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Abstract

The aim of this thesis was to evaluate baseline characteristics, management and outcome in real life ST-elevation
myocardial infarction [STEMI] cohorts from a gender perspective. We aimed to evaluate the total STEMI
population as well as certain subgroups, such as the youngest. Moreover we aimed to analyse gender differences
in renal function, and the prognostic impact of reduced renal function in men and women with STEMI.

In Paper I all STEMI patients registered in RIKS-HIA between 1% Jan 1995 and 31* Dec 2006 were included, in
total 54 146 patients, 35% women. Women were 7 years older than men, with 30 min longer median symptom-
to-door time. They had higher prevalence of co-morbidities such as diabetes, hypertension and heart failure
whereas men were more often smokers, had a previous myocardial infarction [MI] or were previously
revascularised. During hospital care, fewer women than men, 63% vs. 72%, p<0.001, received acute reperfusion
therapy, odds ratio [OR] 0.83 (95% confidence interval [CI] 0.79 — 0.88) after multivariable adjustment. In-
hospital mortality was 13% vs. 7%, women vs. men, p<0.001. After multivariable adjustments women had 22%
higher risk of in-hospital death, OR 1.22 (95% CI 1.11 — 1.33). Adding reperfusion therapy to the adjustment
model did not change the odds of death, OR 1.21 (1.11 — 1.32). Stratifying the cohort into four age-groups
revealed increased mortality with increasing age as well as higher mortality in women than in men in all groups.
The multivariable adjusted risk in women relative to men was highest amongst the youngest, OR 1.45 (95% ClI
0.98 — 2.14). The long term prognosis was assessed in women vs. men with Cox proportional regression
analyses, follow-up time 1 to 13 years. Women had 8% lower risk of long term mortality after multivariable
adjustments, and after age-stratifying, women had better long term survival in all age-groups, except the
youngest.

Previous studies based on mixed MI cohorts had found a gender-age interaction with higher risk of death women
relative to men in the youngest group. In Paper Il we included all STEMI patients <46 years old registered in
RIKS-HIA between 1% Jan 1995 and 31* Dec 2006, 1748 men and 384 women. Cardiovascular risk factors were
common, and women had more often clustering of risk factors compared to men. The most prevalent risk factor
was smoking, 64% of the women compared to 58% of the men were current smokers. There was no gender
difference in delay times or in rate of reperfusion. Almost 60% of both women and men underwent coronary
angiography within one week. There was no gender difference in prevalence of non-obstructive disease,
(p=0.64), but men had had multi-vessel/left main disease much more often than women (33.6% vs. 19.2%);
p<0.001). In-hospital mortality was low, 3% in women vs. 1% in men, crude OR women vs. men 2.83 (95% Cl
1.32 — 6.03). Female gender appeared as an independent predictor in the multivariable model of in-hospital
mortality, OR 2.85 (95% CI 1.31- 6.19). When the cohort was followed up to 10 years (mean 5.4 years) the risk
of mortality was not higher in women (hazard ratio [HR] 0.93, 95% CI 0.60 — 1.45; p=0.75), and men had
significantly higher risk of a second new MI during the following 10 years, HR 1.82 (95% CI 1.25 — 2.65;
p=0.002).

In the beginning of the 21% century there was a shift in reperfusion strategy with a decline in use of fibrinolytic
therapy and an increase in use of primary PCI. We hypothesised that the gender differences noticed during the
fibrinolytic era with lower chance of receiving reperfusion therapy and higher risk of early mortality in women,
would have diminished during the new primary PCI era, as this is a better reperfusion strategy, especially for
women. In Paper 111 we included STEMI patients from two time periods with different dominating reperfusion
strategies in order to compare management and outcome between genders in both periods. Patients in the early
period (n=15 697, 35% women) were registered in RIKS-HIA between 1 Jan 1998 and 31% Dec 2000 and those
in the late period (n=14 380, 35% women) between 1% Jan 2004 and 31 Dec 2006. Among patients treated with
reperfusion therapy 9% in the early compared to 68% in the late period were treated with primary PCI. The use
of reperfusion therapy increased between the two periods, in men from 70.9% to 75.3%, in women from 63.1%
to 63.6%. After multivariable adjustment, women were 14% and 20% less likely than men to receive reperfusion
therapy, early and late periods, respectively. Heart failure, cardiogenic chock and major bleedings were more
common in women compared to men. Evidence-based secondary preventive therapies were prescribed more
often in the late compared to the early period in both genders, but more seldom to women in both periods. After
multivariable adjustments women still had less chance of receiving ACE-inhibitors/ARBs but higher chance of
receiving statins in the early period. In the late period women had 14 — 25% less chance of receiving any of the
evidence-based secondary preventive therapies.

In Paper 1V all consecutive patients who fulfilled the criteria for ST-elevation or bundle branch block on
admission ECG and who were planned to undergo immediate coronary angiography with the intention to
perform primary PCI at the Department of Cardiology in Link6ping were included, 98 women and 176 men.
Estimated glomerular filtration rate [eGFR] according to Modification of Diet in Renal Disease study [MDRD]
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was calculated for all patients and they were staged into CKD stages 1-5. Estimated GFR was lower in women
than in men, mean eGFR 54 vs. 68 mL/min/1.73m? p<0.001. Ten men but no woman were classified belonging
to the best CKD stage 1(eGFR >90 mL/min/1.73m?). In total 67% of women compared to 27% of men were
classified as having renal insufficiency [R1] (eGFR <60 mL/min/1.73m?) and female sex was a strong
independent factor associated with RI, OR 5.06 (95% CI 2.66 — 9.59). Reduced eGFR per 10 mL/min decline
was independently associated to higher risk of death and MACE (death, new MI or stroke) within one year in
women whereas we found no such associations in men. There was a borderline significant interaction between
gender and eGFR regarding one year mortality (p=0.08) but not regarding MACE (p=0.11).

As we found a remarkable gender difference in RI prevalence in Paper IV, we analysed an updated
SWEDEHEART database including the years since S-creatinine became a mandatory variable to register. In
Paper V all STEMI patients registered between 1% of Jan 2003 and 31% of Dec 2009 were included, in total

37 991 patients (36% women). RI was present in 38% in women vs. 19% in men according to MDRD and in
50% of men vs. 22% of men according to Cockcroft Gault [CG] (p<0.001 for both comparisons). Female gender
was independently associated with RI regardless of used formula. In both genders, RI patients were older, had
higher co-morbidity, suffered from more complications and had lower chance of receiving reperfusion therapy
and evidence-based therapy at discharge compared to non RI patients. Among both RI and non RI patients, men
had significantly higher chance than women of getting these therapies. In-hospital mortality was four to five
times higher in RI vs. non RI patients. Rl compared to non RI patients had approximately doubled risk of in-
hospital mortality in women and 2.5 times higher risk in men after multivariable adjustment. Regardless of used
formula, the risk of dying at hospital increased with approximately 30% and the risk of long term mortality with
approximately 10% in both genders per 10 mL/min decline of eGFR. There was no significant interaction
between gender and eGFR regarding short- or long term outcome according to any of the formulas. Women had
twice as high in-hospital and also higher cumulative long term mortality than men. After multivariable
adjustments including all confounders except kidney function women had 7% lower risk of long term mortality
but still 11% higher risk of in-hospital mortality. If eGFR according to any of the formulas was also included,
there was no longer a gender difference regarding in-hospital mortality and women had lower risk of long term
mortality. This was also the case if only adjusting for eGFR according to CG.

Conclusion: In the real life STEMI setting, women were older with higher co-morbidity, longer delay, more
complications and twice as high in-hospital mortality. They had significantly less chance of receiving acute
reperfusion therapy, also after adjusting for possible confounders. During the fibrinolytic era women had higher
risk of severe bleedings. We hypothesised that the gap in management would have decreased during the new
primary PCI era, with a less time-dependent regime with less risk of fatal complications. Our hypothesis failed,
and future studies ought to further scrutinise this gender difference in management. The less chance of
reperfusion therapy did anyhow not explain the higher in-hospital mortality in women, which was 10-20%
higher after multivariable adjustments, consistent with previous findings. Moderate to severe chronic kidney
disease was very common in women with STEMI, 50% according to the Cockcroft Gault formula. Estimated
GFR has seldom been taken into account in studies evaluating gender differences in outcome. If adjustment for
eGFR was done, alone or added to the all other co-variates, women had no longer higher risk of in-hospital
mortality. Adjusted long term outcome was better in women than in men, which was also the case in the
youngest cohort when studied separately.
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I. Introduction

Cardiovascular diseases are currently the leading cause of death in industrialized countries*
and were the cause of death in 41% of women and 39% of men in Sweden 2010.? Ischemic
heart disease [IHD] is the most prevalent manifestation of these including silent ischemia,
stable angina pectoris and acute coronary syndromes, ACS.? IHD is caused by atherosclerosis
affecting the coronary arteries. In stable angina, blood and oxygen supply to the myocardial
tissue is diminished because of obstructive atherosclerosis and ischemia occurs when the
demand increases, such as upon exercise. The acute manifestation of IHD is ACS, subdivided
into sudden cardiac death, non ST-elevation ACS [NSTE ACS] and ST-elevation myocardial
infarction [STEMI]. The non ST-elevation acute coronary syndrome is further subdivided into
non ST-elevation myocardial infarction [NSTEMI] and unstable angina [UAP].

The leading symptom that initiates the diagnostic and therapeutic cascade is chest pain, but
the classification of patients is based on the electrocardiogram [ECG]. The chest pain patients
can be subdivided from the ECG in two main categories:> *

1. Patients with acute chest pain and persistent (>20 min) ST-segment elevation. This is
termed ST-elevation ACS and generally reflects an acute total coronary occlusion. Most of
these patients will ultimately develop STEMI.

2. Patients with acute chest pain without persistent ST-segment elevation. These patients
could have persistent or transient ST-segment depression, T-wave inversion, pseudo-
normalisation of T-waves or flat T waves but they could also have a normal ECG at
presentation. The working diagnosis will be NSTE ACS based on symptoms and ECG. In a
certain number of patients, ACS will subsequently be excluded as the cause of symptoms.

This thesis focuses on ST-elevation myocardial infarction, STEMI.

Figure 1. The spectrum of acute coronary syndromes™*

Persistent ST/T- Normal or
ST-elevation abnormalities undetermined
ECG
A 4 N
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<4 v y
STEMI NSTEMI UAP
NSTE ACS




Il. Background

Epidemiology

The incidence of myocardial infarction declines in the Western world as well as the case
fatality." ° In Sweden 42 257 cases of acute M1 were diagnosed 1987. Year 2010 this number
had declined to 33 712 cases,” in spite of new MI diagnostic criteria implemented in 2001°
with the use of more sensitive cardiac markers, thus identifying a higher number of small MI.
In total, the incidence in 2010 was 25 percent lower among both men and women compared to
year 2001.° The Ml incidence is strongly related to sex and age and is the same in women in
one age-group as for men five to ten years younger.®> The M1 incidence has been four times
higher in men than women under the age of 60 years until the mid-1990°.° This proportion
changed the last decade and was year 2010 three to one. In the ages 70-84 years, men have
almost twice as high Ml incidence.’

On average the age standardized MI mortality has decreased with almost five percent per year
in the years 1998-2010. Also the case fatality has fallen considerably in the last decades. In
1990, 42% of the men and 46% of the women died within 28 days post MI. By 2010,
corresponding numbers were 27% and 31%, men and women respectively.”

During the last 16 years, the proportion of STEMI among all M1 has diminished from 46%
year 1995 to 26% year 2010. One explanation is the use of more sensitive cardiac markers,
identifying more patients with very small NSTEMI. Another explanation is better primary and
secondary preventive care. In Sweden, during recent years, approximately 5000 patients/year
are diagnosed with STEMI.” A reduced age-adjusted prevalence of STEMI has also been
observed in other countries.? % *°

Pathogenesis

Atherosclerotic plaque rupture or erosion with thrombus formation and distal embolisation
resulting in myocardial ischemia is the basic pathophysiological mechanisms in most
conditions of ACS.**? The evolution of atherosclerotic plaque is a slow process, evolving
over years and decades. High levels of lipoproteins in the blood cause LDL particles to
accumulate in the extracellular matrix in the artery vessel wall. They become targets for
oxidative and enzymatic processes and release phospholipids that activate endothelial cells to
express leukocyte adhesion molecules and to release chemokines.*® ** Leukocytes adhere to
the vessel wall and migrate into the intima. Monocytes differentiate into macrophages that
incorporate oxidized LDL with the help of scavenger receptors and transform into foam-
cells.> In addition T-cells migrate into the vessel wall and recognise local antigens and
secrete pro-inflammatory cytokines, contributing to local inflammation and growth of so
called atherosclerotic plaques.

The risk of plaque disruption depends on plaque composition and vulnerability (plaque type)
and degree of stenosis (plaque size)."” Around three-quarters of all infarct-related thrombi
appear to evolve over plaques causing only mild to moderate stenosis. The proportion of
activated T cells is particularly high in culprit lesions causing acute coronary syndromes.
Intensified inflammatory activation may lead to local proteolysis, plaque rupture, and
thrombus formation, triggering an acute event — the acute coronary syndrome.** *® In most
cases, if the thrombus is completely occluding a main coronary artery, a STEMI occurs but if
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occlusion is partial or non persistent, NSTE ACS occurs. Concomitant coronary
vasoconstriction and microembolisation may be involved to some extent.

Gender difference in pathogenesis

Instead of plaque rupture, endothelial erosion could lead to thrombus formation and ACS in
rare cases. This is more common in women than in men, mainly young women.** % Young
women have been found to have ACS without obstructive disease more often than men.* % A
study from the CASS register on young M1 patients found non-obstructive disease in one third
of women compared to one fifth of men.? An Italian multicentre study found similar results
with non-obstructive disease in 29% of the women compared to 15% of the men.?? Thus,
especially in young MI cohorts, a higher incidence of non-atherosclerotic causes of Ml in
women have been discussed  such as vasospastic syndromes,** % coronary artery dissection
%6 and hypercoagulable states due to oral contraceptives 2 or hereditary coagulation
disorders.?® % Also, there are some conditions unique for the premenopausal women in the
peripartum period, such as preeclampsia, eclampsia, gestational diabetes and giving preterm
birth, which are all linked to higher risk of cardiovascular diseases.*” **

A gender difference in platelet reactivity was found already more than 30 years ago®* and this
observation has been confirmed in several recent studies.***° In Ml survivors women have
increased platelet reactivity compared to men.>” Women have also been found to have
microvascular, endothelial and vascular smooth muscle dysfunction **° more often than men,
all possible reasons to non-obstructive CAD. Also in fatal cases of IHD, women have more
often non-obstructive CAD.* In case of STEMI with non-obstructive disease, spontaneous
endogenous fibrinolysis or Takutsubo syndrome could be possible explanations. The latter is a
relatively newly discovered form of cardiomyopathy predominantly affecting postmenopausal
women and can mimic a STEML.*>*® Whether there exists a gender difference in extent of
coronary disease in young STEMI patients is not previously studied.

Diagnosis

The diagnosis of M1 in clinical practice depends on three cornerstones, symptoms, ECG and

measurement of cardiac biomarkers. Since year 2007, myocardial infarction is divided into 5
sub-types where Type 1 is the typical acute coronary syndrome due to plague rupture and in

rare cases endothelial erosion. Type 2 is different as this sub-type is not included in the acute
coronary syndromes but is instead due to an imbalance between myocardial oxygen demand

and delivery. Type 3 is Ml leading to sudden cardiac death, and types 4-5 are periprocedural

myocardial infarctions.**
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Table 1. Myocardial infarction subtypes*

Myocardial Aetiology

infarction

subtype

Type 1 Due to primary coronary event such as plaque erosion and/or rupture,
fissuring or dissection

Type 2 Secondary to ischemia due to either increased oxygen demand or

decreased supply, e.g. coronary artery spasm, coronary embolism,
anaemia, arrhythmias, hypertension or hypotension.

Type 3 Sudden unexpected cardiac death, including cardiac arrest.
Accompanied with myocardial ischemia symptoms and ECG-changes
such as new persistent ST elevation or new LBBB and/or evidence of
fresh thrombus in a coronary artery by angiography and/or at autopsy.

Type 4a Myocardial infarction associated with PCI

Type 4b Myocardial infarction associated with stent thrombosis as documented
by angiography or at autopsy

Type5 Myocardial infarction associated with CABG

STEMI vs. NSTEMI

STEMI is suspected in case of typical symptoms (lasting more than 10-20 min not responding
fully to nitroglycerine) and significant persistent ST-elevation (V1-V2; 2 mm in men or 1.5
mm in women, all other leads; 1 mm in both genders)** or new left bundle branch block
[LBBB] on ECG. As rapid reperfusion is the key stone treatment, cardiac biomarkers have no
place in the initial diagnosis of STE ACS but a final diagnosis of STEMI is dependent upon
cardiac biomarkers (Figure 2).2

The clinical presentation of NSTE ACS encompasses a variety of symptoms but prolonged
pain is present in 80% of patients and 20% have de novo or accelerate angina. Three clinical
presentations can be distinguished:

e Prolonged (at least 20 min) typical chest pain at rest
e New onset of angina (CCS class I1-111)
 Recent destabilisation of previously stable angina (CCS class I11) or angina post-M1.*

The further classification into NSTEMI or UAP is based on the measurement of troponin. If
the troponin tests are positive, the patient is classified as having NSTEMI, otherwise the
patient is classified as having UAP (UAP patients may have minimally elevated troponins, i.e.
under the M1 diagnosis level). The diagnostic cut-off for Ml is defined as a cardiac troponin
measurement exceeding the 99™ percentile of a normal reference population (upper reference
limit) using an assay with an imprecision (coefficient of variation) of <10% at the upper
reference limit.>* %
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Figure 2. Global criteria for the diagnosis of myocardial infarction**

Criteria for acute myocardial infarction

The term myocardial infarction should be used when there is evidence of myocardial
necrosis in a clinical setting consistent with myocardial ischaemia. Under these conditions any
one of the following criteria meets the diagnosis for myocardial infarction:

» Detection of rise and/or fall of cardiac biomarkers (preferably troponin) with at least
cne value above the 99th percentile of the upper reference limit (URL) together with
evidence of myocardial ischaemia with at least one of the following:

= Symptoms of ischaemia;

= ECG changes indicative of new ischaemia [new ST-T changes or new left bundle
branch block (LEBB)];

= Development of pathological Q waves in the ECG;

* Imaging evidence of new loss of viable myocardium or new regional wall motion
abnormality.

« Sudden, unexpected cardiac death, involving cardiac arrest, often with symptoms
suggestive of myocardial ischaemia, and accompanied by presumably new ST
elevation, or new LEBE, and/or evidence of fresh thrombus by coronary angiography
andfor at autopsy, but death occurring before blood samples could be obtained, or at
a time before the appearance of cardiac biomarkers in the blood.

+ For percutaneous coronary interventions (PCI) in patients with normal baseline
troponin values, elevations of cardiac biomarkers above the 95th percentile URL are
indicative of peri-procedural myocardial necrosis. By convention, increases of
biomarkers greater than 3 x 99th percentile URL have been designated as defining
PCl-related myocardial infarction. A subtype related to a documented stent
thrombosis is recognized.

« For coronary artery bypass grafting (CABG) in patients with normal baseline troponin
values, elevations of cardiac biomarkers above the 99th percentile URL are indicative
of peri-procedural myocardial necrosis. By convention, increases of biomarkers
greater than 5 x 99th percentile URL plus either new pathological Q waves or new
LBBB, or angicgraphically documented new graft or native coronary artery occlusion,
or imaging evidence of new loss of viable myocardium have been designated as
defining CABG-related myocardial infarction.

+ Pathological findings of an acute myocardial infarction.

Criteria for prior myocardial infarction

Any one of the following criteria meets the diagnosis for prior myocardial infarction:

+ Development of new pathological Q waves with or without symptoms.

+ Imaging evidence of a region of loss of viable myocardium that is thinned and fails to
contract, in the absence of a non-ischaemic cause.

+ Pathological findings of a healed or healing myocardial infarction.

Gender differences in diagnosis

Women are more likely to present with UAP and are less likely to present with MI than men
among ACS patients.*® %’ In the setting of acute MI, women more seldom present with
STEMI/Q-wave MI compared to men*”*® and also have less marked ST-elevations.*

Symptoms and physical findings

In STEMI (and NSTEMI) chest pain or chest discomfort lasting for 10-20 min or more is the
typical symptom and is often associated with radiation of pain to the neck, jaw or left arm.?
Although older studies found absence of chest pain/discomfort one third to on forth of Ml
patients depending on research methods,* recent studies show that 80-90% of both men and
women with MI do have chest pain/chest discomfort **** which is the most common Ml
symptom in both genders.> The pain may not be severe and in the elderly other presentations
such as fatigue, dyspnoea, faintness or syncope could instead be the major symptom making
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the patient to seek medical care.>® Thus, as among MI patients women are older than men, a
clinical presentation without chest pain/discomfort is somewhat more common in women.>*
%37 Also after multivariate adjustments including adjustment for age chest pain/discomfort is
somewhat more common in men according to some®® but not all studies.>* Women are more
likely to report additional symptoms including left arm pain, nausea/vomiting, dizziness,

dyspnoea, palpitations and jaw/ back pain and also report a larger number of symptoms
according to most studies.***% %

Whether there are gender differences in symptoms in pure STEMI cohorts is not well studied,
as the mentioned studies included mixed ACS or M1 patients.*>* 59 A small study on 256
ASC patients found similar gender differences in the different ACS diagnostic groups with
more indigestion, palpitations, unusual fatigue in women but no difference in rate of chest
pain.® A very recent prospective study found no gender difference when ECG-confirmed
ischemia was provoked by prolonged balloon inflation during elective PCI.5* Patients with
STEMI compared to NSTEMI have been showed having more frequent associated symptoms
such 363 nausea/vomiting, vertigo/near syncope or diaphoresis, and higher intensity of chest
pain.

There are no individual physical signs diagnostic of STEMI. Many patients have evidence of
autonomic nervous system activation with pallor and profuse sweating. The blood pressure
can be high but also hypotension could be evident especially in case of cardiogenic shock.
Features may also include bradycardia or tachycardia or signs of acute heart failure such as
rales and a third heart sound.?

Risk factors

Classical CAD risk factors including gender differences

The classical modifiable CAD risk factors are the same in both genders; diabetes,
hypertension, hypercholesterolemia, obesity, physical inactivity, alcohol, diet and
psychosocial stress. These have been evaluated both in case-control and prospective
observational cohort studies. It is important to differ relative risks [RR] from population
attributable risks [PAR]. A very uncommon risk factor (low prevalence) with a strong impact
on outcome will lead to a high RR but a low PAR. Vice versa, a very common risk factor
(high prevalence) with only a modest impact on the risk of the adverse outcome will lead to a
low RR but high PAR.

INTERHEART was a global case-control study of acute MI with cases and controls enrolled
1999-2003. Nine risk factors were shown to account for more than 95% of the PAR in both
men and women; high ApoB/ApoA ratio, current smoker, abdominal obesity (high waist to
hip ratio), hypertension, diabetes, physical inactivity, no regular use of alcohol, low
consumption of fruit and vegetables and psychosocial stress.®> There were some differences in
PAR in the female compared to in the male population. Hypertension, diabetes, alcohol intake
and physical activity were more strongly associated with MI in women whereas former
smoking was more strongly associated with MI in men than in women. The metabolic
syndrome-related risk factors contributed more to the PAR in women than in men (73% vs.
68%). In INTERHEART women experienced their first MI around 9 years later than men all
over the world. More than 80% of the earlier age of first MI in men was explained by gender
differences in distribution of these nine risk factors.”
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Prospective cohort studies have also shown gender differences in the impact of CAD risk
factors. The Copenhagen City Heart Study studied ten possible CAD risk factors; smoking,
hypertension, diabetes, hypercholesterolemia, hypertriglyceridemia, obesity (BMI), no daily
alcohol intake, physical inactivity, low or middle income and lower school education.
Relative risks and PAR for both genders were presented. After stratifying for sex, diabetes
mellitus, smoking, and hypertriglyceridemia were associated with higher RR in women than
in men, whereas no daily alcohol intake was associated with a higher RR in men. PAR ranged
from 3-22% in men and 3-37% in women, with the highest PAR for smoking and
hypertension in both genders. The largest gender difference in PAR were noticed as regards
smoking , 22% and 37%, men and women respectively, and for no daily alcohol intake, 12%
in men, no contribution in women. Also in the Copenhagen City Heart Study the authors
concluded that it is plausible that the gender difference in CAD incidence can be explained by
the differences in frequencies and relative risks of these ten classical CAD risk factors.**

Kidney function

Reduced kidney function has got increased attention as an important risk factor of developing
CAD but also for adverse outcome in case of ACS. According to the National Kidney
Foundation Kidney/Disease Outcome Quality Initiative [NKF K/DOQI] chronic kidney
diseases [CKD] is defined as kidney damage persisting for > 3 months.®® Patients with
reduced Kidney function should be staged into five CKD stages based on estimated glomerular
filtration rate [eGFR].% Patients in stage 1-2 have normal to mildly reduced eGFR in addition
to other signs of kidney damage. Patients in stage 3-5 have moderatly or severely reduced
eGFR or are in end-stage renal failure [ESRD]. (Table 2) In this thesis, renal insufficiency
[RI] is defined as CKD stage 3-5, i.e. eGFR less than 60 mL/min/1.73 m*.%°

Kidney function is best evaluated by measuring GFR. This could be done by using an
endogenous or exogenous substance that is freely filtrated by the glomerular apparatus,
neither actively secreted, nor absorbed. The classical endogenous substance used is creatinine,
with measurement of S-creatinine as well as the creatinine concentration in urine sampled
during a specified time interval (24 hours), creatinine clearance. Exogenous substances used
are inulin, iohexol and Crom-EDTA. The blood concentration of an exogenous substance
could be measured with predefined time intervals and the filtration rate could be calculated.
Direct measure of GFR is cumbersome and time-dependent and usually not routine praxis in
most clinical settings. This is especially not a feasible method in the case of acute STEMI.
Instead estimating GFR has become routine praxis. The most commonly used formulas are
the Cockeroft Gault [CG]® and the simplified Modification of Diet in Renal Disease
[MDRD]®" ® formulas. The formulas differ in several aspects. The simplified MDRD
equation exists in two forms, depending on the S-creatinine assay used (IDMS-traceable or
not), but differ only in the multiplication constant, either 186 (original equation)®” ®® or 175
(re-expressed equation).®® The CG formula was developed in the 1970° from a cohort of 249
men treated for a variety of diseases at medical wards®® and the MDRD formula was
developed in the 1990° from a cohort of 1628 CKD patients of both genders.®” MDRD
estimates eGFR in mL/min/1.73m? whereas CG estimates absolute CrCl in mL/min. To allow
comparison of results between people of different sizes, the CrCl is often corrected for the
body surface area [BSA] and expressed compared to the average sized man as mL/min/1.73
m?. While most adults have a BSA that approaches 1.7, extremely obese or slim patients
should have their CrCl corrected for their actual BSA.The formulas also differ somewhat in
their estimations in populations with varying sex, age and weight’®"? and are recommended
for different purposes, CG for dose adjustments,73'75 MDRD for detection and classification of
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renal dysfunction.” " CG has been shown to be somewhat more predictive of mortality than
MDRD after M1.”" In spite of that MDRD was developed on both genders but CG in only
men, it is has been shown that the relative error (bias) of CG predictions is associated with
age and BMI but not with gender whereas MDRD has been found to underestimate GFR in
women. Equations for prediction of kidney function include a sex correction factor that
compensates for the sex-dependent difference in muscular mass. This difference in muscular
mass between men and women was found to be adequately predicted by the CG but
overestimated by MDRD. "

Table 2. CKD sta%es according to the National Kidney Foundation. Kidney Disease Outcome
Quality Initiative®

CKD stage Estimated GFR Definition

1 >90 mL/min/1.73m” Normal kidney function*
2 60-89 mL/min/1.73m? Mild CKD*

3 30-59 mL/min/1.73m? Moderate CKD

4 15-29 mL/min/1.73m? Severe CKD

5 Dialysis or <15 mL/min/1.73m? ESRD

*In order to be staged into CKD stage 1-2 signs of kidney damage such as albuminuria
or pathological imaging is required.

Patients with ESRD are at high risk for cardiovascular events and over 50% of deaths among
these patients are due to cardiovascular events.”® 7® Two year mortality rate post Ml is twice
as high in patients with ESRD compared to M1 patients without ESRD, approximately 50%.%°
In-hospital mortality ranges from 1-20% with increasing CKD stage from 1 to 5.”*® The last
decade also mild to moderate CKD have been proven to be associated with worse prognosis
post M1.8284 The prevalence of RI has been shown to be much higher among ACS patients
than among a normal population of same age. In a mixed MI cohort, 45% patients over 70
years had RI compared to 19-26% in people of the same age in the normal population.®>
Several studies have suggested that a cut-off value for eGFR less than 60 mL/min/1.73m? is
predictive of adverse cardiovascular outcome.®” 8 % As regards STEMI Sadeghi et al.
compared RI with non RI patients in the CADILLAC cohort, including primary PCI treated
STEMI patients, and found 5.77 and 2.86 higher multivariable adjusted risks of 30 day and
one year mortality, respectively, in RI compared to non Rl patients.”* Even higher eGFR cut-
off levels have been found associated with an increased risk of adverse post-MI outcome. In a
study based on the VALIANT cohort the risk of death and nonfatal cardiovascular
complications increased already below the level of 81 mL/min/1.73 m®.# The multivariate
adjusted increased risk per 10 mL/min/1.73 m? of eGFR decline was 19% regarding early
mortality and 16% regarding late mortality in a study by Gibson et al.%

There are many possible explanations to why reduced kidney function is associated with an
increase cardiovascular risk. Firstly, the conditions CAD and CKD have several common risk
factors such as hypertension, diabetes and age. It is previously shown that there is a stepwise
increase in these co-morbidities and other cardiovascular risk factors among patients with
increasing CKD stage.*® Secondly, some of the factors associated with renal dysfunction are
also associated with endothelial dysfunction and accelerated atherosclerosis such as anaemia,
oxidative stress, and derangements in calcium—phosphate homeostasis, inflammation and pro-
coagulant conditions.®® Thirdly, in case of ACS, several studies have found less active
management of CKD patients that could also contribute to their worse prognosis *** as well
as more adverse drug reactions and complications including increased bleeding risks but also
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thrombotic complications.® ¥’

Figure 3. Cockcroft Gault and (Simplified) Modification of Diet in Renal Disease formulas®®®®

GFR estimated according to MDRD in mL/min/1.73 m2 = 186 * (serum creatinine/88.4 [in pmol/L])™"">* *
age [in years]) *?®® If women multiply the equation with 0.742.
(The multiplication constant 186 is replaced by 175 if IDMS-traceable serum creatinine is used)

CrCl according to CG in mL/min = ((140 - age [in years]) * weight [in kilogram])/(serum creatinine [in
pmol/L]) * (88.4/72) If women multiply the equation with 0.85

Gender differences in kidney function

It is evident from most of the mentioned studies that with higher CKD stage, the proportion of
women increases.®! 8294 97- 98 \Women are 5-10 years older than men in M1 cohort which is an
important explanation to the gender difference in CKD prevalence among Ml patients.®*
Another explanation is the higher proportion of women with risk factors associated with
worse kidney function such as diabetes and hypertension. Female gender has been found to be
associated with worse renal function in M1 patients with heart failure® and in NSTE ACS
patients.” Anyhow, it is not clear if female gender is independently associated with RI in case
of STEMIL. It is also not known whether there is a gender difference in prognostic impact of
CKD as is the case for smoking and diabetes. According to a relatively small single-centre
study on a mixed PCI cohort, there is a stronger association between increased CKD stage and
adverse long term outcome in women than in men.*® This is not studied in the setting of
STEMI.

Treatment

Acute reperfusion therapy
Time-to-treatment

As ST-elevation implicates a complete occlusion of a main coronary artery, acute reperfusion
therapy is the corner stone treatment in STEMI management. There is clear evidence from the
thrombolytic era that this treatment should be started as soon as possible, at the latest 120 min
from first medical contact, preferably within 60 min.'®* In a meta-analysis by Boersma et al,
the proportional mortality reduction was significantly higher in patients treated within 2 hours
compared to those treated later (44% vs. 20%).'%* Myocardial necrosis can be totally
prevented if reperfusion is achieved very early as an occlusion persisting for 15-30 min
generally does not lead to significant myocardial damage.'%* After 30-45 min of occlusion,
necrosis usually occurs in the sub-endocardial myocardium.'®? Longer durations of coronary
occlusion result in a wave-front of necrosis moving towards the epicardium and at 90 min of
occlusion the extent of cell death involves approximately half of the transmural thickness. %>
193 Six hours after the onset of continuous ischemia the area at risk is completely infarcted and
the damage is transmural. Thus myocardial salvage upon reperfusion after this time point will
be minimal. Anyhow, collaterals could be recruited and the thrombotic response to plaque
rupture is dynamic. Thrombosis and lysis of the thrombosis occur simultaneously and in 25-
30% of STEMI patients planned for primary PCI there is patency of the infarct-related
artery.’® Thus, in these patients, it is presumed that spontaneous endogenous lysis has
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occurred. Persistent although reduced flow in the affected artery extends the time window for
achieving myocardial salvage.

From the current primary PCI era, randomised studies and observational studies based on
registers have indicated that long delay times to primary PCI are associated with a worse
clinical outcome. Reperfusion treatment with primary PCI could not be started as quickly as
fibrinolysis as the later can be given already in the ambulance and the former have to be
performed at a cath lab. The PCl-related delay time is thus the difference between symptom-
to-balloon time and symptom-to-needle time. Up to date, no specifically designed study has
addressed the issue to which extent the PCl-related time delay diminishes the advantages of
PCI over fibrinolysis, we do not have a clear answer what PClI-related delay time could be
acceptable. From randomised control trial post hoc analyses it has been calculated that
depending on the fibrinolytic used, PCl-related delay times of 60-120 min still favours
primary PCI over fibrinolytic therapy.'%® 106 107

Gender differences in delay-times

Delay times in MI can be divided into three phases, 1) the patient decision phase, 2) the
transportation phase and 3) the hospital phase.'®® The summary of phase 1 and 2 is often
referred to as symptom-to-door time. In STEMI the hospital phase is referred to as door-to-
needle time if in-hospital fibrinolytic therapy is used and door-to-balloon time if primary PCI
is used. The most important reason for long patient delay time is incorrect interpretation of
symptoms.®® 110 11 Other determinates to increased delay are expectations that the pain will
disappear, not taking the symptoms seriously, unwillingness to worry the family and, first
contacting the GP.1% 2 According to many studies, women have longer delay times
compared to men, especially symptom-to-door time,*** while others have not found such
difference.™* *° 16 A Swedish study based on the MONICA register found gender
differences in delay times only among older but not in younger patients®* which also was
found in a French register."*” Both these studies contained mixed MI patients, and did not
separate STEMI from NSTEMI.

Based on the American ARIC study, McGinn and colleagues described trends in patient
delay.™® They only found small changes in delay time over the period 1997 until 2000 despite
considerable public and media attention with the National Heart Attack Alert Program.
Certain subgroups with longer delay times were identified, among those women. These
findings are consistent with the Swedish MONICA study where no trends in change of delay
were seen in either men or women.>? Other subgroups with longer delay times are patients
with diabetes, elderly and certain ethnic groups.'t® 18 113 120

Reperfusion strategies

Two reperfusion strategies exist, primary PCI and fibrinolytic therapy.® Randomised clinical
trials comparing timely performed primary PCI with in-hospital fibrinolysis in high-volume,
experienced centres have shown more effective restoration of patency, less re-occlusion,
improved left ventricular function and better clinical outcome with primary PCL.*** Thus, if it
is possible to transfer the patients to a cath lab within 120 min, primary PCI is recommended
by the ESC guidelines as the first line therapy for STEMI. If the area at risk is big and the
time from first medical contact [FMC] is less than 2 hours, the symptom-to-balloon time
should be even shorter, <90 min. For patients with the clinical presentation of STEMI within
12 hours after symptom onset with persistent ST-elevation or new LBBB, reperfusion therapy
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should be given.? There is also a general agreement to consider primary PCI even if more than
12 hours have past since symptom onset, if there is clinical evidence of on-going ischemia.®
After 24 hours, the evidence is less clear that it is of gain instead of harm to open up the
occluded artery. In the OAT trial PCI was performed 2-28 days after symptom onset. Opening
up the occluded infarct-related arteries did not improve outcome, not even in the subgroup
treated between 24-72 hours after symptom onset.'?% 12

Fibrinolytic therapy is still an important reperfusion strategy where PCI facilities are not
available or the transfer times are too long. The benefit of fibrinolysis is well established with
approximately 30 early deaths prevented per 1000 patients treated.*** Fibrin-specific agents
have been proven superior of streptokinase.'?> Pre-hospital admission is proven to be superior
of hospital admission with 17% relative risk reduction,*?® and the therapy should be given as
fast as possible, preferably within 2 hours from symptom onset.’** More recent studies have
also confirmed the usefulness of pre-hospital fibrinolytic therapy with outcome data similar to
primary PCI trials'?" 1?8 but the strategies has not been compared prospectively in early
presenters in an adequately sized randomised clinical trial. Previous haemorrhagic stroke,
bleeding disorders, recent ischemic stroke/trauma/surgery/head injury/GI bleeding, non-
compressible punctures or presence of aortic dissection are the absolute contraindications of
fibrinolytic therapy.®

Gender differences in reperfusion strategy

A review of the larger placebo-controlled trials of fibrinolytic therapy showed that the relative
benefit of fibrinolytic treatment among STEMI patients is irrespective of gender.*** The
largest absolute benefit is found in high risk patients, and mortality reduction has also been
found in the oldest subgroup.*® Anyhow, an increased bleeding risk in women has been
found in several STEMI studies from the fibrinolytic era,*” %0 13! 132

Primary PCI is more effective in securing and maintaining coronary artery patency than
fibrinolytic therapy and in addition avoids some of the bleeding risks associated with
fibrinolysis. In patients with contraindications to fibrinolytic therapy primary PCI can be
performed with success'® and it is also the preferred treatment for patients in cardiogenic
shock.*** Women with MI are older with more co-morbidity and higher risk of mechanical
complications as well as bleeding. In case of STEMI, the incidence of heart failure and
cardiogenic shock is also higher in women than in men.*” %

Since women with STEMI have a more severe risk profile than men, a similar relative risk
reduction with primary PCI would translate to a larger absolute benefit. Several studies
suggest that women compared with men derive a higher absolute benefit from primary PCI
compared with fibrinolytic therapy.*®® 13 137 1% The GUSTO 11-B PTCA sub-study comparing
primary PCI vs. fibrinolytic therapy found no interaction between gender and treatment effect
as regards outcome, but as the absolute benefit in women was higher, more major events were
prevented in women than in men (56 vs. 42 events per 1000)."*® According to one study,
myocardial salvage after primary PCI was actually greater in women than in men.
Scintigraphy was performed close to the primary PCI and at follow-up 7-10 days after
intervention. Initial area at risk did not differ between the genders but the salvage index was
64% in women compared to 50% in men in spite of longer delay times in women.*** Anyhow,
as this is a single study, it has to be interpreted with caution until further studies have either
confirmed or rejected these results.
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A recent Dutch single-centre study on almost 3300 STEMI patients all treated with primary
PCI and without any other gender differences in management, found no gender difference in
crude mortality rates in 30 days (8.1% vs. 9.2%, men and women respectively) or in one year
(10.5% vs. 12.2%, men and women respectively) in spite of longer delay, higher age and
more severe risk profile in women. The authors concluded that their study probably reflected
an increased awareness of potential treatment biases towards women, and thus an increased
adherence to treatment guidelines resulting in better outcome.™*®

Thus there are several are rationales, including the longer patient delay time in women, to
why the shift from fibrinolytic therapy to primary PCI might be even more advantageous in
women than in men. Previous studies from the fibrinolytic era have found a lower rate of
reperfusion therapy in women. Whether this is also true in Sweden is not known. Neither is it
known whether the shift from fibrinolysis to primary PCI as reperfusion strategy has resulted
in diminished gender gaps in management, particularly regarding rate of reperfusion therapy.

Anti-platelet therapy
Acetyl salicylic acid

Acetyl salisylic acid [ASA] acts mainly by irreversible inactivation of cyclooxygenase-1
[COX-1], thereby inhibiting platelet thromboxane A2 [TXA;] synthesis and subsequent
TXAz-mediated platelet aggregation. The effect persists for the lifetime of the platelet. Upon
suspicion of STEMI, ASA should be given as soon as possible if there are no
contraindications, i.e. hypersensitivity, active gastrointestinal bleeding, known clotting
disorders, or severe hepatic disease. According to the ESC guidelines, ASA should be started
at a dose of 150-325 mg orally. The maintenance dose is thereafter 75—-160 mg daily for life.?

In vitro data have found greater inhibition of platelet aggregation in men than in women**°
and female gender has been associated with higher platelet reactivity in ASA-treated CAD
patients.® Incomplete ASA-mediated inhibition of TXA, mediates an increased risk of
serious cardiovascular events shown in sub-studies from CHARISMA and HOPE®** 142
female gender was an independent predictor of reduced TXA, inhibition.**?

and

As secondary prevention ASA therapy reduces the risk of serious vascular events by about a
quarter, and the effect is well confirmed in both genders.*** *** The benefit of ASA in case of
STEMI was proven in the ISIS-2 trial**® where a 23% highly significant relative reduction in
5-week vascular mortality was found. In contrast, the significance of ASA as primary
prevention has been debated after the Women’s Health Study as only a reduction in stroke but
not in M1/total cardiovascular risk was observed'*® which was the opposite of previous results
on men.**"** |n the latest meta-analysis on this topic, primary prevention with ASA was
questioned in both genders as the current totality of evidence provides only modest support
for a benefit in patients without cardiovascular disease, which is offset by its bleeding risk.***

Clopidogrel

Thienopyridins are irreversible inhibitors of the platelet adenosine diphosphate [ADP] P2Y1,-
receptor. Clopidogrel is a second generation thienopyridine and inhibits binding of ADP to its
platelet receptor and subsequent ADP-mediated activation of the glycoprotein Ilb/llla
complex required for platelet aggregation. Clopidogrel is a prodrug that needs oxidation by
hepatic CYP-enzymes and subsequent hydrolysis to produce the active metabolite.
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Pharmacokinetic studies have revealed no gender differences in plasma levels of the active
metabolite.’®* Variability with regard to inhibition of platelet aggregation in clopidogrel
treated subjects is today well recognized*** *** and no/low responders are at higher risk of
new ischemic events.™ ** Carriers of the loss-of-function variant allele on the CYP2C19
hepatic enzyme, mainly responsible for the prodrug conversion, have reduced clopidogrel-
induced platelet inhibition'*® and are associated with an increased risk of ischemic events.'*’

The addition of clopidogrel on top of ASA in STEMI patients treated with fibrinolysis was
assessed in the CLARITY-TIMI 28 trial. Women comprised only 20% of the study
population. A 36% reduction in the composite endpoint (death, M, stroke) was observed
overall, with similar reduction for men and women.**® In the PClI-treated subgroup (PCI-
CLARITY) the relative risk reduction was higher in women than in men (59% compared to
41%).1%° In COMMIT (27.8% women) patients with suspected acute MI were treated with
dual antiplatelet therapy including clopidogrel compared to ASA alone. Half of the patients
underwent treatment with fibrinolysis; no one was treated with primary PCI. The absolute risk
reduction for the composite endpoint (death, M1, stroke at 28 days) was the same in women
and in men (0.7% vs. 0.9%) but did not reach statistical significance in women.***

A meta-analysis of all the most important randomised clinical trials on clopidogrel (CURE™®
168 CREDO'™ CLARITY-TIMI 28'%°, COMMIT*®! and CHARISMA™®) focused on the
gender aspect.’® Overall, clopidogrel was associated with a highly significant 14%
proportional reduction in the composite endpoint (cardiovascular death, Ml, or stroke) with no
significant gender difference in treatment effect. In women, the overall effect of clopidogrel
was driven by a reduction of MI whereas in men the effects of clopidogrel on MI, stroke, and
all-cause mortality were separately significant. Clopidogrel increased the risk of major
bleeding in both genders, OR 1.43 (95% CI: 1.15-1.79) in women and OR 1.22 (95% ClI:
1.05-1.42) in men.'%

Clopidogrel on top of ASA in STEMI patients planned for/treated with primary PCI has not
been prospectively evaluated in a randomised controlled trial. However as the evidence for
clopidogrel as adjunctive antiplatelet therapy on top on aspirin in patients treated with PCI is
solid %7 1% the ESC/EACT revascularisation guidelines recommend clopidogrel as soon as
possible to all STEMI patients planned for primary PCI, but with a class | C recommendation.
The loading dose should be at least 300 mg, but 600 mg gives a more rapid and stronger
platelet ighibition. The recommended maintenance dose is thereafter 75 mg daily for 12
months.

Prasugrel

Prasugrel is a third generation thienopyridine with a more favourable metabolic conversion
compared to clopidogrel, and thus higher concentrations of the active metabolite and more
potent inhibition of the platelet P2 1,-receptor. Function CYP genetic variants does not seem
to affect active metabolite levels, platelet inhibition or cardiovascular outcome in prasugrel
treated patients.’®® > Prasugrel was tested against clopidogrel in ACS (NSTE ACS and
STEMI) patients in the TRITON TIMI 38 trial, 26% were women.'""*"* Therapy was started
after diagnostic angiography in patients planned for PCI. Prasugrel was proved beneficial with
respect to a combined ischemic endpoint. Severe bleeding complications increased with
prasugrel use, specifically in patients with a history of stroke/TIA, in patients >75 years and
in patients with body weight <60 kg.'™**"® The relative risk reduction of the primary endpoint
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was 19% (21% in men, 12% in women). Statistical significance was not obtained in women
but no significant interactions between patient characteristics and treatment effect were found.
In the STEMI subgroup (23% women) prasugrel was found superior to clopidogrel in
reducing the combined ischemic endpoints as well as stent thrombosis without increasing the
risk of severe bleeding.”* No gender specific data were presented in this study. In the 2010
ESC/EACT revascularisation guidelines Prasugrel (60 mg loading dose, 10 mg maintenance
dose) was given a class | B recommendation in STEMI patients treated with primary PCI.
Prasugrel has not been evaluated in conjunction with fibrinolysis.*®

Ticagrelor

Ticagrelor is a non-thienopyridine oral direct-acting P2Y 1,-receptor receptor blocker
inhibiting platelet function. It provides faster, greater and more consistent P2Y 1,-receptor
receptor blocking as compared to clopidogrel.*” It has been compared with clopidogrel in the
PLATO trial including STEMI patients intended for primary PCI as well as NSTE ACS
patients intended for either invasive or medical approach.!” A significant 16% relative
reduction of the combined ischemic endpoints (cardiovascular death, Ml or stroke) was found
in favour of ticagrelor. Compared with men, women showed similar absolute (2.0% vs. 1.9%)
and relative (17% vs. 15%) reduction of the primary endpoint within the ticagrelor arm, and
similar effects were also seen in terms of major bleedings. A predefined subgroup analysis
demonstrated that STEMI or NSTE ACS patients referred for PCI (25% women) significantly
benefited from ticagrelor vs. clopidogrel, with similar bleeding rates.'”” In the 2010
ESC/EACT revascularisation guidelines ticagrelor (180 mg loading dose, 90 mg twice daily
maintenance dose) was given a class | B recommendation in STEMI patients treated with
primary PCI. Ticagrelor has not been evaluated in conjunction with fibrinolysis.*

GPIlIb/111a antagonists

The glycoprotein [GP] lIb/Il1a antagonists block the final common pathway leading to platelet
aggregation by inhibiting fibrinogen binding to its platelet. Most STEMI studies on
GPIIb/111a antagonists have used abciximab. Abciximab is an antibody with irreversible
platelet inhibition, whereas tirofiban and eptifibatide are small molecules with reversible
platelet inhibition and thus fast recovery of platelet function after treatment discharge.

A systematic review of the randomised clinical trials using abciximab in STEMI including
primary PCI studies'"®#? as well as fibrinolytic studies'®**®® showed a 32% relative risk
reduction in 30 day mortality in the primary PCI subgroup, but no reduction of mortality in
the fibrinolytic subgroup.’®® A later meta-analysis on primary PCI treated STEMI patients
(including the BRAVE-3" and HORIZONS-AMI*® trials, where no benefits of adjunctive
GPIIb/111a antagonists on top of clopidogrel administration were found) found no reduction in
30-day mortality or re-infarction but a higher risk of bleeding with GPIIb/l1la antagonist
therapy although a significant relationship between risk profile and benefits of GPIIb/Illa
antagonists was noticed.'®® Upstream vs. cath lab treatment with abciximab was tested in the
FINESSE trial without a net clinical benefit.*® In the On-TIME 2 trail the GP1Ib/Illa
antagonist tirofiban was compared to placebo in the prehospital phase on top on ASA, heparin
and a 600 mg loading dose with clopidogrel. ST-resolution was improved but there was no
significant net clinical benefit compared with placebo.'*

According to a meta-analysis by Boersma et al, a highly significant interaction with respect to

cardiac events was seen between gender and allocated treatment. In men, GPIIb/l1la
antagonists were associated with a 19% odds reduction of 30-day death or M1 compared with
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placebo or control. On the contrary, women had an increased risk if treated with GPIIb/l111a
antagonists. However, no gender difference in treatment effect was seen in a selected
subgroup of patients with raised cardiac troponin concentrations.*

Whether the use of GPIIb/Illa antagonists provides benefits on top on optimal dual
antiplatelet therapy including the modern P2Y 1,-receptor blockers prasugrel and ticagrelor has
yet to be shown. Also whether bivalirudin combined with the new P2Y 1,-receptor receptor
blockers reduces the clinical benefit from adjunctive GPI1b/Illa antagonists is tested in on-
going trials.*® Current ESC/EACT guidelines recommend GPIIb/I1la antagonists in STEMI
patients treated with primary PCI (with evidence of high intracoronary thrombus burden) as
adjunctive to dual antiplatelet therapy with the highest class of recommendation for
abciximab (Ila B) and lowest for eptifibatide (11b B). Upstream therapy is not recommended.
Abciximab should be given as i .v. bolus of 0.25 mg/kg followed by 0.125 pg/kg/min infusion
for 12 hours. GPIIb/111a antagonists are not recommended in combination with fibrinolytic
therapy.> %

Anticoagulants
Unfractionated and low-molecular-weight heparins

Unfractionated heparin [UFH] and low-molecular-weight heparins [LMWH] bind to
antithrombin 111 and enhance inactivation of factors Xa and, to a less extent, thrombin. As
compared to UFH, LMWH has a higher anti-factor Xa/lla ratio, a longer duration of anti-
factor Xa-effect and a more predictable dose-response. LMWH do not usually require
laboratory monitoring of activity as opposed to UFH where activated partial thromboplastin
time [APTT] has to be measured or activated clotting time guidance [ACT] in the setting of
PCI.

Women are more likely to achieve higher APTT in response to UFH'** whereas the
pharmacokinetic and —dynamic effects of enoxaparin do not seem to differ between the
genders.”® In ASSENT-3 (23% women) abciximab and enoxaparin was compared to UFH as
adjunctive therapy to tenecteplase as regards ischemic events and safety. Whereas the efficacy
and combined efficacy+safety endpoints were reached in men, no net clinical benefit was seen
in women, neither with enoxaparin, nor with abciximab compared to UFH.*® In EXTRACT-
TIMI 25 enoxaparin vs. UHF were compared in patients treated with fibrinolysis. Women
derived a similar relative benefit (16% vs. 19%3 and a greater absolute benefit (2.9% vs.
1.9%) than men when treated with enoxaparin.**®

UFH is the standard anticoagulant therapy during primary PCI but there is a lack of
randomised clinical trial comparing UFH and placebo in this setting. This is due to the strong
belief that UFH is required during the procedure and such a study will probably never be
performed. LMWH have been studied in a limited number of studies in primary PCI treated
STEMI patients and is not recommended for use instead of UFH. In the 2010 ESC/EACT
revascularisation guidelines UFH has a class | C recommendation in the setting of primary
PCI with a start dose of 100 U/kg (60 U/kg if a GPIIb/I1la antagonist is given) followed by
ACT guided therapy during the PCI procedure (200-250 sec if co-treatment with GPIIb/I11a
antagonists, otherwise 250-350 sec). In case of fibrinolytic therapy (fibrin-specific agent),
enoxaparin is recommended as adjunctive therapy.*®

23



Bivalirudin

Bivalirudin is a direct thrombin inhibitor which blocks the interaction of thrombin to its
substrates as well as inhibits thrombin-mediated activation of platelets. In the HORIZONS-
AM I trial primary PCI treated STEMI patients received bivalirudin or UFH plus GPIIb/111a
inhibitors (abciximab or ebtifibatide) on top of ASA and clopidogrel. Primary endpoints were
major bleedings and a combined clinical event endpoint (death, re-infarction, target-vessel
revascularisation and stroke). The two endpoints were achieved with 24% relative risk
reduction as regards the combined adverse clinical event endpoint and 40% relative risk
reduction as regards major bleeding.'®® In the three year follow-up results, the main results
were still valid, and also a 25% relative risk reduction in all cause mortality was noticed for
the bivalirudin group.’®” Seventy-seven % of the patients were male; no gender subgroup
analyses were done in the original study or in the one- or three- year follow-up studies.'®* %"
1% Bivalirudin is recommended (class | B) in the setting of primary PCI, especially in patients
with high bleeding risks.*®

Fondaparinux

Fondaparinux is a synthetic pentasaccharide that selectively binds antithrombin and rapidly
inhibits factor Xa. It was compared with UFH or placebo in STEMI patients treated with
fibrinolysis, primary PCI or no reperfusion therapy in the OASIS-6 trial.*® Fondaparinux was
inferior to UFH in the setting of primary PCI and is not recommended in these patients,
whereas it can be given to STEMI patients not treated with reperfusion therapy.® 2% °

Other adjunctive therapy
Beta-blockers

The use of beta-blockers is mainly based on old trials before the reperfusion era. Those found
a 20-25% relative risk reduction of mortality and re-infarctions in Ml patients treated with
beta-blockers. A meta-analysis based on 82 randomised clinical trials found strong evidence
that beta-blockers reduce the risk of mortality and morbidity after STEMI also in patients
treated with ACE-inhibition.?" The use of i.v. beta-blockers in the early phase of STEMI is
less established. During the first few hours after STEMI onset, beta-blockers may diminish
myocardial oxygen demand by reducing heart rate, blood pressure and contractility and
prolongation of diastole can augment coronary perfusion. In the ISIS-1 trial M1 patients
received 5-10 mg of i.v. atenolol followed by 100 mg atenolol orally with reduced 7-day
mortality.?®? Also in the TIMI-1I trial the risk of re-infarctions and recurrent ischemia was
reduced by early i.v. metoprolol in alteplase-treated patients.’>® However, later trials and a
meta-analysis have challenged this concept.?”" 2°4 2% |n the COMMIT CCS 2 trial, i.v.
metoprolol followed by oral administration of metoprolol did not improve survival in patients
with suspected MI. The risk of re-infarction or ventricular fibrillation was diminished but the
risk of cardiogenic shock was increased.’®® Randomised trials of beta-blocker therapy in
patients with STEMI undergoing PCI without fibrinolytic therapy have not been performed.

Gender differences in pharmacokinetic properties have been described for beta-blockers.*®?
Men have a greater activity of the CYP2D6 enzyme that is responsible for the metabolism of
metoprolol, and thus a faster clearance.?®® This, together with the lower weight-adjusted
distribution volume in women, leads to higher concentrations in women if the same doses are
used as in men.””” Major clinical endpoint studies of beta-blocker therapy after M1 have found
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contradictory findings with respect to gender.**> However, too few women have been
included to enable significant findings.?% %*° A meta-analysis investigating effects of
metoprolol on mortality after MI revealed a reduction in cardiovascular deaths comparable in
both genders.?*° The more recent heart failure beta-blocker trials have found more favourable
prognosis in men than in women upon beta-blocker therapy, but include considerable fewer
women than men.”**?! In both MERIT-HF?** and COPERNICUS*** the mortality reduction
for women in the subgroup analysis failed to reach statistical significance but did so in CIBIS
112 The reasons could be too few women included, but also that they were older and sicker
than their male counterparts. In a meta-analysis incorporating all these three studies, beta-
blocker therapy was associated with a significant reduction in mortality also in women.*?

According to the European guidelines, early use of beta-blockers should only be administrated
in haemodynamically stable patients. The presence of acute heart failure in STEMI should
preclude the early use of i.v. beta-blockers but is a strong indication for the oral use as
secondary prevention when the patient is stable. Beta-blockers are recommended in all
STEMI patients as secondary prevention, especially if the left ventricular function is reduced
or if there have been signs of heart failure.®

RAAS inhibition

ACE-inhibitors have been proved to attenuate ventricular dilation and improve clinical
outcomes among patients with LV dysfunction partly through their ability to interfere with
ventricular remodelling after STEMI. A number of large randomised clinical trials have
assessed the role of oral ACE-inhibition in the early course of MI, all demonstrating clinical
benefits.?>?'” A meta-analysis of the major but also 11 smaller trials enrolling more than

100 000 patients revealed an absolute benefit of 4.6 fewer deaths per 1000 patients treated.?'®
As secondary prevention after STEMI, ACE-inhibitors improve long term survival, especially
in patients with anterior infarctions, LV-dysfunction or symptoms of heart failure.2'9%% 223
Later studies support the more broad use of ACE-inhibitors, after positive results on high-risk
patients in the HOPE and EUROPA trials.”** % Thus given these results, ACE inhibitor
therapy is recommended for all patients after STEMI in the ESC and ACC/AHA guidelines
unless otherwise contraindicated.® "> %%

The use of ARBs has not been explore as thoroughly as ACE-inhibitors in STEMI although
there are data supporting the shift from ACE-inhibitors to ARBs in case of ACE-inhibitor
intolerance and signs of heart failure/depressed LV function.?”’**® Aldosterone blockade on
top of ACE-inhibition has been shown valuable in Ml patients in NYHA class I1I-1V in the
RALES trial (spironolactone) where IHD was the cause of heart failure in 55% of patients.?**
In EPHESUS post-MlI patients were included if EF was below 40%. Eplerenone was added to
optimal post-infarction therapy and resulted in a reduction in overall and cardiovascular
mortality as well as cardiac hospitalisation.?*

In pre-menopausal women, ACE and renin activity as well as angiotensin Il Type-1 receptor
expression is lower than in men and post-menopausal women because of negative feedback
loops from higher plasma levels of angiotensin Il induced by oestrogens. The cardioprotective
effect of oestrogens is thought to partly result from this RAAS inhibition.?** 2* The effect of
ACE-inhibitors on blood pressure reduction seems to be comparable in both genders®*®
whereas women have around two times higher risk of developing cough.?*® Women have been
underrepresented in most of the ACE-inhibitor trials and data is thus less well founded for
women.**? Two meta-analyses on patients with chronic heart failure found benefits of ACE-
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inhibition therapy for both genders but less for women than for men?"- 23 whereas a meta-

analysis on post-MI patients found comparable effects in both genders.?*® Regarding ARB,
these are evaluated in patients with heart failure 222 24% 241 and post-M1.%*" %% Fewer women
than men were included in all these trials.*®* No gender-specific differences in effects have
been found.* The aldosterone blockage trials RALES and EPHESUS did not shown any
gender-specific differences in subgroup analyses.?*" 2%

The use of ACE-inhibitors in all STEMI patients has a class | A recommendation in the ESC
guidelines. An ARB can be used instead in case of ACE-inhibitor intolerance. Aldosterone
antagonist could be added in case of EF <40% and heart failure.?

Nitrates

Nitrates reduce preload and induce vasodilatation especially in the venous system and is
effective in reducing symptoms in ACS and in case of pulmonary oedema. Anyhow, a routine
use of nitrates has not been shown to reduce mortality or morbidity. In the GISSI-3 trial, ACS
patients were treated with transdermal nitrates. No significant reduction in mortality was
found.?™® In the ISIS-4 trial, oral nitrates were administrated one month from the acute event
started immediately on arrival. No benefit was found.?*® Thus a routine use of nitrates is not
recommended in STEMI patients.®

Statins

Several randomised clinical trials such as the 4522, CARE?* and LIPID** trials have
demonstrated benefits of long term use of statins in ACS reducing the risks of mortality and
re-infarctions. Later trials have also evaluated early initiation of statins in STEMI, such as the
MIRACL?* trial where the primary endpoint of death, MI, cardiac arrest or recurrent
ischemia was reduced from 17.4% to 14.8% after initiation of 80 mg Atorvastatin during the
hospital phase. A meta-analysis including 7 trials compared different intensities of statin
therapy and found the intensive statin regime to be superior to a more standard lipid-lowering
regime with further reduction of re-infarction, stroke and all cause mortality.?*® Thus statins
are recommended in all STEMI patients started as soon as possible with recommended targets
in total cholesterol of 4 - 4.5 mmol/L and LDL of 2.0 - 2.5 mmol/L.?

Most of the statins undergo hepatic metabolism via the CYP-enzymes. In general, only small
gender differences in pharmacokinetics have been found although women do have higher
plasma concentrations when same dosages are used as in men. The risk of adverse drug
reactions is also higher in women, such as myopathy.*>? The major secondary prevention trials
have found comparable risk reductions of cardiovascular events in men and women. The
percentage of women examined in these studies was however <25%. A meta-analysis
revealed same relative risk reduction upon statin therapy in men and in women.?*’

Insulin

Among STEMI patients, 21-23% of women and 13-14% of men have a previous diagnosis of
diabetes upon admission.*® 1% Stydies have also found that in M1 patients without
previously known diabetes, one third has diabetes and one third has disturbed glucose
metabolism.?*® The acute phase of STEMI is associated with increased levels of
catecholamine, cortisol and glucagon in the blood as well as decreased insulin sensitivity, thus
impaired glucose utilisation. High glucose levels are associated with increase mortality rates
in STEMI.%*° % previous studies found support of strict glycaemia control by use of insulin
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infusion in STEMI as well as in other critically ill patients®" > The more recent DIGAMI-2
trial did not find any reduction in mortality in the group treated with infusion compared to
standard management, probably reflecting lack of difference in glucose control between the
groups.”® Also the NICE-SUGAR trail on intensive care patients raises uncertainty regarding
the optimal glucose level to target. The risk of death was increased in the intensive glucose
control treatment group that had significantly more episodes of hypoglycaemia than the
conventional glucose control treatment group.?>* Whether these data can be extrapolated to
the STEMI group is uncertain as randomised clinical trials evaluating the optimal glucose
target in case of STEMI is still lacking.

According to ESC guidelines target glucose levels in the acute phase should be 5-7.8 mmol/L
but hypc3)glycaemia must be avoided. After the acute event, the aim is to achieve HbAlc levels
< 6.6%.

Gender differences in management

Several studies during the 1990s found less aggressive management of female than male Ml
patients.?*>2%2 Data from the NRMI register found less use of aspirin, heparin and beta-
blockers in women compared to men during the hospital phase,** similar findings were done
recently from a Swiss register 2, from the American Get With the Guidelines-Coronary
Artery Register (GWTG-CAD),?* and from an Italian register.®® Invasive procedures have
also been used less in women in mixed MI cohorts.® 263 264, 266, 267

More recent studies have also found less active secondary prevention such as use of aspirin,
beta-blockers, statins and ACE-inhibitors.?* 2%%-2%9 byt multivariable adjustments have not
been done. The gender difference in age in MI cohorts has impact on management, and can
thus explain part of the found gender management gap. One study on patients treated with
primary PCI found more active management in women in the younger subgroup, and more
active management in men in the older subgroup, after stratifying on age.270

Almost all of these studies have included both STEMI and NSTE ACS patients.?>>2>" 260. 261,
268,269 pre STEMI cohorts have most often been extracted from randomised controlled trials,
and thus do not represent real life management,*: 1% 271273

During the fibrinolytic era there were several reports on gender differences in rate of
reperfusion therapy *"**®° Some studies mixed STEMI and NSTEMI patients™" 2" 2"® which
make the results hard to interpret as among M1 patients, women have STEMI less often than
men.*" %4277 Also several studies have not performed multivariable adjustments regarding
this particular endpoint,®® %! and thus gender differences in management could be due to
confounders, such as higher age and co-morbidities in women.?** %2 A study from the
GRACE register on trends in acute reperfusion therapy concluded that female gender is one
out of eight independent factor of not receiving reperfusion therapy among eligible STEMI
patients.”® Vaccarino et al studied difference in management in M1 patients between genders
but also races from the NRMI register. The chance of receiving reperfusion therapy in
eligible patients was highest in white men, followed by white women, black men and finally
black women. The differences in management between races were more pronounced than the
differences between genders.?®’

Whether gender differences in management affect outcome has been debated for many years.
There are studies that claim that at least part of the gender outcome gap is due to less
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aggressive therapy in women®* whereas others have found no or minor such associations.?™
A French study published a couple of year ago used nonparametric microsimulation models
on almost 75 000 M1 patients (NSTEMI and STEMI not separated) to estimate what the PCI
and mortality rates would like be like if women had been “treated like men”. The simulation
models related 0.46% of the excess adjusted absolute mortality noticed in women to less
active management.?®®

Whether there are gender disparities in management in-hospital as well as at discharge in real
life STEMI patients after multivariable adjustments, and if this affects outcome, continues to
be a matter of debate and has to be more thoroughly evaluated. To our knowledge, there is no
comparison between the fibrinolytic era and the new primary PCI era as regards gender
differences in management including use of reperfusion therapy in STEMI patients.

Complications

Bleeding

Bleeding complications in the setting of ACS are common because of the use of multiple
antiplatelet and anticoagulant therapies combined with reperfusion and revascularisation
procedures. Among STEMI patients, 2 - 12% suffers from a major bleeding.? 2

Especially fibrinolytic therapy has been associated with major bleeding complications both in
randomised clinical trials as well as in registers with intracranial haemorrhage affecting
around 1% of treated patients.?®*%% 124 For long time bleeding was seen as the price to pay for
an improvement in outcome with the new modern therapy including reperfusion and
revascularisation. However, it is now well-known that bleeding has a strong impact on the
risk of death and other adverse clinical outcomes in ACS patients.?** 2** The mechanisms are
not totally understood but probably include hemodynamic instability, discontinuation of anti-
platelet therapy, stimulation of an inflammatory process and high co-morbidity in bleeding
patients. Also transfusions may have deleterious effect on outcome although it is not clear

whether the transfusion themselves are harmful or if they are simply markers of increased
risk.293’ 294

It is now recommended that risk stratification for both ischemic and bleeding risk is
undertaken in ACS patients. There are difficulties in comparing bleeding rates between
studies as several bleeding definitions are used in the literature. The original TIMI criteria %
97 and GUSTO criteria 2> were initially used to identify bleeding predictors in STEMI
patients treated with different thrombolytic therapies. There are also several study-specific
definitions of bleeding such used in CURE*® | ACUITY?® and REPLACE-2%*°. The
Bleeding Academic Research Consortium (BARC), an independent multidisciplinary
working group, has recently tried to define a standardized bleeding reporting system for
clinical ACS investigators.®®

Important independent risk factors of bleeding in ACS patients are age, low body weight,
renal failure, anaemia, hypertension, bleeding history, invasive procedures, use of GP Ilb/llla
blockers, clopidogrel or fibrin-specific thrombolytic agents.?®® %’ Several ACS studies have
found an increased risk of bleeding in women.****** Weight, haemoglobin level and
glomerular filtration rate is lower in women and they are older and more often hypertensive
compared to men. Even after multivariable adjustments, female gender has been found to be
an independent risk marker for increased bleeding in ACS?® %7 and female gender is

28



included in most of the bleeding risk scores.

The increased bleeding risk in women has particularly been found in STEMI studies during
the fibrinolytic era.*” ****3 put also in PCI studies using abciximab **? or bivalirudin ** an
increased bleeding risk in women has been found. However, in the REPLACE-2 study there
was a similar reduction in the bleeding risk with bivalirudin compared to heparin + GPIIb/llla
blockers in women (5.9% vs. 3.7%, P =0.04) and in men (3.5% vs. 1.9%, P = .001).%° Several
PCI studies have found increase site-related bleedin%7ir;o\évomenm‘e’o6 but this has not been the

case in some modern studies using radial approach.”

Acute heart failure including cardiogenic shock

Signs of heart failure in the setting of STEMI are common and are associated with an adverse
prognosis.®* The cause is most often the myocardial damage but mechanical complications
and malignant arrhythmias can also provoke heart failure in STEMI patient. The degree of
heart failure may be categorized according to the Killip or the Forrester classification.® In
case of cardiogenic shock the patient show signs of hypoperfusion because of low cardiac
output and simultaneously high LV filling pressure. Cardiogenic shock is mainly associated
with extensive LV damage but can also occur in case of right ventricular infarctions or
mechanical complications as well. Thus an urgently performed echocardiography should be
performed and emergency revascularisation has the potential of being life-saving. lonotropic
drugs should be considered and supportive treatment with intraaortic ballon pump is
recommended.*** The incidence of cardiogenic shock in case of STEMI has diminished
during the latest years probably due to better prevention and fast reperfusion,’ but it is higher
in women than in men,*3% 309310

Mechanical complications

In case of transmural MI the myocardium may not tolerate the wall stress and may rupture.
Most often, these very dangerous complications does not occur the very first day but during
the first week. The rupture affects the dead myocardium and could thus lead to free wall,
ventricular septal [VSD] or papillary muscle rupture. In case of free wall rupture
heamocardium immediately occurs leading to electromechanical dissociation and death within
minutes. In a minority of cases a thrombus seals the lesion and the presentation is more
subacute with signs of tamponade. In case of VSD the patient is suddenly severely clinically
deteriorated and a load new systolic murmur is evident because of the left-to-right shunt.
Papillary muscle rupture presents with acute MR with abrupt elevation of left atrial pressures,
secondary pulmonary oedema and RV dysfunction. The treatment of choice for all mechanical
complications is trying to stabilise the patient (intraaortic ballon pump, ionotropic drugs etc.)
while preparing for acute surgery. There is no consensus about optimal timing for surgery for
myocardial infarction VSD.? The incidence of mechanical complications has declined in the
era of reperfusion therapy. Women are more often affected then men.***

Arrhythmias and conduction disturbances

Up to 20% of STEMI patients develop malignant arrhythmias such as sustained ventricular
tachycardia [V'T] or ventricular fibrillation [VF].3' It may be the first manifestation of
STEMI and cause sudden cardiac death. Use of beta-blockers in the acute phase is proven to
reduce the incidence of VF/ sustained VT.3*® Also supraventricular arrhythmias could occur in
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case of STEMI. Atrial fibrillation occurs in 10-20% of STEMI patients and an adequate heart
rate must then be targeted as well as anticoagulation therapy.®

AV block occur in around 7% of STEMI patients.®™ It is usually transient if associated with
inferior STEMI. In case of anterior STEMI, the block is often located below the AV node
with more unstable ventricular escape rhythms and will most often need pacemaker therapy.
A new LBBB usually indicates a STEMI with extensive anterior infarction with high
likelihood for developing complete block. A temporary pacing electrode could be necessary.®
There are gender differences in prevalence of these complications. Whereas ventricular
arrhythmias are more common in men, bradycardia and AV block as well as new atrial
fibrillation is more common in women - 261 280

Outcome

The case fatality in STEMI is highest the first week and after that it successively declines
until after 1-2 month when a more stable level of risk is reached.” In men and women, the
case fatality as well as the long term mortality has declined during the last decades.*™ 3'° An
American study found significant decrease in age-adjusted mortality rates from STEMI
regardless of gender between 1988 and 2004 but women had persistently double mortality rate
in comparison to men over the years studied.®*® Short term mortality is higher in STEMI
compared to NSTE ACS whereas the long term mortality is equal or even worse in NSTE
ACS because these patients are older with higher co-morbidity compared to the STEMI
patients.’® *® 37 There seems to be an interaction between gender and type of acute coronary
syndrome regarding outcome where several studies based on randomised clinical trials and
observational register cohorts have reported that the multivariable adjusted mortality is higher
in women in STEMI but lower in women or gender equal in the setting of NSTE ACS.*" %% 28!
Reported case fatality in studies depends on when the study is performed, if STEMI patients
are mixed with NSTE ACS patients and if the cohort is extracted from a randomised clinical
trial or if it is an observation study with consecutive including of STEMI patients. Most

studies on gender differences in prognosis after STEMI have used cohorts from randomised
clinical trials.48’ 132, 137, 196, 271-273, 318

Fibrinolytic era
Short term outcome

The short term mortality after STEMI is about twice as high in women than in men, and range
from 4.4-5.8% in men and 9.8-13.2% in women in STEMI studies based on randomised
control trails from the fibrinolytic era such the EXTRACT-TIMI 25, ISIS-3, the GUSTO and
the ASSENT trials.*® 13 1%.272 Case fatality figures from hospital MI registers are often
higher as the patients are older and have higher co-morbidity, such as data from the American
NRMI register,® 7.9% in men vs. 16.0% in women?®" or from a study on consecutive MI
patients in 25 Israeli CCUs with predominantly STEMI/Q-wave infarctions, 9.6% vs.
17.6%.%'° Age-adjusted in-hospital mortality in STEMI has declined in both genders during
the last decade.®™ More recent hospital STEMI register studies have revealed in-hospital
mortality numbers around 5% vs. 10%, men and women respectively, concordant with the
randomised clinical fibrinolytic trials.?5* 32° After multivariable adjustments, the risk of dying
in the early phase after STEMI has been around 20% higher in women than in men during the
fibrinolytic era,*® 1% 2™ 22 byt even higher in studies selecting high risk subjects.®**
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Long term outcome

The cumulative one year mortality is around 7% in men and 13% in women in cohorts from
randomised clinical trials**? but much higher in hospital register studies including
predominantly STEMI patients, 16% in men and 25% in women.**” After multivariable
adjustments, women have around 10% higher risk of dying within one year.**

There is very limited data on gender differences in STEMI prognosis beyond one year after
the acute event. Older data, such as from the German MITRA register on STEMI patients
registered 1994-1997, found worse 18 month prognosis in women but no gender difference
after age-adjustment.?’® During the last decade, some small single centre studies are
published; most of them without opportunity to properly adjust for confounders, and their
results are conflicting.*?* %2232 A Norwegian study on 396 women and 1,169 men found 37%
increased relative risk in women (median follow-up 501 days) for long term mortality after
age-adjustment.®? In another single centre study, Nicolau et al. studied 686 STEMI patients
treated with Streptokinas followed for up to 12 year (median follow-up 5.1 years) with no
significant gender difference in long term prognosis after multivariable adjustments (a non-
significant 5.5% higher survival rate for men was found).*?* If early deaths were excluded,
women fared better than men. In a recent publication D’ Ascenzo et al studied gender
difference in long term outcome (median follow-up 60 months) in 833 patients treated with
PCI. In the STEMI group (59 women and 181 men) women had worse crude long term
mortality (20% vs. 7%). According to the authors a higher risk in women also persisted after
multivariable adjustments but no hazard ratios were shown.**

Primary PCI era

Studies from the new primary PCI era have revealed less gender differences in both short and
Iong term mortality after multivariable adjustments but results are conflicting.*3"*3% 265 30%. 310,
318, 325331 Most of these cohorts have mainly been small, consisting of 1000-2000 patients**”
138,318, 325-328, 331 and often single-centre, 12 139265326 331 pgiple explanations to the
contradictory findings could be different selection criteria, differences in outcome definition
(total mortality, cardiac mortality, short- or long term outcome) and differences in
multivariable adjustments for confounders.

Short term outcome

The vast majority of the studies comparing the short term outcome in genders in STEMI
cohorts treated mainly with primary PCI have not found an multivariable adjusted gender
difference®" 139 265301318 agpecially if body surface area has been included in the
multivariable adjustment. An increased risk of a small BSA has been recognized in both PCI
and CABG revascularisation studies.®* 333 On the contrary Vakili et al reported higher
multivariable adjusted risk of in-hospital mortality in women in 1044 primary PCI treated
STEMI patients.*”

During the last couple of years gender analyses on short term outcome after primary PCI have
been published from some multicentre registers such as from the French CARDIO-ARHIF
Register, **° a Polish register *'° and an Austrian register. *** The crude in-hospital mortality
figures in the registers are similar to the RCTs on fibrinolysis, around 5-7% in men and 10-
15% in women. Data are still contrasting whether female gender is an independent predictor
of in-hospital mortality according to those register reports.*2% 3%
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Motovska et al performed gender analyses on the PRAGUE 1 and 2 studies which were a
multicentre randomised controlled trials comparing fibrinolytic therapy vs. primary PCI in
STEMI. Interestingly, the gender difference in 30-day mortality was more pronounced in the
fibrinolytic group than in the primary PCI group. Among the patients treated with fibrinolysis,
30-day mortality was significantly higher in women than in men, (15% vs. 9%, p=0.04) There
was no significant gender difference in mortality in the PCI group (8.2% of women vs. 6.2%
of men, p=0.41). After multivariable adjustments, the relative risk reduction in mortality
primary PCI compared to fibrinolytic therapy was better in women than in men, 45%
compared to 31%."

Long term outcome

In a single study by Antoniucci et al 230 women and 789 men treated with primary PCI were
compared as regards 6-month mortality without a significant gender difference in risk after
multivariable adjustments.*® De Luca et al presented one year follow-up data from the
EGYPT database on 1662 patients also without any significant gender difference®?® whereas
Mebhilli et al reported lower multivariable adjusted risk of one year mortality in women in
1937 patients.*”® In the study by Mehilli et al, only 64% were STEMI patients.

As regards outcome beyond one year post Ml a single-centre study long term reported 7-year
outcome (mean follow-up time 5.6 years) in 464 STEMI-patients treated with primary PCI
who had survived the first 30 days. No gender difference in long term cardiac mortality was
found.®? In another single-centre study, female gender did not seem to be an independent
predictor of adverse real long term outcome after primary PCI with 3 year follow-up.**

Gender-age interaction

STEMI in-hospital mortality is higher in old than in young patients and spans from a few
percent in patients less than 50 year to around 25% in patients above 80 years.?®" The higher
age in women compared to men in STEMI cohorts is the main explanatory factor to their
higher mortality. Thus age-adjustment diminish a doubled risk of in-hospital mortality women
(odds ratio=2) to around 20% increased risk (odds ratio=1.2) and adjustments for all other
possible confounders only diminish that risk a few more percents.* 1% 271

Several studies based on mixed MI cohorts have found a paradox interaction between age and
gender as regards short term outcome. When analysing age subgroups the risk in women
relative to men has been found much higher among the youngest, whereas the difference
among the oldest has been very small or absent.**" 2% 277.334.335 1y the pjoneer study on this
matter by Vaccarino et al from 1999 based on the large American NRMI register including
almost 400 000 mixed MI patients, the overall in-hospital mortality in women was 18%
higher than in men. For every five year decrease in age, the odds of in-hospital death in
women relative to men increased 11%.%®* The same group published a second report on this
matter 2009 from the same register, then separating STEMI from NSTEMI. The same pattern
was found in STEMI as in the whole MI group, i.e. the younger subgroup they studied the
higher was the risk in women relative to men. In the youngest group with patient <50 yrs
women had 68% higher risk whereas in the oldest subgroup with patients >80 years, there was
no gender difference (odds ratio 1.03) in risk of early death.?”

Also a Greek national register study has confirmed these findings with 29% higher risk of
early death in all women but in the patients <55 years old, the adjusted risk of in-hospital
death was almost 4 times as high as in men.®* A French register study on mainly STEMI
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patients found the same with 3 times adjusted risk of in-hospital mortality in women
compared to men in the subgroup under 60 years but no significantly higher risk in the group
aged over 60 years.™’

A number of possible explanations have been suggested such as higher risk-burden in women
compared to men in young cohorts,?®* a possible bigger gender gap in management in the
youngest because of longer time delays, atypical symptoms and missed diagnoses in
women,”®! as well as a survival advantage in women preadmission.**As women are protected
from MI to a great extent before menopause, a greater number of risk factors can be expected
in the young women who do get the disease.?®* There are studies suggesting a different
pathophysiology in young women compared to men and older women with more plaque
erosions and pure thrombotic lesions.?® 2% *"3%7 Gender differences in young STEMI patients
in angiographic data and long term outcome is not evaluated in the literature.

In conclusion there is a lack of STEMI studies evaluating gender differences in short term but
especially in long term outcome based on larger real life cohorts. Gender differences in
outcome in the youngest population needs further evaluation as there seems to be a gender-
age interaction regarding mortality after MI, possible also in pure STEMI cohorts. Also, the
question remains whether the gender differences in outcome will disappear in the new
primary PCI era.

Pre-hospital mortality

Studies based on registers participating in the World Health Organization’s Monitoring
Trends and Determinants in Cardiovascular Disease (MONICA) Project have shown that a
higher rate of pre-hospital death in men balance the higher death rate during hospitalisation in
women. These studies included a limited number of younger women and no persons above the
age of 64 years. No data on outcome were available beyond 28 days.***3% A Swedish study
based on the National Hospital Discharge Register and the National Cause of Death Register
also found a larger proportion of men compared to women that died outside hospital in all age
subgroups except below 50 years.*** On the contrary, a Scottish study, found greater odds of
death women vs. men for every 10-year decrease in age consistence with Vaccarino et al., but
concluded that also among the youngest this was due to a prehospital survival advantage in
women.**® A possible diagnostic bias could be present as regards out-of-hospital deaths with a
higher tendency to diagnose men than women as dying of Ml, if autopsy is not performed.

All these studies included mixed MI patients.
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[l. Aims

In STEMI patients evaluate gender differences

» Regarding baseline characteristics

» In management regarding EBM, reperfusion strategies and changes over
time

* Inshort- and long term outcome in different ages and changes over time

 In kidney function and its potential explanation for gender differences in
outcome
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IV. Hypotheses in the different papers

Paper I. Our hypothesis was that women vs. men have higher risk of in-
hospital mortality but lower risk of long-term mortality in a STEMI real
life cohort. We hypothesised that the relative difference would be greatest
among the youngest. We also hypothesised that women have longer delay
times than men and lesser chance than men to get acute reperfusion
therapy, and that this would affect their prognosis.

Paper I1. Our hypothesis was that in a young STEMI cohort, women have
much worse short term prognosis than men. We also hypothesised that
they have different angiographic findings than men, with non-obstructive
disease more often. We aimed to evaluate the long term prognosis, but had
not a specific hypothesis as previous reports were lacking.

Paper I11. Our hypothesis was that the last decades debate on gender
differences in management and outcome in ACS, the focus on adherence
to treatment guidelines and the reperfusion strategy shift to a strategy that
might be more advantageous to women, would have led to a diminished
gender gap in management and outcome in the STEMI group.

Paper V. Our hypotheses were that in the STEMI population women have
higher prevalence of RI than men, that female gender is independently
associated with RI and that RI has a higher prognostic impact in women
than in men.

Paper V. Our hypotheses were that in STEMI women have higher
prevalence of RI than men, that female gender is independently associated
with RI and that RI has a higher prognostic impact in women than in men
and that this might be part of the explanation to why women fare worse
after STEMI than men
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V. Material and methods

The SWEDEHEART register

The Swedish Web-system for Enhancement and Development of Evidence-based care in
Heart disease Evaluated According to Recommended Therapies [SWEDEHEART]**
includes the former separate registers the Register of Information and Knowledge about
Swedish Heart Intensive care Admissions [RIKS-HIA], the Swedish Coronary Angiography
and Angioplasty Registry [SCAAR], the Swedish Heart Surgery Register and the National
Register of Secondary Prevention [SEPHIA]. The registers were merged into one register,
SWEDEHEART, in 2009. RIKS-HIA contains information about all patients admitted to
coronary care units [CCU] of the participating hospitals in Sweden. RIKS-HIA was founded
1991 and it has been the national quality register of CCU care since 1995. Today all CCUs
deliver data into RIKS-HIA/SWEDEHEART. During all years as RIKS-HIA has been the
quality register of Sweden, the vast majority of CCUs have delivered data to RIKS-HIA.

The papers in this thesis are mainly based upon data from the RIKS-HIA part of
SWEDEHEART. RIKS-HIA collects information prospectively with more than 100 variables
including patient demographics, admission and discharge electrocardiography, risk factors,
past medical history, medical treatment before admission, biochemical markers,
complications, investigations, medical treatment and interventions during CCU care, hospital
outcome, discharge diagnoses and discharge medications.

The register has a continuous internal and external validation of data. The internet-based
program for data input has interactive instructions, manuals, definitions and help functions
and a number of compulsory variables and inbuilt validity controls. To ensure the correctness
of the data entered a monitor visits approximately 20 randomly selected hospitals each year
and compares data entered into RIKS-HIA/SWEDEHEART with the information in the
patients’ records in 30 to 40 randomly chosen patients for each hospital. When 637 computer
forms from 21 hospitals containing 38 121 variables were reviewed for RIKS-HIA in 2007,
there was 96.1% (range 92.6 to 97.4%) agreement.

More information about RIKS-HIA/SWEDEHEART can be found at
http://www.ucr.uu.se/swedeheart

Other registers

In this thesis RIKS-HIA/SWEDEHEART has been merged with the National Patient Register
and the Swedish National Death Register. Data on prior co-morbidities such as previous Ml,
diabetes mellitus, stroke, heart failure, dementia, chronic obstructive pulmonary disease,
peripheral artery disease and cancer were obtained from the National Patient Registry, which
collects all discharge diagnoses for patients admitted to a hospital in Sweden since 1987. Vital
status and cause of death on all Swedish citizens is possible to obtain from the National Cause
of Death Register.

Some variables were registered both in RIKS-HIA/SWEDEHEART and the National Patient
Register, such as previous M, previous heart failure, and diabetes. A patient was coded as
having such a diagnosis if it appeared in any of these registers.
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The STEMI 2005 database

On 1* January 2005 the Cardiology Department at Linkdping University Hospital adopted a
strategy to treat all STEMI patients in the county of Ostergétland with primary PCI with
direct transportation to the cath lab. The county of Ostergétland covers a population of
around 420 000 inhabitants. Between the 1% January and 31% December 2005 all STEMI
patients were consecutively logged on a log sheet at the CCU regarding information about
onset of symptoms and ECG findings. In addition they were entered into the quality registers
RIKS-HIA and SCAAR. A database was created including all patients with;

1) Symptoms suggestive of acute coronary syndrome

2) A significant ST-elevation, an extensive ST depression or a bundle branch block on
ambulance/admission ECG

3) An emergency angiography or primary because of STEMI registered in the SCAAR
register. Patients planned to undergo angiography but dying before were also included.
4) Final diagnosis of myocardial infarction in RIKS-HIA

In the case the patient had more than one STEMI during the study period, only the first
STEMI was included. Data about ECG on admission, cardiovascular risk factors, Killip class
on arrival, medications, results of investigations, complications during hospital care,
diagnoses at discharge and the occurrence of a new MI during the first year after the index
STEMI were retrieved from RIKS-HIA. Key times were retrieved from the log sheet at the
CCU. Angiographic data including data about complications after PCI and information about
any new angiography or PCI within the first year after the index M1 was retrieved from
SCAAR.

Serum creatinine [SCr] on arrival was retrieved from patient files. Estimated GFR was
calculated for each patient using MDRD formula. According to guidelines from the National
Kidney Foundation we classified the patients in CKD stages 1 to 5. As SCr at arrival may be
affected by the acute condition with possible acute heart failure, acute bleeding/dehydration,
also SCr values from within one year before or after the acute event (the two first weeks after
the acute event excluded) were included in the register. At least one more SCr was found in
249 of the 274 patients (91%).

Information about other co-morbidities was obtained from the National Patient Register which
was also used to find hospitalisations for stroke within one year from index STEMI. The
Cardiac Surgery database at the Heart Centre of Ostergétland and the Swedish Heart Surgery
Register were examined to find patients who had undergone Coronary Artery Bypass Grafting
[CABG] after the index STEMI. From the National Cause of Death Register information was
available about the vital status of all Swedish citizens. Patients were followed for one year
regarding death, new M1, new revascularisation and rehospitalisation for stroke. A major
adverse cardiac event [MACE] was defined as death, non-fatal MI, stroke or new
revascularisation not planned at the index event within the first year after the index STEMI.

Definition of STEMI

STEMI was defined as significant ST-elevation on admission ECG and a diagnosis of acute
MI at discharge. The criteria for the MI diagnosis were standardized and identical for all
participating hospitals. 4+ 340342

37



Definition of RI

RI was defined as eGFR <60 mL/min/1.73 m? (> CKD stages 3).> MDRD was used in Paper
IV and V (multiplication constant 186 used as the MDRD formula based on serum creatinine
standardised to reference methods was published after the study period in Paper IV and in the
end of the study period in Paper V).%° In Paper V also CG was used, estimating absolute CrCl
in mL/min. Anyhow, the term eGFR was used regarding both formulats in order to simplify.
Correction of CG eGFR for BSA can be done to allow for a more accurate comparison of
eGFR between subjects of different body sizes/weights.”* This was not done as height was
frequently missing in SWEDEHEART.

Study populations

In Paper | all STEMI patients registered in SWEDEHEART/RIKS-HIA between 1% January
1995 and 31% December 2006 were included. Patients with pacemaker/unknown /unspecified
rhythm or bundle branch block on admission were excluded.

In Paper 1l we included all STEMI patients <46 years old registered in
SWEDEHEART/RIKS-HIA between 1% January 1995 and 31% December 2006. Patients with
other rhythm than sinus rhythm or atrial fibrillation/flutter were excluded.

In Paper 111 we included all STEMI patients registered in SWEDEHEART/RIKS-HIA
between 1% January 1998 and 31% December 2000 and between 1% January 2004 and 31
December 2006. Patients with pacemaker/unknown/unspecified rhythm or bundle branch
block on admission were excluded.

In Paper 1V all consecutive patients who fulfilled the criteria for ST-elevation or bundle
branch block on admission ECG and who were planned to undergo immediate coronary
angiography with the intention to perform primary PCI at the Department of Cardiology in
Linkdping between 1% January and 31% December 2005 were included.

In Paper V all consecutive STEMI patients registered in SWEDEHEART/RIKS-HIA between
1* January 2003 and 31% December 2009 were included. Patients with pacemaker rhythm or
bundle branch block on admission were excluded.

Regarding all studies, if a patient was admitted several times with STEMI, only the first
admission was included in the analyses.

Figure 4. Study populations in the different papers

Study No. 3

Study No. 1 Study No. 2 N1-15697 Study No. 4 Study No. 5
N=45 146 N=2132 (35%women) N=274 N=37 991

N2=14380

{35%women) (36% women) (34% women)

(35% women) (18% women)
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Statistics

In all papers continuous variables were summarised by their mean and standard deviation or
median and interquartile range as appropriate. Categorical variables were summarised by
counts and percentages. Comparisons were performed by chi-square tests for categorical
variables and by student t-test or Mann Whitney test for continuous variables, depending if
they were normally distributed or not. P-values <0.05 were considered to indicate statistical
significance.

As women and men with STEMI differed a lot in age and co-morbidity, different kinds of
multivariable regression analyses in order to adjust for these and other confounding factors
were done in all papers in order to conduct proper gender comparison as regards management,
risk of reduced kidney function and outcome. As regards use of different therapies, risk of
reduced kidney function and in-hospital mortality, logistic regression analyses were
performed and odds ratios with 95% confidence intervals were presented. As regards long
term outcome, Cox proportional regression analyses were performed with hazard ratios with
95% confidence intervals presented. Kaplan-Meier curves for long term survival and long
term risk of re-infarction were presented in paper 1, with log rank test used in order to
compare the genders. In paper 1V, Kaplan-Meier curves for one year outcome in different
CKD stages, men and women separately, were presented. Log rank tests were used in order to
compare the different CKD stages. In paper V Kaplan-Meier curves for long term outcome in
5 CKD stages according to MDRD or CG, the two genders separately were presented.
Comparisons were done between CKD groups, each gender separately, with Wilcoxon
(Gehan) Statistics. Statistical analyses were performed using SPSS versions 15.0 (Paper Il and
1V) and 18.0 (Paper I, Il and V).

For further details please see statistical method sections for the individual papers.
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VI. Results

Paper |

A gender perspective on short- and long term mortality in ST-elevation myocardial infarction
—a report from the SWEDEHEART register

A real life population was used covering almost all Swedish STEMI patients hospitalised 1st
January 1995 until 31st December 2006 using the SWEDEHEART register. In total 54 146
patients, 35% women, were included.

Baseline characteristics

Women were 7 years older than men, 73 yrs compared to 66 yrs, p<0.001. The median
symptom-to-door time was 30 minutes longer in women than in men. They had higher
cardiovascular co-morbidity with higher prevalence of diabetes, hypertension, chronic heart
failure, previous stroke and peripheral arterial disease. (Figure 5)

Women also had higher prevalence of non-cardiovascular diseases such as chronic pulmonary
obstructive disease and dementia. There was no gender difference in prevalence of previous
cancer or chronic kidney disease. Men had more often suffered from a previous M1 or had
undergone previous revascularisation procedures. (Figure 5)

After age-adjustments most of these differences persisted, except of smoking (OR 1.32, 95%

Cl 1.26 — 1.38) and stroke (OR 0.86, 95% 0.80 — 0.91), odds ratios expressed as women vs.
men.

Figure 5. Prevalence of co-morbidities
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Therapy on admission

Before admission, women were somewhat more often than men on treatment with platelet
inhibitors, beta-blockers, ACE-inhibitors/ARBs or calcium-channel blockers and twice as
often treated with diuretics or digitalis. Men were somewhat more often on treatment with
statins. After adjustment for age, there where no gender differences left except 12% and 17%
higher risk in women of being on treatment with a beta-blocker or digitalis, respectively.
Women had almost twice as high possibility of being treated with diuretics, also after age-
adjustment.

Complications

On admission, women had higher Killip class, including cardiogenic shock. In total 33% of
the women showed sign of heart failure compared to 25% of men. Women had higher risk of
heart failure also after age-adjustment. Among the 12 217 where data was available about
ejection fraction (among the 67% of men and 60% of women who performed
echocardiography during hospital care), women had lower age-adjusted risk of reduced LV-
function (EF<50%) than men. Among the 31 349 who received reperfusion therapy, the
incidence of major bleeding was 2.4% in women and 1.5% in men (p>0.001). Women had
37% higher age-adjusted risk of bleeding. In the fibrinolysis-treated group, women had 19%
higher age-adjusted risk of bleeding with borderline significance (OR 1.19, 95% CI1 0.98 —
1.45). In the PCI treated group the risk of bleeding was 2.3 times in women (OR 2.3, 95% CI
1.57 — 3.39), but there were only valid data for 61% in the PCI treated group compared to
96% of the fibrinolysis treated group.

Evidence-based therapy

Fewer women than men, 63% vs. 72%, p<0.001, were treated with acute reperfusion therapy
defined as primary PCI, fibrinolytic therapy or acute CABG. Women had less chance of
reperfusion therapy also after multivariable adjustments, odds ratio 0.83 (95% confidence
interval 0.79 - 0.88). At discharge, women had somewhat lower chance of getting secondary
prevention therapy such as aspirin, other platelet inhibitors, beta-blockers, ACE-
inhibitors/ARBs or statins. Most of these differences persisted after age-adjustment. (Table 3)

Table 3. Use of evidence-based therapies in STEMI patients

Women Men p- Age-adjusted odds ratio
N=18876 N=35270 value (95% confidence interval)
Pre or in-hospital therapy
Acute reperfusion therapy 11788 (62.5) 25410 (72.1) <0.001 0.83 (0.80 — 0.86)
Therapy at discharge
Aspirin 14603 (82.5) 29183 (86.3) <0.001 0.91(0.87 —0.96)
Other platelet-inhibitor 4895 (27.7) 11259 (33.3) <0.001 0.93 (0.88 —0.97)
Beta-blocker 13968 (79.0) 28708 (85.0) <0.001 0.86(0.82-0.91)
ACE-inhibitor/Angiotensin receptor blocker 8195 (46.5) 16842 (50.1) <0.001 0.85(0.82-0.88)
Statin 8326 (47.3) 18933 (56.3) <0.001 0.99 (0.95—1.03)

Data is presented as numbers (percentages) if not otherwise indicated

When analysing age-subroups the gender difference in rate of reperfusion therapy was largest
among the oldest (56% of men vs. 48% of women, p<0.001) and least among the youngest
(81% of men vs. 78% of women, p<0.001). After multivariable adjustments, the chance of
reperfusion therapy was lowest among women in the oldest group and in the group 60-69
years old, odds ratios 0.78 (95% CI 0.69 — 0.87) and 0.77 (95% CI 0.69 — 0.87), respectively.
In the youngest group the odds ratio was 0.89 (95% CI1 0.78 — 1.01), and in the group 70-79
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years old 0.89 (95% CI 0.81 — 0.98).
Outcome

In-hospital mortality was 13% and 7%, women and men respectively, p<0.001. (Figure 6)
After multivariable-adjustments the women had 22% higher risk of in-hospital death, odds
ratio 1.22 (95% CI 1.11 — 1.33). Hardly no change of the odds of death was seen after also
adjusting for reperfusion therapy, OR 1.21 (1.11 — 1.32).The mortality increased with
increasing age, but was higher in women compared to men in all age-groups. After age-
stratifying, the multivariable adjusted risk in women relative to men was highest among the
youngest, OR 1.45 (95% CI 0.98 — 2.14), followed by the oldest, OR 1.28 (95% CI 1.13 —
1.45). Women 60-69 years old did not have higher risk of in-hospital mortality after
multivariable adjustment, OR 1.05 (0.82 — 1.36). Among patients 70-79 years old, the risk
was 16% higher in women, OR 1.16 (95% CI 1.01 — 1.34). The risk of in-hospital death was
the same whether or not reperfusion therapy was incorporated in the multivariable adjustment
or not.

Figure 6. In-hospital mortality in all patients and in age subgroups
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Crude cumulative one year mortality was higher in women than in men, 22.6% vs. 14.0%,
p<0.001. Women had 4% higher risk of one year mortality after multivariable adjustments,
HR 1.04 (95% CI 1.00 — 1.10). After age-stratifying, multivariable adjusted risk was still
higher among the oldest women, HR 1.06 (95% CI 1.00 — 1.14) but no difference was seen
among the other three age-groups. After also adjusting for reperfusion therapy and evidence-
based cardiovascular therapies at discharge, there was no difference in one year mortality in
the whole group or in any of the age-groups. (Table 4)

Forty-six percent of women compared to 32% of men died during follow-up. The long term
outcome was compared women vs. men with Cox proportional regression analyses, as follow-
up time varied between at least one to maximum 13 years. Women had 59% higher risk of
long term mortality after univariate adjustment but after multivariable adjustment, women had
8% lower risk of long term mortality. (Table 4) Age stratifying revealed minimal gender
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differences all four age subgroups regarding long term outcome. (Figure 7) When
multivariable adjustments were done within each age-group, women had better long term
survival in all age-groups, except the youngest. (Table 4)

Figure 7. Long term mortality in all patients and in age-subgroups, univariate Cox-regression

curves.
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Table 4. Long term survival. Crude and multivariable adjusted hazard ratios women vs. men.

Crude hazard ratios
(95% confidence interval)

Multivariable adjusted hazard ratios
(95% confidence interval)

Cumulative one year mortality

All 1.71(1.64—1.78) 0.97 (0.92 — 1.03)
<60 years old 1.31 (1.06 — 1.60) 0.93 (0.71-1.22)
60-69 years old 1.09 (0.96 — 1.24) 0.92 (0.78 — 1.08)
70-79 years old 1.08 (1.00 — 1.16) 0.99 (0.90 — 1.08)
>79 years old 1.32 (1.07 — 1.20) 0.99 (0.91 - 1.07)

Cumulative long term mortality

All

<60 years old
60-69 years old
70-79 years old
>79 years old

1.59 (1.55 — 1.64)
1.20 (1.06 — 1.08)
1.07 (0.98 — 1.15)
0.97 (0.91 —1.02)
1.05 (1.01 — 1.10)

0.92 (0.89 — 0.96)
0.91 (0.77 - 1.07)
0.89 (0.86 — 0.98)
0.92 (0.86 — 0.98)
0.93 (0.88 — 0.99)

Data presented in hazard ratios, women vs. men
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Paper |1

Gender Perspective on Risk Factors, Coronary Lesions and Long-term Outcome in Young
Patients with ST-Elevation Myocardial Infarction

Myocardial infarction was diagnosed in 5088 patients below 46 years of age (4018 men and
1070 women) 1% January 1995 until 31* December 2006. Of those, 1790 men and 401 women
had a first register recorded diagnosis of STEMI, defined as ST-elevation on admission ECG,
and a diagnosis of acute Ml at discharge. Fifty-nine patients with other heart rhythm than
sinus rhythm or atrial fibrillation/flutter were excluded and the final study population
consisted of 1748 men and 384 women.

Baseline characteristics

Ischemic risk factors were defined as being a current smoker, having a diagnosis of diabetes
mellitus or hypertension or being treated with statins already before admission. Among
women 64% were current smokers compared to 58% among the men. Seventy-two percent of
men compared to 79% of women had at least one risk factor and 17% of men and 25% of
women had more than one risk factor. (Table 5)

Table 5: Baseline characteristics

Women Men p-value

N=384 N=1748
Age, years (standard deviations) 40.4 (4.8) 40.8 (4.3) 0.14
At least one ischemic heart disease risk factor 289 (78.5) 1211 (71.8) <0.01
More than one ischemic heart disease risk factor 93 (25.3) 290 (17.2) <0.001
Current smoker 237 (63.9) 982 (58.0) 0.04
Hypertension 83 (21.7) 243 (13.9) <0.001
Diabetes Mellitus 71 (18.5) 217 (12.4) <0.01
Statin therapy before admission 23 (6.1) 147 (8.4) 0.12
Previous myocardial infarction 20 (5.2) 116 (6.6) 0.30
Previous percutaneous coronary intervention 7(1.9) 43 (2.5) 0.46
Previous coronary artery bypass grafting 1(0.3) 14 (0.8) 0.25

Data presented as numbers (percentages) if not otherwise indicated

The symptom-to-door time did not differ between the genders, 1:52 (hours: minutes) in
women vs. 1:45 in men, p=0.18. Cardiogenic shock on admission was almost twice as
common in women as in men, 6.3% vs. 3.5%, p=0.01. The majority of patients received
reperfusion therapy (78.1% of women vs. 80.5% of men, p=0.28).

Coronary angiography findings

Almost 60% of both women and men underwent coronary angiography within one week
(59.6% vs. 58.8%, p=0.77). A sub-study of coronary angiographic findings was performed in
the 1257 patients where angiograms were performed within 7 days of admission. Ninety-two
percent of the women compared to 93% of the men had significant coronary artery disease
(p=0.64). On the other hand there was a gender difference in the extent of coronary artery
disease where men more often had multi-vessel or left main disease (33.6% vs. 19.2%;
p<0.001), whereas one-vessel disease was more common in women (59.3% vs. 72.9%;
p<0.001). (Figure 8) The validity of these findings was verified by comparisons of sub-
cohorts based on admission year or day of investigation, respectively, as the SCAAR register
was not complete in the beginning of the study period and as the dominating reperfusion
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therapy has changed during the study period from fibrinolytic therapy to primary PCI in

Sweden.

Women tended to have signs of heart failure during hospital care more often than men (19.4%
vs. 15.4%, p=0.06) and to have more re-infarctions (2.4% vs. 1.2%, p=0.07). Other

complications did not significantly differ between the genders.

Figure 8. Angiographic findings in young STEMI patients
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Therapy at discharge

Therapy at discharge in hospital survivors did not significantly differ between the genders as
regards most of the cardiovascular drugs. Exceptions were beta-blockers and statins that were
prescribed more often to men (91% vs. 87%, p=0.03 as regards beta-blockers, 71% vs. 62%,
p<0.001 as regards statins) and calcium-channel blockers that were prescribed more often to
women (8.2% vs. 4.6%, p=0.005).

Short term outcome

In-hospital mortality was low, 3% in women vs. 1% in men, crude odds ratio women vs. men
2.83 (95% confidence interval [CI] 1.32 — 6.03). Female gender appeared as an independent
predictor in the multivariable model of in-hospital mortality, OR 2.85 (95% CI 1.31 — 6.19).
Diabetes mellitus more than doubled the in-hospital mortality risk (OR 2.42, 95% CI 1.03 —
5.66) while acute reperfusion therapy was associated with halved mortality risk (OR 0.48,
95% CI1 0.22 — 1.06).

Long term outcome

When the cohort was followed up to 10 years (mean 5.4 years) the mortality rates were not
different between genders. (Figure 9) Twenty-seven women (7%) compared to 108 men (6%)
died during follow-up, p=0.54. There were no gender difference in risk after multivariable
Cox regression (HR 0.93, 95% CI 0.60 — 1.45; p=0.75). Men had significantly higher risk of a
second new M1 during the following 10 years. (Figure 9) The risk of having a new MI was
82% higher in men after multivariable adjustments (HR 1.82, 95% CI 1.25 — 2.65; p=0.002).
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Figure 9. Long-term outcome in young STEMI patients.

Kaplan-Meier curves for long term mortality and re-infarctions, respectively, in young
men and women with STEMI. Log-ranks test comparing the genders; p=0.40 and 0.01,
risk of mortality and re-infarctions, respectively
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Paper 11

Time trends in STEMI - improved treatment and outcome but still a gender gap
A prospective, observational cohort study from the SWEDEHEART register

In the beginning of the 21* century there was a shift in reperfusion strategy with a decline in
use of fibrinolytic therapy and an increase in use of primary PCI. (Figure 10) As secondary
prevention, the use of ACE-inhibitors/ARBSs, clopidogrel and statins increased dramatically
within the STEMI population the last decade (Figure 11). Mortality declined simultaneously,
both in-hospital and cumulative long term mortality. (Figure 12) We included patients from
two time periods with different dominating reperfusion strategy in order to compare
management and outcome. In total 30 077 STEMI patients were admitted during the two
inclusion periods, 15 697 (35% women) in 1998-2000 and 14 380 (35% women) in 2004-
2006. Among patients treated with reperfusion therapy 9% in the early period compared to
68% in the late period were treated with primary PCI.

Figure 10. Reperfusion strategy in Swedish STEMI patients 1995-2006
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Figure 11. Use of evidence-based therapies at discharge in Swedish STEMI patients 1995-2006
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Figure 12. In-hospital and cumulative one-year mortality in Swedish STEMI patients 1995-2006
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In both time periods, women were 6.5 years older than men and arrived 30 minutes later from
symptom onset to arrival to the hospital. They had higher prevalence of co-morbidities such
as diabetes, hypertension and heart failure but were more seldom smokers or were previously
revascularised. About a quarter of men and a third of women used aspirin before admission in
both time periods and the figures regarding beta-blockers were similar. More patients used
statins or ACE-inhibitors/ARBs in the late compared to the early period, but gender

differences were small as regards these therapies before admission in both time periods.

(Table 6)

Table 6. Baseline characteristics in the early and late period.

EARLY PERIOD LATE PERIOD PERIODS
YEAR 1998-2000 YEAR 2004-2006 COMPARE
D
Men Women p- Men Women p- p-value
N=10151 N=5546 value N=9386 N=4994 value
Age (SD) 66.4 (12.2) 72.9 (11.5) <0.001 65.9 (12.2) 72.4 (12.1) <0.001 0.1
Symptom-to-door time 2:45 3:15 <0.001 3:00 3:30 <0.001 <0.001%
hours:min (IQR) (1:39 - 5:10) (1:54 — 6:15) (1:40 — 5:50) (2:00 - 6:30)
Current smoker 2762 (28.9) 1220 (23.8) <0.001 2680 (30.9) 1224 (27.6) <0.001  <0.001%
Co-morbidity
Previous M| 1781 (17.5) 742 (13.4) <0.001 1062 (11.3) 529 (10.6) 0.19 <0.001t
Previous PCI 287 (2.9) 87 (1.6) <0.001 372 (4.0) 110 (2.2) <0.001 <0.001%
Previous CABG 307 (3.1) 58 (1.1) <0.001 308 (3.3) 82 (1.7) <0.001 0.05%
Diabetes Mellitus 1758 (17.3) 1198 (21.6) <0.001 1679 (17.9) 1014 (20.3) <0.001 0.82
Hypertension 2736 (27.2) 1972 (36.0) <0.001 3053 (32.8) 2195 (44.5) <0.001  <0.001%
Therapy on admission
Aspirin 2680 (26.6) 1512 (27.5) 0.25 2127 (22.9) 1440 (29.2) <0.001 <0.001t
Other platelet inhibitor 37 (0.4) 16 (0.3) 0.43 309 (3.3) 195 (3.9) 0.05 <0.001%
Beta—blocker 2525 (25.1) 1544 (28.1) <0.001 2194 (23.6) 1565 (31.8) <0.001 0.57
ACE inhibitor/ARB 1081 (10.7) 586 (10.7) 0.89 1553 (16.7) 924 (18.7) 0.002 <0.001%
Statin 750 (7.5) 318 (5.8) <0.001 1249 (13.4) 621 (12.6) 0.16 <0.001%

Data presented as numbers (percentages) if not otherwise indicated. T More in early period £ More in late period. SD, standard
deviation; IQR, interquartile range; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; ACE,
angiotensin converting enzyme; ARB, angiotensin receptor blocker
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Complications

Heart failure on admission, i.e. Killip class 1I-1V, and re-infarction during hospital stay were
more common in the early compared to the late group. In both time periods women suffered
from acute heart failure more often than men. They also suffered more often from re-
infarctions, at least in the early period. The prevalence of major bleedings was higher in the
late than in the early period, but higher in women in both time periods. (Figure 13)

Figure 13. Complications during hospital care in two time periods.
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Use of evidence-based therapies

Table 7. Use of evidence-based therapies in two time periods

Women Men p- Crude Multivariable-
N=18876 N=35270 value OR adjusted OR
(95% CI) (95% CI)
EARLY PERIOD
Pre/in-hospital therapies and procedures
Acute reperfusion therapy 3500 (63.1) 7194 (70.9) <0.001 0.70 (0.66 —0.75) 0.86 (0.78 — 0.94)
Coronary angiography 975 (17.6) 2539 (25.0) <0.001 0.64 (0.59 — 0.69) 0.92 (0.83 - 1.02)
Therapy at discharge
Aspirin 4004 (86.1) 7994 (87.5) 0.02 0.89 (0.80 — 0.98) 0.96 (0.85 — 1.08)
Other platelet-inhibitor 330 (7.1) 800 (8.8) 0.001 0.80 (0.70 — 0.91) 1.01 (0.86 — 1.18)
Beta-blocker 3812 (82.1) 7801 (85.4) <0.001 0.78 (0.71 —0.86) 0.96 (0.87 — 1.08)
ACE-inhibitor/ARB 1952 (42.4) 3934 (43.4) 0.25 0.96 (0.89 — 1.03) 0.85(0.78 - 0.92)
Statin 1757 (38.1) 3991 (44.0) <0.001 0.78 (0.73 —0.84) 1.16 (1.06 — 1.27)
LATE PERIOD
Pre/in-hospital therapies and procedures
Acute reperfusion therapy 3174 (63.6) 7065 (75.3) <0.001 0.57 (0.53 —0.62) 0.80 (0.73 - 0.89)
Coronary angiography 3313 (66.4) 7686 (81.9) <0.001 0.44 (0.40 —0.47) 0.80 (0.73 — 0.89)
Therapy at discharge
Aspirin 4062 (91.2) 8318 (93.6) <0.001 0.71(0.62-0.82 0.86 (0.73 — 1.00

( )
Other platelet-inhibitor 3045 (68.4) 6978 (78.5)  <0.001 0.59 (0.55 — 0.64)
Beta-blocker 3895 (87.5)  8105(91.2)  <0.001 0.68 (0.60 —0.76)
ACE-inhibitor/ARB 2719 (61.1) 5894 (66.4)  <0.001 0.80 (0.74 — 0.86)
Statin 3279 (73.8) 7570 (85.2)  <0.001 0.49 (0.45 —0.53)

)
0.85 (0.77 — 0.94)
0.79 (0.69 — 0.91)
0.75 (0.68 — 0.81)
0.77 (0.69 — 0.86)

Data presented as numbers (percentages) if not otherwise indicated. Odds ratios presented as women vs. men.
OR, odds ratio; Cl, confidence interval; ARB, angiotensin receptor blocker

In the early period, 18% of women compared to 25% of women underwent coronary
angiography. In the late period the numbers were higher in both genders (66% vs. 82%).
After multivariable adjustments women had 8% vs. 20% less chance of angiography in early
and late periods, respectively. The use of reperfusion therapy increased between the two time
periods, in men from 70.9% to 75.3%, in women from 63.1% to 63.6%. After multivariable
adjustment, women were 14% and 20% less likely to receive reperfusion therapy in the early
and late periods compared to men, early and late periods respectively. (Table 7, figure 14)

Evidence-based treatment with statins, platelet inhibitors, beta-blockers and ACE-
inhibitors/ARBs were prescribed more often in the late compared to the early period in both
genders. All evidence-based therapies were prescribed more seldom to women in both
periods. Women still had less chance of receiving ACE-inhibitors/ARBs but higher chance of
receiving statins after multivariable adjustments in the early period. In the late period women
had 14 — 25% less chance of receiving any of these therapies after multivariable adjustments.
(Table 7, figure 14)
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Figure 14. Evidence-based treatment in two time periods, women vs. men.
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Outcome
In-hospital as well as cumulative one year mortality was higher in the early than in the late

time period, in both genders. The absolute mortality numbers were about twice as high in
women than in men in both time periods. (Figure 15)

Figure 15. In-hospital and cumulative one year mortality in the early and late time periods.
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After multivariable adjustments, the in-hospital mortality was about 20% higher in women
than in men in both time periods (OR 1.18, 95% CI 1.02 — 1.36 vs. OR 1.21, 95% CI 1.00 —
1.46). One year mortality was 5% and 11% higher in women in the early and late periods,
respectively, after multivariable adjustments (HR 1.05, 95% C1 0.97 — 1.14 vs. 1.11, 95% CI
1.00 — 1.24). After also adding adjustments for reperfusion therapy and evidence-based
therapy at discharge, there was no longer any gender difference in cumulative one year
mortality (HR 0.95, 95% CI 0.87 — 1.05 vs. HR 0.96, 95% 0.86 — 1.08).
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Figure 16. In-hospital and cumulative mortality in two time periods
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Paper IV.

Gender difference in prevalence and prognostic impact of renal insufficiency in patients with
ST-elevation myocardial infarction treated with primary percutaneous coronary intervention

During 2005, 274 STEMI patients underwent immediate coronary angiography with the
intention to do primary PCI at the Department of Cardiology, Link&ping University Hospital,
and were included in the study.

Baseline characteristics

The women were older, had higher prevalence of hypertension and chronic obstructive
pulmonary disease but there was no significant gender difference in prevalence of diabetes,
previous stroke or heart failure. Neither was there a difference in prevalence of smoking. On
admission, women were on treatment with diuretics (37% vs. 13%, p<0.001) and/or digitalis
(6% vs. 1%, p=0.05) more often than men. Seven percent of women and 4% of men were
classified as having cardiogenic shock on admission (Killip class V). There was no
significant difference in time from symptom onset to first ECG (125 min vs. 117 min, p=0.64)
or to beginning of PCI (221 min vs. 211 min, p=0.59).

Kidney function

Serum creatinine was higher in men compared to women, 105 vs. 99 umol/L, p=0.03, but
eGFR according to the MDRD formula was lower in women than in men, mean eGFR 54 vs.
68 mL/min/1.73m?, p<0.001. Ten men but no woman were classified belonging to the best
CKD stage, 32 women and 118 men were classified being in CKD stage 2, 59 women and 45
men in CKD stage 3 (3a=45-59 mL/min/1.73m?, 3b=30-44 mL/min/1.73m?) and finally 5
women and 1 man in CKD stage 4. No patient was staged as being in CKD stage 5, i.e. in
ESRD. Thus, in total 67% of women compared to 27% of men were classified as having Rl,
i.e. eGFR less than 60 mL/min/1.73m?. (Figure 17)

Figure 17. Prevalence of the different CKD stages
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Predictors of renal insufficiency

After multivariable adjustment, female gender was a very strong independent predictor of RI,
with more than five time higher risk of RI than men. Other independent predictors of RI were
age, previous PCI, previous heart failure, aspirin or statin on admission. (Table 8)

Table 8. Independent predictors of renal insufficiency in primary PCI treated STEMI patients

Multivariable adjusted p-value

OR (95% CI)
Female vs. male gender 5.06 (2.66 — 9.59) <0.001
Age in 10 year decrement 2.09 (1.53 — 2.85) <0.001
Previous PCI 3.10 (1.07 — 8.97) 0.04
Previous heart failure 8.77 (1.47 — 52.19) 0.02
Aspirin on admission 2.78 (1.19 - 6.50) 0.02
Statin on admission 2.58 (1.12 - 5.93) 0.03

OR, odds ratio; Cl, confidence interval, PCI, percutaneous coronary intervention

Prognostic impact of reduced eGFR

The independent effect of reduced eGFR on one year outcome was analysed in men and
women separately. As the cohort was small, not only mortality but also a combined endpoint,
MACE, consisting of death, non-fatal MI, stroke or new revascularisation procedure within
one year after the index event was used. The cumulative one-year mortality was 15% (n=15)
in women and 9% (n=16) in men whereas the cumulative one-year MACE was 32% (n=31) in
women and 28% (n=50) in men. After multivariable adjustments, each 10 mL/min incline of
eGFR was associated with a 63% relative risk reduction of one-year death and 39% relative
risk reduction of one-year MACE in women. No such associations were found in men. (Table
9) Interaction test showed borderline significant interaction between gender and eGFR
regarding one year mortality (p=0.08) but no significant interaction regarding one year
MACE (p=0.11).

Table 9. Prognostic impact of eGFR per 10 mL incline

Multivariable adjusted p-value
OR (95% CI)
One-year mortality, women 0.37 (0.15-10.89) 0.03
One-year mortality, men 1.05 (0.63 — 1.76) 0.85
One-year MACE, women 0.61 (0.40 — 0.92) 0.02
One-year MACE, men 1.05 (0.79 — 1.40) 0.73

OR, odds ratio; Cl, confidence interval, MACE, major adverse cardiovascular event
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Paper V.

Prevalence and prognostic impact of renal insufficiency in STEMI from a gender perspective
— data from a large prospective cohort

All STEMI patients registered in SWEDEHEART between 1% January 2003 and 31%
December 2009 were included, in total 37 991 patients, 34% women. We had complete data
in order to estimate GFR according to the MDRD formula for 93% of these patients.
Regarding estimated CrCl according to the Cockcroft Gault formula (from now on referred to
as eGFR according to CG), complete data was available for 70% of the patients.

Kidney function women vs. men

Mean creatinine was higher in men than in women whereas eGFR according to both formulas
was lower in women than in men, 69 and 66 mL/min compared to 81 and 88 mL/min, MDRD
and CG used, respectively. Renal insufficiency, defined as eGFR < 60 mL/min(/1.73m?) was
present in 38% in women vs. 19% in men according to MDRD and in 50% of men vs. 22% of
men according to CG (p<0.001 for both comparisons). Among men 33% and 45% were
staged as being in the best CKD stage, compared to 20% and 19% of women, MDRD and CG
used, respectively. After stratifying upon age, more than 90% of men and 75% of women
were in CKD stage 1 in the youngest age group whereas only a few percent among the oldest
men and women were in the best CKD group, according to CG. The difference in CKD stage
between age-groups was less pronounced if MDRD was used. (Figure 18)

After multivariable adjustments, female gender was associated with 58% higher risk of RI if
MDRD was used (OR 1.58, 95% CI 1.48 — 1.68). If CG was used, women had more than
twice as high risk of RI compared to men (OR 2.18, 95% CI 2.02 — 2.36). Women had also
higher multivariable adjusted risk of severe CKD (<30 mL/min) according to both formulas
(OR 1.30, 95% CI 1.11 — 1.47 according to MDRD, OR 1.85, 95% CI 1.61 — 2.12 according
to CG, women vs. men)
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Figure 18. Prevalence of the different CKD stages in age subgroups in each gender
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Baseline characteristics, Rl compared to non RI patients

Patients with RI were older than the non RI patients, 9 years in women, 11 years in men. They
were leaner with higher heart rate and lower blood pressure on admission. In both men and
women, they were half as often smokers compared to non RI patients but had twice as often
suffered from a previous M1 or a stroke and had previous heart failure four times as often.
They had higher prevalence of diabetes, hypertension and peripheral artery disease. More than
40% were already on aspirin and beta-blockers on admission and more than 20% were on
ACE-inhibitors or ARBs, which was twice as often as non RI patients, regarding both
genders. (Table 10)

Among women with Rl mean eGFR were 44 and 40 mL/min, MDRD and CG used
respectively. In men with RI corresponding figures were 45 and 46 mL/min. Among women
without RI, eGFR was 85 and 80 mL/min compared to 89 and 97 mL/min in men, MDRD and
CG used, respectively. (Table 10)

In both genders, complications such as AV-block, re-infarctions and bleeding were about

twice as common and cardiogenic shock three times as common among RI patients compared
to non RI patients. (Table 10)

57



Evidence-based therapy in Rl and non RI patients

Among RI patients, 65% of men vs. 54% of women received acute reperfusion therapy.
Among non RI patients the corresponding figures were 89% vs. 80%, respectively. At
discharge, in both genders, RI patients had significantly less chance of evidence-based
treatment compared to non RI patients. Also, among both RI and non RI patients, men had
significantly higher chance than women of getting these therapies. (Table 10)

Impact of reduced eGFR on outcome

Nineteen percent of women with Rl compared 5% of women without RI died during hospital
care. The corresponding figures in men were 15% vs. 3%. During follow-up, 52% of women
with RI died compared to 20% of women without RI. Corresponding figures in men were
46% vs. 13%. For each incremental step of CKD stage, the long term mortality increased in
both genders. (Figure 19)

After multivariable adjustments, the risk of in-hospital mortality per 10 mL/min decrease in
eGFR increased with 29% and 33% in men vs. 22% and 28% in women, CG and MDRD used
respectively. Rl compared to non RI patients had approximately twice the risk of in-hospital
mortality in women and 2.5 times higher risk in men after multivariable adjustments. The
increased risk of long term mortality per 10 mL/min decline of eGFR was 16% and 11% in
women vs. 11% and 9% in men, CG and MDRD used, respectively. The risk of long term
mortality was about 1.5 higher in Rl compared to non RI patients in both men and women,
according to both formulas. (Table 11)

There was no significant interaction between gender and eGFR regarding short- or long term
outcome according to any of the formulas.
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Table 10. Baseline characteristics, hospital care and outcome in Rl vs. non Rl patients, each
gender separately.

WOMEN MEN
RI Non RI p-value RI Non RI p-value
(n=4585) (n=7454) (n=4411) (n=18902)
Baseline characteristics
Age in years, mean (SD) 79.4 (9.3) 70.2 (12.3) <0.001 75.5(10.2) 64.2 (11.6) <0.001
Weight in kg, mean (SD) 67.8 (13.8) 68.8 (14.0) 0.001 80.1(14.0) 83.3 (13.6) <0.001
Systolic BP, mmHg, mean (SD) 135.8 (32.8) 142.1 (29.6) <0.001 133.9 (31.2) 141.8 (28.2) <0.001
Heart rate, beats/min, mean (SD) 80.8 824.9) 78.2 (20.5) <0.001 79.2 (24.7) 75.1(19.2) <0.001
Current smoker 614 (15.4) 2376 (34.3) <0.001 700 (18.0) 5979 (33.4) <0.001
Co-morbidity
Previous myocardial infarction 1133 (25.0) 865 (11.7) <0.001 1339 (30.7) 2759 (14.7) <0.001
Previous PCI 196 (4.3) 305 (4.1) 0.58 359 (8.3) 1347 (7.2) 0.01
Previous coronary artery bypass grafting 134 (2.9) 120 (1.6) <0.001 320 (7.3) 691 (3.7) <0.001
Diabetes Mellitus 1286 (28.2) 1326 (17.9) <0.001 1132 (25.8) 3244 (17.2) <0.001
Hypertension 2534 (56.3) 3061 (41.6) <0.001 2112 (48.8) 5950 (31.9) <0.001
Previous heart failure 933 (20.3) 398 (5.3) <0.001 735 (16.7) 690 (3.7) <0.001
Previous stroke 743 (16.2) 640 (8.6) <0.001 764 (17.3) 1278 (6.8) <0.001
Peripheral artery disease 305 (6.7) 214 (2.9) <0.001 354 (8.0) 434 (2.3) <0.001
Therapy on admission
Aspirin 1965 (43.3) 1869 (25.3) <0.001 1888 (43.4) 4336 (23.1) <0.001
Other platelet inhibitor 234 (5.2) 259 (3.5) <0.001 249 (5.7) 641 (3.4) <0.001
Beta—blocker 2088 (46.3) 2087 (28.3) <0.001 1849 (42.6) 4442 (23.7) <0.001
Angiotensin converting enzyme inhibitor 942 (20.9) 845 (11.4) <0.001 1001 (23.1) 2224 (11.9) <0.001
Angiotensin receptor blocker 451 (12.9) 515 (8.3) <0.001 442 (13.2) 1065 (6.8) <0.001
Statin 828 (18.3) 1089 (14.8) <0.001 1007 (23.3) 3118 (16.6) <0.001
Therapy/procedures at CCU
Coronary angiography 2419 (52.9) 5154 (69.2) <0.001 2610 (59.3) 14938 (79.1) <0.001
Reperfusion therapy 2464 (53.7) 5964 (80.0) <0.001 2868 (65.0) 16852 (89.2) <0.001
Kidney function
Creatinine (umol/L) 125.3 (68.0) 66.4 (11.3) <0.001 162.7 (98) 83.8 (14.2) <0.001
eGFR, MDRD (mL/min/1.73m? 43.7 (12.3) 85.2 (23.3) <0.001 45.0 (12.7) 89.0 (26.0) <0.001
eGFR, CG (mL/min) 39.5 (15.4) 80.0 (30.7) <0.001 45.5 (16.8) 97.0 (33.9) <0.001
Complications during hospital care
Killip class IV (cardiogenic shock) 320 (7.5) 185 (2.7) <0.001 285 (7.0) 393 (2.2) <0.001
Ejection fraction £50% 1638 (67.3) 2559 (51.2) <0.001 7068 (52.3) 6439 (47.7) <0.001
2"%-3" degree atrioventricular block 237 (5.2) 169 (2.3) <0.001 213 (4.9) 376 (2.0) <0.001
Major bleeding 172 (4.5) 161 (2.4) <0.001 133 (3.6) 202 (1.2) <0.001
Re-infarction 120 (2.7) 106 (1.4) <0.001 120 (2.8) 238 (1.3) <0.001
Therapy at discharge
Aspirin 3591 (79.9) 6740 (91.0) <0.001 3565 (82.1) 17603 (93.6)  <0.001
Other platelet inhibitor 2351 (52.3) 5601 (75.7) <0.001 2567 (59.2) 15338 (81.5)  <0.001
Beta-blockers 3473 (77.4) 6419 (86.7) <0.001 3436 (79.2) 17001 (90.4) <0.001
Angiotensin converting enzyme inhibitor 2089 (46.5) 4263 (57.7) <0.001 2224 (51.3) 12123 (64.5) <0.001
Angiotensin receptor blocker 427 (12.2) 572 (9.1) <0.001 414 (12.3) 1198 (7.6) <0.001
Statins 2521 (56.2) 5891 (79.6) <0.001 280 (64.8) 16524 (87.9) <0.001
Outcome
In-hospital mortality 849 (18.5) 379 (5.1) <0.001 675 (15.3) 494 (2.6) <0.001
One year mortality 1419 (33.6) 773 (11.5) <0.001 1226 (30.2) 1139 (6.7) <0.001
Long term mortality 2368 (51.6) 1505 (20.2) <0.001 2038 (46.2) 2501 (13.2) <0.001

Data presented as numbers (percentages) if not otherwise indicated. RI, renal insufficiency; SD, standard deviation; BP, blood pressure; PCI, percutaneous
coronary intervention; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease study; CG, Cockcroft Gault
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Figure 19. Long term outcome in CKD stage 1-4 according to MDRD and CG formulas.
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Table 11. Impact of reduced renal function on short and long term outcome in men and women.

Multivariable adjusted OR/HR
(95% ClI)
MDRD used

Multivariable adjusted OR/HR
(95% ClI)
CG used

In-hospital mortality

Men (n=25062)
Per 10 mL decline in eGFR
Rl compared to non RI
Women (n=12929)
Per 10 mL decline in eGFR
Rl compared to non RI

1.33(1.18 — 1.28)
2.59 (2.19 - 3.07)

1.28 (1.23 — 1.33)
2.01 (1.69 — 2.38)

1.29 (1.23 - 1.36)
2.49 (1.95 - 3.17)

1.22 (1.14 — 1.30)
1.87 (1.40 — 2.49)

Long term mortality

Men (n=25062)
Per 10 mL decline in eGFR
Rl compared to non RI
Women (n=12929)
Per 10 mL decline in eGFR
Rl compared to non RI

1.09 (1.07 — 1.11)
1.57 (1.43 - 1.72)

1.11 (1.09 — 1.14)
1.47 (1.34 — 1.62)

1.11 (1.08 — 1.13)
1.43 (1.27 - 1.60)

1.16 (1.12 - 1.19)
1.71 (1.47 — 1.99)

OR, odds ratio; HR, hazard ratio; Cl; confidence interval; MDRD, Modification of Diet in Renal Disease study; CG, Cockcroft Gault;

RI, renal insufficiency
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Gender differences in outcome and impact of eGFR

Women had more than twice as high in-hospital (11.0% vs. 5.5%) and higher cumulative long
term mortality (33.4% vs. 20.1%) than men. After adjustment for age, women still had 22%
higher risk of in-hospital and 6% higher risk of long-term mortality. After multivariable
adjustments including all confounders except kidney function women had 7% lower risk of
long term mortality but still 11% higher risk of in-hospital mortality. If eGFR according to
any of the formulas was also included, there was no longer a gender difference regarding in-
hospital mortality and women still had lower risk of long term mortality. In fact, after just
adjusting for eGFR according to CG, there was no longer any gender difference in short term
mortality and women had lower risk of long term mortality. (Figure 20)

Figure 20. Impact of eGFR on gender differences in short and long term mortality

In-haspital mortality, odds ratios [OR] with 85% confidanca intarvals [€1]

Crude OR 2.12 {1.96 - 2.28) _—’—
Age-adjusted OR 1.27 {1.12 - 1.32) +

Multivariable adjusted OR 1,11 (1.00 - 1.24] _’_

Multivariable adjusted OR including eGFR (MODRD) 1.04 (0.93 - 1.17) — —’_

Adpestment for eGFR (MDRD) and age OR 1.08 (0,99 - 1.19]
Only adjustment for ¢GFR (MDRD] OR 1.45 (1,33 - 1.58]

Multivariable adjusted OR incl. eGFR (0G) OR 088 (0,76 - 1L.02) —+—
Adpustment for eGFR (CG) and age OR 0.92 {0.82 - 1,05) _’—

Only adjustment for eGFR (CG) OR 0.99 {0.87 - 1.11) —‘L
Leng tarm mertality, hazard ratlos [HR] with 95% CI
Crude HR 1.82 (1.75 - 1.90) +
Age-adjusted HR 1,06 (1,07 - 1.11) _’_

Multivariable adjusted HR 0.93 {0.88 - 0.95)

Multivariable adjusted HR including eGFR (MDRD) HR 0.91 (0,86 - 0.99) +

Adprstment for eGFR (MDRD) and age HR 0.97 (0.92 - 1.01}

Only adjustment for ¢GFR (MDRD]HR 1.33 {1.28 - 1.35) +

Multivariable adjusted HR including eGFR [CG) HR 0,86 (0,80 - 0.92) +

Adjstment for eGFR (OG) and age HR 0.94 (0.88 - 0.99) +

Only adjustment for ¢GFR (CG) HR 0.88 (0.83 - 0.93) +
Risk of mortality higher in men Risk of mortality higher in women
1 1 1 1 1 I 1 1 1 1 1 [ | LI

0.4 05 0.7 0.8 09 1.0 11 1.2 13 1.4 15 16 1.7 18 19 20 21 22 23
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VIl. Discussion

Background characteristics
Age and co-morbidity

There is an old notion that myocardial infarction is a male disease. The fact is that almost half
of all women as well as men will die of cardiovascular diseases in Sweden, dominated by
IHD.? Although the incidence of IHD is markedly lower among women than men prior to the
age of 50 years, it increases in women after menopause and approaches that seen among men
in the highest ages."® The number of deaths caused by M1 per year in Sweden is
approximately the same in women and men.? Among STEMI patients, women comprise a
minority but they have higher case fatality.*”*® Around thirty-five percent in our cohorts
(Paper I, 111 -V) were women, which is similar to other studies based on observational
registers including consecutive STEMI patients.?®* This is considerably higher than in
randomised clinical STEMI trial cohorts where the proportion of females has typically been
around 25% “® 1% 271273 hecayse of exclusion of the oldest, patients with co-morbities such as
CKD but also premenopausal women. %

We found (paper I) in accordance with others*" 48269271, 281,310,329 that \women were older
than men in the STEMI group. Women were on average 73 years old and men 66 years old,
which are older than compared to cohorts derived from randomised clinical trials,*® *3* %2 put
similar to other observational register reports.?®®> The major reason to the well-known 7-9
years age gender difference in age of first MI is probably the higher risk factor levels at
younger ages in men compared to women.®®

The women had higher prevalence of diabetes, hypertension, stroke, heart failure as well as
COPD. On the other side, men were more often smokers, had a history of previous Ml or had
undergone previous revascularisation procedures. These are findings concordant with
previous studies.*® 2 The age difference is a major reason to the higher co-morbidity in
women, but we found that age alone did not explain these gender differences as women had
16-42% higher age-adjusted risk of smoking, diabetes, hypertension, congestive heart failure
and COPD.? Major IHD risk factors are the same in women and in men®* ® but particularly
diabetes and smoking has been shown to interact with gender as regards risk of CAD, with
higher relative risks in women than in men.®% © 34534 The anti-oestrogenic effect has been
proposed as an explanation for the higher relative risk associated with smoking in women
than in men.*®

Young STEMI patients

The younger the mean age of studied M subjects, the higher is the male-to-female ratio.>*
According to INTERHEART data, it appears that this is largely explained by a lower risk
factor burden in women than in men in young ages.®® In our young STEMI cohort (Paper 11)
with patients aged 45 years old or less, only 18% were women, which is in accordance with
previous reports (mixed MI cohorts).*** 3** As women are relatively spared from IHD before
menopause, there have been speculations that those who become affected have either a
particularly aggressive disease driven by a load of traditional risk factors,?®! or have another
pathophysiology,”®* ?®! such as coronary vessel dissection,?® vasospasm or pure thrombotic
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disease.”® % In agreement with the first hypothesis, we found at least one IHD risk factor
(defined as current smoker, diabetes mellitus, hypertension and/or statin therapy before
arrival) in the vast majority of these young women and one forth had two or more risk factors.
In the young men the majority had at least one previously known IHD risk factor, although
fewer than among women. The prevalence of diabetes and hypertension was 50% higher in
young women than in young men. Compared to the whole (older) STEMI cohort (Paper 1), the
prevalence of diabetes was approximately the same in the young as in the older women (19%
among the young, 21% among the older) whereas among men there was a difference in
prevalence between the younger and the older (12% and 17%, respectively). A more marked
gender difference in risk profile among younger than in older MI patients has been shown also
by others in mixed MI cohorts,” ** and support the hypothesis that premenopausal women
needs a higher burden of risk factors in order to suffer from MlI.

The most prevalent risk factor in this young cohort was smoking. As many as 64% of the
women were smokers compared to 58% of the men, which were far higher numbers compared
to what we found in the older cohort (25% of women, 30% of men in Paper I). This is
although somewhat lower than in previous studied young mixed M1 cohorts were the
percentages of smokers have ranged between 70-90%.2" 34 351352 gmokers usually suffer
their first M1 earlier in life compared to non-smokers and it is shown before that this age
difference seems to be greater in women than in men.***** Our data support previous
epidemiological studies findings of smoking as the most important risk factor for developing
M1 in young age.*® In contrast to studies on older cohorts, thus women were smokers more
often than men in this young cohort. As already discussed, smoking has even more deleterious
effects in women than in men,®% & 345 34638 jnclyding a stronger dose-response
relationship,®*® 3*® and thus it is particularly alarming that smoking is twice as common in
girls than in boys according to the latest National Health report.®*°

Previous studies have also found that young M1 patients often have positive family history of
premature CAD, especially among the non-smokers,®’ but this risk factor was not mandatory
to register in RIKS-HIA/SWEDEHEART and was therefore not included in our analyses.
Other non-classical risk factors/MI causes, that we did not study, but which have been found
more prevalent in younger than in older MI cohorts are cocaine use, congenital coronary
artery anomalies, antiphosphlipide syndromes, certain lipid abnormalities and septic or
paradoxical embolisations.?

Renal insufficiency

RI prevalence varies with age, race and gender and increases with advancing age according to
both formulas, but most if CG is used.**® **° The most recent NHANES 111 survey found an
increasing prevalence of RI in the American population, in total 8.1%, but 37.8% in people
aged over 70 years.®® More relevant for the Swedish situation is data from the HUNT 11 study,
according to which 4.7% of the Norwegian population have RI, 18.6% in the subgroup aged
over 70 years. Rl was more prevalent in women than in men, even though gender specific
data was not presented in age subgroups.®® ** End-stage renal failure is a well-known
independent risk factor both regarding development of IHD as well as for poor outcome in
case of M1,”® ™ but already when eGFR according to MDRD goes below 60 mL/min/1.73m?
there is an increased risk of morbidity and mortality.” The last decade mild to moderate renal
impairment has been proven associated with adverse outcome also in ACS patients 32 9 97 362
including STEM|.8% %% %4.97.%8 £y rthermore, Fox et al recently showed that the mortality
gradient with increasing CKD stage was steeper in STEMI vs. in NSTE ACS patients.** The

63



eGFR is also important to know in order to adjust doses of several drugs commonly used in
patients with ACS. Many drugs with exclusive or substantial renal elimination need to be
down-titrated or might even be contraindicated in CKD patients, including enoxaparin,
fondaparinux, bivalirudin, and small-molecule GP I1b/Illa receptor antagonists.*® The
prevalence of CKD according to the National Patient Register in our studies was low and
without a gender difference (Paper | and I11). Only around 1% of the STEMI patient had a
previous diagnose of CKD, which corresponds to numbers from other registers.?® This is
although a huge underestimation if all patients with at least moderate CKD (eGFR < 60
mL/min, RI) had been encountered and diagnosed. According to previous data, around 30%
of all ACS patients have RI when this has been more thoroughly investigated, estimating
eGFR for all patients.®" ** Starting in the mid 2000° to measure eGFR routinely we realised
from daily practice that far more women than men had RI. This was also evident from studies
exploring the relation between CKD stage and outcome in ACS, with increasing number of
women as worse CKD stage studied.®™# %" This gender difference has been assumed
explained by the higher age in women in several studies.* The HERS study showed that
even mild renal dysfunction (defined as CrCl 40-60 mL/min) in postmenopausal women with
CAD was independently associated with a 20-30% increased risk for cardiovascular events
such as M, stroke and cardiovascular death.*** According to our knowledge no-one had
explored gender differences in a STEMI population with the aim to study if female gender per
se is associated with RI in this setting.

In Paper 1V we found a huge gender difference in RI prevalence, 67% of women compared to
26% of men and furthermore that women had more than 5 times multivariable adjusted risk of
RI. There are very few related works in this area but a study on consecutive patients
undergoing coronary angiography investigated the relation between gender and presence of
CAD and long term outcome. They found an even higher prevalence of RI in their study
subjects, 74% of women (mean age 63 years) compared to 45% of men (mean age 61 years),
MDRD formula used. Their study was anyhow limited by missing values for SCr for 60% of
the cohort™® and our study by a very small population, from a limited geographic area.

Accordingly, as these findings were very interesting but more of hypotheses generating, we
decided to continue with a bigger study using an updated SWEDEHEART database. A cohort
of almost 38 000 STEMI patients admitted 2003-2009 was used (Paper V). Complete data for
the MDRD formula was available for 93% of patients and for the CG formula for 70% of
patients. According to MDRD, 38% of women and 19% of men had RI, which were
considerably lower rates especially in women compared to our previous study, but still very
high rates. The mean age and prevalence of diabetes was not higher in women in the smaller
of the cohorts, rather the opposite. Thus the high prevalence of RI in women in our small
cohort could be a matter of chance because of its small size, although other differences in risk
profile between the cohorts or possible geographic differences cannot be excluded.

A previous study from the CRUSADE register including approximately 47 000 NSTE ACS
patients, found that patients with moderate CKD according to CG but not MDRD had similar
rates of major bleeding and of in-hospital mortality as when there was CKD agreement
between the formulas. Patients with moderate CKD according to MDRD but not CG had
lower rates of adverse events. In accordance, a Swedish study on 36 000 mixed M| patients
found better prediction of one year mortality by CG compared to MDRD.**® Accordingly, in
paper V we also used the CG formula in addition to MDRD. When CG was used half of the
women in our cohort had RI, as compared to one fifth of the men. In fact female gender was
found to be independently associated with mild, moderate as well as severe CKD regardless
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of used formula.

Thus, one of the most striking findings in both Paper IV and V was the high rate of CKD in
women with STEMI regardless of used formula. The much higher risk of RI in women
compared to men, especially according to CG, is a very important finding with many clinical
implications both regarding dose adjustments and as a prognostic marker. Future studies
ought to evaluate whether this gender difference in RI prevalence have impact on how we
treat female and male STEMI patients, as previous studies have found not only gender
differences in management?0 261 263, 274,275,279, 284,285 1yt a5 3 progressive underutilisation of
cardioprotective therapies including reperfusion therapy with worsening CKD stage.®" %%
Further which of the equations that better predict the underlying true renal function in female
vs. male STEMI patients, is currently not known. There are conflicting data which of the two
formulas better predict the true underlying renal function,** which probably is due to
differences in distributions of age, sex, BMI and degree of renal dysfunction among studied
cohorts.” The coefficient for gender differs between the two formulas, and they handle age
differently mathematically as well. A coefficient derived in a given cohort may not adequately
predict gender-associated difference in muscle mass (as source of creatinine) in another
cohort (depending on differences in anthropometrics, age distribution etc).”

Therapy before arrival to hospital

There were some gender differences in therapy on admission. Women had more often ASA,
beta-blockers, CCB, ACE-inhibitors or ARBs but these gender differences were small. (Paper
1) The most marked gender difference was noticed regarding use of diuretics and digitalis,
which was twice as common in women. This probably reflects their higher prevalence of
hypertension and chronic heart failure, but then it is noteworthy that there was a much smaller
gender difference in use of ACE-inhibitors and ARBs in spite of the higher prevalence also of
diabetes and previous stroke in women. Also the use of statins was higher in men reflecting
their higher LDL compared to women, except in the oldest ages®®® but also their higher
prevalence of previous MI and revascularisation procedures. After age-adjustments, there
were only small differences in therapy on admission, i.e. the main explanation to the higher
use of these drugs in women was their higher age. Also after age-adjustments women had
almost twice as high probability of treatment with diuretics.

Delay times

Delay-time was defined in our studies as from symptom onset until arrival to either CCU or
cath lab, as this delay time was registered for the vast majority of patients. In accordance with
previous studies, women had longer delay-times compared to their male counterparts. This
was noticed in the total cohort (Paper 1), and more disturbing, when studying an early and a
late cohort (Paper 111), the gender difference in delay did not diminish. A difference in median
delay time from symptom-to-door time of 30 minutes was noticed in both time periods, as
was exactly the same as in the analysis from EXTRACT-TIMI 25 study on STEMI patients
treated with fibrinolysis, and in the fibrinolytic arm in the PRAGUE 1 and 2 studies.**" 1%
Longer patient delay times have also been found in primary PCI studies.****° In the late time
period in Paper I11, both men and women arrived later to CCU/cath lab compared to the early
period. This is most probably due to the shift in reperfusion strategy from fibrinolysis to
primary PCI. As many patients do not have a hospital with PCI facilities as their nearest
hospital, transportation times will be longer compared to during the fibrinolytic era when they
were treated at the nearest hospital or in the ambulance. Mechanisms to minimize delays to
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definitive treatment (optimally <2 hours) can be expected to have beneficial impact on
survival,*7 as every 30 min increased delay to primary PCI has been shown to increase
mortality with 7.5%. Thus it is of great importance to reduce the delay times in all STEMI
patients, especially in women.3' 3

A review revealed clinical, sociodemographic and psychosocial factors all contributing to the
longer pre-hospital delay in women,**® but reasons to the longer patient delay time in women
within the STEMI population has to be further studied as well as methods in order to reduce
it. Interestingly, and in contrast to speculations that young women do not recognize Ml
symptoms and thus delay,?®* we did not find any gender difference in patient delay time (7
min difference in median symptom-to-door time, p=0.18) in the young cohort (Paper I1). In
addition, the delay times in this young cohort were considerably shorter compared to in the
old cohort (Paper I and I11) which is consistent with previous findings that older M| patients
delay more than younger, but also that the gender differences seems to be restricted to older
MI patients.>

Hospital care

Reperfusion therapy

Reperfusion therapy has been shown to improve outcome after STEMI with reduced mortality
370 and should be provided as soon as possible and preferably as primary PCI® ™ 2263 5 jt
has been proven superior of fibrinolysis.®*" ** However fast admission of fibrinolysis,
preferably pre-hospital, is also effective and the primary objective is to treat more STEMI
patients with any type of reperfusion therapy.>’2 In spite of this several previous studies have
found that approximately 30% of STEMI patients do not receive reperfusion therapy *'®
although with decreasing numbers over time.?® In Paper | covering 1999-2006 63% of
women compared to 72% of men received reperfusion therapy. In accordance, from the AMIS
Plus Register in Switzerland, 55% of women compared to 69% of men received reperfusion
therapy among STEMI patients registered 1997-2006.2%* Corresponding figures from the
American Get With the Guidelines register (GWTG-CAD) with over 25 000 STEMI-patients
registered 2001-2006, were 56% vs. 73%.%°* From the large American NRMI register a report
including over 126 000 STEMI patients, an even larger difference was reported.*®! However,
these data where not thoroughly evaluated, and no adjustments for confounders were done
regarding this particular endpoint in any of these registers.?®* 264281 Thys, we wanted to
evaluate if female gender was independently associated with not receiving reperfusion
therapy. Also after adjustment for age, co-morbidities, therapy before arrival, type of hospital,
year of inclusion, Killip class and delay-time women still had 17% less chance of receiving
this therapy. (Paper I) In accordance, Eagle et al. found from the GRACE register that female
sex was one of eight independent factors associated with not receiving reperfusion therapy
among STEMI patients presenting within 12 hours of symptoms, together with previous heart
failure, previous CABG, diabetes, previous MI, delay time, age and year of inclusion.?®®

In subgroup analyses the gender difference in receiving reperfusion was most pronounced
among the elderly. There are previous findings that elderly patients have less chance to
receive reperfusion therapy than younger even when eligible.3”® 3 37> Although there is
general agreement that the risks of reperfusion therapy are greater in an elderly population,
studies suggest that elderly people tend to derive a benefit equal to, if not greater than, that
obtained by younger.***”® In contrast to a report by Champney et al from the American
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NRMI register,?® in our young STEMI cohort, no gender difference in rate of reperfusion
therapy was found, and the vast majority (78 and, 81%, women vs. men, p=0.28) received
reperfusion therapy. (Paper II)

During the fibrinolytic era, many studies found gender differences in case fatality in STEMI
patients, and fibrinolytic therapy was the dominating reperfusion strategy in Paper I. Several
studies before us have shown an increased risk of bleeding, stroke and intracranial
haemorrhage in women treated with fibrinolysis as compared to men, also in selected
randomised clinical trial cohorts testing different fibrinolytic regimes.** **® Female gender
has been proven a powerful independent risk factor of bleeding after fibrinolytic therapy*3*3
together with high age, low body weight, renal failure and anaemia. Thus, in addition to
higher age and co-morbidity, the higher risk of severe bleeding, together with the longer
symptom-to-door time in women, could be major reasons for the noticed gender gap in rate of
reperfusion therapy in spite of the proven net clinical benefit of fibrinolysis in both genders.***

Fibrinolytic therapy vs. primary PCI

As high risk subjects, several studies suggest that women compared with men would derive a
higher absolute benefit from primary PCI compared with fibrinolytic therapy.**** Primary
PCl is also less time-dependant compared to fibrinolytic therapy. Thus, according to the
DANAMI-2%"® and PRAGUE studies®”” *", even after transportation, primary PCI was
proven superior to on-site fibrinolysis."®" Even though female gender has been shown to be
an independent predictor of bleeding and vascular complications also in the setting of PCI 3+
%18 several procedural improvements (radial approach, smaller sheaths, closer devices,
improved antithrombotic therapies etc.) have led to an overall decline in complication rate
post-PC1.3"**8! Accordingly, several modern studies have not found female gender to be
independently associated with PCI failure or PCI complications.**" **° In paper 111 we
compared two cohorts included during two time periods with different dominating reperfusion
strategy (primary PCI in 9% vs. 68% among patients receiving reperfusion therapy, early vs.
late period, respectively). A similar number of patients were registered during the two time
periods, and the gender difference in mean age or in delay time did not differ. Surprisingly,
we did not find a diminished gender treatment gap. After multivariable adjustments women
had 14% and 20% less chance of receiving reperfusion therapy, early and late periods,
respectively, and accordingly our hypothesis failed. In our Paper V we noticed a persistent
gender treatment gap, where 69% of women compared to 84% of women received reperfusion
therapy between 2006 until 2009 (almost exclusively as primary PCI). This was anyhow not
further analysed as that was not the scope of that particular paper, but ought to be scrutinised
in later work. In concordance others have shown a gender treatment gap, also regarding
reperfusion therapy in form of primary PC1.2%®

There could be plenty of possible reasons to this persistent gender gap during the new primary
PCl era. Firstly, a higher prevalence of TIMI 111 flow upon acute angiography in women
would explain less primary PCI treatment. However, this cannot explain the gender difference
in use of angiography (20% less chance during the late time period). Also, even though a
higher prevalence of non-obstructive disease in women has been noticed in mixed Ml and
NSTE ACS cohorts*® %8 there small gender differences in extent of coronary artery disease
in pure STEMI cohorts*® 137 268:329 \yhich was also the case in the late time period in Paper III,
where we had available data from 97% of investigated patients.

A second reason could be co-morbidities not adjusted for, such as kidney function, which was
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not available during these years in RIKS-HIA/SWEDEHEART, as well as anaemia. Both
these variables are strong predictors of bleeding in ACS patients besides age and female
gender.** ¥ The marked gender difference in prevalence of RI noticed in our studies Paper
IV and V, added to its proven impact on management as well as outcome in previous works,
makes it an important confounder that ought to be adjusted for in future studies examining
gender differences in management and outcome in ACS.

A third reason could be a higher death rate before the opportunity of receiving reperfusion
therapy. Even though the case fatality is highest the first 24 hours in STEMI, as well as the
gender gap in outcome, this probably explains at most a minor part of the gender difference.
Patients dying in the ambulance are not registered in RIKS-HIA/SWEDEHEART, and as
reperfusion therapy should be given immediately after arrival (or before in case of prehospital
fibrinolysis) the number of such cases ought to be few. Also, in case of cardiogenic shock (i.e.
Killip 1V) that was more prevalent in female than in male STEMI patients in accordance with
others,?® primary PCI is the first line treatment in order to save lives.***

A forth reason could be a fear of complications post-PCI. Although the overall complication
risk post PCI have declined, the increased adjusted relative risk of bleeding (approximately 2-
fold) in women vs. men has not diminished over time, at least not after femoral approach.
Female gender was still an independent risk factor of both bleeding and vascular
complications in a quit recent analysis on 200 000 ACS patients (40 000 STEMI) from the
American national cardiac catherisation register.”®® If radial approach will abolish this
increased risk in women is still not clear. From the EASY trial, with radial approach in ACS
patients with maximal antiplatelet therapy, female gender was not associated with post-PCI
complications except for local hematomas.*®® On the other side, in the bigger RIVIERA trial,
female gender was still an independent risk factor of bleeding post-PCI also after adjusting for
radial approach, which was associated with lower risk.*® Very few STEMI patients were
included in these trials. Thus STEMI patients undergoing primary PCI with a radial approach
ought to be assessed with a gender perspective.

Finally a gender management bias cannot be excluded. Withholding a certain therapy from
patients with high risk is a well-known phenomenon called the “treatment-risk paradox” for
example shown in NSTE ACS patients regarding invasive treatment, **** | but also shown in
STEMI regarding reperfusion therapy.®*’ Women with STEMI are probably not perceived as a
high risk group, which they indeed are.*® %% 3% Thus, management including acute
angiography and reperfusion therapy in a gender perspective should be further evaluated in
future STEMI studies.

Angiographic data

Previous STEMI studies have found small or no differences between the genders in extent of
coronary artery disease as opposed to studies on NSTE ACS cohorts, where women have non-
obstructive disease or one vessel disease more often and multivessel disease more seldom
than men.* 137268310329 According to recent studies, where all or the vast majority of
consecutive STEMI patients underwent coronary angiography, approximately 2-3% of both
women and men had zero vessel disease, about 45% had one vessel disease and close to 25%
had multivessel disease.* 32232 As data from young mixed MI cohorts (i.e. including both
NSTEMI and STEMI patients) have reported a high incidence of non-obstructive disease
compared to older M1 cohorts, especially in women,?" % a higher prevalence of non-
atherosclerotic causes of Ml in young women such as hypercoagulable states or coronary
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artery spasm has been assumed.?®"?®! Young women have been shown to have more active
platelets ¥ and more often plague erosion instead of plaque ruptures compared to men and
postmenopausal women.?° Thus we aimed to analyse a young STEMI cohort as regards
angiographic findings (Paper 1) in order to evaluate if we could support those theories in a
pure STEMI cohort. As compared to reports on older cohorts, the prevalence of non-
obstructive disease was higher, but no gender difference was noticed (8% vs. 7%, women vs.
men, p=0.64). On the other hand one vessel disease was much more prevalent in those young
women compared to the young men (73% vs. 59%, women vs. men, p<0.001). Accordingly,
multivessel/left main disease was more prevalent in men (19% vs. 34%, women vs. men,
p<0.001). Whether we had more pure thrombotic lesions in women compared to men (i.e.
without an underlying plaque rupture) cannot be answered by our study. Thus, we cannot
confirm that these young women have another pathogenesis but they have a much less
advanced atherosclerotic disease, which probably explains our finding of less re-infarctions
during follow-up compared to their male counterparts.

Complications

Women with STEMI comprise a high risk subgroup. In spite of better EF, women had much
higher incidence of symptoms of heart failure (Paper I).This was true also after age-
adjustments (Paper 1) and it was also seen in the young STEMI cohort (Paper I1). Probably a
higher prevalence of diastolic heart failure due to higher prevalence of hypertension and
diabetes is the key explanation.?®® Cardiogenic shock on admission was more common in
women than in men in Paper |, also after age-adjustment. The incidence of cardiogenic shock
was lower in the late compared to in the early period (Paper I11), but the gender difference
persisted. The prevalence of bleedings was higher in women, both before and after adjustment
for age (Paper 1). Women had actually higher age-adjusted risk of bleeding after primary PCI
compared to after fibrinolysis (times 2 compared to 19% higher risk, the latter with borderline
significance). These finding must be interpreted with caution as we had valid data for 96% of
patients treated with fibrinolysis but only for 61% of primary PCI treated patients, and thus a
selection bias could have influenced these results. Anyhow the increased risk of bleeding in
women (partly because of their high age and high prevalence of RI, but also as an inherent
risk) needs further evaluation in future primary PCI studies, especially after the introduction
of new even more effective antiplatelet drugs.

Discharge therapy

The continuous research and development in CVD influenced treatment guidelines in between
the two studied periods in Paper 111.*"* Accordingly, therapies such as clopidogrel, ACE-
inhibitors/ARBs and statins were more used in the late compared to the early period as
secondary prevention in hospital survivors. We analysed if female gender was an independent
predictor of not receiving evidence-based therapies at discharge. In the late time period
women had lower chance of receiving any of these evidence-based therapies in spite of higher
prevalence of heart failure, diabetes and hypertension. In absolute numbers, the crude
differences (men vs. women) were small (although significant depending on the high number
of patients) as regards aspirin (94% vs. 91%), beta-blockers (91% vs. 88%) and ACE-
inhibitors/ARBs (66% vs. 61%) but more marked regarding clopidogrel (79% vs. 68%) and
statins (85% vs. 74%). Age can explain much of these differences, with higher risks of
adverse drug effects as well as attempts to avoid polypharmacy. Anyhow, a higher crude rate
of ACE-inhibitors/ARBs would have been expected in women than in men, depending on
their higher prevalence of diabetes, heart failure and hypertension. Age alone did not explain
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this gender difference as also after multivariable adjustments women had 14-25% lower
chance of receiving those therapies with lowest odds ratios for beta-blockers (0.79, 95% CI
0.69 — 0.91), statins (OR 0.77, 95% CI 0.69 — 0.86), and ACE-inhibitors/ARBs (0.75, 95% ClI
0.68 —0.81).

There is conflicting evidence whether there are gender differences in evidence-based
treatment at discharge in MI patient. 6% 269 274,275, 284,326, 388 paagons to diverging results could
be differences in age-distribution, mix of NSTEMI and STEMI or whether the cohort was
derived from a randomised clinical trial or not. Our study reflects real life clinical practice,
with older patients with more co-morbidity compared to in RCTs. Possible reasons for the
management gap could be confounders not adjusted for, such as reduced eGFR. Adverse drug
effects are not reported in SWEDEHEART and are thus not accounted for in the multivariable
analyses. It is plausible that women to a higher extent than men reported previous or current
experiences of adverse drug effects.”* *° Apart from the higher risk of bleeding already
discussed, women also have higher risk of developing cough on ACE-inhibitor treatment,
2% hut also adverse drug reactions of statins and beta-blockers.'** ** There are several gender
differences that could affect basic pharmacology such as in lean/fat mass ratio, circulating
plasma volume, amount of drug-binding plasma proteins, gastrointestinal motility, expression
of drug-metabolizing enzymes etc.* ** Thus, knowledge of correct dosage is important in
order to avoid adverse drug-reactions. Trying to individualise and find a well tolerated class
and dosage of the evidence-based drugs must be the goal in order to obtain well-being
simultaneously as trying to avoid new future cardiovascular events.

152,

Outcome
Short term outcome

Plenty of Ml studies during the last two decades have found higher short-term mortality in
Women.47, 117, 196, 257, 261, 264, 271, 272, 274, 275, 279-281, 284, 285 After adj ustments for age and Other
confounders, female gender has still been an important predictor of adverse short term
outcome in many32 196 260,261 271, 274, 285,329,390 p it not a| studies.?®® %8 2’* Most of these
have not separated STEMI from NSTE ACS, 7 260 261,274, 275,279, 280, 285 \ hjch has been
proved important the last couple of years as there seems to be an interaction between gender
and type of ACS regarding outcome, at least in the short term.*”*® During the fibrinolytic era,
a relatively consistent 15-25% higher adjusted risk of early death in women was found in
STEM)|.48:19. 271,272,279 47 gy, djes on gender differences in STEMI have mainly used cohorts
extracted from fibrinolytic trials*® 132 137: 19,271,272 ths with an inherent selection bias, and
there are few studies based on consecutive STEMI cohorts evaluating gender differences. In
paper I, where the majority of patients received fibrinolysis, we could confirm a 21% higher
multivariable adjusted risk of short term mortality in the real life setting.

The longer delay, higher risk of bleeding and intracranial haemorrhage and thus also less
reperfusion therapy in the fibrinolytic era were possible explanations to the gender difference
in outcome at that time. Regarding the new primary PCI era, many studies have been
published but when we planned our time trend study (Paper I11) all these were relatively
small*37138:325.326.391 gjngle-centre™® 32 and some included both STEMI and NSTE ACS
patients.®> ¥ The results were contrasting, but the majority of studies did not find female
gender to be an independent risk factor of early death.™*"** 3% |nstead, several authors
claimed that women would gain more than men with this reperfusion strategy shift.**>**® One
more recent study even found similar crude event rates in women than in men, when treated
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with same quality care and with same PCI success rate.** Thus, in paper 111, we hypothesised
that the gender difference in early outcome would have diminished in the late compared to in
the early period, as primary PCI was dominating in the later period and fibrinolysis was
dominating in the early period. As already discussed, we then hypothesised that the treatment
gap would also have diminished.

We did not find a diminished gender gap regarding early mortality in the new primary PCI era
(Paper I11). The risk was 21% higher in women, consistent with the studies in the fibrinolytic
era. This was however not due to less reperfusion therapy as this was adjusted for in the
multivariable analysis, without a reduction of the odds ratio. Recently, a couple of other
studies based on observational registers with multicentre consecutive inclusion have been
published. In a study from the Polish PL-ACS register with more than 26 000 STEMI patients
consecutively included June 2005-May 2006 (48% vs. 57% treated with primary PCI, women
vs. men, respectively) female gender was independently associated with 12% higher
mortality.? In another study, based on the French CARDIO-ARHIF register, almost 17 000
STEMI patients who between 2003 and 2007 underwent angiography during the first day
were identified.*?® Female gender was associated with 38% higher multivariable adjusted risk
of in-hospital mortality.

Many reasons have been postulated to explain this persistent higher early death in women
with STEMI such as higher age,*” *® %% 2"t more co-morbidities*” *® 2% such as diabetes,***
%% Jonger delay,?®* * higher Killip class,*'° more bleedings®* *** and other complications®™*
278,284 less intensive management including reperfusion therapy,”’® 2 *1° Jower pre-hospital
mortality®>* 33338339 55 well as biological reasons such as smaller hearts and coronary
vessels, less preconditioning because of less collateral flow® and a different autonomic
nervous system response upon acute coronary vessel occlusion.>® The answer is most
certainly multifactorial.

We conclude from the latest trials, and our on data (Paper I11) that women do still fare
worse than men despite the reperfusion strategy shift. Whether an even higher use of primary
PCI with more modern techniques, stents, and drugs could diminish this gender gap in early
outcome is an interesting topic for future research.

310, 329

Impact of reduced eGFR on outcome

Reduced eGFR has gained increased attention as an important independent prognostic marker
in ACS.B!82:91.97.362 Most often, eGFR has not been accounted for in the multivariable
analyses looking for gender differences in outcome*® 132 19. 257 271,279, 285,397 _ peither in our
analyses in paper I-111, as creatinine was not a mandatory variable to register at that time.
Several traditional risk factors have been proven associated with higher risk in women
compared to men, such as smoking and diabetes.®® 643%:346.3%2 A previous study concluded
that this was also the case regarding reduced eGFR, where an interaction between sex and
eGFR regarding long term outcome was found in consecutive PCI patients.*®® Thus, we
wanted to evaluate if reduced eGFR was a stronger prognostic marker in women than in men
in case of STEMI, and if a higher prevalence of moderate to severe CKD in women could
explain their worse outcome. In Paper IV we found a borderline significant interaction
between sex and reduced eGFR regarding mortality. The cohort was small with few males
within the worse CKD stages, and thus few events and the findings were therefore hypothesis
generating.

In paper V, reduced eGFR was a strong prognostic factor but without a gender difference in
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prognostic impact. As CG had been shown to predict adverse outcome better than MDRD in
ACS patients """ we aimed to use both formulas. In both genders according to both formulas
each 10 mL decline of eGFR was associated with about 30% increased multivariable adjusted
risk of early and about 10% increased risk of late mortality. Female sex was still associated
with twice as high crude early mortality concordant with Paper | and other STEMI studies.*®
132,196,271, 272 After adding eGFR according to any of the formulas to the multivariable
adjustments, there was no longer a significant gender difference in early outcome after
STEMI. In fact, just adjusting for eGFR according to CG had an even greater impact than
adjusting for age or even all other 27 variables, and reduced the odds ratio of in-hospital death
women vs. men from 2.12 (95% CI 1.96-2.29) to 0.99 (95% CI 0.87-1.11). As eGFR co-
varies with other important prognostic markers such as age and diabetes but also lower use of
evidenced-based treatment, this is most certainly the explanation to why it was shown to have
such strong influence on outcome. Age has a greater impact on the result in CG compared to
the MDRD formula, which could maybe explain why CG had a stronger impact on prognosis
compared to MDRD. However, even though prognosis following STEMI seems to be better
described by CG compared to MDRD, it is still unknown which of the two formulas better
describe the true underlying renal function as this has not been evaluated in a STEMI
population.

Thus the high prevalence of Rl in STEMI women had a major impact on outcome. The reason
to why RI patient fare worse than non RI patients is multifactorial. Besides high prevalence of
traditional risk factors such as diabetes and hypertension, undertreatment with evidence-based
drugs and procedures, drug overdosing and higher bleeding risk, RI is also associated with
specific metabolic abnormalities such as oxidative stress, hypoalbuminemia,
hyperhomocysteinemia, hyperfibrinogenemia, insulin resistance, lipid abnormalities,
inflammation and derangements in calcium-phosphate homeostasis that may all contribute to
an excessive cardiovascular risk.”®

Gender-age-interaction

Early mortality in STEMI was higher the higher age-group we studied consistent with
previous studies, as age is a major predictor of MI case fatality.**® In paper I, the difference
between age groups was much more prominent than gender differences within each age
group. In addition, in each age-group a significantly higher percentage of women died
compared to men; 2.5% vs. 1.5% among patients less than 60 years, 5.0 vs. 4.0% in patients
60-69 years, 11.0% vs. 9.5% in patients 70-79 years and 24.1% vs. 19.9% in patients over 79
years. In concordance with studies on mixed M1 cohorts™" 2> 2" also in our pure STEMI
cohort (Paper 1) we found the highest multivariable adjusted relative risk in the youngest
subgroup, although a significant sex-age interaction was not found. The odds of dying at
hospital was 45% higher in women compared to men in the youngest cohort (Paper I)
compared to 21% in the whole cohort.

When we studied the very youngest STEMI patients (Paper I1) we wanted to include
premenopausal women because of the theories of another M1 pathophysiology. As time of
menopause is not registered we used an arbitrary cut-off of 46 years. The percentage of
women was much lower in this cohort, only 18%, compared to 35-36% in our other studies,
where all consecutive STEMI patients were included (Paper I, 111-1V) This is consistent with
previous studies on young M patients, although these have included mixed M1 patients.?" %
349.350 |1 this very young cohort, case fatality during hospital care was low but the
multivariable adjusted risk was 3 times higher in women compared to men, supporting
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previous findings that the higher risk in women relative to men is particularly high in the very
youngest. In our study, we did not find any difference in delay or in rate of reperfusion but we
found major differences in extent of coronary disease as already mentioned. Thus, a possible
explanation could be biological differences, where the young women had less collateral flow
and thus less tolerance to a sudden coronary occlusion (less preconditioning). They had also
twice as high prevalence of cardiogenic shock which could support this finding.

Long term outcome

The excess in cumulative one year mortality in women was to a great extent explained by
their higher short term mortality but women did have higher crude mortality rates also among
hospital survivors. This was mainly due to their higher age although the gender difference in
management seemed to matter to a minor part. In paper 111 women had 5% and 11% higher
adjusted one year mortality in the early and late periods, respectively. After adjustments for
differences in reperfusion and discharge therapies, there was no longer any excess risk in
women. Thus, even though there can be many valid explanations to the gender difference in
evidence-based therapy, such as higher risk of bleeding or experiences of adverse effects, the
gender management gap probably matters regarding outcome, although the impact was minor,
confirming previous studies?® such as the microsimulation study by Milcent et al.?® High
risk patients often benefit most from a certain treatment but we tend to treat low risk patients
more aggressively.?® Thus, a better adherence to treatment guidelines in women might reduce
long term mortality even further.

There are very little data regarding real long term outcome after STEMI in a gender
perspective, i.e. beyond one year after the acute event. In Paper I, with a follow-up time of up
1-13 years (mean 4.6 years), female sex was associated with better long term outcome as
compared to men after multivariable adjustments. In the young STEMI cohort (paper I1) the
long term survival was the same in women as in men in spite of the higher prevalence of
traditional risk factors in women. In this young cohort, men had more severe coronary artery
disease and higher incidence of re-infarctions which probably explain the catch-up in long
term mortality.
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VIIl. Conclusions

Age and co-morbidity

We found major gender differences in the STEMI group regarding background
characteristics. Women were 7 years older than men and had higher prevalence of diabetes,
hypertension, stroke, CHF and COPD whereas men had higher risk of smoking, previous Ml
and/or revascularisation. Most of these associations persisted after age-adjustments except of
smoking and stroke.

In young STEMI patients the differences in risk factors and co-morbidities were even more
pronounced with 50% higher prevalence of diabetes and hypertension in women. The vast
majority of those patients were smokers, women more often than men.

STEMI patients had a very high prevalence of CKD. According to CG 50% of women
compared to 22% of men had at least moderate CKD (RI). Corresponding figures when
MDRD was used were 38% and 19%, respectively. Female gender was independently
associated with mild, moderate and severe CKD even after multivariable adjustments,
according to both formulas.

Hospital care

Women delayed 30 minutes longer than men from symptom onset to arrival to CCU/cath lab.
The same delay was noticed in the early time period (1998-2000) as well as in the late time
period (2000-2003). In young STEMI patients, women did not have longer symptom-to-door
time compared to men.

In contrast to data on older STEMI patients, there were major differences in extent of
coronary disease in the young STEMI patients as women much more often than men had one-
vessel disease. There was no gender difference in prevalence of non-obstructive disease.

In two time periods with different reperfusion strategies, women had consistently lower
chance than men to receive reperfusion therapy also after multivariable adjustments. They had
also less often a coronary angiography performed. There are many plausible explanations
such higher prevalence of cardiogenic shock, reduced kidney function, very early death and
higher risk of bleeding.

Women had also lower multivariable adjusted chance of receiving evidence-based therapies
such as platelet inhibitors, ACE-inhibitors/ARBs, statins and beta-blockers. A plausible
explanation is a higher prevalence of previous or current adverse drug effects.

In the young STEMI cohort we found no gender difference in use of reperfusion therapy and
minor differences in other management.

Outcome

Women had twice as high in-hospital mortality compared to men and approximately 10-20%
higher risk of early death after extensive multivariable adjustments, which is a consistent
finding in the literature. The huge gender difference in prevalence of moderate to severe CKD
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could be an important explanation. After adjusting for eGFR according to CG, there was no
longer any gender difference in early mortality. Further adjustment with adding of the other
27 variables did not change this result.

Reduced eGFR (per 10 mL decline of eGFR, RI compared to non RI or per increase in CKD
stage) according to any of the formulas used was a strong independent prognostic factor both
regarding short- and long term outcome in both genders. There seems to be no interaction
between gender and eGFR regarding short- or long term outcome.

One-year mortality is also higher in women than in men. Age is the most important
explanation but the gender difference in management seems to have a certain albeit small
impact.

Long term mortality beyond one year after the acute event, is better in women than in men
after multivariable adjustments.
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IX. Clinical implications

Clinicians should be aware that women with STEMI comprise a high risk subgroup with
higher risk of cardiogenic shock, bleeding, heart failure as well as early death. They are older,
delay longer and have more co-morbidity. Especially their very high prevalence of RI, 50%
according to CG, has to be taken into account during the PCI manoeuvre, when dosing drugs
and as an important prognostic marker. Still we cannot conclude that primary PCI has the
ability to abolish the gender difference in early outcome that was noticed before and during
the fibrinolytic era. Anyhow, evidence is solid that women as well as men with STEMI
benefit from acute reperfusion therapy which should be given promptly. Even though many
cardiovascular randomised clinical trials included too few women to receive significant
results for the female subgroup, there is no evidence today that women should be treated
differently from men in case of STEMI. Thus, adherence to treatment guidelines in both men
and women is important in order to reduce their risk of future cardiovascular events. Anyhow,
in the unique doctor-patient consultation an individual approach taking all factors in to
consideration is mandatory.
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X. Future research

It remains to be evaluated if female gender is an independent predictor of adverse outcome in
the setting of primary PCI with radial approach.

It remains to be evaluated if female gender is an independent predictor of adverse events such
as bleeding, stroke and early mortality after introduction of new antiplatelet and anticoagulant
drugs, in the STEMI setting, especially after primary PCI

It remains to be evaluated if the high prevalence of moderate to severe CKD in women (50%
according to CG compared to 22% of men) with STEMI could explain the gender gap in use
of invasive procedures as well as other evidence-based cardiovascular therapy.

It remains to be evaluated which of the two most commonly used formulas to calculate eGFR
best correlate to measured GFR in women and men in the setting of STEMI.

The reason for the treatment gap both regarding reperfusion therapy and other evidence-based
therapies needs to be more thoroughly investigated.

The reason to why women delay more than men in the setting of STEMI to be more
thoroughly investigated, as well as methods in order to reduce it.

77



XI. Acknowledgements

Eva Swahn — Professor of Cardiology, my main supervisor and tutor who with her never ending patience supported me during all these years
both regarding my research and my clinical skill development. In spite of your many obligations and tasks throughout the world, you always
took time for me. Thank you for introducing me to clinical research and for your guidance how good clinical research should be performed.
Thank you for all useful discussions about science in particular but also life in general. Thank you for all your help with language and
manuscript structure as well as for all the encouragement that | have needed in order to finalise this thesis. I could not have wished for a
better tutor.

UIf Stenestrand — Late associate professor and my co-supervisor, a key-founder of the unique and world famous RIKS-HIA/SWEDEHEART
register. He taught me how to handle the register with SPSS syntaxes and statistics and could answer any question about the database. He
also always gave me valuable feedback on writing the manuscripts. He developed the register and kept on working with the database with an
enormous energy until the end. He is endlessly missed.

Joakim Alfredsson — Head at CCU, co-author and during the latest years also my co-supervisor. With a really sincere scientific attitude you
most thoroughly read all my drafts, always with very wise feedback and new ideas. You are a person who has more than 24 hours per day —
at least it seems like that to all your colleagues! Thanks for all the inspiration, all your generously given time, all encouragement and all
much appreciated discussions. | hope you managed to do some packing before Vietnam in spite of long phone calls the day before flight
departure!

Lars Wallentin — Professor of Cardiology, founder of RIKS-HIA/SWEDEHEART and co-author in paper Il but also contributing with very
valuable feedback regarding other of the RIKS-HIA manuscripts. As key-founder of the RIKS-HIA/SWEDEHEART register he made this
thesis possible. He also has an enormous experience in cardiovascular research which he generously shares with younger colleagues.

Mats Fredrikson — Statistician and co-author in paper 1, 111 and IV for all most valuable statistical advices and discussions.

Karolina Szummer — Co-author in paper V for all the time you spent on this manuscript with much appreciated feedback and plenty of good
ideas about how to write the manuscript!

Tim Tadt, Magnus Janzon, Bo Lagerqvist — Co-authors in paper Il (BL) and IV (TT and MJ) for your valuable input on manuscript writing
and Magnus and Tim for planning and preparing the STEMI 2005 database.

Magnus Janzon — Head of the Department of Cardiology. Thank you for encouraging me as a researcher as well as a clinician, for always
generously letting me participate at research congresses and courses as well as for providing a friendly, professional and scientific
environment at our Department.

Peter Wodlin — Head of the Division of Ischemia for your generous attitude in scheduling always making it possible to find some space in the
schedule for my research.

Eva-Lena Enell and Laila Hibbert — Colleagues, friends and former (LH) and present (ELE) schedulers at the Department of Cardiology,
always making it possible to find some space in the schedule for my research

Irina Myasnikova, Annelie Svensson and again Eva-Lena Enell — Friends and colleagues who struggled together with me in order to finalise
the exam of Cardiology in the middle of the most hectic period in my life. | would never have done it without you and | miss our weekly
dates!

Elisabeth Logander, Lotta Lind-Astrand, Gunn Johansson, Mats Fredrikson and the rest of LARC — thank you for the generous attitude
towards us PhD students, for the nicely equipped room at LARC, for all the coffee brakes with many nice discussions about research and life
in general. Thank you also, Bettan, for your help with the AKUT study (although I did not include it in my thesis), planning and helping with
future gender studies and for good efforts in trying to cure me from my somewhat pathological “saving everything behaviour™...

Nora Ostrup — with your language skills you have been of great help revising my manuscripts.

Birgitta Ljung — for always helping out with the congress posters — even when we found out in the last minute that a poster should be
oriented vertically instead of horizontally...

Thomas Muhr, Mats Petterson, Lennart Nilsson, Lena Jonasson, Magnus Janzon, Joakim Alfredsson, Eva Swahn, Tim Tddt, Marcus Gjerde,
UIf Berglund, Dario Hauer, Ebo De Muinck, Dimitrios Venetsanos, Anna Holm and Christos Pagonis, dear colleagues at the Division of
Ischemia, for doing the clinical work that | didn’t during all my research time.

Former and present colleagues at the Department of Cardiology — for the friendly atmosphere, for always helping and caring for each other,
for all support and for making our clinic the very best Department of Cardiology.

Maria Eneling, Lisa Hugander Fors and Katarina Niward — best friends who never forgot me even though it probably seemed as | had
forgotten you the last year. | will do better in 2012!

Mother, father, brother, sister, mother in law, father in law, sister in law with all respective partners and families. Thank you for your
patience, tolerance and understanding — | never called, I hardly visited and when 1 did | was probably somewhere else in my mind... Thank
you for helping out with cooking and care-taking of our beloved children, allowing me to focus on the thesis these last hectic months.

Linnea and Albin —my beloved children and Dan — my beloved husbhand and best friend. Thanks for being there, for encouraging and

supporting when | needed it, for patience when | hardly spoke to you, for the love you always show me, even when | do not deserve it. | love
you!

78



XIl. References

1.

10.

11.

12.

13.

14.

15.

16.

Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, Bravata DM, Dai S, Ford
ES, Fox CS, Fullerton HJ, Gillespie C, Hailpern SM, Heit JA, Howard VJ, Kissela BM, Kittner SJ,
Lackland DT, Lichtman JH, Lisabeth LD, Makuc DM, Marcus GM, Marelli A, Matchar DB, Moy CS,
Mozaffarian D, Mussolino ME, Nichol G, Paynter NP, Soliman EZ, Sorlie PD, Sotoodehnia N, Turan
TN, Virani SS, Wong ND, Woo D, Turner MB. Heart Disease and Stroke Statistics--2012 Update: A
Report From the American Heart Association. Circulation. 2012.

Causes of Death 2010: National Board of Health and Welfare (Socialstyrelsen); 2011.

Van de Werf F, Bax J, Betriu A, Blomstrom-Lundqvist C, Crea F, Falk V, Filippatos G, Fox K, Huber
K, Kastrati A, Rosengren A, Steg PG, Tubaro M, Verheugt F, Weidinger F, Weis M, Vahanian A,
Camm J, De Caterina R, Dean V, Dickstein K, Funck-Brentano C, Hellemans I, Kristensen SD,
McGregor K, Sechtem U, Silber S, Tendera M, Widimsky P, Zamorano JL, Aguirre FV, Al-Attar N,
Alegria E, Andreotti F, Benzer W, Breithardt O, Danchin N, Di Mario C, Dudek D, Gulba D, Halvorsen
S, Kaufmann P, Kornowski R, Lip GY, Rutten F. Management of acute myocardial infarction in
patients presenting with persistent ST-segment elevation: the Task Force on the Management of ST-
Segment Elevation Acute Myocardial Infarction of the European Society of Cardiology. Eur Heart J.
2008;29(23):2909-2945.

Hamm CW, Bassand JP, Agewall S, Bax J, Boersma E, Bueno H, Caso P, Dudek D, Gielen S, Huber K,
Ohman M, Petrie MC, Sonntag F, Uva MS, Storey RF, Wijns W, Zahger D, Bax JJ, Auricchio A,
Baumgartner H, Ceconi C, Dean V, Deaton C, Fagard R, Funck-Brentano C, Hasdai D, Hoes A, Knuuti
J, Kolh P, McDonagh T, Moulin C, Poldermans D, Popescu BA, Reiner Z, Sechtem U, Sirnes PA,
Torbicki A, Vahanian A, Windecker S, Achenbach S, Badimon L, Bertrand M, Botker HE, Collet JP,
Crea F, Danchin N, Falk E, Goudevenos J, Gulba D, Hambrecht R, Herrmann J, Kastrati A, Kjeldsen K,
Kristensen SD, Lancellotti P, Mehilli J, Merkely B, Montalescot G, Neumann FJ, Neyses L, Perk J,
Roffi M, Romeo F, Ruda M, Swahn E, Valgimigli M, Vrints CJ, Widimsky P. ESC Guidelines for the
management of acute coronary syndromes in patients presenting without persistent ST-segment
elevation: The Task Force for the management of acute coronary syndromes (ACS) in patients
presenting without persistent ST-segment elevation of the European Society of Cardiology (ESC). Eur
Heart J. 2011;32(23):2999-3054.

Myocardial infarction in Sweden 1987 - 2010: The National Board of Health and Welfare
(Socialstyrelsen); 2011.

Myocardial infarction redefined--a consensus document of The Joint European Society of
Cardiology/American College of Cardiology Committee for the redefinition of myocardial infarction.
Eur Heart J. 2000;21(18):1502-1513.

Arsrapport SWEDEHEART 2010: Jeppsson, A.; 2011.

Movahed MR, Ramaraj R, Hashemzadeh M, Jamal MM. Rate of acute ST-elevation myocardial
infarction in the United States from 1988 to 2004 (from the Nationwide Inpatient Sample). Am J
Cardiol. 2009;104(1):5-8.

Vaccarino V, Parsons L, Peterson ED, Rogers WJ, Kiefe CI, Canto J. Sex differences in mortality after
acute myocardial infarction: changes from 1994 to 2006. Arch Intern Med. 2009;169(19):1767-1774.
Rogers WJ, Frederick PD, Stoehr E, Canto JG, Ornato JP, Gibson CM, Pollack CV, Jr., Gore JM,
Chandra-Strobos N, Peterson ED, French WJ. Trends in presenting characteristics and hospital
mortality among patients with ST elevation and non-ST elevation myocardial infarction in the National
Registry of Myocardial Infarction from 1990 to 2006. Am Heart J. 2008;156(6):1026-1034.

Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N Engl J Med.
2005;352(16):1685-1695.

Hansson GK. Inflammatory mechanisms in atherosclerosis. J Thromb Haemost. 2009;7 Suppl 1:328-
331

Skalen K, Gustafsson M, Rydberg EK, Hulten LM, Wiklund O, Innerarity TL, Boren J. Subendothelial
retention of atherogenic lipoproteins in early atherosclerosis. Nature. 2002;417(6890):750-754.

Shih PT, Elices MJ, Fang ZT, Ugarova TP, Strahl D, Territo MC, Frank JS, Kovach NL, Cabanas C,
Berliner JA, Vora DK. Minimally modified low-density lipoprotein induces monocyte adhesion to
endothelial connecting segment-1 by activating betal integrin. J Clin Invest. 1999;103(5):613-625.
Zernecke A, Shagdarsuren E, Weber C. Chemokines in atherosclerosis: an update. Arterioscler Thromb
Vasc Biol. 2008;28(11):1897-1908.

Yan ZQ, Hansson GK. Innate immunity, macrophage activation, and atherosclerosis. Immunol Rev.
2007;219:187-203.

79



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Fuster V, Moreno PR, Fayad ZA, Corti R, Badimon JJ. Atherothrombosis and high-risk plaque: part I:
evolving concepts. J Am Coll Cardiol. 2005;46(6):937-954.

van der Wal AC, Becker AE, van der Loos CM, Das PK. Site of intimal rupture or erosion of
thrombosed coronary atherosclerotic plaques is characterized by an inflammatory process irrespective
of the dominant plaque morphology. Circulation. 1994;89(1):36-44.

Arbustini E, Dal Bello B, Morbini P, Burke AP, Bocciarelli M, Specchia G, Virmani R. Plaque erosion
is a major substrate for coronary thrombosis in acute myocardial infarction. Heart. 1999;82(3):269-272.
Burke AP, Farb A, Malcom G, Virmani R. Effect of menopause on plaque morphologic characteristics
in coronary atherosclerosis. Am Heart J. 2001;141(2 Suppl):S58-62.

Zimmerman FH, Cameron A, Fisher LD, Ng G. Myocardial infarction in young adults: angiographic
characterization, risk factors and prognosis (Coronary Artery Surgery Study Registry). J Am Coll
Cardiol. 1995;26(3):654-661.

Sozzi FB, Danzi GB, Foco L, Ferlini M, Tubaro M, Galli M, Celli P, Mannucci PM. Myocardial
infarction in the young: a sex-based comparison. Coron Artery Dis. 2007;18(6):429-431.

Egred M, Viswanathan G, Davis GK. Myocardial infarction in young adults. Postgrad Med J.
2005;81(962):741-745.

Mohri M, Koyanagi M, Egashira K, Tagawa H, Ichiki T, Shimokawa H, Takeshita A. Angina pectoris
caused by coronary microvascular spasm. Lancet. 1998;351(9110):1165-1169.

Sun H, Mohri M, Shimokawa H, Usui M, Urakami L, Takeshita A. Coronary microvascular spasm
causes myocardial ischemia in patients with vasospastic angina. J Am Coll Cardiol. 2002;39(5):847-
851.

Jorgensen MB, Aharonian V, Mansukhani P, Mahrer PR. Spontaneous coronary dissection: a cluster of
cases with this rare finding. Am Heart J. 1994;127(5):1382-1387.

Ciraulo DA, Bresnahan GF, Frankel PS, Isely PE, Zimmerman WR, Chesne RB. Transmural
myocardial infarction with normal coronary angiograms and with single vessel coronary obstruction.
Clinical-angiographic features and five-year follow-up. Chest. 1983;83(2):196-202.

Tanis B, Algra A, van der Graaf Y, Helmerhorst F, Rosendaal F. Procoagulant factors and the risk of
myocardial infarction in young women. Eur J Haematol. 2006;77(1):67-73.

Tanis BC, Bloemenkamp DG, van den Bosch MA, Kemmeren JM, Algra A, van de Graaf Y, Rosendaal
FR. Prothrombotic coagulation defects and cardiovascular risk factors in young women with acute
myocardial infarction. Br J Haematol. 2003;122(3):471-478.

Norman M, Martin H. Preterm birth attenuates association between low birth weight and endothelial
dysfunction. Circulation. 2003;108(8):996-1001.

Smith GC, Pell JP, Walsh D. Pregnancy complications and maternal risk of ischaemic heart disease: a
retrospective cohort study of 129,290 births. Lancet. 2001;357(9273):2002-2006.

Johnson M, Ramey E, Ramwell PW. Sex and age differences in human platelet aggregation. Nature.
1975;253(5490):355-357.

Becker DM, Segal J, Vaidya D, Yanek LR, Herrera-Galeano JE, Bray PF, Moy TF, Becker LC, Faraday
N. Sex differences in platelet reactivity and response to low-dose aspirin therapy. JAMA.
2006;295(12):1420-1427.

Haque SF, Matsubayashi H, Izumi S, Sugi T, Arai T, Kondo A, Makino T. Sex difference in platelet
aggregation detected by new aggregometry using light scattering. Endocr J. 2001;48(1):33-41.

Breet NJ, Sluman MA, van Berkel MA, van Werkum JW, Bouman HJ, Harmsze AM, Kelder JC,
Zijlstra F, Hackeng CM, Ten Berg JM. Effect of gender difference on platelet reactivity. Neth Heart J.
2011;19(11):451-457.

Otahbachi M, Simoni J, Simoni G, Moeller JF, Cevik C, Meyerrose GE, Roongsritong C. Gender
differences in platelet aggregation in healthy individuals. J Thromb Thrombolysis. 2009;30(2):184-191.
Berglund U, Wallentin L, von Schenck H. Platelet function and plasma fibrinogen and their relations to
gender, smoking habits, obesity and beta-blocker treatment in young survivors of myocardial infarction.
Thromb Haemost. 1988;60(1):21-24.

von Mering GO, Arant CB, Wessel TR, McGorray SP, Bairey Merz CN, Sharaf BL, Smith KM, Olson
MB, Johnson BD, Sopko G, Handberg E, Pepine CJ, Kerensky RA. Abnormal coronary vasomotion as
a prognostic indicator of cardiovascular events in women: results from the National Heart, Lung, and
Blood Institute-Sponsored Women's Ischemia Syndrome Evaluation (WISE). Circulation.
2004;109(6):722-725.

Pepine CJ. Theodore E. Woodward Award. Ischemic heart disease in women: the role of coronary
microvascular dysfunction. Trans Am Clin Climatol Assoc. 1999;110:107-116; discussion 117-108.
Wong TY, Klein R, Sharrett AR, Duncan BB, Couper DJ, Tielsch JM, Klein BE, Hubbard LD. Retinal

80



41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

arteriolar narrowing and risk of coronary heart disease in men and women. The Atherosclerosis Risk in
Communities Study. JAMA. 2002;287(9):1153-1159.

Smilowitz NR, Sampson BA, Abrecht CR, Siegfried JS, Hochman JS, Reynolds HR. Women have less
severe and extensive coronary atherosclerosis in fatal cases of ischemic heart disease: an autopsy study.
Am Heart J. 2011;161(4):681-688.

Bybee KA, Kara T, Prasad A, Lerman A, Barsness GW, Wright RS, Rihal CS. Systematic review:
transient left ventricular apical ballooning: a syndrome that mimics ST-segment elevation myocardial
infarction. Ann Intern Med. 2004;141(11):858-865.

Sharkey SW, Lesser JR, Zenovich AG, Maron MS, Lindberg J, Longe TF, Maron BJ. Acute and
reversible cardiomyopathy provoked by stress in women from the United States. Circulation.
2005;111(4):472-479.

Thygesen K, Alpert JS, White HD. Universal definition of myocardial infarction. Eur Heart J.
2007;28(20):2525-2538.

Wijns W, Kolh P, Danchin N, Di Mario C, Falk V, Folliguet T, Garg S, Huber K, James S, Knuuti J,
Lopez-Sendon J, Marco J, Menicanti L, Ostojic M, Piepoli MF, Pirlet C, Pomar JL, Reifart N, Ribichini
FL, Schalij MJ, Sergeant P, Serruys PW, Silber S, Sousa Uva M, Taggart D. Guidelines on myocardial
revascularization. Eur Heart J. 2010;31(20):2501-2555.

Lerner DJ, Kannel WB. Patterns of coronary heart disease morbidity and mortality in the sexes: a 26-
year follow-up of the Framingham population. Am Heart J. 1986;111(2):383-390.

Hochman JS, Tamis JE, Thompson TD, Weaver WD, White HD, Van de Werf F, Aylward P, Topol EJ,
Califf RM. Sex, clinical presentation, and outcome in patients with acute coronary syndromes. Global
Use of Strategies to Open Occluded Coronary Arteries in Acute Coronary Syndromes I1b Investigators.
N Engl J Med. 1999;341(4):226-232.

Berger JS, Elliott L, Gallup D, Roe M, Granger CB, Armstrong PW, Simes RJ, White HD, Van de Werf
F, Topol EJ, Hochman JS, Newby LK, Harrington RA, Califf RM, Becker RC, Douglas PS. Sex
differences in mortality following acute coronary syndromes. Jama. 2009;302(8):874-882.

Dellborg M, Herlitz J, Emanuelsson H, Swedberg K. ECG changes during myocardial ischemia.
Differences between men and women. J Electrocardiol. 1994;27 Suppl:42-45.

Canto JG, Goldberg RJ, Hand MM, Bonow RO, Sopko G, Pepine CJ, Long T. Symptom Presentation of
Women With Acute Coronary Syndromes: Myth vs Reality. Arch Intern Med. 2007;167(22):2405-
2413.

Kirchberger I, Heier M, Kuch B, Wende R, Meisinger C. Sex differences in patient-reported symptoms
associated with myocardial infarction (from the population-based MONICA/KORA Myocardial
Infarction Registry). Am J Cardiol. 2011;107(11):1585-1589.

Isaksson RM, Holmgren L, Lundblad D, Brulin C, Eliasson M. Time trends in symptoms and
prehospital delay time in women vs. men with myocardial infarction over a 15-year period. The
Northern Sweden MONICA Study. Eur J Cardiovasc Nurs. 2008;7(2):152-158.

Berg J, Bjorck L, Dudas K, Lappas G, Rosengren A. Symptoms of a first acute myocardial infarction in
women and men. Gend Med. 2009;6(3):454-462.

Arslanian-Engoren C, Patel A, Fang J, Armstrong D, Kline-Rogers E, Duvernoy CS, Eagle KA.
Symptoms of men and women presenting with acute coronary syndromes. Am J Cardiol.
2006;98(9):1177-1181.

Patel H, Rosengren A, Ekman I. Symptoms in acute coronary syndromes: does sex make a difference?
Am Heart J. 2004;148(1):27-33.

Thuresson M, Jarlov MB, Lindahl B, Svensson L, Zedigh C, Herlitz J. Symptoms and type of symptom
onset in acute coronary syndrome in relation to ST elevation, sex, age, and a history of diabetes. Am
Heart J. 2005;150(2):234-242.

Milner KA, Vaccarino V, Arnold AL, Funk M, Goldberg RJ. Gender and age differences in chief
complaints of acute myocardial infarction (Worcester Heart Attack Study). Am J Cardiol.
2004;93(5):606-608.

Goldberg RJ, O'Donnell C, Yarzebski J, Bigelow C, Savageau J, Gore JM. Sex differences in symptom
presentation associated with acute myocardial infarction: a population-based perspective. Am Heart J.
1998;136(2):189-195.

Milner KA, Funk M, Richards S, Wilmes RM, Vaccarino V, Krumholz HM. Gender differences in
symptom presentation associated with coronary heart disease. Am J Cardiol. 1999;84(4):396-399.
DeVon HA, Ryan CJ, Ochs AL, Shapiro M. Symptoms across the continuum of acute coronary
syndromes: differences between women and men. Am J Crit Care. 2008;17(1):14-24; quiz 25.

Mackay MH, Ratner PA, Johnson JL, Humphries KH, Buller CE. Gender differences in symptoms of

81



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

myocardial ischaemia. Eur Heart J. 2011;32(24):3107-3114.

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj A, Pais P, Varigos J,
Lisheng L. Effect of potentially modifiable risk factors associated with myocardial infarction in 52
countries (the INTERHEART study): case-control study. Lancet. 2004;364(9438):937-952.

Anand SS, Islam S, Rosengren A, Franzosi MG, Steyn K, Yusufali AH, Keltai M, Diaz R, Rangarajan
S, Yusuf S. Risk factors for myocardial infarction in women and men: insights from the INTERHEART
study. Eur Heart J. 2008;29(7):932-940.

Schnohr P, Jensen JS, Scharling H, Nordestgaard BG. Coronary heart disease risk factors ranked by
importance for the individual and community. A 21 year follow-up of 12 000 men and women from
The Copenhagen City Heart Study. Eur Heart J. 2002;23(8):620-626.

K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classification, and
stratification. Am J Kidney Dis. 2002;39(2 Suppl 1):S1-266.

Cockceroft DW, Gault MH. Prediction of creatinine clearance from serum creatinine. Nephron.
1976;16(1):31-41.

Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more accurate method to estimate
glomerular filtration rate from serum creatinine: a new prediction equation. Modification of Diet in
Renal Disease Study Group. Ann Intern Med. 1999;130(6):461-470.

Levey AS. A simplified equation to predict glomerular filtration rate from serum creatinine [Abstract].
J Am Soc Nephrol. 2000;11:155A.

Levey AS, Coresh J, Greene T, Marsh J, Stevens LA, Kusek JW, Van Lente F. Expressing the
Modification of Diet in Renal Disease Study equation for estimating glomerular filtration rate with
standardized serum creatinine values. Clin Chem. 2007;53(4):766-772.

Cirillo M, Anastasio P, De Santo NG. Relationship of gender, age, and body mass index to errors in
predicted kidney function. Nephrol Dial Transplant. 2005;20(9):1791-1798.

Froissart M, Rossert J, Jacquot C, Paillard M, Houillier P. Predictive performance of the modification
of diet in renal disease and Cockcroft-Gault equations for estimating renal function. J Am Soc Nephrol.
2005;16(3):763-773.

Verhave JC, Fesler P, Ribstein J, du Cailar G, Mimran A. Estimation of renal function in subjects with
normal serum creatinine levels: influence of age and body mass index. Am J Kidney Dis.
2005;46(2):233-241.

Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM, Casey DE, Jr., Chavey WE, 2nd,
Fesmire FM, Hochman JS, Levin TN, Lincoff AM, Peterson ED, Theroux P, Wenger NK, Wright RS,
Smith SC, Jr., Jacobs AK, Halperin JL, Hunt SA, Krumholz HM, Kushner FG, Lytle BW, Nishimura R,
Ornato JP, Page RL, Riegel B. ACC/AHA 2007 guidelines for the management of patients with
unstable angina/non ST-elevation myocardial infarction: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines (Writing Committee to
Revise the 2002 Guidelines for the Management of Patients With Unstable Angina/Non ST-Elevation
Myocardial Infarction): developed in collaboration with the American College of Emergency
Physicians, the Society for Cardiovascular Angiography and Interventions, and the Society of Thoracic
Surgeons: endorsed by the American Association of Cardiovascular and Pulmonary Rehabilitation and
the Society for Academic Emergency Medicine. Circulation. 2007;116(7):e148-304.

Melloni C, Peterson ED, Chen AY, Szczech LA, Newby LK, Harrington RA, Gibler WB, Ohman EM,
Spinler SA, Roe MT, Alexander KP. Cockcroft-Gault versus modification of diet in renal disease:
importance of glomerular filtration rate formula for classification of chronic kidney disease in patients
with non-ST-segment elevation acute coronary syndromes. J Am Coll Cardiol. 2008;51(10):991-996.
Antman EM, Hand M, Armstrong PW, Bates ER, Green LA, Halasyamani LK, Hochman JS, Krumholz
HM, Lamas GA, Mullany CJ, Pearle DL, Sloan MA, Smith SC, Jr., Anbe DT, Kushner FG, Ornato JP,
Jacobs AK, Adams CD, Anderson JL, Buller CE, Creager MA, Ettinger SM, Halperin JL, Hunt SA,
Lytle BW, Nishimura R, Page RL, Riegel B, Tarkington LG, Yancy CW. 2007 Focused Update of the
ACC/AHA 2004 Guidelines for the Management of Patients With ST-Elevation Myocardial Infarction:
a report of the American College of Cardiology/American Heart Association Task Force on Practice
Guidelines: developed in collaboration With the Canadian Cardiovascular Society endorsed by the
American Academy of Family Physicians: 2007 Writing Group to Review New Evidence and Update
the ACC/AHA 2004 Guidelines for the Management of Patients With ST-Elevation Myocardial
Infarction, Writing on Behalf of the 2004 Writing Committee. Circulation. 2008;117(2):296-329.
Brosius FC, 3rd, Hostetter TH, Kelepouris E, Mitsnefes MM, Moe SM, Moore MA, Pennathur S, Smith
GL, Wilson PW. Detection of chronic kidney disease in patients with or at increased risk of
cardiovascular disease: a science advisory from the American Heart Association Kidney And

82



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9L

92.

Cardiovascular Disease Council; the Councils on High Blood Pressure Research, Cardiovascular
Disease in the Young, and Epidemiology and Prevention; and the Quality of Care and Outcomes
Research Interdisciplinary Working Group: developed in collaboration with the National Kidney
Foundation. Circulation. 2006;114(10):1083-1087.

Szummer K, Lundman P, Jacobson SH, Lindback J, Stenestrand U, Wallentin L, Jernberg T. Cockcroft-
Gault is better than the Modification of Diet in Renal Disease study formula at predicting outcome after
a myocardial infarction: data from the Swedish Web-system for Enhancement and Development of
Evidence-based care in Heart disease Evaluated According to Recommended Therapies
(SWEDEHEART). Am Heart J. 2010;159(6):979-986.

Chertow GM, Normand SL, Silva LR, McNeil BJ. Survival after acute myocardial infarction in patients
with end-stage renal disease: results from the cooperative cardiovascular project. Am J Kidney Dis.
2000;35(6):1044-1051.

Herzog CA, Ma JZ, Collins AJ. Poor long-term survival after acute myocardial infarction among
patients on long-term dialysis. N Engl J Med. 1998;339(12):799-805.

Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton B, Hamm LL, McCullough PA, Kasiske
BL, Kelepouris E, Klag MJ, Parfrey P, Pfeffer M, Raij L, Spinosa DJ, Wilson PW. Kidney disease as a
risk factor for development of cardiovascular disease: a statement from the American Heart Association
Councils on Kidney in Cardiovascular Disease, High Blood Pressure Research, Clinical Cardiology,
and Epidemiology and Prevention. Hypertension. 2003;42(5):1050-1065.

Santopinto JJ, Fox KA, Goldberg RJ, Budaj A, Pinero G, Avezum A, Gulba D, Esteban J, Gore JM,
Johnson J, Gurfinkel EP. Creatinine clearance and adverse hospital outcomes in patients with acute
coronary syndromes: findings from the global registry of acute coronary events (GRACE). Heart.
2003;89(9):1003-1008.

Anavekar NS, McMurray JJ, Velazquez EJ, Solomon SD, Kober L, Rouleau JL, White HD, Nordlander
R, Maggioni A, Dickstein K, Zelenkofske S, Leimberger JD, Califf RM, Pfeffer MA. Relation between
renal dysfunction and cardiovascular outcomes after myocardial infarction. N Engl J Med.
2004;351(13):1285-1295.

Gibson CM, Pinto DS, Murphy SA, Morrow DA, Hobbach HP, Wiviott SD, Giugliano RP, Cannon CP,
Antman EM, Braunwald E. Association of creatinine and creatinine clearance on presentation in acute
myocardial infarction with subsequent mortality. J Am Coll Cardiol. 2003;42(9):1535-1543.

Wright RS, Reeder GS, Herzog CA, Albright RC, Williams BA, Dvorak DL, Miller WL, Murphy JG,
Kopecky SL, Jaffe AS. Acute myocardial infarction and renal dysfunction: a high-risk combination.
Ann Intern Med. 2002;137(7):563-570.

Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS. Prevalence of chronic kidney disease and
decreased kidney function in the adult US population: Third National Health and Nutrition Examination
Survey. Am J Kidney Dis. 2003;41(1):1-12.

Hallan S, Astor B, Lydersen S. Estimating glomerular filtration rate in the general population: the
second Health Survey of Nord-Trondelag (HUNT I1). Nephrol Dial Transplant. 2006;21(6):1525-1533.
Szummer K, Lundman P, Jacobson SH, Schon S, Lindback J, Stenestrand U, Wallentin L, Jernberg T.
Influence of renal function on the effects of early revascularization in non-ST-elevation myocardial
infarction: data from the Swedish Web-System for Enhancement and Development of Evidence-Based
Care in Heart Disease Evaluated According to Recommended Therapies (SWEDEHEART).
Circulation. 2009;120(10):851-858.

Coresh J, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, Van Lente F, Levey AS. Prevalence of
chronic kidney disease in the United States. JAMA. 2007;298(17):2038-2047.

Henry RM, Kostense PJ, Bos G, Dekker JM, Nijpels G, Heine RJ, Bouter LM, Stehouwer CD. Mild
renal insufficiency is associated with increased cardiovascular mortality: The Hoorn Study. Kidney Int.
2002;62(4):1402-1407.

Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, de Jong PE, Coresh J, Gansevoort
RT. Association of estimated glomerular filtration rate and albuminuria with all-cause and
cardiovascular mortality in general population cohorts: a collaborative meta-analysis. Lancet.
2010;375(9731):2073-2081.

Sadeghi HM, Stone GW, Grines CL, Mehran R, Dixon SR, Lansky AJ, Fahy M, Cox DA, Garcia E,
Tcheng JE, Griffin JJ, Stuckey TD, Turco M, Carroll JD. Impact of renal insufficiency in patients
undergoing primary angioplasty for acute myocardial infarction. Circulation. 2003;108(22):2769-2775.
Gibson CM, Dumaine RL, Gelfand EV, Murphy SA, Morrow DA, Wiviott SD, Giugliano RP, Cannon
CP, Antman EM, Braunwald E. Association of glomerular filtration rate on presentation with
subsequent mortality in non-ST-segment elevation acute coronary syndrome; observations in 13,307

83



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

patients in five TIMI trials. Eur Heart J. 2004;25(22):1998-2005.

McCullough PA. Why is chronic kidney disease the "spoiler” for cardiovascular outcomes? J Am Coll
Cardiol. 2003;41(5):725-728.

Fox CS, Muntner P, Chen AY, Alexander KP, Roe MT, Cannon CP, Saucedo JF, Kontos MC, Wiviott
SD. Use of evidence-based therapies in short-term outcomes of ST-segment elevation myocardial
infarction and non-ST-segment elevation myocardial infarction in patients with chronic kidney disease:
a report from the National Cardiovascular Data Acute Coronary Treatment and Intervention Outcomes
Network registry. Circulation. 2010;121(3):357-365.

Reddan DN, Szczech L, Bhapkar MV, Moliterno DJ, Califf RM, Ohman EM, Berger PB, Hochman JS,
Van de Werf F, Harrington RA, Newby LK. Renal function, concomitant medication use and outcomes
following acute coronary syndromes. Nephrol Dial Transplant. 2005;20(10):2105-2112.

Winkelmayer WC, Levin R, Setoguchi S. Associations of kidney function with cardiovascular
medication use after myocardial infarction. Clin J Am Soc Nephrol. 2008;3(5):1415-1422.

Fox KA, Antman EM, Montalescot G, Agewall S, SomaRaju B, Verheugt FW, Lopez-Sendon J, Hod
H, Murphy SA, Braunwald E. The impact of renal dysfunction on outcomes in the EXTRACT-TIMI 25
trial. J Am Coll Cardiol. 2007;49(23):2249-2255.

Campbell NG, Varagunam M, Sawhney V, Ahuja KR, Salahuddin N, De Palma R, Rothman MT,
Wragg A, Yaqoob MM, Knight CJ. Mild chronic kidney disease is an independent predictor of long-
term mortality after emergency angiography and primary percutaneous intervention in patients with ST-
elevation myocardial infarction. Heart. 2011;98(1):42-47.

Sorensen CR, Brendorp B, Rask-Madsen C, Kober L, Kjoller E, Torp-Pedersen C. The prognostic
importance of creatinine clearance after acute myocardial infarction. Eur Heart J. 2002;23(12):948-952.
Chen R, Kumar S, Timmis A, Feder G, Yaqoob MM, Hemingway H. Comparison of the relation
between renal impairment, angiographic coronary artery disease, and long-term mortality in women
versus men. Am J Cardiol. 2006;97(5):630-632.

Boersma E, Maas AC, Deckers JW, Simoons ML. Early thrombolytic treatment in acute myocardial
infarction: reappraisal of the golden hour. Lancet. 1996;348(9030):771-775.

Reimer KA, Vander Heide RS, Richard VJ. Reperfusion in acute myocardial infarction: effect of timing
and modulating factors in experimental models. Am J Cardiol. 1993;72(19):13G-21G.

Reimer KA, Lowe JE, Rasmussen MM, Jennings RB. The wavefront phenomenon of ischemic cell
death. 1. Myocardial infarct size vs duration of coronary occlusion in dogs. Circulation.
1977;56(5):786-794.

Keeley EC, Boura JA, Grines CL. Comparison of primary and facilitated percutaneous coronary
interventions for ST-elevation myocardial infarction: quantitative review of randomised trials. Lancet.
2006;367(9510):579-588.

Nallamothu BK, Antman EM, Bates ER. Primary percutaneous coronary intervention versus
fibrinolytic therapy in acute myocardial infarction: does the choice of fibrinolytic agent impact on the
importance of time-to-treatment? Am J Cardiol. 2004;94(6):772-774.

Betriu A, Masotti M. Comparison of mortality rates in acute myocardial infarction treated by
percutaneous coronary intervention versus fibrinolysis. Am J Cardiol. 2005;95(1):100-101.

Boersma E. Does time matter? A pooled analysis of randomized clinical trials comparing primary
percutaneous coronary intervention and in-hospital fibrinolysis in acute myocardial infarction patients.
Eur Heart J. 2006;27(7):779-788.

Moser DK, Kimble LP, Alberts MJ, Alonzo A, Croft JB, Dracup K, Evenson KR, Go AS, Hand MM,
Kothari RU, Mensah GA, Morris DL, Pancioli AM, Riegel B, Zerwic JJ. Reducing delay in seeking
treatment by patients with acute coronary syndrome and stroke: a scientific statement from the
American Heart Association Council on cardiovascular nursing and stroke council. Circulation.
2006;114(2):168-182.

Johansson |, Stromberg A, Swahn E. Factors related to delay times in patients with suspected acute
myocardial infarction. Heart Lung. 2004;33(5):291-300.

Horne R, James D, Petrie K, Weinman J, Vincent R. Patients' interpretation of symptoms as a cause of
delay in reaching hospital during acute myocardial infarction. Heart. 2000;83(4):388-393.

King KB, McGuire MA. Symptom presentation and time to seek care in women and men with acute
myocardial infarction. Heart Lung. 2007;36(4):235-243.

Meischke H, Ho MT, Eisenberg MS, Schaeffer SM, Larsen MP. Reasons patients with chest pain delay
or do not call 911. Ann Emerg Med. 1995;25(2):193-197.

Meischke H, Larsen MP, Eisenberg MS. Gender differences in reported symptoms for acute myocardial
infarction: impact on prehospital delay time interval. Am J Emerg Med. 1998;16(4):363-366.

84



114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.
130.

131.

Asseburg C, Vergel YB, Palmer S, Fenwick E, de Belder M, Abrams KR, Sculpher M. Assessing the
effectiveness of primary angioplasty compared with thrombolysis and its relationship to time delay: a
Bayesian evidence synthesis. Heart. 2007;93(10):1244-1250.

Goldberg RJ, Yarzebski J, Lessard D, Gore JM. Decade-long trends and factors associated with time to
hospital presentation in patients with acute myocardial infarction: the Worcester Heart Attack study.
Arch Intern Med. 2000;160(21):3217-3223.

Grace SL, Abbey SE, Bisaillon S, Shnek ZM, Irvine J, Stewart DE. Presentation, delay, and
contraindication to thrombolytic treatment in females and males with myocardial infarction. Womens
Health Issues. 2003;13(6):214-221.

Simon T, Mary-Krause M, Cambou JP, Hanania G, Gueret P, Lablanche JM, Blanchard D, Genes N,
Danchin N. Impact of age and gender on in-hospital and late mortality after acute myocardial infarction:
increased early risk in younger women: results from the French nation-wide USIC registries. Eur Heart
J. 2006;27(11):1282-1288.

McGinn AP, Rosamond WD, Goff DC, Jr., Taylor HA, Miles JS, Chambless L. Trends in prehospital
delay time and use of emergency medical services for acute myocardial infarction: experience in 4 US
communities from 1987-2000. Am Heart J. 2005;150(3):392-400.

Ting HH, Bradley EH, Wang Y, Lichtman JH, Nallamothu BK, Sullivan MD, Gersh BJ, Roger VL,
Curtis JP, Krumholz HM. Factors associated with longer time from symptom onset to hospital
presentation for patients with ST-elevation myocardial infarction. Arch Intern Med. 2008;168(9):959-
968.

Bouma J, Broer J, Bleeker J, van Sonderen E, Meyboom-de Jong B, DeJongste MJ. Longer pre-hospital
delay in acute myocardial infarction in women because of longer doctor decision time. J Epidemiol
Community Health. 1999;53(8):459-464.

Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intravenous thrombolytic therapy for
acute myocardial infarction: a quantitative review of 23 randomised trials. Lancet. 2003;361(9351):13-
20.

Menon V, Pearte CA, Buller CE, Steg PG, Forman SA, White HD, Marino PN, Katritsis DG, Caramori
P, Lasevitch R, Loboz-Grudzien K, Zurakowski A, Lamas GA, Hochman JS. Lack of benefit from
percutaneous intervention of persistently occluded infarct arteries after the acute phase of myocardial
infarction is time independent: insights from Occluded Artery Trial. Eur Heart J. 2009;30(2):183-191.
Hochman JS, Lamas GA, Buller CE, Dzavik V, Reynolds HR, Abramsky SJ, Forman S, Ruzyllo W,
Maggioni AP, White H, Sadowski Z, Carvalho AC, Rankin JM, Renkin JP, Steg PG, Mascette AM,
Sopko G, Pfisterer ME, Leor J, Fridrich V, Mark DB, Knatterud GL. Coronary intervention for
persistent occlusion after myocardial infarction. N Engl J Med. 2006;355(23):2395-2407.

Indications for fibrinolytic therapy in suspected acute myocardial infarction: collaborative overview of
early mortality and major morbidity results from all randomised trials of more than 1000 patients.
Fibrinolytic Therapy Trialists' (FTT) Collaborative Group. Lancet. 1994;343(8893):311-322.

An international randomized trial comparing four thrombolytic strategies for acute myocardial
infarction. The GUSTO investigators. N Engl J Med. 1993;329(10):673-682.

Morrison LJ, Verbeek PR, McDonald AC, Sawadsky BV, Cook DJ. Mortality and prehospital
thrombolysis for acute myocardial infarction: A meta-analysis. JAMA. 2000;283(20):2686-2692.

Steg PG, Bonnefoy E, Chabaud S, Lapostolle F, Dubien PY, Cristofini P, Leizorovicz A, Touboul P.
Impact of time to treatment on mortality after prehospital fibrinolysis or primary angioplasty: data from
the CAPTIM randomized clinical trial. Circulation. 2003;108(23):2851-2856.

Danchin N, Coste P, Ferrieres J, Steg PG, Cottin Y, Blanchard D, Belle L, Ritz B, Kirkorian G, Angioi
M, Sans P, Charbonnier B, Eltchaninoff H, Gueret P, Khalife K, Asseman P, Puel J, Goldstein P,
Cambou JP, Simon T. Comparison of thrombolysis followed by broad use of percutaneous coronary
intervention with primary percutaneous coronary intervention for ST-segment-elevation acute
myocardial infarction: data from the french registry on acute ST-elevation myocardial infarction
(FAST-MI). Circulation. 2008;118(3):268-276.

White HD. Thrombolytic therapy in the elderly. Lancet. 2000;356(9247):2028-2030.

Berkowitz SD, Granger CB, Pieper KS, Lee KL, Gore JM, Simoons M, Armstrong PW, Topol EJ,
Califf RM. Incidence and predictors of bleeding after contemporary thrombolytic therapy for
myocardial infarction. The Global Utilization of Streptokinase and Tissue Plasminogen activator for
Occluded coronary arteries (GUSTO) I Investigators. Circulation. 1997;95(11):2508-2516.

Van de Werf F, Barron HV, Armstrong PW, Granger CB, Berioli S, Barbash G, Pehrsson K, Verheugt
FW, Meyer J, Betriu A, Califf RM, Li X, Fox NL. Incidence and predictors of bleeding events after
fibrinolytic therapy with fibrin-specific agents: a comparison of TNK-tPA and rt-PA. Eur Heart J.

85



132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

148.

149.

2001;22(24):2253-2261.

Reynolds HR, Farkouh ME, Lincoff AM, Hsu A, Swahn E, Sadowski ZP, White JA, Topol EJ,
Hochman JS. Impact of female sex on death and bleeding after fibrinolytic treatment of myocardial
infarction in GUSTO V. Arch Intern Med. 2007;167(19):2054-2060.

Kastrati A, Mehilli J, Nekolla S, Bollwein H, Martinoff S, Pache J, Schuhlen H, Seyfarth M, Gawaz M,
Neumann FJ, Dirschinger J, Schwaiger M, Schomig A. A randomized trial comparing myocardial
salvage achieved by coronary stenting versus balloon angioplasty in patients with acute myocardial
infarction considered ineligible for reperfusion therapy. J Am Coll Cardiol. 2004;43(5):734-741.
Hochman JS, Sleeper LA, Webb JG, Sanborn TA, White HD, Talley JD, Buller CE, Jacobs AK, Slater
JN, Col J, McKinlay SM, LeJemtel TH. Early revascularization in acute myocardial infarction
complicated by cardiogenic shock. SHOCK Investigators. Should We Emergently Revascularize
Occluded Coronaries for Cardiogenic Shock. N Engl J Med. 1999;341(9):625-634.

Mehilli J, Ndrepepa G, Kastrati A, Nekolla SG, Markwardt C, Bollwein H, Pache J, Martinoff S,
Dirschinger J, Schwaiger M, Schomig A. Gender and myocardial salvage after reperfusion treatment in
acute myocardial infarction. J Am Coll Cardiol. 2005;45(6):828-831.

Tamis-Holland JE, Palazzo A, Stebbins AL, Slater JN, Boland J, Ellis SG, Hochman JS. Benefits of
direct angioplasty for women and men with acute myocardial infarction: results of the Global Use of
Strategies to Open Occluded Arteries in Acute Coronary Syndromes Angioplasty (GUSTO 11-B)
Angioplasty Substudy. Am Heart J. 2004;147(1):133-139.

Motovska Z, Widimsky P, Aschermann M. The impact of gender on outcomes of patients with ST
elevation myocardial infarction transported for percutaneous coronary intervention: analysis of the
PRAGUE-1 and 2 studies. Heart. 2008;94(3):e5.

Antoniucci D, Valenti R, Moschi G, Migliorini A, Trapani M, Santoro GM, Bolognese L, Dovellini EV.
Sex-based differences in clinical and angiographic outcomes after primary angioplasty or stenting for
acute myocardial infarction. Am J Cardiol. 2001;87(3):289-293.

Sjauw KD, Stegenga NK, Engstrom AE, van der Schaaf RJ, Vis MM, Macleod A, Baan J, Jr., Koch
KT, de Winter RJ, Tijssen JG, Piek JJ, Henriques JP. The influence of gender on short- and long-term
outcome after primary PCI and delivered medical care for ST-segment elevation myocardial infarction.
Eurolntervention. 2010;5(7):780-787.

Qayyum R, Becker DM, Yanek LR, Moy TF, Becker LC, Faraday N, Vaidya D. Platelet inhibition by
aspirin 81 and 325 mg/day in men versus women without clinically apparent cardiovascular disease. Am
J Cardiol. 2008;101(9):1359-1363.

Eikelboom JW, Hirsh J, Weitz JI, Johnston M, Yi Q, Yusuf S. Aspirin-resistant thromboxane
biosynthesis and the risk of myocardial infarction, stroke, or cardiovascular death in patients at high risk
for cardiovascular events. Circulation. 2002;105(14):1650-1655.

Eikelboom JW, Hankey GJ, Thom J, Bhatt DL, Steg PG, Montalescot G, Johnston SC, Steinhubl SR,
Mak KH, Easton JD, Hamm C, Hu T, Fox KA, Topol EJ. Incomplete inhibition of thromboxane
biosynthesis by acetylsalicylic acid: determinants and effect on cardiovascular risk. Circulation.
2008;118(17):1705-1712.

Collaborative overview of randomised trials of antiplatelet therapy--I: Prevention of death, myocardial
infarction, and stroke by prolonged antiplatelet therapy in various categories of patients. Antiplatelet
Trialists' Collaboration. BMJ. 1994;308(6921):81-106.

Baigent C, Blackwell L, Collins R, Emberson J, Godwin J, Peto R, Buring J, Hennekens C, Kearney P,
Meade T, Patrono C, Roncaglioni MC, Zanchetti A. Aspirin in the primary and secondary prevention of
vascular disease: collaborative meta-analysis of individual participant data from randomised trials.
Lancet. 2009;373(9678):1849-1860.

Randomised trial of intravenous streptokinase, oral aspirin, both, or neither among 17,187 cases of
suspected acute myocardial infarction: 1SIS-2. 1SIS-2 (Second International Study of Infarct Survival)
Collaborative Group. Lancet. 1988;2(8607):349-360.

Ridker PM, Cook NR, Lee IM, Gordon D, Gaziano JM, Manson JE, Hennekens CH, Buring JE. A
randomized trial of low-dose aspirin in the primary prevention of cardiovascular disease in women. N
Engl J Med. 2005;352(13):1293-1304.

Final report on the aspirin component of the ongoing Physicians' Health Study. Steering Committee of
the Physicians' Health Study Research Group. N Engl J Med. 1989;321(3):129-135.

Peto R, Gray R, Collins R, Wheatley K, Hennekens C, Jamrozik K, Warlow C, Hafner B, Thompson E,
Norton S, et al. Randomised trial of prophylactic daily aspirin in British male doctors. Br Med J (Clin
Res Ed). 1988;296(6618):313-316.

Hansson L, Zanchetti A, Carruthers SG, Dahlof B, EImfeldt D, Julius S, Menard J, Rahn KH, Wedel H,

86



150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

Westerling S. Effects of intensive blood-pressure lowering and low-dose aspirin in patients with
hypertension: principal results of the Hypertension Optimal Treatment (HOT) randomised trial. HOT
Study Group. Lancet. 1998;351(9118):1755-1762.

Thrombosis prevention trial: randomised trial of low-intensity oral anticoagulation with warfarin and
low-dose aspirin in the primary prevention of ischaemic heart disease in men at increased risk. The
Medical Research Council's General Practice Research Framework. Lancet. 1998;351(9098):233-241.
Berger JS, Lala A, Krantz MJ, Baker GS, Hiatt WR. Aspirin for the prevention of cardiovascular events
in patients without clinical cardiovascular disease: a meta-analysis of randomized trials. Am Heart J.
2011;162(1):115-124 e112.

Jochmann N, Stangl K, Garbe E, Baumann G, Stangl V. Female-specific aspects in the
pharmacotherapy of chronic cardiovascular diseases. Eur Heart J. 2005;26(16):1585-1595.
Serebruany VL, Steinhubl SR, Berger PB, Malinin Al, Bhatt DL, Topol EJ. Variability in platelet
responsiveness to clopidogrel among 544 individuals. J Am Coll Cardiol. 2005;45(2):246-251.
Ferreiro JL, Angiolillo DJ. Clopidogrel response variability: current status and future directions.
Thromb Haemost. 2009;102(1):7-14.

Matetzky S, Shenkman B, Guetta V, Shechter M, Beinart R, Goldenberg I, Novikov I, Pres H, Savion
N, Varon D, Hod H. Clopidogrel resistance is associated with increased risk of recurrent
atherothrombotic events in patients with acute myocardial infarction. Circulation. 2004;109(25):3171-
3175.

Kim KA, Park PW, Hong SJ, Park JY. The effect of CYP2C19 polymorphism on the pharmacokinetics
and pharmacodynamics of clopidogrel: a possible mechanism for clopidogrel resistance. Clin
Pharmacol Ther. 2008;84(2):236-242.

Simon T, Verstuyft C, Mary-Krause M, Quteineh L, Drouet E, Meneveau N, Steg PG, Ferrieres J,
Danchin N, Becquemont L. Genetic determinants of response to clopidogrel and cardiovascular events.
N Engl J Med. 2009;360(4):363-375.

Collet JP, Hulot JS, Pena A, Villard E, Esteve JB, Silvain J, Payot L, Brugier D, Cayla G, Beygui F,
Bensimon G, Funck-Brentano C, Montalescot G. Cytochrome P450 2C19 polymorphism in young
patients treated with clopidogrel after myocardial infarction: a cohort study. Lancet.
2009;373(9660):309-317.

Sabatine MS, Cannon CP, Gibson CM, Lopez-Sendon JL, Montalescot G, Theroux P, Claeys MJ, Cools
F, Hill KA, Skene AM, McCabe CH, Braunwald E. Addition of clopidogrel to aspirin and fibrinolytic
therapy for myocardial infarction with ST-segment elevation. N Engl J Med. 2005;352(12):1179-1189.
Sabatine MS, Cannon CP, Gibson CM, Lopez-Sendon JL, Montalescot G, Theroux P, Lewis BS,
Murphy SA, McCabe CH, Braunwald E. Effect of clopidogrel pretreatment before percutaneous
coronary intervention in patients with ST-elevation myocardial infarction treated with fibrinolytics: the
PCI-CLARITY study. JAMA. 2005;294(10):1224-1232.

Chen ZM, Jiang LX, Chen YP, Xie JX, Pan HC, Peto R, Collins R, Liu LS. Addition of clopidogrel to
aspirin in 45,852 patients with acute myocardial infarction: randomised placebo-controlled trial. Lancet.
2005;366(9497):1607-1621.

Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK. Effects of clopidogrel in addition to
aspirin in patients with acute coronary syndromes without ST-segment elevation. N Engl J Med.
2001;345(7):494-502.

Mehta SR, Yusuf S, Peters RJ, Bertrand ME, Lewis BS, Natarajan MK, Malmberg K, Rupprecht H,
Zhao F, Chrolavicius S, Copland I, Fox KA. Effects of pretreatment with clopidogrel and aspirin
followed by long-term therapy in patients undergoing percutaneous coronary intervention: the PCI-
CURE study. Lancet. 2001;358(9281):527-533.

Steinhubl SR, Berger PB, Mann JT, 3rd, Fry ET, DeLago A, Wilmer C, Topol EJ. Early and sustained
dual oral antiplatelet therapy following percutaneous coronary intervention: a randomized controlled
trial. JAMA. 2002;288(19):2411-2420.

Bhatt DL, Fox KA, Hacke W, Berger PB, Black HR, Boden WE, Cacoub P, Cohen EA, Creager MA,
Easton JD, Flather MD, Haffner SM, Hamm CW, Hankey GJ, Johnston SC, Mak KH, Mas JL,
Montalescot G, Pearson TA, Steg PG, Steinhubl SR, Weber MA, Brennan DM, Fabry-Ribaudo L,
Booth J, Topol EJ. Clopidogrel and aspirin versus aspirin alone for the prevention of atherothrombotic
events. N Engl J Med. 2006;354(16):1706-1717.

Berger JS, Bhatt DL, Cannon CP, Chen Z, Jiang L, Jones JB, Mehta SR, Sabatine MS, Steinhubl SR,
Topol EJ, Berger PB. The relative efficacy and safety of clopidogrel in women and men a sex-specific
collaborative meta-analysis. J Am Coll Cardiol. 2009;54(21):1935-1945.

Fox KA, Mehta SR, Peters R, Zhao F, Lakkis N, Gersh BJ, Yusuf S. Benefits and risks of the

87



168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

combination of clopidogrel and aspirin in patients undergoing surgical revascularization for non-ST-
elevation acute coronary syndrome: the Clopidogrel in Unstable angina to prevent Recurrent ischemic
Events (CURE) Trial. Circulation. 2004;110(10):1202-1208.

Beinart SC, Kolm P, Veledar E, Zhang Z, Mahoney EM, Bouin O, Gabriel S, Jackson J, Chen R, Caro
J, Steinhubl S, Topol E, Weintraub WS. Long-term cost effectiveness of early and sustained dual oral
antiplatelet therapy with clopidogrel given for up to one year after percutaneous coronary intervention
results: from the Clopidogrel for the Reduction of Events During Observation (CREDO) trial. J Am
Coll Cardiol. 2005;46(5):761-769.

Brandt JT, Close SL, lturria SJ, Payne CD, Farid NA, Ernest CS, 2nd, Lachno DR, Salazar D, Winters
KJ. Common polymorphisms of CYP2C19 and CYP2C9 affect the pharmacokinetic and
pharmacodynamic response to clopidogrel but not prasugrel. J Thromb Haemost. 2007;5(12):2429-
2436.

Mega JL, Close SL, Wiviott SD, Shen L, Hockett RD, Brandt JT, Walker JR, Antman EM, Macias W,
Braunwald E, Sabatine MS. Cytochrome p-450 polymorphisms and response to clopidogrel. N Engl J
Med. 2009;360(4):354-362.

Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W, Gottlieb S, Neumann FJ, Ardissino
D, De Servi S, Murphy SA, Riesmeyer J, Weerakkody G, Gibson CM, Antman EM. Prasugrel versus
clopidogrel in patients with acute coronary syndromes. N Engl J Med. 2007;357(20):2001-2015.
Wiviott SD, Braunwald E, McCabe CH, Horvath I, Keltai M, Herrman JP, Van de Werf F, Downey
WE, Scirica BM, Murphy SA, Antman EM. Intensive oral antiplatelet therapy for reduction of
ischaemic events including stent thrombosis in patients with acute coronary syndromes treated with
percutaneous coronary intervention and stenting in the TRITON-TIMI 38 trial: a subanalysis of a
randomised trial. Lancet. 2008;371(9621):1353-1363.

Wiviott SD, Desai N, Murphy SA, Musumeci G, Ragosta M, Antman EM, Braunwald E. Efficacy and
safety of intensive antiplatelet therapy with prasugrel from TRITON-TIMI 38 in a core clinical cohort
defined by worldwide regulatory agencies. Am J Cardiol. 2011;108(7):905-911.

Montalescot G, Wiviott SD, Braunwald E, Murphy SA, Gibson CM, McCabe CH, Antman EM.
Prasugrel compared with clopidogrel in patients undergoing percutaneous coronary intervention for ST-
elevation myocardial infarction (TRITON-TIMI 38): double-blind, randomised controlled trial. Lancet.
2009;373(9665):723-731.

Storey RF, Husted S, Harrington RA, Heptinstall S, Wilcox RG, Peters G, Wickens M, Emanuelsson H,
Gurbel P, Grande P, Cannon CP. Inhibition of platelet aggregation by AZD6140, a reversible oral
P2Y12 receptor antagonist, compared with clopidogrel in patients with acute coronary syndromes. J Am
Coll Cardiol. 2007;50(19):1852-1856.

Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C, Horrow J, Husted S, James S,
Katus H, Mahaffey KW, Scirica BM, Skene A, Steg PG, Storey RF, Harrington RA, Freij A, Thorsen
M. Ticagrelor versus clopidogrel in patients with acute coronary syndromes. N Engl J Med.
2009;361(11):1045-1057.

Cannon CP, Harrington RA, James S, Ardissino D, Becker RC, Emanuelsson H, Husted S, Katus H,
Keltai M, Khurmi NS, Kontny F, Lewis BS, Steg PG, Storey RF, Wojdyla D, Wallentin L. Comparison
of ticagrelor with clopidogrel in patients with a planned invasive strategy for acute coronary syndromes
(PLATO): a randomised double-blind study. Lancet. 2010;375(9711):283-293.

Stone GW, Grines CL, Cox DA, Garcia E, Tcheng JE, Griffin JJ, Guagliumi G, Stuckey T, Turco M,
Carroll JD, Rutherford BD, Lansky AJ. Comparison of angioplasty with stenting, with or without
abciximab, in acute myocardial infarction. N Engl J Med. 2002;346(13):957-966.

Neumann FJ, Kastrati A, Schmitt C, Blasini R, Hadamitzky M, Mehilli J, Gawaz M, Schleef M,
Seyfarth M, Dirschinger J, Schomig A. Effect of glycoprotein I1b/lI11a receptor blockade with abciximab
on clinical and angiographic restenosis rate after the placement of coronary stents following acute
myocardial infarction. J Am Coll Cardiol. 2000;35(4):915-921.

Montalescot G, Barragan P, Wittenberg O, Ecollan P, Elhadad S, Villain P, Boulenc JM, Morice MC,
Maillard L, Pansieri M, Choussat R, Pinton P. Platelet glycoprotein I1b/I1la inhibition with coronary
stenting for acute myocardial infarction. N Engl J Med. 2001;344(25):1895-1903.

Brener SJ, Barr LA, Burchenal JE, Katz S, George BS, Jones AA, Cohen ED, Gainey PC, White HJ,
Cheek HB, Moses JW, Moliterno DJ, Effron MB, Topol EJ. Randomized, placebo-controlled trial of
platelet glycoprotein I1b/I11a blockade with primary angioplasty for acute myocardial infarction. ReoPro
and Primary PTCA Organization and Randomized Trial (RAPPORT) Investigators. Circulation.
1998;98(8):734-741.

Antoniucci D, Rodriguez A, Hempel A, Valenti R, Migliorini A, Vigo F, Parodi G, Fernandez-Pereira

88



183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

C, Moschi G, Bartorelli A, Santoro GM, Bolognese L, Colombo A. A randomized trial comparing
primary infarct artery stenting with or without abciximab in acute myocardial infarction. J Am Coll
Cardiol. 2003;42(11):1879-1885.

Efficacy and safety of tenecteplase in combination with enoxaparin, abciximab, or unfractionated
heparin: the ASSENT-3 randomised trial in acute myocardial infarction. Lancet. 2001;358(9282):605-
613.

Antman EM, Louwerenburg HW, Baars HF, Wesdorp JC, Hamer B, Bassand JP, Bigonzi F, Pisapia G,
Gibson CM, Heidbuchel H, Braunwald E, VVan de Werf F. Enoxaparin as adjunctive antithrombin
therapy for ST-elevation myocardial infarction: results of the ENTIRE-Thrombolysis in Myocardial
Infarction (TIMI) 23 Trial. Circulation. 2002;105(14):1642-1649.

Lincoff AM, Califf RM, Van de Werf F, Willerson JT, White HD, Armstrong PW, Guetta V, Gibler
WB, Hochman JS, Bode C, Vahanian A, Steg PG, Ardissino D, Savonitto S, Bar F, Sadowski Z, Betriu
A, Booth JE, Wolski K, Waller M, Topol EJ. Mortality at 1 year with combination platelet glycoprotein
11b/I11a inhibition and reduced-dose fibrinolytic therapy vs conventional fibrinolytic therapy for acute
myocardial infarction: GUSTO V randomized trial. JAMA. 2002;288(17):2130-2135.

De Luca G, Suryapranata H, Stone GW, Antoniucci D, Tcheng JE, Neumann FJ, Van de Werf F,
Antman EM, Topol EJ. Abciximab as adjunctive therapy to reperfusion in acute ST-segment elevation
myocardial infarction: a meta-analysis of randomized trials. JAMA. 2005;293(14):1759-1765.

Mehilli J, Kastrati A, Schulz S, Frungel S, Nekolla SG, Moshage W, Dotzer F, Huber K, Pache J,
Dirschinger J, Seyfarth M, Martinoff S, Schwaiger M, Schomig A. Abciximab in patients with acute
ST-segment-elevation myocardial infarction undergoing primary percutaneous coronary intervention
after clopidogrel loading: a randomized double-blind trial. Circulation. 2009;119(14):1933-1940.
Stone GW, Witzenbichler B, Guagliumi G, Peruga JZ, Brodie BR, Dudek D, Kornowski R, Hartmann
F, Gersh BJ, Pocock SJ, Dangas G, Wong SC, Kirtane AJ, Parise H, Mehran R. Bivalirudin during
primary PCI in acute myocardial infarction. N Engl J Med. 2008;358(21):2218-2230.

De Luca G, Navarese E, Marino P. Risk profile and benefits from Gp Ilb-Illa inhibitors among patients
with ST-segment elevation myocardial infarction treated with primary angioplasty: a meta-regression
analysis of randomized trials. Eur Heart J. 2009;30(22):2705-2713.

Ellis SG, Tendera M, de Belder MA, van Boven AJ, Widimsky P, Janssens L, Andersen HR, Betriu A,
Savonitto S, Adamus J, Peruga JZ, Kosmider M, Katz O, Neunteufl T, Jorgova J, Dorobantu M,
Grinfeld L, Armstrong P, Brodie BR, Herrmann HC, Montalescot G, Neumann FJ, Effron MB,
Barnathan ES, Topol EJ. Facilitated PCI in patients with ST-elevation myocardial infarction. N Engl J
Med. 2008;358(21):2205-2217.

van 't Hof AW, Ernst N, de Boer MJ, de Winter R, Boersma E, Bunt T, Petronio S, Marcel Gosselink
AT, Jap W, Hollak F, Hoorntje JC, Suryapranata H, Dambrink JH, Zijlstra F. Facilitation of primary
coronary angioplasty by early start of a glycoprotein 2b/3a inhibitor: results of the ongoing tirofiban in
myocardial infarction evaluation (On-TIME) trial. Eur Heart J. 2004;25(10):837-846.

Boersma E, Harrington RA, Moliterno DJ, White H, Theroux P, Van de Werf F, de Torbal A,
Armstrong PW, Wallentin LC, Wilcox RG, Simes J, Califf RM, Topol EJ, Simoons ML. Platelet
glycoprotein I1b/Illa inhibitors in acute coronary syndromes: a meta-analysis of all major randomised
clinical trials. Lancet. 2002;359(9302):189-198.

De Luca G. Glycoprotein llb-111a Inhibitors. Cardiovasc Ther. 2011.

Granger CB, Hirsch J, Califf RM, Col J, White HD, Betriu A, Woodlief LH, Lee KL, Bovill EG, Simes
RJ, Topol EJ. Activated partial thromboplastin time and outcome after thrombolytic therapy for acute
myocardial infarction: results from the GUSTO-I trial. Circulation. 1996;93(5):870-878.

Becker RC, Spencer FA, Gibson M, Rush JE, Sanderink G, Murphy SA, Ball SP, Antman EM.
Influence of patient characteristics and renal function on factor Xa inhibition pharmacokinetics and
pharmacodynamics after enoxaparin administration in non-ST-segment elevation acute coronary
syndromes. Am Heart J. 2002;143(5):753-759.

Mega JL, Morrow DA, Ostor E, Dorobantu M, Qin J, Antman EM, Braunwald E. Outcomes and
optimal antithrombotic therapy in women undergoing fibrinolysis for ST-elevation myocardial
infarction. Circulation. 2007;115(22):2822-2828.

Stone GW, Witzenbichler B, Guagliumi G, Peruga JZ, Brodie BR, Dudek D, Kornowski R, Hartmann
F, Gersh BJ, Pocock SJ, Dangas G, Wong SC, Fahy M, Parise H, Mehran R. Heparin plus a
glycoprotein lIb/Illa inhibitor versus bivalirudin monotherapy and paclitaxel-eluting stents versus bare-
metal stents in acute myocardial infarction (HORIZONS-AMI): final 3-year results from a multicentre,
randomised controlled trial. Lancet. 2011;377(9784):2193-2204.

Mehran R, Lansky AJ, Witzenbichler B, Guagliumi G, Peruga JZ, Brodie BR, Dudek D, Kornowski R,

89



199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211

212.

213.

214.

215.

216.

217.

Hartmann F, Gersh BJ, Pocock SJ, Wong SC, Nikolsky E, Gambone L, Vandertie L, Parise H, Dangas
GD, Stone GW. Bivalirudin in patients undergoing primary angioplasty for acute myocardial infarction
(HORIZONS-AMI): 1-year results of a randomised controlled trial. Lancet. 2009;374(9696):1149-
1159.

Yusuf S, Mehta SR, Chrolavicius S, Afzal R, Pogue J, Granger CB, Budaj A, Peters RJ, Bassand JP,
Wallentin L, Joyner C, Fox KA. Effects of fondaparinux on mortality and reinfarction in patients with
acute ST-segment elevation myocardial infarction: the OASIS-6 randomized trial. JAMA.
2006;295(13):1519-1530.

Oldgren J, Wallentin L, Afzal R, Bassand JP, Budaj A, Chrolavicius S, Fox KA, Granger CB, Mehta
SR, Pais P, Peters RJ, Xavier D, Zhu J, Yusuf S. Effects of fondaparinux in patients with ST-segment
elevation acute myocardial infarction not receiving reperfusion treatment. Eur Heart J. 2008;29(3):315-
323.

Freemantle N, Cleland J, Young P, Mason J, Harrison J. beta Blockade after myocardial infarction:
systematic review and meta regression analysis. BMJ. 1999;318(7200):1730-1737.

Randomised trial of intravenous atenolol among 16 027 cases of suspected acute myocardial infarction:
ISIS-1. First International Study of Infarct Survival Collaborative Group. Lancet. 1986;2(8498):57-66.
Comparison of invasive and conservative strategies after treatment with intravenous tissue plasminogen
activator in acute myocardial infarction. Results of the thrombolysis in myocardial infarction (TIMI)
phase Il trial. The TIMI Study Group. N Engl J Med. 1989;320(10):618-627.

Van de Werf F, Janssens L, Brzostek T, Mortelmans L, Wackers FJ, Willems GM, Heidbuchel H,
Lesaffre E, Scheys I, Collen D, et al. Short-term effects of early intravenous treatment with a beta-
adrenergic blocking agent or a specific bradycardiac agent in patients with acute myocardial infarction
receiving thrombolytic therapy. J Am Coll Cardiol. 1993;22(2):407-416.

Chen ZM, Pan HC, Chen YP, Peto R, Collins R, Jiang LX, Xie JX, Liu LS. Early intravenous then oral
metoprolol in 45,852 patients with acute myocardial infarction: randomised placebo-controlled trial.
Lancet. 2005;366(9497):1622-1632.

Labbe L, Sirois C, Pilote S, Arseneault M, Robitaille NM, Turgeon J, Hamelin BA. Effect of gender,
sex hormones, time variables and physiological urinary pH on apparent CYP2D6 activity as assessed by
metabolic ratios of marker substrates. Pharmacogenetics. 2000;10(5):425-438.

Luzier AB, Killian A, Wilton JH, Wilson MF, Forrest A, Kazierad DJ. Gender-related effects on
metoprolol pharmacokinetics and pharmacodynamics in healthy volunteers. Clin Pharmacol Ther.
1999;66(6):594-601.

Walle T, Byington RP, Furberg CD, Mclntyre KM, Vokonas PS. Biologic determinants of propranolol
disposition: results from 1308 patients in the Beta-Blocker Heart Attack Trial. Clin Pharmacol Ther.
1985;38(5):509-518.

A randomized trial of propranolol in patients with acute myocardial infarction. I. Mortality results.
JAMA. 1982;247(12):1707-1714.

Olsson G, Wikstrand J, Warnold I, Manger Cats V, McBoyle D, Herlitz J, Hjalmarson A, Sonneblick
EH. Metoprolol-induced reduction in postinfarction mortality: pooled results from five double-blind
randomized trials. Eur Heart J. 1992;13(1):28-32.

Effect of metoprolol CR/XL in chronic heart failure: Metoprolol CR/XL Randomised Intervention Trial
in Congestive Heart Failure (MERIT-HF). Lancet. 1999;353(9169):2001-2007.

Ghali JK, Pina IL, Gottlieb SS, Deedwania PC, Wikstrand JC. Metoprolol CR/XL in female patients
with heart failure: analysis of the experience in Metoprolol Extended-Release Randomized Intervention
Trial in Heart Failure (MERIT-HF). Circulation. 2002;105(13):1585-1591.

Packer M, Fowler MB, Roecker EB, Coats AJ, Katus HA, Krum H, Mohacsi P, Rouleau JL, Tendera
M, Staiger C, Holcslaw TL, Amann-Zalan |, DeMets DL. Effect of carvedilol on the morbidity of
patients with severe chronic heart failure: results of the carvedilol prospective randomized cumulative
survival (COPERNICUS) study. Circulation. 2002;106(17):2194-2199.

The Cardiac Insufficiency Bisoprolol Study Il (CIBIS-II): a randomised trial. Lancet.
1999;353(9146):9-13.

I1SIS-4: a randomised factorial trial assessing early oral captopril, oral mononitrate, and intravenous
magnesium sulphate in 58,050 patients with suspected acute myocardial infarction. ISIS-4 (Fourth
International Study of Infarct Survival) Collaborative Group. Lancet. 1995;345(8951):669-685.
GISSI-3: effects of lisinopril and transdermal glyceryl trinitrate singly and together on 6-week mortality
and ventricular function after acute myocardial infarction. Gruppo Italiano per lo Studio della
Sopravvivenza nell'infarto Miocardico. Lancet. 1994;343(8906):1115-1122.

Ambrosioni E, Borghi C, Magnani B. The effect of the angiotensin-converting-enzyme inhibitor

90



218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

zofenopril on mortality and morbidity after anterior myocardial infarction. The Survival of Myocardial
Infarction Long-Term Evaluation (SMILE) Study Investigators. N Engl J Med. 1995;332(2):80-85.
Latini R, Maggioni AP, Flather M, Sleight P, Tognoni G. ACE inhibitor use in patients with myocardial
infarction. Summary of evidence from clinical trials. Circulation. 1995;92(10):3132-3137.

Pfeffer MA, Braunwald E, Moye LA, Basta L, Brown EJ, Jr., Cuddy TE, Davis BR, Geltman EM,
Goldman S, Flaker GC, et al. Effect of captopril on mortality and morbidity in patients with left
ventricular dysfunction after myocardial infarction. Results of the survival and ventricular enlargement
trial. The SAVE Investigators. N Engl J Med. 1992;327(10):669-677.

Rutherford JD, Pfeffer MA, Moye LA, Davis BR, Flaker GC, Kowey PR, Lamas GA, Miller HS,
Packer M, Rouleau JL, et al. Effects of captopril on ischemic events after myocardial infarction. Results
of the Survival and Ventricular Enlargement trial. SAVE Investigators. Circulation. 1994;90(4):1731-
1738.

Torp-Pedersen C, Kober L. Effect of ACE inhibitor trandolapril on life expectancy of patients with
reduced left-ventricular function after acute myocardial infarction. TRACE Study Group. Trandolapril
Cardiac Evaluation. Lancet. 1999;354(9172):9-12.

Effect of ramipril on mortality and morbidity of survivors of acute myocardial infarction with clinical
evidence of heart failure. The Acute Infarction Ramipril Efficacy (AIRE) Study Investigators. Lancet.
1993;342(8875):821-828.

Yusuf S, Pepine CJ, Garces C, Pouleur H, Salem D, Kostis J, Benedict C, Rousseau M, Bourassa M,
Pitt B. Effect of enalapril on myocardial infarction and unstable angina in patients with low ejection
fractions. Lancet. 1992;340(8829):1173-1178.

Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais G. Effects of an angiotensin-converting-
enzyme inhibitor, ramipril, on cardiovascular events in high-risk patients. The Heart Outcomes
Prevention Evaluation Study Investigators. N Engl J Med. 2000;342(3):145-153.

Fox KM. Efficacy of perindopril in reduction of cardiovascular events among patients with stable
coronary artery disease: randomised, double-blind, placebo-controlled, multicentre trial (the EUROPA
study). Lancet. 2003;362(9386):782-788.

Antman EM, Anbe DT, Armstrong PW, Bates ER, Green LA, Hand M, Hochman JS, Krumholz HM,
Kushner FG, Lamas GA, Mullany CJ, Ornato JP, Pearle DL, Sloan MA, Smith SC, Jr., Alpert JS,
Anderson JL, Faxon DP, Fuster V, Gibbons RJ, Gregoratos G, Halperin JL, Hiratzka LF, Hunt SA,
Jacobs AK. ACC/AHA guidelines for the management of patients with ST-elevation myocardial
infarction--executive summary: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Writing Committee to Revise the 1999 Guidelines for
the Management of Patients With Acute Myocardial Infarction). Circulation. 2004;110(5):588-636.
Dickstein K, Kjekshus J. Effects of losartan and captopril on mortality and morbidity in high-risk
patients after acute myocardial infarction: the OPTIMAAL randomised trial. Optimal Trial in
Myocardial Infarction with Angiotensin Il Antagonist Losartan. Lancet. 2002;360(9335):752-760.
Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJ, Michelson EL, Olofsson B, Ostergren J,
Yusuf S, Pocock S. Effects of candesartan on mortality and morbidity in patients with chronic heart
failure: the CHARM-Overall programme. Lancet. 2003;362(9386):759-766.

Pfeffer MA, McMurray JJ, Velazquez EJ, Rouleau JL, Kober L, Maggioni AP, Solomon SD, Swedberg
K, Van de Werf F, White H, Leimberger JD, Henis M, Edwards S, Zelenkofske S, Sellers MA, Califf
RM. Valsartan, captopril, or both in myocardial infarction complicated by heart failure, left ventricular
dysfunction, or both. N Engl J Med. 2003;349(20):1893-1906.

Granger CB, McMurray JJ, Yusuf S, Held P, Michelson EL, Olofsson B, Ostergren J, Pfeffer MA,
Swedberg K. Effects of candesartan in patients with chronic heart failure and reduced left-ventricular
systolic function intolerant to angiotensin-converting-enzyme inhibitors: the CHARM-Alternative trial.
Lancet. 2003;362(9386):772-776.

Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, Palensky J, Wittes J. The effect of
spironolactone on morbidity and mortality in patients with severe heart failure. Randomized Aldactone
Evaluation Study Investigators. N Engl J Med. 1999;341(10):709-717.

Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, Bittman R, Hurley S, Kleiman J, Gatlin
M. Eplerenone, a selective aldosterone blocker, in patients with left ventricular dysfunction after
myocardial infarction. N Engl J Med. 2003;348(14):1309-1321.

Fischer M, Baessler A, Schunkert H. Renin angiotensin system and gender differences in the
cardiovascular system. Cardiovasc Res. 2002;53(3):672-677.

Harvey PJ, Morris BL, Miller JA, Floras JS. Estradiol induces discordant angiotensin and blood
pressure responses to orthostasis in healthy postmenopausal women. Hypertension. 2005;45(3):399-

91



235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

405.

Wing LM, Reid CM, Ryan P, Beilin LJ, Brown MA, Jennings GL, Johnston CI, McNeil JJ, Macdonald
GJ, Marley JE, Morgan TO, West MJ. A comparison of outcomes with angiotensin-converting--enzyme
inhibitors and diuretics for hypertension in the elderly. N Engl J Med. 2003;348(7):583-592.

Strocchi E, Valtancoli G, Ambrosioni E. The incidence of cough during treatment with angiotensin
converting enzyme inhibitors. J Hypertens Suppl. 1989;7(6):S308-309.

Garg R, Yusuf S. Overview of randomized trials of angiotensin-converting enzyme inhibitors on
mortality and morbidity in patients with heart failure. Collaborative Group on ACE Inhibitor Trials.
JAMA. 1995;273(18):1450-1456.

Shekelle PG, Rich MW, Morton SC, Atkinson CS, Tu W, Maglione M, Rhodes S, Barrett M, Fonarow
GC, Greenberg B, Heidenreich PA, Knabel T, Konstam MA, Steimle A, Warner Stevenson L. Efficacy
of angiotensin-converting enzyme inhibitors and beta-blockers in the management of left ventricular
systolic dysfunction according to race, gender, and diabetic status: a meta-analysis of major clinical
trials. J Am Coll Cardiol. 2003;41(9):1529-1538.

Flather MD, Yusuf S, Kober L, Pfeffer M, Hall A, Murray G, Torp-Pedersen C, Ball S, Pogue J, Moye
L, Braunwald E. Long-term ACE-inhibitor therapy in patients with heart failure or left-ventricular
dysfunction: a systematic overview of data from individual patients. ACE-Inhibitor Myocardial
Infarction Collaborative Group. Lancet. 2000;355(9215):1575-1581.

Pitt B, Poole-Wilson PA, Segal R, Martinez FA, Dickstein K, Camm AJ, Konstam MA, Riegger G,
Klinger GH, Neaton J, Sharma D, Thiyagarajan B. Effect of losartan compared with captopril on
mortality in patients with symptomatic heart failure: randomised trial--the Losartan Heart Failure
Survival Study ELITE Il. Lancet. 2000;355(9215):1582-1587.

Cohn JN, Tognoni G. A randomized trial of the angiotensin-receptor blocker valsartan in chronic heart
failure. N Engl J Med. 2001;345(23):1667-1675.

Randomised trial of cholesterol lowering in 4444 patients with coronary heart disease: the Scandinavian
Simvastatin Survival Study (4S). Lancet. 1994;344(8934):1383-1389.

Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG, Brown L, Warnica JW,
Arnold JM, Wun CC, Davis BR, Braunwald E. The effect of pravastatin on coronary events after
myocardial infarction in patients with average cholesterol levels. Cholesterol and Recurrent Events
Trial investigators. N Engl J Med. 1996;335(14):1001-1009.

Prevention of cardiovascular events and death with pravastatin in patients with coronary heart disease
and a broad range of initial cholesterol levels. The Long-Term Intervention with Pravastatin in
Ischaemic Disease (LIPID) Study Group. N Engl J Med. 1998;339(19):1349-1357.

Schwartz GG, Olsson AG, Ezekowitz MD, Ganz P, Oliver MF, Waters D, Zeiher A, Chaitman BR,
Leslie S, Stern T. Effects of atorvastatin on early recurrent ischemic events in acute coronary
syndromes: the MIRACL study: a randomized controlled trial. JAMA. 2001;285(13):1711-1718.

Josan K, Majumdar SR, McAlister FA. The efficacy and safety of intensive statin therapy: a meta-
analysis of randomized trials. CMAJ. 2008;178(5):576-584.

Cheung BM, Lauder IJ, Lau CP, Kumana CR. Meta-analysis of large randomized controlled trials to
evaluate the impact of statins on cardiovascular outcomes. Br J Clin Pharmacol. 2004;57(5):640-651.
Norhammar A, Tenerz A, Nilsson G, Hamsten A, Efendic S, Ryden L, Malmberg K. Glucose
metabolism in patients with acute myocardial infarction and no previous diagnosis of diabetes mellitus:
a prospective study. Lancet. 2002;359(9324):2140-2144.

Malmberg K, Norhammar A, Wedel H, Ryden L. Glycometabolic state at admission: important risk
marker of mortality in conventionally treated patients with diabetes mellitus and acute myocardial
infarction: long-term results from the Diabetes and Insulin-Glucose Infusion in Acute Myocardial
Infarction (DIGAMI) study. Circulation. 1999;99(20):2626-2632.

Cao JJ, Hudson M, Jankowski M, Whitehouse F, Weaver WD. Relation of chronic and acute glycemic
control on mortality in acute myocardial infarction with diabetes mellitus. Am J Cardiol.
2005;96(2):183-186.

Malmberg K, Ryden L, Efendic S, Herlitz J, Nicol P, Waldenstrom A, Wedel H, Welin L. Randomized
trial of insulin-glucose infusion followed by subcutaneous insulin treatment in diabetic patients with
acute myocardial infarction (DIGAMI study): effects on mortality at 1 year. J Am Coll Cardiol.
1995;26(1):57-65.

van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyninckx F, Schetz M, Vlasselaers D,
Ferdinande P, Lauwers P, Bouillon R. Intensive insulin therapy in the critically ill patients. N Engl J
Med. 2001;345(19):1359-1367.

Malmberg K, Ryden L, Wedel H, Birkeland K, Bootsma A, Dickstein K, Efendic S, Fisher M, Hamsten

92



254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

A, Herlitz J, Hildebrandt P, MacLeod K, Laakso M, Torp-Pedersen C, Waldenstrom A. Intense
metabolic control by means of insulin in patients with diabetes mellitus and acute myocardial infarction
(DIGAMI 2): effects on mortality and morbidity. Eur Heart J. 2005;26(7):650-661.

Finfer S, Chittock DR, Su SY, Blair D, Foster D, Dhingra V, Bellomo R, Cook D, Dodek P, Henderson
WR, Hebert PC, Heritier S, Heyland DK, McArthur C, McDonald E, Mitchell I, Myburgh JA, Norton
R, Potter J, Robinson BG, Ronco JJ. Intensive versus conventional glucose control in critically ill
patients. N Engl J Med. 2009;360(13):1283-1297.

Kostis JB, Wilson AC, O'Dowd K, Gregory P, Chelton S, Cosgrove NM, Chirala A, Cui T. Sex
differences in the management and long-term outcome of acute myocardial infarction. A statewide
study. MIDAS Study Group. Myocardial Infarction Data Acquisition System. Circulation.
1994;90(4):1715-1730.

Ayanian JZ, Epstein AM. Differences in the use of procedures between women and men hospitalized
for coronary heart disease. N Engl J Med. 1991;325(4):221-225.

Kudenchuk PJ, Maynard C, Martin JS, Wirkus M, Weaver WD. Comparison of presentation, treatment,
and outcome of acute myocardial infarction in men versus women (the Myocardial Infarction Triage
and Intervention Registry). Am J Cardiol. 1996;78(1):9-14.

Blomkalns AL, Chen AY, Hochman JS, Peterson ED, Trynosky K, Diercks DB, Brogan GX, Jr., Boden
WE, Roe MT, Ohman EM, Gibler WB, Newby LK. Gender disparities in the diagnosis and treatment of
non-ST-segment elevation acute coronary syndromes: large-scale observations from the CRUSADE
(Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes With Early
Implementation of the American College of Cardiology/American Heart Association Guidelines)
National Quality Improvement Initiative. J Am Coll Cardiol. 2005;45(6):832-837.

Krumholz HM, Douglas PS, Lauer MS, Pasternak RC. Selection of patients for coronary angiography
and coronary revascularization early after myocardial infarction: is there evidence for a gender bias?
Ann Intern Med. 1992;116(10):785-790.

Chandra NC, Ziegelstein RC, Rogers WJ, Tiefenbrunn AJ, Gore JM, French WJ, Rubison M.
Observations of the treatment of women in the United States with myocardial infarction: a report from
the National Registry of Myocardial Infarction-I. Arch Intern Med. 1998;158(9):981-988.

Vaccarino V, Parsons L, Every NR, Barron HV, Krumholz HM. Sex-based differences in early
mortality after myocardial infarction. National Registry of Myocardial Infarction 2 Participants. N Engl
J Med. 1999;341(4):217-225.

Maynard C, Litwin PE, Martin JS, Weaver WD. Gender differences in the treatment and outcome of
acute myocardial infarction. Results from the Myocardial Infarction Triage and Intervention Registry.
Arch Intern Med. 1992;152(5):972-976.

Radovanovic D, Erne P, Urban P, Bertel O, Rickli H, Gaspoz JM. Gender differences in management
and outcomes in patients with acute coronary syndromes: results on 20,290 patients from the AMIS
Plus Registry. Heart. 2007;93(11):1369-1375.

Jneid H, Fonarow GC, Cannon CP, Hernandez AF, Palacios IF, Maree AO, Wells Q, Bozkurt B,
Labresh KA, Liang L, Hong Y, Newby LK, Fletcher G, Peterson E, Wexler L. Sex differences in
medical care and early death after acute myocardial infarction. Circulation. 2008;118(25):2803-2810.
Valente S, Lazzeri C, Chiostri M, Giglioli C, Zucchini M, Grossi F, Gensini GF. Gender-related
difference in ST-elevation myocardial infarction treated with primary angioplasty: a single-centre 6-
year registry. Eur J Cardiovasc Prev Rehabil. 2011.

Rathore SS, Foody JM, Radford MJ, Krumholz HM. Sex differences in use of coronary
revascularization in elderly patients after acute myocardial infarction: a tale of two therapies. Chest.
2003;124(6):2079-2086.

Vaccarino V, Rathore SS, Wenger NK, Frederick PD, Abramson JL, Barron HV, Manhapra A, Mallik
S, Krumholz HM. Sex and racial differences in the management of acute myocardial infarction, 1994
through 2002. N Engl J Med. 2005;353(7):671-682.

Akhter N, Milford-Beland S, Roe MT, Piana RN, Kao J, Shroff A. Gender differences among patients
with acute coronary syndromes undergoing percutaneous coronary intervention in the American
College of Cardiology-National Cardiovascular Data Registry (ACC-NCDR). Am Heart J.
2009;157(1):141-148.

Dey S, Flather MD, Devlin G, Brieger D, Gurfinkel EP, Steg PG, Fitzgerald G, Jackson EA, Eagle KA.
Sex-related differences in the presentation, treatment and outcomes among patients with acute coronary
syndromes: the Global Registry of Acute Coronary Events. Heart. 2009;95(1):20-26.

Alter DA, Naylor CD, Austin PC, Tu JV. Biology or bias: practice patterns and long-term outcomes for
men and women with acute myocardial infarction. J Am Coll Cardiol. 2002;39(12):1909-1916.

93



271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

Malacrida R, Genoni M, Maggioni AP, Spataro V, Parish S, Palmer A, Collins R, Moccetti T. A
comparison of the early outcome of acute myocardial infarction in women and men. The Third
International Study of Infarct Survival Collaborative Group. N Engl J Med. 1998;338(1):8-14.

Weaver WD, White HD, Wilcox RG, Aylward PE, Morris D, Guerci A, Ohman EM, Barbash Gl,
Betriu A, Sadowski Z, Topol EJ, Califf RM. Comparisons of characteristics and outcomes among
women and men with acute myocardial infarction treated with thrombolytic therapy. GUSTO-I
investigators. Jama. 1996;275(10):777-782.

White HD, Barbash GI, Modan M, Simes J, Diaz R, Hampton JR, Heikkila J, Kristinsson A,
Moulopoulos S, Paolasso EA, et al. After correcting for worse baseline characteristics, women treated
with thrombolytic therapy for acute myocardial infarction have the same mortality and morbidity as
men except for a higher incidence of hemorrhagic stroke. The Investigators of the International Tissue
Plasminogen Activator/Streptokinase Mortality Study. Circulation. 1993;88(5 Pt 1):2097-2103.

Gan SC, Beaver SK, Houck PM, MacLehose RF, Lawson HW, Chan L. Treatment of acute myocardial
infarction and 30-day mortality among women and men. N Engl J Med. 2000;343(1):8-15.

Mahon NG, McKenna CJ, Codd MB, O'Rorke C, McCann HA, Sugrue DD. Gender differences in the
management and outcome of acute myocardial infarction in unselected patients in the thrombolytic era.
Am J Cardiol. 2000;85(8):921-926.

Barron HV, Bowlby LJ, Breen T, Rogers WJ, Canto JG, Zhang Y, Tiefenbrunn AJ, Weaver WD. Use
of reperfusion therapy for acute myocardial infarction in the United States: data from the National
Registry of Myocardial Infarction 2. Circulation. 1998;97(12):1150-1156.

Champney KP, Frederick PD, Bueno H, Parashar S, Foody J, Merz CN, Canto JG, Lichtman JH,
Vaccarino V. The joint contribution of sex, age and type of myocardial infarction on hospital mortality
following acute myocardial infarction. Heart. 2009;95(11):895-899.

Heer T, Schiele R, Schneider S, Gitt AK, Wienbergen H, Gottwik M, Gieseler U, Voigtlander T,
Hauptmann KE, Wagner S, Senges J. Gender differences in acute myocardial infarction in the era of
reperfusion (the MITRA registry). Am J Cardiol. 2002;89(5):511-517.

Maynard C, Every NR, Martin JS, Kudenchuk PJ, Weaver WD. Association of gender and survival in
patients with acute myocardial infarction. Arch Intern Med. 1997;157(12):1379-1384.

Gottlieb S, Harpaz D, Shotan A, Boyko V, Leor J, Cohen M, Mandelzweig L, Mazouz B, Stern S,
Behar S. Sex differences in management and outcome after acute myocardial infarction in the 1990s: A
prospective observational community-based study. Israeli Thrombolytic Survey Group. Circulation.
2000;102(20):2484-2490.

Champney KP, Frederick PD, Bueno H, Parashar S, Foody J, Bairey Merz CN, Canto JG, Lichtman JH,
Vaccarino V. The Joint Contribution of Sex, Age and Type of Myocardial Infarction on Hospital
Mortality Following Acute Myocardial Infarction. Heart. 2009.

Cohen M, Gensini GF, Maritz F, Gurfinkel EP, Huber K, Timerman A, Santopinto J, Corsini G,
Terrosu P, Joulain F. The role of gender and other factors as predictors of not receiving reperfusion
therapy and of outcome in ST-segment elevation myocardial infarction. J Thromb Thrombolysis.
2005;19(3):155-161.

Eagle KA, Nallamothu BK, Mehta RH, Granger CB, Steg PG, Van de Werf F, Lopez-Sendon J,
Goodman SG, Quill A, Fox KA. Trends in acute reperfusion therapy for ST-segment elevation
myocardial infarction from 1999 to 2006: we are getting better but we have got a long way to go. Eur
Heart J. 2008;29(5):609-617.

Barakat K, Wilkinson P, Suliman A, Ranjadayalan K, Timmis A. Acute myocardial infarction in
women: contribution of treatment variables to adverse outcome. Am Heart J. 2000;140(5):740-746.
Milcent C, Dormont B, Durand-Zaleski I, Steg PG. Gender differences in hospital mortality and use of
percutaneous coronary intervention in acute myocardial infarction: microsimulation analysis of the
1999 nationwide French hospitals database. Circulation. 2007;115(7):833-839.

Moscucci M, Fox KA, Cannon CP, Klein W, Lopez-Sendon J, Montalescot G, White K, Goldberg RJ.
Predictors of major bleeding in acute coronary syndromes: the Global Registry of Acute Coronary
Events (GRACE). Eur Heart J. 2003;24(20):1815-1823.

Oldgren J, Wernroth L, Stenestrand U. Fibrinolytic therapy and bleeding complications: risk predictors
from RIKS-HIA. Heart. 2010;96(18):1451-1457.

Gurwitz JH, Gore JM, Goldberg RJ, Barron HV, Breen T, Rundle AC, Sloan MA, French W, Rogers
WJ. Risk for intracranial hemorrhage after tissue plasminogen activator treatment for acute myocardial
infarction. Participants in the National Registry of Myocardial Infarction 2. Ann Intern Med.
1998;129(8):597-604.

Brass LM, Lichtman JH, Wang Y, Gurwitz JH, Radford MJ, Krumholz HM. Intracranial hemorrhage

94



290.

291.

292.

293.

294,

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

associated with thrombolytic therapy for elderly patients with acute myocardial infarction: results from
the Cooperative Cardiovascular Project. Stroke. 2000;31(8):1802-1811.

Huynh T, Cox JL, Massel D, Davies C, Hilbe J, Warnica W, Daly PA. Predictors of intracranial
hemorrhage with fibrinolytic therapy in unselected community patients: a report from the FASTRAK 11
project. Am Heart J. 2004;148(1):86-91.

Eikelboom JW, Mehta SR, Anand SS, Xie C, Fox KA, Yusuf S. Adverse impact of bleeding on
prognosis in patients with acute coronary syndromes. Circulation. 2006;114(8):774-782.

Rao SV, O'Grady K, Pieper KS, Granger CB, Newby LK, Van de Werf F, Mahaffey KW, Califf RM,
Harrington RA. Impact of bleeding severity on clinical outcomes among patients with acute coronary
syndromes. Am J Cardiol. 2005;96(9):1200-1206.

Yang X, Alexander KP, Chen AY, Roe MT, Brindis RG, Rao SV, Gibler WB, Ohman EM, Peterson
ED. The implications of blood transfusions for patients with non-ST-segment elevation acute coronary
syndromes: results from the CRUSADE National Quality Improvement Initiative. J Am Coll Cardiol.
2005;46(8):1490-1495.

Manoukian SV, Feit F, Mehran R, Voeltz MD, Ebrahimi R, Hamon M, Dangas GD, Lincoff AM, White
HD, Moses JW, King SB, 3rd, Ohman EM, Stone GW. Impact of major bleeding on 30-day mortality
and clinical outcomes in patients with acute coronary syndromes: an analysis from the ACUITY Trial. J
Am Coll Cardiol. 2007;49(12):1362-1368.

Chesebro JH, Knatterud G, Roberts R, Borer J, Cohen LS, Dalen J, Dodge HT, Francis CK, Hillis D,
Ludbrook P, et al. Thrombolysis in Myocardial Infarction (TIMI) Trial, Phase I: A comparison between
intravenous tissue plasminogen activator and intravenous streptokinase. Clinical findings through
hospital discharge. Circulation. 1987;76(1):142-154.

Rao AK, Pratt C, Berke A, Jaffe A, Ockene I, Schreiber TL, Bell WR, Knatterud G, Robertson TL,
Terrin ML. Thrombolysis in Myocardial Infarction (TIMI) Trial--phase I: hemorrhagic manifestations
and changes in plasma fibrinogen and the fibrinolytic system in patients treated with recombinant tissue
plasminogen activator and streptokinase. J Am Coll Cardiol. 1988;11(1):1-11.

Bovill EG, Terrin ML, Stump DC, Berke AD, Frederick M, Collen D, Feit F, Gore JM, Hillis LD,
Lambrew CT, et al. Hemorrhagic events during therapy with recombinant tissue-type plasminogen
activator, heparin, and aspirin for acute myocardial infarction. Results of the Thrombolysis in
Myocardial Infarction (TIMI), Phase Il Trial. Ann Intern Med. 1991;115(4):256-265.

Stone GW, McLaurin BT, Cox DA, Bertrand ME, Lincoff AM, Moses JW, White HD, Pocock SJ,
Ware JH, Feit F, Colombo A, Aylward PE, Cequier AR, Darius H, Desmet W, Ebrahimi R, Hamon M,
Rasmussen LH, Rupprecht HJ, Hoekstra J, Mehran R, Ohman EM. Bivalirudin for patients with acute
coronary syndromes. N Engl J Med. 2006;355(21):2203-2216.

Lincoff AM, Bittl JA, Harrington RA, Feit F, Kleiman NS, Jackman JD, Sarembock 1J, Cohen DJ,
Spriggs D, Ebrahimi R, Keren G, Carr J, Cohen EA, Betriu A, Desmet W, Kereiakes DJ, Rutsch W,
Wilcox RG, de Feyter PJ, Vahanian A, Topol EJ. Bivalirudin and provisional glycoprotein I1b/llla
blockade compared with heparin and planned glycoprotein I1b/l11a blockade during percutaneous
coronary intervention: REPLACE-2 randomized trial. JAMA. 2003;289(7):853-863.

Rao SV, Eikelboom J, Steg PG, Lincoff AM, Weintraub WS, Bassand JP, Rao AK, Gibson CM,
Petersen JL, Mehran R, Manoukian SV, Charnigo R, Lee KL, Moscucci M, Harrington RA.
Standardized reporting of bleeding complications for clinical investigations in acute coronary
syndromes: a proposal from the academic bleeding consensus (ABC) multidisciplinary working group.
Am Heart J. 2009;158(6):881-886 e881.

Berger JS, Brown DL. Gender-age interaction in early mortality following primary angioplasty for
acute myocardial infarction. Am J Cardiol. 2006;98(9):1140-1143.

Cho L, Topol EJ, Balog C, Foody JM, Booth JE, Cabot C, Kleiman NS, Tcheng JE, Califf R, Lincoff
AM. Clinical benefit of glycoprotein I1b/llla blockade with Abciximab is independent of gender:
pooled analysis from EPIC, EPILOG and EPISTENT trials. Evaluation of 7E3 for the Prevention of
Ischemic Complications. Evaluation in Percutaneous Transluminal Coronary Angioplasty to Improve
Long-Term Outcome with Abciximab GP I1b/llla blockade. Evaluation of Platelet I1b/Illa Inhibitor for
Stent. J Am Coll Cardiol. 2000;36(2):381-386.

Madsen JK, Chevalier B, Darius H, Rutsch W, Wojcik J, Schneider S, Allikmets K. Ischaemic events
and bleeding in patients undergoing percutaneous coronary intervention with concomitant bivalirudin
treatment. Eurolntervention. 2008;3(5):610-616.

Piper WD, Malenka DJ, Ryan TJ, Jr., Shubrooks SJ, Jr., O'Connor GT, Robb JF, Farrell KL, Corliss
MS, Hearne MJ, Kellett MA, Jr., Watkins MW, Bradley WA, Hettleman BD, Silver TM, McGrath PD,
O'Mears JR, Wennberg DE. Predicting vascular complications in percutaneous coronary interventions.

95



305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

Am Heart J. 2003;145(6):1022-1029.

Ellis SG, Bhatt D, Kapadia S, Lee D, Yen M, Whitlow PL. Correlates and outcomes of retroperitoneal
hemorrhage complicating percutaneous coronary intervention. Catheter Cardiovasc Interv.
2006;67(4):541-545.

Yatskar L, Selzer F, Feit F, Cohen HA, Jacobs AK, Williams DO, Slater J. Access site hematoma
requiring blood transfusion predicts mortality in patients undergoing percutaneous coronary
intervention: data from the National Heart, Lung, and Blood Institute Dynamic Registry. Catheter
Cardiovasc Interv. 2007;69(7):961-966.

Pristipino C, Pelliccia F, Granatelli A, Pasceri V, Roncella A, Speciale G, Hassan T, Richichi G.
Comparison of access-related bleeding complications in women versus men undergoing percutaneous
coronary catheterization using the radial versus femoral artery. Am J Cardiol. 2007;99(9):1216-1221.
Tizon-Marcos H, Bertrand OF, Rodes-Cabau J, Larose E, Gaudreault V, Bagur R, Gleeton O, Courtis J,
Roy L, Poirier P, Costerousse O, De Larochelliere R. Impact of female gender and transradial coronary
stenting with maximal antiplatelet therapy on bleeding and ischemic outcomes. Am Heart J.
2009;157(4):740-745.

Berger JS, Sanborn TA, Sherman W, Brown DL. Influence of sex on in-hospital outcomes and long-
term survival after contemporary percutaneous coronary intervention. Am Heart J. 2006;151(5):1026-
1031.

Sadowski M, Gasior M, Gierlotka M, Janion M, Polonski L. Gender-related differences in mortality
after ST-segment elevation myocardial infarction: a large multicentre national registry.
Eurolntervention. 2011;6(9):1068-1072.

Yip HK, Wu CJ, Chang HW, Wang CP, Cheng ClI, Chua S, Chen MC. Cardiac rupture complicating
acute myocardial infarction in the direct percutaneous coronary intervention reperfusion era. Chest.
2003;124(2):565-571.

Newby KH, Thompson T, Stebbins A, Topol EJ, Califf RM, Natale A. Sustained ventricular
arrhythmias in patients receiving thrombolytic therapy: incidence and outcomes. The GUSTO
Investigators. Circulation. 1998;98(23):2567-2573.

Hjalmarson A. Effects of beta blockade on sudden cardiac death during acute myocardial infarction and
the postinfarction period. Am J Cardiol. 1997;80(9B):35J-39J.

Meine TJ, Al-Khatib SM, Alexander JH, Granger CB, White HD, Kilaru R, Williams K, Ohman EM,
Topol E, Califf RM. Incidence, predictors, and outcomes of high-degree atrioventricular block
complicating acute myocardial infarction treated with thrombolytic therapy. Am Heart J.
2005;149(4):670-674.

Movahed MR, John J, Hashemzadeh M, Jamal MM. Trends in the age adjusted mortality from acute ST
segment elevation myocardial infarction in the United States (1988-2004) based on race, gender, infarct
location and comorbidities. Am J Cardiol. 2009;104(8):1030-1034.

Jernberg T, Johanson P, Held C, Svennblad B, Lindback J, Wallentin L. Association between adoption
of evidence-based treatment and survival for patients with ST-elevation myocardial infarction. JAMA.
2011;305(16):1677-1684.

Chan MY, Sun JL, Newby LK, Shaw LK, Lin M, Peterson ED, Califf RM, Kong DF, Roe MT. Long-
term mortality of patients undergoing cardiac catheterization for ST-elevation and non-ST-elevation
myocardial infarction. Circulation. 2009;119(24):3110-3117.

Lansky AJ, Pietras C, Costa RA, Tsuchiya Y, Brodie BR, Cox DA, Aymong ED, Stuckey TD, Garcia
E, Tcheng JE, Mehran R, Negoita M, Fahy M, Cristea E, Turco M, Leon MB, Grines CL, Stone GW.
Gender differences in outcomes after primary angioplasty versus primary stenting with and without
abciximab for acute myocardial infarction: results of the Controlled Abciximab and Device
Investigation to Lower Late Angioplasty Complications (CADILLAC) trial. Circulation.
2005;111(13):1611-1618.

Gottlieb S, Goldbourt U, Boyko V, Harpaz D, Mandelzweig L, Khoury Z, Stern S, Behar S. Mortality
trends in men and women with acute myocardial infarction in coronary care units in Israel. A
comparison between 1981-1983 and 1992-1994. For the SPRINT and the Israeli Thrombolytic Survey
Groups. Eur Heart J. 2000;21(4):284-295.

Halvorsen S, Eritsland J, Abdelnoor M, Holst Hansen C, Risoe C, Midtho K, Bjornerheim R,
Mangschau A. Gender differences in management and outcome of acute myocardial infarctions treated
in 2006-2007. Cardiology. 2009;114(2):83-88.

Bonarjee VV, Rosengren A, Snapinn SM, James MK, Dickstein K. Sex-based short- and long-term
survival in patients following complicated myocardial infarction. Eur Heart J. 2006;27(18):2177-2183.
Bufe A, Wolfertz J, Dinh W, Bansemir L, Koehler T, Haltern G, Guelker H, Futh R, Scheffold T,

96



323.

324.

325.

326.

327.

328.

329.

330.

331

332.

333.

334.

335.

336.

337.

338.

339.

Lankisch M. Gender-based differences in long-term outcome after ST-elevation myocardial infarction
in patients treated with percutaneous coronary intervention. J Womens Health (Larchmt).
2010;19(3):471-475.

Nicolau JC, Auxiliadora Ferraz M, Nogueira PR, Coimbra Garzon SA, Serrano CV, Jr., Ramires JA.
The role of gender in the long-term prognosis of patients with myocardial infarction submitted to
fibrinolytic treatment. Ann Epidemiol. 2004;14(1):17-23.

D'Ascenzo F, Gonella A, Quadri G, Longo G, Biondi-Zoccai G, Moretti C, Omede P, Sciuto F, Gaita F,
Sheiban I. Comparison of mortality rates in women versus men presenting with ST-segment elevation
myocardial infarction. Am J Cardiol. 2011;107(5):651-654.

Vakili BA, Kaplan RC, Brown DL. Sex-based differences in early mortality of patients undergoing
primary angioplasty for first acute myocardial infarction. Circulation. 2001;104(25):3034-3038.
Mehilli J, Kastrati A, Dirschinger J, Pache J, Seyfarth M, Blasini R, Hall D, Neumann FJ, Schomig A.
Sex-based analysis of outcome in patients with acute myocardial infarction treated predominantly with
percutaneous coronary intervention. Jama. 2002;287(2):210-215.

De Luca G, Suryapranata H, Dambrink JH, Ottervanger JP, van't Hof AW, Zijlstra F, Hoorntje JC,
Gosselink AT, de Boer MJ. Sex-related differences in outcome after ST-segment elevation myocardial
infarction treated by primary angioplasty: data from the Zwolle Myocardial Infarction study. Am Heart
J. 2004;148(5):852-856.

De Luca G, Gibson CM, Gyongyosi M, Zeymer U, Dudek D, Arntz HR, Bellandi F, Maioli M, Noc M,
Zorman S, Gabriel HM, Emre A, Cutlip D, Rakowski T, Huber K, van't Hof AW. Gender-related
differences in outcome after ST-segment elevation myocardial infarction treated by primary angioplasty
and glycoprotein I1b-111a inhibitors: insights from the EGYPT cooperation. J Thromb Thrombolysis.
2010;30(3):342-346.

Benamer H, Tafflet M, Bataille S, Escolano S, Livarek B, Fourchard V, Caussin C, Teiger E, Garot P,
Lambert Y, Jouven X, Spaulding C. Female gender is an independent predictor of in-hospital mortality
after STEMI in the era of primary PCI: insights from the greater Paris area PCI Registry.
Eurolntervention. 2011;6(9):1073-1079.

Suessenbacher A, Doerler J, Alber H, Aichinger J, Altenberger J, Benzer W, Christ G, Globits S, Huber
K, Karnik R, Norman G, Siostrzonek P, Zenker G, Pachinger O, Weidinger F. Gender-related outcome
following percutaneous coronary intervention for ST-elevation myocardial infarction: data from the
Austrian acute PCI registry. Eurolntervention. 2008;4(2):271-276.

Vaknin-Assa H, Assali A, Fuchs S, Zafrir N, Kornowski R. Prognostic impact of sex on clinical
outcomes following emergent coronary angioplasty in acute myocardial infarction. Coron Artery Dis.
2006;17(1):1-5.

Peterson ED, Lansky AJ, Kramer J, Anstrom K, Lanzilotta MJ. Effect of gender on the outcomes of
contemporary percutaneous coronary intervention. Am J Cardiol. 2001;88(4):359-364.

Fisher LD, Kennedy JW, Davis KB, Maynard C, Fritz JK, Kaiser G, Myers WO. Association of sex,
physical size, and operative mortality after coronary artery bypass in the Coronary Artery Surgery
Study (CASS). J Thorac Cardiovasc Surg. 1982;84(3):334-341.

Rosengren A, Spetz CL, Koster M, Hammar N, Alfredsson L, Rosen M. Sex differences in survival
after myocardial infarction in Sweden; data from the Swedish National Acute Myocardial Infarction
Register. Eur Heart J. 2001;22(4):314-322.

Andrikopoulos GK, Tzeis SE, Pipilis AG, Richter DJ, Kappos KG, Stefanadis Cl, Toutouzas PK,
Chimonas ET. Younger age potentiates post myocardial infarction survival disadvantage of women. Int
J Cardiol. 2006;108(3):320-325.

Maclintyre K, Stewart S, Capewell S, Chalmers JW, Pell JP, Boyd J, Finlayson A, Redpath A, Gilmour
H, McMurray JJ. Gender and survival: a population-based study of 201,114 men and women following
a first acute myocardial infarction. J Am Coll Cardiol. 2001;38(3):729-735.

Burke AP, Farb A, Malcom GT, Liang Y, Smialek J, Virmani R. Effect of risk factors on the
mechanism of acute thrombosis and sudden coronary death in women. Circulation. 1998;97(21):2110-
2116.

Sonke GS, Beaglehole R, Stewart AW, Jackson R, Stewart FM. Sex differences in case fatality before
and after admission to hospital after acute cardiac events: analysis of community based coronary heart
disease register. Bmj. 1996;313(7061):853-855.

Tunstall-Pedoe H, Morrison C, Woodward M, Fitzpatrick B, Watt G. Sex differences in myocardial
infarction and coronary deaths in the Scottish MONICA population of Glasgow 1985 to 1991.
Presentation, diagnosis, treatment, and 28-day case fatality of 3991 events in men and 1551 events in
women. Circulation. 1996;93(11):1981-1992.

97



340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

351

352.
353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D, Rajakangas AM, Pajak A. Myocardial
infarction and coronary deaths in the World Health Organization MONICA Project. Registration
procedures, event rates, and case-fatality rates in 38 populations from 21 countries in four continents.
Circulation. 1994;90(1):583-612.

Jernberg T, Attebring MF, Hambraeus K, lvert T, James S, Jeppsson A, Lagergvist B, Lindahl B,
Stenestrand U, Wallentin L. The Swedish Web-system for enhancement and development of evidence-
based care in heart disease evaluated according to recommended therapies (SWEDEHEART). Heart.
2010;96(20):1617-1621.

Alpert JS, Thygesen K, Antman E, Bassand JP. Myocardial infarction redefined--a consensus document
of The Joint European Society of Cardiology/American College of Cardiology Committee for the
redefinition of myocardial infarction. J Am Coll Cardiol. 2000;36(3):959-969.

Kim ES, Menon V. Status of women in cardiovascular clinical trials. Arterioscler Thromb Vasc Biol.
2009;29(3):279-283.

Lee PY, Alexander KP, Hammill BG, Pasquali SK, Peterson ED. Representation of elderly persons and
women in published randomized trials of acute coronary syndromes. Jama. 2001;286(6):708-713.
Jousilahti P, Vartiainen E, Tuomilehto J, Puska P. Sex, age, cardiovascular risk factors, and coronary
heart disease: a prospective follow-up study of 14 786 middle-aged men and women in Finland.
Circulation. 1999;99(9):1165-1172.

Njolstad I, Arnesen E, Lund-Larsen PG. Smoking, serum lipids, blood pressure, and sex differences in
myocardial infarction. A 12-year follow-up of the Finnmark Study. Circulation. 1996;93(3):450-456.
Tunstall-Pedoe H, Woodward M, Tavendale R, A'Brook R, McCluskey MK. Comparison of the
prediction by 27 different factors of coronary heart disease and death in men and women of the Scottish
Heart Health Study: cohort study. Bmj. 1997;315(7110):722-729.

Prescott E, Scharling H, Osler M, Schnohr P. Importance of light smoking and inhalation habits on risk
of myocardial infarction and all cause mortality. A 22 year follow up of 12 149 men and women in The
Copenhagen City Heart Study. J Epidemiol Community Health. 2002;56(9):702-706.

Doughty M, Mehta R, Bruckman D, Das S, Karavite D, Tsai T, Eagle K. Acute myocardial infarction in
the young--The University of Michigan experience. Am Heart J. 2002;143(1):56-62.

Pineda J, Marin F, Roldan V, Valencia J, Marco P, Sogorb F. Premature myocardial infarction: Clinical
profile and angiographic findings. Int J Cardiol. 2007.

Moccetti T, Malacrida R, Pasotti E, Sessa F, Genoni M, Barlera S, Turazza F, Maggioni AP.
Epidemiologic variables and outcome of 1972 young patients with acute myocardial infarction. Data
from the GISSI-2 database. Investigators of the Gruppo Italiano per lo Studio della Sopravvivenza
nell'Infarto Miocardico (GISSI-2). Arch Intern Med. 1997;157(8):865-869.

Choudhury L, Marsh JD. Myocardial infarction in young patients. Am J Med. 1999;107(3):254-261.
Grundtvig M, Hagen TP, German M, Reikvam A. Sex-based differences in premature first myocardial
infarction caused by smoking: twice as many years lost by women as by men. Eur J Cardiovasc Prev
Rehabil. 2009;16(2):174-179.

Bahler C, Gutzwiller F, Erne P, Radovanovic D. Lower age at first myocardial infarction in female
compared to male smokers. Eur J Cardiovasc Prev Rehabil. 2011.

Panagiotakos DB, Rallidis LS, Pitsavos C, Stefanadis C, Kremastinos D. Cigarette smoking and
myocardial infarction in young men and women: a case-control study. Int J Cardiol. 2007;116(3):371-
375.

Folkhalsorapport 2009: The National Board of Health and Welfare (Socialstyrelsen); 2009.

Cole JH, Miller JI, 3rd, Sperling LS, Weintraub WS. Long-term follow-up of coronary artery disease
presenting in young adults. J Am Coll Cardiol. 2003;41(4):521-528.

McCullough K, Sharma P, Ali T, Khan I, Smith WC, Macleod A, Black C. Measuring the population
burden of chronic kidney disease: a systematic literature review of the estimated prevalence of impaired
kidney function. Nephrol Dial Transplant. 2011.

Zhang QL, Rothenbacher D. Prevalence of chronic kidney disease in population-based studies:
systematic review. BMC Public Health. 2008;8:117.

Hallan SI, Dahl K, Oien CM, Grootendorst DC, Aasberg A, Holmen J, Dekker FW. Screening
strategies for chronic kidney disease in the general population: follow-up of cross sectional health
survey. BMJ. 2006;333(7577):1047.

Hallan SI, Coresh J, Astor BC, Asberg A, Powe NR, Romundstad S, Hallan HA, Lydersen S, Holmen J.
International comparison of the relationship of chronic kidney disease prevalence and ESRD risk. J Am
Soc Nephrol. 2006;17(8):2275-2284.

Al Suwaidi J, Reddan DN, Williams K, Pieper KS, Harrington RA, Califf RM, Granger CB, Ohman

98



363.

364.

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

377.

378.

379.

380.

EM, Holmes DR, Jr. Prognostic implications of abnormalities in renal function in patients with acute
coronary syndromes. Circulation. 2002;106(8):974-980.

Szummer K, Lundman P, Jacobson SH, Schon S, Lindback J, Stenestrand U, Wallentin L, Jernberg T.
Relation between renal function, presentation, use of therapies and in-hospital complications in acute
coronary syndrome: data from the SWEDEHEART register. J Intern Med. 2010;268(1):40-49.
Shlipak MG, Simon JA, Grady D, Lin F, Wenger NK, Furberg CD. Renal insufficiency and
cardiovascular events in postmenopausal women with coronary heart disease. J Am Coll Cardiol.
2001;38(3):705-711.

Lamb EJ, Tomson CR, Roderick PJ. Estimating kidney function in adults using formulae. Ann Clin
Biochem. 2005;42(Pt 5):321-345.

Eliasson M, Janlert U, Jansson JH, Stegmayr B. Time trends in population cholesterol levels 1986-
2004: influence of lipid-lowering drugs, obesity, smoking and educational level. The northern Sweden
MONICA study. J Intern Med. 2006;260(6):551-559.

Brodie BR, Stuckey TD, Wall TC, Kissling G, Hansen CJ, Muncy DB, Weintraub RA, Kelly TA.
Importance of time to reperfusion for 30-day and late survival and recovery of left ventricular function
after primary angioplasty for acute myocardial infarction. J Am Coll Cardiol. 1998;32(5):1312-1319.
De Luca G, Suryapranata H, Ottervanger JP, Antman EM. Time delay to treatment and mortality in
primary angioplasty for acute myocardial infarction: every minute of delay counts. Circulation.
2004;109(10):1223-1225.

Lefler LL, Bondy KN. Women's delay in seeking treatment with myocardial infarction: a meta-
synthesis. J Cardiovasc Nurs. 2004;19(4):251-268.

Kalla K, Christ G, Karnik R, Malzer R, Norman G, Prachar H, Schreiber W, Unger G, Glogar HD, Kaff
A, Laggner AN, Maurer G, Mlczoch J, Slany J, Weber HS, Huber K. Implementation of guidelines
improves the standard of care: the Viennese registry on reperfusion strategies in ST-elevation
myocardial infarction (Vienna STEMI registry). Circulation. 2006;113(20):2398-2405.

Van de Werf F, Ardissino D, Betriu A, Cokkinos DV, Falk E, Fox KA, Julian D, Lengyel M, Neumann
FJ, Ruzyllo W, Thygesen C, Underwood SR, Vahanian A, Verheugt FW, Wijns W. Management of
acute myocardial infarction in patients presenting with ST-segment elevation. The Task Force on the
Management of Acute Myocardial Infarction of the European Society of Cardiology. Eur Heart J.
2003;24(1):28-66.

Huber K, De Caterina R, Kristensen SD, Verheugt FW, Montalescot G, Maestro LB, Van de Werf F.
Pre-hospital reperfusion therapy: a strategy to improve therapeutic outcome in patients with ST-
elevation myocardial infarction. Eur Heart J. 2005;26(19):2063-2074.

Eagle KA, Goodman SG, Avezum A, Budaj A, Sullivan CM, Lopez-Sendon J. Practice variation and
missed opportunities for reperfusion in ST-segment-elevation myocardial infarction: findings from the
Global Registry of Acute Coronary Events (GRACE). Lancet. 2002;359(9304):373-377.

Krumholz HM, Murillo JE, Chen J, Vaccarino V, Radford MJ, Ellerbeck EF, Wang Y. Thrombolytic
therapy for eligible elderly patients with acute myocardial infarction. JAMA. 1997;277(21):1683-1688.
Berger AK, Schulman KA, Gersh BJ, Pirzada S, Breall JA, Johnson AE, Every NR. Primary coronary
angioplasty vs thrombolysis for the management of acute myocardial infarction in elderly patients.
JAMA. 1999;282(4):341-348.

Andersen HR, Nielsen TT, Rasmussen K, Thuesen L, Kelbaek H, Thayssen P, Abildgaard U, Pedersen
F, Madsen JK, Grande P, Villadsen AB, Krusell LR, Haghfelt T, Lomholt P, Husted SE, Vigholt E,
Kjaergard HK, Mortensen LS. A comparison of coronary angioplasty with fibrinolytic therapy in acute
myocardial infarction. N Engl J Med. 2003;349(8):733-742.

Widimsky P, Groch L, Zelizko M, Aschermann M, Bednar F, Suryapranata H. Multicentre randomized
trial comparing transport to primary angioplasty vs immediate thrombolysis vs combined strategy for
patients with acute myocardial infarction presenting to a community hospital without a catheterization
laboratory. The PRAGUE study. Eur Heart J. 2000;21(10):823-831.

Widimsky P, Budesinsky T, Vorac D, Groch L, Zelizko M, Aschermann M, Branny M, St'asek J,
Formanek P. Long distance transport for primary angioplasty vs immediate thrombolysis in acute
myocardial infarction. Final results of the randomized national multicentre trial--PRAGUE-2. Eur
Heart J. 2003;24(1):94-104.

Doyle BJ, Ting HH, Bell MR, Lennon RJ, Mathew V, Singh M, Holmes DR, Rihal CS. Major femoral
bleeding complications after percutaneous coronary intervention: incidence, predictors, and impact on
long-term survival among 17,901 patients treated at the Mayo Clinic from 1994 to 2005. JACC
Cardiovasc Interv. 2008;1(2):202-209.

Applegate RJ, Sacrinty MT, Kutcher MA, Baki TT, Gandhi SK, Kahl FR, Santos RM, Little WC.

99



381.

382.

383.

384.

385.

386.

387.

388.

389.

390.

391

392.

393.

394.

395.

396.

397.

398.

Vascular complications in women after catheterization and percutaneous coronary intervention 1998-
2005. J Invasive Cardiol. 2007;19(9):369-374.

Ahmed B, Piper WD, Malenka D, VerLee P, Robb J, Ryan T, Herne M, Phillips W, Dauerman HL.
Significantly improved vascular complications among women undergoing percutaneous coronary
intervention: a report from the Northern New England Percutaneous Coronary Intervention Registry.
Circ Cardiovasc Interv. 2009;2(5):423-429.

Mehran R, Pocock SJ, Nikolsky E, Clayton T, Dangas GD, Kirtane AJ, Parise H, Fahy M, Manoukian
SV, Feit F, Ohman ME, Witzenbichler B, Guagliumi G, Lansky AJ, Stone GW. A risk score to predict
bleeding in patients with acute coronary syndromes. J Am Coll Cardiol. 2010;55(23):2556-2566.
Montalescot G, Ongen Z, Guindy R, Sousa A, Lu SZ, Pahlajani D, Pellois A, Vicaut E. Predictors of
outcome in patients undergoing PCI. Results of the RIVIERA study. Int J Cardiol. 2008;129(3):379-
387.

Fox KA, Anderson FA, Jr., Dabbous OH, Steg PG, Lopez-Sendon J, Van de Werf F, Budaj A,
Gurfinkel EP, Goodman SG, Brieger D. Intervention in acute coronary syndromes: do patients undergo
intervention on the basis of their risk characteristics? The Global Registry of Acute Coronary Events
(GRACE). Heart. 2007;93(2):177-182.

Alfredsson J, Lindback J, Wallentin L, Swahn E. Similar outcome with an invasive strategy in men and
women with non-ST-elevation acute coronary syndromes: From the Swedish Web-System for
Enhancement and Development of Evidence-Based Care in Heart Disease Evaluated According to
Recommended Therapies (SWEDEHEART). Eur Heart J. 2011;32(24):3128-3136.

Yan AT, Yan RT, Huynh T, Casanova A, Raimondo FE, Fitchett DH, Langer A, Goodman SG.
Understanding physicians' risk stratification of acute coronary syndromes: insights from the Canadian
ACS 2 Registry. Arch Intern Med. 2009;169(4):372-378.

Alter DA, Ko DT, Newman A, Tu JV. Factors explaining the under-use of reperfusion therapy among
ideal patients with ST-segment elevation myocardial infarction. Eur Heart J. 2006;27(13):1539-1549.
Hasdai D, Porter A, Rosengren A, Behar S, Boyko V, Battler A. Effect of gender on outcomes of acute
coronary syndromes. Am J Cardiol. 2003;91(12):1466-1469, A1466.

Oertelt-Prigione S, Regitz-Zagrosek V. Gender aspects in cardiovascular pharmacology. J Cardiovasc
Transl Res. 2009;2(3):258-266.

Sadowski M, Janion-Sadowska A, Gasior M, Gierlotka M, Janion M, Polonski L. Gender-related
benefit of transport to primary angioplasty: is it equal? Cardiol J. 2011;18(3):254-260.

De Luca G, Suryapranata H, Dambrink JH, Ottervanger JP, van 't Hof AW, Zijlstra F, Hoorntje JC,
Gosselink AT, de Boer MJ. Sex-related differences in outcome after ST-segment elevation myocardial
infarction treated by primary angioplasty: data from the Zwolle Myocardial Infarction study. Am Heart
J. 2004;148(5):852-856.

Abbott RD, Donahue RP, Kannel WB, Wilson PW. The impact of diabetes on survival following
myocardial infarction in men vs women. The Framingham Study. Jama. 1988;260(23):3456-3460.
Rosengren A, Spetz CL, Koster M, Hammar N, Alfredsson L, Rosen M. Sex differences in survival
after myocardial infarction in Sweden; data from the Swedish National Acute Myocardial Infarction
Register. Eur Heart J. 2001;22(4):314-322.

Cheng ClI, Yeh KH, Chang HW, Yu TH, Chen YH, Chai HT, Yip HK. Comparison of baseline
characteristics, clinical features, angiographic results, and early outcomes in men vs women with acute
myocardial infarction undergoing primary coronary intervention. Chest. 2004;126(1):47-53.
Johansson S, Bergstrand R, Schlossman D, Selin K, Vedin A, Wilhelmsson C. Sex differences in
cardioangiographic findings after myocardial infarction. Eur Heart J. 1984;5(5):374-381.

Airaksinen KE, Ikaheimo MJ, Linnaluoto M, Tahvanainen KU, Huikuri HV. Gender difference in
autonomic and hemodynamic reactions to abrupt coronary occlusion. J Am Coll Cardiol.
1998;31(2):301-306.

Becker RC, Terrin M, Ross R, Knatterud GL, Desvigne-Nickens P, Gore JM, Braunwald E.
Comparison of clinical outcomes for women and men after acute myocardial infarction. The
Thrombolysis in Myocardial Infarction Investigators. Ann Intern Med. 1994;120(8):638-645.

Gale CP, Manda SO, Batin PD, Weston CF, Birkhead JS, Hall AS. Predictors of in-hospital mortality
for patients admitted with ST-elevation myocardial infarction: a real-world study using the Myocardial
Infarction National Audit Project (MINAP) database. Heart. 2008;94(11):1407-1412.

100





