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ABSTRACT 
Introduction. Pulmonary embolism (PE) is the third most common cardiovascular disease, 
after myocardial infarction and stroke. Post-PE syndrome, which is characterized by long-
term consequences of PE with persistent dyspnea and decreased functional capacity, has been 
acknowledged as a risk in the aftermath. There is an absence of knowledge about respiratory 
symptoms and their association with physical activity. Knowledge of patients’ experiences 
and healthcare professionals’ (HCPs) conceptions about respiratory symptoms and their 
impact on physical activity after PE are limited.  
 
The overall aim of this thesis was to cross sectionally, longitudinally and qualitatively 
describe, evaluate, and explore respiratory symptoms and physical activity in patients with 
acute PE, as well as to describe HCPs’ conceptions of respiratory symptoms and physical 
activity. 
 
Methods. In study I (n= 50) and II (n= 64) patients with PE rated respiratory symptoms and 
physical activity levels and performed measurements of lung function and functional capacity 
at discharge (study I), and at discharge, 3, 6 and 12 months after discharge (study II). 
Measurements were compared to reference values for lung function and functional capacity, 
as well as over time. In study III (n=14) and IV (n=21) qualitative interviews were conducted 
with patients with PE and HCPs. Study III sought the patients’ experiences of respiratory 
symptoms and their impact on physical and social activities in the aftermath. Study IV sought 
for HCPs’ conceptions of respiratory symptoms and physical activity in patients with PE 
during in-hospital care. 
 
Main results. Study I indicated that patients with PE have reduced lung function and reduced 
functional capacity compared to reference values, and many experienced respiratory 
symptoms at discharge. In study II, median hours of physical activity per week increased, 
while ratings of respiratory symptoms decreased during the year. Lung function increased 
between discharge and 3 months and functional capacity increased during the whole year. In 
study III the findings revealed that respiratory symptoms affected many aspects of life for the 
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participants, illustrated by an overall theme: “Whole life changed”. The results implied that 
patients with PE need support from the healthcare system to manage psychological and 
physical symptoms in the aftermath. Study IV provided new knowledge about the complexity 
of management of patients with PE and respiratory symptoms. The patient group was 
conceived as heterogenous with different needs for information given at the right time. 
Structural prerequisites and personal issues affected the ability of HCPs to give correct 
information. 

Conclusions and clinical implications. The results of this thesis indicate that patients with 
PE are affected in many ways by their respiratory symptoms. Respiratory symptoms seem to 
have the greatest impact physically during the first three months after discharge and it is 
important to identify patients with persisting respiratory symptoms before discharge. The 
experience that their “whole life changed” after PE indicate that patients need support from 
the healthcare system to manage both physical and psychological symptoms. The patient 
group was conceived by HCPs as a heterogenous group with individual needs for information 
during in-hospital care, and prerequisites of providing the right information were identified. 
Overall, the need for a rehabilitation program focusing on both physical and psychological 
aspects of managing life after PE is supported by the results of this thesis.  
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SAMMANFATTNING PÅ SVENSKA 
 
 

Akut lungemboli – aspekter på respiratoriska symptom och fysisk aktivitet 
 
Akut lungemboli (LE) är den tredje vanligaste hjärtkärlsjukdomen efter hjärtinfarkt och 
stroke. Det finns en risk att i efterförloppet av LE drabbas av post-LE-syndrom, vilket innebär 
långvariga besvär av kvarstående andfåddhet och nedsatt gångförmåga. Vi saknar i nuläget 
kunskap om respiratoriska symptom vid LE och hur de påverkar fysisk aktivitet. Vi har inte 
heller någon kunskap om de upplevelser patienterna själva har, eller om sjukvårdspersonalens 
uppfattningar, avseende de respiratoriska symptom och deras påverkan på fysisk aktivitet.  

Det övergripande syftet med avhandlingen var att både kortsiktigt, långsiktigt samt kvalitativt, 
beskriva, utvärdera och utforska respiratoriska symptom som andfåddhet och 
andningsrelaterad smärta samt fysisk aktivitet hos patienter med LE. Syftet var också att 
utforska vårdpersonalens uppfattningar av respiratoriska symptom och fysisk aktivitet hos 
patienter med LE samt deras uppfattningar om den information patienterna erhåller om 
respiratoriska symptom och fysisk aktivitet vid inneliggande vård på sjukhus.  

I studie I (n= 50) och II (n= 64) skattade patienterna sina respiratoriska symptom och sin 
fysiska aktivitetsnivå samt testades avseende lungfunktion och gångförmåga vid utskrivning 
efter att ha vårdats för LE (studie I). Samma skattningar och test skedde vid utskrivning samt 
3, 6 och 12 månader efter utskrivning (studie II). Testresultaten jämfördes med referensvärden 
för lungfunktion och gångförmåga, samt över tid. I studie III och IV utfördes kvalitativa 
intervjuer med patienter med LE (n=14), samt med vårdpersonal (n=21) som vårdar patienter 
med LE. Studie III eftersökte upplevelser av respiratoriska symptom samt deras eventuella 
påverkan på fysisk aktivitet och sociala aktiviteter i efterförloppet av LE. I studie IV 
eftersöktes vårdpersonalens uppfattningar av respiratoriska symptom och fysisk aktivitet vid 
inneliggande vård på sjukhus. 

Studie I visade att patienter med LE har en nedsatt lungfunktion och nedsatt gångförmåga 
jämfört med referensvärden, samt att relativt många patienter fortfarande upplevde 
respiratoriska symptom vid utskrivning från sjukhuset efter att ha vårdats för LE.  
I studie II ökade antalet timmar för fysisk aktivitet per vecka under året efter LE och 
skattningarna för andfåddhet och andningsrelaterad smärta minskade. Lungfunktionen ökade 
mellan utskrivning från sjukhuset och mätningen vid 3 månader, och gångförmågan ökade vid 
alla mätningar under hela året. Resultaten från studie III påvisade att respiratoriska symptom 
påverkade många delar av livet för deltagarna i studien, vilket illustrerades av det 
övergripande temat ”Hela livet ändrades.” Resultaten tyder på att patienter med LE behöver 
stöd av sjukvården för att hantera både mentala och fysiska symptom i efterförloppet av att ha 
drabbats av LE. Studie IV gav ny kunskap om komplexiteten avseende omhändertagandet av 
patienter med LE som har respiratoriska symptom. Patientgruppen uppfattades som heterogen 
och med olika behov av information och vid rätt tidpunkt. Strukturella förutsättningar på 
sjukhuset och  samt personliga egenskaper hos personalen, som kunskapsnivå avseende LE, 
påverkade vårdpersonalens möjligheter att ge korrekt information till patienterna. 
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Sammanfattningsvis visar resultaten av denna avhandling att patienter med PE är påverkade 
på många sätt av de respiratoriska symptomen som LE ger. De respiratoriska symptomen 
verkar ha störst fysisk påverkan de första tre månaderna efter utskrivning och det är därför 
viktigt att identifiera patienter med kvarstående respiratoriska symptom innan utskrivning från 
sjukhuset. Upplevelsen att ”hela livet ändrades” efter LE, indikerar att sjukvården behöver 
hjälpa patienter med LE att hantera fysisk och mental påverkan i efterförloppet. 
Patientgruppen med LE och respiratoriska symptom uppfattades av vårdpersonalen i studie IV 
som en heterogen grupp med individuella behov av information, som behöver ges vid rätt 
tidpunkt under inneliggande vård. Även förutsättningar för att möjligheten att kunna ge 
korrekt information identifierades. Resultaten från avhandlingen tyder på att patienter med LE 
är i behov av ett omhändertagande som skulle kunna tillgodoses genom ett 
rehabiliteringsprogram med syftet att behandla både fysisk och mental påverkan i 
efterförloppet. 
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BRIEF DEFINITIONS 

 

Dyspnea  A subjective experience of breathing discomfort that consists of    

qualitatively distinct sensations that vary in intensity.  

(American Thoracic Society, 1999) 

 

Exercise Physical activity that is planned, structured, repetitive, and 

purposive in the sense that improvement or maintenance of one or 

more components of physical fitness is an objective.   

(Caspersen, 1985) 

 

Functional capacity Walk distance in meters. 

(Crapo, 2002) 

 

Pain  An unpleasant sensory and emotional experience associated with, 

or resembling that associated with, actual or potential tissue 

damage. 

(The International Association for the Study of Pain, 2020) 

 

Physical activity Any bodily movement produced by skeletal muscles that results in 

energy expenditure. 

(Caspersen, 1985) 

 

Physical fitness The ability to carry out daily tasks with vigor and alertness, 

without undue fatigue and with ample energy to enjoy leisure-time 

pursuits and to meet unforeseen emergencies. 

(Caspersen, 1985) 
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INTRODUCTION 

This thesis is a work of curiosity. Presented in this thesis is the curiosity of a clinician, that 

grew into the work of a doctoral student. As a clinical physiotherapist specialized in 

respiration and working in the field of internal medicine, one day it struck me that the 

healthcare system treats patients with different diseases, but with similar symptoms, in 

different ways. This became obvious after having met a patient with pulmonary embolism 

(PE) and respiratory pain. Usually, physiotherapists do not examine patients with PE, but this 

patient unluckily also caught pneumonia, and when a patient has pneumonia, the 

physiotherapist is self-evident in their care. This patient’s respiratory pain, however, derived 

from their PE and not pneumonia. This made me question physiotherapy examinations and 

treatment of patients with respiratory symptoms such as dyspnea and respiratory pain. Don’t 

all patients with respiratory symptoms need the competence of a physiotherapist? Do all 

patients with PE have respiratory symptoms? Why do we not know the answers to these 

questions? And when searching in guidelines for the management of PE for answers, there 

were no mentions of management of respiratory symptoms. This thesis is a beginning of an 

answer to the scientific community of how we need to treat patients with PE and respiratory 

symptoms to improve outcomes for, primarily, the patients but also for the healthcare system. 

 

Pulmonary embolism 
Acute pulmonary embolism (PE) is one of two manifestations of venous thromboembolism 

(VTE), the other one being deep vein thrombosis (DVT) (1). VTE is a common and 

potentially life-threatening cardiovascular diagnosis (2) and the third most common 

cardiovascular syndrome after myocardial infarction and stroke (3). The incidence rates for 

PE range from 39-115 per 100 000 population (4). The incidence seems to be increasing 

worldwide, probably related to increased life expectancy, increased incidence of thrombosis-

related diseases such as cancer and heart failure, increasing body mass index (BMI) in the 

population and improved methods for diagnosing it (5-7). Despite this, a compilation of trends 

presented in the European Society of Cardiology (ESC) guidelines for PE show that the case 

fatality rates are decreasing, possibly due to better medication and care (8). 

 



xiv 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 
 

INTRODUCTION 

This thesis is a work of curiosity. Presented in this thesis is the curiosity of a clinician, that 

grew into the work of a doctoral student. As a clinical physiotherapist specialized in 

respiration and working in the field of internal medicine, one day it struck me that the 

healthcare system treats patients with different diseases, but with similar symptoms, in 

different ways. This became obvious after having met a patient with pulmonary embolism 

(PE) and respiratory pain. Usually, physiotherapists do not examine patients with PE, but this 

patient unluckily also caught pneumonia, and when a patient has pneumonia, the 

physiotherapist is self-evident in their care. This patient’s respiratory pain, however, derived 

from their PE and not pneumonia. This made me question physiotherapy examinations and 

treatment of patients with respiratory symptoms such as dyspnea and respiratory pain. Don’t 

all patients with respiratory symptoms need the competence of a physiotherapist? Do all 

patients with PE have respiratory symptoms? Why do we not know the answers to these 

questions? And when searching in guidelines for the management of PE for answers, there 

were no mentions of management of respiratory symptoms. This thesis is a beginning of an 

answer to the scientific community of how we need to treat patients with PE and respiratory 

symptoms to improve outcomes for, primarily, the patients but also for the healthcare system. 

 

Pulmonary embolism 
Acute pulmonary embolism (PE) is one of two manifestations of venous thromboembolism 

(VTE), the other one being deep vein thrombosis (DVT) (1). VTE is a common and 

potentially life-threatening cardiovascular diagnosis (2) and the third most common 

cardiovascular syndrome after myocardial infarction and stroke (3). The incidence rates for 

PE range from 39-115 per 100 000 population (4). The incidence seems to be increasing 

worldwide, probably related to increased life expectancy, increased incidence of thrombosis-

related diseases such as cancer and heart failure, increasing body mass index (BMI) in the 

population and improved methods for diagnosing it (5-7). Despite this, a compilation of trends 

presented in the European Society of Cardiology (ESC) guidelines for PE show that the case 

fatality rates are decreasing, possibly due to better medication and care (8). 

 



2 
 

Signs and symptoms of PE comprise chest pain, haemoptysis, tachycardia or tachypnea, and 

syncope or dizziness due to hypotension or shock (1). Specific respiratory symptoms in PE 

are sudden onset of dyspnea or deterioration of existing dyspnea and pain that typically 

increases on respiration, as well as cough (1, 9). However, dyspnea and respiratory pain are 

the two most common respiratory symptoms presented with PE (10).  

 

Risk factors for PE can be categorized into hypercoagulability, vascular damage, venous 

stasis/immobilization, and genetic factors (1, 11), see Table 1.  

 

Table 1. Risk factors for pulmonary embolism 

 

 

 

 

 

 

 

 

The risk for PE among women is often associated with hormonal exposure (12). The risk for 

women of childbearing age to fall ill with PE is higher than for men of the same age, 

however, the risk is generally slightly higher for men, especially after the age of 45 (5). For 

men compared to women who are not exposed to hormonal risk factors, the risk of a first 

venous thrombosis is twice as high (13). Recurrent VTE is common (2, 14) and those patients 

who have had a previous PE are more likely to present with a recurrent PE, than with a DVT 

(15). 

 

In most cases a PE originates from a thrombus that has formed in the pelvic area or in the 

deep veins of the leg (16). When a venous thrombus dislodges from its place of origin, the 

Clinical and environmental  
risk factors 

Heritable risk factors 

Hypercoagulability Genetic risk factors 
Older age Factor V Leiden 
Active cancer Prothrombin gene mutations 
Obesity Antithrombin deficiency 
Pregnancy and puerperium Protein C deficiency 
Estrogen therapy Protein S deficiency 
Vascular damage  
Trauma  
Surgery  
Fracture  
Venous stasis/immobilization  
Hospitalization for acute medical illness  
Long-haul travel for more than 4 h  
Paresis  

3 
 

embolus moves through the venous system, the vena cava, and the right side of the heart into 

the pulmonary arterial circulation (9, 16). In Sweden, clinical classification is made with the 

International Classification of Disease, the Swedish version (ICD-10-SE)(17), where I.26.0 

and I.26.9 are classification of PE with or without right ventricular failure of the heart.  

 

In the literature different classifications of PE are used, and one way to classify it is by the 

haemodynamic consequences (18). For example, massive and sub-massive PE, where massive 

PE can be characterized by systemic low blood pressure with a systolic arterial pressure < 90 

mm Hg or shock with signs of tissue hypoperfusion and hypoxia (18). Another way of 

classification is by its anatomical location, for example lobar, segmental, and sub-segmental, 

which means that the location of the emboli corresponds with the branches of the pulmonary 

artery and the anatomical lung segment (19). A saddle embolus is located in the bifurcation of 

the main pulmonary artery trunk and is associated with extensive haemodynamic impact with 

right ventricular failure (20). By the use of radiological calculations, quantification of the clot 

burden can be made, however, these calculations are more often used in research than in a 

clinical setting (21).  

 

During the diagnostic process clinical probability scores such as the Geneva score (22) or 

Wells score (23) can be used to assess the patient. D-Dimer testing searches for levels of 

fibrin degradation products that occurs during the fibrinolytic process that dissolves thrombi, 

and the test is highly sensitive, but has low specificity for detecting acute PE (9). In patients 

with a positive D-Dimer test, the diagnosis of PE needs to be verified by chest imaging with 

computed tomography pulmonary angiogram or ventilation/perfusion scintigraphy to detect 

the presence of PE in the pulmonary arteries or mis-match between ventilation and perfusion 

(9). 

Treatment of PE according to guidelines consist of pharmaceutical treatment with initial 

parenteral anticoagulantic medication which are then changed into oral medication (8). 

Treatment often starts even before the diagnose is confirmed due to the importance of early 

anticoagulant treatment (8) If the patient is severely affected haemodynamically, systemic 

thrombolytic therapy can be used to dissolve the emboli, also percutaneous catheter directed 

treatment and surgical embolectomy are used to dissolve or remove the emboli (8).  
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PE can lead to different pathophysiological effects such as increased airway resistance due to 

bronchoconstriction and reduced transport of carbon monoxide due to the decreased gas 

exchange surface (16). Reduced blood flow in the pulmonary arteries that are obstructed, in 

combination with an excess of blood flow in the capillary bed by the pulmonary vessels that 

are not obstructed, result in ventilation/perfusion mismatch, which creates hypoxaemia (8). 

The vascular obstruction of the pulmonary arteries leads to reduced perfusion which 

eventually leads to necrosis of the lung parenchyma and so-called pulmonary infarction (24). 

If there are persistent blood clots present, they may cause pulmonary perfusion deficiency, 

which lead to increased physiological dead space (due to the lacking functionality of the lung 

tissue) in the lung which ultimately leads to ventilatory insufficiency (9). 

The haemodynamic consequences of PE depend on the size of the emboli, the presence of 

cardiopulmonary comorbidities and neurohumoral activation (16). The decrease of the 

pulmonary vascular bed causes an increase in right ventricular afterload which leads to an 

increase in pulmonary artery pressure. This causes the right ventricle to dilate and become 

hyperkinetic and as a final consequence, to fail (16). An increasing right-heart failure cause 

the forward cardiac output to be reduced and this is in most cases the cause of death from 

acute PE (9). If there is a gradual increase of the arterial pressure it can lead to chronic 

thromboembolic pulmonary hypertension (CTEPH) (9).  

 

A new term called the post-PE syndrome has arisen in the literature and it comprises both 

chronic tromboembolic disease (CTED) and CTEPH (25). The definition of CTED is the 

presence of chronic thromboembolic remains in the pulmonary artery tree without pulmonary 

hypertension which leads to functional impairment. CTEPH is defined by the presence of high 

pressure in the pulmonary arteries, as well as the presence of multiple organized or chronic 

occlusive thrombi in the pulmonary artery tree after a minimum of 3 months of anticoagulant 

treatment (9). Post-PE syndrome is characterized by higher risk of recurrent PE and 

debilitating long-term consequence of PE that occurs even if patients receive adequate 

anticoagulation (9, 25, 26). The underlying pathophysiological mechanisms are not clear, but 

a hypothesis is that patients suffering from post-PE syndrome has impaired fibrinolysis, 

abnormal thrombus remodeling and acute and chronic right ventricular failure (26).  

Two common signs of the post-PE syndrome are exercise limitation, as measured by 

cardiopulmonary exercise tests (CPET) resulting in a VO2 peak <80% or a decrease in 

functional capacity, i.e. walking distance measured with six-minute walk test (6MWT), and 

persistent dyspnea at exertion (26, 27). 
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Respiratory symptoms  
The lung is the most vulnerable internal organ and sensitive to acquire infections and injury 

due to its constant exposure to particles and infectious organisms by the air in the external 

environment (28). Respiratory diseases are leading causes of death and disability in the world 

(28), and the major symptoms of respiratory disorders are dyspnea, chest pain, wheeze and 

cough (29). Non-respiratory conditions can also generate respiratory symptoms, for example 

cardiac causes of cough or dyspnea caused by anaemia (29).  

 

Dyspnea 
In a non-medical dictionary the word dyspnea means difficult or laboured respiration (30) and 

in literature it is often interchangeable with breathlessness or shortness of breath (29). 

Dyspnea occurs in many clinical conditions but may also be a symptom of poor 

cardiovascular fitness which is common in our progressively more sedentary population (31). 

Dyspnea originates from different mechanisms such as dysfunction in the respiratory central 

controller, the ventilatory pump or the gas exchanger (29). 

 

In 1999 the American Thoracic Society (ATS) (32) defined dyspnea as “a subjective 

experience of breathing discomfort that consists of qualitatively distinct sensations that vary 

in intensity”. They conclude that dyspnea “derives from interactions among multiple 

physiological, psychological, social, and environmental factors, and may induce secondary 

physiological and behavioral responses” (32). The ATS state that they intentionally avoided 

the use of terms such as “difficult,” “labored,” or “heavy” breathing in the definition of 

dyspnea since the terms might, or might not, characterize the experience of the patient at a 

certain moment (31). Currow and Johnson (33) described dyspnea in the following manner 

“Existentially, breathlessness is a constant reminder of impending mortality. Most of us want 

to die in our sleep with no knowledge of the event. Not only do patients with chronic, 

progressive lung disease know of their impending death months, years, or decades ahead of 

the day, they fear how they will die, with the fear of suffocation always somewhere in their 

minds. This is as frightening as life can be.”. The updated ATS statement from 2012 express 

that dyspnea can only be perceived by the person experiencing it, meaning that, as it is with 

assessments of pain, adequate assessment of dyspnea should be completed by self-report (31). 
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When assessing dyspnea the ratings that the patient make can be linked to three domains (31).  

The sensory/perceptual-domain evaluates what breathing feels like and includes ratings of 

intensity and sensory qualities (31). This domain can be assessed with numerical scales as 

well as with Likert scales (31).  

The affective distress-domain evaluates how distressed breathing is, or is a judgement of the 

possible consequence of the perceived dyspnea (31). Single-item scales can be used to assess 

this domain but also multi-item scales for anxiety (31).  

The symptom impact or burden-domain includes evaluation of how dyspnea impacts 

functional ability i.e. performing activities of daily living, physical activity, health status or 

quality of life (QoL) (31). Unidimensional rating of physical activity limitations can be used 

as well as multidimensional scales of health status and QoL (31).  

 

Dyspnea is treated primarily by optimizing the management of the underlying condition (34). 

This is often done through medication (diuretics, bronchodilators, anti-inflammatory agents) 

(34). Oxygen therapy can be useful for patients who are hypoxic at rest or capable of minimal 

activity, such as patients with advanced heart or lung disease (31). The use of positioning of 

the body at rest to optimize ventilation of the lungs can reduce dyspnea (34). For patients with 

chronic obstructive lung disease (COPD) it has been shown that pulmonary rehabilitation can 

decrease dyspnea (31). The main component of improvement of dyspnea in pulmonary 

rehabilitation is considered to be exercise (31) Exercise has been shown to increase 

neuromuscular coupling and aerobic capacity in patients with COPD (35). Together with an 

increase of dyspnea tolerance generating stimuli and breathing retraining, exercise contributes 

to the relief of exertional dyspnea (35). Whether other components of pulmonary 

rehabilitation, such as breathing techniques, improve the experience of dyspnea independent 

of exercise is not clear (31). 

 

Dyspnea in pulmonary embolism 

Dyspnea is the most common symptom reported by patients with pulmonary embolism 

seeking emergency care (10). Fifty percent of the patients report dyspnea at rest, and 27% 

report dyspnea with exertion (36). Dyspnea can be severe in central PE, however, in smaller 

and more peripheral PE the dyspnea is often mild and transitory (37). In patients with co-

morbidities such as pulmonary disease or heart failure, worsening dyspnea may be the only 

symptom of PE (37).  
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The pathophysiology of dyspnea in PE is not clear (38). A study by Sanches et al (38) indicate 

that the sensory-perceptive domain of dyspnea in PE correlate with factors such as breathing 

variability, age, and depression, and that the symptom impact-domain of exertional dyspnea in 

PE is primarily related to vascular consequences such as chest pain. 

 

A study by Klok et al (39) showed that 56% of patients with PE, when rating dyspnea with a 

questionnaire, reported the presence of dyspnea at follow-up more than 3 years after the PE 

event, and 70% reported worsened dyspnea. The majority of the patients had developed new 

or worsened dyspnea after falling ill with PE. When compared to a control population without 

prior VTE, patients with PE were significantly more dyspneic. Several hypotheses were 

proposed to explain the findings, such as cardio-pulmonary comorbidity and incomplete 

resolution of PE which contribute to the experiences of dyspnea (39). Another study by Klok 

et al (40) showed that in patients with previous PE, 36% reported the presence of exertional 

dyspnea after completing a 6MWT, and 76% reported worsened dyspnea via questionnaire. 

Cardiopulmonary comorbidity, higher body mass index (BMI), advanced age, and a smoking 

history were recognized as independent predictors of exertional dyspnea. An increased 

severity of dyspnea was correlated with decreased functional capacity, i.e walk distance, and 

larger number of dyspnea-related diagnoses among the patients (40). Kahn et al (27) found 

exercise limitation at 1 year in almost half of patients with PE, and this was associated with 

poorer QoL, higher dyspnea scores, and shorter walking distance. This is consistent with the 

findings of Tavoly et al (41) that showed that predictors of poorer health related quality of life 

(HRQoL) in patients with PE was associated with persistent dyspnea and decreased functional 

capacity. Haukeland et al (42) recently published a research protocol for a randomized 

controlled trial (RCT) aiming to explore whether a pulmonary rehabilitation program can 

improve dyspnea, functional capacity i.e. walking distance as measured by the Incremental 

Shuttle Walk Test (ISWT), and HRQoL in patients with post-PE syndrome.  

 

Kahn et al (43) state that little is known about the effects of PE on pulmonary function tests. 

Pulmonary function tests include different tests of lung function including spirometry, static 

lung volumes and diffusion capacity (44). In a study by Morris et al (45) one out of four 

patients with CTEPH had mild to moderate restrictive defects (a total lung capacity <80% as 

measured with a body plethysmograph), possibly due to scarring from previous infarction. 

Klok et al (40) performed spirometry measures of forced vital capacity (FVC) and forced 

expiratory flow in one second (FEV1) in the search for restrictive pulmonary function 



6 
 

When assessing dyspnea the ratings that the patient make can be linked to three domains (31).  

The sensory/perceptual-domain evaluates what breathing feels like and includes ratings of 

intensity and sensory qualities (31). This domain can be assessed with numerical scales as 

well as with Likert scales (31).  

The affective distress-domain evaluates how distressed breathing is, or is a judgement of the 

possible consequence of the perceived dyspnea (31). Single-item scales can be used to assess 

this domain but also multi-item scales for anxiety (31).  

The symptom impact or burden-domain includes evaluation of how dyspnea impacts 

functional ability i.e. performing activities of daily living, physical activity, health status or 

quality of life (QoL) (31). Unidimensional rating of physical activity limitations can be used 

as well as multidimensional scales of health status and QoL (31).  

 

Dyspnea is treated primarily by optimizing the management of the underlying condition (34). 

This is often done through medication (diuretics, bronchodilators, anti-inflammatory agents) 

(34). Oxygen therapy can be useful for patients who are hypoxic at rest or capable of minimal 

activity, such as patients with advanced heart or lung disease (31). The use of positioning of 

the body at rest to optimize ventilation of the lungs can reduce dyspnea (34). For patients with 

chronic obstructive lung disease (COPD) it has been shown that pulmonary rehabilitation can 

decrease dyspnea (31). The main component of improvement of dyspnea in pulmonary 

rehabilitation is considered to be exercise (31) Exercise has been shown to increase 

neuromuscular coupling and aerobic capacity in patients with COPD (35). Together with an 

increase of dyspnea tolerance generating stimuli and breathing retraining, exercise contributes 

to the relief of exertional dyspnea (35). Whether other components of pulmonary 

rehabilitation, such as breathing techniques, improve the experience of dyspnea independent 

of exercise is not clear (31). 

 

Dyspnea in pulmonary embolism 

Dyspnea is the most common symptom reported by patients with pulmonary embolism 

seeking emergency care (10). Fifty percent of the patients report dyspnea at rest, and 27% 

report dyspnea with exertion (36). Dyspnea can be severe in central PE, however, in smaller 

and more peripheral PE the dyspnea is often mild and transitory (37). In patients with co-

morbidities such as pulmonary disease or heart failure, worsening dyspnea may be the only 

symptom of PE (37).  

7 
 

The pathophysiology of dyspnea in PE is not clear (38). A study by Sanches et al (38) indicate 

that the sensory-perceptive domain of dyspnea in PE correlate with factors such as breathing 

variability, age, and depression, and that the symptom impact-domain of exertional dyspnea in 

PE is primarily related to vascular consequences such as chest pain. 

 

A study by Klok et al (39) showed that 56% of patients with PE, when rating dyspnea with a 

questionnaire, reported the presence of dyspnea at follow-up more than 3 years after the PE 

event, and 70% reported worsened dyspnea. The majority of the patients had developed new 

or worsened dyspnea after falling ill with PE. When compared to a control population without 

prior VTE, patients with PE were significantly more dyspneic. Several hypotheses were 

proposed to explain the findings, such as cardio-pulmonary comorbidity and incomplete 

resolution of PE which contribute to the experiences of dyspnea (39). Another study by Klok 

et al (40) showed that in patients with previous PE, 36% reported the presence of exertional 

dyspnea after completing a 6MWT, and 76% reported worsened dyspnea via questionnaire. 

Cardiopulmonary comorbidity, higher body mass index (BMI), advanced age, and a smoking 

history were recognized as independent predictors of exertional dyspnea. An increased 

severity of dyspnea was correlated with decreased functional capacity, i.e walk distance, and 

larger number of dyspnea-related diagnoses among the patients (40). Kahn et al (27) found 

exercise limitation at 1 year in almost half of patients with PE, and this was associated with 

poorer QoL, higher dyspnea scores, and shorter walking distance. This is consistent with the 

findings of Tavoly et al (41) that showed that predictors of poorer health related quality of life 

(HRQoL) in patients with PE was associated with persistent dyspnea and decreased functional 

capacity. Haukeland et al (42) recently published a research protocol for a randomized 

controlled trial (RCT) aiming to explore whether a pulmonary rehabilitation program can 

improve dyspnea, functional capacity i.e. walking distance as measured by the Incremental 

Shuttle Walk Test (ISWT), and HRQoL in patients with post-PE syndrome.  

 

Kahn et al (43) state that little is known about the effects of PE on pulmonary function tests. 

Pulmonary function tests include different tests of lung function including spirometry, static 

lung volumes and diffusion capacity (44). In a study by Morris et al (45) one out of four 

patients with CTEPH had mild to moderate restrictive defects (a total lung capacity <80% as 

measured with a body plethysmograph), possibly due to scarring from previous infarction. 

Klok et al (40) performed spirometry measures of forced vital capacity (FVC) and forced 

expiratory flow in one second (FEV1) in the search for restrictive pulmonary function 



8 
 

impairment, in patients 3.6 ± 1.7 years after PE . Twenty-one out of 421 patients were found 

to have FVC <80% and a restrictive flow curve. To the best of our knowledge there are no 

studies of dynamic lung function in the acute phase (from diagnosed with PE and up to 3 

months after being diagnosed). Lung function remains understudied in the PE population both 

in the acute phase and long-term. 
 

Respiratory pain 
The International Association for the Study of Pain (IASP) defines pain as “an unpleasant 

sensory and emotional experience associated with, or resembling that associated with, actual 

or potential tissue damage” (46). In the revised definition IASP state that “pain always is a 

personal experience influenced by biological, psychological, and social factors, that people 

through their life experiences, learn the concept of pain and that a person’s report of an 

experience as pain should be respected” (46). A document developed during the First 

International Pain Summit on September 3, 2010, called The Declaration of Montreal, states 

that “Access to pain management is a fundamental human right.” (46). 

 

Chest pain is one of the most common complaints when seeking emergency care (47) and 

chest pain can be present in many different cardiopulmonary diseases (48). In literature the 

term chest pain is used both for chest pain with cardiac origin and for chest pain originating 

from the pleura (48, 49). In Greek pleura is translated to rib or side, and pleuritic pain has 

been described as early as the time of Hippocrates (50) who stated, “when pain seizes at the 

side, either at the commencement or at a later stage, it will not be improper to try to dissolve 

the pain by hot applications.”(51). 
The term “pleurisy” is often used to refer to both a symptom and a condition, however, it is 

more appropriate to use the term “pleuritic pain” to describe the symptom and “pleurisy” for 

the condition (52). The chest wall and lung are lined by the visceral and parietal pleura, 

providing a surface with low friction where the lungs can move within the thoracic cavity 

(50). The visceral pleura lacks pain receptors, while the parietal pleura sense pain due to 

inflammation or trauma by its innervation by somatic nerves (49). Inflammation of the 

parietal pleural creates pleuritic pain (50). Pleuritic pain is perceived as sharp, well localized 

pain as it is transmitted by fast-conducting A-delta fibers, and the pain typically increase with 

inspiration (50). Referred pain with origin from the pleura may can be felt in the thoracic 

wall, and in the areas of skin innervated by the intercostal nerves (50).  
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Assessment of pain in general is considered valid and reliable by the use of different single-

item scales as the visual analogue scale (VAS), Numerical Rating Scale, Verbal Rating Scale, 

or Faces Pain Scale-Revised, which are four of the most common measures of pain intensity 

used by researchers and clinicians (53). To be able to treat pleuritic pain it is important to 

identify the correct etiology of the pain and then relieve the pain with appropriate analgesics 

(50). 

 

Respiratory pain in pulmonary embolism 
In literature there is a confusion about which terms to use to describe chest pain in PE, and 

also what the term chest pain includes (8, 9). The terms chest pain, pleuritic chest pain and 

pleuritic pain are all used (8, 9). The ESC guidelines (8) states that “chest pain is a frequent 

symptom of PE and is usually caused by pleural irritation due to distal emboli causing 

pulmonary infarction. In central PE, chest pain may have a typical angina character, possibly 

reflecting right ventricular ischemia”, meaning that the terms are used interchangeable. After 

dyspnea, pleuritic pain is the most common symptom in PE (10). The percentage of patients 

with PE and pleuritic pain differs between studies, and reports of 39-65% of the patients with 

PE seeking emergency care with pleuritic pain have been made (10, 54). To the best of our 

knowledge, there are no studies focusing on measurement of pleuritic pain in patients with 

PE. 

 

Knowledge gap concerning respiratory symptoms in pulmonary 

embolism 
In current guidelines for PE respiratory symptoms such as dyspnea and pleuritic pain are 

mentioned as being the two most common symptoms in patients with PE (7, 8, 55). However, 

there is a shortage of knowledge concerning both the duration and magnitude of pleuritic pain 

in PE and nothing is stated about the management of either dyspnea or pleuritic pain in the 

guidelines (8, 55). To our knowledge there are no studies that have examined the impact of 

pleuritic pain in patients with PE. Existing studies only report of the presence of dyspnea at 

exertion (27, 40, 41, 43, 56, 57). There is a need for knowledge on the presence of dyspnea at 

rest as well. It is not well known whether lung function is affected in PE, and it is not known 

if respiratory symptoms have any correlation with lung function.  
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The consequences the respiratory symptoms have on the patients’ physical or social activities 

in the aftermath of PE are not known. There is also a need for knowledge of how healthcare 

professionals (HCPs) conceive the respiratory symptoms in patients with PE in order to be 

able to develop and improve the management and treatment of this patient group. 

 

Physiotherapy 

Physiotherapists examine and treat different respiratory symptoms deriving from various 

conditions and diseases in patients of all ages (58). The use of breathing techniques for 

patients with affected breathing and respiratory dysfunction are long standing (59). The use of 

different ways to manage dyspnea and/or optimize respiration are found throughout many 

fields of physiotherapy, from patients in the Intensive Care Unit to patients with asthma and 

COPD (60-63). 

 

Physiotherapy is both a profession and a science where knowledge of the human as a 

physical, psychological, social, and existential entity is seen with a health perspective (64). In 

the policy statement of the World Federation of Physiotherapists (WPT) it is stated that 

physiotherapy aims “to develop, maintain and restore maximum movement and functional 

ability throughout the lifespan” (65). Physiotherapy promotes health, tries to reduce suffering, 

and aims to maintain or regain function when movement and function are threatened by  

injury, ageing, diseases, and/or environmental factors, and with the knowledge that functional 

movement is essential for a healthy life (64, 65). Movement is a key concept in physiotherapy 

where physiotherapists conceptualize movement on a continuum that incorporates both 

pathological and physical aspects of movement with social and psychological considerations 

(66). Function is term used in physiotherapy that comprises a human’s experience of the body 

and its movement, breathing, gait and daily activities as well as work and participation in 

society (64). Function can also be described through terms of prerequisites, abilities, and 

behaviour (64). The International Classification of Functioning, Disability and Health (ICF) is 

a classification of health and health-related domains where the functioning and disability of an 

individual comprises both body functioning and body structures, activities and participation in 

society as well as personal and environmental factors as seen in Figure 1 (67).  
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Figure 1. International classification of functioning and health (ICF). Geneva: World  
Health Organization; 2001. 

 

Current knowledge of patients with PE, if classified by the ICF, are that they are affected in 

their body structures of the cardiovascular system and the respiratory system by the PE, in 

their body functioning through dyspnea and respiratory pain, as well as in activities through 

decreased ability to walk (27, 39). It is also known that PE affects patients psychologically 

through feelings of anxiety and post-traumatic stress (68). The physical effects of PE also 

affect patients HRQoL, where persistent dyspnea and reduced functional capacity are main 

predictors of the impairment (41). Even though it is known that patients are severely affected 

by PE, different guidelines for management of PE do no mention physiotherapy as a way to 

restore loss of function after PE (8, 18, 55, 69). Research is needed to determine if 

physiotherapy should be involved as a part of management of respiratory symptoms and 

decreased functional abilities in PE. 

 

Physical activity 
It was not until 2010 that the World Health Organization (WHO) (70) published “Global 

recommendations on physical activity for health” and in 2018 an updated version called 

“Global action plan on physical activity 2018–2030: more active people for a healthier world” 

(71). The updated recommendations state that regular physical activity is known to prevent, as 

well as treat, noncommunicable diseases such as diabetes, heart disease, stroke, and breast and 

colon cancer (71). Physical activity also helps to prevent obesity, hypertension, and improves 

mental health and QoL (71).  
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Figure 1. International classification of functioning and health (ICF). Geneva: World  
Health Organization; 2001. 

 

Current knowledge of patients with PE, if classified by the ICF, are that they are affected in 

their body structures of the cardiovascular system and the respiratory system by the PE, in 

their body functioning through dyspnea and respiratory pain, as well as in activities through 

decreased ability to walk (27, 39). It is also known that PE affects patients psychologically 

through feelings of anxiety and post-traumatic stress (68). The physical effects of PE also 

affect patients HRQoL, where persistent dyspnea and reduced functional capacity are main 
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recommendations on physical activity for health” and in 2018 an updated version called 

“Global action plan on physical activity 2018–2030: more active people for a healthier world” 

(71). The updated recommendations state that regular physical activity is known to prevent, as 

well as treat, noncommunicable diseases such as diabetes, heart disease, stroke, and breast and 

colon cancer (71). Physical activity also helps to prevent obesity, hypertension, and improves 

mental health and QoL (71).  
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Four different domains of activity have been described by Gabriel et al (72)  including leisure 

time physical activity; household, domestic, or self-care activities; work- or school-related 

activity; and activity for transport from place to place. Caspersen et al (73) define physical 

activity as “any bodily movement produced by skeletal muscles that results in energy 

expenditure” . Gabriel et al (72) on the other hand proposed another way to define physical 

activity, “the behavior that involves human movement, resulting in physiological attributes 

including increased energy expenditure and improved physical fitness”. They based this 

definition on physical activity being a multidimensional and complex behavior (72). 

The WHO states that “physical activity can be undertaken in many different ways: walking, 

cycling, sports and active forms of recreation, for example, dance, yoga, tai chi. Physical 

activity can also be undertaken at work and around the home. All forms of physical activity 

can provide health benefits if undertaken regularly and of sufficient duration and intensity” 

(71). Leisure time physical activity can be defined as physical activity that is taking place 

during time not used for gainful employment (30).  

 

The terms physical activity and exercise are often used interchangeably, however, there is a 

need to distinguish physical activity from exercise (73). Exercise is a sub-category of leisure 

time physical activity and is defined as “physical activity that is planned, structured, 

repetitive, and purposive in the sense that improvement or maintenance of one or more 

components of physical fitness is an objective”(73). Physical fitness is defined as “the ability 

to carry out daily tasks with vigor and alertness, without undue fatigue and with ample energy 

to enjoy leisure-time pursuits and to meet unforeseen emergencies”(73).  

 

Assessment of physical activity can be made by self-report or by the use of direct measures 

(72). Self-reported questionnaires include the collection of duration, intensity, and frequency 

of the physical activity performed and occasionally what type of activity that was performed. 

Duration describes for how long the physical activity was performed, intensity levels 

describes if physical activity was performed at a light, moderate or vigorous level, and 

frequency means that data was collected during a certain period of time, for example during a 

week (72). Different devices, such as accelerometers, heart rate monitors and pedometers are 

used for direct measures of physical activity (74).  

 

Current recommendations for a minimum of physical activity for adults 18-65 years, with the 

aim of improving cardiorespiratory and muscular fitness, is to engage in 150 minutes of 
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aerobic physical activity of moderate intensity per week, or 75 minutes of aerobic physical 

activity of vigorous intensity per week, or a combination of moderate to vigorous intensity 

activity equivalent of the two first recommendations (70). In addition, muscle strengthening 

activities should be performed at least 2 days per week (70). There are also specific 

recommendations for healthy adults aged 65 years and above (70). 

 

The management of many cardiopulmonary diseases include the use of physical activity or 

exercise to improve physical capacity and even to decrease mortality (75-78). The concept of 

physical capacity includes balance, strength, and range of motion, and reflects an individual’s 

ability to carry out daily activities, such as walking (79). Pulmonary rehabilitation, which 

includes the use of exercise training, is known to increase exercise performance and improve 

QoL in patients with COPD (80). Exercise performance is defined by the ATS as “the 

integrated and multisystemic effects of disease severity, including skeletal muscle dysfunction, 

aging, comorbidity, motivation, and cognition” (80). 

 

Physical activity in pulmonary embolism 

There is evidence of the association between VTE and physical inactivity (81). Kabrhel et al 

(81) found that the risk for PE was more than twofold in the healthy female study participants 

that were most sedentary compared to those who were least sedentary. A possible explanation 

for the results was that the absence of muscular activity in the lower extremities resulted in 

venous stasis and as a final consequence, thrombus formation (81). Also, lower levels of 

tissue plasminogen activator - which is a thrombolytic agent that breaks down thrombus- 

platelets, and fibrinogen could be a cause for increasing thrombotic tendency (81). Eliasson et 

al (82) on the other hand showed that self-reported leisure time physical activity performed 

regularly was correlated with an increase in fibrinolysis in a dose-dependent manner.  

Previous research in patients with PE have shown reduced functional capacity as measured 

with the 6MWT (27, 40, 41, 56, 83, 84). Kahn et al found (27) that nearly half of their study 

participants had exercise limitations at 1 year after PE and that this limitation was clinically 

relevant and associated with dyspnea and reduced six-minute walk distance (6MWD). It was 

hypothesized that the deconditioning that occurs after acute PE is underlying the exercise 

limitation (27). Speculation was also made about if anxiety over the PE event or persistent 

symptoms, such as dyspnea, could be responsible for the decreased physical activity levels 

and deconditioning (27). Albaghdadi et al (85) found that persistent symptoms and objective 
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exercise limitation were common among survivors of submassive and massive PE. The 

impairment appeared to be a consequence of general deconditioning after the event rather than 

an underlying cardiopulmonary limitation (85). Albaghdadi et al (85) point out the important 

role for prescribed exercise rehabilitation as a way to improve patient outcomes in patients 

with PE. Sista et al (26) conclude in a study about post-PE syndrome that it is important for 

all PE survivors to be monitored for functional impairment. 

 

There are a few studies of exercise in patients with PE, and the results of these studies 

indicate that it is safe to exercise, and no adverse events connected to PE were reported (86-

90). In a RCT by Lakoski et al (87) patients with both PE and DVT were included, resulting 

in a total study group of 17 participants where 11 had PE. Starting six weeks after the VTE 

event, a three-month rehabilitation program with exercise on a moderate-high intensity level 

and weight loss program took place in the intervention group (87). The exercise program 

targeted a gradual progression towards longer training sessions (45-60 minutes) at 70% of 

maximal heart rate (87). Significant increases in physical fitness, as measured with a graded 

treadmill test, were detected in the intervention group compared to the control group who 

received a “check-in” telephone call twice a week (87).  

 

Recently, Rolving et al (88) performed a multicenter RCT with a total of 140 patients with 

PE. Patients in the intervention group participated in an 8-week home-based rehabilitation 

program starting 2-3 weeks after discharge, where the patients were recommended to exercise 

for a minimum of three times per week for 30–60 minutes (88). The patients could choose any 

type of exercise they preferred, and progression of the exercise program was guided by a 

physiotherapist through follow-up telephone calls at 1 week, 2 weeks, and 4 weeks (88). The 

control group received standard care which comprised general information about the course of 

PE, medication, and prevention of PE (88). There were no significant differences between the 

intervention group and the control group in terms of physical capacity, i.e walking distance, 

measured by the ISWT, and Rolving et al hypothesize that the choice of the ISWT reached a 

ceiling effect within the study group, hence no increase in maximum distance could be 

detected (88).  

 

In a recent RCT by Ghram et al (89), 24 patients with PE were randomized either to a high 

intensity interval training program or to continue with their daily routines. The intervention 

group participated in an 8-week program with interval exercise sessions (up to 80-90% of 

15 
 

peak heart rate) on treadmill and ergometer cycle, 3 times/week (89). The intervention group 

showed significant increase in exercise capacity, as measured with a graded treadmill test of 

maximum cardiopulmonary tolerance, compared to the control group, as well as an increase in 

lung function (89). 

 

In earlier ESC guidelines for PE, physical activity and exercise has not been mentioned (91). 

In the new updated guidelines from 2019, the word “exercise rehabilitation” is mentioned 

once in the context of the need of a efficient follow-up strategy after PE, that should “provide 

appropriate care (exercise rehabilitation, treatment of comorbidity, behavioural education, 

and modification of risk factors) to patients with persisting symptoms” (8). The WHO defines 

rehabilitation as “a set of interventions designed to optimize functioning and reduce disability 

in individuals with health conditions in interaction with their environment” (92). It is not 

stated in the guidelines how exercise rehabilitation should be designed for optimal effect for 

patients with PE (8). 

 

Knowledge gaps concerning physical activity after pulmonary 

embolism 
To the best of our knowledge there are no studies of patients with PE which have monitored 

leisure time physical activity in the short or longterm following a PE event. There is also an 

absence of knowledge about the experiences of physical activity in the aftermath of PE and 

the possible effects of respiratory symptoms deriving from PE on levels of physical activity. 

 

Rationale for the thesis 

PE is a growing disease in the community (5, 7, 93) and new knowledge has arisen of the 

post-PE syndrome, characterized by long-term consequence of PE with decreased functional 

capacity and persistent dyspnea (9, 25, 26). The natural course of complaints of dyspnea in 

patients with PE has shown to be high after more than 3 years after the event (39). In addition, 

the severity of the patients’ complaints ranged from small limitation in physical activity to the 

inability to perform nearly any activity (39). Over two thirds of the patients with dyspnea in 

the study reported that their complaints had started or worsened after the PE event (39). In 

current guidelines for PE, dyspnea and pleuritic pain are mentioned as the two most common 

symptoms in patients with PE, nothing is mentioned about physical activity (7, 8, 55). There 



14 
 

exercise limitation were common among survivors of submassive and massive PE. The 

impairment appeared to be a consequence of general deconditioning after the event rather than 

an underlying cardiopulmonary limitation (85). Albaghdadi et al (85) point out the important 

role for prescribed exercise rehabilitation as a way to improve patient outcomes in patients 

with PE. Sista et al (26) conclude in a study about post-PE syndrome that it is important for 

all PE survivors to be monitored for functional impairment. 

 

There are a few studies of exercise in patients with PE, and the results of these studies 

indicate that it is safe to exercise, and no adverse events connected to PE were reported (86-

90). In a RCT by Lakoski et al (87) patients with both PE and DVT were included, resulting 

in a total study group of 17 participants where 11 had PE. Starting six weeks after the VTE 

event, a three-month rehabilitation program with exercise on a moderate-high intensity level 

and weight loss program took place in the intervention group (87). The exercise program 

targeted a gradual progression towards longer training sessions (45-60 minutes) at 70% of 

maximal heart rate (87). Significant increases in physical fitness, as measured with a graded 

treadmill test, were detected in the intervention group compared to the control group who 

received a “check-in” telephone call twice a week (87).  

 

Recently, Rolving et al (88) performed a multicenter RCT with a total of 140 patients with 

PE. Patients in the intervention group participated in an 8-week home-based rehabilitation 

program starting 2-3 weeks after discharge, where the patients were recommended to exercise 

for a minimum of three times per week for 30–60 minutes (88). The patients could choose any 

type of exercise they preferred, and progression of the exercise program was guided by a 

physiotherapist through follow-up telephone calls at 1 week, 2 weeks, and 4 weeks (88). The 

control group received standard care which comprised general information about the course of 

PE, medication, and prevention of PE (88). There were no significant differences between the 

intervention group and the control group in terms of physical capacity, i.e walking distance, 

measured by the ISWT, and Rolving et al hypothesize that the choice of the ISWT reached a 

ceiling effect within the study group, hence no increase in maximum distance could be 

detected (88).  

 

In a recent RCT by Ghram et al (89), 24 patients with PE were randomized either to a high 

intensity interval training program or to continue with their daily routines. The intervention 

group participated in an 8-week program with interval exercise sessions (up to 80-90% of 

15 
 

peak heart rate) on treadmill and ergometer cycle, 3 times/week (89). The intervention group 

showed significant increase in exercise capacity, as measured with a graded treadmill test of 

maximum cardiopulmonary tolerance, compared to the control group, as well as an increase in 

lung function (89). 

 

In earlier ESC guidelines for PE, physical activity and exercise has not been mentioned (91). 

In the new updated guidelines from 2019, the word “exercise rehabilitation” is mentioned 

once in the context of the need of a efficient follow-up strategy after PE, that should “provide 

appropriate care (exercise rehabilitation, treatment of comorbidity, behavioural education, 

and modification of risk factors) to patients with persisting symptoms” (8). The WHO defines 

rehabilitation as “a set of interventions designed to optimize functioning and reduce disability 

in individuals with health conditions in interaction with their environment” (92). It is not 

stated in the guidelines how exercise rehabilitation should be designed for optimal effect for 

patients with PE (8). 

 

Knowledge gaps concerning physical activity after pulmonary 

embolism 
To the best of our knowledge there are no studies of patients with PE which have monitored 

leisure time physical activity in the short or longterm following a PE event. There is also an 

absence of knowledge about the experiences of physical activity in the aftermath of PE and 

the possible effects of respiratory symptoms deriving from PE on levels of physical activity. 

 

Rationale for the thesis 

PE is a growing disease in the community (5, 7, 93) and new knowledge has arisen of the 

post-PE syndrome, characterized by long-term consequence of PE with decreased functional 

capacity and persistent dyspnea (9, 25, 26). The natural course of complaints of dyspnea in 

patients with PE has shown to be high after more than 3 years after the event (39). In addition, 

the severity of the patients’ complaints ranged from small limitation in physical activity to the 

inability to perform nearly any activity (39). Over two thirds of the patients with dyspnea in 

the study reported that their complaints had started or worsened after the PE event (39). In 

current guidelines for PE, dyspnea and pleuritic pain are mentioned as the two most common 

symptoms in patients with PE, nothing is mentioned about physical activity (7, 8, 55). There 



16 
 

is an absence of knowledge about both duration and magnitude of pleuritic pain in PE, and 

nothing is stated in the guidelines about the management of either dyspnea or pleuritic pain. 

The connection between respiratory symptoms and lung function both in the short and long 

term is unknown.  

PE has been found to be a life-changing event with consequences that go beyond the physical 

restrictions for patients of all ages (68, 94). Knowledge of the patients’ own experiences about 

physical activity levels, and attitudes towards physical activity after PE, as well as the impact 

of respiratory symptoms on physical activity and social activities is limited. Factors that 

facilitate or hinder physical activity during the recovery phase have not been previously 

identified. Knowledge of these matters could facilitate the healthcare systems’ ability to give 

adequate information about management of respiratory symptoms as well as physical activity 

in the aftermath of PE. There are no previous studies that aimed to explore the attitudes and 

conceptions of the HCPs caring for patients with PE with a focus on respiratory symptoms 

and physical activity. This is an important matter since the HCPs’ conceptions and thoughts 

highly impact the care provided to patients. Obtaining greater understanding of HCPs’ 

conceptions of respiratory symptoms and physical activity, as well as about information given 

to patients, could be valuable in clinical practice by uncovering conceptions or 

misconceptions that could affect care. The visibility of different conceptions can be used 

clinically when discussing which matters are important in caring for patients with PE. This 

clinical discussion could improve management of patients with respiratory symptoms from PE 

and thereby be expected to improve the quality of care. 

Overall, research is needed to determine if physiotherapy should be involved as a part of 

management of respiratory symptoms and decreased functional abilities in PE. To be able to 

counteract negative impact of respiratory symptoms and decreased functional abilities it is of 

importance that these subjects are made visible for the scientific community to be able to 

create ways to manage these problems. 
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AIM OF THE THESIS 

The overall aim of this thesis was to cross sectionally, longitudinally and qualitatively 

describe, evaluate, and explore respiratory symptoms and physical activity in patients with PE 

as well as to describe HCPs’ conceptions of respiratory symptoms, physical activity and 

information given to patients. 

 

Specific aims  
The specific aims of the four studies included in this thesis were: 

Study I To examine and describe lung function, functional capacity, and respiratory 
symptoms at discharge after hospitalization in patients with PE and compare 
these to reference values for spirometry and the six-minute walk test.  
 
An additional aim was to compare lung function, functional capacity, and 
respiratory symptoms between patients with small or large arterial obstruction 
by the PE, and to evaluate if there are any correlations between respiratory 
associated chest pain, dyspnea, and classification of arterial obstruction with 
lung function, functional capacity, and heart rate recovery. 

Study II To describe physical activity and respiratory symptoms, as well as lung function 
and functional capacity and their association during a year after a first time PE.  
 
A secondary aim was to compare lung function and functional capacity during 
the year after first time PE with reference values. 

Study III To explore patients’ experiences of the symptoms when falling ill with PE and 
experiences of how the symptoms affected the patients’ physical and social 
activities following the PE event. 
 

Study IV To explore HCPs’ conceptions and experiences of respiratory symptoms and 
physical activity in PE. 
 
A secondary aim was to explore HCPs’ conceptions and experiences about 
information given to the patients about their respiratory symptoms and physical 
activity during in-hospital care. 
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METHODS 

This thesis consists of four studies. By using both quantitative and qualitative methods in the 

thesis, different aspects of respiratory symptoms and physical activity in patients with PE 

could be explored. An overview of the research designs of the studies are presented in Table 

2.  

 

Table 2. An overview of the studies included in the thesis. 

 Study I Study II Study III Study IV 
Study design Cross sectional 

observational 
study 

Longitudinal 
observational study 

Qualitative 
explorative 
interview 
study 

Qualitative 
explorative 
interview study 

Recruitment Consecutive 
recruitment 
from in-patient 
ward 

Consecutive 
recruitment from in-
patient ward 

Recruitment 
from study I 
and II and 
from a medical 
outpatient 
ward 

Recruitment from 
five different 
hospitals in the 
Västra Götaland 
region 

Study 
population 

Patients with acute  pulmonary embolism Healthcare 
professionals, i.e 
physicians, nurses, 
and 
physiotherapists 

Number of 
participants 
 

 
n= 50 

 
n= 64 

 
n= 14 

 
n= 21 

Data collection Self-reported questionnaires 
Standardized interview questions on 
demographic data and respiratory 
symptoms 
Tests of lung function, functional capacity 
Self-rating of respiratory symptoms 

Semi-
structured 
individual in-
depth 
interviews 
including 
standardized 
questions on 
demographic 
data 

Semi-structured 
individual in-depth 
interviews 
including 
standardized 
questions on 
demographic data 

Analysis Non-parametric 
statistics 
Parametric 
statistics 

 Qualitative 
content 
analysis 

Qualitative 
analysis with a 
phenomenographic 
approach 
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Study population 
Study I-II: Patients with verified PE (study I, n= 50, study II, n= 64) from the Acute Medical 

Unit at Sahlgrenska University Hospital/Sahlgrenska, Gothenburg, see Figure 2. 

Study III: Patients with verified PE (n=14), and persistent dyspnea and/or respiratory pain 

three months after their PE event, from the Acute Medical Unit and the Medical out-patients 

ward at Sahlgrenska University Hospital/Sahlgrenska, Gothenburg. 

Study IV: Healthcare professionals (physicians, nurses, physiotherapists) (n=21) working 

with patients with PE at five different hospitals in the Västra Götaland region of Sweden. 

 

 

Recruitment 

 

 

Figure 2. Recruitment of the study population and number of participants in the different studies 

 

 



18 
 

METHODS 

This thesis consists of four studies. By using both quantitative and qualitative methods in the 

thesis, different aspects of respiratory symptoms and physical activity in patients with PE 

could be explored. An overview of the research designs of the studies are presented in Table 

2.  

 

Table 2. An overview of the studies included in the thesis. 

 Study I Study II Study III Study IV 
Study design Cross sectional 

observational 
study 

Longitudinal 
observational study 

Qualitative 
explorative 
interview 
study 

Qualitative 
explorative 
interview study 

Recruitment Consecutive 
recruitment 
from in-patient 
ward 

Consecutive 
recruitment from in-
patient ward 

Recruitment 
from study I 
and II and 
from a medical 
outpatient 
ward 

Recruitment from 
five different 
hospitals in the 
Västra Götaland 
region 

Study 
population 

Patients with acute  pulmonary embolism Healthcare 
professionals, i.e 
physicians, nurses, 
and 
physiotherapists 

Number of 
participants 
 

 
n= 50 

 
n= 64 

 
n= 14 

 
n= 21 

Data collection Self-reported questionnaires 
Standardized interview questions on 
demographic data and respiratory 
symptoms 
Tests of lung function, functional capacity 
Self-rating of respiratory symptoms 

Semi-
structured 
individual in-
depth 
interviews 
including 
standardized 
questions on 
demographic 
data 

Semi-structured 
individual in-depth 
interviews 
including 
standardized 
questions on 
demographic data 

Analysis Non-parametric 
statistics 
Parametric 
statistics 

 Qualitative 
content 
analysis 

Qualitative 
analysis with a 
phenomenographic 
approach 
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Study population 
Study I-II: Patients with verified PE (study I, n= 50, study II, n= 64) from the Acute Medical 

Unit at Sahlgrenska University Hospital/Sahlgrenska, Gothenburg, see Figure 2. 

Study III: Patients with verified PE (n=14), and persistent dyspnea and/or respiratory pain 

three months after their PE event, from the Acute Medical Unit and the Medical out-patients 

ward at Sahlgrenska University Hospital/Sahlgrenska, Gothenburg. 

Study IV: Healthcare professionals (physicians, nurses, physiotherapists) (n=21) working 

with patients with PE at five different hospitals in the Västra Götaland region of Sweden. 

 

 

Recruitment 

 

 

Figure 2. Recruitment of the study population and number of participants in the different studies 
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Table 3. Inclusion and exclusion criteria in studies I-IV.  

 PE pulmonary embolism 

Inclusion criteria for all studies can be seen in Table 3. The inclusion criteria for age in study I 

and II were adjusted in 2013 (inclusion time 2011-2016) to also include patients 30-39 years 

of age to increase the number of eligible patients. The inclusion criteria for age in study III 

was adjusted 9 months into the study to include patients up to 70 years for the same reason as 

in study I and II. 

 

Study I. 

Four-hundred seventy-four patients were admitted to the Acute Medical Unit at Sahlgrenska 

University Hospital with suspected acute PE (International Classification of Diseases codes 

I26.0 and I26.9) during May 2011–January 2015. Fifty-six patients were identified as eligible. 

The majority of exclusions from participation were due to malignancy and ineligible age. 

Patients were asked to participate by a research nurse at the Acute Medical Unit. Six patients 

declined, leaving 50 patients to participate.  

 

 

 

 

 

 

 

 

 Inclusion criteria Exclusion criteria 
Studies I-II Patients with verified acute PE between 

40-70 years of age and able to read and 
understand Swedish. 

Previous acute PE, dementia, pregnancy, 
orthopedic condition affecting walking 
ability, serious psychiatric or physical 
conditions as progressive cancer, neuro 
muscular disease, unstable angina 
pectoris, myocardial infarction < 1 
month before the admission for PE, 
congestive heart failure and chronic 
obstructive pulmonary disease. 

Study III  
Patients with verified acute PE, 30-65 
years of age, able to read and understand 
Swedish, with previous PE 3 months- 3 
years ago at the time for inclusion. 

Study IV Physicians, nurses, and physiotherapists 
currently working at in-hospital wards, 
caring for patients with PE. 

Physicians, nurses, and physiotherapists 
working at Intensive Care Units. 
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Study II.  

The recruitment procedure and number of patients throughout the study are shown in Figure 

3. Patients were asked to participate via a nurse or physiotherapist working on the ward. 

 

 

 Figure 3. Flow chart on recruitment and number of study participants throughout study II.  

 

Study III. 

Nine patients were recruited from study I and II via telephone by one of the authors (LR), and 

5 patients were recruited from the Medical outpatient ward at Sahlgrenska University Hospital 

by a research nurse. No patients declined, leaving 14 patients to participate in the study. 
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Study IV. 

Recruitment of HCPs from five hospitals, at six sites, were made through telephone- or e-mail 

contact. Ten heads of ward caring for patients with PE in the Västra Götaland region were 

contacted and 8 responded. Recruitment was also made by snowball sampling via the 

recruited participants. After request of participation by heads or proposed by colleagues, 

contact was established by the researcher (JD) via e-mail with 25 HCPs. Three HCPs did not 

answer and one declined participation, leaving 21 to participate in the study. 
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Data collection 

The outcome measures used in the four studies are listed in Table 4, and in the following 

section a more detailed description of the different measurements is presented. 

 

  Table 4. Overview of outcome measures in study I-IV  

Y/n    
  Yes/no, PE pulmonary embolism, m meters, kg kilograms, RV failure right ventricular failure, BPM beats per minute, 
  mm Hg millimeters of mercury, n numbers, l liters, 6MWT six-minute walk test, PA physical activity  
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Data collection 
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Demographic data 

The demographic data for all studies were collected by standardized interviews. The 

demographic data included variables such as sex, age, co-morbidities, pharmacological 

treatment, smoker, height, weight, body mass index, see Table 4. 

 

Calculations/measurements 

Qanadli Index/score (QS) was calculated  for each patient and used to quantify the occlusion 

of the pulmonary arteries. The maximal CT obstruction index for QS is 40 points which can 

be converted to a percentage (21). 

 

Heart rate (HR) and oxygen saturation (SpO2) at rest/after a 6MWT was measured using a 

Masimo Rad 5 pulse oximeter with a finger probe (Masimo Corporation, Irvine, CA, USA). 

HR was measured to detect HR over 120 beats per minute, which is considered a relative 

contraindication of performing the 6MWT (95). SpO2 was measured to ensure that SpO2 was 

over 90% before initiating the 6MWT. 

 

Heart rate recovery at 2 minutes (HRR2) was calculated by using the values for HR between 

peak HR immediately after 6MWT and 2 min after the test. A cut-off value of <22 BPM for 

HRR2 were chosen and classified as abnormal according to Cole et al (96) and Swigris et al 

(97). HRR2 is one of the most commonly reported measurement in exercise studies (98). 

HRR2 has short term reproducibility (98) and has been validated for its prognostic values (99) 

as well as a predictor of all-cause mortality (96).  

 

Systolic and diastolic blood pressure at rest were measured to detect a systolic blood pressure 

of more than 180 mm Hg, or a diastolic blood pressure of more than 100 mm Hg which is 

considered a relative contraindication of performing a 6MWT (100).Systolic blood pressure 

was also used together with HR at rest to calculate the shock index for each patient (101). 

Shock index was calculated and used to detect the presence of shock among participants. 
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Functional tests 

Lung function was assessed using an Easy-One Ultrasound handheld spirometer (NND 

Medical Technologies, Andover, MA, USA). Three measurements of forced vital capacity 

(FVC) and forced expiratory volume in one second (FEV1) were performed according to the 

guidelines of the European Respiratory Society (102). The values for measurements for FVC 

and FEV1 were compared with reference values using the reference material from The 

European Community of Coal and Steel (ECCS) (102) which are incorporated in the 

spirometer. The measurements achieved by a handheld spirometer are considered valid and 

reproducible (103). 

 

Functional capacity, i.e. walking distance in meters, was evaluated using the 6MWT. The  

test was performed according to the guidelines of the American Thoracic Society (95). The 

patients were encouraged to walk as far as possible for 6 minutes and standardized verbal 

encouragement was given every minute. A regression equation was used to calculate 

reference values for each patients 6MWD (104). The 6MWT is considered a valid test for 

patients with cardiopulmonary disease (105). 

 

Self-reported questionnaires 

Amount of time engaging in physical activity was assessed by the use of Leisure Time 

Physical Activity Instrument (LTPAI) and Physical Activity at Home and Work Instrument 

(PAHWI) (106), see Appendix 1. LTPAI and PAHWI are two generic questionnaires of self-

reported physical activity which assesses the total amount of physical activity during a normal 

week in hours. LTPAI includes activities such as walking, riding a bike, swimming, aquatic 

exercise, and gardening and PAHWI assesses activities within different aspects of work. The 

instruments cover both light, moderate and vigorous parts of leisure time activity, domestic 

work, and employment. LTPAI and PAHWI has been validated for a fibromyalgia population 

(106).  

Complementary questions to the LTPAI were asked using standardized interview questions:  

“Have you changed anything in your physical activity levels since you fell ill with PE?”  

“If yes, what have you changed?”  

“If yes, why have you changed your physical activities?” 

“Is there anything you have been avoiding since falling ill with PE?” 
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Ratings of respiratory symptoms 

Ratings of dyspnea before and after spirometry and 6MWT were performed by the patients. 

Dyspnea was rated using the Borg Category Ratio-10 scale (CR-10 scale) (107) where ratings 

between 0 (nothing at all) and 10 (extremely strong, almost max) could be performed. The 

scale also comprises a rating beyond 10, marked by a *, which means a rating of maximal 

dyspnea. The Borg CR-10 scale has been used for ratings of dyspnea in different populations 

with respiratory disease (108, 109). There are initial evidence that the Borg CR-10 scale are 

valid for assessing dyspnea in a COPD population (110). 

 

Ratings of respiratory pain before and after spirometry and 6MWT were performed by the 

patients. Respiratory pain was rated using a VAS where ratings between 0 millimeters (no 

pain) and 100 millimeters (worst imaginable pain) could be performed. The ratings of 

respiratory pain were divided into the following groups: no pain (0–4 mm), mild pain (5–44 

mm), moderate pain (45–74 mm), and severe pain (75– 100 mm) (111). VAS has been used 

for various pain ratings since it was developed (111-113), however, it is not as commonly 

used in cardiovascular disease. VAS is considered valid for measuring pain in an 

experimental setting compared to other pain rating scales (53) as well as in clinical settings 

(114). The VAS is considered easy to administer, complete and score (111). 

 

Qualitative interviews 

For studies III and IV data were collected through semi-structured individual in-depth 

interviews. The interviews were performed in order to explore experiences of symptoms when 

falling ill with PE, and experiences of how the symptoms affected the lives of the participants, 

as well as exploring HCPs’ conceptions of respiratory symptoms and physical activity in 

patients with PE. The use of qualitative interviews in research is considered as a way to 

receive deeper knowledge about the interviewees’ experiences (115) and conceptions (116) 

through thoroughly asked questions and responsive listening by the interviewer (117). In 

qualitative research the terms validity, reliability and generalizability are used, but more 

common is the use of the terms credibility, dependability, and transferability to describe 

different aspects of trustworthiness (115). In qualitative content analysis according to 

Graneheim and Lundman, focus lies on the subject as well as the context, and variation is 

sought between the different parts of the unit of analysis (115). Qualitative content analysis 

assumes that reality can be experienced and interpreted in many ways and the method gives 
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the researcher opportunity to analyze both manifest and descriptive content, as well as latent 

and interpretative content (115). 

Qualitative analysis with a phenomenographic approach strives to identify qualitative 

similarities and differences searching for variation in how phenomena are conceived and 

experienced (118). In phenomenography a distinction between two different perspectives is 

made and described as “the first-order perspective” and “the second-order perspective”. The 

first-order perspective aims at describing different aspects of a phenomenon “as it really is”, 

and the second-order perspective describes the phenomenon as it is conceived and 

experienced by people (116).  

 

 

Procedure 
Study I  

On the day of discharge, standardized tests evaluating lung function and functional capacity 

were performed at the Physiotherapy Unit at Sahlgrenska University Hospital. The values for 

measurements for FVC and FEV1 were compared with reference values. Respiratory pain was 

rated using a VAS before the tests, and after each of the three tests.  

Functional capacity, i.e., walk distance in meters, was evaluated by the 6MWT. SpO2 and HR 

were measured using a pulse oximeter with a finger probe and the patients were asked to rate 

their dyspnea using the Borg CR-10 scale and their respiratory pain using the VAS. The 

measurements of respiratory pain, dyspnea, SpO2, and HR were repeated directly after the 

test, as well as 2 and 4 min after the test. The measured 6MWD was compared with the 

calculated reference value for 6MWD for each patient. The values for HR between peak HR 

immediately after 6MWT and 2 min after the test were used to calculate the HRR2. All 

spirometry test and 6MWT were conducted at the day of discharge between 10 a.m. and 2 

p.m. Standardized questions concerning respiratory symptoms at admission were asked at the 

day of discharge as well as questions about residual respiratory symptoms. Standardized 

questions on background information such as smoking habits, previous diseases, and current 

medication were also asked by the examiner before the tests. The patients’ leisure time 

activity and physical activity at home and at work one month before admission to hospital 

were collected by LTPAI and PAHWI. 
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Study II 

On the day of discharge the patients’ leisure time physical activity and physical activity at 

home and at work during a week, one month before admission to hospital, were collected by 

LTPAI and PAHWI. The scores of LTPAI and PAHWI was calculated. The scores of both 

instruments were also calculated together into a total physical activity score (TPA). To 

interview the patients concerning their respiratory symptoms at admission and any residual 

respiratory symptoms standardized questions were used.  

Standardized tests evaluating lung function and functional capacity were performed at the 

Physiotherapy Unit at Sahlgrenska University Hospital. Dyspnea was rated using the Borg 

CR-10 scale, respiratory pain was rated using a VAS and HRR2 was calculated for each 

patient. The measurements described above were also conducted at 3, 6 and 12 months ( ± 2 

weeks) after discharge from hospital. The ratings for the LTPAI and PAHWI for the amount 

of physical activity during the prior week were collected at 3, 6 and 12 months. 

Complementary questions to the LTPAI were asked using standardized interview questions, 

this to enrich the material and give the patients an opportunity to elaborate their experiences 

of physical activity after PE.  

 

Study III 

The interviews were performed between 3 months and 3 years after the PE and the 

participants could choose location for the interview either at their home or at the 

Physiotherapy Unit at Sahlgrenska University Hospital. To prevent the results being affected 

by a prior relationship as patient and physiotherapist the interviews with participants recruited 

from the earlier study (n=9) was conducted by one of the authors (LR), and the remaining 

interviews (n=5) were conducted by the other author (JD). The authors introduced themselves 

as physiotherapist and occupational therapist at the time for inclusion. A semi structured 

interview guide was developed and tested in a pilot interview with a patient with previous PE. 

To clarify the questions in the interview guide modifications were made after the pilot 

interview. The open questions in the guide concerned the participants’ experiences of 

symptoms when falling ill in PE, their experiences of symptoms after discharge from hospital, 

and how the participants physical or social activities have been affected by the symptoms, see 

Table 5. 

 

 

29 
 

Table 5. Semi-structured interview guide study III. 

Can you tell me about when you fell ill with pulmonary embolism?  
 
What was your experience of symptoms when you came home from the hospital?  
 
Can you tell me about how pulmonary embolism has affected your everyday life and your daily 
activities?  
 
Can you tell me about how pulmonary embolism has affected your ability perform physical activity?  
 
Have you had to adapt your physical activity after your pulmonary embolism and if so, how?  

            
Is there anything else you want to tell me about what it was like to fall ill with pulmonary embolism? 

 
 
 
A single session interview per participant was completed, with only the participant and the 

author present during the interview. The time for the interviews varied between 17 and 49 min 

and an audio recorder were used. No field notes were taken during the interviews.  

 

Study IV 

All interviews were performed by the author (JD), who introduced herself to the participants 

as a physiotherapist at inclusion. A semi-structured interview guide was developed and tested 

in a pilot interview and modified to meet the purpose of the study. The open questions of the 

interview guide concerned conceptions and experiences of caring for with PE and respiratory 

symptoms, see Table 1 in Paper IV. All interviews were conducted as digital Zoom® 

meetings and as a single session interview per participant. The interviews lasted between 29 

and 59 minutes. The interviews were recorded in Zoom®, and the sound files transcribed 

verbatim and used as the unit of analysis. 

 

Ethical approvals 

All participants of the studies in this thesis were informed of the procedures of participation 

with both oral and written information before giving their written consent to participate. The 

participants could withdraw their consent at any time without giving any reason. All studies 

have been approved by the ethical review board in Gothenburg (Reference Numbers: 063–11, 

476- 14, and 552-17.)  The studies were conducted according to the declaration of Helsinki 

(119).  
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Table 5. Semi-structured interview guide study III. 

Can you tell me about when you fell ill with pulmonary embolism?  
 
What was your experience of symptoms when you came home from the hospital?  
 
Can you tell me about how pulmonary embolism has affected your everyday life and your daily 
activities?  
 
Can you tell me about how pulmonary embolism has affected your ability perform physical activity?  
 
Have you had to adapt your physical activity after your pulmonary embolism and if so, how?  

            
Is there anything else you want to tell me about what it was like to fall ill with pulmonary embolism? 

 
 
 
A single session interview per participant was completed, with only the participant and the 

author present during the interview. The time for the interviews varied between 17 and 49 min 

and an audio recorder were used. No field notes were taken during the interviews.  

 

Study IV 

All interviews were performed by the author (JD), who introduced herself to the participants 

as a physiotherapist at inclusion. A semi-structured interview guide was developed and tested 

in a pilot interview and modified to meet the purpose of the study. The open questions of the 

interview guide concerned conceptions and experiences of caring for with PE and respiratory 

symptoms, see Table 1 in Paper IV. All interviews were conducted as digital Zoom® 

meetings and as a single session interview per participant. The interviews lasted between 29 

and 59 minutes. The interviews were recorded in Zoom®, and the sound files transcribed 

verbatim and used as the unit of analysis. 

 

Ethical approvals 

All participants of the studies in this thesis were informed of the procedures of participation 

with both oral and written information before giving their written consent to participate. The 

participants could withdraw their consent at any time without giving any reason. All studies 

have been approved by the ethical review board in Gothenburg (Reference Numbers: 063–11, 

476- 14, and 552-17.)  The studies were conducted according to the declaration of Helsinki 

(119).  
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ANALYSIS 

Statistical analysis 

Data were analyzed using the Statistical Package for Social Science software (IBM, SPSS 

Statistics 22.0, USA). Results were considered significant at a P value of < 0.05 (two-sided 

test). Both non-parametric and parametric statistics were used in the studies. An overview of 

the statistical tests used in the thesis are presented in Table 6. 

 

Table 6. Overview of statistical tests used in the four studies. 
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Qualitative content analysis 

The unit of analysis, obtained from the verbatim transcribed interviews, was analyzed using 

qualitative content analysis according to Graneheim and Lundman (115), see Figure 4.  The 

initial analysis was performed by the two first authors (JD and LR) independently and then in 

collaboration between all the authors. The analysis started by that the interviews were listened 

to repeatedly and the verbatim transcripts were read several times. Meaning units were 

identified from the unit of analysis, if connected to the aim of the study, and then condensed 

and coded. The different codes were sorted based on differences and similarities into 

categories and sub-categories. The analysis process included a constant movement between 

parts of the text and the whole text to keep a sense of the whole material. The authors sought 

for both manifest and latent content throughout the unit of analysis. The manifest content is 

defined as content close to data, and the latent content as being more abstract, in the search for 

underlying meanings of the text, all according to the method of Graneheim and Lundman 

(115). 
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Qualitative analysis with a phenomenographic approach 

The analysis of the interviews in study IV was made by qualitative analysis with a 

phenomenographic approach as described by Marton (116) and Sjöström and Dahlgren (120). 

The first analysis was performed by the first author (JD) and the results were discussed with 

the other co-authors throughout the analysis. The seven steps of phenomenographic analysis 

according to Sjöström and Dahlgren (120) can be seen in Table 7. The analysis process started 

with repeated listening and reading of the interviews with an inductive approach to get a sense 

of the whole material. Meaning units that responded to the aims of the study were identified, 

they were later condensed and grouped. The different groups were classified into categories 

and sub-categories to reflect the core meaning in conceptions mentioned by the participants, 

and thereafter named. Finally, a contrastive comparison was made to ensure the difference 

between the categories. 

 

     Table 7. The seven steps of analysis in phenomenographic  
     research according to Sjöström and Dahlgren. 

1. Familiarization  
2. Identification 
3. Condensation 
4. Grouping/classification 
5. Comparison of categories 
6. Naming 
7. Contrastive comparison of categories 
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RESULTS 

In the following section a summary of results for study I-IV are presented. Study IV is not 

published and therefore the results are presented briefly. Characteristics of the study 

participants in study I-IV are shown in Tables 8-10. 

 

Table 8. Characteristics of the study participants of study I-II presented as n and/or percentage, mean 
(SD) or median (min-max). 

 QS1 group Qanadli score group 1, QS2 group Qanadli score group 2, BMI body mass index, LTPAI total score    
 leisure time physical activity total score 

 

Table 9. Characteristics of participants in study III. 

Variables  
Participants (n) 14 
Female (n) 8 
Male (n) 6 
Qanadli Index (%) 42.5 (5–52.5)  
Age in years, median (range) 60 (47-70) 
Months since PE at time  
for interview, median (range) 

7 (3-34) 

Living with another adult (n) 7 
 

 

 

 

Variables Study I, all 
patients 

QS1 group study 
I 

QS2 group study 
I 

Study II 

Participants (n) 50 19 31 64 
Male (n) 39 16 23 48 
Female (n) 11 3 8 16 
Qanadli score (%) 33.4 (17.6) 13.0 (9.3) 45.9 (5.2) 34.2 (17.1) 
Age (years) 54.7 (9.9) 55.6 (9.5) 54.1 (10.3) 54.4 (10.1) 
Height (cm) 178.4 (8.8) 179.3 (8.7) 177.8 (8.9) 178.6 (8.6) 
Weight (m) 88.6 (15.5) 87.4 (13.2) 89.4 (17.0) 89.6 (15.2) 
BMI (kg/m2) 28.0 (6.8) 27.5 (3.9) 28.3 (5.1) 28.1 (4.4) 
Smokers (n, %) 8 (16) 1 (5) 7 (23) 9 (14) 
Ex-smokers, (n, %) 11 (22) 6 (31) 5 (16) 14 (22) 
LTPAI total score, 
h/week 

6.5 (6.1) 6.1 (6.5) 6.8 (6.3) 4 (0-27) 

Days hospitalized 3.02 (1.33) 2.53 (1.12) 3.32 (1.40) 2.9 (1.2) 
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Table 10. Characteristics of participants in study IV. 

 

 

 

 

 

 

 
 

PE pulmonary embolism 

 

Study I 

The main findings of this study were that patients with PE have a reduced lung function and 

functional capacity at discharge compared to reference values. Twenty-nine percent of the 

patients had an abnormal HRR2 after the 6MWT. At discharge one third of the patients still 

experienced respiratory associated chest pain (RACP) and two thirds of the patients still 

experienced dyspnea. The patients also rated themselves high in RACP and dyspnea after 

spirometry and 6MWT. 

 

A division of the included participants were made into two groups depending on the 

percentage of arterial obstruction. Qanadli-score group 1 (QS1) included patients with 

obstruction varying from 2.5%-30% (n=19). Qanadli-score group 2 (QS2) included patients 

with obstruction varying from 31-50% (n=31). No patient in the study had an arterial 

obstruction greater than 50%. 

 

Lung function 

The spirometry results for FVC predicted and FEV1 predicted were significantly lower for the 

whole group and QS2 compared to reference values (p<0.05), see Table 11. No significant 

differences in spirometry values were found between QS1 and QS 2 (p=0.419).  

 

 

Variables  
Female (n) 15 
Male (n) 6 
Age in years, median (range) 39 (24–63) 
Physicians (n) 7 
Nurses (n) 6 
Physiotherapists (n) 8 
Professional experience in 
years, median (range) 

12 (1-38) 

Professional experience 
working with patients with PE 
in years, median (range) 

5 (0.5-38) 

35 
 

Functional capacity 

The 6MWD of the whole group (473 ±127.5) was significantly reduced (p<0.001) compared 

to predicted values for 6MWD, see Table 11. The patients in QS1 showed close to 

significantly higher functional capacity compared to the patients in QS2 (p=0.050). QS1 had a 

6MWD of 516 ±98.4 meters, and QS2 had a 6MWD of 446±137.4 meters. 

Heart rate recovery after two minutes 

The mean HRR2 after 6MWT was 26.1±17.5 beats per minute (bpm) and 48 % of the patients 

had a HRR2 <22 bpm. No significant difference between QS1 and QS2 were found. In a 

secondary analysis, 8 patients medicated with beta-blockers and 1 patient with technical 

difficulty with the finger probe measuring HR were excluded, the mean HRR2 was 27.8±18.2 

bpm (min -10-max 88). The results of this secondary analysis showed that 29% of the patients 

had a HRR2 <22 bpm. 

Respiratory symptoms 

The results from the ratings of RACP and dyspnea are shown in Table 11. Ratings of RACP 

after spirometry were significantly higher for the whole group (p<0.001), QS1 and QS2 

(p<0.05) compared to RACP ratings at rest, no significant difference was found between QS1 

and QS2 (p=0.359). Ratings of RACP increased significantly after 6MWT, compared to 

ratings before, in all groups (whole group and QS2 p<0.001, QS1 p< 0.05). The ratings of 

dyspnea were higher after 6MWT compared to before (whole group p<0.001). Dyspnea 

ratings after 6MWT showed a significant difference between QS1 and QS2 (p=0.010). 
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  Table 11. Spirometry and six-minute walk test including ratings of respiratory associated chest pain 
  and dyspnea for all patients and separated according to Qanadli score group. Presented as mean    
  (SD), median (min-max) or %. 

 

Low correlations were found between HRR2 and ratings of RACP or dyspnea when 

correlating ratings of RACP, dyspnea, and outcomes of QS with measurements of lung 

function, functional capacity and HHR2. Correlations of the 6MWD and QS or ratings of 

dyspnea showed little, if any, correlation. No other correlations could be found between the 

variables. 

Fifteen patients still experienced RACP when being physically active and 11 experienced 

RACP both at rest and in activity at discharge from hospital. Thirty patients still experienced 

dyspnea when being physically active and 10 both at rest and in activity. Seven of the patients 

in total experienced both RACP and dyspnea. No significant differences were found between 

QS1 and QS2 when comparing respiratory symptoms at discharge (pain at rest: p=0.129, pain 

when active: p=0.285, dyspnea at rest: p=0.885, dyspnea when active: p=0.238). 

 

Study II 

The main findings of this study were that the patients significantly increased their self-

reported physical activity during the year after PE, compared to the amount of physical 

activity reported one month before PE. Many participants reported change in physical activity 

37 
 

during the year, and a wide range of reasons were identified among the patients for making 

changes in physical activity. Ratings of respiratory symptoms decreased significantly during 

the year. Lung function and HRR2 improved during the first 3 months after PE, whereas 

functional capacity improved during the whole year. 

Physical activity 

Weekly amount of leisure time physical activity (LTPA) increased significantly during the 

year compared to 1 month before PE, from 4 h/week to 7 h/week in median, see Table 12. No 

significant change in total amount of physical activity (TPAL) was found. The results of the 

complementary questions to the LTPAI, "have you changed anything in your physical activity 

levels since you fell ill with PE?” showed that many of the participants had made changes in 

their physical activity during the year following their PE, see Figure 5. Factors that facilitate 

and inhibit physical activity among the participants were identified by the complementary 

questions to the LTPAI and are presented in Table 13. 

 

  Table 12. Weekly amount of leisure time physical activity and total physical activity during the first    
  year after pulmonary embolism (PE) and ratings for respiratory associated chest pain and dyspnea  
  directly after six-minute walk test for all patients. Presented as median (min-max) and (n). P-values 
  presented for differences between 1 month before PE, compared to 3 months, 6 months and 12  
  months after PE. 
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Table 13. Examples given by patients in the study, of factors affecting increase or decrease in physical 
activity levels during the first year after pulmonary embolism (PE). 

   Facilitators                                             Inhibitors 

   To keep healthy   Fear of bleeding 
   To avoid recurrence of PE                           Fear of recurrence of PE                                                                                 
   To increase fibrinolysis   Respiratory associated chest pain 
   To regain earlier levels of physical fitness  Dyspnea at exertion 
   To increase physical fitness   Loss of energy 
   To prevent illness   Rapidly tired when active 
   To feel better   Fear of too much strain 
     Fear of pain 
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Respiratory symptoms 

A significant difference was found in ratings of dyspnea after 6MWT between discharge and 

follow-up after 3, 6 and 12 months (p<0.001), see table 12. Significant differences in ratings 

of respiratory pain after 6MWT between discharge and 3, 6 and 12 months after PE (p<0.05 

for 3 and 6 months and p<0.001 for 12 months) were also found. No significant differences 

could be found for dyspnea or respiratory pain between 3-6 months or 6-12 months after PE. 

For the patients with the highest ratings of respiratory pain after 6MWT at discharge, 

respiratory pain decreased from severe to mild/moderate levels of pain between discharge and 

3 months.  

Drop-outs 

An analysis of the drop-out patients in study II was made. They were contacted by telephone 

and asked standardized questions on remaining symptoms at the time of the drop out. 

Analysis of the drop-out patients remaining symptoms is found in table 14. An analysis of 

differences between the group of drop out patients and the study group showed that the drop 

out group had significantly lower Qanadli score (p=0.005), significantly lower PAHWI total 

score (p=0.037) and lower total physical activity score (p= 0.034). 

 

Table 14. Drop-out patients remaining symptoms at the time for drop-out. N=16. 

Drop-out time                                Remaining symptoms 

                  Fully recovered Dyspnea at exertion        RACP at exertion 

Discharge – 3 months (n=9*)  4                   2     1 

3 months – 6 months (n=5*)  3                                          -     - 

6 months -12 months (n=2*)  -                                           -     1 

RACP respiratory associated pain, * four patients could not be reached for follow-up and one patient 
had a recurrent PE 
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Lung function, functional capacity, and heart rate recovery 

There were significant increase in all measurements of FEV1, FVC, 6MWD and HRR2 

between discharge and 3 months (p<0.0001) and 6MWD increased significantly between 3-6 

months (p<0.001), and 6-12 months (p< 0.05) as well, see Table 15. When compared to 

predicted reference values, significant differences were found at discharge in FEV1, FVC, and 

6MWD as shown in Table 15. At 3 months a significant difference was found only for 

6MWD (p<0.05) and at 6 and 12 months there were no significant differences in any of the 

variables. 

 

  Table 15. Values for lung function, functional capacity, and heart rate recovery during first year after 
  pulmonary embolism. Presented as mean (SD), %, 95% confidence interval and p-value for change. 
  Mixed model repeated measurement is used for analysis, n= 64.  

 

SD standard deviation, mo. months, FEV1 forced expiratory volume during one second, l liters CI confidence interval, FEV1 % pred. forced 
expiratory volume during 1 second percent predicted, FVC forced vital capacity, FVC % pred. forced vital capacity percent predicted, 6MWD 
six-minute walk distance, m meters, 6MWD % pred. six-minute walk distance percent predicted, HRR2 heart rate recovery 2 minutes after 
six-minute walk test 
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Association of physical activity, respiratory symptoms, lung function and functional capacity 

Linear and logistic regression was performed in a model with predicted values for FVC, FEV1 

and 6MWD as dependent variables and sex, age, Qanadli score, BMI, total amounts of leisure 

time physical activity, physical activity at home and work, and total amount of physical 

activity as independent variables. Since no significance was found in these regressions; no 

multiple regression analysis was performed. 

 

Study III 

The findings of study III indicate that patients with PE are affected in many aspects of their 

life due to the consequences the symptoms of PE cause. The patients need for support from 

the healthcare system, to manage both physical and psychological symptoms in the aftermath 

of their illness, are indicated by these results.  

 

The analysis resulted in identification of an overall theme and two major categories with sub-

categories related to them. The study also contains descriptions of the experiences the 

participants had of their symptoms when falling ill with PE. Five different categories of 

symptoms were identified.  

 

Overall theme  

The overall theme “Whole life changed” covers different aspects of experiences of how the 

symptoms deriving from the PE affected the participants in the aftermath of falling ill. The 

lives of the participants were affected in many different ways according to the results. The PE 

and the symptoms deriving from it affected the participants and led to changes in both 

themselves and in their relationships, as well as changes in the perception of their own 

physical abilities. These different changes led the participants to find ways to cope and 

reorientate in their life after PE.  

 

Major categories 

The first major category “Pulmonary embolism changed me and my relationships”  

contains descriptions of experiences of PE changing both the participants themselves, and 

furthermore their relationships with other people. The category comprises the sub-categories 

“Ending up in an existential crisis”, “Redefinition of how to live my life”, “Altered social 

relationships” and “Strategies for moving forward in life”. 
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Lung function, functional capacity, and heart rate recovery 

There were significant increase in all measurements of FEV1, FVC, 6MWD and HRR2 

between discharge and 3 months (p<0.0001) and 6MWD increased significantly between 3-6 

months (p<0.001), and 6-12 months (p< 0.05) as well, see Table 15. When compared to 

predicted reference values, significant differences were found at discharge in FEV1, FVC, and 

6MWD as shown in Table 15. At 3 months a significant difference was found only for 

6MWD (p<0.05) and at 6 and 12 months there were no significant differences in any of the 

variables. 

 

  Table 15. Values for lung function, functional capacity, and heart rate recovery during first year after 
  pulmonary embolism. Presented as mean (SD), %, 95% confidence interval and p-value for change. 
  Mixed model repeated measurement is used for analysis, n= 64.  

 

SD standard deviation, mo. months, FEV1 forced expiratory volume during one second, l liters CI confidence interval, FEV1 % pred. forced 
expiratory volume during 1 second percent predicted, FVC forced vital capacity, FVC % pred. forced vital capacity percent predicted, 6MWD 
six-minute walk distance, m meters, 6MWD % pred. six-minute walk distance percent predicted, HRR2 heart rate recovery 2 minutes after 
six-minute walk test 
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The second major category “Changes in perception of physical activity” contains descriptions 

of the different changes that the participants experienced of how the symptoms deriving from 

PE has affected physical activity and comprises the sub-categories “Symptoms affect and 

hinder physical activity”, “Physical activity as a strategy to manage life” and “Physical 

recovery takes time”. 

 

Description of symptoms when falling ill 

The five different categories of symptoms identified when falling ill were dyspnea/shortness 

of breath, respiratory associated pain, fatigue, other symptoms, and diffuse symptoms. 

Examples of quotes of how the patient experienced the different symptoms are listed below. 

Dyspnea/shortness of breath:  

“I had to force myself to breathe to get any air.” 

“There wasn’t enough air.” 

Respiratory associated pain: 

“It was crazy painful.”  

“I was in terrible pain.” 

Fatigue: 

“I was completely exhausted.” 

 “An un-natural physical fatigue.” 

Other symptoms: 

“High pulse.” 

 “Sweating.” 

Diffuse symptoms: 

“Something was not right in the body.”  

“I did not feel well at all in my whole body.”   
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Study IV 

The findings of study IV resulted in an overall theme :”Healthcare professionals’ knowledge 

of PE, and an individualized patient approach, are cornerstones for adequate management of 

respiratory symptoms in PE”. Three major categories with sub-categories related to them 

were identified. 

 

The first major category “Pulmonary embolism affects patients in many different ways”                                               

contains the participants conceptions of how respiratory symptoms affects patients when they 

arrive to the hospital and during in-hospital care, and conceptions of the variation within the 

patient group. It also contains conceptions and experiences of how the respiratory symptoms 

affect the patients physically and mentally and of ways to facilitate a reduced effect of the 

symptoms on the patients. This major category comprises the sub-categories: “The absence of 

the “classical” patient with pulmonary embolism” and “Not being able to breathe affect the 

patient both physically and mentally”. 

The second major category “The right information at the right time is needed” contains 

conceptions and experiences regarding the importance of information about respiratory 

symptoms, physical activity and risks being given when it has the greatest chance to have the 

most impact for the patients. The category comprises the sub-categories: “Information 

together with action sends positive signals about physical activity” and “Balancing the level 

of information provision through thoughts and communication about risks”. 

The third major category “Giving appropriate information about respiratory symptoms and 

physical activity is a complex task” contains conceptions of what is needed to be able to 

provide accurate information about respiratory symptoms and physical activity and about 

conceptions of the path for recovery from respiratory symptoms and physical activity in the 

aftermath of PE. The category comprises the sub-categories: “Different circumstances affect 

the possibility to provide accurate information” and ”Listen to your body” – talking about 

recovery after PE”. 
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DISCUSSION 

The aim of this thesis was to cross sectionally, longitudinally and qualitatively describe, 

evaluate, and explore respiratory symptoms and physical activity in patients with acute 

pulmonary embolism (PE) as well as to describe healthcare professionals’ (HCP) conceptions 

of respiratory symptoms and physical activity in patients with PE. 

 

The results from studies I-III in this thesis indicates that respiratory symptoms affect patients 

and have consequences for physical activity for patients with PE, both in the acute phase and 

in the long term. Study IV showed that HCPs’ has many conceptions of the respiratory 

symptoms and of physical activity in patients with PE, as well as conceptions of what is 

needed to give appropriate care to these patients. 

 

Respiratory symptoms  
According to study I, dynamic measurements of lung function (FVC and FEV1) was 

decreased at discharge in the study group compared to healthy reference values. The absence 

of correlation between respiratory symptoms and lung function indicates that actual lung 

function is affected and not impacted by respiratory symptoms. Lung function was decreased 

for the whole group and for QS2, indicating that larger obstruction by the PE leads to greater 

respiratory consequences as obstructivity reflected by a reduced FVC and FEV1. These results 

correspond to the physiological consequences described by Goldhaber (16) however, not 

previously shown in clinical studies. In a study by Morris et al (45) 22% of the patients with 

CTEPH included in the study were found to have restrictive lung function impairment, 

reflected by a decreased total lung capacity (<80%), and showed signs of parenchymal 

scarring. Klok et al (40) also found signs of restrictive lung function impairment after more 

than 3 years after PE, however, only in 5% of their study population (21 out of 421 

participants). Bertoletti et al (121) studied the impact of PE on patients with COPD and found 

that in patients with concomitant PE and COPD, the main cause of death at three-month 

follow-up was fatal PE (24.9%) followed by respiratory insufficiency (18%). The HCPs’ 

conceptions in study IV reflect these findings, as they conceived that patients with underlying 

diseases that affected their respiration, such as COPD or heart failure, had more severe 

physical status consequences when affected by the respiratory symptoms of PE than patients 

without underlying disease with impact on respiration. No previous studies have shown that 
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patients with PE, and no prior lung disease, have signs of pulmonary obstruction as measured 

by spirometry. The results of study I indicate that it could be of importance to pay attention to 

patients with previous lung disease to ensure that the pulmonary effects of PE do not worsen 

their pulmonary status even more. This is especially important in patients with concomitant 

PE and COPD exacerbation. The use of breathing techniques as positive expiratory pressure 

(PEP) could benefit these patients by reducing hyperinflation and provide conditions for more 

efficient breathing (122), as well as to reduce the negative impact of obstructivity caused by 

the PE. In Sweden, follow-up of patients with PE occurs from between 2 and 6 months after 

discharge and mostly includes questions about the pharmacological treatment. The use of a 

dynamic spirometry could be beneficial to include in follow-up of patients with PE to be able 

to follow the course of either improvement or deterioration of lung function.  

 

The HCPs participating in study IV had many conceptions of patients with PE and respiratory 

symptoms. Respiratory symptoms affect the patients by creating fear of deep breathing and 

fear of physical activity according to the participants. The participants’ conception was that 

fear of respiratory pain, and the breathing difficulties caused by dyspnea, created feelings of 

both panic and fear of death among the patients. This corresponds with the results of study III 

were the patients described experiences of fear of death as well as feelings of panic connected 

to their respiratory symptoms. Many HCPs described that it was crucial that patients with 

respiratory pain receive appropriate pain medication to facilitate breathing and moving 

around. This is an important matter and according to IASP the “access to pain management is 

a fundamental human right.” (46). A study by Bernhofer et al (123) stated the results of a 

survey showed that only 63-74% of all patients experienced that their pain was well 

controlled pharmacologically during hospitalization. In the study many reasons were given for 

not providing pain relief. It could be reasons such as not having the time, to difficulties in 

getting medication prescribed from physicians and pharmacy departments. It should be 

mandatory to assess respiratory pain in patients with PE to be able to give the correct 

analgesics and to optimize respiratory function, with the aim to prevent respiratory 

complications such as pneumonia, during hospitalization as well as after discharge. 

 

Results from study I comprise new knowledge about the presence of residual respiratory 

symptoms at discharge from hospital. Dyspnea was still present in 2/3 of the patients and 

respiratory pain in 1/3. This means that patients leave hospital after hospitalization due to PE, 

with remaining persistent respiratory symptoms, with no management tools for coping with 
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the symptoms. In a qualitative study by Hunter et al (124) the lack of information and poor 

communication regarding PE and its consequences made the participants believe that they had 

been “let down” by the healthcare system. The lack of information and confusion was 

especially prevalent at discharge from hospital which was identified by the participants as a 

critical time or information and need for support (124). Absence of information caused the 

participants anxiety, and some participants telephoned the hospital to book appointments, 

which escalated anxiety further (124). This is consistent with findings of a qualitative study 

by Rolving et al (125) where the participants expressed a need to be met by HCPs with 

knowledge about their situation, who could take charge of the course of their treatment. Some 

participants felt insecure and confused when interacting with the healthcare system (125). The 

timing of healthcare interventions and reliable information about their disease seemed to be of 

great importance according to the participants (125). Ortiz et al (126) studied patient-centered 

care in nursing and through patient interviews three important matters to reduce patients fears 

of not being informed appropriately were identified. By focusing on these three different 

categories of communication containing 1) information on clinical status and prognosis, 2) 

information on processes of care, and of  3) education and information to facilitate self-care, 

autonomy, and health promotion, fear among patients can be reduced (126). Giving patients 

with PE correct information about their disease and to teach them management of their 

respiratory symptoms could be a way of saving resources for healthcare. If patients are well-

informed about their symptom and have tools for management, they will likely not need to 

contact the healthcare system due to uncertainty and lack of knowledge. This would likely 

additionally decrease the amount of psychological distress for the patients, which is an 

important matter to consider.  

 

The patients in study II reported that fear of respiratory symptoms made them decrease their 

physical activity after the PE. These results correspond with the experiences described by the 

participants in study III who described that avoidance of physical activity became a coping 

strategy to be able to avoid respiratory symptoms. The patients need to not trigger respiratory 

symptoms relates to the results of Hunter et al (127) where patients with PE reported 

hypervigilance towards bodily symptoms after the event. In the study the sense of vigilance 

led to feelings of anxiety as the participants had difficulties differentiating between symptoms 

of PE and those of panic. Bodily sensations such as dyspnea or tightness in the chest led 

participants to seek medical help to be able to alleviate their symptoms (127) The participants 

in the Rolving et al study had the same experience of being alert to bodily signals (125). If 

47 
 

signals of eventual PE emerged, the participants would become anxious, and as one 

participant described it, be reminded of “the little black ghost” (125). To cope with these 

feeling of uncertainty towards bodily signals most of the participants, as opposed from the 

findings in the Hunter et al study (127), used a watch-and-wait strategy managed to cope, and 

by engaging in an activity their minds could be distracted and not focused on the symptoms 

(125). The fear-avoidance model could be of use when identifying patients with PE who 

chose not to be active due to fear of what could happen with their breathing if they did (128). 

The model explains reasons for not wanting to trigger symptoms after an injury and was 

originally developed for patients with chronic musculoskeletal pain. If the symptom is thought 

of as threatening, a fear towards the symptom evolves. The fear leads to behaviour aiming at 

avoiding triggering the symptoms and also to hypervigilance to bodily sensations. This 

behaviour can lead to disability and depression leading to a vicious circle (128). The presence 

of fear-avoidance behaviour in patients with PE needs to be established through research. To 

be able to help patients with their negative feelings about their respiratory symptoms and the 

consequences they lead to, we need to acknowledge their symptoms at discharge and provide 

them with management tools to cope with them. Further research is needed to find the most 

adequate ways to consider what these tools should comprise and how to provide them 

accurately and in a timely fashion.  

 

Consequences of avoiding physical activity, due to not wanting to experience respiratory 

symptoms, as the patients in study II and III did, could mean that they over the course of three 

months lost some of their physical fitness, even though the 6MWD increased during the year 

after PE in study II. Klok et al (40) found that exertional dyspnea was associated with a 

decreased functional capacity in patients with PE. It was not established that the dyspnea was 

connected to the PE event, however, they hypothesized that the deconditioning following the 

event together with the psychological impact of the serious cardiovascular event that a PE is, 

contributed to increased experience of dyspnea (40). In the fear-avoidance model, the 

avoidance of activity is thought to play a role in the so-called deconditioning syndrome in 

chronic back pain (128). In these patients, fear and anxiety lead them to avoid movement to 

be able to avoid the perceived threat that movement induces. The consequence of  avoiding 

physical activity is that when the activity levels decrease it results in decreased functional 

capacity (128). The same course could be present for patients with PE. Questions have been 

raised on what effect a cardiopulmonary rehabilitation programs could have on long term 

dyspnea and physical fitness of patients with acute PE, since such rehabilitation programs are 
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shown to be effective in other cardiovascular disease (40). The use of pulmonary 

rehabilitation programs in COPD are shown to significantly relieve dyspnea among the 

participants (129). The development of a rehabilitation program for patients with PE aiming at 

management of respiratory symptoms and increasing physical fitness could be hypothesized 

to decrease the impact of respiratory symptoms and eventually moderate fear of movement 

and fear-avoidance behaviour. With the achievement of increased knowledge about 

management of respiratory symptoms the participants motivation to engage in physical 

activity could be hypothesized to increase as well. The use of diaphragmatic breathing and 

pursed lips breathing (PLB) has been found to reduce breathing frequency but not increase 

dyspnea in patients with COPD (130). Mendes et al (130) concluded that these breathing 

exercises would be beneficial if included in pulmonary rehabilitation as a part of routine care 

of patients with COPD. Fleig Mayer et al (131) showed that the use of PLB during exercise 

for patients with COPD did reduce respiration rate and minute ventilation. Including breathing 

exercises in a rehabilitation program for patients with PE, with the aim to manage respiratory 

symptoms and facilitate physical activity and exercise, might decrease the negative impact of 

dyspnea for the patients and hypothetically make the patients more willing to engage in 

physical activity and exercise. More research is needed about the use of breathing techniques 

to prevent dyspnea in patients with PE. 

 

The participants described their experiences of symptoms deriving from PE in study III and 

respiratory symptoms were acknowledged to create many feelings in a range from fear of 

death to frustration of not being able to be as they were before. The participants described 

different coping strategies to be able to avoid the symptoms. One way to cope with not 

wanting to experience dyspnea or respiratory pain, that was accentuated when being 

physically active, was by increasing their sedentary time. This knowledge of a coping strategy 

that patients with PE use to be able to avoid the occurrence of respiratory symptoms is not 

previously known. There is emerging evidence of various negative health consequences 

related to sedentary behaviour, which has been defined as any waking behavior characterized 

by a low energy expenditure (≤1.5 metabolic equivalents of task (METs)), while in a seated, 

reclined or lying posture (132). A prospective study of the impact of sedentary time, with a 

representative sample of the Canadian population, showed that sitting time and all cause-

mortality demonstrated a dose-response association (133). The study also found that even if 

physically active there is a strong association between sedentary time and mortality (133). 

Peachey et al (134) showed that interventions to prevent sedentary behaviour lead to 
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reductions in daily sitting time. The interventions ranged from individual or group 

counselling, sit-to-stand-desks, screen-based prompts every 45 minutes, web-based educations 

etcetera (134). The interventions reduced sitting time by 30 minutes/day, which was 

considered clinically meaningful in terms of improvement of cardiometabolic risk markers as 

triglycerides, insulin and beta-cell function (134). The association between VTE and physical 

inactivity is previously known (81) which makes it even more important to address the issue 

of sedentary behaviour to patients with PE before discharge. It is important to identify patients 

that are at risk of sedentary behaviour to be able to inform the patients about the negative 

consequences of it. This identification could for example occur before discharge from hospital 

or at a follow-up visit to the hospital by a questionnaire explicitly measuring sedentary time 

(72, 135). Study II identified facilitators and inhibitors of physical activity as described by the 

patients, see Table 13. By identifying facilitators and inhibitors of physical activity during a 

consultation with the patients at discharge, and mainly focusing on the facilitators, we could 

hypothesize an increased motivation for physical activity based on the positive effects of 

physical activity. A way of introducing physical activity to patients that are afraid of, or not 

familiar with physical activity, can be through the use of material such as “The Activity Stair” 

(136) where physical activity and exercise is introduced stepwise. The first step of the stair is 

to decrease sedentary time, for example by standing up regularly during the day, the next stair 

introduces an increase of everyday activities such as choosing to take the stairs instead of the 

elevator and the last stair introduces exercise which could be performed together with a 

physiotherapist. This could be a way to introduce physical activity in non-fear inducing way. 

Research about the optimal way to introduce physical activity to patients after PE is needed.  

 

Physical activity 
When study I and II were initiated in 2011 there were, to our knowledge, no other studies 

published about physical activity or exercise in patients with PE. In recent years studies 

mainly on exercise and PE have been performed (86-90).  

 

In study III the participants described their experiences of physical activity following a PE 

event. The identification of respiratory symptoms as being inhibitors of physical activity was 

made. Insecurity concerning physical activity led some participants to avoiding it and others 

found that their fears held them back from fully engaging in physical activity, which could be 

a sign of fear-avoidance behaviour in patients with PE. The patients adapted their physical 
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shown to be effective in other cardiovascular disease (40). The use of pulmonary 
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activity to create less impact on the respiratory symptoms, as well as trying to feel safe when 

engaging in physical activity. This corresponds to experiences by patients with myocardial 

infarction described in a study by Bäck et al (137). The patients stated that they wanted to 

increase physical activity and exercise over time, but they had insecurities of how and when 

to do it (137). The patients felt insecure of performing unsupervised physical activity/exercise 

or activities they had not attempted under safe conditions (137). In the results of the Rolving 

et al (125) study similar feelings were experienced by patients with PE. Some of the 

participants, who were not generally familiar with exercise, were anxious about exercising 

alone and chose to not be very physically active after the PE event (125). As one participant 

said “I can honestly say, I don't walk away from the road. I don't go into the woods for a walk 

unless someone is with me.” (125). By providing the opportunity to book an appointment with 

a counselor and/or physiotherapist before discharge or at a follow-up visit to the hospital 

could provide support and coping strategies to patients who experience fear of physical 

activity in the aftermath of PE. This might prevent patients with PE from secondary heart 

disease due to inactivity. No studies have shown the presence of fear of movement in patients 

with PE objectively, however, the results of study II and III of this thesis and the qualitative 

study by Rolving et al (125) indicate that there is a component of fear of movement present 

among patients with PE. In current medical guidelines for the management of patients with 

PE there are no recommendations regarding physical activity and exercise in the aftermath (7, 

18, 69, 91). There is a need for patients with PE to be assessed physically by a physiotherapist 

before and after discharge to learn how to manage their respiratory symptoms and to ensure 

feelings of safety when engaging in physical activity. Physiotherapists hold the competence 

suitable for this assessment through their ability to help patients adapt their physical activity 

after injury or disease. The assessment should include an assessment of fear of movement to 

determine the eventual presence of fear of movement and fear-avoidance in patients with PE, 

and also to identify patients at risk of choosing a sedentary life instead of an active life due to 

fear. 

 

The results of the self-reported physical activity among the patients in study I and II were 

very wide, ranging from 0-24 h/week. These reports of physical activity levels indicate that it 

is important to have individual assessment, information, and discussion with the patient about 

physical activity in the aftermath of PE. This is consistent with the conceptions of the HCPs in 

study IV, where the participants emphasized the need for and individual approach when 

informing patients about physical activity during in-hospital care and at discharge, since the 
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HCPs’ conception was that the “classical” patient with PE does not exist. Patient-centered 

care (PCC) has been progressively promoted in healthcare, as stated in a study of PCC in 

physiotherapy (138). PCC is intended to focus on the needs of the patient as a whole, by 

including shared decision-making through clinical reasoning in dialogue with the patient (64) 

and PCC has been reported to be equal, if not superior, to physician-based or disease-centered 

care (138). The study concludes that it might be difficult to achieve PCC without inclusion of 

all members of the multi-professional team (138). This difficulty is reflected by the HCPs’ 

conceptions in study IV about information given to patients about both respiratory symptoms 

and physical activity in PE. Many participants expressed that information about both 

respiratory symptoms and physical activity probably was provided by another HCP. This 

indicate the need for increased communication between different HCPs caring for patients 

with PE, and for the development of written evidence-based information to ensure correct 

information is given to patients. Communication failures are the leading causes of accidental 

patient harm in healthcare (139). It has been assumed that effective communication and 

teamwork are already present in healthcare, which has led to training and assessment of 

communication being neglected (139). Clinicians providing care often have divergent 

perceptions of what is expected to occur and when, and effective communication and 

teamwork aims at creating a collective mental model of “getting everyone in the same movie” 

(139). It is also important to create a safe environment, so team members have the courage to 

speak up when they have concerns about the care given (139). There is a need to develop 

teamwork and communication in HCPs working with patients with PE to assure optimal care. 

A way of “getting everyone in the same movie” could be that care for patients with PE is 

performed at specialized care units to ensure that the competence and energies of the HCPs 

are directed the same way, which would be giving optimal care for patients with PE. This 

together with written information would probably enhance the quality of care given and be a 

way to assure correct evidence-based information to the patients.  

 

The HCPs of study IV had conceptions as well as concerns about their own lack of knowledge 

of how recovery looks for patients with PE, regarding their respiratory symptoms and 

physical activity. This knowledge gap made the HCPs of all professions to give vague 

recommendations like “listen to your body” for physical activity to the patients. These vague 

recommendations could lead to patients not feeling comfortable with performing physical 

activity and as a result theoretically suffer consequences connected to low levels of physical 

activity. This too addresses the lack of guidelines concerning physical activity after PE, and 
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the HCPs of study IV described that they tried to utilize recommendations for other patient 

groups with similar problems, such as cardiac disease, as a way to have some advice to give. 

Patients with PE are not offered participation in a rehabilitation program or a consultation 

with a physiotherapist after discharge, meaning that the patients have to find their own way to 

initiate physical activity following the event. Cardiac rehabilitation is provided for patients 

following many different cardiac events or diseases (140). Cardiac rehabilitation and 

secondary prevention are  “comprehensive, long-term programmes involving medical 

evaluation, prescribed exercise, cardiac risk factor modification, education, and counselling. 

These programs are designed to limit the physiological and psychological effects of cardiac 

illness, reduce the risk for sudden death or re-infarction, control cardiac symptoms, stabilize 

or reverse the atherosclerotic process, and enhance the psychosocial and vocational status of 

selected patients.” (140). In patients with COPD pulmonary rehabilitation is shown to 

significantly relieve dyspnea and fatigue, to improve emotional function, and also increase the 

sense of control that they have over their disease (129). Pulmonary rehabilitation is an 

important component in managing COPD and is considered valuable in improving exercise 

capacity and HRQoL (129). Lami et al (141) showed that in patients with PE, 25% had signs 

of persistent perfusion abnormalities on lung scintigraphy 1 year after their PE event. These 

residual perfusion defects were related to impaired fibrinolytic capacity (141). Endurance 

exercise, resistance training as well leisure time physical activity are shown to increase 

fibrinolysis (82, 142, 143) indicating the need for physical activity and exercise being part of 

the treatment after PE. Sista et al (26) state that all patients with PE should be examined in the 

search for functional impairment in the aftermath. They hypothesize that cardiopulmonary 

rehabilitation may improve exercise tolerance in patients with PE (26). And as the updated 

guidelines for PE from 2019 state, it is important to “provide appropriate care (exercise 

rehabilitation, treatment of comorbidity, behavioural education, and modification of risk 

factors) to patients with persisting symptoms.” (8).  
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According to the results from the studies I-III patients with PE are affected in all domains of 

ICF, see Figure 6.  

 

Figure 6. Impact of PE presented in the different domains of International Classification och Functioning and 
Health, based on the results of study I-III. 

 

By designing a rehabilitation program for patients after PE, correct and adequate evidence-

based information about the disease could be guaranteed. A rehabilitation program designed 

for patients with PE should aim to treat both physical and psychological consequences the 

patients suffer from in all domains of ICF. The program should preferably consist of 

management of respiratory symptoms both theoretically and in action during physical activity 

and exercise since the ability to breathe affects performance of physical activity. 

Physiotherapist have a competence well aimed at customizing treatment of decreased function 

and movement after disease (65) and should be an obvious asset in the rehabilitation process 

after PE. More research is needed to be able to design such a rehabilitation program, however, 

the evidence for the need of this nature of intervention is increasing. We need to acknowledge 

the impact of PE on patients’ lives and create well-functioning follow-up of these patients so 

that they feel secure in the aftermath of PE. This thesis provides new knowledge that fills the 

knowledge gaps stated as the rationale for the thesis. This new knowledge could be utilized 

for creating evidence-based follow-ups for patients with PE and respiratory symptoms. 
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Methodological considerations 

In study I and II the Borg CR-10 scale was used for ratings of dyspnea. The Borg CR-10 scale 

was chosen based on its property of being easy to administer for patients in the acute setting 

and the aim was to assess the sensory/perceptual-domain of dyspnea. During in-hospital care 

no physical activity measurable with a symptom impact or burden-domain scale, as for 

example the modified Medical Research Council scale (mMRC scale)(144) are performed, 

hence the use of a questionnaire assessing this domain of dyspnea was not considered. By the 

use of a dyspnea questionnaire such as the mMRC scale (144) more information of the impact 

of dyspnea on patients physical activity at 3, 6 and 12 months after discharge in study II could 

have been assessed and this could have enriched the material. 

 

The measurements of study I and II did not include any assessment of HRQoL. Following it 

over time during the year after a first time PE could have been of interest, especially with the 

use of a disease specific questionnaire for HRQoL in patients with PE. The use of the 

Pulmonary Embolism Quality of Life questionnaire (145) could have extended the knowledge 

of the patients’ quality of life status during the year after PE. However, the addition of a 

HRQoL questionnaire would have enhanced the patient burden, especially in the acute phase 

when the patients were affected by their respiratory symptoms, as well as anxious about 

having fallen ill and being hospitalized.  

 

The  6MWT was chosen as CPET in this thesis, based on its the use in previous studies in the 

PE population for measuring functional capacity through a walk test (40, 56, 57), and for 

being easily administered in the hospital setting. The 6MWT is considered as better for 

reflecting activities of daily living and pulmonary function than other walk tests (146, 147). 

The instruction for the 6MWT is for the patient to walk as far as possible during 6 minutes, 

and the patient receives standardized verbal encouragement when performing the test (95). A 

limitation with the test is that it is not assured that the patient performs the test with full 

motivation to walk as far as possible during six minutes for various reasons.   

 

LTPAI and PAHWI, see appendix 1, were chosen as self-reported questionnaires for physical 

activity due to their ability to capture both leisure time physical activity and physical activity 

at work and at home. LTPAI and PAHWI capture sedentary time, light, moderate and 

vigorous physical activity, and the instruments contain several different choices to report the 
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number of hours physical activity that have been performed. With the LTPAI and PAHWI it 

was considered easy to capture physical activity in patients not engaging in exercise, but who 

were active for example with gardening and/or housework. 

A limitation with self-reported physical activity questionnaires are the risk of overestimation 

of physical activity levels compared to when physical activity is measured by an 

accelerometer (148). The complement of an objective measure of physical activity, for 

example by using an accelerometer, could have strengthened the results of the self-reported 

physical activity. 

 

Methodological considerations of qualitative research include the search for trustworthiness 

which presumes the presence of credibility, dependability, transferability, and confirmability 

in the research process, and of the results to be achieved (149). Throughout the studies in this 

thesis, considerations of the optimal way of achieving trustworthiness has been made by the 

author and supervisors, and the specific means of achieving it has been presented in papers III 

and IV. However, a qualitative researcher also needs to be reflexive (149). Reflexivity is the 

process of reflection about oneself and ones persona as a researcher, the so-called “knower’s 

mirror” (150). Reflexivity starts by identifying preconceptions that the researcher holds. This 

can be made by being conscious of previous professional and personal experiences, by 

thoughts of qualifications and motivation for being suitable for exploration of the field of 

research, and by awareness of perspectives and theoretical foundations related to education 

(150). In the opinion of the author of this thesis, reflexivity is needed in all research, not only 

in qualitative research. Reflexivity has been present throughout all research in this thesis. The 

need of reflexivity of one’s perspective is for example illuminated by being a physiotherapist 

(with the lens and perspectives of a physiotherapist) when performing an observational study 

where no intervention is supposed to take place. It takes a large amount of reflexivity as a 

novel researcher to take a step back from ones clinical self, who as a physiotherapist is used to 

giving advice and promoting physical activity in every ordinary work situation, and step into 

the researchers role and adhere to study protocols. The same reflexivity needs to be present in 

interview situations where it is important to stay neutral, when the participants talk about their 

experiences or conceptions, to not color their answers by one’s own opinions.  
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56 
 

The choice of qualitative research methods were based on the research questions. In study III  

experiences of patients were sought for and qualitative content analysis was suitable for that 

purpose. In study IV conceptions of HCPs were the aim for the research questions and for that 

purpose we chose a phenomenographic approach for the analysis. Both methods are data 

driven with an inductive approach which means that the knowledge rises from the data, hence 

the interviews and not by a predetermined theory. 

 

Ethical considerations 

Ethical considerations concerning the qualitative interviews of study III and IV were raised. 

For study III the possibility of sensitive and private questions rising during the interviews 

were thought of, however, since the interview questions were open the participant could 

choose the level and scope of what was talked about. The possibility of the patients re-living 

their experiences of falling ill with PE and of the aftermath, and that they would be harmed 

was also considered. A plan for contact with a counselor via the Acute Medical Unit at 

Sahlgrenska University Hospital was made and one patient was offered counseling but 

declined. 

For study IV the nature of the interview questions about conceptions and experiences of 

caring for patients with PE were thought of. The questions was considered to not be of a 

personal character and therefore mean no harm for the participants.  

 

Internal ethics 

The internal ethics concerns the ethical dilemmas that researchers have to cope with for 

example professional relationships with participants (151). All recruitment for the studies was 

made by HCPs without a clinical or research relationship with the participants, for example a 

research nurse or colleague working on the ward. In study III where the author of this thesis 

had earlier research relationship with some of the patients that were recruited from study II, 

all those interviews were done by the second author who had no previous relationship with the 

participants. 

 

External ethics 

External ethics refers to the need for application for ethical approval before commencing 

research, as well as about informed consent, which researchers attend to by submitting their 

application for ethical approval to their institution’s internal review board (151). The studies 
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of this thesis are all approved by the ethical review board in Gothenburg. External ethics is 

also thought of patient burden for example the number of examinations and the time the 

examinations would take and the patient burden for all studies in the thesis was considered 

feasible. 

 

Clinical relevance 

The results and knowledge of this thesis can be utilized and implemented directly by 

clinicians, without any extensive preparations or changes in the clinical work environment 

when caring for patients with PE during in-hospital care. Suggested actions that directly can 

be implemented based on this thesis: 

• Examining respiratory status of patients with PE and concomitant lung disease  

• Examining the presence of persisting respiratory symptoms before discharge 

• Offering management of respiratory symptoms with a physiotherapist 

• Referring patients for lung function test if necessary 

• Making an evaluation of functional capacity before discharge 

• Offering an individual consultation with a physiotherapist to discuss   

          physical activity and exercise in the aftermath of PE. The discussion should  

          include and identification of facilitators and inhibitors of physical activity and   

          exercise before discharge 

• Asking questions about the psychological status of the patient before discharge  

          and initiate contact with a counsellor if necessary 
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CONCLUSION 

Findings from this thesis increases the knowledge regarding the impact of respiratory 

symptoms on physical activity in the aftermath of a PE event.  
 

• The results indicating that patients with PE and no previous lung disease have a 

reduced lung function imply the importance of examining lung function in patients 

with PE and concomitant lung disease to prevent respiratory insufficiency 

 

• The course for respiratory symptoms during the first year after PE show that these 

symptoms have most impact during the first three months after discharge. It is 

important to identify patients with persistent symptoms before discharge and offer 

management of the symptoms 

 

• Knowledge of the impact of respiratory symptoms on physical activity in the 

aftermath for patients with PE was found. The patients experienced that their “whole 

life changed” after PE. The respiratory symptoms affected both themselves and their 

relationship to others and affected their perception of physical activity 

 

• Patients with PE need support from the healthcare system to manage both physical and 

psychological symptoms in the aftermath 

 

• The thesis provides further support for the need of a rehabilitation program after PE. 

The rehabilitation program needs to focus on both physical and psychological aspects 

of managing life after PE.  

 

• Patients with PE were conceived by HCPs as a heterogenous group with individual 

needs for information given at the appropriate time during in-hospital care. 

Prerequisites for providing correct and accurate information were identified 
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FUTURE PERSPECTIVES 

An important focus of research should be the development of an evidence-based multi-

professional rehabilitation program addressing management of both physical and 

psychological challenges for patients with PE. To determine the content of the 

physiotherapeutic part of the program, more research needs to be performed to be able to 

design the rehabilitation program optimally. 
 

Research is needed about: 

- which breathing techniques are optimal for patients with PE and dyspnea and/or respiratory    

   pain both at rest and during activity  

-the reliability and validity of different CPET, as 6MWT, in a PE population  

-the optimal way to support patients to become more physically active after PE  

-the eventual presence of fear of movement and fear-avoidance behaviour in PE  

 

In Sweden, evidence-based written information to patients about respiratory symptoms and 

physical activity in the aftermath needs to be developed to ensure that patients being cared for 

in different wards have the opportunity to receive the same information. 

 

Further research of HCPs’ knowledge about respiratory symptoms after PE and which 

information is given to patients is needed. A questionnaire based on the results of study IV 

could be developed to be able to obtain further knowledge in a nationwide study. 
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