aHR: 3.55 [95%CI: 3.16–3.99] to 5.38
[95% CI: 4.85–5.98], p< 0.0001) in PE cases surviving to fill a prescription of
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Background

In recent decades, significant improvements have beenmade
in the care of patients with venous thromboembolism (VTE),
including standardized risk assessment,1 increased use of
indefinite anticoagulation,1–3 and heightened awareness of
thromboprophylaxis.4

However, the extent to which these advancements have
translated into improved survival for VTE patients remains
uncertain. Consequently, several recent large-scale studies
investigating trends in pulmonary embolism (PE)-related
mortality have emerged, albeit with conflicting findings in
different regions.5–9 However, death certificate data have

been reported to have low accuracy,10 possibly with partic-
ularly large difficulties in determining PE-related mortality,
given the lack of a clear definition.11 Accordingly, reporting
all-cause mortality data may be more informative. Studies
specifically assessing all-cause mortality in PE patients have
demonstrated a reduction in both short- and long-term
mortality,12–14 indicating that the advancements in PE pa-
tient care have indeed led to improved survival. However,
mortality is also decreasing in the general population,15 and
most of these studies lack a comparator group such as the
general population. Hence, uncertainty persists as towheth-
er the observed improved survival, in particular in long-term

anticoagulation. In DVT cases, 30-day and 1-yearmortality declined, while excessmortality
compared with controls remained stable.
Conclusion In general, the improved mortality following PE and DVT paralleled
population trends. However, PE cases without cancer had decreasing excess 30-day
mortality, whereas those surviving to fill a prescription for anticoagulant medication
showed increasing excess 1-year mortality.
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mortality, reflects a result of improved VTE care or simply an
overall increase in survival across the general population. A
more precise way to assess time trends in VTE mortality
could be to explore if the excess mortality trend in VTE
patients increases or decreases compared with the general
population.

The PE population is diverse, underscoring the need for
subgroup mortality analysis. For instance, while most PE
patients survive until filling a prescription of anticoagulant
medication, studies specifically exploring mortality within
this subgroup are lacking.12,16 Similarly, patients with can-
cer-associated VTE constitute a distinct group warranting
separate analysis given their considerably higher death rate.17

The primary objective of this study was to explore trends
in 30-day and 1-year all-cause mortality from 2006 to 2018
in patients with a first-time PE or deep vein thrombosis
(DVT) episode, compared with matched controls from the
general population. Secondary objectives comprised sepa-
rate analyses of patients who survived to fill a prescription of
anticoagulant medication at the pharmacy and of patients
without known cancer at baseline.

Methods

Study Population
This nationwide, Swedish, register-based study included
patients with a first-time VTE from 2006 to 2018. The
included registers were the National Patient Register, the
National Prescribed Drug Register, the National Cause of
Death Register, and the Total Population Register.

The National Patient Register has virtually complete cov-
erage of inpatient care.18Hospital-based outpatient care (not
primary care) has been registered since 2001, with almost
complete coverage for all caregivers over the last decade.18,19

The National Prescribed Drug Register contains data on all
dispensed prescription medications in Sweden from
July 2005 and onwards.20 The National Cause of Death
Register contains data on underlying and contributing causes
of death for inhabitants registered in Sweden.21 The Total
Population Register contains data on all inhabitants in
Sweden, including their area of residence.22

VTE cases were identified in the National Patient Register,
linked with the other registers using the Swedish Personal
IdentifierNumber (a unique number identifying every Swed-
ish citizen), and merged into a pseudonymized dataset,
where the Personal Identifier Number was replaced by a
serial number. Up to four control persons per case were
retrieved from the Total Population Register and matched to
VTE cases on age, sex, area of residence, and date of the first
VTE diagnosis of cases. Control persons suffering from VTE
after matching were censored at that time point and became
cases. The yearly number of Swedish inhabitants, used for the
calculation of incidence rates, was provided by Statistics
Sweden.23

Primary and secondary position diagnostic codes from in-
and outpatient registers for VTE with the following diagnos-
tic codes were included: ICD-10 (International Classification
of Diseases 10th Revision): PE (I26), DVT (I80 except I80.0).

Diagnostic codes for pregnancy-associated VTE were not
included. The Swedish version of the ICD-10 does not encom-
pass specific codes for upper extremity thrombosis (I82.62),
which prevented us from distinguishing cases of upper ex-
tremity thrombosis. Additionally, codes for other venous
embolism or thrombosis (I82.4X) are also absent. The outpa-
tient and DVT diagnoses in the National Patient Register may
have low accuracy.24,25 Therefore, all diagnoses were con-
firmedbyeither (1) aprescriptionofanticoagulantmedication
filledwithin 30days of theDVTor PEdiagnosis (forAnatomical
Therapeutic Chemical codes, see ►Supplementary Table S1,
available in the online version), or (2) in cases the patient died
beforefilling a prescription, a confirmation of the VTE diagno-
sis in the National Patient Register by a VTE diagnosis as an
underlyingorcontributingcauseofdeath in theNationalCause
of Death Register. Caseswith concomitant diagnosis of both PE
and DVTwere classified as PE.

Exclusion Criteria

• Cases with prior DVT/PE. International Classification of
Diseases Revision 9 (ICD-9): PE (415B, 416W), DVT (451
except 451 A, and 453C); or ICD-10: PE (I26), DVT (I80
except I80.0).

• Dispense of prescription of anticoagulant treatment with-
in 6 months before the VTE diagnoses for cases (6 months
before the matching date for controls).

• Age <18 years at the time of first VTE.

See ►Fig. 1 for the flow chart for study inclusion.
The study was approved by the Swedish Ethical Review

Authority (Dnr 2019–01956).

Comorbidities
Baseline comorbidities encompassed registered diagnoses
within 7 years preceding the occurrence of the VTE event,
with the VTE date in cases serving as the index date for
control subjects. The following comorbidities were includ-
ed: ischemic heart disease, heart failure, peripheral artery
disease, ischemic stroke, hemorrhagic stroke, dementia,
chronic obstructive pulmonary disease, systemic connec-
tive tissue disorders, liver disease, diabetes, hemiparesis,
kidney failure, human immunodeficiency virus, psychosis,
and cancer.

Additionally, certain comorbiditieswere defined based on
registered diagnoses within 6 months preceding the VTE
date, including bleeding, peptic ulcer, surgery, lower extrem-
ity fracture, and trauma. Detailed ICD-10 codes for all
diagnoses are provided in ►Supplementary Table S2 (avail-
able in the online version). Concomitant medications were
determined by prescription fillings within 6 months before
the VTE (►Supplementary Table S2, available in the online
version).

Outcomes
The primary outcome of this study was the time trends in
excess mortality in patients with PE or DVT compared with
matched controls. Secondary outcomes were time-trend
analyses in excess mortality in patients who survived to
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fill a prescription of anticoagulant medication at the phar-
macy and in patients without known cancer at baseline, both
compared with their respective controls. Cases and controls
were followed until death, up to 1 year after the index VTE,
or December 31, 2019, whichever came first. Controls
were censored at the time of the first VTE during the study
follow-up.

Statistical Analysis
Continuous baseline characteristic variables were described
by mean, standard deviation, median, and range, as applica-
ble, and categorical variables by frequency and percentage.
The incidence rate for PE and DVTwas calculated by dividing
the number of events each calendar year by the number of
inhabitants 18 years and older in Sweden the same year,
using population numbers from Statistics Sweden.

Crude event rateswere calculated as the number of deaths
divided by the number of follow-up years per respective
study group and expressed by 1,000 person-years. The 95%
confidence interval (CI) for the event rate was estimated
using exact Poisson limits. Crude event rates and incidence
for 30-day and 1-year (0–365 days)mortalitywere described
for each calendar year. Separate analyses were made for PE
cases versus their controls and DVT cases versus their con-
trols. In separate sub-analysis, PE and DVT cases who filled a
prescription for anticoagulant medication and PE and DVT
cases without diagnosed cancer 7 years prior to baseline
were assessed for mortality. Poisson regression was used to
determine relative risk (RR) for trends inmortality rates over
time. RR with 95% CI was presented.

The Cox proportional hazard regression model was used
to calculate hazard ratios (HRs) with 95% CI for mortality for

Fig. 1 Flow chart for study inclusion for PE cases and controls (A) and DVT cases and controls (B). AC, anticoagulant medication; DVT, deep vein
thrombosis; PE, pulmonary embolism.
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cases versus controls. We adjusted HR for all comorbidities
registered before the index VTE. HRwas also adjusted for sex
and age since the original age and sex-matching had become
unbalanced due to the exclusion of individuals according to
predefined exclusion criteria. Additionally, the interaction
between the group (cases vs. control) and the year of thefirst
VTE diagnosis was investigated. The proportional hazards
assumption was tested by introducing an interaction term
between the log(time) and the group (cases and controls),
respectively, for PE and DVT.

All tests were two-tailed. Due to the large number of
patients included in this study, and the multiple testing
performed, a significance level of 0.001 was applied. All
analyses were performed using SAS software version 9.4
(SAS Institute Inc., Cary, North Carolina, United States).

Results

From January 2006 to December 2018, a total of 68,960
cases (51.4% female, median age 69.0) presenting with first-
time PE and 70,949 cases with a first-time DVT (50.4%
female, median age 65.7) were identified. PE cases were
matched with 261,960 population controls, whereas DVT
patients were correspondingly matched with 276,004 pop-
ulation controls. Among the identified cases, 63,424 indi-
viduals with PE and 70,577 with DVT survived to fill a
prescription for anticoagulant medication at the pharmacy.
Furthermore, 49,743 PE cases and 54,895 DVT cases had no
history of cancer diagnosis within 7 years preceding the
baseline.

The incidence of PE increased from 56.2 per 100,000
inhabitants in 2006 to 78.6 per 100,000 inhabitants in 2018
(►Table 1). Conversely, the incidence of DVT was 59.9 per
100,000 in 2006, which increased to 76.3 per 100,000 by
2011 before stabilizing for the remainder of the study
period.

Baseline characteristics of patients in 2006 and 2018 are
shown in ►Table 1. During the study period, outpatient
management became more prevalent. Toward the end of
the study period, fewer patients had ischemic heart disease
or heart failure, while the prevalence of kidney failure
increased. In 2006, a larger number of PE patients had cancer
compared with 2018, whereas the proportion remained
stable in the DVT patient group (►Table 1).

Mortality and Time Trends Compared with Matched
Controls

Pulmonary Embolism and 30-Day Mortality
The 30-day mortality for patients with PE decreased from
12.5% in 2006 to 7.8% in 2018 (►Fig. 2A; detailed in
►Supplementary Table S3, available in the online version).
Time-trend analysis revealed a reduction in event rates, with
an annual 5% decrease (RR: 0.95, 95% CI: 0.95–0.96,
p<0.0001). Conversely, the controls showed no significant
change in mortality (p¼0.026). The adjusted HR (aHR)
compared with matched controls demonstrated a numerical
decrease, albeit not statistically significant, from 33.08 (95%

CI: 25.12–43.55) in 2006 to 24.64 (95% CI: 18.81–32.27) in
2018 (p¼0.0015 for interaction with calendar year).

Among PE patients who filled a prescription for anticoag-
ulant medication, 30-day mortality was 1.9% in 2006 and
2.0% in 2018 (►Fig. 2B; detailed in ►Supplementary

Table S4, available in the online version). Time-trend analysis
showed stablemortality in cases (RR: 1.01, 95% CI: 0.99–1.02,
p¼0.41) as well as controls (p¼0.016). The aHR did not
change significantly, 4.03 (95% CI: 2.76–5.90) in 2006 and
6.42 (95% CI: 4.57–9.02) in 2018 (p¼0.075).

In patients with PE without a history of cancer before
baseline, the 30-day mortality declined from 11.1% in 2006
to 6.5% in 2018 (►Fig. 2C; detailed in ►Supplementary

Table S5, available in the online version). Time-trend analysis
revealed an annual decrease in event rates (RR: of 0.95, 95%
CI: 0.95–0.96, p<0.0001) for cases, but no significant change
for controls (p¼0.06). The aHR declined significantly from
39.93 (95% CI: 28.47–56.00) to 24.63 (95% CI: 17.94–33.83,
p¼0.0009).

Pulmonary Embolism and One-Year Mortality
The 1-year all-cause mortality among patients with PE
declined from 26.5% in 2006 to 22.1% in 2018 (►Fig. 2D;
detailed in►Supplementary Table S3, available in the online
version). Time-trend analysis revealed an annual decrease of
2% in event rates (RR of 0.98, 95% CI: 0.97–0.98, p<0.0001)
for cases as well as a decline in controls (p<0.0001). The aHR
did not change significantly, 5.85 (95% CI: 5.31–6.45) in 2006
and 7.07 (95% CI: 6.43–7.78) in 2018 (p¼0.038).

WhenconsideringonlyPEpatientswhofilledaprescription
for anticoagulation, the 1-year mortality was 17.5% in 2006
and 17.2% in 2018 (►Fig. 2E; detailed in ►Supplementary

Table S4, available in the online version). Time-trend analysis
showed no significant change in cases (RR: 1.00, 95% CI: 0.99–
1.00,p¼0.20), but a decrease in controls (p<0.0001). The aHR
increased from3.55(95%CI:3.16–3.99) in2006to5.38 (95%CI:
4.85–5.98) in 2018 (p<0.0001).

In PE patients without a history of cancer, the 1-year
mortality was 20.0% in 2006 and 15.6% in 2018 (►Fig. 2F;
detailed in ►Supplementary Table S5, available in the
online version). Time-trend analysis showed an annual
decrease in event rates (RR: 0.97, 95% CI: 0.97–0.98,
p<0.0001) in cases, accompanied by a decline in controls
(p<0.0001). The aHR did not change significantly, 5.32 (95%
CI: 4.73–5.99) in 2006 and 6.12 (95% CI: 5.44–6.88) in 2018
(p¼0.51).

Deep Vein Thrombosis and 30-Day Mortality
For patients with a DVT diagnosis, the 30-day mortality was
2.4% in 2006 and 1.8% in 2018 (►Fig. 3A; detailed in
►Supplementary Table S6, available in the online version).
Time-trend analysis showed an annual decrease in event
rates (RR: 0.97, 95% CI:, 0.96–0.97, p<0.0001) in cases, as
well as in controls (p<0.0001). The aHR did not change
significantly, 6.06 (95% CI: 4.32–8.50) in 2006 and 5.17 (95%
CI: 3.70–7.24) in 2018 (p¼0.29).

Among DVT patients who filled a prescription for antico-
agulant medication, the 30-day mortality was 1.6% in 2006

Thrombosis and Haemostasis © 2024. The Author(s).
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Fig. 2 (A) Thirty-day mortality, relative risk (RR) over time, and adjusted hazard ratios (aHRs) for PE cases versus controls over calendar years.
(B) Thirty-daymortality, RRover time, and aHR for PE patients who filled a prescription for anticoagulantmedication. (C) Thirty-daymortality, RR over time,
and aHR for PE cases and controls without cancer before baseline. (D) One-year mortality, RR over time, and aHR for PE cases versus controls over calendar
years. (E) One-year mortality, RR over time, and aHR for PE patients who filled a prescription for anticoagulant medication. (F) One-year mortality,
RR over time, and aHR for PE cases and controls without cancer before baseline. PE, pulmonary embolism.

Fig. 3 (A) Thirty-day mortality, relative risk (RR) over time, and adjusted hazard ratios (aHRs) for DVT cases versus controls over calendar years.
(B) Thirty-daymortality, RRover time, andaHR forDVTpatientswhofilledaprescription for anticoagulantmedication. (C) Thirty-daymortality, RRover time,
andaHR forDVTcases andcontrolswithout cancerbeforebaseline. (D)One-yearmortality, RRover time, andaHR forDVTcases versus controlsover calendar
years. (E) One-year mortality, RR over time, and aHR for DVT patients who filled a prescription for anticoagulant medication. (F) One-year mortality,
RR over time, and aHR for DVT cases and controls without cancer before baseline. DVT, deep vein thrombosis.
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and 1.4% in 2018 (►Fig. 3B; detailed in ►Supplementary

Table S7, available in the online version). Time-trend analysis
showed no significant trend (RR: 0.98, 95% CI: 0.97–1.00,
p¼0.047) in cases, but a decline in controls (p<0.0001). The
aHR did not change significantly, 4.04 (2.78–5.86) in 2006
and 4.24 (2.96–6.07) in 2018 (p¼0.028).

In DVT patients without a history of cancer, the 30-day
mortality was 1.6% in 2006 and 1.1% in 2018 (►Fig. 3C;
detailed in►Supplementary Table S8, available in the online
version). Time-trend analysis showed an annual decrease in
event rates (RR: 0.96, 95% CI: 0.94–0.98, p¼0.0001) in cases,
accompanied by a decline in controls (p<0.0001). The aHR
did not change significantly, 6.38 (4.15–9.83) in 2006 and
4.62 (3.02–7.08) in 2018 (p¼0.68).

Deep Vein Thrombosis and One-Year Mortality
The 1-year mortality in DVT cases was 16.2% in 2006 and
11.3% in 2018 (►Fig. 3D; detailed in ►Supplementary

Table S6, available in the online version). Time-trend analysis
showed an annual decrease in event rates by 3% (RR: 0.97,
95% CI: 0.97–0.98, p<0.0001) in cases, accompanied by a
decrease in controls (p<0.0001). The aHR did not change
significantly, 3.53 (95% CI: 3.17–3.93) in 2006 and 3.97 (95%
CI: 3.53–4.47) in 2018 (p¼0.049).

When considering only patients filling a prescription
for anticoagulant medication, the 1-year mortality was
15.6% in 2006 and 11.0% in 2018 (►Fig. 3E; detailed in
►Supplementary Table S7, available in the online version).
Time-trend analysis showed an annual decrease in event rates
(RR: 0.97, 95%CI: 0.97–0.98,p<0.0001) in cases, accompanied
by a decrease in controls (p<0.0001). The aHR did not change
significantly, 3.36 (95%CI: 3.01–3.76) in2006and3.85 (95%CI:
3.42–4.34) in 2018 (p¼0.010).

For patients without a history of cancer before baseline,
the 1-year mortality was 9.6% in 2006 and 6.5% in 2018
(►Fig. 3F, detailed in ►Supplementary Table S8, available in
the online version). Time-trend analysis showed an annual
decrease in event rates (RR: 0.97, 95% CI: 0.96–0.98,
p<0.0001) in cases, accompanied by a decrease in controls
(p<0.0001). The aHR did not change significantly, 2.72 (95%
CI: 2.37–3.13) in 2006 and 3.03 (95% CI: 2.60–3.54) in 2018
(p¼0.025).

Discussion

In the present study, the 30-day and 1-year all-cause mor-
tality rates revealed a significant decrease over time among
both PE and DVT patients. However, the excess mortality
compared with matched controls remained largely un-
changed over time, except for a reduction in 30-day excess
mortality among PE cases without a history of cancer. When
considering only PE patients surviving to fill a prescription
for anticoagulants at the pharmacy, mortality remained
unchanged over time, leading to an increase in the 1-year
excess mortality compared with matched controls.

Recent studies evaluatingmortality trends in VTE patients
have reported a decline inmortality rates over time,12–14 but
few studies have compared these decliningmortality rates to

mortality trends in matched population controls. One recent
Danish study reporting time trends in excess mortality in PE
showed a significantly decreased 30-day mortality in PE
patients relative to population controls matched for sex,
age, and cancer, but an increased 31- to 365-daymortality.12

However, to study excess mortality was not among the
study’s aims and it was onlymentioned briefly in the results,
making it difficult to compare with our study.

The previous studies on time trends in all-causemortality
following PE report varying mortality rates. Notably, studies
with higher mortality rates included only inpatients,12,13,16

possibly leading to the inclusion of more severe PE cases.26

Additionally, no verification of diagnoses with anticoagula-
tion was employed in the previous studies, allowing for the
inclusion of both false-positive cases25 and patients not
receiving anticoagulant treatment, a group previously
shown to have a high mortality.26 Indeed, in one previous
study, 46% of patients in 2000 and 31.5% in 2020 did not
receive oral anticoagulation, with no mention of the use of
low-molecular-weight heparin.12 Conversely, another study
on time trends reporting lower mortality rates included only
patients who were able to provide informed consent, possi-
bly selecting less severe PE cases.14

Patients with PE without a history of cancer before
baseline had decreasing 30-day mortality compared with
controls. This could be a result of improved inpatient treat-
ment, increased awareness of PE, and increased access to
computed tomographic pulmonary angiogram, which sim-
plifies the diagnosis of PE, but also leads to the identification
and treatment ofmore subsegmental PEs.27 In this context, it
is important to acknowledge that PE is still associated with a
substantial risk of short-term all-cause mortality. For in-
stance, our reported 30-day mortality in patients without
preceding cancer of 6.5% in 2018 exceeds the 30-day mor-
tality in patients with ST-segment elevation myocardial
infarction undergoing primary percutaneous coronary inter-
vention in Denmark in 2018 (30-day mortality of 5.1%).28

Hence, themortality improvement seen in this study is a very
positive indication of possible VTE-care improvement in a
patient population at high risk of death.

The vast majority of PE cases survived the initial hospi-
talization and filled a prescription for anticoagulant medica-
tion (63,424 out of 68,960 patients during the study period).
No improvement was observed in either 30-day (1.9% in
2006 and 2.0% in 2018) or 1-year mortality (17.5% in 2006
and 17.2% in 2018). In contrast, the matched population
controls experienced a decrease in mortality, resulting in
increasing excessmortality for PE cases over time. During the
study period, direct oral anticoagulants were introduced,
which may have impacted the results. However, the change
of treatment practice fromwarfarin and the increased use of
indefinite treatment in Sweden were not fully implemented
at the end of the study period, with European guidelines
changing first in 2019,1 making it difficult to evaluate. The
trend of increasing excess mortality compared with controls
was not seen in patients with DVTwith a filled prescription,
where excessmortalitywas stable. A possible explanation for
the difference between PE and DVT patients is the increasing
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use of thoracic computed tomography scans for cancer
follow-up. This could lead to incidental findings of PE in
patients with cancer, which could impact mortality.

To address the high long-term mortality, with a relative
increase compared with the time trends in the population,
information on mortality causes in different subgroups of PE
patients is needed. However, studies on specific mortality
causes in patients after suffering a PE are scarce. One recent
German single-center study reported that the most preva-
lent 1-year mortality causes in PE patients were PE-related
complications, cancer, cardiovascular diseases, and infec-
tions.29 Additional large-scale studies on recent mortality
data are needed.

Strengths and Limitations

The main strength of this study is the large population, with
national registers including all Swedish inhabitants. Sweden
offers universal health care to all inhabitants, meaning there
is no selection of patients based on socioeconomic back-
ground,which is a potential problem in health care insurance
databases.

Similar to many register-based studies, this study has
several inherent limitations.30 One notable limitation is that
the use of extensive datasets can yield statistically significant
results that may be influenced primarily by the large sample,
rather than reflecting meaningful effects. To address this
issue, a low significance level has been employed. An addi-
tional limitation is that diagnostic coding from clinical
practice may be erroneous for various reasons. The validity
of VTE diagnoses in the Swedish Patient Register has previ-
ously been questioned, in particular for outpatients and
patients with DVT.24,25 We addressed this by validating
the VTE diagnosis with either the filling of a prescription
of anticoagulant medication within 30 days of the VTE
diagnosis (excluding all patients with anticoagulant medica-
tion within 6 months prior to the VTE) or a registration of
VTE as an underlying or contributing cause of death in the
Cause of Death Register for patients who did not survive to
fill a prescription of anticoagulant medication at the phar-
macy. One limitation of this approach is that it might have led
to the exclusion of patients who suffer a VTE after receiving
prophylactic outpatient anticoagulation.

The results are likely generalizable to populations with
similar thrombotic risk and similar access to high-quality
health care as in Sweden. The generalizability to other groups
might be lower. Since diagnostic codes for pregnancy-asso-
ciated VTE were not included in the study, and this group
differs from themajority of VTE patients, the generalizability
to this group is likely to be low.

Conclusions

We found no significant improvement in excess mortality
over time comparedwithmatched controls except for 30-day
mortality in PE patients without cancer. In patients with PE
who survived to fill a prescription of anticoagulant medica-
tion, the excess 1-year mortality compared with controls

actually increased. These findings suggest uncertainty re-
garding whether the advancements in VTE care have effec-
tively translated into improved mortality rates.

What is known about this topic?

• Previous studies indicate a decreasing trend in 30-day
and 1-year all-cause mortality rates following pulmo-
nary embolism (PE).

• However, there are limited data on mortality trends
associated with deep vein thrombosis (DVT).

• Additionally, minimal research has been conducted
into how these trends correlate with overall changes
in population mortality.

What does this paper add?

• While 30-day and 1-year mortality decreased over
time in patients with PE and DVT, it was parallel to
the mortality trends in the population, rendering
excess mortality stable over time.

• A sub-analysis showed two exceptions: 30-day mor-
tality in patients with PE without known cancer at
baseline decreased over time. One-year mortality in
patients with PE who survived to fill a prescription for
anticoagulant treatment was unchanged over time,
with increasing excess mortality compared with
matched controls.
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