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Absence of evidence is not 
evidence of absence.
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Abstract
Background Bleeding complications following acute coronary syndrome (ACS) have 
attracted considerable attention in recent years. The gradual implementation of new 
evidence-based treatments in patients with ACS, with a focus on anti-ischemic therapy, 
has reduced the risk of ischemic events (new myocardial infarction or ischemic stroke) 
but at the expense of increased bleeding risk. Bleeding is associated with both increased 
morbidity and mortality and, with major bleeding, the risk of death is comparable to 
that seen in myocardial infarction. Avoidance of bleeding is one possible way to further 
improve post-ACS outcomes. During the 1990s reperfusion approaches shifted from 
thrombolysis, with its increased risk of bleeding and intracranial hemorrhage (ICH), 
to percutaneous coronary intervention (PCI), with an expected lower risk. Treatment 
recommendations are derived from randomized controlled trials in which high-risk 
patients are excluded, and observational studies are needed to assess outcomes. An-
tithrombotic treatment is associated with increased risk of serious bleeding and even 
more so with the new potent P2Y12 inhibitors. However, their association with ICH 
is not well studied, and knowledge is limited regarding temporal trends in ICH after 
ACS. Furthermore, few studies have long-term follow-up for serious bleedings and 
associated risk factors.

Aims The aims of this thesis were to assess the incidence, temporal trends and factors 
associated with ICH after acute myocardial infarction (AMI); investigate the impact on 
ICH risk of changing the treatment regimen from clopidogrel to ticagrelor; estimate 
the risk of serious bleeding (bleeding requiring hospitalization) after ACS and char-
acterize the type of bleeding; identify factors associated with increased bleeding risk; 
and assess if serious bleeding is associated with increased mortality.
 
Method In studies I–III, patients with AMI were identified using the Register of 
Information and Knowledge About Swedish Heart Intensive Care Admission (RIKS-
HIA), and the data were combined with information from the Swedish National Pa-
tient Register, 1998–2013 to identify ICH. In study II, we included a matched refer-
ence group from Statistics Sweden. Study IV included all patients who were identified 
with an ACS during the inclusion period of the Nurse-Based Age-Independent Inter-
vention to Limit Evolution of Disease After Acute Coronary Syndrome risk factor trial 
(2010–2014), and patients were followed until December 2017. Serious bleedings 
were identified in the local diagnosis registry, and scrutinizing of the medical records 
validated all diagnoses. Baseline characteristics in all studies were evaluated using the 
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student t-test, Mann–Whitney U test, or the chi-square test as appropriate. In studies 
I and II, the observational time was divided into periods and in study I the chi-square 
test for trend was used to evaluate the trend over time. Temporal trends in study II 
were assessed by Kaplan–Meier analysis and evaluated using log-rank test. To reduce 
selection bias related to the choice of antiplatelet treatment in study III, the date of 
the first prescription of ticagrelor was identified in the RIKS-HIA registry and used 
as a cutoff point, and the study period was divided into two periods of similar length 
to create two cohorts. The risk in the first with respect to the second cohort was as-
sessed by Kaplan–Meier analysis, and cohorts were compared with the log-rank test. 
Kaplan–Meier analysis was also used in study IV to assess serious bleeds. Predictors 
were assessed by Cox regression analyses. 

Results The 30-day risk of hemorrhagic stroke decreased from 0.2% in 1998 to 
0.1% in 2008. The decrease can be explained by the shift in reperfusion method from 
thrombolysis to PCI in patients with a ST-elevation myocardial infarction. Age, hy-
pertension and previous hemorrhagic stroke were associated with increased risk. The 
cumulative incidence of ICH within one year of AMI was 0.35%, which did not change 
during the 13-year follow-up (1998–2010) despite a considerable increase in the use 
of dual antiplatelet therapy. The incidence of ICH in the AMI cohort was twice that 
of a matched reference group. Age, decreased kidney function and previous ischemic 
and hemorrhagic stroke were associated with increased ICH risk. None of the medi-
cations included in the analysis were associated with a significant change in ICH risk. 
For antiplatelets, ticagrelor is a more potent P2Y12 inhibitor compared to clopidogrel 
and has previously been associated with increased bleeding risk; however, in this work 
ticagrelor was not associated with increased risk of ICH compared to clopidogrel. In 
study IV, during a median follow-up of 4.6 years, 8.6% of patients had a serious bleed 
after their ACS. This rate was 13.4% in patients aged ≥75 years. The most common 
location was gastrointestinal, followed by ICH. Risk factors associated with serious 
bleeding were age ≥75 years, hypertension, and previous heart failure. Bleeding per 
se was not associated with increased mortality.

Conclusion The shift in reperfusion method from thrombolysis to PCI likely ex-
plained the decrease in ICH in the acute phase after an AMI. The incidence of ICH 
post-discharge was stable over the study period despite increased use of antithrom-
botic therapy, and the use of more potent P2Y12 inhibitor did not increase the ICH 
risk. Serious bleeding was relatively frequent in the long term after ACS, and bleeding 
recurrence was common. Important risk factors for bleeding were age, hypertension, 
previous ischemic or hemorrhagic stroke, decreased renal function and previous heart 
failure. Individualized assessment of risk factors and comorbidity and individualized 
intensity and duration of antithrombotic treatment may further improve outcome in 
ACS patients. Continuous re-evaluation of bleeding risk is needed.
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Enkel sammanfattning
Bakgrund Under de senaste decennierna har det skett stora framsteg inom hjärtin-
farktvården med ny invasiv teknik och förbättrad medicinsk behandling. Den inten-
sivt blodplättshämmande och blodförtunnande behandlingen som ges i samband 
med hjärtinfarkt innebär dock en ökad blödningsrisk. Blödning efter hjärtinfarkt är 
förknippat med både ökad sjuklighet och dödlighet. Vid en allvarlig blödning har död-
ligheten rapporterats vara lika stor som vid en ny hjärtinfarkt. Blödningen i sig kan 
vara livshotande men det kan även leda till att man slutar med den blodförtunnande 
behandlingen och således ökar risken för ny hjärtinfarkt. Den vanligaste lokalisationen 
är magblödning och den med högst dödlighet är hjärnblödning.

En hjärtinfarkt innebär att hjärtmuskelceller dör på grund av att ett eller flera av 
hjärtats kranskärl täpps till, helt eller delvis. Om kärlet täpps till helt får man för-
utom förhöjda infarktmarkörer i blodet, typiska EKG förändringar, en så kallad ST-
höjningsinfarkt (STEMI). Får man inte dessa typiska EKG förändringar men förhöjda 
infarktmarkörer, har man en icke-ST höjnings infarkt (NSTEMI).  En hjärtinfarkt 
beror till stor del på åderförkalkning, en inflammatorisk process med inlagring av fett, 
celler och fibrin i kärlväggen och bildandet av så kallade plack. Ett plack kan brista 
och leda till aktivering av blodplättar och koagulationssystemet och bildandet av en 
blodpropp som kan täppa till kärlet. För att förhindra aktiveringen av blodplättar och 
koagulationssystemet behandlar man med blodplättshämmande/blodförtunnande 
läkemedel. Under slutet av 90-talet ändrades den primära behandlingsmetoden vid 
akut ST höjningsinfarkt från intravenös blodproppslösande behandling med trombolys 
till perkutan coronar intervention (PCI). Vid PCI går man in i hjärtats kranskärl med 
en kateter via ett kärl i handleden eller ljumsken. Man kan då åtgärda stoppet i kärlet 
med en ballong och därefter sätta in ett så kallat stent (ett nät som man blåser upp i 
kärlet för att hålla det öppet). Patienter som fått ett stent i blodkärlet har ökad risk 
att få en blodpropp i stentet och blodplättshämmande behandling är livsavgörande. 

 Behandling med acetylsalicylsyra påverkar blodplätten och hindrar att blodplät-
tarna klumpar ihop sig och bildar blodproppar tillsammans med övriga delar av blodets 
levringssystem. Acetylsalicylsyra har använts länge och studier på 80-talet visade god 
effekt av acetylsalicylsyra i att förebygga hjärtinfarkt. I början av 2000-talet kom en 
ny studie som visade att om man adderade clopidogrel, ett läkemedel som hämmar 
blodplätten via en annan signalväg än acetylsalicylsyra, fick man en ännu större effekt 
med minskad risk för hjärtinfarkt och död till priset av ökad blödningsrisk (men inga 
livshotande blödningar). Senare infördes ännu mer potenta blodplättshämmande 
behandlingar, bland annat ticagrelor. Ticagrelor har i studier visat bättre effekt än 
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clopidogrel men en ytterligare ökad blödningsrisk. Det finns vissa faktorer t.ex. ålder, 
högt blodtryck, nedsatt njurfunktion och tidigare blödning som leder till ökad blöd-
ningsrisk och det är viktigt att i varje individuellt patientfall väga läkemedlens önskade 
effekter mot dess risker i valet av behandling och behandlingstid. 

Syfte Syftet med denna avhandling, som består av fyra delstudier, var att kartlägga 
blödningskomplikationer efter hjärtinfarkt med fokus på hjärnblödning. Ta reda på 
hur stor risken för hjärnblödning är efter hjärtinfarkt och hur risken förändrats över 
tid i och med de nya behandlingsrutinerna och den mer intensivt blodplättshämmande 
behandlingen. Ett delmål var även att undersöka hur vanligt en allvarlig blödning 
(definierad som blödning som krävde sjukhusinläggning) är efter en hjärtinfarkt med 
en uppföljningstid som sträckte sig över flera år. Ett övergripande syfte var också att 
analysera riskfaktorer för hjärnblödning och allvarlig blödning efter hjärtinfarkt och 
ta reda på var det är vanligast att man får sin allvarliga blödning, hur vanligt det är 
att man får en ytterligare blödning efter en första, samt om en allvarlig blödning efter 
hjärtinfarkt ökar risken att dö.

Metod Studie I-III; Risken för hjärnblödning efter hjärtinfarkt undersöktes med 
hjälp av data från det rikstäckande hjärtintensivvårdsregistret RIK-HIA och för att 
hitta patienter med hjärnblödningsdiagnoser användes det nationella patientdatar-
egistret där alla diagnoser från alla vårdtillfällen i Sverige registreras. I studie I ingick 
173 233 patienter mellan åren 1998-2008 och i studie II ingick 187 386 patienter mel-
lan åren 1998-2010. I dessa arbeten undersöktes incidensen (antal händelser inom en 
viss tidsperiod) och trenden över tid för hjärnblödning efter hjärtinfarkt på både kort 
och lång sikt. Med uppgifter från statistiska centralbyrån jämfördes blödningsrisken 
med en kön och åldersmatchad population ur normalbefolkningen i studie II. Även 
riskfaktorer för att få hjärnblödning efter hjärtinfarkt undersöktes.

År 2011 ändrades riktlinjerna och behandlingspraxis i Sverige vad gäller blodplätt-
shämmande behandling från att behandla med den tidigare använda clopidogrel till 
den mer potenta ticagrelor. Ticagrelor användes framför allt till friskare hjärtinfarktpa-
tienter med lägre blödningsrisk. För att kunna jämföra behandlingen med clopidogrel 
och ticagrelor kunde vi alltså inte jämföra patienter som fått det ena eller det andra 
läkemedlet direkt med varandra utan vi delade upp patienterna i två tidsbaserade 
kohorter där införandet av ticagrelor var brytpunkt. I första kohorten 2009-2011 
behandlades alla med clopidogrel och i den andra kohorten behandlades patienterna 
med både clopidogrel och ticagrelor men >50% med ticagrelor. Vi jämförde sen blöd-
ningsrisken i båda kohorterna.

I studie IV användes data från NAILED-ACS studien, en studie som inkluderat alla 
patienter med hjärtinfarkt och instabil kärlkramp (akut koronart syndrom, AKS) i 
Jämtlands län mellan åren 2010-2014. Diagnoser för allvarlig blödning (definierad 
som blödning som kräver sjukhusvård, hjärnblödning eller blödning som kräver 
blodtransfusion eller kirurgi) söktes i patientregistret och alla blödningsdiagnoserna 
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verifierades genom journalgranskning. Risken för allvarlig blödning studerades efter 
hjärtinfarkt, från utskrivning och med en uppföljningstid på upp till 8 år.

 
Resultat Hjärnblödning efter hjärtinfarkt i akutskedet minskade under åren 1998-
2008 parallellt med ett skifte i akutbehandling från trombolys till PCI. Hjärnblödn-
ing efter utskrivning och med 1 års uppföljning var låg (0.35%) och oförändrad under 
1998-2010 trots en markant ökning av blodplättshämmande behandling. Risken för 
hjärnblödning var dubbelt så hög hos patienter som haft en hjärtinfarkt jämfört men 
en köns och åldersmatchad referenspopulation. Riskfaktorer för hjärnblödning var 
ålder, högt blodtryck, tidigare stroke och hjärnblödning samt nedsatt njurfunktion. 
Incidensen för allvarlig blödning efter AKS var 8.6% under en medianuppföljningstid 
på 4.6 år. Den vanligaste blödningslokalisationen var i magen och hos de patienter 
som fick en ytterligare blödning under uppföljningstiden (ca 16%) så var nästan alla 
från magen. Ålder, högt blodtryck och hjärtsvikt var riskfaktorer för allvarlig blödn-
ing. Patienter som blödde hade högre dödlighet jämfört med de som inte blödde men 
blödning i sig var inte en riskfaktor för död. 

Slutsats Hjärnblödning är ovanligt efter hjärtinfarkt och har i akutskedet minskat vilket 
vi bedömer bero på introduktionen av en ny behandlingsmetod, PCI. Trots en ökning 
av blodplättshämmande behandling så ökade inte risken för hjärnblödning inom ett år 
efter hjärtinfarkt under 1998-2010 och skiftet till den mer potenta behandlingen med 
ticagrelor gav inte heller någon ökning av hjärnblödning. Orsaken är inte säkerställd 
men bra klinisk bedömning av riskfaktorer och samsjuklighet och rätt val av behan-
dlingsstrategi kan vara en förklaring. En annan del-förklaring kan vara att vi med åren 
blivit bättre på att behandla patienter både primär och sekundärpreventivt med bl.a. 
blodtrycksbehandling vilket i sin tur kan ha motverkat uppgången av hjärnblödning.

Allvarlig blödning efter hjärtinfarkt var relativt frekvent förekommande och risken 
var kontinuerlig även efter 1 år och var framförallt högre hos äldre patienter med AKS. 
Den vanligaste lokalisationen var magblödning. Patienter som haft en blödning hade 
högre dödlighet än de som inte hade haft en blödning men blödning i sig var inte en 
riskfaktor för död. Man kan tolka detta som att patienter med blödning var äldre och 
hade så mycket annan sjuklighet som var mer betydande för död än blödning.
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INTRODUCTION

Introduction 
The gradual implementation of new evidence-based treatments in patients with acute 
coronary syndrome (ACS) with a focus on antithrombotic therapy has reduced the risk 
of ischemic events (new myocardial infarction or ischemic stroke) but at the expense 
of increased risk of bleeding. Bleeding of varying severity is associated with both in-
creased morbidity and mortality1-3. In patients with major bleeding, the risk of death 
is comparable to that seen in myocardial infarction (MI)3, and major bleeding correlates 
with a more prolonged mortality risk compared with ischemic events4. Bleeding after 
ACS may be a marker of other disease states and comorbidity, and bleeding itself may 
be fatal. It also can lead to anemia and a need for blood transfusion, which has been 
associated with negative outcome or discontinuation of antithrombotic drugs5, 6. 
Avoidance of bleeding is a possible way to further improve outcomes after ACS. In the 
1990s, reperfusion methods shifted from thrombolysis with an increased risk of bleed-
ing and intracranial hemorrhage (ICH), to percutaneous coronary intervention (PCI), 
which is expected to carry a lower risk. The treatment recommendations are derived 
from randomized controlled trials (RCTs), from which high-risk patients are excluded, 
and observational studies are needed to assess outcomes in real-life patients. An-
tithrombotic treatment is associated with increased risk of bleeding and even more so 
with the potent new P2Y12 inhibitors. However, their association with ICH is not well 
studied, and knowledge is lacking about the temporal trends in ICH after ACS. Fur-
thermore, few studies have involved long-term follow-up of serious bleedings and 
associated risk factors. This thesis focuses on these areas with remaining questions 
about the risk of bleeding, with a study period covering 1998–2017. 
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BACKGROUND

Background
Acute coronary syndrome
ACS occurs when the oxygen demand of the heart muscle is greater than the oxygen 
supply. The cause is largely due to a rupture or erosion of an atherosclerotic plaque in 
the coronary vessel wall, thrombosis formation and reduced blood supply. A person 
with atherosclerotic vessels is more sensitive to physical activity, psychological stress, 
and conditions that increase the load on the body7. Atherosclerosis develops with age 
and is influenced by risk factors such as familial predisposition, diabetes and hyper-
tension as well as lifestyle factors including smoking, obesity, diet and exercise.

ACS includes three different disease states with the same pathophysiology, ST-
elevation myocardial infarction (STEMI), non–ST-elevation myocardial infarction 
(NSTEMI), and unstable angina (UA). As described above, ACS occurs when there is a 
mismatch in the myocardial oxygen demand and myocardial oxygen consumption. An 
atherosclerotic plaque consists of lipids, cells, and fibrin that coalesce in the coronary 
arteries causing obstruction and reducing blood flow. The result can be chest pain 
(angina) or with plaque rupture, a cascade of thrombosis formation that occludes the 
coronary artery and leads to MI. STEMI involves characteristic symptoms of myocar-
dial ischemia (e.g., chest pain) in association with persistent typical electrocardiogram 
(ECG) signs of ST-elevation and detectable biomarkers of myocardial necrosis. In the 
absence of timely, acute intervention, the injury is transmural. The etiology of NSTEMI 
is more diverse, with similar symptoms but rarely as dramatic as in STEMI, and the 
injury is largely not transmural. ECG changes may also be present, often in the form 
of ST-depression and T-wave inversions, in combination detectable biomarkers of 
myocardial necrosis. UA, on the other hand, is linked to fluctuating ischemia and chest 
pain and fluctuating ECG changes but no release of biomarkers8. 

Platelets and platelet activation in the injured coronary vessel play an important 
role in thrombosis formation and obstruction of the coronary vessel. Multiple signaling 
pathways mediate platelet activation, and considered research has focused on new 
drugs to inhibit platelet aggregation9-11. The challenge is to inhibit platelet activation 
while simultaneously keeping bleeding risk low.

AMI incidence
The incidence of acute MI (AMI) has decreased during the last decades in Sweden. In 
2014, a total of 383/100 000 inhabitants were registered with AMI, which was 38% 
lower than the year 2001. The incidence has continued to decrease and was 322/100 
000 inhabitants in the 2018 report from the Swedish National Board of Health and 
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Welfare statistics12. The epidemiology also has changed, with a lower proportion of 
STEMI during the study period according to the Register of Information and Knowl-
edge about Swedish Heart Intensive Care Admissions (RIKS-HIA) 2011 annual report13. 
Among patients with an AMI, roughly two thirds are men14. 

In 2018, the 28-days mortality after AMI was 26%, and the one-year overall mortality 
was about 35%. The mortality is related to age and has decreased in recent decades, 
(from 1994 to 2014) by 50%15. The decline in mortality is an effect of better diagnostic 
tools and the introduction of several evidence-based treatments13.

Bleeding after ACS: incidence and type of bleeding
Bleeding after AMI has often been divided in the literature into in-hospital or acute-
phase bleeding, with a 30-days follow-up, or bleeding that occurs after discharge with 
a long-term follow-up, usually up to a year. The incidence of in-hospital major bleed-
ing is reported to be 1%–12% and post-discharge incidence has been between 1% to 
6% in previous RCTs and observational studies9, 11, 16-20. Comparison of bleeding inci-
dence among studies is difficult because of variable bleeding definitions, study popu-
lations, follow-up times, in-hospital patient management, antithrombotic drugs used, 
and completeness of reporting bleeding events 21, 22. Overall the bleeding incidence is 
higher in observational studies than in RCTs because the former tend to have older 
patients with more comorbidities and risk factors23. The most commonly reported 
bleeding site after ACS is gastrointestinal, which is the primary site both in-hospital 
and post-discharge. Other common sites are access site bleeding (second most com-
mon in-hospital), nose, urinary tract, subcutaneous/dermal, and intracranial, which 
is the most fatal17, 24, 25 9, 26.

Intracranial hemorrhage
– Etiology
A stroke may be of ischemic or hemorrhagic origin, and the symptoms at onset of ei-
ther type may be the same. The World Health Organization (WHO) defines stroke as 
“rapidly developing clinical signs of focal (at times global) disturbance of cerebral func-
tion, lasting more than 24 hours or leading to death with no apparent cause other than 
that of vascular origin”27. Previously, an updated and extended definition was released 
as an expert consensus document by the American Heart Association in collaboration 
with the American Stroke Association (2013) based also on imaging28. 

 ICH is defined as bleeding within the intracranial vault and may occur in the brain 
parenchyma or surrounding meningeal spaces. Hemorrhagic stroke is defined as in-
tracerebral hemorrhage because of a vessel rupture into the parenchyma or when in 
the subarachnoid space, a subarachnoid hemorrhage (SAH). Epidural and subdural 
hemorrhages are also included in the ICH definition and may more often be traumatic 
in origin. Subdural hemorrhage is typically caused by tearing of bridging veins between 
the brain and skull (traumatic or non-traumatic), and epidural hemorrhage is mostly 
from tearing of the meningeal artery and of traumatic origin29. 
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– Pathophysiology 
Intracerebral hemorrhage is typically a manifestation of underlying small vessel dis-
ease with some differences in pathophysiology depending on localization. Deep in-
tracerebral hemorrhage is often associated with small vessel pathology, similar to that 
found in ischemic vascular disease. Longstanding hypertension leads to hypertensive 
vasculopathy causing degenerative changes in the walls of small-to-medium penetrat-
ing vessels. Lobar cerebral hemorrhage is more often of cerebral amyloid angiopathy 
(CAA) origin. CAA is characterized by a deposition of amyloid-beta peptides in the 
walls of small vessels in elderly people, leading to degenerative changes by the loss of 
smooth muscle cells, wall thickening, luminal narrowing, microaneurysm formation, 
and microhemorrhages30. In the vast majority of cases, SAH is caused by a rupture of 
an intracranial aneurysm, causing a mass effect in the subarachnoid space and sec-
ondary peak in intracranial pressure and drop in cerebral circulation29. Other causes 
of intracerebral hemorrhage include arteriovenous malformations, aneurysms, venous 
sinus thrombosis, neoplasm, abscess, and vasculitis.

– Incidence
In the overall population, the incidence of spontaneous ICH worldwide is 24.6 per 100 
000 person-years30. The 30-days mortality ranges from 35% to 52% 30. In Sweden the 
incidence of any stroke is currently 200–300/100 000 person years, and from 2002 to 
2016, the age-standardized incidence decreased 40% 31. Risk increases exponentially 
with age32, and almost 80% of patients are age 65 years or older33. Of all strokes about 
13% originate with intracerebral bleeding and 5% with subarachnoid bleeding, propor-
tions that have remained unchanged in the last decades, according to the Swedish stroke 
register34. Because the proportion of ICH has not changed, ICH has declined during 
recent decades. Worldwide, the incidence of any stroke has decreased in high-income 
countries, but the reverse trend is the case in low-and middle-income countries35.

The incidence of ICH after ACS has been reported to be from 0.27% to 2.1%, within 
30 days to one year, with the highest risk in-hospital36-41. The incidence is highly 
dependent on treatment regime. Intracranial bleeding after ACS is associated with 
mortality as high as 60%–65% in the first month1, 40, 42. 

Risk factors 
Risk factors may be modifiable or non-modifiable. Modifiable risk factors are adjust-
able with lifestyle changes and medical or procedural treatments, such as treatment 
of hypertension, obesity, and diabetes. Non-modifiable risk factors include age, sex, 
and heredity.

Risk factors for ACS in the general population
Risk factors for thrombosis and bleeding disorders overlap. For a long time, the known 
non-modifiable risk factors for ACS have been age, male sex, and heredity. The case–
control INTERHEART study found that nine potentially modifiable risk factors ac-
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count for about 90% of the risk of an AMI. Current smoking and raised lipid levels 
were the two strongest risk factors, followed by history of diabetes, hypertension, and 
psychosocial factors. Daily consumption of fruits and vegetables, moderate or strenu-
ous physical exercise, and a moderate consumption of alcohol were protective. The 
study was performed worldwide in centers from 52 countries representing different 
geographic areas, ethnic origins, sexes, and ages43. 

Risk factors for serious bleeding after ACS
Besides antithrombotic and anticoagulant treatment with the purpose of affecting the 
coagulation system, major risk factors for serious bleeding reported from previous 
studies are advanced age, previous bleeding, hypertension, and renal failure. Lower 
weight, diabetes, atrial fibrillation, low white cell count, and low hemoglobin value 
also have been found to be important 42, 44-49. Female sex as a risk factor for bleeding 
after discharge is ambiguous and previous findings are conflicting25, 46, 50, 51. Male sex 
has been associated with increased gastrointestinal bleeding risk52.

Treatment with steroids and non-steroidal anti-inflammatory drugs is associated 
with increased gastrointestinal bleeding risk, which is dose-dependent and increases 
with long-term use53.

Risk factors for ICH in the general population
Risk factors for ICH in the general population include male sex, age, alcohol intake, 
hypertension, and cerebral amyloid angiopathy30, 40, 54. Hypertension is a premier risk 
factor for cardiovascular events and was significantly more strongly associated with 
ICH than ischemic stroke in the risk factor trial INTERSTROKE55. The risk increases 
with increasing blood pressure (BP)30. In INTERSTROKE, risk factors were common 
to both ischemic stroke and intracerebral hemorrhage and in addition to hypertension, 
low physical activity, abdominal obesity, alcohol intake, diet, psychosocial factors, and 
cardiac causes (other than atrial fibrillation) were important. Smoking, diabetes mel-
litus, and lipid disorders have been associated with ischemic stroke but not with ICH55 
but results are conflicting56. Low cholesterol and statin treatment has been linked to 
increased risk for ICH57, 58, although there is a discordance in earlier studies regard-
ing the effect of low cholesterol, treatment with statins, and ICH59.

Risk factors for ICH after ACS
Treatment of ACS with thrombolysis, oral anticoagulants (OACs), and antithrombot-
ic drugs increases the risk for major bleeding and ICH, and this risk grows with the 
number of antithrombotic drugs used60-62. Previously established predictors of ICH 
are older age, prior stroke/transient ischemic attack (TIA), and increased BP, in addi-
tion to more intensive antithrombotic treatment40, 41. In connection with thrombolysis 
treatment, female sex also is linked to increased risk for ICH47, 48, 62-64. 
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Evolution in treatment regime
Reperfusion
Reperfusion therapy has become one of the most successful achievements in modern 
medicine. Coronary reperfusion with thrombolysis was developed in the late 1970s 
and revolutionized infarction care in patients with STEMI with a 25% reduction in 
30-day mortality65. The mechanism is lysis of the thrombus in the coronary artery. 
The first drugs used was Streptokinase, a non-fibrin-selective agent, and later, fibrin-
selective agents such as alteplase and tenecteplase were developed66. Agents like these 
are more effective at lysis but are associated with increased risk of hemorrhagic stroke 
compared with streptokinase, especially in elderly patients65. Thrombolytic agents 
may paradoxically transient increase thrombus formation, and concomitant treatment 
with antithrombotic agents may be needed, such as with aspirin and P2Y12 receptor 
antagonist. Temporary treatment with drugs that affect the coagulation system is also 
used in different frequencies (unfractionated heparin (UFH), low molecular weight 
heparin (LMWH), and indirect factor X inhibitor (fondaparinux)67.

Since its introduction into clinical practice in the early 1990s, PCI with balloon 
angioplasty and stent placement has become the preferred treatment option. PCI is 
superior to thrombolysis if treatment is in time (e.g., <90 min from pain onset and 
first ECG verifying STEMI)68. Worldwide the use of thrombolysis is still relevant, be-
cause a large part of the population lives far away from a catheterization laboratory. 
PCI is also used in NSTEMI and in patients with UA. It requires dual antithrombotic 
therapy for up to one year to minimize the risk of stent thrombosis and new ischemic 
events, although the time may be shorter or longer depending on the type of stent 
and the patient’s bleeding risk69. During the PCI procedure, there is a temporary 
need for drugs affecting the coagulation system, routinely UFH and sometimes direct 
thrombin-inhibitor (bivalirudin) or GPIIb/IIIa inhibitors70-72. The use and impact of 
these treatments (UFH, LMWH, bivalirudin, GPIIb/IIIa inhibitors) will not further 
be discussed in this thesis.

Antithrombotics- platelet inhibitors
Dual antiplatelet therapy (DAPT) consisting of aspirin plus a P2Y12-receptor antagonist 
is a cornerstone in treatment for patients with ACS. Platelets play a critical role in the 
activation of thrombus formation in the injured vessel wall (in ACS, usually a plaque 
rupture) and are covered by signaling receptors. Aspirin acts by inhibition of the en-
zyme cyclooxygenase-1 and aggregation of platelets. This drug has been used for more 
than 30 years and has been confirmed in RCTs to increase survival and reduce vascular 
events73. To reduce increased bleeding risk, the maintenance dose should not exceed 
75-100 mg. Clopidogrel, in addition to aspirin, has proved effective in reducing ischemic 
events in NSTEMI and STEMI, although with increased major bleeding but no excess 
fatal bleeding9 74. Clopidogrel is a prodrug that is metabolized in the liver into an active 
metabolite. The high inter-individual response to clopidogrel and its irreversible inhi-
bition of the P2Y12 receptor is influenced by genetic polymorphisms leading to high or 
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low responders. However, randomized trials have failed to demonstrate any benefit of 
platelet function monitoring to adjust therapy69, 75. Ticagrelor is a rapid, direct-acting 
selective P2Y12 receptor inhibitor linked to significant reductions in combined ischemic 
outcome (cardiovascular death, MI and stroke) compared with clopidogrel without an 
increase in the rate of overall bleeding but with an increase in the rate of non-coronary 
artery bypass graft (CABG)-related bleeding17. Prasugrel, like clopidogrel, is a prodrug 
that must be biotransformed into its active metabolite in the CYP450 system in the liver. 
Compared with clopidogrel, it has proved more effective in reducing ischemic events, 
in patients treated with PCI, but with an increased incidence of severe bleeding com-
plications. It is especially unfavorable in patients with prior stroke, weight <60 kg, or 
age >75 years11. Guidelines recommend a P2Y12 inhibitor in combination with aspirin 
preferably for 12 months as a standard antiplatelet treatment in patients with ACS76. In 
elderly patients and those with higher bleeding risk or concomitant OACs, clopidogrel 
with or without aspirin should be considered the first choice69. 

Oral anticoagulants
A significant portion of patients with ACS also have a cardiovascular comorbidity 
(i.e., atrial fibrillation, prosthetic valve, or venous thromboembolism) requiring life-
long treatment with OACs, which complicates the choice of treatment regimen. Triple 
therapy (DAPT+warfarin) is associated with a notably increased risk for bleeding 60, 

61, and time on triple therapy should be as short as possible. Studies comparing sin-
gle therapy versus DAPT in combination with warfarin or the new generation OACs 
(rivaroxaban, dabigatran, apixaban, edoxaban) in patients with atrial fibrillation and 
ACS have found a similar effect on ischemic events. However, there is a significantly 
reduced risk of major bleeding in patients treated with single antiplatelet therapy and 
OACs compared with triple therapy77, 78. 

Antihypertensive treatment
Hypertension is the major preventable cause of cardiovascular disease and all-cause 
death globally79, and lowering BP can substantially reduce premature morbidity and 
mortality43, 55, 80. A continuous relationship between BP and risk of events has been 
shown in all age groups and ethnic groups and extends from high BP to relatively 
low81, 82. Hypertension becomes progressively more common with advancing age, 
with a prevalence of >60% in people aged >60 years79. There is a declining relative 
importance of diastolic BP (DBP) and a corresponding increase in the importance of 
systolic BP (SBP) in vascular disease risk with advancing age81, 83. A previous meta-
analysis including trials of BP-lowering treatment, found that a 10-mmHg reduction 
in SBP was associated with a significant reduction in stroke, by 27% and in coronary 
events, by 17%84. One of the included trials in the meta-analysis, the SPRINT trial, 
which randomized patients with a high risk for cardiovascular disease to intensive or 
standard BP treatment, was stopped early because a target SBP of <120 mmHg was 
superior to <140 mmHg in avoiding new cardiovascular events, stroke, and all-cause 
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death85. In guidelines, antihypertensive treatment is recommended in prevention of all 
cardiovascular events, with strong evidence86. The treatment target varies but is recom-
mended to be at least <140/90 mmHg, and if that is well tolerated, BP values should 
be targeted to 130/80 mmHg or lower in most patients. In patients aged <65 years, it 
is recommended that SBP should be lowered to 120–129 mmHg in most patients86.

A large number of RCTs have established that the choice of drug is of secondary 
importance and that the main benefit is the absolute BP reduction87. The choice 
of agent depends on comorbidity and the secondary effects of the selected drug86. 
The most used drugs are angiotensin-converting enzyme inhibitors, (ACEIs), 
angiotensin-II receptor blockers (ARBs), beta-blockers, Calcium channel block-
ers, and thiazides. 

Lipid-lowering treatment 
Lipid-lowering treatment with a statin is well documented and reduces the risk of new 
ischemic events by 25% for every 1 mmol/L decrease in low-density lipoprotein cho-
lesterol (LDL-C)88. The reduction is proportional to further decreases in LDL-C, so 
that a decrease in LDL-C by 2-3 mmol/L would reduce the risk by about 40%–50%89. 
However, previous observational studies have generated the hypothesis that low cho-
lesterol concentrations might be associated with an increased risk of intracerebral 
hemorrhage90, 91. The Stroke Prevention by Aggressive Reduction of Cholesterol Lev-
els (SPARCLE) trial, which included patients with a previous cerebrovascular disease 
randomized to atorvastatin or placebo found no association with cholesterol level and 
ICH but an increased risk for ICH with statin treatment58. In the Cholesterol Treat-
ment Trialists meta-analysis, there was a non-significant trend to increased risk of 
ICH with lower cholesterol89, but the risk of ICH was low and outweighed by the re-
duction in ischemic events88. 

Ticagrelor or clopidogrel and ICH
In the large multinational PLATelet inhibition and patient Outcomes (PLATO) trial, 
ticagrelor was shown to be superior to clopidogrel in reducing the rate of death from 
vascular causes, MI, and stroke without an increase in the over all rate of PLATO 
major bleeding. This study led to a shift in the national recommendations in 2011 in 
favor of ticagrelor10. Whereas there was no difference in total major bleeding or fatal 
events, non-CABG major bleeding was more common in ticagrelor-treated patients. 
ICH was uncommon, with a non-significant difference (0.34% with ticagrelor vs. 
0.19% with clopidogrel), but there was numerically more ICH in ticagrelor-treated 
patients (26 vs. 15) and significantly more fatal ICH events in the ticagrelor group (11 
vs. 2). The consistency of the effects of ticagrelor was explored in pre-specified sub-
group analyses and post hoc subgroups, which showed no subgroup at increased risk 
of ICH compared with clopidogrel17, 92-94. Although a history of ICH was an exclusion 
criterion in PLATO, 15 and 13 patients with prior ICH was randomized to ticagrelor 
and clopidogrel, respectively, and received the study drug. Of these, 1 and 2 patients, 
respectively, experienced an ICH. 
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Patients included in the PLATO trial had a mean age of 62 years, and relatively few 
patients had a history of previous stroke or TIA (6.2%). Patients were supposed to 
be excluded if they had increased bleeding risk, previous ICH, or need for treatment 
with OAC. Thus, as in the nature of RCTs, there was an inclusion selection. However, 
in observational studies comparing ticagrelor and clopidogrel, there is a high risk for 
another type of selection bias, because patients treated with ticagrelor generally have 
lower bleeding risk profile and are younger with less comorbidity compared with pa-
tients treated with clopidogrel95-97. 

Bleeding definitions
A discussion of the incidence of bleeding complication among patients with ACS can-
not begin without a discussion of the various bleeding definitions used in clinical trials 
and registries. The incidences may vary widely. The two oldest and most used bleeding 
definitions, developed in the thrombolysis era, are the Thrombolysis in Myocardial 
Infarction (TIMI) and Global Use of Strategies to Open Occluded Arteries (GUSTO) 
definitions. TIMI is laboratory based and GUSTO is based on clinical signs of bleed-
ing98, 99. Each definition incorporates a combination of these parameters with any need 
for blood transfusion and categorizes bleeding events into different levels of severity. 
The levels of severity differ between the TIMI (major/moderate/minor) and GUSTO 
(severe or life threatening moderate/minor) bleeding definitions100. More recently, 
to achieve more conformity, the Bleeding Academic Research Consortium (BARC) 
criteria were evolved by consensus of expertise, based on both laboratory and clinical 
signs22. Still, many studies have used their own bleeding definition or a combination 
of definitions, which makes comparison challenging16, 21. The difference in bleeding 
definitions has the potential to create confusion in attempts to assess the safety of 
antithrombotic therapy. A previous study compared six important RCTs of P2Y12 in-
hibitor agent and used the same standardized bleeding definition (TIMI major bleed-
ing) and time interval, and excluded CABG surgery bleeding, and found diminished 
differences in reported bleeding incidence between studies and altered interpreta-
tions of safety101. Thus, there is a need for conformity. However, in small registry and 
observational studies, it may be difficult to fulfill the above-mentioned criteria with 
laboratory values and an often used definition is “hemorrhage requiring hospitaliza-
tion”, which has been widely applied in previous studies18, 24, 26, 60, 102. 

In conclusion, it is important to be aware of which definition is used in studies 
addressing bleeding. The three most frequently used bleeding definitions are listed 
in appendix 1.
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Summary of Background

• ACS remains a major contributor to morbidity and mortality, despite significant 
advances in recent decades in pharmacologic and non-pharmacologic therapies. 

• Benefits in anti-ischemic treatment with antithrombotic therapy are linked to in-
creased bleeding risk.

• Bleeding is relatively frequent after ACS and carries similar importance to ischemic 
events in its adverse influence on mortality.

• Bleeding per se is associated with increased mortality (hypovolemic, anemia, im-
paired oxygen delivery, hypotension, ICH) but may also lead to discontinuation 
and/or reversal of antithrombotic drugs with increased risk of new ischemic events. 

•  The incidence of major bleeding might vary widely, and ICH is reported to be low in 
previous clinical trials, in which participants do not always reflect patients in real-
world clinical practice. 

• ICH is associated with great disability and very high mortality. There has been a 
shift in reperfusion method and increased use of P2Y12 inhibitors and the impact 
on ICH in a real-life cohort is unclear.

• There is a knowledge gap regarding incidences, time-trends and predictors of ICH 
after AMI in the short and long- term.

• Few studies have involved long-term follow-up of serious bleeding beyond one year 
and associated risk factors.

• Comparison of bleeding among studies is difficult because of different bleeding 
definitions.

• Bleeding may be preventable by recognizing patient characteristics, presentation, 
treatment, and procedural risk factors for bleeding.
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Aims

The aims of this thesis were to:
1. Analyze incidence, time trends and predictors of hemorrhagic stroke within 30 days 

after AMI during the shift from thrombolysis to PCI, 1998–2008.
2. Analyze incidence, time trends and predictors of ICH within one year from discharge 

after AMI, 1998–2010 and compare the risk with a reference group. Analyze the 
impact of a previous ischemic stroke on ICH when different antithrombotic thera-
pies are used.

3. Assess the impact of a change in treatment regimen from clopidogrel to ticagrelor 
on the incidence of ICH in patients after AMI using two consecutive and unselected 
cohorts 2009- 2013, and, furthermore, identify predictors of ICH.

4. Estimate the long-term incidence of bleeding, to characterize the type of bleeding 
and to identify the predictors of bleeding and its impact on mortality in an unse-
lected cohort of ACS-patients with a follow-up time of up to 8 years.
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Method
Studies I-III are retrospective register-based studies with data from the national reg-
istry RIKS-HIA and study IV is based on data from the Nurse-Based Age-Independent 
Intervention to Limit Evolution of Disease (NAILED) ACS trial.

RIKS-HIA- SWEDEHEART 
Patient data for studies I–III were obtained from the RIKS-HIA, which has been a part 
of the Swedish Web-system for Enhancement and Development of Evidence-based care 
in Heart disease Evaluated According to Recommended Therapies (SWEDEHEART) 
since 2009. Detailed descriptions of these registries have previously been published103. 
RIKS-HIA is a national registry of patients with a suspected or confirmed ACS admit-
ted to a Swedish hospital coronary care unit (CCU) and since 2006, also patients ad-
mitted to the usual care department. The registry started in 1995 with 19 participating 
hospitals. In 1998, coverage increased to 58 hospitals, and 74 of 77 hospitals were par-
ticipating in 2007. Today, all hospitals with acute coronary care in Sweden participate 
(detailed information and the complete protocol are available online at http://www.
ucr.uu.se). The coverage of the registry has continuously improved: in 2010, 60% of 
patients with AMI were captured, as were almost 100% of patients admitted to a CCU 
(when validated against the National Patient Registry (NPR)). According to the 2014 
annual report, coverage was >96% in patients younger than 80, and 69% for patients 
over age 80 years14. All participating hospitals use standardized and identical criteria 
for defining AMI 104 105. Patient data are collected on case record forms that include 
over 100 variables, including information about patient characteristics (e.g., demog-
raphy, risk factors and comorbidities), presentation characteristics, diagnosis, inter-
ventions, treatment during hospital stay, discharge complications, and outcome. The 
validity of the data entered is assessed annually and 94%–97% conformity between 
RIKS-HIA records and patient records has been demonstrated103. 

National patient registry NPR
To find diagnoses of interest in studies I–III, the RIKS-HIA registry was amalgamated 
with the NPR, a national administrative registry maintained by the Swedish board of 
health and welfare. The registry contains hospitalization-related variables, includ-
ing admission and discharge dates and discharge diagnoses. It has had complete na-
tional coverage since 1987 and it contains diagnoses at discharge for all hospital stays 
in Sweden. A full description of the registry has been published previously and it has 
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been validated in multiple studies106. Diagnoses are recorded in the NPR using codes 
defined by the Swedish International Classification of Disease (ICD-10) system since 
1997 (ICD-9 1987-1996), which was adapted from the WHO ICD classification sys-
tem107. The NPR lacks information about the principal diagnosis for 0.5% to 0.9 % of 
somatic care-related hospitalizations. The sensitivity of stroke diagnosis in the NPR 
compared with the Northern Sweden MONICA register, a well-validated population-
based epidemiological stroke register was 82.7% for all strokes and 85.9 % for first-
ever stroke108. There is no validation of ICH or bleeding diagnosis in NPR.

Statistics Sweden
For study II, the administrative authorities Statistics Sweden created a matched refer-
ence population to relate time trends of ICH in the general population. The reference 
subjects were sampled with a similar yearly distribution from 1998 to 2009 similar to 
that for the AMI cases and linked to the NPR using the same algorithm as that used for 
the study population. Those with a prior MI were excluded from the reference group. 
AMI patients were matched with references by age, sex and county of residence in the 
National Civil Register resulting in 147 475 matched pairs. There are fewer subjects 
in the reference group compared with patients included in study II because we used 
a reference cohort previously obtained from Statistic Sweden. 

NAILED-ACS and the adjudication process (study IV)
In study IV, we included all patients who were identified with an ACS during the inclu-
sion period of NAILED ACS Risk Factor Trial109. Briefly, the study cohort contains all 
patients admitted to Östersund hospital with ACS from January 1, 2010, to December 
31, 2014. Östersund hospital is the only hospital in Jämtland-Härjedalen County, a 
geographically large, rural area with approximately 126 000 inhabitants. To identify 
all patients who were admitted to the hospital with an ACS diagnosis, medical records 
were reviewed for all patients with suspected ACS on a daily basis. ACS was defined 
as UA (chest pain and ischemic changes on the electrocardiogram ECG), or AMI type 
1 according to the universal definition of MI105. 

Adjudication process: Patients were followed from discharge to death, a move out 
of the county, or December 31, 2017. Serious bleedings were identified trough scrutiny 
of discharge records for all hospitalizations at the department of internal medicine. 
To capture all bleeding complications regardless of hospital department, we identified 
bleeding diagnosis in the local hospital inpatient register, which covers all hospital 
admissions, and validated the diagnosis by a search in the medical records. When a 
patient had more than one serious bleeding, the first three events were included. The 
review process was made by four doctors (members of the study team) and followed a 
standardized workflow routine and events were strictly evaluated according to the study 
outcome definitions. Each reviewer worked with their assigned cases independently, 
but consecutive meetings were held to reach consensus in complicated cases. A serious 
bleeding was defined as an ICH, a bleeding that required admission to hospital or a 
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bleeding that required blood transfusion or surgery. All bleedings were sub-classified 
as intracranial (epidural, subdural, intracerebral hematoma, subarachnoid bleed), gast-
rointestinal (upper, lower and non-classified), and other serious bleeding (intraocular, 
retroperitoneal, or urinary tract bleeding). Searched ICD codes for bleeding diagnosis 
are listed below under the heading “Bleeding definition.”

ICH definition
In Study I, we studied hemorrhagic stroke, a stroke definition including intracerebral 
parenchymal bleeding and subarachnoid bleeding. Epidural and subdural hemorrhage 
was excluded. In NPR, ICD codes I60 and I61 identified cases with hemorrhagic stroke. 
We did not include I62, non-traumatic subdural hematoma, non-traumatic epidural 
hematoma, and non-traumatic unspecified hematoma because we wanted to evaluate 
and differentiate solely hemorrhagic stroke. In studies II and III we used the definition 
for ICH, which includes subdural and epidural bleeding. The bleeding types have dif-
ferent etiologies as described in the background section, and even though the search 
was for non- traumatic bleeds, it is inevitable that some traumatic bleeds may have 
been included. In studies II and III, ICH cases were identified in the NPR by searches 
for the following codes from the 10th Revision of the ICD: subarachnoid hemorrhage 
(I60), intracerebral hemorrhage (I61), and other non-traumatic ICH (I62).

Bleeding definition in study IV
In Study IV, a serious bleeding was defined as ICH, a bleeding that required admis-
sion to hospital, or bleeding required transfusion or surgery. ICD codes searched for 
in the local database are listed below. In study IV, patients with traumatic ICH were 
also included because we wanted to estimate the bleeding problem in general.
ICD codes for bleeding diagnosis:

• D 62.9 - Acute post-hemorrhagic anemia
• D 50.0 - Iron deficiency anemia secondary to blood loss
• H 11.3 - Conjunctival hemorrhage
• H 31.3 - Choroidal hemorrhage
• H 35.6 - Retinal hemorrhage
• H 43.1, H 45.0 - Vitreous hemorrhage
• H 92.2 - Hemorrhage from the ear
• I 60 – Subarachnoid hemorrhage
• I 61 – Intra-cerebral hemorrhage
• I 62 – Non-traumatic intracranial hemorrhage
• I 69, I 69.1, I 69.2 – Sequel of intracranial hemorrhage
• I 84.1, I 84.4, I 84.8 – Hemorrhoids
• I 85.0, I 98.3 – Esophageal varices
• K 22.6 – Gastro-esophageal laceration hemorrhage
• K 25-28 - Acute peptic ulcer
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• K 29 - Acute hemorrhagic gastritis
• K62.5 – Hemorrhage of anus and rectum
• K92.0 - Hematemesis
• K 92.1 – Melena
• K 92.2 – Gastrointestinal hemorrhage, unspecified
• M 25.0 – Hemarthrosis
• N 42.1 – Congestion and hemorrhage of prostate
• N 93.8, N 93.9 – Abnormal urine and vaginal bleeding
• N 95.0 – Postmenopausal hemorrhage
• R 04.1, R 04.2, R 04.8, R 04.9 – Hemorrhage from throat and airways
• R. 31.9 – Hematuria
• S 06.4, S 06.5, S 06.6 – Epidural hemorrhage, traumatic subarachnoid and subdural
• R 58.9 – Unspecified hemorrhage
• T 81.0 – Hemorrhage as complication to surgery

Statistics and Outcomes
We used the same statistical methods for descriptive statistics across all four studies. 
Baseline characteristics are presented as means or medians with 25th and 75th per-
centiles for continuous variables and were compared with the Student’s independent-
samples t-tests or the Mann–Whitney U test as appropriate. We used the Pearson’s 
chi-square for comparison of categorical variables. Statistical methods and outcomes 
specific for each study are described below. Statistical analyses were performed using 
SPSS (version 20.0-25.0; IBM Corp, Armonk, NY) and SAS software (version 9.4; SAS 
Institute Inc, Cary, NC, USA). 

Study I
Patients registered with “first-registered” AMI in RIKS-HIA 1998–2008 were included 
for a total of 173 233 participants. Data from RIKS-HIA were amalgamated with data 
from NPR. In-hospital and 30 days hemorrhagic stroke were studied. 

Outcomes:
– In-hospital and 30–days incidence of hemorrhagic stroke after AMI 
– Time trends of hemorrhagic stroke, 1998–2008 
– Predictors of hemorrhagic stroke

The study period was divided into five time periods (1998–2000, 2001–2002, 2003–
2004, 2005–2006, 2007–2008) to study trends over time. Evaluation of change over 
time was originally performed by a chi-square test. After publication, we performed 
some further analysis because there was a variation in the incidence of hemorrhagic 
stroke in STEMI patients between time periods, with first an upturn and then a down-
turn. We analyzed data for STEMI patients in univariable and multivariable Cox re-
gression analyses including the five time periods and made comparison using the 
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chi–square test. Furthermore, we performed Kaplan–Meier analysis to visualize the 
assumption of proportionality. 

A multivariable Cox regression model was used to identify predictors of risk. The 
multivariable model comprised previously established risk factors and factors found 
to be of potential importance in the univariable analysis. A p<0.05 was considered 
significant. Sex was included regardless of significance level. Results are presented as 
hazard ratios (HRs) with 95% confidence intervals (CIs).

Study II
Patients registered with “first-registered” AMI in RIKS-HIA 1998–2010 were included 
and their information amalgamated with NPR data. After exclusion of patients who 
died or had an ICH in-hospital as well as patients with extreme values (creatinine <30 
or >1500 μmol/L, age <18 years), we included 187 386 patients. The risk of ICH within 
one year from discharge after an AMI was studied. 

Outcomes: 
–  Incidence and time trends of ICH within one year of discharge after AMI
–  Comparison of the incidence with a matched reference group
–  Predictors of ICH 
–  Assessment of the impact of a previous ischemic stroke on ICH risk in patients 

who received different antithrombotic therapies

To study trends over time, the study period was divided into six time periods before 
the analyses: 1998–2000, 2001–2002, 2003–2004, 2005–2006, 2007–2008, and 
2009–2010. To compare the incidence of ICH in the study group with that in a group 
representative of the general Swedish population, we used a reference population that 
had previously been obtained from Statistics Sweden. The reference subjects were 
sampled with a similar yearly distribution from 1998 to 2009 as the AMI cases and 
were linked to the NPR using the same algorithm as that used for the study popula-
tion. Subjects with a prior MI were excluded from the reference group. AMI patients 
were matched with references by both age (exact in years) and sex, resulting in 147 
475 matched pairs. 

Collection of some variables (i.e., body mass index (BMI), BP, serum lipids, kidney 
function) was not compulsory during the first years of the RIKS-HIA. Therefore, to 
obtain a fairly decent and complete dataset, we did not include data before 2003 in the 
regression analyses. Of 111 749 patients, 107 431 were included in the final multivariate 
model into which we entered variables with >90% valid cases.

The cumulative incidence of ICH was calculated using Kaplan–Meier survival 
analysis with censoring for death. The cumulative incidence of ICH within one year 
post-discharge for each sub-period was calculated, and these incidences were then 
used to study changes over time. For group comparisons, we used the log-rank test. 
A p<0.05 was considered significant. The same technique was used to assess the cu-
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mulative incidence of ICH in the reference group. For comparison between the case 
and the reference populations we used the log-rank test. Multivariable Cox regression 
analysis was performed to identify predictors of ICH within one year. The multiva-
riable model comprised previously established risk factors and factors found to be 
of potential importance in the univariable Cox regression analysis. A p<0.05 was 
considered significant. Sex was included regardless of significance level. Results are 
presented as HRs with 95% CIs. The proportionality assumption for appropriate use of 
Cox proportional hazards regression was examined using time-varying interaction by 
the PHREG procedure110. We used the same Cox regression model to assess whether 
a previous ischemic stroke predicted ICH in subgroups with different antithrombotic 
treatment regimes.

After publication, the different time periods were included and analyzed in a mul-
tivariable Cox regression model during the whole follow-up time of 1998 to 2010. A 
sensitivity analysis of patients without a previous AMI was also performed. 

Study III
Patients registered with “first-registered” AMI in RIKS-HIA, December 2009 to De-
cember 2013, were included and the registry was amalgamated with NPR data. Patients 
prescribed P2Y12 inhibitors other than clopidogrel and ticagrelor and those who died 
during admission and had not initiated treatment with P2Y12 inhibitors were excluded. 
A total of 47 674 patients were included. The impact of the shift from clopidogrel to 
ticagrelor on the risk of ICH was studied. 

Outcomes:
–  Analysis and comparison of the incidence of ICH in an AMI cohort treated with 

clopidogrel with a cohort treated with clopidogrel/ticagrelor 
–  Identify predictors of ICH after AMI and impact of cohort affiliation

In this study, we constructed two cohorts based on the timing of the introduction of 
ticagrelor in 2011. We used two time cohorts to reduce selection bias, as ticagrelor was 
preferentially chosen for patients with low bleeding risk, younger age, and less comor-
bidity. The first time period, in which every patient received clopidogrel, was from De-
cember 8, 2009 to December 19, 2011. The second time period, in which patients were 
treated with either clopidogrel or ticagrelor was from December 20, 2011, to Decem-
ber 31, 2013. The use of ticagrelor rapidly increased during the second study period, 
(52%). The first period comprised 23 447 patients and the latter period comprised 24 
227 patients. A Kaplan-Meier survival analysis was used to estimate the cumulative 
incidence of ICH in the early and late cohorts and for comparison between cohorts, 
we used the log-rank test. A p<0.05 was considered significant. A multivariable Cox 
regression model was used to identify predictors of ICH. Variables included in the 
multivariable Cox regression analysis had previously been described as risk factors or 
were of potential importance in the univariable Cox regression analysis (p<0.1). Study 
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cohort (early or late) was also included in the Cox regression analysis. Non-significant 
variables were excluded stepwise according to their level of significance during subse-
quent runs of the Cox regression, until reaching only significant predictors. A p<0.05 
was considered significant. Sex was included regardless of significance level, but since 
the remaining variables were likely to interact with each other, a final model was formed 
with interactions. The assumption of proportional hazards was verified using scaled 
Schoenfeld residuals. Results are presented as HRs with 95% CIs. 
 
Study IV
Patients registered with ACS in the NAILED ACS study January 1, 2010, to December 
31, 2014, were followed from the day of discharge until death, a move out of the county 
or December 31, 2017. A total of 1379 patients were included. 

Outcomes: 
–  Describe the long-term incidence of serious bleeding after ACS 
–  Describe the type of serious bleeding 
–  Identify predictors of serious bleeding and its impact on mortality

A Kaplan-Meier survival analysis was used to estimate the cumulative incidence of 
bleeding in the whole cohort, stratified by age, type of presentation, and to describe 
mortality in bleeders and non-bleeders. Groups were compared using the log-rank 
test. A p<0.05 was considered significant.

A multivariable Cox regression model was used to identify predictors of bleeding. 
All variables with a p<0.5 in the univariable analysis were included. Sex was included 
regardless of significance level. Non-significant variables were excluded stepwise 
according to their level of significance during subsequent runs until only significant 
predictors were reached. The assumption of proportional hazard was verified using 
scaled Schoenfeld residuals. Because death might occur before bleeding, a competing 
risk analysis according to Gray & Fine was also performed, using the same stepwise 
approach. A multivariable Cox regression analysis was also made to identify predictors 
of death, including post-discharge bleeding. Results are presented as HRs with 95% CIs. 

Ethics
The National Board of Health and Welfare and the Swedish Data Inspection Board 
approved the RIKS-HIA registry. The regional ethics committee approved the merg-
ing of registries. 

The Regional Ethics Committee in Umeå approved the NAILED ACS study on October 
28, 2009 (Dnr: 09-142M), with supplements on June 10, 2013 (Dnr: 2013-204-32M) 
and January 13, 2015 (Dnr: 2014-416-32M). 
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Results
Hemorrhagic stroke in the first 30 days after an acute myocardial 
 infarction: incidence time trends and predictors of risk (study I)

Incidence
Among 173 233 patients with an AMI registered between 1998 and 2008, a total of 
375 patients (0.22%) had a hemorrhagic stroke within 30 days. From 1998 to 2008, 
there was a decrease of 0.1%; (95% CI: 0.03%–0.16%) (table 1). Most hemorrhagic 
stroke 88% (329/375) occurred in-hospital, and most 66 % (249) occurred in patients 
presenting with STEMI. Pre-and in-hospital thrombolysis was associated with more 
than half (52%: 196/375) of the events. 

Year 1998–2000 2001–2002 2003–2004 2005–2006 2007–2008

HS (n) 94 86 99 55 40

Total AMI (n) 42020 31580 31548 31461 32058

% 0.22% 0.27% 0.31% 0.17% 0.12%

Table 1 Incidences of patients with hemorrhagic stroke, stratified by time period.
HS, hemorrhagic stroke; n, number; AMI, acute myocardial infarction.

Time trends 
In STEMI patients the incidence 
of hemorrhagic stroke varied by 
year, with an initial increase dur-
ing 2003–2004 to 0.6% and then 
a decrease to 0.2% during 2007–
2008 (figure 1). Because there are 
two time trends and not one linear, 
after publication, we performed a 
new analysis in which the time pe-
riods were included in an adjusted 
Cox regression analysis. Compared 
with the first period, the risk of 
hemorrhagic stroke was higher in 
the time-periods 2003–2004 (HR 
2.0; p<0.001) and 2007–2008 

Figure 1 Temporal trends of the incidence of hemor-
rhagic stroke within 30 days after AMI, stratified by 
type of presentation, NSTEMI, or STEMI.
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(HR 1.7; p=0.045). We also per-
formed a Kaplan–Meier analysis of 
the different time periods to visual-
ize the trend and separation of the 
curves (figure 2). When stratified by 
reperfusion strategy in STEMI pa-
tients the proportion of hemorrhag-
ic stroke among patients treated 
with PCI were fairly stable during 
the time periods, around 0.1%. In 
patients treated with thrombolysis, 
there was an increase from 0.5% in 
the beginning of the study period 
to 1.2% (2003–2004) and then a 
slight decrease to 1.0% in the end 
of the study period (figure 3). This 
increase in thrombolysis-treated 
STEMI patients can explain the 
results in the above Cox regression 
analysis for time periods and the 
increase in bleeding that coincided 
with the introduction of fibrin-
specific agents. Patients treated 
with these agents had a higher 
incidence of hemorrhagic stroke 
compared streptokinase-treated 
STEMI patients. Patients presented 
with NSTEMI had an overall lower 
incidence of hemorrhagic stroke 
and the trend over time was fairly 
stable at 0.1% (p=0.727) (figure 1). 
Patients, who did not receive rep-
erfusion therapy, had an incidence 
of hemorrhagic stroke of around 

Figure 2 Cumulative incidences without hemorrhagic 
stroke in the different time periods within 30 days 
of AMI.
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Figure 3 Time trends of the incidences of hemor-
rhagic stroke within 30 days after AMI, stratified by 
reperfusion method.

0.2%, with no significant change over time (p=0.62) (figure 3).

Baseline changes during follow-up
During the study period, the primary reperfusion method changed in STEMI patients. 
In the beginning of the period, 66 % of patients were treated with thrombolysis and 
5% with PCI. At the end of the period, these rates were 8% and 71%, respectively. The 
use of fibrin-specific thrombolysis increased at the expense of less streptokinase 

fig	3

fig	1
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1998–2000 2001–2002 2003–2004 2005–2006 2007–2008

In-hospital STEMI patients

PCI 22.3 (4221) 34.0 (4224) 49.2 (5691) 64.7 (7034) 73.6 (7314)

Thrombolysis 63.9 (12103) 57.3 (7058) 39.0 (4467) 16.2 (1763) 7.8 (772) 

Streptokinase 52.7 (6305) 34.1 (2332) 26.2 (1151) 17.2 (330) 12.1 (105)

Fibrin-specific 47.3 (5652) 65.9 (4509) 73.3 (3225) 81.1 (1553) 83.7 (726)

GPIIb/IIIa I 7.4 (1412) 13.3 (1654) 25.8 (2984) 32.8 (3566) 33.8 (3362)

In-hospital NSTEMI patients

UFH, LMWH, FP 49.6 (11279) 63.4 (11945) 75.3 (14916) 82.3 (16975) 82.9 (18369)

PCI 16.2 (3753) 22.8 (4380) 30.8 (6179) 38.2 (7883) 42.5 (9411)

GP IIb/IIIa I 4.1 (938) 6.1 (1171) 10.3 (2077) 11.7 (2418) 8.7 (1933)

Medication at discharge

Aspirin 76.3 (33388) 77.8 (25599) 82.1 (26697) 87.1 (27545) 89.6 (29041)

P2Y12-inhibitors 5.8 (2545) 23.6 (7776) 47.0 (15277) 63.9 (20198) 71.8 (23263)

Oral anticoagulants 8.7 (3820) 7.7 (2519) 6.6 (2160) 5.7 (1815) 6.2 (2015)

Beta-blockers 77.7 (31513) 81.4 (25545) 83.1 (26361) 83.9 (26533) 86.3 (27975)

ACEI/ARB 36.1 (15776) 43.4 (14282) 49.3 (16045) 58.5 (18506) 66.6 (21590)

Statins 37.7 (15140) 53.8 (16759) 63.3 (20080) 72.1 (22784) 79.4 (25740)

Table 2 Treatment in-hospital and at discharge during five consecutive time periods, in per-
cent (n).
STEMI, ST-elevation myocardial infarction; PCI, percutaneous coronary intervention; n, number of cases; NSTEMI, 

non–ST-elevation myocardial infarction; UFH, unfractionated heparin; LMWH, low molecular weight heparin; FP, 

fondaparinux; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.

(table 2). The proportion of patients presenting with STEMI decreased by 10%–15% 
and the proportion presenting with NSTEMI respectively increased. 

Some baseline characteristics changed during the observation period: the proportion 
of patients with a previous AMI decreased (which can be explained by the inclusion 
criteria “first-registered” AMI), and the proportion of patients with previous or newly 
diagnosed hypertension increased. There was a rapid increase in the use of DAPT, where 
clopidogrel dominated as a P2Y12 inhibitor (5.8% to 71.8%), but use of statins, beta-
blockers and ACEI also increased. There was also an increase in the use of in-hospital 
antithrombotic therapy (UFH, LMWH, fondaparinux, and GPIIb/IIIa) (table 2).

Baseline differences and predictors
Compared with patients without hemorrhagic stroke, patients with a hemorrhagic 
stroke were older, more commonly had a history of hemorrhagic stroke and hyperten-
sion, and more often presented with STEMI (table 3). Older age, thrombolysis, previ-
ous hemorrhagic stroke, and previous hypertension were associated with an increased
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All % unless otherwise indicated No hemorrhagic stroke
n=172 858

Hemorrhagic stroke
n=375

p

Demography

Age (mean)

        >65 to ≤75 years

        >75 years

71.9 years

26.4

42.4

73.3 years

34.4

44.3

<0.001

<0.001

Female sex, 36.8 40.5 0.15

Characteristics at presentation

Weight (mean, kg) 77.6 75.5 0.11

Systolic BP (mean) 145 150 0.08

P-glucose mmol/L 8.2 8.1 0.90

STEMI  37.7 66.4 <0.001

NSTEMI 62.3 33.6 <0.001

Risk factors

Previous diabetes mellitus 19.3 15.7 0.09

Previous hypertension 38.4 47.5 <0.001

Previous AMI 15.8 12.3 0.07

Previous ischemic stroke 8.5 9.6 0.50

Previous hemorrhagic stroke 0.7 6.9 <0.001

Previous heart failure 12.0 10.7 0.49

Current smoking 20.6 17.6 0.17

Medication at admission

Aspirin 37.4 26.5 0.76

P2Y12 3.6 2.9 0.60

Oral anticoagulant 4.7 5.6 0.52

Beta-blockers 35.9 40.4 0.11

ACEI/ARB 22.1 22.1 1.00

Statins 17.0 15.6 0.72

Table 3 Baseline characteristics of patients with acute myocardial infarction, 1998–2008, 
separated according to the occurrence of hemorrhagic stroke within 30 days of admission.
n, numbers; systolic BP, systolic blood pressure; STEMI, ST-elevation myocardial infarction; NSTEMI, non–ST-el-

evation myocardial infarction; previous AMI, previous acute myocardial infarction; ACEI, angiotensin-converting 

enzyme inhibitor; ARB, angiotensin receptor blocker 

risk of hemorrhagic stroke after AMI (table 4). When the STEMI group was analyzed 
separately, the results were similar, whereas a previous hemorrhagic stroke was the 
only important risk factor in the NSTEMI group.
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 HR (95% CI) p

Age >65 to ≤75 years

        >75 years

1.84 (1.38–2.45)

1.62 (1.21–2.17)

<0.001

0.001

Female sex 1.13 (0.92–1.40) 0.25

Current smoking 0.90 (0.68–1.19) 0.46

Previous diabetes 0.80 (0.61–1.07) 0.13

Previous hypertension 1.52 (1.23–1.86) <0.001

Previous hemorrhagic stroke 12.52 (8.36–18.78) <0.001

Thrombolysis 6.84 (5.51–8.48) <0.001

Primary PCI 0.98 (0.64–1.50) 0.91

Table 4 Multivariable Cox regression analysis of factors associated with hemorrhagic stroke 
within 30 days.
HR, hazard ratio; CI, confidence interval; PCI, percutaneous coronary intervention.

Incidence, time trends, and predictors of intracranial hemorrhage 
 during long-term follow-up after acute myocardial infarction (study II)

The flow chart for the study is shown in figure 4. 

Incidence and time trends
Among 187 386 patients registered with an AMI during 1998–2010, 590 patients had 
an ICH within one year post-discharge. This number corresponds to a cumulative in-
cidence of 0.35% (95% CI: 0.32%–0.38%). The one-year cumulative incidence did not 

Figure 4 Flow chart, study II.

 

RIKS-HIA registry, 187,386 patients 
discharged after AMI, 1998-2010. 

One year follow up of ICH 
incidence and time trends

Analysis of predictors, regression 
analysis of 107,431 patients, 

2003-2010

Subgroup analysis to investigate 
impact of a prior stroke in 

patients with aspirin treatment, 
27,817 patients

Subgroup analysis to investigate 
impact of a prior stroke in 

patients with DAPT, 
72,504 patients  

Subgroup analysis to investigate 
impact of a prior stroke in patients 

with anticoagulant alone or in 
combination with antiplatelets, 

7474 patients 

Comparison of incidence and 
time trends of 147,475 patients 

and matched references, 
1998-2009
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change significantly over the six 
time periods (figure 5), which was 
verified after publication in a Cox 
regression analysis that included 
time periods. When compared with 
a matched reference group (147 
475 patients with similar yearly 
distribution, age, and sex as the 
AMI patients), the cumulative in-
cidence of ICH was twice as high 
at 0.39% and 0.18%, respectively 
(figure 6). The incidences contin-
ued to differ, at 0.92% and 0.57% 
at 3 years and at 1.56% and 0.95% 
at 5 years (p<0.001), respectively. 

Baseline changes during 
follow-up
During the study period there 
was a decrease in previous AMI 
secondary to our inclusion crite-
ria of first-registered AMI, but a 
sensitivity analysis of patients with 
first-ever MI gave results simi-
lar to those for the whole cohort. 
Also, the proportion of STEMI 
decreased, in line with the over-
all decrease in STEMI during this 
period in Sweden. Numbers of pa-
tients with hypertension, defined 
as hypertension at admission or 
initiation of BP medication dur-
ing the hospital stay, increased 
markedly and gradually during the 
whole study period. Table 5 shows 
medication at discharge stratified 
by time period, indicating a rapid 
increase in the use of P2Y12 in-
hibitor (clopidogrel) in addition 

Figure 5 Cumulative incidences without ICH 1 year after 
hospital discharge after AMI, stratified by time period.
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Figure 6 Cumulative incidences without ICH with-
in 1 year after hospital discharge compared with a 
matched reference group.

to aspirin (from less than 10% in 1998 to more than 70% in 2010), and increases in 
use of statins, ACEIs, and beta-blockers.
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1998–2000 2001–2002 2003–2004 2005–2006 2007–2008 2009–2010

ICH No ICH

n=38291

ICH

n=104

No ICH

n=29453

ICH

n=98

No ICH

n=29877

ICH

n=110

No ICH

n=29498

ICH

n=89

No ICH

n=30694

ICH

n=108

No ICH

n=28983

ICH

n=81

Oral anti-

coagulants, %

9.8

n=3645

12.7

n=13

8.4

n=2378

8.2

n=8

7.1

n=2078

9.5

n=10

6

n=1759

10.2

n=9

6.4

n=1948

15.7

n=17

6.7

n=1920

13.8

n=11

Aspirin, % 85.5

n=32065

76.7

n=79

84.7

n=24357

77.6

n=76

87.5

n=25804

80.4

n=86

90.8

n=26728

84.1

n=74

92.4

n=28334

78.7

n=85

93.3

n=26990

92.5

n=74

P2Y12  

inhibitors, %

6.3

n=2366

8.7

n=9

25.6

n=7343

15.3

n=15

50.2

n=14725

43.4

n=46

67.1

n=19612

67

n=59

74.2

n=22648

50

n=54

79.9

n=23054

70

n=56

Statins, % 39.6

n=14722

26.5

n=27

57

n=16231

39.2

n=38

67

n=19656

64.8

n=68

76.1

n=22392

68.2

n=60

82.7

n=25340

76.9

n=83

85.9

n=24841

68.8

n=55

Beta- 

blockers, %

80.9

n=30320

73.8

n=76

84.9

n=24389

86.7

n=85

86.8

n=25543

81.1

n=86

87.7

n=25821

87.5

n=77

89.2

n=27353

92.6

n=100

89.4

n=25860

87.5

n=70

ACEI/ARB, % 39.4

n=15096

49

n=51

46.3

n=13649

49

n=48

52.1

n=15559

58.2

n=64

61.2

n=18055

64

n=57

69.1

n=21198

75

n=81

74.3

n=21535

75.3

n=61

Table 5 Medication at discharge stratified by time period and occurrence of ICH within 1-year 
of discharge, % (n)
ICH, intracranial hemorrhage; n, numbers; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin re-

ceptor blocker 
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Baseline differences and predictors
Patients with an ICH were older, with a mean age of 75 years compared to age 70 years 
in patients with no ICH. Patients with ICH more often had a history of previous hem-
orrhagic (7.5% vs. 1.2%) and ischemic stroke (17.7% vs. 7.9%). Also diabetes, atrial 
fibrillation (previous or new onset), and previous heart failure were more frequent in 
patients with ICH (table 6). 

All % unless otherwise specified No ICH n=186 796 ICH n=590 p
Demography
Age, mean 70 75 <0.001
Female sex 35.5 34.1 0.358
Weight, mean kg 78 75 <0.001
Risk factors
Prior diabetes mellitus 19.4 24.9 0.001
Prior hypertension 44.5 56.4 <0.001
Prior atrial fibrillation 12.8 22.1 <0.001
Smoking history 53.7 55.7 0.354
Prior cardiovascular disease
Prior myocardial infarction 14.6 19.8 <0.001
Prior heart failure 10.7 16.3 <0.001
Prior ischemic stroke 7.4 16.4 <0.001
Prior hemorrhagic stroke 1.2 7.5 <0.001
Medication on discharge
Aspirin 88.9 81.2 <0.001
P2Y12 inhibitors 48.7 41 <0.001
Oral anticoagulants 7.5 11.7 <0.001
Beta-blockers 86.3 84.7 0.279
ACEI/ARB 56.3 61.4 0.013
Statins 67 57.1 <0.001
Characters on presentation
STEMI 34 (n=62189) 29.2 (n=169) <0.001
NSTEMI 66 (n=120827) 70.8 (n=410) <0.001
Systolic BP, mean mmHg 147 147 0.791
P-glucose, mmol/L 8 8 0.724

Table 6 Baseline characteristics of 187 386 patients with acute myocardial infarction (AMI) 
who were discharged 1998–2010, separated according to the occurrence of intracranial hem-
orrhage (ICH) within one year of discharge.
n, numbers; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; STEMI, ST-eleva-

tion myocardial infarction; NSTEMI, non–ST-elevation myocardial infarction; systolic BP, systolic blood pressure.

Age, previous ischemic or hemorrhagic stroke, and decreased kidney function were 
significantly associated with an increased one–year risk of ICH. Previous hyperten-
sion was associated with ICH, even though the association was non-significant in the 
multivariable model according to our pre-specified alpha value (p=0.058) (table 7). 
None of the medications was associated with increased risk for ICH. The impact of a 
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previous ischemic stroke on the risk of ICH was analyzed separately in patients treated 
with aspirin alone, DAPT, or OACs in combination with DAPT or aspirin. Only when 
OAC was used (either alone or in combination with an antithrombotic) was a previ-
ous ischemic stroke associated with increased risk (HR, 2.26; CI: 1.14–4.47; p=0.019). 

HR (95% CI) p

Age, one year increase 1.03 (1.01–1.04) <0.001

Female sex 0.78 (0.62–0.98) 0.030

Previous hemorrhagic stroke 3.58 (2.22–5.80) <0.001

Previous ischemic stroke 1.52 (1.11–2.08) 0.010

Previous hypertension 1.25 (0.99–1.57) 0.058

Previous diabetes mellitus 0.97 (0.74–1.26) 0.801

Previous heart failure 1.02 (0.73–1.43) 0.901

Previous or new AF 1.24 (0.93–1.65) 0.146

Previous myocardial infarction 1.04 (0.77–1.41) 0.802

STEMI 1.03 (0.81–1.31) 0.820

eGFR <60 mL/min 1.28 (1.00–1.63) 0.049

Oral anticoagulant at discharge 1.27 (0.86–1.89) 0.230

Aspirin at discharge 0.72 (0.51–1.01) 0.059

P2Y12 at discharge 0.87 (0.68–1.12) 0.277

ACEI/ARB at discharge 1.20 (0.94–1.52) 0.140

Beta blocker at discharge 1.10 (0.79–1.53) 0.580

Statin at discharge 0.84 (0.65–1.10) 0.204

Table 7 Predictors of ICH after AMI in a multivariable Cox regression model, 1-year  follow-up.
HR, hazard ratio; CI, confidence interval; AF, atrial fibrillation; STEMI, ST-elevation myocardial infarction; eGFR, esti-

mated glomerular filtration rate; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.

Increased use of ticagrelor after myocardial infarction is not associated 
with intracranial hemorrhage (study III)
During the study period of 2009 to 2013, a total of 47 674 patients were included (figure 
7). As explained in the methods, we constructed two time cohorts to reduce selection 
bias, as ticagrelor was preferably chosen for patients with lower bleeding risk, younger 
age, and less comorbidity. The first period comprised patients treated with clopidogrel 
(23 447 patients), and the second period included 24 277 patients treated with either 
clopidogrel (47.9%) or ticagrelor (52.1%). The impact of the introduction of ticagre-
lor was expected to lead to a breakthrough in the outcome in the second time period. 
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Incidence
The cumulative incidence of ICH 
during the first period was 0.59% 
(n=91; 95% CI: 0.49%–0.69%) and 
in the second it was 0.52% (n=97; 
95% CI: 0.43%–0.61%; p=0.83) 
(figure 8). The corresponding 
one-year cumulative incidence 
of ICH were 0.41% (n=77; 95% 
CI: 0.33%–0.49% and 0.48% 
(n=90; 95% CI: 0.39%–0.57%), 
respectively (p=0.83). The one-
year cumulative incidence of all-
cause death was similar between 
the two time periods at 8.2% and 
8.6%, respectively (p=0.82). Of 
the 188 patients with ICH, 30% 
had STEMI and 68% NSTEMI at 
presentation.

 

All patients admitted for AMI  
8 December 2009 to 31 

December 2013 

Excluded 
Died during admission 

and not prescribed 
P2Y12 (n=2159) 

No P2Y12 inhibitor at 
discharge (n=10902) 
Prescribed ticlopidine 

(n=55)  
Prescribed prasugrel 

(n=1614) 
Missing (n=499) 

Patients discharged with either 
clopidogrel or ticagrelor 

 (n=47 674) 
 

Patients 
prescribed 
clopidogrel 

(100%) (n=23 
447) 

Patients 
prescribed  
clopidogrel 
(47.9%) or 

ticagrelor (52.1%) 
(n=24 227) 

Figure 7 Flow chart, study III.

Figure 8 Cumulative incidences without ICH during 
follow-up in periods 1 and 2 after hospital admission 
for AMI.

Baseline differences and predictors
The early and late cohorts had fairly equal baseline data with only slight differences 
(table 8), and the distribution of age, sex, STEMI, estimated glomerular filtration rate 
(eGFR), and previous ischemic and hemorrhagic stroke and atrial fibrillation did not 
differ between them. There were some differences in intervention during hospitaliza-
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tion, with slightly more PCI and CABG in the late cohort and more thrombolysis in 
the early cohort. Medication at discharge is shown in table 9.

Observation period,  
% unless otherwise specified

Early (n=23 447) Late (n=24 227) p

Age (median, quartiles) 70 (61–79) 70 (61–79) 0.08

Women 33.8 33.7 0.89

Diabetes 21.7 22.3 0.12

Hypertension 53.0 54.6 <0.001

Atrial fibrillation 13.9 14.1 0.38

Smoking 23.1 22.2 0.02

Previous AMI 8.5 7.3 <0.001

Previous ischemic stroke 7.0 6.8 0.42

Previous intra cerebral hemorrhage 1.1 1.3 0.06

Previous PAD 4.4 4.9 0.03

Previous dialysis 0.5 0.5 0.96

STEMI 36.9 37.0 0.89

PCI during hospitalization 71.1 75.4 <0.001

CABG during hospitalization 1.1 1.4 <0.001

Thrombolysis during hospitalization 1.7 1.2 <0.001

Heart failure during hospitalization 20.2 18.9 <0.001

eGFR (median, quartiles) 77.7 (60.0–90.8) 78.1 (60.2–91.2) 0.06

Table 8 Baseline characteristics of patients in early and late observation periods, 2009–2013.
AMI, acute myocardial infarction; PAD, peripheral artery disease; STEMI, ST-elevation myocardial infarction; PCI, 

percutaneous coronary angiography; CABG, coronary artery bypass graft; eGFR, estimated glomerular filtration 

rate; n, numbers.

All % unless other-
wise specified

Early (n=23 
447)

Late (n=24 
227)

p

Aspirin 97 95.6 <0.001

ACEI/ARB 78.6 79.8 0.01

Statins 91.1 91.5 0.14

Oral anticoagulants 4.5 6.3 <0.001

Beta blockers 90.5 89.1 <0.001

Calcium inhibitors 15.3 16.2 0.01

Diuretics 26.4 23.5 <0.001

Table 9 Medication at discharge in patients with an AMI, 2009–2013, stratified by time peri-
od; in the early time period, all patients were treated with clopidogrel, and in the late period, 
52.1% were treated with ticagrelor.
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; n, numbers. 
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Age, a previous MI, and previous ischemic and hemorrhagic stroke were significantly 
associated with increased risk of ICH (table 10). A previous MI was an independent 
risk factor in patients aged <75 years, but in elderly patients, the impact of a previous 
MI lost its importance. A previous ischemic stroke predicted ICH in both age catego-
ries if no previous hemorrhagic stroke had occurred. A previous hemorrhagic stroke 
had a significant association regardless of age, previous ischemic stroke or previous 
MI and the risk increased significantly in patients aged <75 years and with no previous 
cardiovascular event. In summary, in patients aged >75 years, a previous cerebrovas-
cular event was less important than in younger patients. Age per se was such a strong 
risk factor that the importance of other comorbidities diminished. Belonging to the 
early or late cohort did not affect ICH risk, and none of the medications were associ-
ated with an increased ICH risk. Because of the limited number of outcome events, 
the CIs are wide in some cases.

Predictor HR 95% CI

Age ≥75 years (if no PMI, no PIS, and no PHS) 3.3 2.3–4.9

Female sex 0.8 0.5–1.0

Previous MI 

If aged <75 years and no PHS and PIS

If aged <75 years and no PHS and no PIS

4.2

4.4

1.8–10.0

2.3–8.5

Previous ischemic stroke

If aged <75 years and no PHS and PMI

If aged <75 years and no PHS and no PMI

If aged ≥75 years and no PHS and no PMI 

4.6

4.9

2.2

2.0–10.8

2.5–9.6

1.3–3.7

Previous hemorrhagic stroke

If aged <75 years and no PIS and PMI

If aged <75 years and no PIS and no PMI

If aged <75 years and PIS and no PMI 

If aged ≥75 years and no PIS and no PMI 

If aged ≥75 years and PIS and no PMI 

6.7

 37.3

8.4

13.7

3.1

1.5–29.7

20.4–68.1

2.9–24.1

7.5–25.3

1.1–9.1

Table 10 Predictors of ICH in the final multivariable Cox regression model with analyses of 
interaction between variables, including all significant interactions and sex 
PMI, previous myocardial infarction; PIS, previous ischemic stroke; PHS, previous hemorrhagic stroke; HR, hazard 

ratio; CI, confidence interval
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Discharged patients 
n=1379 

 In-hospital death 
n=85 

Gastrointestinal 
hemorrhage 

n=43 

Intracranial 
hemorrhage 

n=23 

Other serious 
hemorrhage 

n=19 

Consecutive patients 
with ACS January 
2010 to December 

2014 

Patients with serious 
bleeding 

n=85 

Figure 9 Flow chart, study IV.

Bleeding after acute coronary syndrome: incidence and predictors 
 during long-term follow-up in a population based-cohort study (study 
IV)

The study cohort
A total of 1379 patients were followed from discharge up to 8 years (figure 9). The mean 
age of participants was 72 years, 35.5% were female and more than half of included 
patients had only a basic level of education, which corresponds to elementary school. 
The most common diagnosis at presentation was NSTEMI (64%), slightly above half 
of all patients underwent PCI, and 19% were treated with thrombolysis. Seventy-four 
percent of patients were treated with DAPT at discharge, and less than two percent 
had triple antithrombotic therapy (DAPT plus OAC) (table 11).
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Patient characteristics All patients 
n=1379

Bleeders  
n=85

Non-bleeders  
n= 1294

p

Age median (quartiles) 72 (63, 81) 77 (69, 83) 71 (63, 81) <0.001
Women, n (%) 489 (35.5) 29 (34.1) 460 (35.6) 0.785
BMI kg/m2 (mean) 27.0 27.0 27.1 0.155
Former/current smoker, n (%) 874 (60.7) 54 (63.5) 784 (61.0) 0.645
Basic education, n (%) 736 (57.4) 51 (65.4) 685 (56.8) 0.139
Systolic BP (mean) 132 132 132 0.827
B-glucose (mean) 6.9 7.8 6.9 0.031
eGFR (mean) 76.3 68.5 76.8 <0.001
ACS diagnosis, n (%)
STEMI 392 (28.4) 27 (31.8) 365 (28.2) 0.484
NSTEMI 876 (63.6) 50 (58.8) 826 (63.9) 0.348
UA 110 (8.0) 8 (9.4) 102 (7.9) 0.616
Revascularization, n (%)
PCI 642 (43.9) 30 (35.3) 606 (46.9) 0.038
CABG 147 (10.0) 6 (7.1) 134 (10.4) 0.329
Thrombolysis 266 (19.3) 16 (18.8) 250 (19.3) 0.908
Comorbidities, n (%)
Previous angina 319 (23.2) 29 (34.1) 290 (22.5) 0.01
Previous AMI 290 (21.0) 24 (28.2) 266 (20.6) 0.093
Previous PCI 120 (8.7) 12 (14.1) 107 (8.3) 0.068
Previous CABG 120 (8.7) 13 (15.3) 107 (8.3) 0.026
Previous ischemic stroke/TIA 111 (8.1) 6 (7.1) 105 (8.1) 0.299
Previous hemorrhagic stroke 7 (0.5) 1 (1.2) 6 (0.5) 0.371
Previous PAD 35 (2.5) 4 (4.7) 31 (2.4) 0.190
Hypertension 797 (57.8) 62 (72.9) 735 (56.8) 0.004
Diabetes 299 (21.7) 23 (27.1) 276 (21.3) 0.216
Atrial fibrillation 232 (16.8) 19 (22.4) 213 (16.5) 0.161
Congestive heart failure 70 (5.1) 10 (11.8) 60 (4.6) 0.004
COPD 75 (5.4) 8 (9.4) 67 (5.2) 0.096
Baseline medication at discharge, n (%)
Lipid-lowering treatment 1200 (87.1) 71 (83.5) 1129 (87.3) 0.313
Beta-blocker 1213 (88.0) 73 (85.9) 1140 (88.2) 0.530
ACE inhibitor/ARB 1053 (76.4) 67 (78.8) 986 (76.3) 0.589
Aspirin 1277 (92.7) 74 (87.1) 1203 (93.0) 0.040
P2Y12 receptor inhibitor 1083 (78.6) 63 (74.1) 1020 (78.9) 0.299
Anticoagulant 114 (8.3) 13 (15.3) 101 (7.8) 0.015

Table 11 Baseline characteristics of the study cohort and stratified by bleeding.
n, numbers of patients; BMI, body mass index; systolic BP, systolic blood pressure at discharge; eGFR, estimated 

glomerular filtration rate (calculated using CKD-EPI formula mL/min/1.73 m2); ACS, acute coronary syndrome; 

STEMI, ST-elevation myocardial infarction; NSTEMI, non–ST-elevation myocardial infarction; UA, unstable angina; 

PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; TIA, transient ischemic attack; PAD, 

peripheral artery disease; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker



35

RESULTS

Days after discharge

300025002000150010005000

 S
ur

vi
va

l w
ith

ou
t s

er
io

us
 b

le
ed

in
g

1 .0

0.9

0.8

0.7

0.6

>=75 years
<75 years

Page 1

DDaayyss  aafftteerr  ddiisscchhaarrggee

300025002000150010005000

SS
uurr

vvii
vvaa

ll  ww
iitthh

oouu
tt  

ssee
rrii

oouu
ss  

bbll
eeee

ddii
nngg

1 .0

0.9

0.8

0.7

0.6

Post-ACS patients

Page 1

Incidence and bleeding 
localization
During a median follow-up of 4.6 
years, 85 patients had at least 
one serious bleeding episode, 
which corresponds to a cumula-
tive incidence of 8.6% (95% CI: 
8.3%–8.9%) (figure 10a). In a 
subgroup analysis of patients aged 
≥75 years (n=557) the cumulative 
incidence of serious bleeding was 
significantly higher, 13.4% (95% 
CI: 12.9%–14.0%) compared with 
patients <75 years, 6.0% (95 % 
CI: 5.9%–6.2%; p< 0.001) (figure 
10b). Within one year, 42 patients 
had a serious bleed, which corre-
sponded to a cumulative incidence 
of 3.0% (95% CI: 2.7%–3.3%). 
There was no difference in bleed-
ing incidences between patients 
presented with STEMI or NSTEMI 
(figure 10c).

The most common bleeding 
localization was gastrointestinal, 
occurring in 51% (n=42) followed 
by ICH, in 27% (n=23). The origin 
of ICH was intracerebral hema-
toma in five patients, and nine had 
subdural, and nine subarachnoid 
hemorrhages. Fourteen patients 
had more than one bleeding epi-
sode, and the second bleeding was 
of gastrointestinal origin in 79% 
(11/14). Three patients had a third 
bleeding episode, and that was of 
gastrointestinal origin (table 12). 

Figure 10a Cumulative incidences without serious 
bleedings during long-term follow-up.

Figure 10 b Cumulative incidences without serious 
bleedings during long-term follow-up, stratified by age.

Figure 10c Cumulative incidences without serious 
bleedings during long-term follow-up, stratified by 
type of presentation (STEMI or NSTEMI/UA).
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Age First bleed Second bleed Third bleed

67 Other Upper GI

67 Upper GI Upper GI Upper GI

68 SAH Lower GI

75 SAH Subdural hematoma

79 Other Unspecified GI

78 SAH Unspecified GI

78 SAH Upper GI

88 Other Upper GI Lower GI

88 Upper GI Upper GI Upper GI

91 Unspecified GI Unspecified GI

68 Upper GI Upper GI

94 Other Other

83 Lower GI Upper GI

92 Upper GI Other

Table 12 The localization of first and recurrent bleeding in 14 patients. 
GI, gastrointestinal bleeding; SAH, subarachnoid hemorrhage; other, includes intraocular, retroperitoneal, and 

urinary tract bleeding.

Baseline differences and predictors
Patients who had serious bleeding during follow-up were older (median age, 77 years 
vs. 71 years). Patients with more than one bleeding episode were even older (median 
age, 79 years), and several comorbidities were more prevalent (table 11). Patients with 
bleeding had more previous hypertension, congestive heart failure, angina, previous 
CABG, increased mean b-glucose, and lower mean eGFR compared with patients with-
out bleeding. Patients who experienced a bleed were more often treated with OACs 
and less often with aspirin. The use of a P2Y12 inhibitor did not differ between groups, 
and neither did treatment with DAPT (67.1% of bleeders vs. 74% of non-bleeders). No 
patient who experienced bleeding during follow-up was treated with triple therapy at 
discharge.

Predictor HR CI p

Age ≥75 years 2.4 1.6–3.8 <0.001

Sex 0.8 0.5–1.2 0.25

Hypertension 1.9 1.2–3.1 0.01

Previous heart failure 2.9 1.5–5.8 0.002

Table 13 Multivariable Cox regression analyses of predictors for serious bleeding post dis-
charge after ACS. 
HR, hazard ratio; CI, confidence interval.
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Age ≧75 years, previous hyperten-
sion, and previous heart failure 
remained significant predictors 
of bleeding (table 13). Bleeding 
risk did not vary according to sex, 
level of education, subtype of in-
dex event (STEMI/NSTEMI/UA), 
invasive revascularization or phar-
macologic treatment at discharge. 
Analyses of interactions between 
all variables using competing risk 
analysis gave the same significant 
results as the multivariable Cox 
regression analysis.

Patients with a serious bleeding 

Figure 11 Cumulative survival after ACS, stratified by 
bleeding. 

had higher long-term mortality compared with non-bleeders, at 48.2% vs. 28.1%, 
respectively (figure 11). However, bleeding per se was not associated with increased 
mortality in the multivariable Cox regression analysis when adjusted for age and co-
morbid conditions (table 14).

Predictor HR (95% CI) p

Age ≥75 2.9 (2.2–3.8) <0.001

Female sex 0.8 (0.7–1.0) 0.10

BMI ≥30 kg/m2 0.7 (0.5–0.9) 0.01

Systolic blood pressure at discharge 1.0 (1.0–1.0) 0.002

Education level 0.7 (0.5–0.9) 0.06

COPD 1.4 (1.0–2.0) 0.05

Diabetes 1.6 (1.3–2.1) <0.001

Previous or new atrial fibrillation 1.3 (1.0–1.6) 0.04

Kidney failure (eGFR<60 mL/min/1.73 m2) 1.5 (1.2–1.9) 0.01

Congestive heart failure 1.5 (1.1–2.1) 0.02

Previous MI 1.5 (1.2–1.9) 0.001

Previous CABG 1.4 (1.0–2.0) 0.05

Lipid treatment at discharge 0.4 (0.3–0.6) <0.001

Intervention during hospitalization 0.4 (0.3–0.7) <0.001

Table 14 Predictors of post-discharge mortality in a multivariable Cox regression model
HR, hazard ratio; CI, confidence interval; BMI, body mass index; education level, more than 9 years elementary 

school; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; MI, myocardial 

infarction; CABG, coronary artery bypass graft; intervention during hospitalization is either percutaneous coro-

nary intervention or CABG.
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Discussion
The main focus of this thesis was to study the bleeding problem after ACS, with special 
reference to ICH. The thesis is based on observational data of patients from real-life 
clinical practice, during a time period from 1998 to 2017. During this period, reper-
fusion therapy has undergone a shift, and there has been implementation of DAPT 
and more intensive treatments affecting the coagulation system. Prevailing treat-
ment guidelines are derived from large RCTs with selected patient cohorts and strict 
follow-up, which enables evaluation of cause and effect, but the validity in the general 
population is difficult to assess without complementary observational studies. The use 
of registries such as RIKS-HIA, with a large number of included patients, as in stud-
ies I-III, enables precise estimates even in very rare conditions that affect <1% of the 
population, such as hemorrhagic stroke and ICH. A long-term and continuous follow-
up in the registry makes it possible to estimate time trends and important predictors 
with a precision that is difficult to achieve in smaller studies or RCTs. Time trends 
may increase understanding of the disease and serve as a way to evaluate treatments 
and interventions. Observational studies can be advantageous when studying bleeding 
because most RCTs exclude patients with high bleeding risk. In study IV, all bleeding 
events after ACS were assessed in a small cohort study, with the advantage of careful 
follow-up of endpoints.

Methodological consideration 
Patient population and entered data in the registry
A large national registry is a useful tool for epidemiological, demographic, and obser-
vational analyses.

However, registry studies have their weaknesses and depend on the quality of the 
data registered. Use of large registers or large databases means that missing data are 
inevitable. The quality of the registry data depends on accuracy in collecting variables 
and consistency in assessment of entered data. The RIKS-HIA registry has standar-
dized identical criteria and is validated annually, with 94%–97% conformity between 
entered data and patient records103. The inaccuracies in the RIKS-HIA database were 
considered to be randomly distributed between the study groups and thus not affecting 
the over-all results and conclusions in studies I–III. In the beginning of the study pe-
riod 1998–2000, some important variables were not compulsory for entry (i.e., BMI, 
SBP, kidney function, b-glucose), so to avoid missing data when analyzing predictors 
of ICH in study II, we included only data after 2003 in the Cox regression model, with 
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>90% valid cases. This procedure was not applied in study I, and BMI and SBP had 
lower coverage during the first years, which may have led to an underestimation of 
their influence on hemorrhagic stroke. Kidney function was initially not compulsory for 
inclusion as a variable in the database, so in study I, we could not confirm that kidney 
failure predicts hemorrhage, as has been previously reported6, 42, 111, 112. 

In the NAILED-ACS trial, missing data were kept to a minimum, but some variab-
les inevitably were incorrectly measured or incorrectly entered in the database. We 
searched for and corrected extreme values by review of patient records. The errors 
that still may have occurred were considered limited and random and were predicted 
not to affect the results.

Large registries enable precise estimates even in very rare conditions, but caution 
is needed when interpreting the result of large sample sizes because a relatively small 
difference in absolute numbers may reach statistical significance (the p value becomes 
smaller in larger cohorts) even without practical significance. A p value is affected by 
sample size and the magnitude of effect. Generally the larger the sample size, the more 
likely a study will find a significant relationship if one exists and as the sample size 
increases, the impact of random error declines. Additionally, the overall variability 
is decreased, and measures become more precise for a population as a whole. This 
increased precision allows for detection of smaller differences between groups.

Confounding
A confounder is an unknown factor that affects both the exposure and the outcome 
and may influence the results. In observational studies (and in this thesis) there are 
certainly unknown confounders that may have affected the results. We did not find an 
increased risk of ICH in clopidogrel– or ticagrelor treated patients in studies II and 
III, a result that may have been affected by unknown confounders. Findings associ-
ated with treatment should always be interpreted cautiously in observational studies 
because of inevitable confounding related to treatment decisions, so we cannot draw 
any conclusions regarding causality from observational studies. 

Coverage and case validity 
The coverage of RIKS-HIA has gradually increased; in the beginning, the registry in-
cluded only patients treated at a CCU, so the inclusion was selective. Older patients 
with more extensive comorbidity and who were treated in a usual care department 
were not included. Thus, there was a selection bias at inclusion in studies I and II. Since 
2006, the inclusion of patients was expanded, and all patients hospitalized with ACS 
regardless CCU admission or not were recommended to be included in the registry. 
This shift in coverage may have affected the overall morbidity in the cohort. At the 
end of the study period for studies I and II, 60% of patients with AMI were included 
in the registry103. We included only first-registered AMI, so the proportion of a previ-
ous AMI decreased to less than half from 1998 to 2010, which may have resulted in 
healthier patients with less comorbidity later in the study period. 
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Also affecting the study population was the change in the diagnostic criteria in 
2001, with more sensitive laboratory infarction markers being used, so that smaller 
infarctions with better prognosis were included. Cases previously diagnosed as UA 
were diagnosed as NSTEMI, which led to a 9% increase in AMI diagnoses during 
2000–2003, according to Statistics Sweden15. This shift also may have led to inclusion 
of healthier patients later in the study period. In addition, the epidemiology changed, 
with a lower proportion of STEMI during the study period (until 2008 when the curve 
flattens out, according to data from RIKS-HIA)14. 

Altogether, these changes may have affected the internal validity of studies I and 
II in terms of time trends. The decrease in the proportion of STEMI patients may 
have affected the result in study I because most hemorrhagic stroke affected STEMI 
patients. Beyond that, the decrease in hemorrhagic stroke is likely dependent on al-
tered reperfusion methods. Other variables would be less important, and a previous 
AMI was not a predictor of hemorrhagic stroke in the short-term when included in 
the multivariable model.

The same development was seen in study II, with a significant decrease in previous 
AMI and decreased STEMI during 1998–2010, which may have affected the results. 
However, increased bleeding in STEMI patients is above all in-hospital, and we ana-
lyzed bleeding incidence post-discharge with a smaller impact of interventions and 
anticoagulant/antiplatelet therapy in-hospital. The proportion of NSTEMI increased 
relative to STEMI during the observational period and patients with NSTEMI have 
generally more comorbidities and are older, with increased bleeding risk compared 
with patients with STEMI18.

The NPR was chosen to identify ICH in studies I–III and in study IV, we used our 
local hospital diagnosis registry to find every bleeding diagnosis of interest.

 NPR had a fairly high sensitivity for all strokes, at 82.7%–98.0%, and a positive 
predictive value (PPV) of 88.1%–98.6%106, 108. The same PPV would be expected for 
ICH because the diagnosis of ICH cannot be made without brain imaging by computed 
tomography (CT) or magnetic resonance tomography (MRT) or autopsy for diagnosis. 
Three possible diagnostic coding errors in the NPR have been highlighted; incorrect 
ICD coding because of a wrong diagnosis, a different ICD code in the NPR vs. the 
patient chart, or a faulty ICD code attached to an otherwise correct diagnosis106. In 
addition to possible incorrectly registry of ICD codes, patients may have been missed 
in the registry if they never reached the hospital, died at home, and were not autopsied. 

In the NPR, the incidence may be overestimated in connection with re-hospitalization. 
If a patient is re-hospitalized for a reason other than the incident ICH after 28 days 
and the same ICD code is used (I 60-I 62) as a main diagnosis, it is registered as a 
new event in the NPR113. Problems may arise when time trends are evaluated in rare 
conditions such as ICH because small differences may lead to over- or underestimation 
of the trend because of registration differences through the years. In the case of ICH 
in studies I-III we were interested only in the first ICH after AMI, so overestimation 
because of recurrent ICH should not have been a problem. Regarding the search for the 
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diagnosis of ICH in the NPR, even though the search was for non-traumatic bleeding, 
it is inevitable that some traumatic bleeds may have been included. 

In study IV, we double-checked every diagnosis so that every bleeding event included 
was as close to 100% as possible correct with respect to our bleeding definition. 

Generalizability
There was a selection bias at inclusion in RIKS-HIA: initially only patients admitted to 
a CCU were included, which may have affected the generalizability to the whole AMI 
cohort. However, the coverage was expanded to patients also treated in usual care, 
and the inclusion was not restricted by age or comorbidity. Thus, the results should 
be generalizable to the Swedish hospital cohort and other countries with similar de-
mography, with some restriction to the very oldest patients with large comorbidity 
burden. Also, the generalizability to patients of different ethnic origins is unclear, e.g., 
patients of Asian ancestry tend to be more susceptible to antithrombotic treatment 
with higher bleeding risk compared with non-Asian patients51, 114, even though a sub-
study of PLATO (based on relatively few cases) could not confirm increased bleeding 
risk in the former115.

In the NAILED ACS trial, all patients with ACS were included, and the result should 
be generalizable to the AMI cohort in Sweden and all other countries with similar 
demography.

General discussion
The acute-phase risk of hemorrhagic stroke
The 30-day incidence of hemorrhagic stroke after AMI found in study I was 0.22%, 
with a significant decrease during 1998 to 2008. The decrease was associated with a 
change in hemorrhagic stroke in STEMI patients and dependent on reperfusion meth-
od (PCI or thrombolysis). Thrombolysis was the primary reperfusion method in the 
beginning of the study period, with an increased risk of hemorrhagic stroke found in 
both RCTs36, 65 and observational47, 48, 62 studies. In patients treated with thrombolysis, 
the incidence of hemorrhagic stroke varied between time periods, with a peak during 
2003–2004, in connection with the introduction of fibrin-specific agents. Fibrin-spe-
cific agents produce earlier and more sustained reperfusion than streptokinase but at 
the expense of increased bleeding risk. The incidences we found are comparable with 
those reported in previous studies of thrombolysis-treated STEMI patients, with an 
incidence between 0.5% to 1.4% and a higher incidence in elderly patients and those 
treated with fibrin-specific agents36, 47, 51, 65, 116, 117. 

During the study period, there was a switch in reperfusion method from throm-
bolysis to PCI in patients presenting with STEMI. Our hypothesis was that the shift 
in reperfusion method was the main reason for the overall decrease in hemorrhagic 
stroke in patients with AMI. This hypothesis was supported by: 1) the low and stable 
incidence of hemorrhagic stroke (0.1%) in patients treated with PCI; 2) the lack of a 
notable increase in hemorrhagic stroke in previous PCI studies118, 119; 3) the diminis-
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hed incidence of hemorrhagic stroke despite increased use of antithrombotics and 
concomitant anticoagulants in all AMI patients during the observational period; 4) the 
identification of thrombolysis as the strongest predictor for hemorrhagic stroke; and 
5) the fairly stable incidence of hemorrhagic stroke in NSTEMI patients and patients 
treated non-invasively9, 120, 121. Conclusions regarding causality can never be drawn 
from observational data, but there are many indications that the shift in reperfusion 
method is the major cause of the decline in ICH. 

To our knowledge, no previous study has described ICH trends over time, for either 
short- or long-term follow-up after ACS. Four registry-based studies of temporal trends 
of major in-hospital/short-term bleeding, during the same observational period, 
included but did not separate ICH18, 122-124. Nevertheless, some comparisons are pos-
sible. With data from the GRACE registry of ACS patients, Fox et al found a decrease 
in short-term major bleeding (defined as requiring >2 U of blood, hematocrit decline 
≥10%, ICH, or bleeding leading to death) over time (2000–2007), despite increased 
antithrombotic use and more widespread use of invasive cardiac procedures122. These 
results are in concordance with ours. In a study from Canada 1999–2008, in-hospital 
major bleeding (same definition as Fox et al) was relatively infrequent (1.7%) among 
patients with NSTEMI, and the trend over time trend was stable again despite increased 
antithrombotic use and more invasive cardiac procedures123. These results also are in 
concordance with ours. Two studies reported a contemporary trend of increased major 
bleeding but the increase was attributed to procedural treatment and more access site 
bleeding and not to ICH18, 124.

The long-term risk of ICH
The one-year cumulative incidence of ICH post-discharge after AMI in study II was 
0.35%, and the incidence did not change significantly over the 13-year period from 
1998 to 2010. Of interest, the incidence of ICH was stable despite a considerable in-
crease in the use of the P2Y12 inhibitor clopidogrel, in addition to aspirin, with a well-
known increased bleeding effect. 

Because ICH is such a rare complication, a large number of patients is required to 
ascertain incidence and associations. With 187 386 AMI patients included in the registry 
and 590 ICH cases in study II, this is the largest cohort to date, and identification of 
possible risk factors may be feasible. The incidence of ICH in our real-life population 
was only slightly higher than or equal to that in three large RCTs of antithrombotics9-11. 
In our study III, there was no significant difference in ICH incidence between the 
clopidogrel- and ticagrelor-based cohorts, so the stable incidence seems to hold even 
with more potent P2Y12 inhibitors. Our result is consistent with those of two other 
analyses. One is a meta-analysis of four contemporary antithrombotic therapy trials 
of NSTEMI patients, with an ICH incidence of 0.4% based on 135 cases and almost 
38 000 patients41. The other is an observational study from the BLeeMACS registry 
(2003–2014) of patients with ACS undergoing PCI, which presented a low one-year 
ICH incidence of 0.27%40. Of note, one of the trials included in the meta-analysis 
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was stopped early because of increased bleeding, in particular a 5-fold increase in 
ICH in patients treated with DAPT and vorapaxar, a PAR-1 antagonist that prevents 
thrombin-induced platelet aggregation125. There is a high risk of bleeding with in-
creased numbers of antithrombotics, and time on triple therapy is to be kept as short 
as possible41, 60, 61, 77, 78.

One obvious question is why ICH did not increase with contemporarily increased 
antithrombotic therapy. Hypertension is a strong predictor of ICH, and there was a 
temporal increase in the diagnosis of hypertension and in use of antihypertensive 
drugs during the observational time 1998–2010. Speculatively, good BP control may 
have affected the risk for ICH and diminished the effect of increased use of antith-
rombotics. Better risk factor control has decreased the overall occurrence of vascular 
disease in the population55, and the overall age-standardized incidence of any stroke 
has diminished during the last two decades in Sweden while the proportion of intra-
cerebral bleeding has remained unchanged (13%)31, 34. The decrease in the occurrence 
of vascular disease may theoretically have affected the results in studies II and III, so 
that despite more intensive antithrombotic treatments, the incidence of ICH remai-
ned stable during the observational time. Also, patient selection in making treatment 
decisions is certainly relevant.

Serious bleeding during long-term follow-up after ACS
The long-term incidence of a serious bleeding (ICH, a bleeding that required admis-
sion to hospital or bleeding required transfusion or surgery) after ACS was 8.6%, with 
a median follow-up of 4.6 years. In a subgroup analysis of patients ≥75 years (n=557), 
the cumulative incidence of serious bleeding was significantly higher (13.4%) com-
pared with patients <75 years (6.0%) 11, 41, 93, 102. Few studies have a follow-up time 
of several years, and study design, the cohort studied, and outcome definitions vary 
but in general, post-discharge bleeding in the long term is relatively frequent102, 126, 

127. The validation of all diagnoses in our study was an advantage, which is possible in 
smaller cohort studies and makes our results more reliable compared to observational 
studies using ICD codes from diagnostic registries18, 26. The use of different bleeding 
definitions makes comparison between studies difficult, and awareness of the defini-
tion being used is important when comparing bleeding incidences21, 101. The one-year 
cumulative incidence was 3.0%, in line with previous observational studies with the 
same approach and bleeding definition24, 102. The ICH definition in study IV included 
traumatic ICH, which partly can explain the higher one-year incidence compared with 
studies II and III and previous RCTs9-11.

Consistent with other studies, the gut was the most identifiable source of bleeding24, 

26, 126, 128, 129, and recurrence was fairly common (16%)112, 127, especially in the very 
oldest patients. A previous major bleed has been reported as a strong risk factor for 
another bleed49. 

Bleeding has previously been associated with increased mortality but, in contrast 
to MI, the association is more complex. A major bleed may be directly fatal or lead to 
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anemia and need for blood transfusion; lead to circulatory effects with hypotension, 
vasoconstriction, and decreased oxygen delivery; or be a marker of frailty. Often, bleed-
ing leads to reversal or discontinuation of antithrombotic drugs, with concomitantly 
increased risk for new ischemic events1, 2, 4, 127, 130. We found increased mortality in 
the long-term among patients who experienced bleeds, but bleeding per se was not 
a significant predictor for all-cause death. All patients in study IV had a fairly high 
age, which increased mortality in both groups and may have lessened the possible 
impact of bleeding on mortality. In a cohort with less severe presentation of disease 
and younger patients, the impact of bleeding might be greater127. Also, the small co-
hort and relatively low number of bleeding events in our study may have affected the 
result. The higher mortality in study IV among patients with a bleeding episode may 
be explained by older age, more comorbidity, and more overall frailty. 

Factors associated with increased risk of ICH and serious bleeding
Generally, we found in all studies that patients with bleeding were older and had more 
cardiovascular comorbidity compared to those with no bleeding. There was no difference 
in the frequency of bleeding between sexes. Risk factors associated with hemorrhagic 
stroke during the first 30 days after AMI confirmed in study I were age, hypertension, 
treatment with thrombolysis, and a previous hemorrhagic stroke. During long-term 
follow-up in studies II and III, risk factors associated with ICH were, as in the short-
term, older age and a previous hemorrhagic stroke, along with a previous ischemic 
stroke and decreased renal function (eGFR<60mL/min). Hypertension was associated 
with increased risk of bleeding but non-significantly so according to our alpha value 
(p=0.058) in the multivariable Cox model. Risk factors associated in study IV with any 
serious bleeding post-discharge were age, hypertension, and previous heart failure.

Treatment risk factors
Thrombolysis significantly increased the risk of in-hospital hemorrhagic stroke in study 
I (HR 6.84), and the current recommended treatment for STEMI is PCI131. However, 
thrombolysis is still used worldwide in areas with limited access to a PCI center132, 
and in a study of pre-hospital treatment with thrombolysis during transport to a PCI-
center, the benefit outweighed the risk and was safer in terms of hemorrhagic stroke 
after dose reduction in elderly patients133. Thrombolysis reduces mortality in all age 
groups compared with conservative treatment134.

Antithrombotic therapy with clopidogrel and DAPT was not associated with increased 
risk of ICH in study I or II, and our findings thus extend the safety data regarding ICH9, 

74, 127, 135-138. Furthermore the shift from clopidogrel to the more potent ticagrelor was 
surprisingly not associated with increased risk. Even though we did not find a link, 
results associated with treatment should always be interpreted cautiously in observa-
tional studies because of inevitable confounding related to treatment decisions. Good 
clinical judgment when prescribing combined antithrombotic therapy may have been 
important to this result. Also, we know only the treatment at discharge and nothing 
about the use during follow-up. 
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In study IV, the gut was the most common bleeding site, and DAPT treatment has 
been reported to be the most powerful predictor of gastrointestinal bleeding. Treatment 
with clopidogrel and aspirin leads to a more than 3-fold increased hazard of gastroin-
testinal bleeding52, and the bleeding risk with ticagrelor is reported to be higher than 
with clopidogrel19. The concomitant use of gastro-protective treatment with proton 
pump inhibitors (PPI) has significantly decreased the risk139, 140, as well as reducing 
nonsteroidal anti-inflammatory drug and steroid use141.

We could not confirm that statin treatment was associated with increased bleeding 
risk142. 

 
Non-modifiable risk factors
Non-modifiable risk factors cannot be addressed; anyhow it is important to understand 
their impact on bleeding risk and changes in treatment regime in patients with dif-
ferent baseline conditions. The impact of age on bleeding is strong and unambiguous 
in previous studies6, 41, 42, 63, 102, 143, 144. The importance of age was illustrated in study 
III in which older age per se was a risk factor for ICH, and reduced the importance 
of previous cardiovascular events in predicting ICH for patients aged > 75 years. In 
study IV, the bleeding incidence was more than doubled in patients ≥75 years. Older 
age is associated with increased comorbidity, including age-related changes in car-
diovascular structures and function, as well as dysfunction in other organ systems 
(including kidney, liver and brain), which may lead to platelet dysfunction99. This, in 
combination with poly-pharmacy exposes these patients to an increased risk for iatro-
genic complications. However, in study 1, the risk of bleeding did not further increase 
in the oldest patients, which may be because of clinical judgment to avoid aggressive 
treatment in these patients.

Sex differences 
Male sex is a risk factor for ICH in the general population54, 55 but being female seems 
to carry an increased risk for in-hospital bleeding/short-term ICH after ACS20, 38, 42, 

47, 48, 62-64, 116. We did not find female sex to be a risk factor for hemorrhagic stroke in 
the short-term or for ICH or serious bleeding post-discharge during long-term follow-
up. Most previous studies that found association with female sex and ICH did so in 
connection with thrombolysis and in the short term20, 42. In the long term the value of 
sex as a predictor is more inconsistent25, 50, 51, 145. However, several studies have found 
increased bleeding in women compared to men while not finding that female sex pre-
dicted bleeding25, 51. Different hypotheses address why female sex would predict bleed-
ing other than true sex-related differences. Potential factors included the drugs given in 
ACS, increased doses of thrombolysis and antithrombotics in relation to weight, more 
access site bleeds in women, sex-based differences in drug bioavailability, lower basal 
hemoglobin, more transfusions, higher average age when presenting with ACS and with 
more kidney failure, and more comorbidity in general25, 42, 51. Nevertheless, in study 
II, not including ICH during hospital stay, female sex was associated with a lower risk 
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of ICH in the long term and the risk difference between sexes was thus comparable 
to the general population. The lower risk in women could, however, be by chance and 
because of unknown confounders such as less adherence to antithrombotics among 
women25, 146. The various proposed explanations for why women experience more 
bleeding events seem to involve a greater impact on the short-term rather than the 
long-term risk of ICH. In the PLATO trial, female sex was associated with an overall 
lower risk for a spontaneous major bleed but a 2-fold increased risk for PCI-related 
bleeding, supporting the hypothesis that the procedure/PCI per se increases bleed-
ing risk in women. ICH rates did not differ between men and women but the results 
were based on few cases17, 94. Regarding sex differences and treatment with P2Y12 in-
hibitors, a previous meta-analysis of RCTs regarding the safety of clopidogrel in men 
and women147 and later highly potent P2Y12 inhibitors found comparable efficacy and 
safety between the sexes148, 149.

Previous ischemic and hemorrhagic stroke 
A previous ischemic or hemorrhagic stroke is a strong predictor of ICH with the 
greatest impact from a previous hemorrhagic stroke40, 41, 150. A previous hemorrhagic 
stroke was also associated with increased GUSTO severe and moderate bleeding150. In 
a post-hoc analysis of the Trial to Assess Improvement in Therapeutic Outcomes by 
Optimizing Platelet inhibition with Prasugrel (TRITON) and PLATO trials, patients 
with a previous ischemic stroke or TIA had a significant higher risk for new ischemic 
stroke, major bleeding, and ICH11, 151. In the TRA-2P trial, patients with a previous 
stroke within one year before enrollment had a significantly increased risk for ICH 
with vorapaxar treatment compared to placebo (in addition to DAPT or single anti-
platelet therapy) with a markedly lower risk of ICH in both treatment arms in patients 
without a previous stroke152, 153.

Predictors of ICH may influence each other, and both age and a previous hemorrhagic 
stroke are strong predictors that may overshadow the importance of others. In study III, a 
previous hemorrhagic stroke was important regardless of age, but its relevance increased 
dramatically if the patient was aged <75 years with no prior cardiovascular event. 

Ischemic and hemorrhagic stroke have partly similar pathophysiology with small 
vessel disease leading to fragile vessels54. The changes in the cerebral arteries are 
largely result of high BP and long-standing hypertension is by far the most important 
predictor of both ischemic and hemorrhagic stroke55, 154. 

Hypertension
Previous hypertension was associated with ICH both in the short term after AMI in 
study I and in the long term in study II, even though the association was non-signifi-
cant according to our pre-specified alpha value (p=0.058) in the multivariable model 
in study II. Because of the lack in the database of BP values during the first years in 
the registry, the definition we used for previous hypertension was a diagnosis of hy-
pertension at admission, treated with antihypertensive drugs, or prescribed BP medi-
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cation during the hospital stay. The lack of BP values may have affected the strength 
of association of hypertension with the long-term bleeding risk, and good BP control 
in patients after AMI may have weakened the importance of hypertension as a pre-
dictor in study II40. Of note, the proportion of patients diagnosed with hypertension 
increased markedly and gradually during the whole study period in studies I and II. 
This increase may reflect a heightened awareness and better treatment for primary 
and secondary preventive purposes. In a sub-analysis of the Perindopril Protection 
Against Recurrent Stroke Study (PROGRESS) trial, active BP-lowering treatment de-
creased the risk of ICH considerably in patients with cerebrovascular disease on an-
tithrombotic treatment. The lowest risk of ICH was observed in participants with the 
lowest follow-up SBP (median, 113 mmHg)155. 

The association between extra-cranial bleeding and hypertension is more uncertain. 
The sub-analysis of the PROGRESS trial and Bleeding with Antithrombotic Therapy 
(BAT) observational study of patients with cerebrovascular disease demonstrated 
no clear association between BP and extracranial bleeding in patients treated with 
antithrombotics155, 156. In study IV, hypertension was associated with serious bleed-
ing post-discharge (HR 1.9). Of all bleedings, 23% of events were of ICH origin and 
the connection with BP is clear. As always in a small study with relatively few cases, 
the interplay between cause and effect is difficult to interpret, but the influence of 
hypertension on the increased risk of extracranial bleeding cannot be ruled out. Hy-
pertensive damage to gastrointestinal, dermal, and other systemic circulations tends 
to be milder than the damage to cerebral circulation. Preventive strategies other than 
antihypertensives appear to be promising in reducing gastrointestinal bleeding129, 140, 141.

Renal dysfunction-platelet dysfunction and small vessel disease
Renal impairment with an eGFR< 60 mL/min was associated with increased risk of 
ICH in the long term in study II. Renal impairment is frequent occurring in patients 
with ACS92, 157 and renal dysfunction is associated with worse prognosis because of 
increased risk of both thrombosis and bleeding158, 159. The mechanism for the higher 
event rates in patients with impaired renal function is not fully understood but acceler-
ated atherosclerosis, oxidative stress, inflammation, affected platelet aggregation, and 
underuse of therapies and interventions have been proposed as increasing events92, 160. 
Furthermore, impaired renal clearance of many pharmacological agents increases the 
risk of overdosing in patients with reduced renal function, as well as platelet dysfunc-
tion secondary to renal impairment, leading to increased bleeding risk158. The kidney 
and brain share similar vasoregulation of the microvasculature, with small short ar-
terioles perforating the organs from high-pressure arteries. These vessels are at high 
risk of hypertensive vascular damage, and decreased eGFR may also be a marker of 
cerebral small vessel damage154, 161. One population study reported a strong and graded 
inverse association with decreased eGFR and increased risk of ICH99. Another popu-
lation study of patients with kidney failure reported significantly increased overall 
bleeding risk in correlation with decreased eGFR and albuminuria159. We could not 
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confirm that impaired renal function was associated with increased overall bleeding 
risk in study IV, as found in previous observational studies157. However, kidney func-
tion was relatively good in both groups (mean eGFR 68.5 mL/min with bleeding vs. 
76.8 mL/min without bleeding), which may explain the result. We would have needed 
a larger study population to capture the impact of mild kidney failure.

Regarding P2Y12 inhibitors and renal impairment, clopidogrel has been reported 
to be safe in patients with renal impairment160. In the PLATO trial, approximately one 
fourth met the criteria for decreased renal function (eGFR≤60mL/min), and in the 
sub-study, renal impairment was associated with increased bleeding in both ticagre-
lor- and clopidogrel-treated patients. However, major bleeding and ICH did not differ 
between treatment groups92. 

Ticagrelor, clopidogrel and ICH?
When comparing patients treated with ticagrelor and clopidogrel, two types of selec-
tion bias may be applied. In the nature of RCTs, the PLATO trial had strict inclusion 
criteria, and patients with high bleeding risk were excluded10. Ticagrelor is generally 
chosen for healthier patients with less comorbidity and lower bleeding risk, so in ob-
servational studies comparing ticagrelor and clopidogrel, the result may be mislead-
ing95. To avoid these issues, we divided patients in study III, into two consecutive time 
periods, in which ticagrelor affected the latter period. The two cohorts were similar 
in baseline characteristics, and the cumulative incidence of death was equal between 
the early and late cohorts, which strengthened the perception that the groups were 
comparable. We did not find a difference in ICH between the cohorts, indicating that 
ticagrelor in terms of ICH is as safe as clopidogrel. Of course, because our study is ob-
servational, we cannot draw conclusions on causality, and we had information only 
about the medication at discharge and nothing about use during follow-up, which may 
affect the result. Previous studies have found increased switch and discontinuation 
with ticagrelor compared with clopidogrel162, 163.



50



51

CONCLUSION

Conclusion
• The incidence of hemorrhagic stroke in the acute phase after AMI was reduced during 

1998–2008 (from 0.2% to 0.1%), likely because of the shift in reperfusion method 
from thrombolysis to PCI.

• Despite a marked increase in DAPT treatment in AMI patients during 1998–2010, 
the cumulative incidence of ICH within one year post-discharge was stable at 0.35% 
during a 13-year follow-up. The incidence in the AMI cohort was twice as high com-
pared to a matched reference group. 

• The shift in treatment regime to a more potent P2Y12 inhibitor was not associated 
with an increased incidence of ICH.

• The cumulative incidence of a serious bleeding after ACS was 8.6%, with a median 
follow-up of 4.6 years, and the one-year cumulative incidence was 3.0%. In patients 
aged ≥75 years, the long-term bleeding risk was higher at 13.4 %. The most common 
bleeding location was gastrointestinal.

• Serious bleeding per se was not associated with increased mortality, but patients 
with a bleeding had higher mortality, which can be explained by higher age and co-
morbidity. 

• Age, hypertension, previous hemorrhagic stroke, and thrombolysis were associ-
ated with hemorrhagic stroke in the acute phase, whereas age, previous ischemic 
or hemorrhagic stroke and renal impairment were associated with ICH in the long 
term. Previous ischemic stroke did not increase risk of ICH associated with single 
or dual antiplatelet therapy, but increased risk with anticoagulant therapy. Hyper-
tension, age, and heart failure were significantly associated with increased risk for 
a serious bleeding.

• With an aging population and increased survival after ACS, patients with several risk 
factors and high comorbidity are increasing in number and the choice of treatment 
is challenging. The overlap in risk factors for bleeding and ischemic events makes 
the decision about treatment even more difficult, and a risk-benefit assessment is 
needed. Individualized assessment of risk factors and comorbidities and individu-
alized intensity and duration of antithrombotic treatment may further improve 
outcomes in patients with ACS. Continuous re-evaluation of risk–benefit is needed.
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Future perspectives
In recent years, several bleeding risk scores have been developed to assess bleeding 
risk after ACS and PCI. However, the scores are heterogeneous because of the different 
populations studied, variables assessed, and bleeding definitions46, 49, 164, 165. 

This thesis has confirmed some easily, assessed previously reported important 
predictors of bleeding; age, hypertension, previous ischemic or hemorrhagic stroke, 
and renal impairment. The Academic Research Consortium for High Bleeding Risk 
has recently proposed a consensus document describing a pragmatic approach to 
assessing high bleeding risk in patients undergoing PCI, and validation is needed164. 

Age is just a number, and biological and chronological age may differ significantly. 
Lately an interesting area of study of bleeding risk is frailty, however, consensus is 
lacking on how to best assess frailty. A frail patient is, for example, more prone to 
hypotension and frequent falls, and frailty is associated with increased bleeding166. 
More studies of frailty are warranted.

A significant proportion of patients with ACS have comorbidities requiring lifelong 
treatment with OACs (e.g., atrial fibrillation, prosthetic valve, venous thromboembo-
lism), and the combination of OACs and DAPT is associated with increased bleeding 
risk60, 61. In patients with a previous ischemic stroke, the combination could be even 
more hazardous, as indicated in study II. The new generation OACs in combination 
with P2Y12 inhibitors (omitting aspirin) have shown promising results in previous 
RCTs, with less bleeding, including ICH77, 78. Validation studies from real-life practice 
are needed. 

Previous trials of antithrombotic therapy in patients with stroke have reported 
different safety outcomes, and trials with different time windows and antithrombotic 
treatment combinations are warranted.

In the TOPIC trial, switching from a more potent P2Y12 inhibitor after the most 
ischemic vulnerable period (1 month) to clopidogrel yielded promising results, with 
no difference in ischemic outcome but with less bleeding167. Larger studies are needed 
to confirm these findings.
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Appendix
Key elements of the TIMI, GUSTO, and BARC bleeding  
classifications

TIMI – Thrombolysis in Myocardial Infarction 
Major
• Any intracranial bleeding (excluding microhemorrhages)
• Clinically overt signs of hemorrhage associated with a drop in hemoglobin of 5 g/dL
• Fatal bleeding (bleeding that directly results in death within 7 d)

Minor
• Clinically overt (including imaging), resulting in a hemoglobin drop of 3 to 5 g/dL

Requiring medical attention
• Any overt sign of hemorrhage, meeting one of the following criteria and not meeting 

criteria for a major or minor bleeding event, as defined above
• Requiring intervention (clinician-guided medical or surgical treatment to stop or 

treat bleeding, including temporarily or permanently discontinuing or changing the 
dose of a medication or study drug)

• Leading to or prolonging hospitalization
• Prompting evaluation (leading to an unscheduled visit to a healthcare professional 

and diagnostic testing, either laboratory or imaging)

Minimal
• Any overt bleeding event that does not meet the above criteria 

GUSTO – Global Use of Strategies to Open Occluded Arteries
Severe or life-threatening
• Intracerebral hemorrhage or substantial hemodynamic compromise requiring treat-

ment

Moderate
• Requiring blood transfusion but not resulting in hemodynamic compromise
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Mild
• Bleeding that does not meet the above criteria

BARC – Bleeding Academic Research Consortium 
Type 0 
No bleeding

Type 1 
Bleeding that is not actionable and does not cause the patient to seek unscheduled 
performance of studies, hospitalization, or treatment by a healthcare professional; 
may include episodes leading to self-discontinuation of medical therapy by the patient 
without consulting a healthcare professional

Type 2
Any overt, actionable sign of hemorrhage (e.g., more bleeding than would be expected 
for a clinical circumstance, including bleeding found by imaging alone) that does not 
fit the criteria for type 3, 4, or 5 but does meet at least one of the following criteria: (1) 
requiring nonsurgical, medical intervention by a healthcare professional, (2) leading 
to hospitalization or increased level of care, or (3) prompting evaluation

Type 3
• Type 3a 

Overt bleeding plus hemoglobin drop of 3 to 5 g/dL (provided hemoglobin drop is 
related to bleed) 
Any transfusion with overt bleeding

• Type 3b 
Overt bleeding plus hemoglobin drop 5 g/dL (provided hemoglobin drop is relat-
ed to bleed) 
Cardiac tamponade 
Bleeding requiring surgical intervention for control (excluding dental/nasal/skin/
hemorrhoid) 
Bleeding requiring intravenous vasoactive agents

• Type 3c 
Intracranial hemorrhage (does not include microbleeds or hemorrhagic transfor-
mation, does include intraspinal) Subcategories confirmed by autopsy or imaging 
or lumbar puncture 
Intraocular bleed compromising vision
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Type 4
CABG-related bleeding

Type 5
Fatal bleeding
• Type 5a 

Probable fatal bleeding; no autopsy or imaging confirmation but clinically suspi-
cious

• Type 5b 
Definite fatal bleeding; overt bleeding or autopsy or imaging confirmation
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