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Abstract 

Background 

As a major cause of morbidity and mortality treatment of venous 

thromboembolism is important, with the correct use of anticoagulants it is 

possible to greatly reduce both mortality and morbidity. Warfarin is among 

the most widely used anticoagulants being effective in treatment and 

prevention of venous thromboembolism with few negative side effects other 

than bleeding complications. With a narrow therapeutic window warfarin 

treatment requires constant monitoring and adjustments to stay effective 

without an increased bleeding risk.  

The aim of this thesis was to study the efficacy and safety of warfarin 

treatment in venous thromboembolic disease. 

Methods 

Using AuriculA, the Swedish national quality register for atrial fibrillation 

and anticoagulation, a cohort was created of patients registered with 

warfarin treatment during the study time January 1st 2006 to December 

31th 2011, including all different indications for anticoagulation. In all four 

studies the study design was retrospective with information added to the 

cohort from the Swedish national patient register about background data 

and endpoints in form of bleeding complications in all studies and 

thromboembolic events in study 1 and 2. In study 3 and 4 information was 

added from the cause of death register about occurrence of death and in 

study 3 cause of death. In study 3, information from the prescribed drugs 

register about retrieved prescriptions of acetylsalicylic acid was added. 

Results  

In study 1 the mean TTR was found to be high both among patients managed 

at primary healthcare centres and specialised anticoagulation clinics at 
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79.6% and 75.7%. There was no significant difference in rate of bleeding 

between the two types of managing centres being 2.22 and 2.26 per 100 

treatment years. In study 2 no reduction in complication rate with increasing 

centre TTR was seen for patients with atrial fibrillation with few centres 

having centre TTR below 70% (2.9%), in contrast to previous findings by 

Wan et al(1). For those with warfarin due to VTE where a larger proportion 

of the centres had centre TTR below 70% (9.1%) there was a reduction in 

complication rate with increasing centre TTR.  Among the 13859 patients 

with treatment for VTE in study 3 age (HR 1.02, CI 95% 1.01-1.03), 

hypertension (HR 1.29, CI 95%1.02-1.64), Cardiac failure (HR 1.55, CI 95% 

1.13-2.11), chronic obstructive pulmonary disease (HR 1.43, CI 95% 1.04-

1.96), alcohol abuse (HR 3.35, CI 95% 1.97-5.71), anaemia (HR 1.77, CI 95% 

1.29-2.44) and a history of major bleeding (HR 1.75, CI 95% 1.27-2.42) 

increased the risk of bleeding during warfarin treatment. In study 4 both 

those with high iTTR and those with low INR variability had a low rate of 

bleedings at 1.27 (1.14-1.41) or 1.20 (0.94-1.21) per 100 treatment years 

compared to those with low iTTR and high INR variability having a rate of 

bleeding at 2.91 (2.61-3.21) or 2.61 (2.36-2.86) respectively. Those with the 

combination of both low iTTR and high INR variability had an increased risk 

of bleeding, hazard ratio HR 3.47 (CI 95 % 2.89-4.17). The quartile with both 

the lowest iTTR and the highest INR variability had an increased risk of 

bleeding with a hazard ratio 4.03 (3.20-5.08) and 3.80 (CI 95%, 3.01-4.79) 

compared to the quartile with the highest iTTR and lowest INR variability.  

Conclusion 

It is possible to achieve a safe warfarin treatment both in specialised 

anticoagulation centres and in primary health care. At initiation of treatment 

some of the patients at high risk of bleeding can be identified using 

knowledge about their background. With the use of quality indicators as TTR 

and INR variability during treatment those at high risk of complications can 

be identified and analysing treatment quality on centre level gives an 

opportunity to identify improvement areas among managing centres.  
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With the addition of new treatment options warfarin can still be the most 

suitable option for some patients, being safe and effective when well 

managed. 
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Abbreviations 

ACC Anticoagulation clinic 
 

AF Atrial fibrillation 
 
APC Activated protein C 
 
ASA Acetylsalicylic acid 
 
CDR Cause of death register 
 
COC Combined oral contraceptives 
 
CHA2DS2-Vasc Risk score for patients with atrial fibrillation: Congestive 
heart failure, hypertension, age ≥ 75 years, diabetes mellitus, 
stroke/TIA/thromboembilism, vascular disease, age 65-74 years, sex 
category.  
 
CHADS2 Risk score for patients with atrial fibrillation: Congestive heart 
falilure, hypertension, age ≥ 75 years, diabetes mellitus, stroke/TIA. 
 
CNS Central nervous system 
 
CRD Cause of death register 
 
CT Computed tomography 
 
DC Direct current 
 
DOAC Direct oral anticoagulant 
 
DVT Deep venous thrombosis 
 
GI Gastrointestinal 
 
HRT Hormone replacement therapy 
 
ICD International classification of diseases 
 
INR International normalized ratio 
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MRI Magnetic resonance imaging 
 
NOAC Non vitamin K antagonists oral anticoagulant, Novel oral 
anticoagulant 
 
NPR The Swedish national patient register  
 
PDR The Swedish prescribed drug register 
 
PE Pulmonary embolism 
 
PHCC Primary health care centers 
 
PT Prothrombin time 
 
SD Standard deviation 
 
TIA Transient ischemic attack 
 
t-PA Tissue plasminogen activator 
 
TTR Time in theraputic range 
 
VKOR Vitamin K epoxide reductase 
 
VTE Venous thromboembolism 
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Populärvetenskaplig sammanfattning 

Venös tromboembolism (VTE) innebär att det bildas en trombos någonstans 

i vensystemet eller i artärerna till lungan. Beroende på var och hur stort kärl 

som påverkas varierar symptomen från milda till livshotande. De två 

huvudsakliga typerna av venös tromboembolism är djup ventrombos som 

framförallt drabbar de djupa venerna i benen samt lungembolism som 

drabbar lungartärerna. Behandlingen i dessa fall är så kallad 

antikoagulantia, vilket är en typ av läkemedel som försvårar bildningen av 

tromboser. Denna typ av behandling innebär samtidigt en ökad risk för 

blödningar varför behandlingen syftar till att hämma trombosuppbyggnad 

tillräckligt utan att orsaka en hög risk för blödning. Warfarin är en typ av 

antikoagulantia som använts under lång tid och visat sig vara mycket 

effektiv, men på grund av sin verkningsmekanism medför behov av konstant 

uppföljning och justering för att uppnå lagom effekt. För att följa upp 

behandlingen används olika kvalitetsindikatorer där TTR (Time in 

Theraputic Range) är den mest använda och INR variabilitet en annan 

metod. Sverige har sedan tidigare visat sig ha en mycket hög kvalitet vad 

gäller warfarinbehandling, något som varierar stort mellan olika länder. I 

många av de studier som undersökt effekten och risken vid 

warfarinbehandling har kvaliteten på behandlingen varit låg och de flesta 

studier har genomförts på patienter med warfarin på grund av 

förmaksflimmer.  

Syftet med studierna i denna avhandling var att: 

Jämföra kvalitet på warfarinbehandlingen mellan specialiserade 

antikoagulationskliniker och primärvårdsenheter för att se eventuella 

skillnader var gäller behandlingens kvalitet och komplikationsfrekvens samt 

utvärdera om en centralisering av behandling är fördelaktig. 
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Undersöka korrelationen mellan cTTR och komplikationer i en miljö med 

hög cTTR, med fokus på patienter med warfarin på grund av 

förmaksflimmer eller venös tromboembolism.  

Undersöka risken för och prediktorer för blödningskomplikationer hos 

patienter med högkvalitativ warfarinbehandling på grund av VTE.  

Undersöka betydelsen av iTTR och INR variabilitet vad gäller risken för 

blödning och död inom en stor grupp av patienter med välskött 

warfarinbehandling på grund av VTE.  

Metod 

Alla studier i denna avhandling har inhämtat data tillgänglig i svenska 

nationella kvalitetsregister där tiden som studerats ligger mellan 2006-01-01 

och 2011-12-31. Som utgångspunkt användes AuriculA vilket är ett nationellt 

kvalitetsregister för förmaksflimmer och antikoagulation som täcker ca 50 % 

av de som behandlas med oral antikoagulation i Sverige. Till informationen i 

detta register lades information från andra kvalitetsregister där 

sammankopplingen skedde med hjälp av personnummer. De övriga 

kvalitetsregister som användes i studierna var patientregistret, 

läkemedelsregistret och dödsorsaksregistret. I den databas som användes 

var informationen avidentifierad. Olika information hämtades från de olika 

registren till studierna där patientregistret och AuriculA användes i alla fyra 

studier. För att definiera komplikationer och beskriva tidigare sjukdomar 

användes koder av typen ICD 10 från patientregistret.  

Resultat 

I studie 1 sågs behandlingskvalitén mätt som TTR vara hög både vid 

specialiserade enheter (75,7%) och primärvårdsenheter (79,6%). Inga 

signifikanta skillnader sågs vad gäller frekvensen blödningar som var 2,26 

respektive 2,22 per hundra behandlingsår.  
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I studie 2 sågs ingen korrelation mellan en ökning av center TTR och en 

reduktion av komplikationer för patienter med indikationen förmaksflimmer 

där få centra hade cTTR under 70 % (2,9 %). En koppling sågs däremot när 

korrelationen undersöktes för indikationen VTE där fler centra hade cTTR 

under 70 % (9,1 %).  

I studie 3 visade sig högt blodtryck, hjärtsvikt, kroniskt obstruktiv 

lungsjukdom, alkoholmissbruk, anemi och tidigare genomgången stor 

blödning öka risken att drabbas av allvarlig blödning under 

warfarinbehandling.  

I studie 4 sågs en koppling mellan de båda kvalitetsindikatorerna 

individuellt TTR och INR variabilitet och blödningskomplikationer där de 

patienter som hade en sämre kvalitet hade en klart högre frekvens 

blödningar. När man studerade de som hade både en låg kvalitet mätt som 

TTR och som INR variabitet såg man att dessa löpte en klart ökad risk att 

drabbas av blödningskomplikationer.  

Slutsats 

Det är möjligt att uppnå en säker warfarinbehandling både inom 

primärvården och vid specialiserade enheter. Man kan vid start av 

warfarinbehandling med hjälp av patientens tidigare historik identifiera 

vissa patienter som har en hög risk att drabbas av blödningskomplikationer. 

Genom att använda kvalitetsindikatorer som TTR och INR variabilitet kan 

man identifiera patienter under behandling som har en hög risk att drabbas 

av komplikationer i form av blödning och med hjälp av TTR på centernivå, 

identifiera centra med förbättringspotential.  

Trots tillkomsten av allt fler alternativ vid behandling av VTE är det viktigt 

att komma ihåg warfarin som ett säkert alternativ, och det mest lämpliga för 

vissa patienter.   
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Introduction 
Historical background of deep venous thrombosis 

The first well accepted historical description of deep venous thrombosis 

(DVT) is found in a French manuscript from 1271 of a man named Raoul. He 

was a 20 year old knight whose right calf got swollen with following swelling 

of the leg(2). The recommendation he got from his surgeon was expectance, 

to which he adhered, but after worsening symptoms with development of 

ulcers religious sites were visited, with dust collected from the tomb of King 

Saint Louis applied to the ulcer leading to cure. This is a relatively recent 

description of a condition compared to many other diseases where the  

descriptions are found in older sources as the bible or descriptions from 

ancient Egypt, perhaps indicating the unspecific symptoms correlated to 

DVT. After this first well accepted description more and more descriptions 

are found of symptoms suggesting DVT with many of them related to 

pregnancy. Bloodletting was the treatment of choice until the end of the 19th 

century(3). In 1676 it was suggested that the cause of DVT was an alteration 

of blood and in 1793 Hunter suggested that the cause was clotting of the 

blood(4). In 1784 ligation of the vein above the thrombosis was performed by 

Hunter to prevent extension of the clot. The ligation of veins above the 

thrombosis to prevent thrombosis extension continued to be widely used to 

prevent pulmonary embolism and growth of thrombosis until the mid 20th 

century. The understanding of the pathogenesis of venous thromboembolism 

continued to increase with time and in 1856 Rudolf Virchow (1831-1894) 

described the major causes of thrombosis; alteration in the blood flow 

(stasis), alteration in the blood composition (hypercoagulability) and 

alterations in the vessel wall. He proposed thrombosis to be the result of at 

least one of these factors. This triad known as “Virchow´s triad” is still valid 

and considered describing the most important causes of venous 

thromboembolism. Since this description the knowledge of the causes of 

venous thrombosis have increased with detailed knowledge about the 
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pathophysiological mechanism of thrombus formation and the risk factors 

where both genetic and environmental factors have been identified.  

Venous thromboembolism 

Venous thromboembolism (VTE) consists of conditions where the venous 

vessels or pulmonary artery vessels are obstructed by a blood clot. The two 

main forms of venous thromboembolism are deep venous thrombosis (DVT) 

and pulmonary embolism (PE). In DVT the thrombus forms in the large 

venous vessels most commonly in the legs, this causes a partial or total 

occlusion of the blood flow in the vessel with symptoms varying depending 

on the level of obstruction and the site of obstruction. The thrombus 

formation often starts in a vessel without any previous vessel wall injury in 

contrast to thrombus formation in arterial vessels. In PE the obstruction of a 

pulmonary artery occurs. The most common cause for this is a thrombus 

travelling from a larger vein in the leg through the right side of the heart 

occluding completely or partially a pulmonary artery when the gradual 

reduction of vessel size limits further thrombus movement. Depending on 

thrombus size and site of occlusion symptoms may vary from mild to life 

threatening. The majority of deep venous thrombosis occurs in the lower 

extremities but around 1% to 5% form in the deep veins of the upper 

extremities most commonly in v subclavia, many related to the use of central 

venous catheters and malignancy(5). Venous thromboses that form in 

smaller and more superficial veins are common with many remaining 

undiagnosed, they often cause local symptoms requiring treatment locally 

and sometimes systemically. In addition to extremities venous thrombosis 

can form in veins in other parts of the body as cerebral venous sinuses 

draining blood from the brain, in retinal veins draining blood from the eye, 

mesenteric veins, liver veins, portal veins and kidney veins all causing 

symptoms related to the function of each organ drained. 
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Epidemiology 

VTE have an incidence of 100-200 per 100 000 individuals annually(6, 7), of 

these around two thirds are DVT and one third PE(8). The proportion varies 

between different studies with a higher proportion of PE if many autopsies 

are performed reflecting the probably high rate of asymptomatic PE among 

patients with DVT. Being relatively common VTE is a major cause of 

morbidity and mortality worldwide. Most of the studies examining incidence 

of VTE are community based epidemiological studies describing 

symptomatic disease, why asymptomatic VTE may be underestimated, with 

less known about the correlation to morbidity and mortality for 

asymptomatic thrombosis.  

Risk factors 

There are many factors that have been identified to increase the risk of VTE, 

both acquired and hereditary ranging from mild to strong.  

Age 

There is a strong correlation between the incidence of VTE and increasing 

age being rare among children (<5 cases per 100000/year) and becoming 

relatively common among those above 80 years of age (450-600 cases per 

100000/year). The incidence increases rapidly after the age of 60 years(6, 9) 

making increasing age one of the strongest risk factors for VTE. In a study by 

Spencer et al(10) the incidence per year was 71 per 100000 for those <65 

years of age and 885 per 100000 for those >85 years, but the rate of 

recurrence was similar.  Part of the explanation to the increased risk with age 

may be that many other risk factors become more common with increasing 

age as underlying cancer, surgery and immobilization.  

Cancer 

Cancer is a well-established risk factor for VTE, having a cancer confers to a 

four to seven times increased risk of developing VTE with chemotherapy 



 

4 

increasing that risk further(11). Cancer causes the increased risk of VTE 

through many different mechanisms, inducing inflammation, expressing 

different procoagulant molecules, altering the expression of tissue factor and 

sometimes damaging vessel walls affecting blood flow and exposing the 

injured site(12). According to several large population-based studies, around 

20% of all VTE cases are correlated to cancer(13). There are differences 

between different types of cancer regarding risk of VTE, with cancer in the 

pancreas, kidney, stomach, ovary, brain and lymphomas having the 

strongest correlation(14). VTE can also be a marker for occult cancer with 

10% of patients with a first VTE having a cancer diagnosis during the first 

year(15, 16). 

Surgery 

Major surgery is another factor clearly associated to an increased risk of VTE 

with a stronger correlation for those aged above 65 years(17). Some types of 

surgical procedures, orthopaedic surgery, neurosurgery, major vascular and 

gynaecological surgery are associated to an especially high risk of VTE(17). 

Without prophylaxis the risk of VTE is 30% to 50% among patients 

undergoing orthopaedic surgery in the lower extremities(18, 19), which is 

reduced to around 5% for those patients with the use of appropriate 

prophylaxis(20). There is an increased VTE risk for all types of major surgery 

being even higher among patients with a concomitant cancer.  

Multitrauma  

Among patients with multitrauma VTE is common, however the incidence 

between different studies vary ranging from 1% to 60% depending on types 

of injury (head trauma, spinal injury, pelvic fractures and fractures in the 

lower extremity)(21-25) and perhaps also different policies regarding the use 

of prophylactic treatment. Among the patients suffering multitrauma many 

risk-factors for acquiring an VTE have been identified as injury severity 

score, number of operative procedures, pelvic injury and concomitant 

diseases(21, 22).   
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Pregnancy and the postpartum period 

During pregnancy the body enters a hypercoagulable state with both 

activation of coagulation and hypofibrinolysis. This is caused by an increased 

concentration of coagulation factors V, VII, VIII, IX, X, XII, VWF and 

fibrinogen(26, 27), while endogenous anticoagulants such as protein S 

decreases, and t-PA reduces its activity due to increased levels of 

plasminogen activator inhibitor 1 and 2(27). These changes are probably 

occurring to reduce the risk of bleeding during delivery and the post partum 

stage. But with this hypercoagulable state comes an increased risk of 

thrombosis, with VTE occurring with an incidence of 100-200 per 100 000 

births or woman years(28, 29). Pregnancy increases the risk of VTE four to 

five times, with the risk being even higher during the post partum stage as 

shown by Heit et al(29) with a five-fold increased incidence of VTE during 

the post partum stage compared to during pregnancy (511.2 vs. 95.8 per 100 

000).   

Oral contraceptives and hormone replacement therapy 

Oral contraceptives containing both progestagen and estrogen in high dose, 

combined oral contraceptives (COC) were introduced in the American 

market in 1960. The first reported cases of VTE associated to COC were 

reported in 1961 with confirmation of a two to six fold increased risk of DVT 

during the subsequent years(30-33). Hormonal replacement therapy (HRT) 

for women in postmenopausal age is another group where treatment with a 

combination of estrogen and progestagen is used. As for COC this treatment 

have been found to increase the risk of VTE, with varying risk depending on 

dose of estrogen, the type of concomitant progesterone and the way the 

estrogen is administered(34). The risk of VTE have been linked to the 

estrogen component leading to a reduction of the dose over time(35). From a 

safety point regarding risk of VTE, oral contraceptives containing 

progestagen only, so called mini pills, confer the lowest risk with a 

population based study from Denmark failing to show any excess risk of 
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VTE(33). VTE provoked by COC or HRT have a lower risk of recurrence if 

treatment is discontinued compared to unprovoked VTE(36). 

Immobilization 

Immoblilization being identified as an important risk factor for VTE is 

difficult to examine due to differences in definition and lack of registration in 

many studies examining risk factors for VTE. The risk of VTE have been 

found to be approximately two times higher when immobilized as presented 

by Potter et al(37). 

Long distance travel 

A correlation between long distance travel and VTE has long been suspected 

with death due to PE after air travel being reported early with the first report 

in 1954(38). The correlation between VTE and long distance travel have 

mainly been examined regarding the correlation to air travel identifying an 

increased risk during long distance travel. There is a difference between long 

and medium air travels, as shown by Lapostolle et al(39) identifying longer 

travels over 10000 km to have a 50 fold higher risk of PE compared to 

medium length travels of less than 2500 km. There is no clear difference 

regarding risk of VTE between the mode of travel such as car, plane or train 

as shown by Cannegeiter et al(40).  

Hereditary thrombophilia 

Thrombophilia is a term describing both hereditary and acquired changes in 

the blood leading to an increased risk of venous thromboembolism. The first 

description of hereditary thrombophilia was of a Norwegian family with 

deficiency of antithrombin described by Egeberg in 1965(41). Since then 

several hereditary thrombophilic disorders have been identified. These are a 

mix of conditions of deficiency in, or under-function of anticoagulant 

mechanisms, or oversupply of or over-function of procoagulant mechanisms. 

The prevalence of the different disorders vary, with in general those 

conferring a high risk of VTE being more rare than those carrying a limited 
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risk increase. In the beginning of the 1980s deficiency of both protein C(42) 

and of protein S(43) were identified as causing an increased risk of venous 

thromboembolism. The most common hereditary thrombophilia among 

Caucasian populations, APC resistance, was first described in 1993 by 

Dahlbäck et al(44). APC resistance is caused by a point mutation in the FV 

gene(45) which according to haplotype analysis occurred in one individual 

around 21000-34000 years ago(46). This is an example of a condition with 

large differences between geographic regions and different ethnicities, 

having a prevalence in some parts of western Europe of up to 15% while 

being near absent in many other regions of the world(47). Being the most 

common hereditary thrombophilia among Caucasian populations and 

causing an approximately fivefold increased risk for VTE for those being 

heterozygote carriers(48) and up to 50 fold for those homozygote it is 

common among those with VTE being present in up to 20%(49). In 1996 a 

mutation in the gene for prothrombin (PT) was discovered by Poort et al(50) 

at position 20210 with a change from G to A (PT G20210A) associated with 

increased levels of PT and correlated to an increased risk of VTE. It’s a 

common mutation with a prevalence of 1.7% to 3% among healthy 

individuals of Caucasian origin being substantially higher among those with 

a personal family history of VTE(50). The mutation is rare however in many 

populations of other origin than Caucasian and absent in many indigenous 

populations(51, 52). Increased levels of the procoagulant factors FVIII, FIX 

and FXI are other conditions that have been identified in several studies to 

correlate to an increased risk of VTE(53-55), these are a mix of conditions 

that can be both hereditary and acquired. Most people with a hereditary 

thrombophilia will not develop VTE but they have a lifelong increased risk. 

Among those with hereditary thrombophilia who develop VTE it is common 

to find an additional risk factor that often is acquired. 

Diagnosis of DVT and PE 

Diagnosis of VTE poses a common clinical problem with symptoms for both 

PE and DVT being unspecific. For DVT in the lower extremities the 
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symptoms depend on the site of the thrombosis and the level of 

inflammation, this causes a great variation in symptoms all being unspecific 

and difficult to interpret. It is impossible to diagnose DVT only by physical 

examination why scoring systems have been developed with scoring 

according to Wells being the most established(56)(Table 1). The combination 

of scoring systems with laboratory measurement of D-dimer levels in the 

blood can help identify those with low probability of DVT where no further 

examinations are needed. D-dimer is formed during fibrinolysis, as a 

degradation product of fibrin, in conditions with an increased level of 

fibrinolysis the level of D-dimer is increased. There are several commercial 

methods to measure D-dimer, due to differences in methods different cut off 

values exists for elevated levels. DVT is one condition where the fibrinolysis 

is increased but many other conditions lead to increased fibrinolysis making 

D-dimer unspecific, the increased fibrinolysis during DVT however gives it a 

high sensitivity. The D-dimers are degraded gradually causing a decreased 

sensitivity with time, why the test is not recommended to use if there is more 

than 14 days since onset of symptoms. For those with a higher than low 

probability of DVT as cause of symptoms further examinations are needed, 

sometimes they are identified through scoring with addition of elevated d-

dimer and sometimes they have a medical history or clinical presentation 

giving them an increased risk. Ultrasonography is the most common method 

for diagnosing DVT being both non-invasive and able to identify other causes 

of symptoms such as haematomas. Venography is the reference method for 

identifying DVT but this examination is more resource intensive compared 

to ultrasonography and invasive with the use of contrast injection which 

limits the use. Other methods to identify DVT are CT venography and MRI 

both being relatively resource intensive examinations but with the ability to 

add important information in certain cases.  

For pulmonary embolism the situation is similar to DVT with symptoms 

being unspecific complicating the identification. The identification of 

patients in need of further examinations can be difficult with alternative 

causes to the symptoms sometimes being severe and needing immediate 
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attention as myocardial infarction, infections and bleedings. To aid in this 

clinical assessment there are scoring systems similar to those for DVT 

identifying those at higher probability of PE and in need of further 

investigation, the most used being designed by Wells et al and further 

simplified(57, 58)(Table 2). D-dimer can add valuable information among 

those with a low clinical probability of PE where a negative D-dimer 

indicates a low risk of PE, aiding in the decision between the need of further 

examination in search of PE or in search of alternative causes to the 

symptoms. Patients with a high clinical probability of PE need further 

investigation regardless of the D-dimer level. To diagnose PE imaging 

techniques are used with lung scintigraphy being well established but 

inconclusive in a high proportion of cases, being best suited for patients 

without previous cardio-pulmonary conditions. Computed tomography 

angiography is the currently most used method when identifying PE being 

widely available and able to identify some of the differential diagnoses as 

well as indications of increased pulmonary blood pressure affecting the 

management of the patient. Pulmonary angiography is established as 

reference method for identification of PE having a low risk of complications 

and a high sensitivity. This method is however dependent on experienced 

personnel both in performance and interpretation. 
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Table 1. Clinical scoring model for predicting DVT according to Wells(56) 

  

Clinical Characteristic Score 

Active cancer (patient receiving treatment for 
cancer within the previous 6 months or 
currently receiving palliative treatment)  

1 

Paralysis, paresis, or recent plaster 
immobilization of the lower extremities  

1 

Recently bedridden for 3 days or more, or major 
surgery within the previous 12 weeks requiring 
general or regional anaesthesia  

1 

Localized tenderness along the distribution of 
the deep venous system  

1 

Entire leg swollen  1 

Calf swelling at least 3 cm larger than that on 
the asymptomatic side 1 (measured 10 cm below 
tibial tuberosity)  

1 

Pitting edema confined to the symptomatic leg 1 

Collateral superficial veins (nonvaricose)  1 

Previously documented deep-vein thrombosis  1 

Alternative diagnosis at least as likely as deep-
vein thrombosis.  

-2 

Cut off DVT unlikely ≤ 1 

Cut off DVT likely ≥ 2 
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Table 2. Clinical scoring model according to Wells with presentation of 

original and simplified scores for predicting PE unlikely(57, 58). 

Clinical characteristics Origninal score  Simplified score 

Clinical signs and symptoms of 
DVT 

3 1 

Tachycardia (>100/min) 1.5 1 

Immobilization or surgery in the 
previous four weeks 

1.5 1 

Previous DVT/PE 1.5 1 

Haemoptysis 1 1 

Malignancy 1 1 

An alternative diagnosis is less 
likely than PE 

3 1 

Cut off for PE unlikely ≤4 ≤ 1 

   
 

Atrial fibrillation 
 

Atrial fibrillation (AF) is a common cardiac arrhythmia having a prevalence 

of around 3% in Sweden(59). With increasing age the prevalence of AF 

increases from around 1% for those aged 50 years to more than 14% among 

those aged over 85 years. With an aging population the prediction is a higher 

future prevalence of AF. Embolism originating from the heart causing 

ischemic stroke make AF an important independent risk factor(60). To 

identify those at high risk of stroke scoring systems have been developed 

using age and comorbidities. CHADS2 and CHA2DS2VASC are the two most 

widely used scoring systems(61, 62), identifying those with the highest score 

to have a risk of stroke of up to 18% per year (Table 3). Those with a higher 

risk of stroke if anticoagulation is abstained than risk of bleeding during 

treatment with anticoagulation should be offered treatment with 
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anticoagulation, for CHA2DS2-VASc the general recommendation is to offer 

anticoagulation to those with ≥ 2 points.  

Table 3. CHA2DS2-VASc and CHADS2 score(61, 62). 

 

C Congestive heart failure 1 

H Hypertension 1 

A2 Age ≥ 75 Years 2 

D Diabetes mellitus 1 

S2 Stroke/TIA (Transient ischemic attack)/ Thromboembolism 2 

V Vascular disease (Myocardial infarction, peripheral artery 
disease, aortic plaque)  

1 

A Age 65-74 Years 1 

Sc Sex category (female) 1 

 

C Congestive heart failure 1 

H Hypertension 1 

A Age ≥ 75 Years 1 

D Diabetes mellitus 1 

S2 Stroke/TIA (Transient ischemic attack) 2 

    

 

Coagulation system 
 

To prevent blood loss in the event of blood vessel damage the blood has an 

ability to transform from fluid state to solid state and form a clot hindering 

further bleeding. This mechanism called the hemostasis is vital for survival. 

As important as the ability to form clots hindering further bleeding is the 

ability to prevent unnecessary clot formation. This vital balance of the 
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hemostasis is traditionally described in three different stages, primary 

hemostasis, secondary hemostasis and fibrinolysis.  

Primary hemostasis  

In the event of injury smooth muscles in the blood vessel wall contract 

causing vasoconstriction to limit blood flow and reduce blood loss. At the site 

of injury, vessel wall components are exposed inducing platelet activation 

and adhesion, with the most important components being collagen and von 

Willenbrant factor(63, 64). Activated platelets change shape and induce 

further platelet activation connecting to each other through binding 

predominantly by interlinking to fibrin molecules and cover the injured area.  

Secondary hemostasis 

The secondary hemostasis is a description of the enzymatic cascade where 

enzymes activate pro-enzymes through protelytic cleavage, which then 

activate the next stage of enzymes in a cascade amplifying the reaction. The 

cascade is moderated by regulating factors reducing the risk of overreaction 

(Fig 1). The end result of the secondary hemostasis is the formation of active 

fibrin by cleavage of fibrinogen. Fibrin functions as armor in the blood clot.  

Fibrinolysis 

Fibrinolysis describes the system responsible for degrading fibrin. As soon as 

fibrin forms degradation starts by plasminogen binding to fibrin and 

becoming activated by tissue plasminogen activator forming active plasmin. 

Plasmin mediates the degradation of fibrin to different degradation products 

of which D-dimer is one.  
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Fig 1. Figure describing the coagulation cascade model. Illustrating that 

activation is possible both by the intrinsic and the extrinsic pathway 

converging in the common pathway. 

 

Contact activation (intrinsic) pathway             Tissue factor (Extrinsic) Pathway 

             Damaged surface               Trauma 

 TFPI 

 

 

                                                                                                                            Tissue factor       Trauma 

 

 

   Antithrombin
  

   

  

    Common  pathway   

  

  

 Active Protein C 

                                              Protein S 

 Cross-linked fibrin clot 

 Protein C + thrombomodulin 

XII XIIa 

X 

XI XIa 

IX VIIIa IXa 

VIII 

VII VIIa 

X 

XIIIa 

Prothrombin (II) Thrombin (IIa) 

Fibrin(Ia) Fibrinogen(I) V 

XIII 

Xa	

Va	

 
 

 
 
 
 
 
 

 



 

15 

 
Oral anticoagulants 
Vitamin K antagonists 

 

Unexplained deaths of cattle due to bleeding were observed in USA and 

Canada in the 1920s. This lead to further investigations and in 1921 

Canadian veterinary pathologist Frank Schofield determined the cause of the 

unexplained bleedings to be spoiled sweet clover(65). The hay containing 

sweet clover got damp and infected with mold, this spoiled hay that normally 

was wasted were used as feeding for cattle due to the poor economic 

conditions during the early 1920s. The condition affecting the cows got the 

name “Sweet clover disease” with symptoms appearing after around 2 weeks 

and death occurring within 30-50 days. The cause of the bleedings was later 

identified by L.M Roderik to be due to decreased functioning of 

protrombin(66) and at the same time of this discovery the Danish scientist 

Henrik Dam discovered that vitamin K deficiency caused hemorrhagic 

disease in chickens(67). These discoveries led to further research and after 

several years the substance Dicoumarol was identified in 1940 as being the 

cause of the anticoagulant effect. Dicoumarol is a fermentation product of 

coumarins, a common substance in many plants and the cause of the sweet 

smell of sweet clover. After identifying coumarins further research was 

performed and in 1948 a more potent coumarin-related substance named 

warfarin was introduced. The research was lead by Karl Link at the 

University of Wisconsin with the name warfarin originating from Wisconsin 

Alumni Research Foundation (WARF). The substance was thought to be 

poisonous to humans but an unsuccessful suicide attempt 1952(68) 

suggested otherwise. The initial use was as a rat poison with the introduction 

of human users in 1955(69). Warfarin acts by inhibiting vitamin K epoxide 

reductas (VKOR)(70), especially the subunit VKOR1. The enzyme VKOR acts 

as a “recycling” enzyme reducing oxidized vitamin K after its participation in 

the carboxylation of coagulation factors mainly factor II (protrombin), VII, 
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IX, X, protein C and protein S. There are two isomers of warfarin with S-

warfarin having five times the potency of R-warfarin in inhibiting the 

vitamin K reduction. There is a large individual variation in response to 

warfarin due to gene polymorphism of VKOR(71, 72) and variations in 

induction of the CYP2C9 system responsible for metabolizing warfarin. 

Other causes of the large difference in response to warfarin are differences in 

diet, drug interactions, vitamin K supplements and alcohol(73). Due to the 

mechanism of warfarin in reducing carboxylation of coagulation factors the 

effect is not immediate, requiring a depletion of correctly carboxylated 

molecules. Full antithrombotic effect is seen after three to five days due to 

long half-life of factor II.  

Warfarin treatment quality 
 

The quality of warfarin treatment can be measured either directly by 

counting complications (bleedings and thromboembolic) during treatment, 

with calculation of complication rates or cumulative incidences. Or indirectly 

by using indicators of treatment quality based on the level of anticoagulation, 

using measurements from blood draws. International normalized ratio (INR) 

is the standardized way of measuring the level of anticoagulation during 

warfarin treatment.  

TTR 

Time in therapeutic range (TTR) describes the proportion of time that is 

spent in the intended therapeutic range often between INR 2-3, the use of 

time add valuable information lacking when measuring only percentage of 

values within range, which is also a way of measuring treatment quality. In 

the most widely used method for calculating TTR introduced by Rosendaal et 

al(74), a linear increase or decrease between two measurements is assumed, 

see figure 2. TTR is a relatively simple method for measuring the quality of 

warfarin treatment where a high TTR have been found to correlate to a low 

risk of both bleeding and thromboembolic events(75, 76). TTR can be 
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calculated both as a mean for all patients, individually (iTTR) or for each 

center (cTTR). The level of mean TTR differs between countries and between 

previous studies, with reports from Sweden of very high levels above 70% 

probably due to a well-established organization consisting of anticoagulation 

clinics with specialized nurses, patient education and help of dosing 

algorithms(76, 77). In the studies comparing NOACs to warfarin as 

treatment for venous thromboembolism the TTR varied between 57,7-63,5% 

(78-81). 

Fig 2. Illustration of the time in target range (TTR) for one patient with 

plotted INR values and illustration of the time spent within therapeutic 

range of INR 2 to 3.   
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INR variability 

INR variability is another method to measure the treatment quality by 

examining the stability of INR values. A low variability indicates a stable 

anticoagulation treatment with a high variability indicating an unstable 

treatment (Figure 3). In the method initially proposed by Fihn et al(82) the 

variability was calculated around the intended INR target. This method was 

further developed by both Fihn et al(83) and Cannegieter et al(84) to a 

method only analyzing the variability without taking the intended INR target 

into account. By not using the intended INR target, the INR variability 

reflects the stability but not the intensity of the warfarin treatment, while 

TTR with the use of INR target range includes indication of intensity. INR 

variability has been shown to correlate to both bleeding complications and 

thromboembolic events identifying those with a high INR variability having 

a high risk and those with a low variability having a low risk(85, 86).  

 

Fig 3. Illustration of the difference between TTR and INR variability. One 

patient with a relatively high TTR but a high INR variability and another 

with a low TTR but at the same time a low INR variability.  

 
 

 



 

19 

NOAKs 
 

Non vitamin K antagonist oral anticoagulants (NOAKs) are a description of a 

newer generation of anticoagulants, differing in their mechanism from 

vitamin K antagonists with direct effect on specific coagulation factors. 

Sometimes the acronym DOAKs (direct oral anticoagulants) is used with 

reference to their direct effect on the coagulation system. The substances 

currently approved for use in preventing stroke among patients with AF and 

in treatment of venous thromboembolism are rivaroxaban, apixaban, 

edoxaban and dabigatran.  They are all different substances with 

rivaroxaban, apixaban and edoxaban being inhibitors of activated factor X 

and dabigatran being a direct thrombin inhibitor. With a direct effect on the 

coagulation system for all the substances the time to onset of effect is short, 

within hours from intake, and a fixed dose is used with no need of 

monitoring in contrast to vitamin K antagonist.  

 
Different definitions of bleeding and 
thrombosis 

 

Bleeding is when the blood leaves the circulation system, bleedings can range 

from minimal to major being asymptomatic in some cases and lethal in 

others. The damage caused by bleeding can be both due to loss of blood and 

damage caused by hematomas locally. The severity of bleeding is not strictly 

correlated to the amount of blood leaking outside the vessel but also to the 

site where the bleeding occurs, with intracerebral hemorrhages as an 

example of a localization where a limited blood volume can cause major 

damage. For use in studies several different definitions of bleedings have 

been developed, with most of them using both criteria for the amount of 

blood loss and the symptoms caused by the bleeding when categorizing 

bleedings in major/severe and minor. For many of the different bleeding 

definitions intracerbral hemorrhage is defined as a major/severe bleeding 

regardless of symptoms. The many different definitions of bleedings create 
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difficulties when comparing studies and results. To address this there have 

been attempts to conform the definitions with the International Society on 

Thrombosis and Haemostasis creating a definition for non-surgical 

patients(87) and the Bleeding Academic Research Consortium creating 

another for patient with acute coronary syndromes(88). However 

independent of the definition there is a subjective component when 

registering bleeding complications. 

For thrombosis as for bleedings different definitions have been created with 

most being based on diagnosis. With the evolvement of diagnostic tools the 

ability to identify thrombosis have increased over time with myocardial 

infarction as an example where changes in diagnostic criteria need to be 

taken into account when comparing historic and more recent studies. For 

venous thromboembolism the development in imaging technology make it 

possible to detect smaller pulmonary embolisms and deep venous 

thromboses. Some of these are asymptomatic and when comparing to 

historical materials this have to be considered. With the definition of VTE 

not requiring a defined symptomatic picture, VTE during treatment and VTE 

after treatment are often diagnosed with the same diagnose code as the acute 

condition causing difficulties when using register data.   

 
Register based research 

One of then first national medical registers was formed in Norway 1856 to 

control Leprosy, collecting a detailed case history of all leprosy cases(89). 

This register contributed to the control of leprosy in Norway and showed the 

importance of data in understanding and managing health issues. With time 

more national health registers were formed many of them in the Nordic 

countries. Collecting data is often time consuming, difficult and expensive. 

With some data already collected and structured in registers the use of this 

data is beneficial, saving time, money and adding information difficult to 

obtain by other means. National registers differ in coverage and types of 

information, but the use of personal identification numbers make it possible 
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to connect different registers to each other and add information. This 

collection of information from different sources makes it possible to create a 

more detailed picture of each person than available in each register, this is 

valuable in research but raising ethical considerations. To address these 

ethical considerations legal frameworks have been created, differing slightly 

between countries with requirement of approval by ethical committees 

before register data retrieval in most countries. Quality of the data registered 

differs between registers, with different weaknesses depending on type of 

information and source. Register based data can be used in most types of 

studies, retrospective studies being the most common type historically with 

prospective randomized register based studies being viewed as an 

opportunity for answering many future questions.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

22 

Aims of the thesis 
Study 1 

To compare the warfarin treatment quality in anticoagulation clinics (ACC) 

and primary health care centres (PHCC) in Sweden, expressed as TTR and 

frequency of complications, to evaluate whether the centralization of these 

patients is for the better.  

Study 2 

To examine the correlation between cTTR and the rate of complications in a 

real life setting with high cTTR, with focus on patients with warfarin due to 

atrial fibrillation or secondary prevention of VTE.  

Study 3 

To examine the risk of and predictors for bleeding complications in VTE 

patients on warfarin with high treatment quality. 

Study 4 

To examine the effect of iTTR and INR variability on bleeding risk and 

mortality in a large cohort of well-managed patients with warfarin due to 

VTE. 
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Materials and methods  

Data sources 

The studies in this thesis are based on data from national patient registers in 

Sweden. Combining data from the different registers were possible due to 

each patient’s personal identity number. After merging the data was 

anonymised. All the included patients were treated with warfarin as 

anticoagulation.   

Registers 

AuriculA is the Swedish national patient register for atrial fibrillation and 

oral anticoagulation(90). It was founded in 2006 and is a nationwide register 

that has continued to grow with now participation of 224 centres. Both 

specialised anticoagulation clinics and primary healthcare centres 

participate in the register. The use of the register is not mandatory and 

approximately 50% of all patients with warfarin treatment in Sweden are 

included in the register. In general whole regions in form of county councils 

have chosen to participate. AuriculA now includes more than 125 000 

patients and over 7 000 000 INR values, with data added once every 24 

hours transferred from the anticoagulation centres for all patients who have 

not declined to participate. A clinical decision tool is included in AuriculA, 

which can aid in dosage of warfarin using a dosing algorithm.     

The Swedish National Patient register (NPR) is a register for in-patient care 

in Sweden used for all patients with a Swedish personal identity number. It 

contains information about hospital admissions and since 2001 information 

from outpatient visits in hospital based clinics(91). It was launched in 1964 

and since 1987 coverage is complete for in-patient care with over 99% of all 

in-patient data registered. The register contains no data from the primary 

health care. It contains medical data, information about age, sex and place of 
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residence as well as dates of admission and discharge. Medical data includes 

information about diagnoses, causes of injury and procedures using codes 

established by International Classification of Disease (ICD). From 1997 the 

10th edition of ICD codes is used, ICD10.  

The Swedish cause of death register (CRD) which contain data since 1961, 

registers occurrence and underlying cause of death for all deceased persons 

being inhabitants in Sweden at the time of death(92). It also contains 

information about whether autopsies were performed to establish the cause. 

Being based on the personal identity number death is registered both if 

occurred in Sweden or abroad, death among emigrated swedes is not 

registered.  

The Swedish prescribed drug register (PDR) includes information on 

prescriptions dispensed by Swedish pharmacies for each personal identity 

number(93). This information is available since 2005. For each dispensed 

prescription information is collected about type of medication, date of 

purchase, quantity and dosage. The Anatomical Therapeutic Chemical (ATC) 

classification is used to classify the type of drug.  

Utilization of data sources  

From AuriculA the treatment indication, age and sex were collected. 

AuriculA contributed with information of treatment start and cessation as 

well as data used when calculating treatment quality indicators. AuriculA 

was used as the source when identifying warfarin treated patients for who to 

request additional data from the other national quality registers. In AuriculA 

each treatment period with warfarin is registered separately for each patient 

with some patients having several treatment periods sometimes for different 

indications and sometimes for the same indication. In study 1,2 and 4 

treatment periods for each indication were used with some patients 

contributing with more than one treatment period. In study 3 only the first 

treatment period with the indication VTE was used. 
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From NPR information in form of ICD 10 codes was obtained. This 

information was used when characterizing bleedings and thromboembolic 

events as well as in background characterization in all the four studies. Due 

to the lack of information about fall in Hb and transfusions in NPR it was not 

possible to use the complete definitions suggested by ISTH(87) when 

characterizing bleeding complications. Bleedings were defined as 

complications when requiring in hospital care generating ICD 10 codes 

presented in an appendix for each study and grouped in intracerebral, 

intracranial, gastrointestinal and other bleedings. Major bleeding is defined 

as any of described bleedings registered, with registration of the first of each 

type for each treatment period to reduce the risk of double reporting, this 

term is used in study 1, 2 and 3 but due to the differences in definition to that 

of ISTH to avoid misunderstanding the term clinically relevant bleeding is 

used with the same definition in study 4. Thromboembolic complications 

were defined in a similar way using ICD 10 codes, however due to the risk of 

double reporting for cerebral infarction and VTE a blanking period of two 

weeks after the index event was applied for these complication types when 

the index event was a cerebral infarction or VTE, respectivly. In study 3 and 

4 when examining patients with VTE only the bleeding complications were 

examined due to frequent reuse of ICD 10 codes used at index event, 

rendering examination of VTE recurrence impossible.  

The Swedish cause of death register was used in study 3 and 4, contributing 

with information of occurrence of death during the study time and cause of 

death in study 3. The difficulties analyzing the cause of death among patients 

with VTE identified in study 3 probably due to a low frequency of autopsies 

and examinations were the reason for not analyzing this information in 

study 4.  

In study 3, information from PDR was used to identify patients who collected 

prescribed acetylsalicylic acid during the treatment period with warfarin.  
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Study population and data acquisition 

Table 4. Description of the included studies all containing patients with 

warfarin registered in AuriculA between 20060101-20111231, with number 

of patients and treatment periods, the types of analysis and statistical 

methods used.  

Study I II III IV 

Indications All indications AF and VTE VTE VTE 

Treatment 
periods 

100554 87983 13859 19502 

Patients 77023 66605 13859 16612 

Quality 
indicator  

Mean TTR Centre TTR Mean TTR Individual 

TTR/INR 
variability 

Complication 
type, endpoint 

Bleeding and 

thromboembolic 

events 

Bleeding and 

thromboembolic 

events 

Bleeding 

events and 

death 

Bleeding 

events and 

death 

Registers used AuriculA, NPR AuriculA, NPR AuriculA, NPR, 

PDR, CDR 

AuriculA, NPR, 

CDR 

Statistical 
method 

Complication 

rates, propensity 
score matching 

Complication 

rates, linear 
regression 

Complication 

rates, Cox 
regression 

Complication 

rates, Cox 
regression 
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Study 1 

Data about all patients with warfarin treatment registered in AuriculA 

during the study period January 1st 2006 to December 31th 2011 was 

collected and merged with data from NPR. In total 100952 treatment periods 

corresponding to 77423 patients were retrieved. After exclusion of patients 

below 18 years and those with unknown age 100554 treatment periods 

remained in the study. Time in therapeutic range (TTR) for INR range 2-3 

irrespective of intended range as well as actual frequencies of major bleeding 

and thromboembolic events per treatment year was used as outcome.   

Study 2 

Patients treated for VTE or AF during the study period of January 1st 2006 to 

December 31th 2011 were collected from AuriculA with data about 

complications and background characteristics added from NPR. In total 

66605 patients with 87893 treatment periods were examined. For each 

center managing warfarin the TTR was calculated (cTTR), this was 

calculated for each treatment indication separately.  

Study 3 

Patients with warfarin treatment due to VTE registered in AuriculA with 

start of treatment during the period January 1st 2006 and December 31th 

2011 were retrieved. Data for these patients were collected from NPR, CDR 

and PDR and a common database were created. The first treatment period 

for each patient during the study period was used in analysis. In this study 

13859 patients with one treatment period each were examined. 

Study 4   

Warfarin treated patients with the indication VTE treated between January 

1st 2006 and December 31th 2011 were extracted from AuriculA. Information 

was added from NPR and CDR generating a common database. Patients 
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lacking information about INR values were excluded leaving 16612 patients 

with 19502 treatments periods being further analyzed.  

Statistics 

In all the studies the level of significance was set to 0.05 corresponding to 

the use of 95% confidence intervals (CI). Baseline characteristics were 

presented descriptively. Statistical analyses were performed with SPSS 

Statistics (Version 22; SPSS Inc., IBM Corporation, Armonk, NY, USA), and 

R version 3.0.0, R Foundation for Statistical Computing, Vienna, Austria. 

URL http: //www.R-project.org/. 

In study 1 mean TTR was calculated for intended INR interval 2-3 

irrespective of intended interval. Complications per treatment year were 

calculated for PHCC and ACC and presented as percent. A propensity score 

matching were performed with 2:1 nearest neighbour matching (ACC:PHCC) 

and complications were calculated for the two treatment groups.   

In study 2 center TTR (cTTR) was calculated for intended INR interval 2-3, it 

was calculated for patients with warfarin indication being atrial fibrillation 

(AF), AF and not planned DC conversion as well as VTE separately. 

Complication rates were calculated and presented per 100 treatment years, 

presented in total and for cTTR interval groups. Linear regression analysis 

was performed for the different treatment indications weighted by center 

size with graphical presentation of complications per 100 treatment years for 

different cTTR with 95% CI.   

In study 3 complications and mortality were calculated and presented per 

100 treatment years. Correlation between factors at treatment start and 

major bleeding events were analyzed using both univariate and multivariate 

Cox regression analysis. Variables used in the Cox regression analysis where 

chosen due to clinical suspicion and in accordance to previously published 

findings among patients with warfarin due to AF. All included variables are 

presented with presentation of both univariate and multivariate results. 
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In study 4 individual TTR was calculated for intended INR interval 2-3 for 

each treatment period, and individual INR variability was calculated for each 

treatment period. TTR was calculated using a variant of the method 

proposed by Rosendaal et al(74) using INR range 2-3 as target range for all 

patients regardless of their intended INR range, time periods with more than 

90 days between INR values were excluded. INR variability was calculated 

using a method similar to that presented by Fihn et al(82) calculating the 

standard deviation of the curve i.e. a measure of the spread about the mean 

of the curve, with no use of the target INR. Complications were calculated 

per treatment year and presented per 100 treatment years. Hazard ratio 

(HR) was calculated using univariate Cox regression using the group with 

the lowest complication rate as reference. 

Ethical considerations 

In all the studies data from national registers in Sweden are used. Due to the 

use of personal identification number in Swedish registers merging of data 

from the different registers are possible. With the large number of patients 

registered written informed consent is impossible to obtain from all of them. 

All registers in Sweden are protected under secrecy and it’s only allowed to 

break the secrecy after approval from an ethical review board. After data 

extraction the data is delivered to the researchers without personal 

identification number. The studies in this thesis were approved by the 

regional ethical board in Umeå, Sweden and conformed to the declaration of 

Helsinki.  

EPN nr 2011-349-31 M, 2012-277-32M and 2014-191-32 M 
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Results 
 

Study 1 

Among the 100554 treatment periods examined a majority was managed at 

ACC (78.7%). The mean TTR was significantly higher at PHCC 79.6% 

compared to 75.7% at ACC (Table 6), as was mean age at 73.4 years 

compared to 69.8 years (Table 5). Heart valve malfunction and VTE were 

more common in ACC 9.5% compared to 5.4% and 21.4% compared to 

16.5%. No significant difference was found regarding the rate of bleeding 

between the two centre types being 2.24% each year for all treatment periods 

combined and thromboembolic events being 2.66% per year (Table 6). After 

performing propensity score matching among patients with warfarin due to 

AF excluding those with planned DC conversion there was still no significant 

difference in complication frequency.  
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Table 5. Background characteristics for patients in study 1 with available 

information in the NPR prior to warfarin treatment start. Presented as 

number of treatment periods, n (%).  

 Total 

n=72267 

ACC 

n=56924 

PHCC 

n=15343 

Age years (SD) 70.5 (11.9) 69.8 (12.0) 73.4 (19.8) 

Female sex 29721 (41.1) 23012 (40.4) 6709 (43.7) 

Hypertension 35949 (49.7) 28262 (49.6) 7687 (50.1) 

Cardiac failure 18996 (26.3) 15069 (26.5) 3927 (25.6) 

Diabetes 11397 (15.8) 8828 (15.5) 2569 (16.7) 

Myocardial infarction 10499 (14.5) 8301 (14.6) 2198 (14.3) 

Renal failure  2723 (3.8) 2211 (3.9) 512 (3.3) 

Chronic pulmonary disease 6018 (8.3) 4803 (8.4) 1215 (7.9) 

Dementia  548 (0.8) 398 (0.7) 150 (1.0) 

Alcohol abuse  1529 (2.1) 1292 (2.3) 237 (1.5) 

Major bleeding 5040 (7.0) 3810 (6.7) 1230 (8.0) 

Gastrointestinal bleeding 2253 (3.1) 1747 (3.1) 506 (3.3) 

Intracranial bleeding 878 (1.2) 653 (1.1) 225 (1.59) 

Vascular disease 17075 (23.6) 13559 (23.8) 3516 (22.9) 

Stroke  10832 (15.0) 7943 (14.0) 2889 (18.8) 

TIA 4696 (6.5) 3423 (6.0) 1273 (8.3) 
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Table 6. Complications per treatment year (%) for all treatment indications 

subdivided into those monitored in anticoagulation clinics (ACC) and 

primary health care centres (PHCC) with TTR.  

 

Study 2 

Most of the 66605 patients had AF as indication for anticoagulation, 50471 

patients with 68797 treatment periods, and 16944 patients with 20496 

treatment periods were being treated for VTE (Table 7). The mean age was 

72.1 years for patients treated due to AF and 65.3 years for those treated due 

to VTE. The rate of major bleeding was 2.00 (1.86-2.14) per 100 treatment 

years among those treated for VTE, and 2.18 (2.10-2.26) among those 

treated for AF (Table 8).  Few centres (2.9%) had cTTR below 70% for 

patients treated for AF, this was more common among patients treated with 

warfarin due to VTE (9.1%). When analysing the correlation between 

complications in form of major bleeding and cTTR using linear regression a 

correlation between increasing cTTR and a reduction in rate of 

complications were found for VTE (fig 5) but not for AF (fig 4). 

 Total 

n=100554 

ACC 

n=79107 

PHCC 

n=21447 

Mean difference 
ACC vs. PHCC 

Major bleeding 2.24 2.26 2.22 0.04 (-0.12-0.20) 

Intracranial 0.37 0.36 0.41 -0.05 (-012-0.018) 

Gastrointestinal 0.74  0.74 0.70 0.04 (-0.04-0.12) 

Other 1.17 1.18 1.13 0.05 (-0.06-0.16) 

Thromboembolism 2.66 2.66 2.66 0 (-0.17-0.17) 

Arterial 1.39 1.34 1.52 -0.18 (-0.30- -0.06) 

Venous 0.28 0.30 0.22 0.08 (0.03-0.13) 

Myocardial infarction 1.05 1.07 0.98 0.09 (-0.02-0.20) 

TTR  76.5 75.7 79.6 -3.9 (-4.04- -3.76) 
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Table 7. Description of the population in study II at baseline 

 
 

 

All Atrial 
fibrillation 

Atrial fibrillation 
not DC 

VTE 

Treatment periods 100952 68797 56556 20496 

Mean age (SD) 69.8 (12.4) 72.1 (9.9) 73.1 (9.7) 65.3 (16.0) 

Female sex n (%) 40067 (39.7) 26521 (38.5) 22829 (40.4) 9581 (46.7) 

Treatment periods with at least one diagnosis in the Patient register before warfarin start 

 n=72343 n=48332 n=40943 n=14334 

Diabetes n (%) 12366 (17.1) 9095 (18.8) 7336 (17.7) 1766 (12.3) 

Hypertension n (%) 35957 (49.7) 27471 (56.8) 23082 (56.4) 5047 (35.2) 

Previous stroke/TIA n (%) 15932 (22.0) 12083 (25.0) 10838 (26.5) 1580 (11.0) 

Liver disease n (%) 769 (1.1) 441 (0.9) 323 (0.8) 236 (1.6) 

Kidney disease n (%) 2850 (3.9) 1855 (3.8) 1540 (3.8) 605 (4.2) 

COPD n (%) 8013 (11.1) 5250 (10.9) 3395 (8.3) 1923 (13.4) 
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Table 8. cTTR and complications. Complications for all centres and for 

different cTTR groups for the indications VTE or atrial fibrillation. Incidence 

rates of complications per 100 treatment years are presented with 95% CI. 

cTTR interval All 60-70 70-75 75-80 >80 

AF (n = 68797)      

Number of centres n=172 n=5 n=19 n=79 n=66 

Treatment years 142623 410 36770 81712 23727 

Major bleeding (%/year) 2.18 (2.10-2.26) 2.68 (1.12-4.24) 2.21 (2.06-2.36) 2.17 (2.07-2.27) 2.15 (1.97-2.33) 

CNS bleeding 0.38 (0.35-0.41) 0 0.37 (0.31-0.43) 0.38 (0.34-0.42) 0.42 (0.34-0.50) 

GI bleeding 0.69 (0.65-0.74) 1.22 (0.16-2.28) 0.73 (0.64-0.81) 0.67 (0.61-0.72) 0.72 (0.61-0.83) 

Other bleeding 1.10 (1.05-1.16) 1.46 (0.30-2.62) 1.11 (1.00-1.22) 1.13 (1.05-1.20) 1.01 (0.88-1.14) 

Thromboembolic complications (%/year) 2.65 (2.57-2.73) 5.60 (3.38-7.83) 2.65 (2.48-2.81) 2.66 (2.55-2.77) 2.58 (2.37-2.78) 

Venous thrombosis 0.10 (0.08-0.12) 0.49 (-0.19-1.16) 0.08 (0.05-0.11) 0.12 (0.09-0.14) 0.06 (0.03-0.09) 

Myocardial infarction 1.05 (1.00-1.11) 1.46 (0.30-2.62) 1.07 (0.97-1.18) 1.07 (1.00-1.15) 0.95 (0.82-1.07) 

Stroke/ systemic embolism 1.50 (1.43-1.56) 3.65 (1.84-5.47) 1.49 (1.37-1.61) 1.47 (1.39-1.55) 1.56 (1.41-1.72) 

VTE (n = 20496)      

Number of centres n=166 n=15 n=35 n=72 n=34 

Treatment years 39383 3165 15200 17762 2895 

Major bleeding (%/year) 2.00 (1.86-2.14) 1.74 (1.28-2.19) 2.29 (2.05-2.53) 1.84 (1.64-2.03) 1.45 (1.02-1.89) 

CNS bleeding 0.30 (0.24-0.35) 0.16 (0.02-0.29) 0.31 (0.22-0.40) 0.28 (0.20-0.35) 0.45 (0.21-0.69) 

GI bleeding 0.68 (0.59-0.76) 0.70 (0.41-0.98) 0.82 (0.68-0.97) 0.56 (0.45-0.67) 0.45 (0.21-0.69) 

Other bleeding 1.03 (0.93-1.13) 0.88 (0.56-1.21) 1.16 (0.99-1.33) 1.00 (0.86-1.15) 0.55 (0.28-0.82) 

Thromboembolic complications (%/year) 2.69 (2.52-2.85) 2.91 (2.32-3.49) 2.84 (2.58-3.11) 2.47 (2.24-2.69) 2.62 (2.04-3.21) 

Venous thrombosis 1.12 (1.02-1.23) 1.13 (0.77-1.51) 1.22 (1.05-1.40) 0.99 (0.84-1.14) 0.97 (0.61-1.32) 

Myocardial infarction 0.78 (0.69-0.86) 0.85 (0.53-1.17) 0.84 (0.70-0.99) 0.73 (0.60-0.85) 0.73 (0.42-1.03) 

Stroke/systemic embolism 0.79 (0.70-0.87) 0.91 (0.58-1.25) 0.77 (0.64-0.92) 0.75 (0.62-0.88) 0.93 (0.58-1.28) 
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Figure 4. cTTR for patients with atrial fibrillation versus bleeding or 

thromboembolic events (weighted by center size). Grey fields indicate 95% 

CI.   

 

Figure 5. cTTR for patients with venous thrombosis versus bleeding or 

thromboembolic events (weighted by center size). Grey fields indicate 95% 

CI.   
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Study 3 

Of the 13859 patients with a first treatment period for VTE in AuriculA 9456 

patients had available information from the NPR and PDR. Background 

characteristics are presented in Table 9. The mean TTR was high at 71.1%. 

The rate of major bleeding was 2.48 (CI 2.24-2.72) per 100 treatment years 

with a rate of intracranial bleeding at 0.38 (CI 0.28-0.48) (Table 10). A low 

proportion had a major bleeding during the first 6 months of treatment 

0.67% (CI 0.54%-0.81%) with no difference in bleeding rate between 

treatment start and 3 months and month 3 to 6 (Table 10). The rate of death 

was 2.57 (CI 2.32-2.82) per 100 treatment years with few (2.5%) identified 

having a fatal bleeding, the most common cause of death was cancer at 

22.2%. Factors identified to increase the risk of bleeding were age (HR 1.02, 

CI 1.01-1.03), hypertension (HR 1.29, CI1.02-1.64), cardiac failure (HR 1.55, 

CI 1.13-2.11), chronic obstructive pulmonary disease (HR 1.43, CI 1.04-1.96), 

alcohol abuse (HR 3.35, CI 1.97-5.71), anaemia (HR 1.77, CI 1.29-2.44) and a 

history of major bleeding (HR 1.75, CI 1.27-2.42). Atrial fibrillation was 

found to reduce the risk (HR 0.68, CI 0.48-0.95) (Table 11).  
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Table 9. Background characteristics for study 3 and 4 at start of warfarin 

treatment. Presented as n (%) unless otherwise indicated   

Study III IV 

 N=13859  N=19502 

Start age (SD) 65.2 (16.2) 65.3 (15.9) 

Sex (female) 6533 (47.1) 9115 (46.7) 

Deep venous thrombosis leg 6704 (48.4)  

Pulmonary embolism 5766 (41.6)  

DVT+PE 783 (5.6)  

Arm thrombosis 244 (1.8)  

Other venous thrombosis 362 (2.6)  

Treatment periods with at least one diagnosis in the NPR before warfarin treatment start 

 N=9456 N=13631 

Start age (SD) 68.1 (15.4) 67.7 (15.4) 

Sex (Female) 4658 (49.3) 6616 (48.5) 

Hypertension 3622 (38.3) 4782 (35.1) 

Cardiac failure 1047 (11.1) 1573 (11.5) 

Myocardial infarction 805 (8.5) 1114 (8.2) 

Stroke/TIA 1061 (11.2) 1482 (10.9) 

Diabetes 1104 (11.7) 1527 (11.2) 

Thyroid disorder 612 (6.5) 833 (6.1) 

Chronic pulmonary disease 977 (10.3) 1295 (9.5) 

Dementia 221 (2.3)  

Anaemia 826 (9.1) 1165 (8.6) 

History of major bleeding 671 (7.1) 966 (7.1) 

Renal failure 409 (4.3) 545 (4.0) 

Liver failure 131 (1.4) 193 (1.4) 

Cancer  1592 (16.8) 2301 (16.9) 

Alcohol 283 (3.0)  

Acetylic acid 898 (9.5)  

Historic VTE 5263 (55.7)  

Atrial fibrillation 1139 (12.1) 1842 (13.5) 
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Table 10. Rate and number of bleedings for all 13859 patients in study 3. 

 All patients 

 n=13859 Incidence per 100 treatment years 
(95% CI) 

Intracranial haemorrhage 60 0.38 (0.28-0.48) 

Intracerebral haemorrhage 21 0.13 (0.08-0.19) 

Gastrointestinal bleeding 128 0.82 (0.68-0.96) 

Other bleeding 221 1.42 (1.23-1.61) 

Major bleeding  372 2.36 (2.12-2.60) 

First 3 months 45 1.46 (1.04-1.88) 

Month 4 to 6 48 1.99 (1.44-2.55) 
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Table 11. Univariate and multivariate cox regression analysis of variables at 
treatment start and major bleeding events.  

 Univariate cox regression Multivariate cox regression 

 HR p 95% CI HR p 95% CI 

Start age  1.028 <0.001 (1.019-1.037) 1.023 <0.001 (1.013-1.033) 

Sex (female) 1.32 0.014 (1.06-1.64) 1.25 0.06 (0.99-1.58) 

Hypertension 1.65 <0.001 (1.33-2.06) 1.29 0.03 (1.02-1.64) 

Cardiac failure 2.00 <0.001 (1.52-2.65) 1.55 0.006 (1.13-2.12) 

Myocardial infarction 1.50 0.02 (1.07-2.11) 1.08 0.69 (0.75-1.55) 

Stroke/TIA 1.17 0.37 (0.83-1.64) 0.90 0.54 (0.63-1.27) 

Diabetes 1.49 0.01 (1.10-2.02) 1.18 0.32 (0.86-1.62) 

Thyroid disorder 0.87 0.57 (0.53-1.42) 0.70 0.16 (0.42-1.15) 

Chronic pulmonary disease 1.79 <0.001 (1.32-2.43) 1.43 0.03 (1.04-1.96) 

Dementia 1.16 0.74 (0.48-2.82) 0.93 0.87 (0.38-2.27) 

Anaemia 2.47 <0.001 (1.84-3.32) 1.77 <0.001 (1.29-2.44) 

History of major bleeding 2.32 0.000 (1.72-3.14) 1.75 0.001 (1.27-2.42) 

Renal failure 1.46 0.13 (0.89-2.38) 0.95 0.83 (0.57-1.57) 

Liver failure 1.82 0.12 (0.86-3.86) 1.99 0.08 (0.91-4.37) 

Alcohol 2.53 <0.001 (1.53-4.19) 3.35 <0.001 (1.97-5.71) 

Atrial fibrillation 1.10 0.56 (0.80-1.50) 0.68 0.03 (0.48-0.95) 

Acetylsalicylic acid 1.60 0.001 (1.20-2.13) 1.35 0.053 (1.00-1.82) 

Historic VTE 0.99 0.92 (0.79-1.24) 0.96 0.78 (0.73-1.26) 

Cancer 1.38 0.03 (1.04-1.82) 1.30 0.08 (0.97-1.72) 

Deep venous thrombosis leg 0.83 0.07 (0.67-1.02) 0.97 0.94 (0.60-1.32) 

Pulmonary embolism 1.24 0.04 (1.01-1.52) 1.02 0.96 (0.44-2.27) 

DVT+PE 0.97 0.89 (0.64-1.47) 1.13 0.79 (0.45-2.84) 

Arm thrombosis 0.93 0.88 (0.35-2.48) 1.15 0.83 (0.32-4.18) 
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Study 4 

Background characteristics for the 16612 included patients with 19502 

treatment periods are presented in Table 9. Mean individual TTR was high at 

68.9% with a mean INR variability of 0.85. We found a low rate of bleeding 

complications with clinically relevant bleeding at 1.79 (1.66-1.93) per 100 

treatment years for all the examined treatment periods. There was a clear 

difference between those with an iTTR above 70% with a rate of 1.27 (1.14-

1.41) clinically relevant bleedings per 100 treatment years and those below 

70% at 2.91 (2.61-3.21).  The difference in rate of clinically relevant bleeding 

was similar when comparing those with low INR variability with a rate of 

1.20 (0.94-1.21) and those with a high INR variability with a rate of 2.61 

(2.36-2.86) (Table 13).  After performing univariate cox regression the risk of 

clinically relevant bleeding was found to be clearly higher in the quartile with 

the lowest iTTR HR 4.03 (3.20-5.08) using the quartile with the highest 

iTTR as reference (Table 14). This was similar for INR variability where the 

quartile with the highest INR variability had a risk of clinically relevant 

bleeding of HR 3.80 (3.01-4.79). When combining the two quality indicators 

iTTR and INR variability there was an increased risk of clinically relevant 

bleeding among those with the combination of high INR variability and low 

iTTR with a HR of 3.47 (2.89-4.17), the results were similar for all cause 

mortality HR 3.67 (3.01-4.47) (Table 15).  
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Table 12. Description of background characteristics at start of treatment 
with warfarin in Study 4. Presented as n (%) unless indicated otherwise.  

 
 
 

 Total  iTTR  
< 70% 

iTTR 
≥70% 

Variability  
< 0.85 

Variability  
≥ 0.85 

 N=19502 N=9725 N=9777 N=9760 N=9742 

      

Start age (SD) 65.3 (15.9) 63.6 (17.2) 67.0 (14.4) 65.7 (15.4) 65.0 (16.4) 

Female sex 9115 (46.7) 4800 (49.4) 4315 (44.1) 4390 (45.0) 4725 (48.5) 

Treatment periods with at least one diagnosis in the NPR before warfarin treatment start 

 N=13631 N=6851 N=6780 N=6747 N=6884 

Start age (SD) 67.7 (15.4) 66.4 (16.7) 69.1 (13.9) 68.0 (14.9) 67.4 (15.9) 

Female sex 6616 (48.5) 3497 (51.0) 3119 (46.0) 3110 (46.1) 3506 (50.9) 

Hypertension 4782 (35.1) 2462 (35.9) 2321 (34.2) 2270 (33.6) 2512 (36.9) 

Cardiac failure 1573 (11.5) 911 (13.3) 662 (9.8) 740 (11.0) 833 (12.1) 

Myocardial infarction 1114 (8.2) 572 (8.4) 542 (8.0) 545 (8.1) 569 (8.3) 

Stroke/TIA 1482 (10.9) 768 (11.2) 714 (10.5) 741 (11.0) 741 (10.8) 

Diabetes 1527 (11.2) 850 (12.4) 362 (5.3) 728 (10.8) 799 (11.6) 

Thyroid disorder 833 (6.1) 471 (6.9) 677 (10.0) 384 (5.7) 449 (6.5) 

Chronic pulmonary disease 1295 (9.5) 781 (11.4) 514 (7.6) 518 (7.7) 777 (11.3) 

Liver failure 193 (1.4) 108 (1.6) 85 (1.3) 86 (1.3) 107 (1.6) 

Anaemia 1165 (8.6) 734 (10.7) 431 (6.4) 485 (7.2) 680 (9.9) 

History of clinically relevant bleeding 966 (7.1) 529 (7.7) 437 (6.5) 452 (6.7) 514 (7.5) 

Renal failure 545 (4.0) 340 (5.0) 205 (3.0) 243 (3.6) 302 (4.4) 

Cancer  2301 (16.9) 1263 (18.4) 1038 (15.3) 1057 (15.7) 1244 (18.1) 

Atrial fibrillation 1842 (13.5) 916 (13.4) 926 (13.7) 972 (14.4) 870 (12.6) 

 Abbreviations: iTTR individual time in therapeutic range, SD standard 
deviation, TIA transient ischemic attach. 
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Table 15. Cox regression of combination of treatment periods with high/low 
iTTR and high/low variability. Using high TTR (≥ 70%) and low variability 
(below mean 0.85) as reference. Expressed as hazard ratio with 95% CI.  

 

     

 High TTR/ low 
variability 

High TTR/ high 
variability 

Low TTR/low 
variability 

Low TTR/high 
variability 

Proportion of 
treatment periods 

33.6% 16.5% 16.5% 33.4% 

Clinically relevant 
bleeding 

Ref 1.98 (1.55-2.52) 2.30 (1.77-2.99) 3.47 (2.89-4.17) 

Intracranial Ref 1.64 (0.92-2.23) 2.66 (1.52-4.66) 2.34 (1.49-3.69) 

GI Ref 2.02 (1.35-3.03) 2.49 (1.62-3.81) 3.61 (2.65-4.93) 

Other Ref 1.69 (1.21-2.34) 1.78 (1.23-2.56) 3.23 (2.52-4.12) 

Death Ref 2.03 (1.57-2.62) 2.55 (1.95-3.33) 3.67 (3.02-4.47) 

 Abbreviations: iTTR individual time in therapeutic range, TTR time in therapeutic range, GI gastro 
intestinal, Ref reference.  
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Discussion 
In this thesis examining a large cohort of Swedish patients registered in 

AuriculA we found well managed warfarin treatment to be a safe option for 

patients with VTE. We show that it is possible to achieve a high quality of 

treatment both in primary healthcare and specialized anticoagulation units. 

However some patients are at higher risk of bleeding, among those are 

patients with poor INR control both when measured as iTTR or when 

measured as INR variability and even more clearly those with the 

combination of low iTTR and high INR variability. We identify similar risk-

factors for bleeding during warfarin treatment for VTE as previously 

identified among AF patients with warfarin, being increasing age, 

hypertension, chronic obstructive pulmonary disease, cardiac failure and 

history of major bleeding.  

Where to manage warfarin treatment 

In all the studies in this thesis the mean TTR was high both on individual, 

total and center level. The patients were overlapping between the studies 

with all having their warfarin treatment managed in AuriculA. The mean 

TTR in the study with most patients presented in study 1 was 76.5%, being 

higher among patients managed in PHCC 79.6% compared to those managed 

in ACC at 75.7%. These levels of TTR are high compared to many previous 

studies being between 55% and 64% in the studies comparing NOAKs to 

warfarin as treatment for VTE(76, 94) and previously in USA been found at 

51% at primary health care centers(95) There was no significant difference in 

rates of complications between specialized anticoagulation units and 

primary health care. For major bleeding the rate was 2.24 per 100 treatment 

years for all treatment periods, being 2.26 for ACC and 2.22 for PHCC. With 

differences in the populations being handled on the two unit types, patients 

being older at PHCC (73.4 vs. 69.8 years) and having a higher prevalence of 

previous stroke (18.8% vs. 14.0%) but fewer with heart valve disease (5.4% 

vs. 9.5%) and planned DC conversion (5.3% vs. 14.0%) a propensity score 

matching was performed 2 ACC treatment periods to 1 PHCC period to try to 



 

44 

adjust for these differences. This was made for periods with indication AF 

without planned DC conversion and adjusted for age and risk factors for 

bleeding and thrombosis. The results after this adjustment were still 

consistent with no significant difference in rate of complications between 

ACC and PHCC. These are results contrasting previously presented findings 

where there was clearly better results in ACC compared to PHCC(95, 96), 

leading to a conclusion that in this setting with a high quality of warfarin 

treatment centralization of treatment is not likely to reduce the rates of 

complications. The included dosing algorithm in AuriculA may have affected 

the results but also indicate the possibility for small non-specialized centers 

to achieve a high treatment quality. Further analysis of the importance of the 

unit managing the treatment were performed in study 2 where the 

importance of each centers mean TTR where examined. Here we examined 

the correlation between cTTR and rates of complications for patients with 

the indication for warfarin treatment being atrial fibrillation or secondary 

prevention of VTE and calculated a mean cTTR for each indication. Most 

centers in this study had a high cTTR above 70%, for the indication AF it was 

78.7% and for the indication VTE it was 75.2%. Previously a clear correlation 

between an increasing cTTR and a reduction in complication rates was 

shown by Wan et al(1) resulting in a recommendation to aim for cTTR 

between 70% to 80%(97). In contrast to those previous results the 

correlation between cTTR and complications are examined in this study in a 

setting with cTTR above the previously recommended level of 70% for a 

majority of the centers. Here we found no correlation between an increasing 

cTTR and a reduction in the rate of complications for patients with warfarin 

due to AF. However there was a correlation for patients with warfarin due to 

VTE where more centers had a cTTR below 70%, for the indication VTE it 

was 9.1% of the centers which had a cTTR between 60% and 70% compared 

to 2.9% for those treated for AF. The results from study 2 support cTTR 

above 70% to be a goal for treatment quality on center level. 

Warfarin treatment can be managed both at more specialized centers and in 

primary health care centers achieving similar results with few complications. 
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For the managing center it is important to maintain a high quality of 

treatment, where cTTR can be used as an indicator of treatment quality. At 

centers that achieve a high quality of the warfarin treatment with cTTR 

above 70% further improvement in cTTR do not correlate to a reduction in 

the rate of complications at least for the patients with AF.  For those centers 

it is more likely that they improve patient care by reducing other risk factors 

and educate their patients further.   

Bleeding complications among patients with venous 
thromboembolism 

With bleeding complications being the major concern during treatment with 

warfarin, in study 3 we examine the risk of and predictors for bleeding 

during warfarin treatment among patients with VTE. The rate of major 

bleeding was found to be 2.36 per 100 treatment years for all the included 

patients, the younger patients being 60 years or less had a low rate of major 

bleeding at 1.25 compared to 4.33 for those above 80 years. The patients 

mean age in this study was 65.2 years, which is older than in many of the 

previous studies of patients treated with anticoagulants for VTE, reflecting 

the relatively old population with VTE in real life. In the pivotal studies of 

NOAKs as treatment for VTE the mean age was ranging between 54.4 to 56.7 

years(78, 80, 98) and in the pooled RE-COVER and RE-COVER II studies 

the mean age was 54.8 years(99). Intracerebral hemorrhage being the most 

feared complication during warfarin treatment is also the most comparable 

complication to previous studies with a high probability to be diagnosed in 

NPR. For this bleeding complication we found a low rate considering the 

relatively old population at 0.38 per 100 treatment years being 0.21 for 

patients aged 60 years or less. This study by including patients initiating 

warfarin treatment and following them as long as they stayed on warfarin 

within the study time resulted in differences regarding observation time, why 

we also examined the first 6 months of treatment. Among all patients the 

proportion suffering from an intracranial hemorrhage was 0.17% during the 

first 6 month of warfarin treatment, this can be compared to the proportion 

of intracranial hemorrhage found in the NOAK arm of the phase III 
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randomized trials for Apixaban at 0.1% and 0.2% in critical site for the 

Rivaroxaban study during the same time. To identify variables with a 

correlation to an increased risk of bleeding during warfarin treatment 

analysis was performed using univariate and multivariate cox regression. 

Variables analyzed were variables present at initiation of treatment with 

warfarin. The variables we identified increasing the risk of major bleeding 

during warfarin treatment were increasing age, hypertension, cardiac failure, 

pulmonary disease, alcohol abuse, anemia and a history of major bleeding. 

These are variables similar to those previously found among patients with 

warfarin due to AF(100-102).    

The dependence of individual treatment quality among 
warfarin treated VTE patients. 

After identifying variables predicting bleeding complications at start of 

warfarin treatment due to VTE, the importance of treatment quality 

regarding risk of bleeding complications and mortality during treatment was 

examined in study 4. Poor warfarin treatment quality both measured as iTTR 

and INR variability were shown to correlate to an increased risk of bleeding 

complications and mortality. The rate of major/clinically relevant bleeding 

for all patients was 1.79 (1.66-1.93) per 100 treatment years being 2.91 (2.61-

3.21) for those with low iTTR and 2.61 (2.36-2.86) for those with high INR 

variability. Comparing quartiles of iTTR and INR variability using univariate 

cox regression identified those in the quartile with the poorest treatment 

quality to have a clearly increased risk for bleeding complications compared 

to the quartile with highest treatment quality with HR 4.03 (3.20-5.08) for 

iTTR and HR 3.80 (3.01-4.79) for INR variability. When combining iTTR 

and INR variability those with the combination of low iTTR and high INR 

variability were found to be at high risk of complications compared to those 

with high iTTR and low INR variability with and HR of 3.47 (2.89-4.17) for 

clinically relevant bleeding.  

Analyzing individual treatment quality measured as iTTR or INR variability 

during warfarin treatment can help in identifying patients at high risk of 
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bleeding complications. Using both quality measurements add further 

information helping in identifying those at the highest risk of complications.   

Limitations  

The studies design being retrospective and observational with use of medical 

registers as base carry limitations. When using data retrieved from medical 

records it is important that the data used are valid. Previous studies have 

found a high validity of the NPR for many diagnoses in somatic care with 

high positive predictive value but varying sensitivity. However there is large 

differences between different diagnoses with a high sensitivity for more 

severe diagnoses as myocardial infarction and stroke (above 90%) and a 

relatively low sensitivity for other less severe conditions as 

hypertension(103). With the lack of information from the primary healthcare 

some conditions may have been underestimated, this risk is highest for 

conditions mainly handled in primary healthcare. Examples of conditions 

with a risk of underestimation are alcohol abuse, dementia and hypertension 

all being mainly managed in primary health care. However serious bleeding 

conditions are almost always treated in specialized care and are less likely to 

be underestimated. The lack of reliable information about recurrence of VTE 

in NPR complicate interpretation of the results with bleedings being 

important but only one side of the treatment where the recurrence rate is 

needed to really evaluate the efficacy. The cause of death possible to retrieve 

from the cause of death register were found in study 3 to be suspiciously 

seldom fatal bleeding, 2.5%, which was low compared to previous findings 

among patients with anticoagulation(79, 104) and indicating underreporting. 

When patients move to a county where they are not managed in AuriculA or 

abroad they are lost to follow up. However, since the studies in this thesis 

only examine complications during warfarin treatment and this is the 

registered periods in AuriculA the problem with loss to follow up is minor. 

With AuriculA being a national register but only covering approximately 

50% of patients treated with warfarin in Sweden there is a risk of selection 

bias. The use of AuriculA mainly in whole regions in different parts of 
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Sweden both rural and urban reduces this risk. In study 3 the PDR is used to 

analyze the effect of concomitant use of acetylsalicylic acid and warfarin this 

register only contains prescribed medication why over the counter drugs 

containing non-steroidal anti-inflammatory drugs with a possible effect on 

bleeding risk are unknown.  

Conclusions 
When well-managed warfarin is a safe treatment option. The knowledge of 

the patient’s background at treatment initiation can help in identifying those 

at higher risk of complications. Identifying those at higher risk make it 

possible to try to prevent and minimize the effect of complications by 

choosing the safest treatment option, optimize information and education. 

During treatment with warfarin the use of indicators of individual treatment 

quality as iTTR and INR variability make it possible to identify patients at 

high risk of complications, sometimes possible to reduce by changes in 

treatment management and sometimes indicating benefit of reevaluation of 

treatment options. With high quality warfarin treatment being possible to 

achieve both in specialized anticoagulation centers and in primary health 

care, the use of TTR as indicator of treatment quality on center level gives 

the managing center an opportunity to identify improvement areas and for 

organizers of the anticoagulation treatment on county or country level 

important information when deciding how to organize the treatment. 

With the addition of new treatment options for VTE it is important to 

remember warfarin as an alternative with a low risk of complications, being 

the most suitable option for some patients.    

Future considerations 
The ageing of the population in many countries is predicted to increase the 

incidence of VTE resulting in more patients in need of anticoagulation. 

Development of new drugs have brought the clinician more alternatives 

when choosing treatment for VTE, but finding the most suitable treatment 

may still be difficult. To make this choice easier more knowledge is needed 
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about the real-life outcomes of the different treatment options. The 

difficulties in examining recurrence in the current registers make knowledge 

difficult to obtain about the real-life efficacy. To be able to examine this 

better in future research a new register should be created containing all 

patients with all different types of anticoagulation. This would make it 

possible to examine differences between the treatment options both 

regarding safety and efficacy. With addition of biomarkers linked to this 

register further knowledge would be possible to obtain about unknown 

factors predicting both bleeding and recurrence and perhaps aiding in the 

choice of treatment. Examples of questions interesting to address in future 

research are.  

Are NOAKs safer and more effective than warfarin? 

Are some of the NOAKs better than others? 

Are there patients for whom warfarin is a better choice? 

Is it possible to estimate the optimal treatment length for each patient, based 

on his or her personal profile?  

How should the anticoagulation treatment be organized, are anticoagulation 

clinics beneficial? 
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