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Abstract

Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE) affects 5%
of the population during their lifetime. Patients with VTE are treated with anticoagulant (AC) therapy for a minimum
of 3 months to prevent thrombus extension, embolization, and reccurences. Hereafter the decision to stop or
continue treatment depends on the balance between the risk of reccurence (1-10%/year) and bleeding (2-
4%lyear). Treatment of acute PE is traditionally hospital based and associated with high costs. The lesser need
for monitoring with the increasingly used direct oral anticoaugulants (DOAC) in comparison to warfarin potentially
facilitates outpatient treatment of PE in low risk patients. Treatment of PE patients outside of hospital might be
hampered by fears concerning patient’s anxiety and wellbeing, however, and it is therefore important to ensure
that outpatient treatment is associated with favorable outcomes on health-related quality of life (HRQoL).
Furthermore, the need for anticoagulation therapy in patients with subsegmental pulmonary embolism (SSPE)
diagnosed with computer tomography of the pulmonary arteries has been questioned as these patients run low
risk for reccurent VTE during 3 months of follow-up.

In this thesis we evaluated patients with low risk PE.

Study I; the aim was to evaluate the safety of withholding AC therapy in 54 patients with SSPE diagnosed by
ventilation/perfusion single photon emission computed tomograpy (V/P SPECT). During 90 days follow-up there
were no deaths or recurrent PE. Seven patients were readmitted to the hospital, however, wherof 4% (2/54) were
diagnosed with DVT necessitating AC therapy.

Study II; aimed to evaluate the efficacy and safety of outpatient treatment of low-risk PE patients with DOAC.
Outpatient treatment was defined as discharge from the emergency department (ED) within 24 hours.
Comorbidities, risk factors, and simplified pulmonary embolism severity index (sPESI) were evaluated for all 245
patients at baseline. Death, recurrent VTE, and bleeding was recorded during 6 months of follow-up. There were
no deaths related to VTE and no recurrent VTE, whereas one patient experienced major bleeding, and five
patients experienced minor bleedings.

Study II; evaluated the health care costs in patients with low risk PE. Health care costs were analysed in 223
patients treated as outpatients and 287 patients treated in hospital. Total cost per patient was 2,088 EUR in the
outpatient group, and 7,334 EUR in the inpatient group (p<0.001).

Study IV: aimed to evaluate HRQoL in outpatient treated PE patients in comparison to HRQoL in DVT patients.
Patients were invited to complete disease specific questionnaires and a generic HRQoL tool within 72 hours, six
weeks, and six months after diagnosis. A total of 29 PE and 63 DVT patients were enrolled and completed follow-
up forms. No difference in HRQoL was observed between PE and DVT patients in the acute phase or at six weeks
whereas PE patients had a significantly lower EQ-5D index than DVT patients after six months. Furhtermore, all
domains of Pemb-QoL were significantly improved during follow-up.

In conclusion; Withholding AC therapy in patients with SSPE cannot be recommended. Outpatient treatment
with DOAC in selected low risk PE patients is efficient and safe. Better adherence to current international
guidelines recommendning outpatient treatment with DOAC in low risk PE would potentially lead to significant
savings in healthcare expenditure. The overall self-rated health status in low risk PE patients is comparable to in
outpatient treated DVT patients.

Key words Low-risk pulmonary embolism; direct oral anticoagulation; efficacy and safety; cost savings; health
related quality of life
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efficacy n= 245
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n=92

Study design

Retrospective

Retrospective

Retrospective

Prospective

Main research question

Is it possible to
withhold AC therapy in
small PE?

Is outpatient treatment
in PE patients safe
when using our

selection criteria?

Is outpatient treatment
of low-risk PE patients
associateda with cost
savings?

Is QoL comparable in
outpatient treated low-
risk PE and DVT
patients?

Main findings

No, recurrence
rate was high.
AC therapy is

recommended

Yes, there was
no VTE
mortality or
recurrent VTE

Yes, savings
were observed

Yes, QoL was
comparable
initially
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Introduction

History

Venous thromboembolism (VTE) was first demonstrated in the 18" Century by
Giovanni Batista Morgagni who identified large clots in the pulmonary arteries at
autopsy of patients having suffered sudden death from pulmonary infarction.
Laennec in 1819 first described the pathologic features of haemorrhagic pulmonary
infarction and differentiated it from other causes of haemoptysis' but was not able
to explain the disease origin. A contemporary of Laennec, Jean Cruveilhier,
hypothesized that the cause of all disease was phlebitis. He reached this conclusion
by observing blood clots at autopsy®. It was Rudolph Virchow who subsequently
defined the pathophysiology of pulmonary embolism (PE) by realizing that a venous
thrombus could break loose from its origin, travel through the blood stream, and
lodge in the vessels of other organs®. Virchow observed two types of thrombi
associated with PE. One arising from a systemic vein, thereafter embolizing to the
lung, and another arising in the pulmonary artery distal to the embolus as a result of
stagnant blood flow. Virchow’s triad was defined as constituting of 1) stasis of
blood, 2) venous injury, and 3) a state of hypercoagulability. These three factors are
considered as being the underlying mechanisms of thrombosis formation *.

Epidemiology

There are almost 10 million yearly cases of VTE globally’. The disease has
substantial morbidity and mortality, and is one of the three major cardiovascular
causes of death, along with myocardial infarction and stroke’. The annual incidence
of VTE is 1 to 2 events per 1,000 individuals in the general population®. National
inpatient data from Sweden (The National Board of Health and Welfare’s statistical
database for diagnoses) revealed that the number of admissions for PE increased
from 3,752 in 1998 (42.4 per 100,000) to 7,415 in 2021 (71.2 per 100,000).
Corresponding figures from the US between 1993 and 2012 were 60,000 (23 per
100,000) and 202,000 (65 per 100 000). In contrast to the increasing incidence of
PE, however, there was a decreasing incidence of massive and hospital related PE
mortality over the same period® ° ' ''. This is probably a result of increased disease
awareness and availability of enhanced imaging techniques, for example computed
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tomography pulmonary angiography (CTPA) and ventilation/perfusion single
photon emission computed tomography (V/P SPECT), in combination with
improved diagnostic algorithms as for example Wells score'. Furthermore, national
inpatient data from Sweden revealed a decreasing length of stay (LOS) for inpatient
treatment of PE, from 8.7 days in 1998 to 4.3 days in 20217. Corresponding data
regarding hospitalization for acute PE patients in the US by National Inpatient
sample database between 2002 to 2014 revealed a median LOS of 5 days (IQR 3-
9)"3. VTE incidence is age-related in a disproportionate manner; in subjects older
than 70 years the incidence is three times higher than in those aged 45 to 69 years,
in whom the incidence is three times higher than in individuals aged 20 to 44 years.
The lifetime incidence of VTE does not differ by sex, but women have higher risk
during the ages of 20-40 years reflecting exposure to reproductive factors, whereas
men have higher risk in older age groups'®. PE accounts for between 5 to 10% of in-
hospital deaths'>. A VTE diagnosis, either PE or DVT, is also associated with
significant mortality, the case fatality rate of a VTE event is approximately 10% at
30 days, increasing up to 15% within 3 months, and 20% by 1 year'' '¢'7,

Risk factors

All VTE risk factors can be summarized by the above-mentioned Virchow’s triad
and can be divided into inherited and acquired factors.

Table 1. Inherited risk factors for venous thromboembolism.

. Prevalence in patients .
Inherited risk factors Prevalence in the with VTE Increased risk for

H 0,

population (%) (%) VTE (fold)
Factor V Leiden mutation in
heterozygote form 92! 5-10 20-30 35
Factor V Leiden mutation in
homozygote form 922 0.1 34 7-20
Prothrombin gene mutation in
heterozygote form 192! 2 67 35
s{;ﬁgggsg ?oerrrf 1';‘_‘2‘:“"‘“0” in 0.01 unknown unknown
Antithrombin deficiency 232 0.02 0.8 10-20
Protein C deficiency 2>% 0.2 1 5-10
Protein S deficiency 232 0.1 1 5-10
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Inherited risk factors

The inherited risk factors are genetic conditions which increase the risk of VTE.
Prothrombin gene mutation increases the risk of thrombosis threefold and is found
in around 2%, almost only in Caucasians'®. The mutation can be detected in
approximately 6% of patients with VTE" 2° 2!, Homozygosity for the prothrombin
gene mutation is rare, however, but confers a 30 times increased risk for VTE %
21 A more common mutation leading to hypercoagulability is the factor V Leiden
mutation which is associated with a 5-fold increased risk of VTE in its heterozygote
form, and a 20-fold increased risk in homozygote form '*2°2!22, The prevalence of
carriers is 5-10% among Caucasians, 20-30% among VTE patients, and
approximately 50% in patients with familial thrombophilia'®*° %', Deficiencies in
protein C, protein S, and antithrombin® ** ** are both more infrequent and more
potent, and confer a 5- to 10-fold increase in VTE risk.

Acquired risk factors

Pregnancy is a natural hypercoagulable state with the purpose to decrease the risk
of haemorrhage during childbirth®®. This is mediated by increase in coagulation
factors VII, VIII, X, von Willebrand factor, and fibrinogen, together with a
decreased level of protein S and acquired activated protein C resistance®® ?’. VTE
rate increases four- to fivefold during pregnancy, and up to twentyfold during the
three months following delivery?® %. Oestrogen therapy increases the risk of VTE
three- to fourfold*, especially during the first year of treatment and particularly the
first three months. Hereafter, the risk does not increase further, however, and
cessation of therapy will eliminate the risk*'.

The risks of thrombosis related to trauma and surgery are known, in particularly in
patients undergoing orthopaedic surgery with elective hip or knee replacement
without prophylactic anticoagulation (AC) therapy*”. Hip replacement following
trauma is associated with a corresponding risk both preoperatively and
postoperatively®®, mediated mainly by immobility during and after the surgery as
well as by direct venous injury and inflammation. Pharmacological
thromboprophylaxis is therefore recommended''. Immobility increases the risk of
VTE mediated primarily by stasis of blood flow, occurring with hospitalization,
prolonged travel, and joint immobility** * %

Age is an important risk factor for VTE with increasing risk from the fourth and
fifth decades and a marked increase in those older than 60 years®’. This is largely
caused by increased rates of malignancy, comorbidities, obesity, and decreased
mobility™®.

Patients with severe obesity (body mass index (BMI) > 35) have a sixfold increased
risk of VTE compared to those with normal BMI*.
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Antiphospholipid syndrome is characterized by recurrent venous and arterial
thrombosis, with DVT and PE manifestations being the most frequent. Patients with
this syndrome having a 5 to 8% higher risk of VTE than the normal population*® *'.

Prior VTE events could also be considered as a risk factor, as the rate of recurrency
during the first 5-years after stopping AC therapy can be 25% or higher in patients
with idiopathic or unprovoked events*.

Pathogenesis and pathophysiology

The formation of a thrombus is explained by disturbances in one or several of the
factors in Virchow’s triad as depicted in Figure 1. Most thrombi originate from the
deep veins of the lower extremities. Thromboses most often develop in the calf or
femoropopliteal veins, and less frequently in the iliac veins*. Favourable locations
for thrombus formation are regions with decreased blood flow, such as valve cusps
and bifurcations. The thrombus might propagate due to local hypercoagulability
caused by hypoxia and haemoconcentration* **. Upper extremity deep vein
thrombosis is a less common VTE event, usually associated with central venous
catheters, intracardiac devices, malignancy, or venous related trauma*®. PE is most
likely to occur as a consequence of lower extremity DVT, whereas upper extremity
DVT causes only 6% of PE cases*” ** %,

A PE usually results from detachment of an embolus from its point of origin in the
deep venous system. The thrombus travels through the systemic venous system,
through the right heart ventricle and into the pulmonary arterial system. This might
lead to gas exchange abnormalities and hypoxemia, but it is the potential
haemodynamic consequences of the PE which explain the increased morbidity and
mortality associated with the condition. Therefore, understanding of the
pathophysiology of PE is important for decision making regarding AC therapy, and
consideration of for example systemic thrombolytic or catheter-directed therapies
such as thrombolysis, mechanical thrombectomy, or surgical intervention® °',
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Venous stasis

Thrombus

Hypercoagulable o
state Endothelial injury

Figure 1. The pathophysiology of thrombus formation, also known as Virchow’s triad.

Hypoxemia

Hypoxemia caused by ventilation-perfusion inequalities and shunts is the most
common physiological result of an acute PE’? ** % The PE there causes
redistribution of cardiac output (CO) and blood flow from obstructed regions of the
pulmonary vascular bed to non-affected regions. This results in a mismatch of gas
exchange in areas with low ratios of perfusion to ventilation (PE areas), whereas
non-affected areas will have a compensatory increased ratio of ventilation to
perfusion resulting in further mismatch contributing to hypoxaemia. In areas where
the blood flow is retained but no ventilation exists, such as atelectasis due to the loss
of surfactant or areas with pulmonary infarction or haemorrhage, shunting might
occur. In the setting of acute PE, the increased right atrial pressure might open a
patent foramen ovale (PFO) and cause a right-to-left intracardiac shunt. Inversion
of the pressure gradient may lead to severe hypoxaemia, paradoxical embolization,
and stroke™. Massive obstruction of the pulmonary vascular bed can cause reduced
cardiac output, which in turn will lead to a low mixed venous oxygen saturation.
The combination of mixed venous oxygen saturation with ventilation to perfusion
mismatch from the PE might further exacerbate hypoxemia. Eventually, areas with
vascular obstruction will lead to increased dead space as the lungs continue to
ventilate despite reduced/absent perfusion®®. Medullary receptors sense the increase
in partial pressure of carbon dioxide, however, resulting in increased minute
ventilation. Acute PE is therefore often accompanied by respiratory alkalosis’.
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Haemodynamics

The haemodynamic effects of an acute PE are related to the size and location of the
embolus and the presence of pre-existing cardiopulmonary disease. Patients with
non-massive PE are usually normotensive and have a normal right ventricular (RV)
function. Patients with sub-massive PE are generally clinically stable, but evidence
of RV dysfunction are evident on CT or ultrasonography. Patients with massive PE
usually present with haemodynamic instability from RV failure, and risk both
morbidity and mortality. The choice of correct treatment in these different situations
is therefore fundamental for the patient®’.

Obstruction of the pulmonary arterial vasculature by thrombotic material leads to
increased pulmonary vascular resistance (PVR) when >30-50% of the vascular bed
is affected’®. This increase is due to both mechanical obstruction and the release of
vasoconstrictive agents from platelets, such as serotonin and thromboxane-a2, from
plasma (thrombin), and from the tissue (histamine and endothelin)*® . The sudden
increase in PVR increases the preload of the RV, which will dilate its myocytes
altering its contractile properties, resulting in a more forceful systolic contraction as
a result of the Frank-starling mechanism. RV dilatation confers inotropic and
chronotropic stimulation, and temporarily stabilises the systemic pressure in
combination with the systemic vasoconstriction. However, the thin-walled RV is
unable to generate a mean pulmonary arterial pressure (PAP) >40 mmHg in patients
without prior cardiopulmonary disease® ¢'. Prolonged RV contraction will therefore
lead to bowing of the interventricular septum into the left ventricle®> and
desynchronization of the ventricles which may also be exacerbated by right bundle
branch block. As a result, the prolonged increased preload of the RV will impinge
the left ventricle (LV), leading to reduced cardiac output, systemic hypotension and
haemodynamic instability>® %2 %,
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Consequences of pulmonary arterial obstruction

Y RV/LV- Echo or CT
- RV dilatation

TV insufficiency

RV wall tension T

NP\ t Neurohormonal
4 activation

4 Myocardial
inflammation

int
RV 0, demand

LV preload ¢ 4 / Intrapulmonary A-V
/  shunting

RV output ¢‘a\.‘_;:__,/ RV ischaemia, hypoxic injury

RV contractility

Figure 2. Factors contributing to haemodynamic collapse and death in acute pulmonary embolism (modified from
Konstatinides et al**).

AV = Arterio-venous; BP = Blood pressure; CO = Cardiac output; LV = Left ventricle; NT-proBNP = N-terminal
prohormone of brain natriuretic peptipe; O2 = oxygen; RV = Right ventricle; SBP = Systolic blood pressure; TV =
Tricuspid valve.

Diagnosis

PE is one of three major causes of cardiovascular death, and might present with a
wide spectrum of symptoms ranging from asymptomatic cases to patients suffering
sudden death®. The increased awareness of VTE and the increased availability of
imaging testing such as CTPA have led to a higher tendency to suspect and exclude
PE in low probability patients. This is well illustrated by the decreasing number of
test-positive patients in clinical studies. PE incidences as low as 5% have been
reported in recent North American studies, in contrast to the approximately 50%
incidence reported in early 1980s%. The characteristic signs and symptoms of PE
such as tachycardia, dyspnoea, cough, chest pain, syncope, hypoxemia, and shock
are non-specific, however, and may be present in many other conditions such as for
example acute myocardial infarction (MI), congestive heart failure, or pneumonia®.
Therefore, the diagnosis of PE depends largely on the clinical likelihood of PE and
the stability of the patient. To identify the likelihood of PE, the clinical presentation
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and medical history of the patient need to be combined with widely used diagnostic
tools such as the Wells criteria or the Geneva score®’.

Clinical presentation

Patients with pulmonary embolism obstructing the pulmonary vascular bed most
often present with dyspnoea, chest pain, pre-syncope/syncope, or haemoptysis®® ¢
" Syncope and haemodynamic instability are rare but important clinical
presentation, and indicate more severe obstruction caused by central or massive PE
with highly reduced haemodynamic reserve. Syncope is associated with
haemodynamic instability and RV dysfunction’'. Chest pain is frequent in PE and
usually caused by pleural irritation due to distal emboli causing pulmonary
infarction””. In centrally positioned PE chest pain might be anginal reflecting
possible RV ischaemia, necessitating a differential diagnosis from acute coronary
syndrome or aortic dissection”. Dyspnoea may present as both acute and severe in
central PE, whereas patients with small peripheral PE often have mild and even
transient dyspnoea. In patients with prior cardiopulmonary disease such as heart
failure, worsening of the dyspnoea may be the only indication of PE”. In the
prospective investigation of pulmonary embolism diagnosis II (PIOPED II) trial,
common signs were tachypnoea (54%) and tachycardia (24%). The most usual
symptoms were onset of dyspnoea within seconds, at rest or with exertion (73%),
pleuritic pain (44%), calf or thigh swelling (41%), and cough (34%)®".

Diagnostic approach

The clinical probability of the disease increases with the number of predisposing
factors. As approximately 60% of patients with PE have predisposing factors’,
clinical probability tests might help increase the accuracy of PE diagnosis.

Wells criteria and Geneva score

Validated scoring systems such as Wells criteria and Geneva score® are used in
order to estimate the likelihood of PE. These scoring systems classify the clinical
likelihood of PE into two or three categories with increasing incidence of PE™* 7 (as
PE being either unlikely or likely, or as the patient having low, intermediate, or high
clinical probability of PE). The above-mentioned scoring systems have been
validated in two meta-analyses, which confirmed the validity of the original and
simplified versions of the Wells criteria and the revised Geneva scores’® 7.
Prospective direct comparison between these rules has confirmed that their
diagnostic performance is equal’®. Table 2 summarizes the validated versions of the
Geneva score and Table 3 summarizes the Wells prediction rules for PE. Regardless
of the scoring system, and when a three-level classification is used, the proportion
of patients with confirmed PE may be expected to be approximately 10% in the low-
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probability category, 30% in the moderate-probability category, and 65% in the
high-probability category’’. When using a two-level classification, the proportion
of patients with confirmed PE is approximately 12% in the PE-unlikely category
and 30% in the PE-likely category’’.

Table 2. Original and simplified versions of the revised Geneva score

Revised Geneva score Original version™ Simplified version®
Age > 65 years 1 1
Previous DVT or PE 3 1
Surgery or fracture within 1 month 2 1
Active malignancy 2 1
Unilateral lower limb pain 3 1
Haemoptysis 2 1
Heart rate

75-94 bpm 3 1

295 bpm 5 2
Pain on lower limb deep vein palpation and unilateral oedema 4 1

Clinical probability

Three-level score

Low 0-3 0-1
Intermediate 4-10 2-4
High =11 25

Two-level score

PE unlikely 0-5 0-2

PE likely 26 23

DVT= deep vein thrombosis; PE=pulmonary embolism; bpm=beats per minute
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Table 3. Original and simplified version of Wells score

Wells score Original version® Simplified version®’
Previous PE or DVT 1.5 1
Surgery or immobilization within the past 4 weeks 1.5 1
Cancer 1 1
Haemoptysis 1 1
Heart rate > 100 bpm 15 1
Clinical signs of DVT 3 1
Alternative diagnosis less likely than PE 3 1

Three-level score

Low 0-1 NA
Intermediate 2-6 NA
High 27 NA

Two-level score

PE unlikely 0-4 0-1

PE likely >4 =2

DVT= deep vein thrombosis; PE=pulmonary embolism; bpm=beats per minute; NA= not available

Pulmonary embolism rule-out criteria

Pulmonary embolism rule-out criteria (PERC) were established to identify patients
in the ER having such a low risk of PE that diagnostic workup should not be
initiated®. These rule-out criteria comprise eight clinical variables which notably
are associated with an absence of PE: age<50 years, pulse<100 beats per minute,
oxygen saturation>94%, no unilateral leg swelling, no haemoptysis, no recent
trauma or surgery, no history of VTE, and no hormonal use. Safe exclusion of PE
in low clinical probability patients using PERC was validated in a prospective
study* and in a randomized non-inferiority management study®. The overall
prevalence of PE in these studies was low (< 5%) and the generalizability of the
results can therefore be questioned.

Chest radiography

Chest radiography of the lungs in PE is frequently abnormal, but findings are often
non-specific such as oligemia (Westermark’s sign), peripheral wedged-shaped
density above the diaphragm (Hampton’s hump), and enlargement of the right
descending pulmonary artery (Palla’s sign). The major role of chest radiography in
this situation is therefore identification of alternative diagnoses®.
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Electrocardiography

The most frequent abnormality in the electrocardiogram (ECG) is the S1Q3T3
pattern indicating RV strain. The ECG shows an S wave in lead I, a Q wave in lead
III, and an inverted T wave in lead III. Other ECG changes may include inversion
of T waves in leads V1-V4, QR pattern in V1, and incomplete or complete right
bundle branch block®”. Sinus tachycardia occurs in approximately 40% of patients
with PE, and another arrhythmia which might be associated with PE is atrial
fibrillation™,

D-dimer

D-dimer is the degradation product of cross-linked fibrin, the levels of which rise
due to simultaneous activation of coagulation and fibrinolysis in patients with acute
onset of a thrombotic disease. There are numerous available assays for D-dimer with
different characteristics®. However, quantitative enzyme-linked immunosorbent
assay (ELISA) or ELISA-derived assays have the highest diagnostic sensitivity
(over 95%) and a specificity around 40%" *°. PE can be ruled out in patients with
low or intermediate pre-test probability in combination with a negative quantitative
D-dimer. Furthermore, studies have shown that a negative D-dimer test in
combination with low clinical probability might exclude the disease in 30% of
outpatients with suspected PE*?°°! *2_ In outcome studies, the risk of VTE during
three months was <1% in patients with low or intermediate clinical probability who
were left untreated on a basis of a negative D-dimer”. As mentioned above the low
specificity of D-dimer results in a low positive predictive value, since increased D-
dimer levels are seen in a variety of conditions such as cancer, inflammation,
infection, chronic kidney failure, pregnancy, previous VTE, and advancing age” **
%5 Age is an important factor as the specificity of D-dimer in suspected PE decreases
steadily to 10% in patients >80 years of age””. Therefore, use of age-adjusted cut off
levels have been shown to improve accuracy of D-dimers in the elderly. In a
multinational prospective management study D-dimer cut-off increased the number
of patients in whom PE could be excluded from 6.4% to 30% without additional
false-negative findings®®.

Pulmonary angiography

Pulmonary angiography is an invasive method to diagnose PE and has historically
been the “gold standard” for the diagnosis or exclusion of acute PE. It is rarely
performed nowadays, however, as the less invasive alternative CTPA offers similar
diagnostic accuracy”’. Invasive catheter-based diagnostic testing is reserved for
patients in whom an interventional catheter-directed thrombolysis or embolectomy
is planned. PE is visualized as intraluminal filling defects or as an amputation of a
pulmonary arterial branch®®. Thrombi as small as 1-2 mm within subsegmental
arteries can be visualized, however, with high interobserver variability at this level®’
1% As angiography is an invasive investigation which may require high radiation
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dose, up to 10-20 millisieverts (mSv), it is not risk-free. In a study of approximately
1,000 patients, the procedure mortality was 0.5%, major non-fatal complications
occurred in 1%, and minor complications in 5%'"'. Haemodynamic instability or
respiratory failure were the major causes of death in this study.

Computed tomographic pulmonary angiography

Multidetector CTPA is the principal imaging test for diagnosis of PE allowing
visualization of the pulmonary arteries at subsegmental levels'® ' % In the
PIOPED 1II study the sensitivity of CTPA for PE diagnosis was 83% and the
specificity was 96%'%. This study also highlighted that the negative predictive value
for PE in patients with low or intermediate clinical probability of PE and a negative
CTPA was high (96% and 89%). The negative predictive value, however, was only
60% if the clinical probability was high'*. In the same study, a positive CTPA had
a positive predictive value of 92-96% in patients with an intermediate or high
clinical probability, whereas the predictive value was as low as 58% in patients with
a low pre-test likelihood of PE'®. On these grounds the clinicians should consider
further testing in case of negative CTPA but a high clinical suspicion of PE.
However, the Christopher management study revealed that in patients having a
likely or high probability of PE, or a positive D-dimer test who underwent CTPA,
the CTPA had a negative predictive value of 98%'*.The European Society of
Cardiology considers a negative CTPA as enough for exclusion of PE in patients
with low or intermediate clinical probability. But it remains controversial whether
patients with a negative CTPA and a high clinical probability should undergo further
investigation®.

Lung scintigraphy

Ventilation/perfusion lung scintigraphy (V/Q scan) is a non-invasive technique
enabling an indirect diagnosis of PE. In this imaging technique perfusion scans are
combined with ventilation studies, and the purpose of the ventilation scan is to
increase the specificity in acute PE. The diagnosis is confirmed when ventilation is
normal and hypoperfusion occurs in the same area, a condition also referred to as
“mismatch”. As V/Q scan has lower radiation and is a contrast medium sparing
procedure it is particularly suitable in patients with severe renal failure, contrast
medium-induced anaphylaxis, and young female patients, especially during
pregnancy'?”’. Classification criteria for planar V/Q scans were originally defined in
the PIOPED study'®, but have later been revised'® ''° ' To enhance the
communication between clinicians, scans are defined as normal (excluding PE),
high probability (considered diagnostic of PE), or non-diagnostic''? ''* ' In the
PIOPED II study it was suggested that a high probability V/Q scan could confirm
PE'®. This has been questioned in patients with a low clinical probability,
however''® 'S, Several studies indicate that imaging for PE with V/P SPECT may
decrease the proportion of non-diagnostic scans to 0-5%'"* "7 11811 Unfortunately,
the retrospective design of these studies has led to uncertainties regarding the
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accuracy of V/P SPECT'? ' 12! Therefore, large scale prospective studies are
needed for further validation of the utility of V/P SPECT.

Assessment of pulmonary embolism severity

It is of great importance to assess pulmonary embolism severity in order to offer the
patient appropriate surveillance and therapeutic management. The initial risk
stratification is based on the clinical signs and symptom of haemodynamic
instability, the latter indicating high risk of early death’. Risk stratification is of high
importance also in the remaining group of patients presenting without
haemodynamic instability.

Risk stratification

The focus of risk stratification is the evaluation of RV function, a critical
determinant of the outcome in patients with acute PE. There are different risk
stratification tools, imaging and laboratory tests which are helpful for the physician
when choosing the right level of care and therapeutic management’.

Pulmonary embolism severity index or simplified pulmonary embolism severity
index

Pulmonary embolism severity index (PESI, table 4) is one of the most validated
scores to assess PE severity, comorbidities, overall mortality risk, and early
outcomes of patients with acute PE'?* 123 124125 The original PESI score'* included
11 variables whereas the simplified version of PESI (sPESI) has six variables'?’.
One of the main strengths of the PESI and sPESI scores, observed in a randomized
trial and confirmed in observation studies, is their reliability for identification of
patients with low mortality within 30 days'** '%%.
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Table 4. Original and simplified Pulmonary Embolism Severity Indices (PESI).

Parameter Original version'?’ Simplified version'?®
Age Age in years 1 point (if age>80 years)
Male sex +10 points -

Cancer +30 points 1 point

Chronic heart failure +10 points

Chronic pulmonary disease +10 points 1 point

Pulse rate > 110 bpm +20 points 1 point

Systolic BP <100 mmHg +30 points 1 point

Respiratory rate > 30 breaths per +20 points -

minute

Temperature<36° C +20 points -

Altered mental status +60 points -

Arterial oxyhaemoglobin saturation +20 points 1 point

<90%

Risk strata Class |: <65 points 0 points = 30-day mortality risk 1.0%

Very low 30-day mortality (0-1.6%) (95% CI 0.0-2.1%)
Class Il: 66-85 points
Low mortality risk (1.7-3.5%)
Class llI: 86-105 points
Moderate mortality risk (3.2-7.1%) 21 point(s) = 30-day mortality risk
Class IV: 106-125 points 10.9%
High mortality risk (4.0-11.4%) (95% CI 85-13.2%)
Class V: > 125 points
Very high mortality risk (10.0-
24.5%)

Hestia criteria

The Hestia criteria (table 5) constitute a checklist of 11 clinical parameters or
questions which all can be obtained bedside. This checklist contains aspects of PE
severity, comorbidities, and the feasibility of home treatment. Home treatment is
considered as being not possible if one of the exclusion criteria is met'?’. The three
months recurrence rate of VTE in a single arm management trial using Hestia
criteria for home treatment of acute PE patients was 2.0% (0.8-4.3%), which was
considered acceptable'*’. Other studies have shown that the Hestia criteria enable
reliable identification of PE patients at low risk and therefore can be used for clinical

triage'*’.
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Table 5. Hestia exclusion criteria for outpatient management'®.

Is the patient haemodynamically unstable? * Yes |No
Is thrombolysis or embolectomy necessary? Yes |No
Active bleeding or high risk of bleeding? 1 Yes |No
More than 24 hours of oxygen supply to maintain oxygen saturation> 90% Yes |No
Is pulmonary embolism diagnosed during anticoagulant treatment? Yes |No
Severe pain needing intravenous pain medication for more than 24 hours? Yes |[No

Medical or social reason for treatment in the hospital for more than 24 h (infection, malignancy,

no support system)? Yes |No
Does the patient have a creatinine clearance of< 30 mL min-'? 1 Yes |No
Does the patient have severe liver impairment? § Yes |No
Is the patient pregnant? Yes |No
Does the patient have a documented history of heparin-induced thrombocytopenia? Yes |No

Hestia exclusion criteria for outpatient management of pulmonary embolism'®. If the answer to one or more of the
questions is ‘yes’, then the patient cannot be treated at home.

*Include the following criteria but leave them to the discretion of the investigator: systolic blood pressure< 100 mmHg
with heart rate> 100 beats, min-'; condition requiring admission to an intensive care unit. T Gastrointestinal bleeding in
the preceding 14 days, recent stroke (< 4 weeks ago), recent operation (< 2 weeks ago), bleeding disorder or
thrombocytopenia (platelet count< 75 x 109 L"), uncontrolled hypertension (systolic blood pressure> 180 mmHg or
diastolic blood pressure> 110 mmHg). $Calculated creatinine clearance according to Cockroft-Gaul formula. §Left to
the discretion of the physician.

Echocardiography and cardiac biomarkers

Echocardiography visualizes RV dilatation in > 25% of unselected PE patients, and
is a useful non-invasive imaging method for early risk stratification of patients with
PE"!. RV dysfunction on echocardiography is associated with short-term mortality
in haemodynamically stable patients, but has a low positive predictive value for PE-
related death (<10%)'*?. This is mainly due to the lack of echocardiographic
parameters standardized for PE'** **, Echocardiography is widely recognized as a
valuable tool for distinguishing the function and morphology of the RV and
assessment of the prognosis in normotensive PE patients, however'** 1**, An RV/LV
diameter ratio >1.0 and a tricuspid annular plane systolic excursion (TAPSE) < 16
mm are findings associated with unfavorable prognosis'**. Echocardiography is also
useful for diagnosing of right-to-left shunts, such as patent foramen ovale, and right
heart thrombi, conditions associated with increased mortality in acute PE %, A
patent foramen ovale in a patient with acute PE has also been proven to increase the
risk of ischemic stroke due to paradoxical embolism'* 3.

As previously mentioned (Figure 2), RV overload due to acute PE is associated with
myocardial stretch leading to release of B-type natriuretic peptide (BNP) and N-
terminal (NT)-proBNP. Plasma levels of these peptides therefore reflect the severity
of RV overload due to acute PE'*". In a meta-analysis, 51% out of 1,132 unselected
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patients with acute PE had elevated BNP or NT-proBNP at admission, indicating a
10% risk of early death and a 23% risk of adverse clinical outcome'*®. These
peptides have low specificity and positive prediction values for early mortality in
normotensive patients'*’, however, but low plasma levels of BNP and or NT-
proBNP were capable of excluding an unfavorable clinical outcome with high
sensitivity and negative predictive value in a multicenter management study'**.
Likewise, elevated plasma concentrations of cardiac troponins I or T in both
unselected and selected patients with acute PE were associated with a worse
prognosis'®’. The interpretations of troponin I or T levels depend on the assay used,
however, a meta-analysis'*" has shown that between 30% (using conventional
assays) and 60% (using high sensitivity assays) of patients with acute PE have
elevated cardiac troponin I or T #1141 142143 " Ag mentioned regarding BNP or NT-
proBNP, elevated cardiac troponins have a low specificity and positive predictive
value for mortality in haemodynamically stable PE patients, but nevertheless cardiac
biomarkers in combination with clinical assessment and imaging findings may
improve risk stratification in PE'*,

Treatment

As one of the first features of severe PE is hypoxemia, administration of oxygen
therapy is indicated in patients with oxygen saturation <90%. An atrial septal defect
or a patent foramen ovale could contribute to severe hypoxemia®®, a condition for
which other oxygen therapies such as high-flow oxygen or non-invasive or invasive
mechanical ventilation might be necessary'* '**. These oxygenation techniques are
mainly used in extreme cardiopulmonary instability, however. Such patients are
often hypotensive or have a high risk of developing hypotension during induction
of anesthesia, intubation, and positive-pressure ventilation. Mechanical ventilation
should therefore be used with care as adverse haemodynamic effects such as positive
intrathoracic pressure may reduce venous return and worsen low CO due to RV
failure in patients with high-risk acute PE'* 4,

Low systemic output caused by acute RV failure is the main cause of death in
patients with high-risk PE. Modest volume loading is the treatment of choice when
the central venous pressure is low'“’, however, it can also lead to an overdilatation
of the RV which will lead to drop in systemic blood pressure'*’. Assessment of
central venous pressure by ultrasound of the inferior vena cava could therefore be
helpful to guide cautious volume loading when arterial pressure is low'*.

In high-risk PE patients the use of vasopressors is often necessary for stabilization
of the patient before non-invasive or invasive treatment. Norepinephrine is used as
vasopressor in acute PE and cardiogenic shock, leading to improvement of
ventricular systolic interaction and coronary perfusion without causing increased
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PVR'*, Dobutamine is mainly considered in patients with a low cardiac index and
normal blood pressure, but the fact that an increase in cardiac index may aggravate
the ventilation/perfusion mismatch by redistribution of blood flow from obstructed

to unobstructed vessels must be taken into consideration'*.

Extracorporeal membrane oxygenation (ECMO) and thrombolysis may be used in
patients with high-risk PE and circulatory collapse or cardiac arrest. As this
approach is associated with a high risk of complications, and vascular access is
needed, it has been considered as controversial'>® 3!,

Initial and long-term treatment

Heparinoids

Low molecular weight heparin (LMWH) is the drug of choice in patients with high
or intermediate clinical probability of PE. Treatment should be initiated already
when the patient is awaiting the result of diagnostic tests’. This can be
accomplished either by weight adjusted subcutanecous LMWH, fondaparinux, or
intravenous unfractionated heparin (UFH). However, LMWH and fondaparinux are
preferred over UFH, as they are associated with lower risk of major bleeding and
heparin-induced thrombocytopenia, and do not necessitate monitoring of anti-Xa'>
153 134155 "In patients with overt haemodynamic instability treated with reperfusion
treatment, UFH is preferred at diagnosis. Unfractionated heparin is also
recommended for patients with severe renal impairment (creatinine clearance <30
mL/min) or severe obesity'™*. LMWH can be prescribed in patients with renal
impairment and creatinine clearance 15-30 mL/min and in need of long-term
therapy, however, adapted dosing should be used'>*.

Vitamin K-antagonists

Vitamin K antagonists (VKA) have been the golden standard for treatment of VTE
for more than 50 years. They should be administered simultaneously with LMWH
or other subcutaneous anticoagulation for >5 days, and until the international
normalized ratio (INR) value has reached 2.0-3.0 for two consecutive days'*.
Warfarin may be started at a dose of 10 mg in patients aged <60 years, and in
otherwise healthy older patients at a dose of <5 mg'**. Over the next five to seven
days the daily dose is adjusted according to the INR level. Therefore,
implementation of an anticoagulation clinic is of high importance and has been
proved to increase time in therapeutic range as well as clinical outcome, compared
to regulation of VK As by a general practitioner'>’ 1%,

31



Direct oral anticoagulation (DOAC)

DOAC, also known as non-vitamin K antagonist oral anticoagulants (NOAC), are
small molecules that inhibiting an activated coagulation factor. Dabigatran inhibits
thrombin whereas other DOAC (apixaban, edoxaban, and rivaroxaban) affect factor
Xa.'. In contrast to VKA, DOAC can be given at fixed doses without routine
laboratory control, mainly due to their well-known bioavailability and
pharmacokinetics'®. In addition, VKA are more prone to interact with other
drugs'**. It has also been shown that treatment with DOAC leads to a significantly
reduced rate of major bleeds compared to VKA, but is non-inferior regarding VTE
recurrence rate'®’. However, patients with severe renal impairment were excluded
in phase III DOAC trials in VTE, and DOAC can therefore only be used in patients
with mild to moderate renal dysfunction (CrCl from 15 or 30 to 60 mL/min)'®'.

Reperfusion treatment

Thrombolysis

Systemic thrombolysis in the acute setting of high-risk PE leads to faster resolution
of pulmonary obstruction, improvement PAP, PVR, and RV dilatation in
comparison to treatment with LMWH or UFH'®! 62 163 164 GQtreptokinase and
urokinase were introduced as the first thrombolytic agents, but intravenous
administration of recombinant tissue-type plasminogen activator (rtPA) is
preferable to prolonged infusion of the first-generation thrombolytic agents®.
Thrombolytic treatment may be performed in patients who have had symptoms for
6-14 days, but the greatest benefits is observed when treatment is instituted within
48 hours'®. Significant reductions of mortality and recurrent PE have been observed
in a meta-analysis of thrombolysis in high-risk PE patients, defined mainly as
presence of cardiogenic shock. Treatment also conferred a 9.9% rate of severe
bleeding and 1.7% rate of intracranial haemorrhage, however'®. In the pulmonary
embolism thrombolysis (PEITHO) trial, thrombolytic therapy in normotensive
intermediate-risk PE patients was associated with significant reduction of
haemodynamic collapse, however, patients in the thrombolysis group also ran an
increased risk of severe extracranial and intracranial bleeding, and no benefit could
be demonstrated in terms of mortality'®’. Long term follow-up after the PEITHO-
trial showed similar rates of residual dyspnoea and RV dysfunction.

Thrombectomy
This approach can be performed either by percutaneous catheter-directed treatment
or surgical embolectomy.

The first approach is less invasive, as catheter insertion into the pulmonary arteries
is performed via the femoral route. Different types of catheters can be used for
mechanical fragmentation, thrombus aspiration, or pharmacomechanical approach.
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The latter is a combination between mechanical or ultrasound fragmentation of the
thrombus alongside with reduced-dose thrombolysis'*® '®. A meta-analysis showed
that the overall success rates of this percutaneous catheter-based therapy reached
87%'. One randomized control trial compared conventional heparin-based
treatment and a catheter-based therapy combining ultrasound clot fragmentation in
patients with intermediate-risk PE, showing that the invasive approach was more
successful in decreasing the RV/LV diameter ratio at 24 hours without increased
risk of bleeding'”". Two prospective studies of intermediate- and high-risk PE
patients corroborate that this approach leads to improvement in RV function'’* 7>,
These studies should be interpreted with caution, however, as they have not directly
compared catheter-directed therapy with systematic thrombolysis, and the number
of patients treated was limited*’.

A much more invasive approach in acute PE is surgical embolectomy, which is
carried out with cardiopulmonary bypass, without aortic cross-clamping or
cardioplegic cardiac arrest. This is followed by incision of the main pulmonary
arteries and the removal of the thrombus *°. This approach is more appropriate for
high-risk PE patients with or without cardiac arrest and in selected cases of
intermediate-risk PE'”*. In an observational retrospective study of 174,322 patients
hospitalized for PE between 1999 and 2013, 2,854 underwent systemic
thrombolysis and 257 underwent surgical embolectomy. The overall 30-day
mortality with these two therapeutic strategies were 15% and 13%, respectively, but
thrombolysis was associated with a higher risk of stroke and reintervention at 30
days'”. The less invasive approach was also associated with a higher rate of
recurrent PE requiring readmission, 7.9 vs 2.8%, whereas there was no difference

in 5-year survival between groups'”.

Treatment strategies

High-risk pulmonary embolism

As mentioned above, the treatment of high-risk PE patients is mainly focussed on
stabilization of the patient and treatment of the RV failure. This is primarily
accomplished by the treatment of choice in these cases, systemic thrombolysis®’.
Percutaneous catheter-directed thrombolysis or surgical pulmonary embolectomy
are other alternatives to create reperfusion of the affected area in patients with
contraindications to thrombolysis®. After the patients have been haemodynamic
restored, oral anticoagulation is the drug of choice.

Intermediate-risk pulmonary embolism

In patients without haemodynamic instability the drug of choice in most cases is
parenteral or oral anticoagulation®. Within this group, however, normotensive
patients with one indicator of elevated PE-related risk such as comorbidities or
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aggravating conditions or signs of RV dysfunction on echocardiography or CTPA
accompanied by a positive cardiac biomarker should be monitored over the first
hours or days'®®. These patients with intermediate-high PE-risk should receive
LMWH over the first two to three days, and assessment of the haemodynamic
situation is of great importance. If haemodynamic instability occurs in this patient
group, treatment should be offered in accordance with the above guidelines for high-
risk PE patients'® %,

Low-risk pulmonary embolism

Home treatment of low-risk PE patients is recommended if the risk of early PE-
related death or serious complications is low, patients do not have comorbidities or
conditions that mandate hospitalization, proper anticoagulation treatment can be
provided, and good compliance can be assured>’. As previously mentioned, both the
Hestia criteria and PESI or sPESI are adequate tools for a physician to estimate
safety and feasibility of early discharge or home treatment'?® 126 130 131175,

Cost-benefits of early discharge in low-risk pulmonary embolism

In the United States PE is estimated to cause annual costs ranging from 8.5 to 19.8
billion US dollars'’. Dasta et al reported that the daily cost for inpatient PE
treatment started at 2,034 US dollars and was highest during the first three days, and

that the total mean daily cost for inpatient care of PE was 1,735 US dollars'”’.

LaMori and colleagues showed that outpatient treatment of low-risk PE (LRPE) was
associated with potential savings, as the economic burden incurred by PE is lower
in patients with short length of stay (LOS)'"®. Furthermore, patients with short LOS
run a noticeable lower risk for hospital acquired conditions (HAC)'”. Since the
introduction of DOACs as first line treatment'®® '8 182 183 184 185 o f PR " outpatient
treatment of VTE has potentially been facilitated as the need for monitoring of
DOAC treatment is less than for warfarin. Coleman et al'®® showed that rivaroxaban
use was associated with a 1.36-day shorter length of stay (LOS) and 2,304-dollar
reduction in total cost compared to parenteral bridging during institution of
warfarin. This cost reduction was achieved without increasing the short-term risk of
adverse events including readmission for VTE or major bleeding'®’.

Similarly, Bookhart and colleagues'®’ showed that rivaroxaban use resulted ina 1.7-

day mean reduction in LOS compared with treatment with enoxaparin and vitamin
K antagonists, enabling a reduction of total hospital cost of 3,000 dollars per patient.
DOAC treatment of low-risk PE patients selected with validated risk stratification
tools therefore seems to be a promising strategy to decrease the economic burden to
society caused by the disease.
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Subsegmental pulmonary embolism

PE can be classified according to the most proximal location of the emboli or graded
according to the percentage of the pulmonary vascular bed affected'®. The use of
multiple-detector CTPA has led to an increased number of diagnosed subsegmental
pulmonary emboli (SSPE), accounting for around 5-15% of PE cases. The mortality
of PE though, has remained consistent or decreasing'®’. These findings highlight the
question whether AC-therapy is required for such additionally detected PE’s'*® ',
In a cross-sectional survey on clinician’s opinions on SSPE', it was shown that
physicians are comfortable with withholding of therapy if the three months risk for
recurrent VTE is <2%. Recently, Le Gal G et al prospectively assessed 90-days
outcome in 292 patients with isolated subsegmental PE in whom AC therapy was
withheld. They observed a recurrence rate of 3.1% which was, however, lower in
younger patients and patients with single subsegmental PE'”,

Duration of anticoagulation therapy

Anticoagulation therapy in patients with PE should be recommended for a minimum
of 3 months to prevent thrombus extension, embolization, and recurrences’' ',
Hereafter, the decision to stop or continue treatment depends on the balance between
the risk of recurrence (1-10% per year) and bleeding (2-4% per year)’".

The most important determinants of the risk of recurrence are whether the VTE was
unprovoked or provoked and whether the provoking factor was transient or
permanent'®® % 17 (Figure 3).

The estimated risk for long-term recurrence of PE could be defined as low,
intermediate, or high. Low recurrence risk (<3% per year) is mostly associated with
transient risk factors such as surgery with general anesthesia for more than 30
minutes, hospitalization or immobilization > 3 days, and trauma with fractures™ "%,
Intermediate risk (3-8% per year) is associated with risk factors such as minor
surgery <30 minutes, admission to hospital for <3 days, oestrogen therapy,
pregnancy, reduced mobility > 3 days, long-haul flights, inflammatory bowel
disease, or active autoimmune disease™ '*®, High risk (>8% per year) is associated
with persistent risk factors such as cancer, one or more previous VTE episodes in
absence of provocative factor, and antiphospholipid syndrome'”®. These factors
should be weighed against the bleeding risk of every individual patient when
deciding upon the appropriate duration of anticoagulation.
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Figure 3. Perspectives regarding risk of recurrence of VTE and risk factors (modified from Kearon et al'%).

Prognosis

In most PE survivors, the pulmonary vascular bed is restored within the first few
months following an acute PE episode. However, in rare cases the thrombus might
remain persistent and organized, which might become life-threatening due to
obstructive vasculopathy, also called CTEPH'®®. The most common residual
symptoms six months to three years after an acute PE are persistent or deteriorating
dyspnoea and poor physical performance'®. At six months follow-up there is a high
variability (20-75%) regarding patient’s health status compared to the time of actual
PE diagnosis*® ?°! 22, There are some baseline parameters which could be used as
predictors of exertional dyspnoea at long-term follow-up: cardiopulmonary
comorbidity, advanced age, high body mass index, history of smoking, RV
dysfunction at PE diagnosis, high PAP, and residual pulmonary obstruction at
discharge®' 2> 2% In a prospective Canadian study aiming to determine predictors
of exercise limitation after PE and its association with health-related quality of life
(HRQoL) and dyspnoea, 100 patients were enrolled for evaluation of
cardiopulmonary exercise testing at 1 and 12 months, quality of life, dyspnoea 6-
min walking distance, residual clot burden, and both cardiac and pulmonary
function during follow-up?”. Significantly reduced functional outcome during
cardiopulmonary exercise testing was noted in 47% of patients, and HRQoL,
dyspnoea scores, and 6-min walking distance were related to this functional
outcome *%. In both patients with and without reduced maximal aerobic capacity,
however, pulmonary function tests and echocardiography results at follow-up were
largely within normal limits. Independent predictors for reduced functional exercise
capacity and quality of life were female sex, higher body mass index, history of lung
disease, higher PAP, and higher main pulmonary artery diameter on CTPA at
baseline?®. In a study of 20 patients with massive or sub-massive PE, there was no
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association between exercise impairment and persistent RV dilatation?”’. Both older
and more recent studies suggest that body weight and cardiopulmonary comorbidity
are largely responsible for the frequently reported dyspnoea and other signs of
exercise limitation after acute PE>.

Health related quality of life

As mentioned above, PE severity and long-term outcomes vary™ 7. HRQoL is a
concept that refers to how a person perceives their overall health status and how it
affects their daily life, which can be significantly impacted by PE 2" 2%, Patients
with PE may experience symptoms such as shortness of breath, chest pain, cough,
and fatigue, which can interfere with their ability to perform daily activities and
affect their emotional well-being?' **2”’, Furthermore, the treatment of PE with AC
therapy can also have side effects and impact HRQoL*® 2%
Several studies have assessed HRQoL in PE patients using various tools®*® 210211 212,
Decreased QoL has generally been observed in patients with PE compared to the
general population, however, the explanation for this has not been fully
clarified®® 21921212 Therefore, effective management of PE should not only focus
on preventing complications and improving clinical outcomes but also aim to
improve the patient’s overall quality of life.
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A1ims

Paper I: To retrospectively evaluate the safety of withholding anticoagulation
therapy in patients with subsegmental PE diagnosed by V/P SPECT.

Paper II: To evaluate the safety and efficacy of outpatient treated acute PE patients
treated with DOAC.

Paper III: To evaluate whether outpatient treatment in DOAC treated low-risk PE
patients is associated with cost savings.

Paper IV: To evaluate HRQoL in outpatient treated low-risk PE patients in
comparison to outpatient treated DVT patients and the standard general population.
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Patients and methods

Ethical approval

All procedures performed in studies involving human participants were in
accordance with the ethical standard of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

For paper I ethical approval was obtained by the local ethics committee of Lund
University dnr 2006/324.

For papers I, 111, and IV ethical permission was obtained from the ethics committee
in Lund, Sweden, dnr 2015/143 and 2018/909.

Selection criteria

Selection criteria for outpatient treatment in paper I-IV are illustrated in Figure 4.

1. Clinical Variables
Affected genersl condtion
Bloodpressure <100mmHg/pulse +110

2. PE distribution
Truncus pulmonels/mein pulmonery

artery
Lungscintigrephy ~40%

Consider outpatient
treatment

Inpatient treatment

Figure 4. Selection criteria for outpatient treatment of pulmonary embolism (PE) at Skane University Hospital.
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Paper I

Between 2007 and 2011, 898 (Figure 5) patients were diagnosed with acute PE by
V/P SPECT at Lund University Hospital and clinically assessed according to our
selection criteria for outpatient treatment (Figure 4).

Conventional long-term AC treatment was defined as therapeutic doses of LMWH
or VKA for at least three months, and was withheld by the physician if the V/P
SPECT result was interpreted as follows:

1. Falsely positive for technical reasons (low probability).

2. The perfusion defect was thought to represent an old and no longer
clinically relevant embolization.

3. The embolization was thought to be too clinically irrelevant to merit
treatment.

Withholding of long-term treatment also required that patients were
haemodynamically stable, did not have clinical signs or symptoms of DVT, and that
the extension of perfusion defects on the V/P SPECT images comprised < 20 % of
the pulmonary vascular bed. Based on these criteria, 54 patients did not receive
conventional long-term AC therapy.

n=946

Chronic PE n= 48 &

Patients with acute positive
V/P SPECT n= 898

[ Patients with positive V/P SPECT ]

No treatment for acute PE Patients treated for
n=>58 acute PE n= 836
AC therapy n=4
No treatment for acute PE
n=>54

Figure 5. Flow diagram of patient selection in Paper .
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Papers II and III

Both papers II and III (Figure 6) report a retrospective multicenter cohort study in
consecutive patients treated for acute PE with DOAC in the emergency departments
of all eight hospitals in Sweden’s southernmost health care region with 1.3 million
inhabitants. The eight hospitals in the region, out of which one is a tertiary academic
hospital, used pragmatic criteria for selection of PE patients suitable for outpatient
treatment (Figure 4). We extracted data from AuriculA (Swedish quality register for
anticoagulation) for all 881 patients between 2013 and 2015, and reviewed digital
patient files and imaging databases. The following main baseline data were retrieved
for paper II: symptoms, comorbidities, diagnostic method, sPESI score,
malignancies diagnosed prior to or at diagnosis of PE, use of central venous
catheters or oral contraceptive pills, pregnancy or postpartum state, and family
history defined as VTE in first or second degree relatives, immobilization defined
as > 3 days of bedrest, trauma or major surgery, flight travel of > 5h, cast therapy
within the previous month, thrombophilia, d-dimer (defined as positive if >0.25
mg/L), troponin T (defined as positive if>5 ng/L). Data on mortality, recurrent VTE,
and bleeding complications defined according to the international Society on
Thrombosis and Haemostasis during 6 months after diagnosis had been adjudicated
by AuriculaA officers before entry into the registry.

In paper III all 881 patients were retrospectively assessed according to the risk
stratification score sPESI'®. As many factors might affect decisions on
hospitalization, we restricted our comparison of out- and inpatients to low-risk PE
patients with sPESI 0 and 1.

The cost data were obtained from the central economic unit of the administrative
body of our Health Care Region, and are those debited to an insurance company or
an external region. The cost data which were obtained are listed below:

1. Daily cost for hospitalization: 554 EUR (based on the average cost for room
and staff, imaging, laboratory tests, and medication).

2. Outpatient visits to physicians: 175 EUR.
Outpatient visits to nurses: 131 EUR.

4. As the costs for the initial ED visit (435 EUR) and CT examination (255
EUR) was the same in both groups, these figures were not included in the
calculations.

5. Cost for telephone appointments is not debited in our region.
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In both papers Il and III, PE patients were offered an appointment or telephone
appointment with a nurse in a vascular unit within 72 hours and an appointment with
a vascular physician within 4-6 weeks.

In paper II only descriptive statistics were calculated. In paper III we compared the
in- and outpatient subgroups by Mann-Whitney tests. Multivariable analyses were
performed regarding costs. Results were expressed as n (%), mean + standard
deviation (SD), or median and interquartile range (IQR) as indicated. Analyses were
performed using SPSS for Windows, version 23.0 (SPSS Inc, Chicago, IL).

PE patients with DOAC
treatment

n= 881

PE patients with sSPESI <1
PE patients with sPESI >1 n=510
n=371
Paper III
n=22 n=223
Outpatient PE
sPESI 0 to 4
n= 245
Paper 11

Figure 6. Flow chart illustrating patients with pulmonary embolism (PE) diagnosed between 2013 to 2015 in Swedens
southernmost healthcare region treated with direct oral anticoagulants (DOAC). Retrospective calculation of simplified
pulmonary embolism severity index (sPESI) describing patient selection in paper Ill and all outpatient treated PE
patients in paper Il.
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Paper IV

Between November 2020 and December 2022, we performed a multicenter
prospective cohort study involving three Vascular Medicine units in Region Skane;
Skane University Hospital and two general hospitals, Kristianstad and Héssleholm,
with a total catchment population of about 715,000 inhabitants. Patients with PE
were selected for outpatient treatment (<24 h) at the ED in accordance with our
regional selection criteria (Figure 4). DVT patients were selected for outpatient
treatment in accordance with international guidelines®'®. PE patients were invited to
complete a Pulmonary Embolism Quality of life (PEmb-QoL)*'' questionnaire,
whereas both PE and DVT patients received a questionnaire aimed to evaluate the
general well-being, EQ-5D-3L?" instrument, including EQ-VAS within one week,
after six weeks, and six months after diagnosis.

A power calculation (alpha 0.05, power 80%), indicated that 63 low-risk PE patients
and 63 DVT patients were needed to evaluate a 15% difference in QoL in outpatient
treated low-risk PE in comparison to DVT.

All patients were offered an appointment with a nurse within 72 hours and with a
vascular physician within six weeks after diagnosis. Patients were excluded if they
were aged <18 or >90 years or deemed incapable of complying with study
procedures due to language barriers, disturbances of vision, dementia, or major
psychiatric diagnoses. As background EQ-5D health status index is not available for
the Swedish population, we used Danish data obtained by the EuroQoL website as
a substratum for the calculation of the EQ-5D health profile. As no Swedish version
of the PEmb-QoL questionnaire was available, we performed a forward-backward
translation from the Norwegian version into Swedish, according to
recommendations?'’.

Inclusion of PE patients was severely delayed due to the COVID-19 pandemic. At
the time of the interim analysis, 57 patients had been offered inclusion in the study,
whereof 28 had been excluded due to lack of informed consent, length of stay in the
ED > 24 h, or loss to follow up. The corresponding figures for DVT patients were
87, whereof 24 patients had been excluded. In total, 63 DVT patients and 29 PE
patients were included in the analysis.

PEmb-QoL and EQ-5D-3L are provided in the appendix, page 73-81.

Statistics

Normally distributed variables are presented as mean and standard deviation (SD)
and non-normally distributed variables as median (range). Descriptive analysis in
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both PE and DVT groups, as well as comparative analyses between the two groups
were performed using the Mann-Whitney U-test and the Wilcoxon signed-rank test.
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Results

Paper I

At the time of withholding AC-therapy the majority of patients had risk factors
predicting a high-risk PE i.e., malignancy, heart failure, COPD or elevated cardiac
biomarkers, and only one patient had undergone ultrasound examination which was
not repeated.

During 90 days of follow-up no deaths occurred. Seven patients were readmitted to
hospital, however, only in five cases for suspected VTE. Four patients underwent
phlebography or ultrasound of the lower extremities, whereof two patients (4%)
were diagnosed with DVT necessitating long-term AC therapy.

The first patient with recurrent VTE was a 71-year-old patient who had received AC
for 24 hours. He was readmitted 38 days after the final AC dose due to swelling of
the left leg, and ultrasound confirmed a DVT extending up to the external iliac vein,
provoked by plaster cast immobilization due to a tibial fracture. The second patient
with recurrent VTE was a 92-year-old woman who had received AC for 20 days and
was readmitted 52 days after the final dose of AC therapy due to swelling of the
right leg. Ultrasound confirmed DVT extending up to the common femoral vein.

Paper 11

Baseline characteristics and main findings at the six months follow-up are shown in
Figure 7.

Two of our patients were in week nine of pregnancy at the time of PE diagnosis,
contraindicating DOAC therapy'®* '*° ' In both these patients, pregnancy was
terminated.

The majority of patients (97%) were treated for six months, whereas DOAC therapy
was stopped after three months in seven patients. During six months of follow-up,
one 72-year-old patient died with cardiac arrest of unknown cause during ongoing
treatment with rivaroxaban. Autopsy was not performed, but acute
echocardiography during resuscitation showed no dilatation of the right ventricle.
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In total, nine patients underwent objective imaging for suspected recurrent PE
during follow-up, but no patient was diagnosed with recurrent VTE.

One 61-year-old patient experienced major bleeding during DOAC therapy. The
patient was admitted due to haemothorax caused by pneumonia and long-lasting
cough. This caused a reduction of 20 g/L in haemoglobin level, but the patient was
haemodynamically stable. However, investigation for underlying malignancy was
negative, and treatment was changed from DOAC to LMWH.

Minor bleedings occurred in five (2%) patients during DOAC therapy, one patient
with epistaxis, one with increased menstrual bleeding, two with macroscopic
hematuria, and two with minor gastrointestinal bleeding.

During six months of follow-up, previously unknown malignancies were unveiled
in three patients.

Baseline characteristics

Female 120 (49)
Age 60 £17.2
Previous VTE 20 (8)
Cardiopulmonary disease 38 (16)

Provoking factors 156 (64) Results
Main symptoms at admission ' Death 1
Chest pain 121(49) Major bleeding 1 (0.5)
Effort dyspnea 178 (73) Minor bleeding 5 (2)
Incidental PE 29 (12) Recurrent VTE 0
Main Investigations Treatment data
CTPA 194 (79) Six months 238 (97)
D-dimer positive* 107 (44) Rivaroxaban 225 (92)

TNT positive* 110 (45)

Risk stratification (sPESI)
SPESI 0: 127 (52)
SPESI 1: 98 (40)

Figure 7. Baseline characteristics and six months follow-up of 245 outpatients in the Skane Region treated with direct
oral anticoagulants (DOAC) because of pulmonary embolism during 2013-2015, n (%) or mean+SD

CTPA= computed tomography of pulmonary arteries, sSPESI = simple Pulmonary Embolism Severity Index, VTE =
venous thromboembolism

*percentages of patients analyzed
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Paper III

Among outpatients with PE, 97 (43%) had sPESI score 0 and 126 (57%) sPESI
score 1, whereas the proportions in those selected for inpatient treatment were 112
(39%) and 175 (61%) respectively.

Inpatients were generally older (p<0.001, table 5), whereas gender distribution was
equal. The cost in EUR per patient for hospital stay and outpatient visits during 6
months before and after diagnosis of low-risk PE (sPESI <1) was as following:

L.

Inpatients had a mean stay of 7.4 days incurring a cost of 4,100 EUR for the
index PE.

Inpatients had a higher number of hospital days six months before the acute
PE episode leading to a cost difference between groups, 1,330 EUR in
inpatients versus 720 EUR in outpatients (p<<0.001).

Inpatients had a higher number of hospital days than outpatients during six
months after PE diagnosis, 1,939 EUR versus 720 EUR (p<0.001).

The number of outpatient nurse- and physician visits during six months
before and six months after the acute PE episode was also higher in the
inpatient group (p<0.001, table 5), leading to a significantly higher total cost
in the inpatient group 8,293 EUR versus 2,176 EUR in outpatients
(p<0.001).

No mortality, recurrent VTE, or major bleeding episodes were observed
during six months of follow-up in either group.

In multivariate analysis, type of treatment (in- or outpatient, p<0.001) and
sPESI group (0 or 1, p<0.001) were both significantly associated with a total
cost below or above median, whereas age or gender were not (table 6).

Subgroup analysis of sPESI 0 and sPESI 1

sPESI 0

Among the 238 patients with sPESI 0, 112 (47%) patients were hospitalized and
126 (53%) were treated as outpatients.

1.

2.

Inpatients had a mean of 7 days of hospital stay for the index PE incurring
a cost of 3,933 EUR (p<0.001).

Total cost in the inpatient group (6,503 EUR) was higher compared to for
outpatients (1,957 EUR, p<0.001).
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sPESI 1

Among the 272 patients with sPESI 1,175 (64%) were treated in hospital and 97
(36%) as outpatients.

1. Inpatients had a mean stay of 7.6 days, incurring a cost of 4,210 EUR.

2. Inpatients had a significantly higher cost both at 6 months after the index
PE (2,493 EUR versus 886 EUR, p=0.002) and when total cost was
calculated (9, 440 EUR versus 2,922 EUR, p<0.001).

Table 5. Comparison of patients with pulmonary embolism (PE) and simplified pulmonary embolism score index (s-
PESI) 0 and 1 treated with direct acting oral anticoagulants as outpatients or inpatients during 2013-2015. Costs in EUR
per patient for hospital stay and outpatient visits during the six months before and after diagnosis of PE. N (%) or mean
(IQR). LOS= length of stay.

q - Inpatients  Outpatients SPESI 0 Inpatients ~ Outpatients sPESI 1 Inpatients  Outpatients |

All patients (n=510) (287) (=223) Pvalue | ei12) (=126) Pvalue | e173) 7 P-value
Age (vears) 69 (SD 17) 65 (SD 15) <0.001 60 (SD 15) 54 (SD 18) 0.007 69 (SD 15) 65 (SD 13) 0.011
KIS ERE? 146(51) 111 (49) 0.806 48% (male)  45% (male) 0976 53% (male)  50% (male) 0.652
LOS at PE diagnosis (days)

74 (3-8) 7.1(3-5.8) <0.001 7.6 (3-9) <0.001
LOS 6 months prior to PE
diagnosis (days) 2.4 (0-1) 1.3 (0-1) <0.002 1.4 (0-1) 1.2 (0-1) 0.271 3.1(0-3) 1.4 (0-1) 0.368
LOS 6 months post PE diagnosis
(days) 3.5(0-1) 13(0-1)  <0.001 1.8 (0-1) L.1(0-1) 0.100 4.5 (0-3) 1.6 (0-1) 0.002
Total LOS (days) 13.1 (3-15) 3.0 (0-2) <0.001 10.1 (3-8) 2.7 (0-1) <0.001 15.1 (4-19) 3.3(0-3) <0.001
Nurse appointments 6 months
prior to PE diagnosis

0.7 (0-1) 0.6 (0-1) 0.005 0.5 (0-0) 0.3 (0-0) 0.113 0.8 (0-1) 1.2 (0-1) 0.740
Physician appointments 6 months
prior to PE diagnosis

13(0-2) 1.5 (0-2) 0.001 1.1(0-2) 1.1(0-2) 0.601 1.5 (0-2) 2.1(0-3) 0.055
Nurse appointments 6 months post
PE diagnosis

1.0 (0-1) 1.0(0-1)  <0.001 0.9 (0-1) 0.5 (0-1) 0.025 1.1 (0-1) 1.6 (0-1) 0.166
Physician appointments 6 months
[ A 2.7 (1-4) 2.5(1-3) 0014 2.4 (1-4) 22(1-3) 0.500 29(1-5) 3.0 (1-4) 0462
Mortality o 0 0 0 0 0
Health care costs 6 months prior
to PE diagnosis 1330 720 <0.001 776 665 0271 1717 776 0.368
Health care costs at PE diagnosis 4100 3033 210
Health care costs 6 months after
PE diagnosis 1939 720 <0.001 997 609 0.100 2493 886 0.002
Total hospital costs 7369 1440 <0.001 5706 1274 <0.001 8420 1662 <0.001
Nurse appointment costs prior to
PE diagnosis 92 79 0.005 66 39 0.113 105 157 0.740
Physician appointment costs prior
to PE diagnosis 228 263 0.001 193 193 0.601 263 368 0.055
Nurse appointment costs after PE
diagnosis 131 131 <0.001 18 66 0.025 144 210 0.166
Physician appointment costs
after PE diagnosis 473 263 0.014 420 385 0.500 508 525 0.462
Total cost 8293 2176 <0.001 6503 1957 <0.001 9440 2922 <0.001
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Table 6. Multivariate analysis of factors influencing whether total treatment cost was above or below median in patients
with pulmonary embolism (PE) and simplified pulmonary embolism score index (s-PESI) 0 and 1 treated with direct
acting oral anticoagulants as outpatients or inpatients during 2013-2015.

R P-value OR 95% CI
Age 0.004 0.565 1.004 0.990-1.018
sPESI 0 or 1 -0.768 <0.001 0.464 0.301-0.715
Gender -0.283 0.177 0.753 0.499-1.136
In or outpatient treatment 2.180 <0.001 8.842 5.793-13.496

Paper IV

From November 2020 to December 2022, a total of 29 PE and 63 DVT patients
were enrolled and completed the questionnaire in the acute phase. The median age
was 58 (48-73) years in PE patients and 64 (54-73) years in DVT patients. Male
gender was predominant in both groups, 59% in PE and 62% in the DVT group.

Analysis of quality-of-life questionnaires

PE patients compared to DVT patients

1. No difference in HRQoL (EQ-5D-3L) was observed between patients with

PE and DVT neither in the acute phase nor at six weeks.

2. At six months PE patients had a significantly lower EQ-5D index, mainly
due to worse outcome in “pain/discomfort” and ‘“anxiety/depression”

domains, p=0.004 (Figures 8 and 9).

EQ-5D-3L questionnaire in PE patients

1. No significant improvements were noted in EQ-VAS and EQ-5D index.

2. EQ-VAS improved numerically throughout all follow-ups; 75 (50-85), 78
(69-90), 85 (50-90), and were numerically comparable to in the standard

Danish population, 81.

3. EQ-5D index scores were numerically slightly worse during all follow-up
stages compared to the value of 0.86 in the Danish population (Table 7).
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Pulmonary embolism quality of life (PEmb-Qol) questionnaire

1.

Significant improvements were seen in in FOC, ADL and WRP dimensions
of the PEmb-QoL questionnaire at all three occasions (Table 7 and Figure
10).

No improvements were seen in SL, IOC, or EC between six weeks and six
months of follow-up (Table 7).

EQ-5D-3L questionnaire in DVT patients

L.

50

The EQ-5D index score was significantly better in the acute setting than
after six weeks and six months follow-up, 0.77 vs 0.82 vs 1 (p<0.001).

EQ-VAS were also significantly better in the acute setting than after six
weeks and six months follow-up, 75 vs 80 vs 80 (p<0.05, p<0.05).

No improvements were seen in EQ-5D index score or EQ-VAS when
comparing results at six weeks and six months follow-up.

Both EQ-5D-3L and EQ-VAS were similar to the Danish background
population (0.86 and 81) (Table 7).



Table 7. Health related quality of life in pulmonary embolism (PE) patients during follow-up. Pulmonary embolism Quality
of life (PEmb-QoL) divided into dimensions and presented as median (range). EuroQoL 5 domains and 3 levels (EQ-
5D-3L) and EuroQol visual analog scale (EQ-VAS) are presented as median (range) in PE and deep vein thrombosis

(DVT) patients.

PE PATIENTS ACUTE ACUTE VS 6 WEEKS 6 WEEKS 6 MONTHS ACUTE
6 WEEKS Vsé6 Vs 6
(P-VALUE) MONTHS MONTHS
(P-VALUE) (P-
VALUE)
PENMBQOL
MEDIAN AMEDIAN MEDIAN
(IQR) (IQR) (IQR)
FOC 0.80 p<0.001 | 1.00 p<0.001 | 1.00 Pp<0.05
(0.40-1.00) (0.60-1.00) (0.80-1.00)
ADL 0.67 P<0.001 | 1.00 p<0.001 | 1.00 P<0.001
(0.67-1.00) (0.67-1.00) (0.67-1.00)
WRP 0.50 p<0.05 | 1.00 p<0.05 1.00 p<0.001
(0.50-1.00) (0.50-1.00) (0.50-1.00)
SL 0.40 p<0.05 | 0.20 p=0.05 0.20 p<0.05
(0.20-0.60) (0.20-0.40) (0.20-0.50)
I10C 0.33 p<0.05 | 0.33 p>0.05 0.33 P<0.001
(0.17-0.67) (0.17-0.50) (0.17-0.33)
EC 1.00 p<0.05 | 1.00 p>0.05 1.00 p<0.05
(0.67-1.00) (0.83-1.00) (0.83-1.00)
EQ-5D-3L Danish
Population
PE
PATIENTS
EQ-5D 0.76 p>0.05 | 0.82 p>0.05 0.76* p>0.05 | 086
(0.68-1.00) (0.76-1.00) (0.19-0.76)
EQ-VAS 75 p>0.05 | 77.5 p=0.05 85 p>0.05 | 81
(50-85) (68.7-90) (50-90)
DVT
PATIENTS
EQ-5D 0.77 Pp<0.001 | 0.82 p>0.05 1 P<0.001
(0.66-0.82) (0.76-1.0) (0.82-1.0)
EQ-VAS 75 Pp<0.05 | 80 p>0.05 80 p<0.05
(60-90) (70-90) (70-95)

*p<0.05 in PE versus DVT patients.
FOC = Frequency of complaints, ADL = Activity of daily living, WRP = Work related problems, SL = Social limitations,
10C = Intensity of complaints, EC = Emotional complaints
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Figure 8. Bar chart showing EuroQoL-5 dimension and 3 levels (EQ-5D-3L) in 29 pulmonary embolism (PE) patients
at diagnosis, 27 at six weeks, and 24 at six months. Y-axis=number of patients
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Figure 9. Bar chart showing EuroQoL-5 dimensions and 3 levels (EQ-5D-3L) in 63 deep vein thrombosis (DVT)
patients at diagnosis, 62 at six weeks and six months follow-up. Y-axis=number of patients.
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Figure 10. Boxplot of Pemb-QoL dimension and summary scores in 29 low-risk pulmonary embolism (PE) at
diagnosis, after six weeks and after six months of follow-up. Median (IQR), min, max. In FOC, ADL, WRP, and EC a
high score indicates a better quality of life, whereas in SL and IOC a low score indicates a better quality of life. Health
state index scores range from 0-1, where 0 is a health state equivalent to death and 1 is equivalent to perfect health.
FOC = Frequency of complaints, ADL = Activity of daily living, WRP = Work related problems, SL = Social limitations,
10C = Intensity of complaints, EC = Emotional complaints
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Discussion

In this thesis we attempted to recognize some clinically relevant questions as listed
below.

Paper I - Is it safe to withhold AC therapy in low-risk PE
patients?
A cross-sectional survey'” on clinician’s opinions showed that physicians are

comfortable with withholding of AC therapy if the three months risk for recurrent
VTE is <2%.

In paper I, withholding of conventional long-term AC therapy in small PE patients
diagnosed by V/P SPECT was associated with a recurrence rate of VTE in 2/54
(4%), however, neither recurrent PE nor deaths were observed. These figures are
higher than retrospectively reported by Goy et al*'®, who experienced no recurrences
among 30 SSPE patients at three months follow-up. Similar results were reported
by Carrier and co-workers who observed no recurrences in 60 patients with SSPE?'7.
Furthermore, the bleeding risk in patients with AC therapy is approximately 2-
4%/year’!, and Goy and colleagues®'” observed major bleeding events in 2/43 SSPE
patients on AC therapy. Surprisingly, den Exter et al*'® reported 3.5% recurrences
in 116 SSPE patients during AC therapy.

Le Gal et al' reported a recurrence rate of VTE in 3.1% in 266 patients without
AC therapy in a multicentre prospective cohort study. These results are comparable
to our study, however, in their study'®* all participants underwent bilateral lower-
extremity venous ultrasonography at diagnosis which was repeated one week later
if results were negative at diagnosis. In addition, they reported that the incidence of
recurrent VTE was 2.1% in patients with single SSPE, 5.7% in those with multiple
SSPE, 1.8% in patients aged <65 years, and 5.5% in older patients.

Future studies with a cutoff of <5% or <10% for the extent of perfusion defects in
V/P SPECT (compared <20% in our study) and bilateral lower-extremity venous
ultrasonography at diagnosis might perhaps result in lower risk for recurrent VTE.

As current international guidelines suggest long-term therapy in patients with
unprovoked VTE, withholding of AC-therapy could be considered as a “protocol
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violation™*>! 213 However, the matter could perhaps still be discussed in patients
with an asymptomatic SSPE provoked by a strong transient risk factor without any
inherited risk factors? Furthermore, the different properties of individual risk factors
need to be taken into account, increasing age is linearly correlated to increased risk
for VTE'** whereas other risk factors such as trauma or surgery are transient >33,
If this question is to be answered, systematic prospective investigation of patients
with acquired, inherited, transient, or persistent risk factors'”® '”® need to be
performed. In such studies, frequent diagnostic investigations during the follow-up
period would also be valuable. A prospective multicentre randomised placebo-
controlled non-inferiority trial is ongoing, the SAFE-SSPE (NCT04263038)*" |
which may perhaps lead to increasing understanding and knowledge regarding
treatment strategies in SSPE patients.

Paper II-1V - Is it safe and efficient to treat selected PE
patients with DOAC on an outpatient basis, is it cost-
effective, and how is the quality of life in these patients?

Two articles published in the 1990’s, one by Koopman et al**’ and the other by
Levine et al**!, indicated that outpatient-based treatment was safe and effective in
both selected PE and DVT patients. In both these studies, the result could not be
translated into practice, however, as many DVT patients had been excluded from
outpatient treatment. In the study by Levine et al*?', less than half of the PE patients
had actually been randomized. In the end of the 1990’s, Wells et al*?? demonstrated
that outpatient treatment was possible in selected PE patients, and that self-
administered injections of LMWH could be accomplished by 50% of patients. In
the early 21 century Aujesky et al'”’ derived the PESI score'*’ to predict overall
30-day mortality in PE patients, and select those with low 30-day mortality for
outpatient treatment or early discharge. Aujesky and other authors intended to show
that outpatient treatment potentially resulted in large cost savings without added
risk. Subsequently, Jimenez et al'*® published a simplified version of the PESI score,
the sPESI score. Not long thereafter, the Hestia criteria'*® were established for the
evaluation of safety and efficacy of outpatient treatment. Furthermore, in the
beginning of the 21% century DOAC'® gradually replaced Warfarin and LMWH,
and the practicalities regarding monitoring of treatment slowly decreased.

At this stage our patient material for paper Il was retrieved by using our regional
selection criteria (Figure 4). Our definition of outpatient treatment was similar to
the HESTIA study'®', as patients were discharged within 24 hours of diagnosis after
assessment of pragmatic criteria like social circumstances, high bleeding risk, and
judgment of expected compliance with treatment. In a meta-analysis of outpatient
treatment of PE with warfarin and LMWH, Zondag and co-workers®** identified 13
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studies in which the 24-hour limit had been applied, and five other studies defining
early discharge (<72 h) after admission. None of these studies included patient on
DOAC therapy, however. Similarly, Roy et al*** published a systematic review,
including three meta-analyses and 23 studies, in total 3,671 patients managed at
home, whereof only 35 patients received DOAC??. In this systematic review all
patients had at least three months of follow-up, with <2% overall rate of VTE
recurrences and <3% of major bleeding. In our study we report no VTE recurrences
and only one case (0.4%) of major bleeding. This might perhaps reflect the fact that
DOAC:s have a significantly reduced rate of major bleeds compared to LMWH in

combination with warfarin'®.

HOME-PE**, a randomized trial triaging acute PE patients for outpatient treatment
by either Hestia'*® or sSPESI'* criteria recently showed that approximately one third
of patients included in both groups could be treated on an outpatient basis. These
results are comparable to our data presented in papers 1l and III for which patients
had been extracted from Auricula from 2013 to 2015. In our study, the decision
regarding low-risk PE outpatient treatment in 245 of 881 patients had been based
on the judgement of physicians on call using our selection criteria (Figure 4). In the
HOME-PE, the proportion of patients discharged within 24 hours were as following;
Hestia group 38.4% (378/984) and sPESI group 36.6% (361/986). Notably, the low
risk sSPESI = 0 had been overruled in 28.5% of patients and the negative Hestia rule
had been overruled in only 3.4% of patients. In the former group, the algorithms
were mainly overruled based on concomitant illness and social reasons. Similar
results obtained with our pragmatic selection criteria, as 112 patients with sPESI 0
in paper III (Figure 6) for some reason had been admitted to inpatient treatment. The
use of our selection criteria also resulted in that 50% of patients selected for
outpatient treatment had a non-low risk sPESI score. In HOME-PE, adverse events
occurred in 1.3% of patients in the Hestia outpatient group and 1.1% in the sPESI
group®®’. These results are comparable to ours, but in HOME-PE the incidence of
adverse events was slightly higher.

In addition, the HOT-PE trial**’ prospectively reported data regarding the safety and
efficacy of outpatient treatment in 525 PE patients receiving rivaroxaban, selected
by criteria adapted from the Hestia management study'’'. The definition of
outpatient treatment was wider than in our study (within 48 hours versus <24 h).
Similar results to ours were reported, however, three non-fatal cases of recurrent
VTE and major bleeding in 1.2%.

It is now apparent that outpatient treatment of PE using different selection criteria
is safe and efficient in low-risk PE. Nevertheless, PE patients are still often treated
in a hospital-based manner, despite LOS of up to 6 days®®. As previously
mentioned, however, national inpatient data from Sweden revealed that LOS for PE
patients was 5.7 days in 2011 and 4.3 days in 2021. In our study we observed a LOS
of 7.4 days which may perhaps reflect that our selection for inpatient treatment
represents a selected group with a high degree of comorbidity. Nevertheless,
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hospitalization is the major driver of total cost, any reduction in the number of
inpatient days may translate into important cost savings'”®. In paper I1I we revealed
a total cost difference of 6,117 EUR between in and outpatient treated low-risk PE
patients. This was mainly driven by the difference in the cost for hospital stay caused
by the index acute episode of PE, however, inpatients also spent slightly more time
in hospital before and after the acute PE. Furthermore, as both the in- or outpatient
treatment variable and the sPESI group variable were associated with costs in
multivariate analysis, it was of special interest to evaluate sPESI group 0 and 1
separately, documenting cost savings with outpatient treatment in both groups.
Paper III corroborates the results of Dasta et al, who showed that LOS is a major
cost driver in PE and that any reduction in LOS may translate into relatively
important cost savings'’®. As previously mentioned, DOAC have a more predictable
dose response than warfarin and allows fixed dosage without the need for routine
laboratory monitoring, DOAC treatment in itself might therefore potentially lead to
shorter hospitalization. Dobesh and co-workers reported that such advantages could
reduce the costs for the health care system by potentially preventing recurrent VTE
and its complications®”. To determine whether prolonged LOS is always caused by
complications, or in itself might lead to complications is not always easy, however.
Wang et al recently presented data from 1,918 patients with low-risk PE, whereof
688 with short LOS (<2 days). Total costs in those with short and long LOS were
9,065 and 12,544 USD, respectively, implying that low-risk PE patients with short
LOS had a better net clinical outcome at a lower cost than matched low-risk PE
patients with long LOS*°. Among our patients selected for either out- or inpatient
treatment, total costs were 2,176 EUR and 8,293 EUR, respectively. However, it
must be kept in mind that our patients had a higher mean age and a more balanced
gender distribution compared to previous studies®'. Furthermore, there were no
recurrent VTE or major bleeds in our study reported in paper 111, whereas Wang and
colleagues reported 14 recurrent DVTs and 5 bleeding episodes®'. As some of their
patients underwent thrombolysis or placement of inferior vena caval filters, one
might suspect that these patients had a more complicated course of PE than those in
our paper IIL.

Dasta and co-workers'™ presented data from patients with a slightly lower mean
LOS (5.4 days), and mean age (60 years) than in our study. The mean daily cost per
patient reported was 1,735 USD, whereof room and board accounted for 38% to
59% of the total cost, and was the main cost driver in our study as well. Furthermore,
the use of LMWH injections during institution of warfarin treatment is associated
with prolonged hospital stay”'. Coleman et al showed that rivaroxaban use was
associated with a 1.36-day shorter LOS and 2,304 USD reduction in total costs
compared to parenteral bridging during institution of warfarin. Similarly, Bookhart
and colleagues'®® showed that rivaroxaban use resulted in a 1.7-day mean reduction
in LOS compared with enoxaparin and warfarin, enabling a reduction of total
hospital cost of 3,000 dollars per patient. Costs incurred by PE in different medical
systems cannot be directly compared, however.
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By now, the development of validated selection criteria and a more feasible
anticoagulation therapy, has resulted in a safe manner reduction of LOS which in
turn reduces overall treatment costs. The question whether the development of new
drugs and criteria for outpatient treatment has implications for a PE patient’s quality
of life still has to be answered, however. We therefore conducted a prospective QoL
study using our selection criteria for outpatient treatment of low-risk PE patients in
comparison to outpatient treated DVT patients, a group which has already been
shown to have a favourable outcome in QoL*2. Our results reported in paper IV
show that PE patients had a HRQoL comparable to DVT patients during the acute
and initial phase of treatment which is reassuring for the concept of outpatient
treatment. It would of course be interesting to know if results would have been
different if patients had been randomised to in- or outpatient treatment, but probably
most patient will prefer being at home instead of hospitalized. After six months,
however, PE patients had a slightly lower score in the generic tool, which might
perhaps be explained by the drop in the domains “pain/discomfort” and
“anxiety/depression” in EQ-5D in PE patients at six months. Symptoms of
depression, anxiety, and increased utilization of psychotropic drug among VTE
patients have been associated with AC therapy and the fear of recurrent VTE?*® 33,
One may speculate that termination of AC therapy in more than half of our patients
with distally located DVT when apparently considered as “healthy” might perhaps
have contributed to our findings. Nevertheless, FOC, ADL, and WRP dimensions
of the disease specific questionnaire in PE patients significantly improved from
diagnosis to the six month follow up.

Both DVT and PE patients had EQ-VAS scores comparable to the background
Danish population after six months follow-up. This is remarkable, but might be
explained by the fact that our patients suffered from low-risk PE and in 54% of cases
also had a distal DVT. The threshold value reflecting the minimal clinically
important difference in the EQ-5D instrument has been debated, and suggestions
range between 0.04 and 0.08%**.

Tavloy and colleagues™’ assessed QoL with EQ-5D-3L in PE patients 3.8 years
after diagnosis, reporting significantly lower EQ-VAS (67 vs 81) score and EQ-5D
index (0.80 vs 0.86) compared to the background Danish population.

In line with our results, Barco and co-workers?!? reported improvements in EQ-5D-
5L index from three weeks to three months (0.89 to 0.91), EQ-VAS (76 to 80) and
improvements in all dimensions of PEmb-QoL at three months follow-up in
outpatient treated PE patients. These results are not directly comparable to ours, as
EQ-5D-5L compared with EQ-5D-3L generally underestimates health problems
(i.e. the level of index score is higher in EQ-5D-5L). However, Klok et al*"
reported decreased QoL in all subscales of the 36-item Short Form Survey (SF-36)
in PE patients 3.6 years after diagnosis compared to the values of the Dutch
population norms. Furthermore, the time interval between PE and study inclusion
was inversely related to QoL. Chuang and colleagues®” reinforced this statement by
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evaluating EQ-5D-5L and PEmb-QoL in PE patients from seven European
countries. In all seven countries, patients with PE had lower QoL compared to the
general population. In the studies by both Klok et*'' al and Chuang et al**, however,
the vast majority of PE patients were not highly selected outpatients as in our paper
IV. This difference might perhaps explain that EQ-VAS in our patients was similar
to in the background population after six months of follow-up.

van Es et al*'’ investigated the correlation between thrombus-load as expressed by

Qanadli score®*® and the location of the thrombus (central, lobar, segmental, or
subsegmental) and QoL. Centrally located PE or higher thrombus load did not
appear to affect long-term QoL as reflected by PEmb-QoL and SF-36. Using our
selection criteria, a low thrombus load was one of the main criteria for outpatient
treatment. As deconditioning might occur during follow-up of PE regardless of its
initial severity, this selection criterion may not necessarily affect the generalizability
of our results.

These findings might be interpreted as indicating that QoL in PE patients overall is
worse than in the background population. Direct comparison of QoL in PE patients
between countries is hampered by different standard population indexes and
different clinical settings, however, and the PEmb-QoL might perhaps be too
complicated to be implemented in clinical practice. Recently, the Post-VTE
functional status scale®’ for assessment of functional limitations in VTE patients
has been developed, and can be used in both DVT and PE patients, potentially
enhancing our understanding of QoL in VTE patients. Its brevity and interpretability
will presumably lead to greater utilization of QoL instruments in daily clinical
practice.
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Conclusions

Withholding of conventional long term AC therapy in patients diagnosed with small
PE with V/P SPECT (<20% extension of perfusion defects) was associated with a
4% risk of VTE diagnosis during three months of follow-up. This would not be
considered acceptable for the majority of clinicians, and can therefore not be
recommended. It remains to be studied whether AC therapy could be withheld in
selected groups of young patients with a single isolated SSPE and in patients with
high bleeding risk during close monitoring for recurrent VTE.

Outpatient PE treatment with DOAC after selection of low-risk PE patients with our
risk stratification tool was safe and efficient, and constitutes a promising strategy to
decrease the economic burden to society caused by this disease.

Although costs incurred by PE in different medical systems cannot be directly
compared, there is a strong correlation between the economic burden of PE and
LOS. Outpatient PE treatment with DOAC after selection with validated risk
stratification tools and comorbidities taken into account decreases the economic
burden of the disease to the society.

Health related quality of life in low-risk PE patients was similar to DVT patients at
diagnosis and after six weeks of follow-up. Furthermore, as their self-rated overall
health status was comparable with the background population, low-risk PE patients
have an acceptable HRQoL. Direct comparison of QoL in patients with PE across
different countries is not possible, however, as this is influenced by various factors
such as different healthcare systems, socio-economic factors, and cultural norms.
Further investigations are needed to provide truly patient-centered care for VTE
patients.
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Limitations

Paper I: One of the main limitations is that we conducted a retrospective clinical
follow-up study. The study should preferably have been performed in a prospective
randomized manner, with pre-specified criteria for withholding AC-therapy and
sequential follow-up by for example bilateral ultrasound of lower extremity and
CTPA/V/P SPECT if needed. A thorough risk factor assessment regarding both
acquired and inherited risk factors for VTE at baseline would be important.

Paper II: The major limitations of the study are its retrospective nature and the lack
of randomization. Furthermore, the rationale for selection for out- or inpatient
treatment, as well as data concerning comorbidities were not obtained at baseline. It
was therefore not possible to calculate Charlson comorbidity index, which would
have provided a proxy for disease burden and could have been used as a covariate
in a propensity score adjustment of the out- and inpatient groups.

Paper III: Our study is retrospective and not fully matched in terms of other
comorbidities, and the selection of patients for in- and outpatient treatment was
based upon clinical judgement guided by regional criteria, and not randomized. It is
also important to note that our results might not be generalizable to other health care
systems. Furthermore, patients were not assessed after six months concerning long-
term complications such as chronic thromboembolic pulmonary hypertension, a
condition associated with high costs. As this condition rarely occurs in patients with
low-risk PE, however, this is probably not an important study limitation. A
potentially important limitation, however, is that we did not have the possibility to
assess whether the number of sick-leave days or potential outpatient visits outside
the hospital differed between groups.

Paper IV: As randomization of low-risk PE patients for in- versus outpatient
treatment was not possible, comparisons of PE and DVT patients were performed
instead. Furthermore, an EQ-5D index calculator was only available for the Danish
standard population and comparison with the Swedish standard population was
therefore not possible.
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Future perspectives

Artificial intelligence might enhance detection of small PE**®, and telemedicine can
provide remote monitoring and support for patients undergoing outpatient treatment
for low-risk PE. This can include virtual consultations, remote monitoring of vital
signs, and video-based education on self-management of symptoms and
medications.

Patient education and self-management programs can empower patients to both take
a more active role in their care and prevent complications through education on
medication adherence, symptom recognition, and when to seek medical attention.

Patient-centered outcomes: Future research in low-risk PE should focus on patient-
centered outcomes reflecting patients experience and preferences. This can include
measures of symptom burden, functional status, and psychological well-being.

Collaborative care models involve a multidisciplinary team of healthcare providers
might hopefully improve HRQoL outcomes by addressing the complex needs of
patients with low-risk PE. This can include coordination of care across different
healthcare settings, involvement of specialists such as physical therapists and
psychologists, and shared decision-making.

Future research is needed to better understand the optimal duration of
anticoagulation therapy in SSPE. The treatment of SSPE may perhaps be
individualized based on patients’ characteristics such as age, comorbidities, and
bleeding risk. As anticoagulation therapy may be contraindicated in specific clinical
circumstances, observation or surveillance imaging might be of specific importance
for certain patients.

Future research in low-risk PE should focus on patient-centered outcomes, such as
QoL and functional status to ensure that the benefits of home-based AC therapy
outweigh the potential risks and burdens.
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Popularvetenskaplig sammanfattning

Venos blodpropp, sa kallad trombos, kan uppstd i alla kroppens vener, men ar
vanligast i form av djup ventrombos i benet (DVT) och blodpropp i lungan, sa kallad
lungemboli (LE). Sjukdomen drabbar cirka 5% av befolkningen under livstiden och
har ett brett prognostiskt spektrum, inkluderande allt fr&n god prognos till plotslig
dod. Symptomen av en blodpropp kan variera fran svullnad 1 benet till andfaddhet,
brostsmaérta och yrsel. Diagnosen stélls genom ultraljud eller kontrastundersdkning
av de djupa blodadrorna i benet alternativt datortomografi eller lungscintigrafi av
lungkérlen. Modern blodfortunnande behandling vid vends blodproppsjukdom &r
effektiv och séker. Hembehandling av LE har diskuterats sedan 90-talet. Olika sétt
att bedoma patienternas risk kan anvédndas for att identifiera de patienter med lag
risk som &r lampliga for hembehandling av LE. Numera rekommenderar bade de
europeiska och amerikanska riktlinjerna hembehandling av patienter med lagrisk
LE. Tidigare har blodfortunnande behandling bestitt i subkutana sprutor
tillsammans med tabletter (waran) som kraver noggrann uppfoljning. Detta kréver
mycket sjukhusresurser och upplevs besvérligt av patienterna. Sedan inférandet av
nya ldkemedelstyper, s.k. direktverkande oral antikoagulation (DOAK) har
hembehandling underlittats med kvarstdende sékerhet.

Denna avhandling har studerat flera aspekter rorande patienter med lagrisk LE.

Studie I: Med forbdttrad objektiv diagnostik och okad medvetenhet om
lungembolidiagnosen har antalet och andelen patienter med framfor allt sma
perifera LE 6kat. Manga internationella riktlinjer foreslar att man kan avsta fran
blodfértunnande behandling om man samtidigt friar frain DVT. Detta vore dnskvért
eftersom blodfortunnande behandling ér forenad med blodningsrisk pa ca 2—4% per
ar. For att motivera blodfértunnande behandling bor risken med att avstd fran
behandling vara hogre. Vi identifierade 54 patienter med sma LE, men som efter
klinisk bedomning inte bedomdes ha en behandlingskrdavande lungemboli. I denna
studie utvérderade vi forekomsten av aterfall av vends blodpropp under pafdljande
tre ménader. Det visade sig att 2/54 (4%) patienter diagnostiserades med DVT under
uppfoljningsperioden. Denna risk ska jamforas med en ca 2% risk efter en normal
rontgenundersokning av lungkérlen.

Studie II: Hembehandling av patienter med akut lungemboli har de senaste aren
véckt allt storre intresse. Hanteringen har underléttats av att DOAK-preparaten till
stor del har ersatt waranbehandling. Flera olika modeller har tagits fram for att

63



identifiera de patienter som kan behandlas pa ett sdkert sédtt i hemmet. Vi har i
Region Skane i manga ar anvint oss av klinisk beddmning av patienten tillsammans
med ett antal variabler inkluderande virdering av den anatomiska utbredningen av
lungembolierna. I denna studie utvédrderade vi vér algoritm avseende sdkerhet och
effektivitet samt jamforde med en annan beprévad modell (pulmonary embolism
severity index, PESI). Var algoritm fungerade vél i klinisk praxis. Ungefar en
tredjedel av patienterna med DOAK behandlades i hemmet, ingen patient drabbades
av recidiv, ett allvarligt blodningsfall skedde men ingen patient dog av blodpropp
under sex manaders uppfoljning. Vi noterade att endast hélften av dessa patienter
skulle ha kunnat behandlas i hemmet om vi istdllet anvint PESI-modellen.

Studie I11I: Efter att ha konstaterat att hembehandling av patienter med lagrisk LE ar
siker och effektiv ville vi g& vidare och utvirdera dess kostnadseffektivitet.
Vérdtiden pa sjukhus for LE patienter brukar ligga runt 4 till 6 dagar, men inférandet
av DOAK-preparaten har sannolikt forkortat vardtiderna jamfort med tidigare
blodfértunnande behandling med injektioner och warantabletter. Forutom att spara
siangplatser pd sjukhusen var syftet i vér tredje studie att utvirdera om
hembehandling av 1ag risk LE gav hilsoekonomiska vinster. Da det skulle kunna
tdnkas att vinsten av de sparade vardplatserna konsumeras av andra kostnader kring
hembehandling och ett 6kat vardbehov polikliniskt jamforde vi inneliggande och
hembehandlade lagriskpatienter med lungemboli. Resultatet visade att man kunde
minska kostnaderna med cirka 60 000 kr per patient vid hembehandling jadmfort med
patienter med jimforbar lagrisk LE som behandlades inneliggande.

Studie 1V: Hembehandling av patienter med lagrisk akut LE &r séledes sdkert,
effektivt och kostnadsbesparande. En aspekt som ddremot inte wvarit
tillfredsstillande  klarlagd tidigare, &r hur patienten sjdlv  uppfattar
hembehandlingen. Detta resulterade i1 att vi utféorde en hélsorelaterad
livskvalitetstudie. Det finns bade ett generellt (EQ-5D-3L) och sjukdomsspecifikt
(PEmb-QoL) frageformuldr for att méta livskvalitet. Vi valde patienter som
hembehandlats med DVT i stillet for inneliggande lungembolipatienter som
jamforelsegrupp da vi annars hade fatt en orattvis jamforelse, eftersom inneliggande
patienter ofta har andra orsaker till slutenvard och en hogre samsjuklighet vilket kan
paverka deras livskvalitet. Hembehandlade LE patienter utvirderades ocksa med det
sjukdomsspecifika PEmb-QoL frageformuldret. EQ-5D-3L utvdrderades i
akutskedet, samt cirka 6 veckor och 6 manader direfter hos 63 patienter med DVT
och 29 patienter med LE. Vi fann att EQ-5D-3L var likvardigt hos DVT och LE
patienter under akutskedet och efter 6 veckors uppfoljning, och att LE patienters
sjukdomsspecifika livskvalitet forbattrades under uppfoljningsperioden. Bada
patientgrupper hade en livskvalitet som var jamforbar med bakgrundsbefolkningen.
Detta talar for att hembehandlade lungembolipatienter har en jamforbar livskvalitet
med de DVT patienter vilka sedan manga ar rutinméssigt behandlas i hemmet.
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Markera. genom att kryssa i en ruta i varje nedanstiende grupp (sa hir ). vilket

pastaende som bist beskriver Ditt hilsotillstand i dag.

Rorlighet

Jag gar utan svarigheter

Jag kan ga men med viss svarighet
Jag &r séngliggande

Hygien

Jag behéver ingen hjélp med min dagliga hygien, mat eller paklddning
Jag har vissa problem att tvatta eller kla mig sjalv

Jag kan inte tvatta eller ki mig sjélv

Huvudsakliga aktiviteter (f ex arbete, studier,
hushallssysslor, familje- och fritidsaktiviteter)

Jag klarar av mina huvudsakliga aktiviteter
Jag har vissa problem med att klara av mina huvudsakliga aktiviteter
Jag klarar inte av mina huvudsakliga aktiviteter

Smaértor/besvar

Jag har varken smartor eller besvar
Jag har mattliga smartor eller besvar
Jag har svéara smartor eller besvar

Oro/nedstamdhet

Jag ér inte orolig eller nedstamd

Jag é&r orolig eller nedstdmd i viss utstrdckning
Jag ar i hogsta grad orolig eller nedstamd

ooo oo oo coo
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Bista

tankbara
tillstand
Till hjalp for att avgora hur bra eller daligt ett 100
héalsotillstaind &r. finns den termometer-liknande
skalan till héger. Pa denna har Ditt bésta tankbara
hélsotillstand markerats med 100 och Ditt sdmsta
tiankbara hilsotillstand med 0. 9%0
Vi vill att Du pa denna skala markerar hur bra eller
daligt Ditt hilsotillstdnd #r. som Du sjilv bedémer
det. Gor detta genom att dra en linje fran 20
nedanstaende ruta till den punkt pa skalan som
markerar hur bra eller déligt Ditt nuvarande
halsotillstand ar. 740
6%0
Ditt
nuvarande 520
hiilsotillstand £
190
390
290
1%0
0
Sdmsta
tinkbara
tillstand

© EuroQoL Group 1990 3
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Enkat om livskvalitet efter att ha drabbats av lungemboli

Instruktioner for ifyllande av enkaten:

Varje fraga besvaras genom att markera det svar som passar bast. Om du dr osdker pa hur du
skall besvara fragan, vanligen vilj det svarsalternativsom stammer bast.

Dessa fragor handlar om dina lungor. Svaren skall beskriva hur du kinner dig. Du kan ocks3 ange
i vilket utstrackning du kan utféra normala vardagliga aktiviteter.



1. Under de sista 4 veckorna, hur ofta har du haft nigot av féljande symtom fran lungorna?

(ringa in ettsvar perrad)

Daglhigen  Flera Ungefirl Mindre iin 1 Aldng

ganger/ ging/vecka ging/vecka

vecka
Smarta mellan 1 2 3 4 S
skulderbladen
Smaérta i brostet ik 2 3 4 S
Smadrta i ryggen 1 2 3 4 5
Tryckkénsla 1 2 3 4 5
Kansla av att det 1 2 3 4 5
“fortfarande ar
nagot fel”
Brdnnande kinsla i 1 2 3 4 5
lungorna
En “irriterande” 1 2 3 4 5
kansla ilungorna
Svarigheter att andas 1 2 3 4 5

eller andfaddhet

2.Vid vilken tid pd dygnet ar symtomen frén lungorna som mest intensiva? (Ringain ett svar)
1. Nér du vaknar

2. Mitt pd dagen

3. Mot slutet av dagen

4. Undernatten

5. Underalla dygnetstimmar

6. Aldrig

3. Jamfort med for ett 3r sedan, hur skulle du beskriva att dina lungors tillstand ar nu, generellt sett?

1. Mycketbéttre &n férettdr sedan

2. Lite béttre &n for ett&r sedan

3. Ungeférdetsamma som férett&r sedan
4, Lite samre &n for ett ar sedan

5. Mycketvirre an forett ar sedan

6. Jag har inga problem med mina lungor
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4. Fdljande fragor handlar om vardagliga aktiviteter som du kanske utférdagligen.

Begransar dina nuvarande lungsymtom féljande aktiviteter? Om ja, hur mycket?

(Ringain ett svar perrad)

Jag jobbar
inte

Ja, begransar mig
mycket

Ja, begransar mig
lite

Nej, begransar mig
intealls

a. Aktiviteter pa jobbet

0

1

2

3

b. Aktiviteteri hemmet
(t.ex hushdllsarbete, stryka
klader, fixa/reparerasaker
i bostaden osv...)

1

2

3

¢ Sociala aktiviteter
som att resa, ga pa bio,
traffaandra, shoppa

d. Anstringande
aktiviteter som att springa,
lyfta tungasaker, deltai

anstrangande

e. Mattligtanstréngande
aktiviteter som att flytta
ettbord, dammsuga,
simma eller cykla

f. Lyftaeller bdra en pase
med matvaror

g. Ga fleravaningarupp
for trapporna

h. Gaen vaning upp for
trappan

i. Bojadig ned, knaboja
eller sittadig p& huk

j. Gamer &n en kilometer

k. G& ettpar hundra meter

l. Gé ca. hundra meter

m. Tvétta ellerkla pa dig

Bl oR| e e

NN NN

wl w Wl w




5. Under de senaste 4 veckorna, har du haft nigot av foljande problem pd jobbet eller i dina
andra vardagliga goromadl pa grund av dina lungsymtom? (ringa in ett svar per rad)

a. Du har fatt dra ned pa tiden férarbete eller andra aktiviteter JIA ;JEI
b. Du har fatt mindre gjort &n du hade énskat i | 2
¢. Du har upplevt en begrénsning iutférandet av vissa typer av arbete eller 1 2
aktiviteter

d. Du har haft svart att utforaarbete eller andra aktiviteter 1 2

(t.ex detkrdvdes extra anstrangning)

6. Under de sista 4 veckorna, i vilken utstrackning har lungsymtomen paverkat dina normala
sociala aktiviteter tillsammans med familj, vanner, grannar eller andra grupper ? ( Ringa in ett
svar)

1. Intealls

2. Lite

3. Méttligt

4, Ganska mycket

5. Valdigt mycket
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7. Hur mycket smarta har du haft runt skulderbladen eller brostet de sista 4 veckorna? ( Ringain
ett svar)

1. Ingen

2. Mycketlite

3. Mattligt

4. Ganska mycket
5. Svar

6. Mycket svar

8. I vilken omfattning har du upplevt andnéd de sista 4 veckorna? ( Ringa in ett svar)

1. Intealls

2. Mycket lite

3. Lite

4. Ganskamycket
5. Mycket

6. Véldigt mycket



9. Féljande fragor handlar om hur du méar och hur du har matt de sista 4 veckorna till félid av
dina lungsymtom. For var fraga, vanligen valj det svar som bast passar med hur du haft det. Hur
ofta har du de sista 4 veckorna....(ringa in ett svar per rad)

Helatiden  Stérsta Enstordel  Envissdel Enlitendel Intealls
delenav avtiden avtiden av tiden
tiden

Varitbekymrad 1 2 3 4 S 6
Sveratt ha fatt

enny

lungemboli?

Kéntdig 1 2 3 4 S 6
irriterad?

Har du oroatdig 1 2 3 4 S 6
for att avsluta

den

blodfértunnande

behandlingen?

Kantattdigmer 1 2 3 4 5 6
kénslosam?

Har det plagat 1 2 3 4 5 6
dig att du blir

mer

kénslomdssigt

paverkad?

Kantdig q 2 3 4 5 6
nedstdmd eller
pé daligt humér?

Kantattduvarit 1 2 3 4 5 6
enborda for

familj och

véanner?

Varitradd foratt 1 2 3 4 5 6
anstringadig?

Kantdig hindrad 1 2 3 4 5 6
frénatt resa?

Varit radd foratt 1 2 3 4 S 6
_varaensam?

Tack fér samarbetet. Vanligen ldgg enkaten ibifogat kuvert



References

1 Laennec RTH. De l'auscultation medicale. Paris: Brossen et Claude, 1819.

2 Cruveilhier J. Anatomic pathologique du corps humain. Paris: JB Bailliere, 1829.

3 Virchow R. Die Cellularpathologic in Ihrer Begrudung auf Physiologische und
Pathologische Gewebelehre. Berlin: A. Hirschwald, 1858.

4 Sabiston DC. Jr Pulmonary embolism. In: Sabiston DC Jr (ed). Textbook of Surgery:
The Biological Basis of Modern Medical Practice, 14th ed. Philadelphia: WB
Saunders, 1991; 1502—-1512. (Kan ocksa skrivas McFadden PM, Ochsner JL. A
history of the diagnosis and treatment of venous thrombosis and pulmonary
embolism. Ochsner J. 2002 winter;4:19-13)

5 Raskob GE, Angchaisuksiri P, Blanco AN et al. Thrombosis: a major contributor to
global disease burden. Semin Thromb Hemost. 2014;40:724-735.

6 Kearon C. A conceptual framework for two phases of anticoagulant treatment of venous
thromboembolism. J Thromb Haemost. 2012;10:507-11.

7 Diagnoser i slutenvard och specialiserad 6ppenvard [internet]. Riket. Socialstyrelsen.
[2023-03-29]. https://www.socialstyrelsen.se/statistik-och-
data/statistik/statistikdatabasen/

8 Smith SB, Geske JB, Kathuria P et al. Analysis of national trends in admissions for
pulmonary embolism. Chest. 2016;150:35-45.

9 Pena E, Kimton M, Dennie C et al. Difference in interpretation of computed tomography
pulmonary angiography diagnosis of subsegmental thrombosis in patients with
suspected pulmonary embolism. J Thromb Haemost. 2012;10:496-8.

10 Wiener R, Schwartz LM, Woloshin S. Time trends in pulmonary embolism in
the United States: evidence of overdiagnosis. Arch Intern Med. 2011;171:831-7.

11Kearon C, Akl EA, Comerota AJ et al. Antithrombotic therapy for VTE disease:
antithrombotic therapy and prevention of thrombosis, 9th ed: American college of
chest physicians evidence-based clinical practice guidelines. Chest. 2012;141:419—
94.

12 Wells PS, Anderson DR, Rodger M et al. Excluding pulmonary embolism at the

bedside without diagnostic imaging: management of patients with suspected pulmonary
embolism presenting to the emergency department using a simple clinical model and
d-dimer. Ann Intern Med. 2001;135:98—

107.

76



13 Shalalaby K, Kahn A, Silver ES et al. Outcomes of acute pulmonary embolism in
hospitalized patients with cancer. BMC Pulm Med. 2022;22:11

14 Naess 1A, Christiansen SC, Romundstad P et al. Incidence and mortality of venous
thrombosis: a population-based study. J Thromb Haemost. 2007;5:692—99.

15 Alikhan R, Peters F, Wilmott R et al. Fatal pulmonary embolism in hospitalised
patients: a necropsy review. J Clin Pathol. 2004;57:1254-7.

16 Tagalakis V, Patenaude V, Kahn SR et al. Incidence of and mortality from venous
thromboembolism in a real-world population: the Q-VTE Study Cohort. Am J Med.
2013;126:832e13-21.

17 Horlander KT, Mannino DM, Leeper KV. Pulmonary embolism mortality in the United
States, 1979-1998: an analysis using multiple-cause mortality data. Arch Intern Med.
2003;163:1711-17.

18 Poort SR, Rosendaal FR, Reitsma PH et al. A common genetic variation in the 3'-

untranslated region of the prothrombin gene is associated with elevated plasma
prothrombin levels and an increase in venous thrombosis. Blood. 1996;88:3698-703.

19 Mannuchi I, Franchini M. Classic thrombophilic gene variants. Thromb Haemost.
2015;114:885-9

20 Rosendaal FR, Reitsma PH. Genetics of venous thrombosis. J Thromb Haemost.
2009;1:301-4

21 Zoller B, Li X, Ohlsson H et al. Epidemiology of familial aggregation of venous
thromboembolism. Semin Thromb Hemost. 2016;42:821-32

22 Rosendaal FR, Koster T, Vandenbroucke JP et al. High risk of thrombosis in patients
homozygous for factor V Leiden (activated protein C resistance). Blood.
1995;85:1504-8.

23 Allaart CF, Poort SR, Rosendaal FR et al. Increased risk of venous thrombosis in
carriers of hereditary protein C deficiency defect. Lancet. 1993;341:134-8.

24 Demers C, Ginsberg JS, Hirsh J et al. Thrombosis in antithrombin-III-deficient persons.
Report of a large kindred and literature review. Ann Intern Med. 1992;116:754-61

25 Heijboer H, Brandjes DP, Biiller HR et al. Deficiencies of coagulation-inhibiting and
fibrinolytic proteins in outpatients with deep-vein thrombosis. N Engl J Med.
1990;323:1512-6.

26 Brenner B. Haemostatic changes in pregnancy. Thromb Res. 2004;114:409-14.

27 Cerneca F, Ricci G, Simeone R et al. Coagulation and fibrinolysis changes in normal
pregnancy. Increased levels of procoagulants and reduced levels of inhibitors during

pregnancy induce a hypercoagulable state, combined with a reactive fibrinolysis. Eur
J Obstet Gynecol Reprod Biol. 1997;73:31-6.

28 Heit JA, Kobbervig CE, James AH et al. Trends in the incidence of venous
thromboembolism during pregnancy or postpartum: a 30-year population-based
study. Ann Intern Med. 2005;143:697-706.

29 James AH. Venous thromboembolism in pregnancy. Arterioscler Thromb Vasc Biol.
2009;29:326-31.

30 Petitti DB. Clinical practice. Combination estrogen-progestin oral contraceptives. N
Engl J Med. 2003;349:1443-50.

77



31 Lidegaard @, Lakkegaard E, Svendsen AL et al. Hormonal contraception and risk of
venous thromboembolism: national follow-up study. BMJ. 2009;339:b2890.

32 Stulberg BN, Insall JN, Williams GW et al. Deep-vein thrombosis following total knee
replacement. An analysis of six hundred and thirty-eight arthroplasties. J Bone Joint
Surg Am. 1984;66:194-201.

33 Shin WC, Woo SH, Lee S-J et al. Preoperative prevalence of and risk factors for venous
thromboembolism in patients with a hip fracture: an indirect multidetector CT
venography study. J Bone Joint Surg Am. 2016;98:2089-95.

34 Heit JA, O'Fallon WM, Petterson TM et al. Relative impact of risk factors for deep vein

thrombosis and pulmonary embolism: a population-based study. Arch Intern Med.
2002;162:1245-48.

35 Beam DM, Courtney DM, Kabrhel C et al. Risk of thromboembolism varies, depending
on category of immobility in outpatients. Ann Emerg Med. 2009;54:147-52.

36 Lapostolle F, Surget V, Borron SW et al. Severe pulmonary embolism associated with
air travel. N Engl J Med. 2001;345:779-83.

37 Silverstein MD, Heit JA, Mohr DN et al. Trends in the incidence of deep vein
thrombosis and pulmonary embolism: a 25-year population-based study. Arch Intern
Med. 1998;158:585-93.

38 Silverstein RL, Bauer KA, Cushman M et al. Venous thrombosis in the elderly: more
questions than answers. Blood. 2007;110:3097-101

39 Goldhaber SZ, Grodstein F, Stampfer M J et al. A prospective study of risk factors for
pulmonary embolism in women. JAMA. 1997;277:642-45.

40 Cervera R, Piette J-C, Font J et al. Antiphospholipid syndrome: clinical and
immunologic manifestations and patterns of disease expression in a cohort of 1,000
patients. Arthritis Rheum. 2002;46:1019-27.

41 Schved JF, Dupuy-Fons C, Biron C et al. A prospective epidemiological study on the
occurrence of antiphospholipid antibody: the Montpellier Antiphospholipid (MAP)
Study. Haemostasis. 1994;24:175-82

42 Hansson P-O, Sorbo J, Eriksson H. Recurrent venous thromboembolism after deep vein
thrombosis: incidence and risk factors. Arch Intern Med. 2000;160:769-74.

43 Ouriel K, Green RM, Greenberg RK et al. The anatomy of deep venous thrombosis of
the lower extremity. J Vasc Surg. 2000;31:895-900.

44 McLachlin AD, McLachlin JA, Jory TA et al. Venous stasis in the lower extremities.
Ann Surg. 1960;152:678-85.

45 Sevitt S. Organization of valve pocket thrombi and the anomalies of double thrombi
and valve cusp involvement. Br J Surg. 1974;61:641-9.

46 Sajid MS, Ahmed N, Desai M et al. Upper limb deep vein thrombosis: a literature
review to streamline the protocol for management. Acta Haematol. 2007;118:10—18.

47 Kucher N, Tapson VF, Goldhaber SZ; DVT FREE Steering Committee. Risk factors
associated with symptomatic pulmonary embolism in a large cohort of deep vein
thrombosis patients. Thromb Haemost. 2005;93:494-8.

48 Stein PD, Matta F, Musani MH et al. Silent pulmonary embolism in patients with deep
venous thrombosis: a systematic review. Am J Med. 2010;123:426-31.

78



49 Muioz FJ, Mismetti P, Poggio R et al. Clinical outcome of patients with upper-
extremity deep vein thrombosis: results from the RIETE Registry. Chest.
2008;133:143-8.

50 Konstantinides SV, Meyer G, Becattini C et al. 2019 ESC guidelines for the diagnosis
and management of acute pulmonary embolism developed in collaboration with the
European Respiratory Society (ERS). Eur Heart J. 2020;41: 543-603

51 Guyatt GH, Akl EA, Crowther M et al; American College of Chest Physicians
Antithrombotic therapy and prevention of Thrombosis Panel. Executive summary:
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American College of
Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest. 2012:141:7-47

52 Stein PD, Goldhaber SZ, Henry JW. Alveolar-arterial oxygen gradient in the
assessment of acute pulmonary embolism. Chest. 1995;107:139-43

53 Santolicandro A, Prediletto R, Fornai E et al. Mechanisms of hypoxemia and
hypocapnia in pulmonary embolism. Am J Respir Crit Care Med. 1995;152:336—47.

54 D'Angelo E. Lung mechanics and gas exchange in pulmonary embolism.
Haematologica. 1997;82:371-4.

55 Konstantinides S, Geibel A, Kasper W et al. Patent foramen ovale is an important
predictor of adverse outcome in patients with major pulmonary embolism.
Circulation. 1998;97:1946-51.

56 Manier G, Castaing Y, Guenard H. Determinants of hypoxemia during the acute phase
of pulmonary embolism in humans. Am Rev Respir Dis. 1985;132:332—-8

57 Jaff MR, McMurtry MS, Archer SL et al. Management of massive and submassive
pulmonary embolism, iliofemoral deep vein thrombosis, and chronic
thromboembolic pulmonary hypertension: a scientific statement from the American
Heart Association. Circulation. 2011;123:1788-1830.

58 MclIntyre KM, Sasahara AA. The hemodynamic response to pulmonary embolism in
patients without prior cardiopulmonary disease. Am J Cardiol

1971;28:288-94.

59 Tsang JY, Lamm WJ. Estimation of endothelin-mediated vasoconstriction in acute
pulmonary thromboembolism. Pulm Circ. 2012;2:67-74.

60 Smulders YM. Pathophysiology and treatment of haemodynamic instability in acute
pulmonary embolism: the pivotal role of pulmonary vasoconstriction. Cardiovasc
Res. 2000;48:23-33.

61 Wood KE. Major pulmonary embolism: review of a pathophysiologic approach to the
golden hour of hemodynamically significant pulmonary embolism. Chest.
2002;121:877-905.

62 Marcus JT, Gan CT, Zwanenburg JJ et al. Interventricular mechanical asynchrony in
pulmonary arterial hypertension: left-to-right delay in peak shortening is related to
right ventricular overload and left ventricular underfilling. J Am Coll Cardiol.
2008;51:750-7.

63 Mauritz GJ, Marcus JT, Westerhof N et al. Prolonged right ventricular post-systolic
isovolumic period in pulmonary arterial hypertension is not a reflection of diastolic
dysfunction. Heart. 2011;97:473-8.

79



64 Konstantinides SV, Torbicki A, Agnelli G et al. 2014 ESC Guidlines on the diagnosis
and management of acute pulmonary embolism. Eur Hear J. 2014;35:3033-73.

65 Le Gal G, Bounameaux H. Diagnosing pulmonary embolism: running after the
decreasing prevalence of cases among suspected patients. ] Thromb Haemost.
2004;2:1244-6.

66 Stein PD, Beemath A, Matta F et al. Clinical characteristics of patients with acute
pulmonary embolism: Data from PIOPED II. Am J Med. 2007;120:871-9.

67 Tarbox AK, Swaroop M. Pulmonary embolism. Int J Crit Illn Inj Sci. 2013;3: 69-72.

68 Wells PS, Ginsberg JS, Anderson DR et al. Use of a clinical model for safe
management of patients with suspected pulmonary embolism. Ann Intern

Med. 1998;129:997-1005.

69 Miniati M, Prediletto R, Formichi B et al. Accuracy of clinical assessment in the
diagnosis of pulmonary embolism. Am J Respir Crit Care Med. 1999;159:864—71.

70 Pollack CV, Schreiber D, Goldhaber SZ et al. Clinical characteristics, management, and
outcomes of patients diagnosed with acute pulmonary embolism in the emergency
department: initial report of EMPEROR (Multicenter Emergency Medicine
Pulmonary Embolism in the Real World Registry). ] Am Coll Cardiol. 2011;57:700—
6.

71 Barco S, Ende-Verhaar YM, Becattini C et al. Differential impact of syncope on the
prognosis of patients with acute pulmonary embolism: a systematic review and meta-
analysis. Eur Heart J. 2018;39:4186-195.

72 Stein PD, Henry JW. Clinical characteristics of patients with acute pulmonary
embolism stratified according to their presenting syndromes. Chest. 1997;112:974-9.

73 White RH. The epidemiology of venous thromboembolism. Circulation.
2003;107:14-8.

74 Righini M, Le Gal G, Aujesky D et al. Diagnosis of pulmonary embolism by
multidetector CT alone or combined with venous ultrasonography of the leg: a
randomised non-inferiority trial. Lancet. 2008;371:1343-52.

75 van Belle A, Buller HR, Huisman MV et al. Effectiveness of managing suspected
pulmonary embolism using an algorithm combining clinical probability, D-dimer
testing, and computed tomography. JAMA. 2006;295:172-9.

76 Ceriani E, Combescure C, Le Gal G et al. Clinical prediction rules for pulmonary
embolism: a systematic review and meta-analysis. ] Thromb Haemost. 2010;8:957—
70.

77 Lucassen W, Geersing GJ, Erkens PM et al. Clinical decision rules for excluding
pulmonary embolism: a meta-analysis. Ann Intern Med. 2011;155:448-60.

78 Douma RA, Mos IC, Erkens PM et al. Prometheus Study Group. Performance of 4
clinical decision rules in the diagnostic management of acute pulmonary embolism: a
prospective cohort study. Ann Intern Med. 2011;154:709-18.

79 Le Gal G, Righini M, Roy PM et al. Prediction of pulmonary embolism in the
emergency department: the revised Geneva score. Ann Intern Med. 2006;144:165—
71.

80



80 Klok FA, Mos IC, Nijkeuter M et al. Simplification of the revised Geneva score for
assessing clinical probability of pulmonary embolism. Arch Intern Med.
2008;168:2131-6.

81 Wells PS, Anderson DR, Rodger M et al. Derivation of a simple clinical model to
categorize patients probability of pulmonary embolism: increasing the models utility
with the SimpliRED D-dimer. Thromb Haemost. 2000;83:416-20.

82 Gibson NS, Sohne M, Kruip MJ et al. Christopher study investigators. Further
validation and simplification of the Wells clinical decision rule in pulmonary
embolism. Thromb Haemost. 2008;99:229-34.

83 Kline JA, Mitchell AM, Kabrhel C et al. Clinical criteria to prevent unnecessary
diagnostic testing in emergency department patients with suspected pulmonary
embolism. J Thromb Haemost. 2004;2:1247-55.

84 Penaloza A, Soulie C, Moumneh T et al. Pulmonary embolism rule-out criteria (PERC)
rule in European patients with low implicit clinical probability (PERCEPIC): a
multicentre, prospective, observational study. Lancet Haematol. 2017;4:e615-21.

85 Freund Y, Cachanado M, Aubry A et al. PROPER investigator group. Effect of the
pulmonary embolism rule-out criteria on subsequent thromboembolic events among
low-risk emergency department patients: the PROPER randomized clinical trial.
JAMA. 2018;319:559-66.

86 Elliott CG, Goldhaber SZ, Visani L et al. Chest radiographs in acute pulmonary
embolism. Results from the International Cooperative Pulmonary

Embolism Registry. Chest. 2000;118:33-8

87 Shopp JD, Stewart LK, Emmett TW et al. Findings from 12-lead electrocardiography
that predict circulatory shock from pulmonary embolism: systematic review and
meta-analysis. Acad Emerg Med. 2015;22:1127-37.

88 Stein PD, Hull RD, Patel KC et al. D-Dimer for the exclusion of acute venous
thrombosis and pulmonary embolism: a systematic review. Ann Intern Med.
2004;140:589-602.

89 Carrier M, Righini M, Djurabi RK et al. VIDAS D-dimer in combination with clinical
pre-test probability to rule out pulmonary embolism. A systematic review of
management outcome studies. Thromb Haemost. 2009;101:886-92.

90 Perrier A, Roy PM, Sanchez O et al. Multidetector-row computed

tomography in suspected pulmonary embolism. N Engl J Med. 2005;352:1760-8.

91 Perrier A, Roy PM, Aujesky D et al. Diagnosing pulmonary embolism in outpatients
with clinical assessment, D-dimer measurement, venous ultrasound, and helical
computed tomography: a multicenter management study. Am J Med 2004;116:291—
9.

92 Wells PS, Anderson DR, Rodger M et al. Excluding pulmonary embolism at the
bedside without diagnostic imaging: management of patients with suspected
pulmonary embolism presenting to the emergency department by using a simple
clinical model and D-dimer. Ann Intern Med 2001;135:98-107.

93 Favaloro EJ, Franchini M, Lippi G. Aging hemostasis: changes to laboratory markers of
hemostasis as we age-a narrative review. Semin Thromb Hemost. 2014;40:621-33.

81



94 Righini M, Goehring C, Bounameaux H et al. Effects of age on the performance of
common diagnostic tests for pulmonary embolism. Am J Med. 2000;109:357-61.

95 Robert-Ebadi H, Bertoletti L, Combescure C et al. Effects of impaired renal function on
levels and performance of D-dimer in patients with suspected pulmonary embolism.
Thromb Haemost. 2014;112:614-20.

96 Righini M, Van Es J, Den Exter PL et al. Age-adjusted D-dimer

cutoff levels to rule out pulmonary embolism: the ADJUST-PE study. JAMA.
2014;311:1117-24.

97 Qanadli SD, Hajjam ME, Mesurolle B et al. Pulmonary embolism detection:
prospective evaluation of dual-section helical CT versus selective pulmonary
arteriography in 157 patients. Radiology. 2000;217:447-55.

98 PIOPED Investigators. Value of the ventilation/perfusion scan in acute pulmonary
embolism. Results of the prospective investigation of pulmonary embolism diagnosis
(PIOPED). JAMA. 1990;263:2753-9.

99 Stein PD, Henry JW, Gottschalk A. Reassessment of pulmonary angiography for the
diagnosis of pulmonary embolism: relation of interpreter agreement to the

order of the involved pulmonary arterial branch. Radiology. 1999;210:689-91.

100 Diffin DC, Leyendecker JR, Johnson SP et al. Effect of anatomic distribution of
pulmonary emboli on interobserver agreement in the interpretation of pulmonary
angiography. AJR Am J Roentgenol. 1998;171:1085-9.

101 Stein PD, Athanasoulis C, Alavi A et al. Complications and validity of pulmonary
angiography in acute pulmonary embolism. Circulation. 1992;85:462-8.

102 Patel S, Kazerooni EA, Cascade PN. Pulmonary embolism: optimization of small
pulmonary artery visualization at multi-detector row CT. Radiology.

2003;227:455-60.

103 Ghaye B, Szapiro D, Mastora I et al. Peripheral pulmonary arteries: how far in the
lung does multi-detector row spiral CT allow analysis? Radiology. 2001;219:629-36.

104 Carrier M, Righini M, Wells PS et al. Subsegmental pulmonary embolism diagnosed
by computed tomography: incidence and clinical implications. A systematic review
and meta-analysis of the management outcome studies. J Thromb Haemost.
2010;8:1716-22.

105 Stein PD, Fowler SE, Goodman LR et al; PIOPED II Investigators. Multidetector
computed tomography for acute pulmonary embolism. N Engl J Med.
2006;354:2317-27.

106 van Belle A, Biiller HR, Hisman MV et al. Christopher Study Investigators.
Effectiveness of managing suspected pulmonary embolism using an algorithm
combining clinical probability, D-dimer testing, and computed tomography. JAMA.
2006;295:172-9

107 Reid JH, Coche EE, Inoue T et al; International Atomic Energy Agency Consultants’
Group. Is the lung scan alive and well? Facts and controversies in defining the role of
lung scintigraphy for the diagnosis of pulmonary embolism in the era of MDCT. Eur
J Nucl Med Mol Imaging. 2009;36:505-21.

82



108 Worsley DF, Alavi A. Comprehensive analysis of the results of the PIOPED study.
Prospective investivgation of pulmonary embolism diagnosis study. J Nucl Med.
1995;36:2380-7

109 Sostman HD, Coleman RE, DeLong DM, et al. Evaluation of revised criteria for
ventilation-perfusion scintigraphy in patients with suspected pulmonary embolism.
Radiology. 1994;193:103-7.

110 Gottschalk A, Sostman HD, Coleman RE et al. Ventilation-perfusion scintigraphy in
the PIOPED study. Part II. Evaluation of the scintigraphic criteria and interpretations.
J Nucl Med. 1993;34:1119-26.

111 Waxman AD, Bajc M, Brown M et al. Appropriate use criteria for ventilation-
perfusion imaging in pulmonary embolism: summary and excerpts. J Nucl Med.
2017;58:13-5.

112 Glaser JE, Chamarthy M, Haramati LB et al. Successful and safe implementation of a
trinary interpretation and reporting strategy for V/Q

lung scintigraphy. J Nucl Med. 2011;52:1508-12.

113 Bajc M, Olsson B, Palmer J et al. Ventilation/perfusion SPECT for diagnostics of
pulmonary embolism in clinical practice. J Intern Med. 2008;264:379-87.

114 Anderson DR, Kahn SR, Rodger MA et al. Computed tomographic pulmonary
angiography vs ventilation-perfusion lung scanning in patients with suspected
pulmonary embolism: a randomized controlled trial. JAMA. 2007;298:2743-53

115 Sostman HD, Stein PD, Gottschalk A et al. Acute pulmonary embolism: sensitivity
and specificity of ventilation-perfusion scintigraphy in PIOPED II study. Radiology.
2008;246:941-6.

116 Roy PM, Colombet I, Durieux P et al. Systematic review and meta-analysis of
strategies for the diagnosis of suspected pulmonary embolism. BMJ 2005;331:259.

117 Gutte H, Mortensen J, Jensen CV et al. Detection of pulmonary
embolism with combined ventilation-perfusion SPECT and low-dose CT:
head-to-head comparison with multidetector CT angiography. J Nucl Med.
2009;50:1987-92.

118 Reinartz P, Wildberger JE, Schaefer W et al. Tomographic imaging in the diagnosis of
pulmonary embolism: a comparison between V/Q lung scintigraphy in SPECT
technique and multislice spiral CT. J Nucl Med. 2004;45:1501-8.

119 Collart JP, Roelants V, Vanpee D et al. Is a lung perfusion scan obtained by using
single photon emission computed tomography able to improve the radionuclide
diagnosis of pulmonary embolism? Nucl Med Commun. 2002;23:1107-13.

120 Kumar N, Xie K, Mar W et al. Software-based hybrid perfusion SPECT/CT provides
diagnostic accuracy when other pulmonary embolism imaging is indeterminate. Nucl
Med Mol Imaging. 2015;49:303—11.

121 Ling IT, Naqvi HA, Siew TK et al. SPECT ventilation perfusion
scanning with the addition of low-dose CT for the investigation of suspected
pulmonary embolism. Intern Med J. 2012;42:1257-61.

83



122 Donze J, Le Gal G, Fine MJ et al. Prospective validation of the Pulmonary Embolism
Severity Index. A clinical prognostic model for pulmonary embolism. Thromb
Haemost. 2008;100:943-8.

123 Aujesky D, Obrosky DS, Stone RA et al. A prediction rule to identify low-risk patients
with pulmonary embolism. Arch Intern Med 2006;166:169-75.

124 Elias A, Mallett S, Daoud-Elias M, Poggi JN, Clarke M. Prognostic models in
acute pulmonary embolism: a systematic review and meta-analysis. BMJ Open.
2016;6:¢010324.

125 Kohn CG, Mearns ES, Parker MW et al. Prognostic accuracy of clinical prediction
rules for early post-pulmonary embolism all cause

mortality: a bivariate meta-analysis. Chest. 2015;147:1043-62.

126 Aujesky D, Obrosky DS, Stone RA et al. Derivation and validation of a prognostic
model for pulmonary embolism. Am J Respir Crit Care Med. 2005;172:1041-6.

127 Jimenez D, Aujesky D, Moores L et al; RIETE Investigators. Simplification of the
pulmonary embolism severity index for prognostication in patients with acute

symptomatic pulmonary embolism. Arch Intern Med. 2010;170:1383-9.

128 Kohn CG, Mearns ES, Parker MW et al. Prognostic accuracy of clinical prediction
rules for early post-pulmonary embolism all-cause mortality: a bivariate meta-
analysis. Chest 2015;147:1043-62.

129 Zondag W, Mos IC, Creemers-Schild D et al. Outpatient treatment in patients with
acute pulmonary embolism: the Hestia Study. J Thromb Haemost. 2011;9:1500-7.

130 den Exter PL, Zondag W, Klok FA et al; Vesta Study Investigators. Efficacy and
safety of outpatient treatment based on the Hestia clinical decision rule with or
without NT-proBNP testing in patients with acute pulmonary embolism: a
randomized clinical trial. Am J Respir Crit Care Med. 2016;194:998—1006.

131 Kurnicka K, Lichodziejewska B, Goliszek S et al. Echocardiographic pattern of acute
pulmonary embolism: analysis of 511 consecutive patients. ] Am Soc Echocardiogr.
2016;29:907-13.

132 Pruszezyk P, Goliszek S, Lichodziejewska B et al. Prognostic value of
echocardiography in normotensive patients with acute pulmonary embolism.
JACC Cardiovasc Imaging. 2014;7:553-60.

133 Coutance G, Cauderlier E, Ehtisham J et al. The prognostic

value of markers of right ventricular dysfunction in pulmonary embolism: a
meta-analysis. Crit Care. 2011;15:103.

134 Barrios D, Rosa-Salazar V, Morillo R et al. Prognostic significance of right
heart thrombi in patients with acute symptomatic pulmonary embolism: systematic
review and meta-analysis. Chest. 2017;151:409-16.

135 Doyen D, Castellani M, Moceri P et al. Patent foramen ovale and stroke in
intermediate-risk pulmonary embolism. Chest. 2014;146:967-73.

84



136 Goliszek S, Wisniewska M, Kurnicka K et al. Patent foramen ovale increases the risk
of acute ischemic stroke in patients with acute pulmonary embolism leading to right
ventricular dysfunction. Thromb Res. 2014;134:1052-6.

137 Henzler T, Roeger S, Meyer M et al. Pulmonary embolism: CT signs and
cardiac biomarkers for predicting right ventricular dysfunction. Eur Respir J.
2012;39:919-26.

138 Klok FA, Mos IC, Huisman MV. Brain-type natriuretic peptide levels in the prediction
of adverse outcome in patients with pulmonary embolism: a systematic

review and meta-analysis. Am J Respir Crit Care Med. 2008;178:425-30.

139 Kucher N, Goldhaber SZ. Cardiac biomarkers for risk stratification of patients

with acute pulmonary embolism. Circulation. 2003;108:2191-4.

140 Bajaj A, Saleeb M, Rathor P et al. Prognostic value of troponins in acute nonmassive
pulmonary embolism: a meta-analysis. Heart Lung. 2015;44:327-34.

141 Becattini C, Vedovati MC, Agnelli G. Prognostic value of troponins in acute
pulmonary embolism: a meta-analysis. Circulation. 2007;116:427-33.

142 Kaeberich A, Seeber V, Jimenez D et al. Age-adjusted high sensitivity troponin T cut-
off value for risk stratification of pulmonary embolism. Eur Respir J. 2015;45:1323—
31.

143 Lankeit M, Friesen D, Aschoff J et al. Highly sensitive troponin T assay in
normotensive patients with acute pulmonary embolism. Eur Heart J. 2010;31:1836—
44,

144 Messika J, Goutorbe P, Hajage D et al. Severe pulmonary embolism managed with
high-flow nasal cannula oxygen therapy. Eur ] Emerg Med. 2017;24:230-2.

145 Lacroix G, Pons F, D’Aranda E, Legodec J et al. High-flow oxygen, a therapeutic
bridge while awaiting thrombolysis in pulmonary embolism? Am J Emerg Med.
2013;31:463:e1-2.

146 Mercat A, Diehl JL, Meyer G et al. Hemodynamic effects of fluid loading in acute
massive pulmonary embolism. Crit Care Med. 1999;27:540—4.

147 Green EM, Givertz MM. Management of acute right ventricular failure in the
intensive care unit. Curr Heart Fail Rep. 2012;9:228-35.

148 Ghignone M, Girling L, Prewitt RM. Volume expansion versus norepinephrine in
treatment of a low cardiac output complicating an acute increase in right ventricular
afterload in dogs. Anesthesiology. 1984;60:132-5.

149 Manier G, Castaing Y. Influence of cardiac output on oxygen exchange in acute
pulmonary embolism. Am Rev Respir Dis. 1992;145:130-6.

150 Corsi F, Lebreton G, Brechot N et al. Life-threatening massive pulmonary embolism
rescued by venoarterial-extracorporeal membrane oxygenation. Crit Care.
2017;21:76.

151 Meneveau N, Guillon B, Planquette B et al. Outcomes after extracorporeal membrane
oxygenation for the treatment of high-risk pulmonary embolism: a multicentre series
of 52 cases. Eur Heart J. 2018;39:4196-204.

85



152 Cossette B, Pelletier ME, Carrier N et al. Evaluation of bleeding risk in patients
exposed to therapeutic unfractionated or low-molecular-weight heparin: a cohort
study in the context of a quality improvement initiative. Ann Pharmacother.
2010;44:994-1002.

153 Erkens PM, Prins MH. Fixed dose subcutaneous low molecular weight heparins versus
adjusted dose unfractionated heparin for venous thromboembolism. Cochrane
Database Syst Rev. 2010;9:CD001100.

154 Stein PD, Hull RD, Matta F et al. Incidence of thrombocytopenia in hospitalized
patients with venous thromboembolism. Am J Med. 2009;122:919-30.

155 Prandoni P, Siragusa S, Girolami B et al; BELZONI Investigators Group. The
incidence of heparin-induced thrombocytopenia in medical patients treated

with low-molecular-weight heparin: a prospective cohort study. Blood.
2005;106:3049-54.

156 Witt DM, Clark NP, Kaatz S et al. Guidance for the practical management of warfarin
therapy in the treatment of venous thromboembolism. J Thromb Thrombolys.
2016;41:187-205.

157 Mearns ES, White CM, Kohn CG et al. Quality of vitamin K antagonist control and
outcomes in atrial fibrillation patients: a meta-analysis and meta-regression. Thromb
J.2014;12:14.

158 Garcia DA, Witt DM, Hylek E et al; Anticoagulation Forum. Delivery of optimized
anticoagulant therapy: consensus statement from the Anticoagulation Forum. Ann
Pharmacother. 2008;42:979-88.

159 Steffel J, Verhamme P, Potpara TS et al; ESC Scientific Document Group. The 2018
European Heart Rhythm Association Practical Guide on the use of non-vitamin K
antagonist oral anticoagulants in patients with atrial fibrillation. Eur Heart J.
2018;39:1330-93.

160 van Es N, Coppens M, Schulman S et al. Direct oral anticoagulants compared with
vitamin K antagonists for acute venous thromboembolism: evidence from phase 3
trials. Blood. 2014;124:1968-75.

161 Goldhaber SZ, Come PC, Lee RT et al. Alteplase versus heparin in acute pulmonary
embolism: randomised trial assessing right-ventricular function and pulmonary
perfusion. Lancet. 1993;341:507—11.

162 Dalla-Volta S, Palla A, Santolicandro A et al. PAIMS 2: alteplase combined with
heparin versus heparin in the treatment of acute pulmonary embolism. Plasminogen
activator Italian multicenter study 2. J Am Coll Cardiol. 1992;20:520-26.

163 Kline JA, Nordenholz KE, Courtney DM et al. Treatment of submassive pulmonary
embolism with tenecteplase or placebo: cardiopulmonary outcomes at 3 months:
multicenter double-blind, placebo-controlled randomized trial.

J Thromb Haemost. 2014;12:459-68.

164 Becattini C, Agnelli G, Salvi A et al. Bolus tenecteplase for right ventricle

dysfunction in hemodynamically stable patients with pulmonary embolism.

Thromb Res. 2010;125:e82-6.

86



165 Daniels LB, Parker JA, Patel SR et al. Relation of duration of symptoms with response
to thrombolytic therapy in pulmonary embolism. Am J Cardiol. 1997;80:184-8.

166 Marti C, John G, Konstantinides S et al. Systemic thrombolytic therapy for acute
pulmonary embolism: a systematic review and meta-analysis. Eur Heart J.
2015;36:605-14.

167 Meyer G, Vicaut E, Danays T et al; PEITHO Investigators. Fibrinolysis for patients
with intermediate-risk pulmonary embolism. N Engl J Med. 2014;370:1402-11

168 Tafur AJ, Shamoun FE, Patel SI et al. Catheter directed treatment of pulmonary
embolism: a systematic review and metaanalysis of modern literature. Clin Appl
Thromb Hemost. 2017;23:821-82

169 Kaymaz C, Akbal OY, Tanboga IH et al. Ultrasound-assisted catheter-directed
thrombolysis in high-risk and intermediate-high-risk pulmonary embolism: a
meta-analysis. Curr Vasc Pharmacol. 2018;16:1790-89.

170 Bajaj NS, Kalra R, Arora P et al. Catheter-directed treatment for acute pulmonary
embolism: systematic review and single-arm meta-analyses. Int J Cardiol.
2016;225:128-39.

171 Kucher N, Boekstegers P, Muller OJ et al. Randomized, controlled trial of ultrasound-
assisted catheter-directed thrombolysis for acute intermediate-risk pulmonary
embolism. Circulation. 2014;129:479-86.

172 Piazza G, Hohlfelder B, Jaff MR et al. A prospective, single-arm, multicenter trial of
ultrasound-facilitated, catheter-directed, lowdose fibrinolysis for acute massive and
submassive pulmonary embolism: the SEATTLE II study. JACC Cardiovasc Interv.
2015;8:1382-92.

173 Tapson VF, Sterling K, Jones N et al. A randomized trial of the optimum duration of
acoustic pulse thrombolysis procedure in acute intermediate-risk pulmonary
embolism: the OPTALYSE PE trial. JACC Cardiovasc Interv. 2018;11:1401-10.

174 Lee T, Itagaki S, Chiang YP et al. Survival and recurrence after acute pulmonary
embolism treated with pulmonary embolectomy or thrombolysis in New York State,
1999 to 2013. J Thorac Cardiovasc Surg. 2018;155:1084-90.¢12.

175 Aujesky D, Roy PM, Verschuren F et al. Outpatient versus inpatient treatment for
patients with acute pulmonary embolism: an international, open label, randomised,
non-inferiority trial. Lancet. 2011;378:41-8.

176 Mahan CE, Borrego ME, Woersching AL et al. Venous thromboembolism: annualised

United States models for total, hospital-acquired and reventable costs utilising long-
term attack rates. Thromb Haemost. 2012;108:2:291-302.

177 Dasta JF, Pilon D, Mody SH et al. Daily hospitalization costs in patients with deep
vein thrombosis or pulmonary embolism treated with anticoagulant therapy.
Thrombosis Research. 2015;135;303-10.

178 LaMori JC, Shoheiber O, Mody SH et al. Inpatient resource use and cost burden of
deep vein thrombosis and pulmonary embolism in the United States. Clin Ther.
2015;37:62-70.

179 Wang Li, Baser O, Wells P et al. Benefit of early discharge among patients with low-
risk pulmonary embolism. PLos One. 2017;12:e0185022.

87



180 Schulman S, Kearon C, Kakkar AK et al. Dabigatran versus warfarin in the treatment
of acute venous thromboembolism. N Engl J Med. 2009;361:2342-52.

181 EINSTEIN investigators, Bauersachs R, Berkowitz SD et al. Oral rivaroxaban for
symptomatic venous thromboembolism. N Engl J Med. 2010;363:2499-510.

182 Hokusai-VTE Investigators, Buller HR, Decousus H et al. Edoxaban versus warfarin
for the treatment of symptomatic venous thromboembolism. N Engl J Med.
2013;369:1406-15.

183 Agnelli G, Buller HR, Cohen A et al. Oral apixaban for the treatment of acute venous
thromboembolism. N Engl J Med. 2013;369:799-808.

184 EINSTEIN-PE Investigators, Buller, HR, Prins, MH, Lensin AW, Decousus H,
Jacobson BF, Minar E, et al. Oral rivaroxaban for the treatment of symptomatic
pulmonary embolism. N Engl J Med. 2012;366:1287-97.

185 van Es N, Coppens M, Schulman S et al. Direct oral anticoagulants compared with
vitamin K antagonists for acute venous thromboembolism: evidence from phase 3
trials. Blood. 2014;124:1968-75.

186 Coleman CI, Fermann GJ, Weeda ER et al. Is rivaroxaban associated with shorter
hospital stays and reduced costs versus parenteral bridging to warfarin among
patients with pulmonary embolism? Thrombosis and Hemostasis 2017;23:830-7.

187 Bookhart BK, Haskell L, Bamber L et al. Length of stay and economic consequences
with rivaroxaban vs enoxaparin/vitamin K antagonist in patients with DVT and PE:
findings from the North American EINSTEIN clinicial trial program. J Med Econ.
2014;17:691-5.

188 Bajc M, Neilly JB, Miniati M et al. EANM guidelines for ventilation/perfusion
scintigraphy : Part 1. Pulmonary imaging with ventilation/perfusion single photon
emission tomography. Eur J Nucl Med Mol Imaging. 2009;36:1356-70

189 Goy J, Lee J, Levine O et al. Sub-segmental pulmonary embolism in three academic
teaching hospitals: a review of management and outcomes. J Thromb Haemost.
2015;13:214-8.

190 Pena E, Kimton M, Dennie C et al. Difference in interpretation of computed
tomography pulmonary angiography diagnosis of subsegmental thrombosis in
patients with suspected pulmonary embolism. J Thromb Haemost. 2012;10:496-8.

191 Wiener R, Schwartz LM, Woloshin S. Time trends in pulmonary embolism in

the United States: evidence of overdiagnosis. Arch Intern Med. 2011;171:831-7.

192 den Exter PL, Hooijer J, Dekkers OM et al. Risk of recurrent venous
thromboembolism and mortality in patients with cancer incidentally

diagnosed with pulmonary embolism: a comparison with symptomatic

patients. J Clin Oncol. 2011;29:2405-9.

193 Le Gal G, Kovacs MJ, Berotoletti L et al. Risk for recurrent venous thromboembolism
in patients with subsegmental pulmonary embolism managed without

anticoagulation: A multicenter prospective cohort study. Ann Intern
Med. 2021;175:29-35

194 Yeh C, Gross P, Weitz J. Evolving use of new oral anticoagulants for treatment of
venous thromboembolism. Blood. 2014;124:1020-8

88



195 Torio A, Kearon C, Filippucci E et al. Risk of recurrence after a first episode of
symptomatic venous thromboembolism provoked by a transient risk factor: a
systematic review. Arch Intern Med. 2010;170:1710-6.

196 Kearon C, Akl EA, Comerota AJ et al. Antithrombotic therapy for VTE disease:
antithrombotic therapy and prevention of thrombosis, 9th ed: American College of
Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest.
2012;141:419-94.

197 Kearon C, Ageno W, Cannegieter SC et al; Subcommittees on Control of
Anticoagulation, and Predictive and Diagnostic Variables in Thrombotic Disease.
Categorization of patients as having provoked or unprovoked venous
thromboembolism: guidance from the SSC of ISTH. J Thromb Haemost.
2016;14:1480-3.

198 den Exter PL, Van EJ, Kroft LJ et al. Thromboembolic resolution assessed by CT
pulmonary angiography after treatment for acute pulmonary embolism. Thromb
Haemost. 2015;114:26-34.

199 Klok FA, van der Hulle T, den Exter PL et al. The post-PE syndrome: a new concept
for chronic complications of pulmonary embolism. Blood Rev. 2014;28:221-6.

200 Klok FA, van Kralingen KW, van Dijk AP et al. Prevalence and potential
determinants of exertional dyspnea after acute pulmonary embolism. Respir Med.
2010;104:1744-9.

201 Kline JA, Steuerwald MT, Marchick MR et al. Prospective evaluation of right
ventricular function and functional status 6 months after acute submassive pulmonary
embolism: frequency of persistent or subsequent elevation in estimated pulmonary
artery pressure. Chest. 2009;136:1202-10.

202 Becattini C, Agnelli G, Pesavento R et al. Incidence of chronic thromboembolic
pulmonary hypertension after a first episode of pulmonary embolism. Chest.
2006;130:172-5.

203 Meneveau N, Ider O, Seronde MF et al. Long-term prognostic value of residual
pulmonary vascular obstruction at discharge in patients with intermediate- to high-
risk pulmonary embolism. Eur Heart J. 2013;34:693-701.

204 Stevinson BG, Hernandez-Nino J, Rose G et al. Echocardiographic and functional
cardiopulmonary problems 6 months after first-time pulmonary embolism in
previously healthy patients. Eur Heart J. 2007;28:2517-24.

205 Kahn SR, Hirsch AM, Akaberi A et al. Functional and exercise limitations after a first
episode of pulmonary embolism: results of the ELOPE prospective cohort study.
Chest. 2017;151:1058-68.

206 Kahn SR, Akaberi A, Granton JT et al. Quality of life, dyspnea, and functional
exercise capacity following a first episode of pulmonary embolism: results of the
ELOPE cohort study. Am J Med. 2017;130:¢9-990

207 Albaghdadi MS, Dudzinski DM, Giordano N et al. Cardiopulmonary exercise testing
in patients following massive and submassive pulmonary embolism. J Am Heart
Assoc. 2018;7:¢006841.

208 Michal M, Prochaska JH, Keller K et al. Symptoms of depression

&9



and anxiety predict mortality in patients undergoing oral anticoagulation: Results from the
thromb EVAL study program. Int J Cardiol. 2015;187:614-9

209 Chuang LH, Gumbs P, Van Hout B et al. Health-related quality of life and mortality in
patients with pulmonary embolism: a prospective cohort study in seven European
countries. Qual Life Res 2019;28:2111-24.

210 Van Es J, den Exter PL, Kaptein AA et al. Quality of life after pulmonary embolism as
assessed with SF-36 and PEmb-QoL. Thromb Res. 2013;132:500-5

211 Klok FA, Cohn DM, Middeldorp S et al. Quality of life after pulmonary embolism:
validation of the PEmb-QoL Questionnaire. J] Thromb Haemost. 2010;8:523-32.

212 Barco S, Schmidtmann I, Ageno W et al; HoT-PE investigators; HoT-PE Trial
investigators are: Survival and quality of life after early discharge in low-risk
pulmonary embolism. Eur Respir J 2021;57:2002368

213 Kakkos SK, Gohel M, Baekgaard N et al. Editor’s Choice — European Society for
Vascular Surgery (ESVS) 2021 clinical practice guidelines on the management of
venous thrombosis. Eur J Vasc Endovasc Surg. 2021;61:9-82.

214 EuroQoL Research Foundation. EQ-5D-3L- User Guide, 2019.
https://euroqol.org/publications/user-guides

215 Beaton DE, Bombardier C, Guillemin F et al. Guidelines for the process of cross-
cultural adaptation of self-report measures. Spine (Phila Pa 1976). 2000;25:3186-91

216 Goy J, Lee J, Levine O et al. Sub-segmental pulmonary embolism in three academic
teaching hospitals: a review of management and outcomes. J Thromb Haemost.
2015;13:214-8.

217 Carrier M, Righini M, Le Gal G. Symptomatic subsegmental pulmonary
embolism: what is the next step? J Thromb Haemost. 2012;10:1486-90.

218 den Exter PL, Van Es J, Klok AF et al. Risk profile and clinical outcome of
symptomatic subsegmental acute pulmonary embolism. Blood. 2013;122:1144-9.

219 Baumgartner C, Klok FA, Carrier M et al. Clinical Surveillance vs. Anticoagulation
for low-risk patients with isolated subsegmental pulmonary embolism: protocol for a
multicentre randomised placebo-controlled non-inferiority trial (SAFE-SSPE). BMJ
open 2020;10:e040151

220 Koopman MMW, Prandoni P, Piovella F et al. Treatment of venous thrombosis with
intravenous unfractionated heparin administered in the hospital as compared with
subcutaneous low molecular weight heparin administered at home. N Engl J Med.
1996;334:682-7

221 Levine M, Gent M, Hirsh J et al. A comparison of low molecular weight heparin
administered primarily at home with unfractionated heparin administered in hospital
for proximal deep vein thrombosis. N Engl ] Med. 1996;334:677-81

222 Wells PS, Kovacs MJ, Bormanis J et al. Expanding eligibility for outpatient treatment
of deep vein thrombosis and pulmonary embolism with low-molecure-weight-
heparin: a comparison of patients self-injection with homecare injection. Arch Intern
Med. 1998;158:1809-12

223 Zondag W, Kooiman J, Klok FA et al. Outpatient versus inpatient treatment in patients
with pulmonary embolism: a meta-analysis. Eur Respir J. 2013;42:134-44

90



224 Roy PM, Moumneh T, Penaloza A et al. Outpatient management of pulmonary
embolism. Thromb Res. 2017;157:92—-100

225 Beam DM, Kahler ZP, Kline JA. Immediate Discharge and Home Treatment with
Rivaroxaban and of low-risk venous thromboembolism diagnosed in two U.S.
emergency departments: A one-year preplanned analysis. Acad Emerg Med.
2015;22:788-95

226 Roy PM, Penaloza A, Hugli O et al. Triaging acute pulmonary embolism for home
treatment by Hestia or simplified PESI criteria: the HOME-PE randomized trial. Eur
Hear Jour. 2021;42:3146-57

227 Barco S, Schmidtmann I, Ageno W et al. Early discharge and home treatment of
patients with low-risk pulmonary embolism with the oral factor Xa inhibitor
rivaroxaban: an international multicentre single-arm clinical trial. Eur Hear Jour.
2020;41:509-18

228 Aujesky D, Stone RA, Kim S et al. Length of hospital stay and post discharge
mortality in patients with pulmonary embolism: a statewide perspective. Arch Intern
Med. 2008;168:706—12.

229 Dobesh PP. Economic implications of inadequate treatment of venous
thromboembolism and potential solutions. J Pharm Pract. 2014;27:178-86

230 Wang LI, Baser O, Wells P. Benefit of early discharge among patients with low-risk
pulmonary embolism. PLOS One. 2017;12:0185022.

231 Smoyer-Tomic K, Siu K, Walker DR et al. Anticoagulant use, the prevalence of
bridgning, and relation to length of stay among hospitalized patients with non-
valvular atrial fibrillation. Am J Cardiovasc Drugs. 2012;12:403-13.

232 Lubberts B, Paulino Pereira NR, Kabrhel C et al. What is the effect of venous
thromboembolism and related complications on patient reported health-related
quality of life? A meta-analysis. Thromb Haemost. 2016;116:417-31.

233 Hejen AA, Segaard M, Melgaard L et al. Psychotropic drug use following venous
thromboembolism versus diabetes mellitus in adolescence or young adulthood: a
Danish nationwide cohort study. BMJ Open. 2019;9:¢026159.

234 Luo N, Johnson J, Coons SJ. Using instrument-defined health state

transitions to estimate minimally important differences for four

preference-based health-related quality of life instruments. Med Care.

2010;48:365-71.

235 Tavloy M, Utne KK, Jelsness-Jorgensen LP et al. Health-related quality of life after
pulmonary embolism: a cross-sectional study. BMJ open. 2016;6:¢013086

236 Quanadil SD, El Hajjam Q, Vieilard-Baron A et al. New CT index to quantify arterial
obstruction in pulmonary embolism: comparison with angiography index and
echocardiography. Radiology. 2001;176:1415-20.

237 Boon GJAM, Barco S, Bertoletti L et al. Measuring functional limitations after venous
thromboembolism: optimization of the Post-VTE functional Status (PVFS) Scale.
Thromb Res. 2020;190:45-51

91



238. Wiklund P, Medson K, EIf J. Unreported incidental pulmonary embolism in patients
with cancer: Radiologic natural history and risk of recurrent venous
thromboembolism and death. Thrombosis Res 2023;224:65-72.

92



	Blank Page


<<
  /ASCII85EncodePages false
  /AllowTransparency true
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 25%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 10
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 250
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 250
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 250
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 250
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.20000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /SVE ()
    /ENU <FEFF004600f6007200200074007200790063006b00200068006f00730020004d0065006400690061002d0054007200790063006b>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA39 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




