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Abstract 
Background  

In the event of an acute coronary syndrome (ACS), the risk of death and 
complications such as stroke and re-infarction is high during the first month. 
Diabetes, impaired kidney function, elevated markers of systemic inflammation 
and high level of platelet reactivity have all been associated with worsened 
prognosis in ACS patients. Impaired kidney function is a condition with high 
cardiovascular morbidity and there is an established association between level 
of kidney function and outcome in the event of an ACS. 

Aims  

We sought to investigate the level of platelet reactivity during the first days of an 
ACS and specifically the level of platelet reactivity in patients with different 
conditions associated with worsened prognosis in the event of an ACS. We also 
wanted to investigate the prognostic impact of baseline levels of cystatin C as 
well as the importance of decreasing kidney function during the first days of an 
ACS. 

Methods 

We included 1028 unselected patients with ACS or suspected ACS during the 
years 2002 and 2003, of which 534 were diagnosed with an acute myocardial 
infarction (AMI). Blood samples for measuring platelet aggregation, cystatin C 
levels and other clinically important biomarkers were collected day 1, 2, 3 and 5 
following admission.  
Platelet reactivity was measured using 2 different methods. Platelet aggregation 
was measured using Pa-200, a particle count method, based on scattering of 
laser light. PFA 100 is a method of measuring primary hemostasis in whole 
blood. 

Results 

Platelet aggregation and comorbidities 
We found an increase in platelet aggregation when an ACS was complicated by 
an infection and there was an increased frequency of aspirin non-
responsiveness in patients suffering from pneumonia during the first days of an 
ACS. Furthermore, we found an independent association between levels of C-
reactive protein and platelet aggregation. 
During the first 3 days following an acute myocardial infarction, platelet 
aggregation increased despite treatment with anti-platelet agents. 
Platelet aggregation was found to be more pronounced in patients with diabetes. 
Patients with impaired kidney function, showed increased platelet aggregation 
compared to patients with normal renal function, however, this difference was 
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explained by older age, higher prevalence of DM and levels of inflammatory 
biomarkers. We found no independent association between chronic kidney 
disease (CKD) and levels of platelet aggregation. 

Kidney function and outcome 
Serum levels of cystatin C on admission had an independent association with 
outcome following an acute myocardial infarction. With a mean follow-up time 
of 2.9 years, the adjusted HR for death was 1.62 (95% CI 1.28-2.03; p<0.001) 
for each unit of increase in cystatin C on admission. 

The level of dynamic changes in cystatin C during admission for an acute 
myocardial infarction was independently associated with prognosis in patients 
with normal or mild impairment of renal function. The adjusted HR for death 
was 10.1 (95% CI 3.4-29.9; p<0.001).  

Conclusion 

In patients suffering from an AMI platelet aggregation increases during the first 
days, despite anti-platelet treatment. Diabetes, age and biomarkers of 
inflammation are independently associated with platelet aggregation. 
Admission levels of cystatin C as well as changes in cystatin C levels during 
hospitalisation are independently associated with outcome. 
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Populärvetenskaplig sammanfattning 
Akut hjärtinfarkt är en av de i särklass vanligaste dödsorsakerna i Sverige. Den 
första tiden efter insjuknandet är risken hög även för komplikationer såsom 
stroke och ytterligare hjärtinfarkt. Epidemiologiska studier visar att denna risk 
är allra störst de första dagarna och de flesta fallen inträffar under dag 2-4, 
orsaken till denna riskökning i akutskedet är oklar.  
Vid en akut hjärtinfarkt uppstår en blodpropp som helt eller delvis stänger av 
blodflödet i ett eller flera av kärlen som förser hjärtat självt med syrerikt blod, 
sk. kranskärl. Blodplättarna är det första steget i bildandet av en sådan propp. 
Det avstängda blodflödet leder till en infarkt i hjärtat, dvs. hjärtmuskelceller 
skadas eller dör. Modern behandling vid en akut hjärtinfarkt innefattar bland 
annat flera mediciner som hämmar blodplättarna. Dessa mediciner har en 
mycket snabb, positiv effekt. Läkemedelsstudier visar att medicinerna redan 
efter ett par dygns behandling förbättrar prognosen avsevärt.  
Tidigare studier har visat att olika grupper av patienter, t.ex. patienter med 
diabetes eller njursjukdom, har ökad risk för komplikationer jämfört med 
andra. Vi spekulerade i att graden av aktivitet hos blodplättarna hos dessa 
patienter delvis avgör risken för tidiga komplikationer. Tidigare studier talar 
dessutom för att graden av aktivitet hos blodplättarna har betydelse för 
komplikationsrisken efter en hjärtinfarkt. 
I studierna som ingår i detta arbete har vi uppmätt blodplättarnas aktivitet i 
olika grupper av patienter med hjälp av 2 olika metoder. Vi fann att 
trombocyternas aktivitet ökar de första 3 dagarna hos patienter som drabbas av 
en hjärtinfarkt, detta trots att de får mediciner som hämmar blodplättarna. Hos 
patienter som drabbas av en samtidig infektion eller som har diabetes, är 
aktivitetsökningen större än hos andra. Patienter som drabbas av 
lunginflammation har dessutom sämre effekt av en av de mediciner som 
används för att hämma blodplättarna.  
Det utvecklas redan idag nya moderna mediciner som hämmar blodplättarna 
effektivare, tyvärr är också risken för blödning större med dessa mediciner. Vi 
spekulerar i att man i samband med en hjärtinfarkt kanske kan använda dessa 
effektivare mediciner i initialskedet enbart, för att minska risken för 
blödningskomplikationer. 
Vi har dessutom studerat njurfunktionens betydelse för risken att avlida efter en 
hjärtinfarkt. Vi fann att patienter med nedsatt njurfunktion har ökad risk. Vi 
fann dessutom att patienter med normal eller nästan normal njurfunktion som 
sedan uppvisar tecken på njurskada under sin hjärtinfarkt, har ökad risk att 
avlida på länge sikt. 
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Introduction 
Coronary artery disease 

Cardiovascular diseases, including the presence of ischemic heart disease, 
congestive heart failure and ischemic stroke, are the most common causes of 
death in the industrialised countries (1). 

The acute coronary syndrome (ACS) is clinically presented as an acute 
myocardial infarction (AMI) or unstable angina (UA). Coronary artery disease 
(CAD) is the most common cause of an ACS. CAD is the most common 
manifestation of atherosclerotic cardiovascular disease and the pathophysiology 
behind the process of atherosclerosis and a subsequent ACS has been 
thoroughly investigated during the last decades. It is well established that acute 
thrombosis of coronary vessels, leading to impaired myocardial blood flow and 
subsequent damage of myocardial muscle cells, is the result of histological 
changes of the vessel wall, including the formation of an atherosclerotic plaque. 
The event of an ACS is precipitated by rupture of the atherosclerotic plaque, 
exposing pro-thrombotic, sub-endothelial matrix to the blood flow, mimicking a 
vascular defect and thus initiating the event of vascular thrombosis. 

Acute coronary syndromes  

According to official statistics from the National Board of Health and Welfare 
in Sweden, the incidence of AMI during 2008, in the ages above 20 years, were 
619 and 440 per 100.000 for men and women respectively. 
Acute coronary syndrome including ST-segment elevation myocardial infarction 
(STEMI), Non ST-segment elevation myocardial infarction (NSTEMI) and 
unstable angina (UA), remains a serious acute condition, characterised by high 
risk of poor outcome, including death and thrombotic complications both in the 
short and long-term.  

During 2008, in Sweden, the total mortality within 28 days following an AMI 
was 29% for men and 32% for women. In patients hospitalised for an AMI, 
mortality at 28 days was 14% overall. Within a year following an AMI, 39% of 
the men and 45% of the women had died. Data from 2008 shows that the 
mortality from AMI is strongly associated with age, being 9 times higher in the 
population between the ages of 70-74 compared to ages 50-54 for men and 13 
times higher for women in the same age categories (2). 

The acute myocardial injury is associated with hemodynamic and arrhythmic 
complications and the relative high risk of death during the first days following 
an ACS seems intuitively expected. However, despite modern, aggressive 
treatment including early revascularisation, anti-thrombotic treatment and a 
”fixed” battery of medications, with established positive effects on prognosis, 
the risk of re-infarction and ischemic stroke are highest during the initial phase. 
Studies that have addressed the issue of timing of thrombotic complication 
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during the acute phase of a myocardial infarction clearly shows that, in-hospital, 
adverse events peak at day 2-4 (3). 
In-hospital death rates range between 2-15% depending on study population, 
where prospective cohort studies and registries generate higher numbers of 
complication rates when compared to clinical trial populations(4, 5). Frequency 
of different types of complications varies depending on diagnosis. In-hospital 
death and stroke are more common in patients with STEMI compared with the 
NSTEMI/UA groups, whereas the event of recurrent myocardial infarction is 
more equally distributed in the spectra of patients with an ACS (3, 6). 

Data from the multinational GRACE registry of nearly 47,000 patients with 
an ACS were used to investigate the time course of events during the first 6 
months following an ACS. The findings showed that the frequency of thrombotic 
complications and death are highest within the first 30 days. During this period, 
the majority of events occurred in the first 4 days, holding true regardless of 
diagnosis at admission. Of the total numbers of deaths occurring during the 
follow-up period, 43% occurred during the first 4 days in patients with STEMI 
and corresponding numbers for patients with ST-depression or no ST deviation 
were 26% and 22% respectively. For patients with STEMI, NSTEMI and UA 
experiencing a stroke, 47%, 29% and 32% of cases occurred in days 0-4. 
Approximately 40% of diagnosed re-infarctions occurred during the first 4 days 
in all three groups (7). The study included patients admitted from 1999 to 2006, 
receiving modern treatment in the acute phase. This study complies with 
findings from the early clinical trials of thrombolytic therapy, in regards to 
timing of complications following an ACS.  

We hypothesized that increased platelet reactivity might be a contributor to 
the high frequency of thrombotic complications in the early phase of an ACS. 

Atherosclerosis 

Inflammation has been firmly established as one of the key mechanisms 
behind the process of atherosclerosis (8). Histological examination of human 
atherosclerotic plaques has revealed the abundant presence of inflammatory 
cells such as monocytes and T-cells (9). Furthermore, investigators have been 
able to control the atherosclerotic process in animal studies, through 
manipulation of protein expression of key elements in the inflammatory process 
as well as in the metabolism of different lipid species (8). Based on the findings 
in these histopathological and physiological studies, in combination with results 
from interventional studies, a widely accepted explanatory model of the 
development of an atherosclerotic plaque has evolved.  
The initial stage in the atherosclerotic process is the accumulation of Low-
density lipoprotein (LDL) molecules in the intimal layer of the artery. Oxidative 
or enzymatic modification of these LDL-particles leads to the release of pro-
inflammatory phospholipids with the ability to activate endothelial cells of the 
intimal layer. The modified LDL-particles are ingested by macrophages, which 
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later evolve into foam-cells. The inflammatory mediated activation leads to a 
more pro-coagulant state in endothelial cells, resulting in the expression of 
adhesion-molecules on the cell surface, enabling adhesion and activation of 
platelets and monocytes. Activated monocytes migrate into the sub-endothelial 
space, where they are differentiated to macrophages. Further activation leads to 
the release of pro-inflammatory substances, including cytokines, chemokines 
and oxygen and nitrogen radicals.  
Endothelial cells play a key role in maintaining vascular function and regulating 
pro-thrombotic and hemostatic factors. Impairment of function and ability to 
perform this is an early step in the formation of the atherosclerotic plaque. 
Endothelial cells produce several substances with the ability to induce both 
vasoconstriction (Endothelin, Angiotensin II) and vasodilatation (Nitric oxide, 
Prostacycline). Endothelial cells also regulate the process of inflammation in the 
vessel wall through the expression of cytokines and surface adhesion molecules 
like ICAM-1, VCAM-1 and P-selectin. The regulation and release of nitric oxide 
(NO) by endothelial cells is extensively studied and its regulatory function does 
not only involve the tonus of the vessel wall but also plays a key role in the 
inhibition of leukocyte adhesion and migration as well for the inhibition of 
platelet activation (10). 
More recently, the active role of human platelets as mediators of inflammation 
has become evident, especially its pro-inflammatory role in the process of 
atherosclerosis. In animal studies, investigators have been able to control the 
atherosclerotic process through deletion of proteins essential for platelet 
activation (11, 12). Platelet activation leads to the release of several pro-
inflammatory substances with the ability to induce activation in both 
endothelial and inflammatory cells. The proposed situation in which these cell 
types promote a state of chronic inflammation in the arterial wall, leads to a 
progression of the atherosclerotic lesions and in some cases conformation of the 
plaque to a more vulnerable state, prone to rupture into the vessel lumen and 
subsequent formation of thrombosis (8, 13). 

Platelets in acute coronary syndromes 

Platelets are non-nucleated cells derived from megakaryocytes with the ability 
of de-novo protein synthesis through the presence of cytoplasmic messenger-
RNA (mRNA). Platelets and their long considered main function, the activation 
in response to vessel injury, is the first pivotal step in primary hemostasis and 
also serves as the link between the injured vessel wall and the plasma 
coagulation factors. The process of platelet activation is mediated through 
receptors on the platelet surface and there are some controversies regarding 
which way some receptors are involved in this process. There is intense, on-
going research in the area, revealing both new mediators of activation as well as 
alternate hypotheses of the process of platelet activation (14, 15). Platelet 
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response to vessel injury can be roughly divided into: A/ adhesion, B/ activation 
and C/ aggregation. 

 A/ Adhesion: Endothelial discontinuation and the exposure of sub-
endothelial extracellular matrix (ECM) into the vessel lumen, initiates partial 
adhesion of the platelet receptor glycoprotein (GP) Ib to collagen bound von 
Willebrand factor (vWF) or to vWF on the surface of previously activated 
platelets, slowing down the platelet flow in the bloodstream, keeping the platelet 
adjacent to the ECM surface. This process, often referred to as ”rolling”, allows 
for the binding of ECM collagen to GPIV, a platelet surface receptor. This 
contact initiates the activation of the platelet. Firm adhesion to the ECM surface 
is accomplished through the binding of a family of integrins on the platelet 
surface to various components of the ECM, with the most important being the 
binding of collagen, via vWF to GPIIb/IIIa. 

B/ Activation: Integrins on the surface of the resting platelet are expressed in 
a low-affinity state. These integrins, with GPIb/IIa and GPIIb/IIIa being the 
most important, turn into a high-affinity state, caused by receptor 
conformation, upon platelet activation. After the first step of activation, 
initiated by the adhesion to ECM, the process further propagates and results in 
a shape-change in activated platelets, through rapid reorganization of the 
cytoskeleton, giving the platelet a spherical rather than a discoid shape and also 
leads to the extension of filopodia. The shape change facilitates adhesion to 
ECM and other platelets and is also essential to efficient degranulation and 
secretion of various substances including platelet activating substances, 
adhesive molecules and coagulation factors (15, 16). The major activating 
substances of the platelets are adenosindiphosphate (ADP), Thromboxane A2 
(TxA2) and Thrombin. These substances are released from platelet granules 
upon activation. Through dedicated receptors on the platelet surface, these 
substances further activate the platelet in a positive-feedback manner and also 
activate other platelets. The main target receptors are P2Y12 and P2Y1 for ADP, 
thromboxane receptors for TxA2 and protease-activated receptors (PAR1, 
PAR4) for Thrombin. There are several other substances, some with dedicated 
receptors for and ability to modify platelet activation, which include 
Epinephrine, Serotonin and Prostaglandin E2. However, these substances are 
considered weak activators and appear to mainly facilitate the activation 
through other, stronger stimuli. Epinephrine for instance, lacks the ability to 
induce platelet activation itself, but has shown the ability to potentiate the effect 
of other stimuli (10). 

C/ Aggregation: The conformation of platelet surface integrins leads to the 
ability of platelets to adhere to each other, forming larger aggregates allowing 
for controlled hemostasis. Binding between platelets is primarily achieved 
through the interaction between GPIIb/IIIa on the platelet surface, vWF and 
fibrinogen. The activation of platelets facilitates the activation of the coagulation 
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cascade and the formation of fibrin through release of coagulation factors and 
facilitated thrombin formation on the platelet surface (10, 16). 

Conditions of interest in acute coronary syndromes 

Inflammation and complicating infectious disease 
There is a complex interaction between the inflammatory and hemostatic 
systems, not only in the development of atherosclerotic disease, but also in the 
event of acute vascular thrombosis. There seems to be several pathways of 
interaction between these fundamental physiologic systems and findings in 
clinical and experimental studies point toward important interactions mediated 
via endothelial cells. However, the full understanding of the key processes 
initiating an acute atherothrombotic event remains to be determined. 

Atherosclerosis and its progression is the result of activation of cells of the 
innate immune system in the vessel wall. Elevated markers of systemic 
inflammation like CRP or interleukin-6 (IL-6), in healthy individuals, increases 
the risk of developing clinical signs of coronary artery disease and the finding of 
signs of systemic inflammation is considered by some investigators to reflect the 
grade of inflammatory activity in silent atherosclerotic plaques (8, 17). 

Patients suffering from diseases associated with a chronic elevated systemic 
inflammatory activity, like rheumatoid arthritis, are at elevated risk of 
developing atherosclerotic cardiovascular disease. This association is believed to 
be partly caused by the inflammatory activity itself, although the link between 
the conditions remains unclear (18). 

Alterations in inflammatory state also seem to have an effect on the 
occurrence of acute atherothrombotic events. Following an acute bacterial 
infection, there is an increased risk of developing both AMI and stroke (19, 20). 
Evidence of a systemic pro-inflammatory state associated with an acute vascular 
event is supported by the findings of signs of a pan-vascular process with 
multiple unstable, non-ruptured plaques during an ACS (21). Lombardo et al. 
demonstrated that, in patients diagnosed with unstable angina and scheduled 
for coronary surgery, there is an increased frequency of unstable carotid plaques 
when compared to patients with stable angina. They also demonstrated an 
independent association between the presence of unstable carotid plaques and 
the elevation of CRP (22). 

Patients suffering from an ACS display heightened systemic inflammatory 
parameters and data suggests that this elevation reflects inflammation of the 
vessel wall, rather than an inflammatory response to ischemic myocardium in 
the event of unstable angina (23). However, in the event of an AMI, there is an 
association between levels of CRP and troponin T, indicating that elevation of 
CRP in this setting is explained by the extent of myocardial damage, possibly 
overshadowing any detectable inflammatory state of the vessel wall (24). 
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The association between CRP level during the acute phase of an AMI and 
prognosis has been shown by several investigators (25, 26). Available data 
suggests that elevated levels of CRP measured early in the phase of an ACS is 
associated with worsened short- and long-term outcomes. 

The association between platelet reactivity and inflammatory response has 
been studied. Findings indicate an association between high levels of 
inflammatory markers and increased platelet reactivity. Recent studies 
investigating the response to anti-platelet medication in patients with stable 
CAD, have found an independent association between high platelet reactivity 
and elevation of several inflammatory markers, including CRP and IL-6 (27, 
28). There is little data on the association between inflammation and platelet 
reactivity in the event of an ACS.  

The possible effect of an infectious disease on platelet reactivity in the event 
of an ACS and the response to anti-platelet medication has not been previously 
studied. 

Diabetes mellitus 
Diabetes mellitus (DM) has been established as one of the major risk factors for 
developing coronary artery disease (CAD). Although modern treatment has 
reduced the rate of incident cardiovascular disease (CVD) during the last 
decades, the absolute risk of developing CVD remains approximately 2-fold 
compared to non-diabetic patients (29). Patients with DM suffering from an 
AMI have poorer long-term as well as short-term prognosis compared with non-
diabetics. Studies estimate a doubled risk of a new vascular event following an 
MI (30). Patients suffering from diabetes mellitus have a high prevalence of 
factors associated with atherosclerotic disease such as older age, hypertension 
and lipid abnormalities, partly explaining the increased risk. However, diabetes 
remains a predictor of worsened outcome in both short-term as well as long-
term outcome, after adjustment for demographic differences when compared 
with non-diabetic patients (31). Predictive models identifying patients at high 
risk of in-hospital adverse events have found DM to be a predictor of 
unfavourable outcome (32). The pathophysiological processes leading to the 
formation of atherosclerotic plaques do not seem to differ between patients with 
or without diabetes mellitus. In diabetic subjects, however, the process seems to 
start earlier and to progress faster, due to abnormalities associated with the 
disease and its metabolic alterations (33).  

Besides the increase in risk associated with the comorbidity of diabetic 
subjects, there are several hemostatic abnormalities, causing a pro-thrombotic 
state in these patients (10, 34). Increased platelet aggregation in patients with 
DM was recognised decades ago (35). The possibility of platelet reactivity being 
a contributor to the worsened short-term outcome in ACS for patients with DM 
is supported by the findings of clinical trials of platelet inhibitory agents (36). 
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There is little previous data on the effect of diabetes mellitus on the level and 
dynamics of platelet reactivity during the acute phase of an ACS. 

Kidney disease 
The presence of impaired kidney function is strongly associated with 
cardiovascular disease. Amongst patients at end-stage kidney disease, treated 
with dialysis, CVD accounts for a mortality rate of 9% per year in this group of 
patients, corresponding to a 10-20-fold risk compared with the general 
population, even when adjusted for age and presence of diabetes (37). 

In patients with mild or moderately impaired renal function, not at end-stage 
kidney disease, there is a well-established association with cardiovascular 
disease as well as cardiovascular death and approximately half of all deaths in 
the population with CKD are attributed to cardiovascular disease. 
Epidemiological studies of both high- and low-risk populations for 
cardiovascular events, investigating the risk of developing CVD, have found a 2-
3 fold increase in risk of cardiovascular death or myocardial infarction in 
patients with impaired kidney function compared with patients with normal 
kidney function. The difference remains virtually unchanged after correction for 
other established risk factors for developing CVD, such as age, presence of 
diabetes mellitus, hypertension and cholesterol levels (38-40). 

Unfortunately, the poorer prognosis of patients with CKD also applies to 
early outcome in the event of an ACS. Shlipak et al. showed that in elderly 
patients hospitalised for an acute myocardial infarction, moderately impaired 
renal function was associated with an adjusted 1-month mortality rate that was 
2-fold compared with patients with normal renal function. The differences in 
mortality rates declined over time and at 6 months after the AMI, the 
unadjusted mortality rates were virtually identical (41). These findings have 
been confirmed by others, investigating younger AMI populations, also 
concluding that the risk of adverse outcome is greatest during the early phase 
after an ACS (42). 

The reason for the remarkably increased burden of cardiovascular disease in 
this population remains elusive. There is a high prevalence of traditional risk 
factors for cardiovascular disease, such as older age, diabetes mellitus, 
hypertension and dyslipidemia amongst others. However, as mentioned above, 
even after adjusting for these risk factors, CKD remains an independent factor 
associated with high cardiovascular morbidity and poor prognosis in patients 
with established atherosclerotic disease. Extensive efforts have been made to 
establish a causal relationship between the cardiovascular morbidity and 
various homeostatic abnormalities associated with renal dysfunction. Such 
abnormalities include calcium-phosphorus abnormalities, sodium-volume 
overload, elevated serum levels of homocysteine, oxidative stress and cardiac 
remodelling with left-ventricular hypertrophy and degree of coronary 
calcification (43, 44). A chronic inflammatory state and endothelial dysfunction 
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have been suggested as important factors of atherogenesis in patients with 
impaired renal function and is supported by the findings of several investigators 
(45-47). The contributory effect of abnormalities in hemostatic mechanisms, 
including both the plasma coagulation system as well as platelet function have 
been proposed. Patients with CKD display various abnormalities in both 
coagulation cascade as well as in platelet reactivity depending on the degree of 
renal dysfunction. Decreased platelet function in patients with end-stage renal 
disease has previously been reported but data in patients with mild to moderate 
renal dysfunction is conflicting (48, 49).  

Studies addressing the impact of CKD on platelet reactivity in the setting of 
an ACS were previously missing. 

Acute kidney injury 
During acute illness, acute kidney injury (AKI) is a common complication 
affecting up to 20% of hospitalised patients, with even higher rates in patients 
treated at an intensive care unit (ICU), where an incidence of up to 70% has 
been reported. Diagnosis and classification of severity of renal impairment have 
been standardised by different expert groups with Risk, Injury, Failure, Loss 
and End-stage renal disease (RIFLE) and Acute kidney injury network (AKIN) 
criteria being the most widely used. Both criteria sets use measures of urinary 
output or changes in levels of serum creatinine as estimation of glomerular 
function (50). 

Signs of impaired kidney function in acute illness can sometimes be a result 
of a normal physiologic response and in most cases these signs are reversible as 
the acute phase of illness resolves. Nevertheless, AKI is associated with 
worsened prognosis with the severity of renal impairment being directly 
associated with the risk of adverse outcome, making diagnosis and classification 
of the condition most relevant. In the ICU, AKI is commonly associated with 
sepsis, hypovolemia or cardiogenic shock and has prognostic importance (50, 
51). It has been confirmed that AKI in the setting of an ACS leads to worsened 
short-term, as well as long-term prognosis (52). 

Being a condition rather than a disease, there is no existing causal therapy for 
AKI, instead, management of AKI is mainly supportive, controlling some of the 
complicated homeostatic functions performed by the kidney. Although 
established treatment of AKI is lacking, early diagnosis, or even prediction, of 
AKI is considered essential to prevent and initiate potential therapeutic 
measures. The need for biomarkers sensitive to early changes in renal function 
has become evident (53). 
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Measuring platelet function in coronary artery disease 

Platelet reactivity  
Platelet function tests have been available and utilised during the last decades. 
The methods have been utilised in a variety of clinical settings including: 
screening for platelet defects, preoperative predicting of bleeding and assessing 
thrombotic risk. In the setting of cardiovascular disease, investigators have 
shown that stable ischemic heart disease is associated with increased platelet 
reactivity compared with healthy individuals, lending support to the hypothesis 
of platelet involvement in the development of atherosclerotic disease (54). 
Moreover, patient response to given anti-platelet treatment varies greatly and 
available data suggests a prognostic impact of this response (55). The pivotal 
role of the platelets in the thrombotic event following rupture of the 
atherosclerotic plaque is illustrated by the effect of given anti-platelet 
medication in this setting (56, 57). It is now well-established that patients 
suffering from an ACS have increased platelet reactivity compared with healthy 
individuals or patients with stable coronary artery disease (58, 59). Some data 
indicates a prognostic effect of the individual baseline level of platelet 
aggregation in the event of an ACS (60, 61). Several ”bed-side” methods have 
been evaluated and used in a vast number of clinical studies of ACS patients to 
identify patients at high risk of complications and to evaluate the individual 
response to and efficacy of anti-platelet drugs.  

There is some confusion regarding type of platelet ”behaviour” that is 
referred to in different studies. The term ”platelet reactivity” should, in our 
opinion, be regarded as a grading of how prone platelets are to convert to its 
activated, pro-thrombotic state. This reactivity is measured and quantified in 
different ways by various methods and assays. Examples of methods are: 1/ the 
quantification of platelet aggregates, usually in the presence of an agonist. 2/ 
The measuring of levels of serum or urinary metabolites emanating from 
platelet activation. 3/ Flow cytometric methods of detecting surface proteins of 
activated platelets. 4/ Methods trying to mimic physiological, in vivo conditions, 
such as the PFA-100 system.  

The majority of studies, especially in the last decade, have focused on 
response to given anti-platelet drugs following both acute and elective 
percutaneous coronary intervention (PCI). Although the initial studies were 
characterised by small numbers of patients included and in many cases 
insufficient adjustment for differences in clinical characteristics, there is now a 
growing body of evidence to support the assumption of a prognostic impact of 
post-treatment platelet reactivity on future ischemic events (62, 63).  

To our knowledge, no previous study has repeatedly monitored the level of 
platelet reactivity during the first days of an ACS and its possible prognostic 
impact. 
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Resistance to anti-platelet medication 
Despite treatment with anti-platelet agents, patients suffering from an AMI are 
at great risk for future ischemic events. Earlier, before the development of new 
anti-platelet agents such as the thienopyridines, patients suffering from 
subsequent thrombotic complications were considered ”aspirin-resistant”. This 
classification indicates a somewhat simplified approach to the complex 
processes behind a new cardiovascular event and is now rarely used. Instead, 
the term aspirin resistance and more recently, clopidogrel resistance, should 
refer to the response to given anti-platelet medication, as measured by various 
assays of platelet reactivity (64).     

Anti-platelet treatment 

Overview 
Existing anti-platelet treatment consists of various substances targeting specific 
receptors or enzymes vital to platelet activation and aggregation. The beneficial 
effects of treatment with anti-platelet agents are undisputed in the setting of 
ACS, supported by strong evidence from clinical trials performed during the last 
decades. Urgent treatment with acetylsalicylic acid (aspirin) and Adenosine 
diphosphate (ADP) antagonists are established in the setting of ACS, regardless 
of planned invasive or conservative treatment. Treatment with intravenous 
GPIIb/IIIa inhibitors have their strongest support in the setting of treatment 
with PCI. 

Aspirin 
Aspirin binds irreversibly to cycloxygenase (COX)-1 and COX-2, inhibiting the 
production of prostaglandins, including TXA2. The reduced production of TXA2 
by platelets and subsequent inhibition of platelet reactivity and vasoconstriction 
is considered the main mechanism behind the cardiovascular effect of aspirin. 
Interaction with oxidative modification of LDL and endothelial NO production 
have been suggested as other possible pathways for the effect of aspirin.  

Urgent treatment in the event of an ACS as well as secondary prevention in 
case of previous ischemic stroke or AMI are the main indications for treatment. 
According to data from the anti-platelet trialists’ collaboration meta-analysis of 
AMI patients, aspirin treatment in this patient group resulted in a 3.8% absolute 
risk reduction (ARR) for a serious vascular event (65). Data from the second 
international study of infarct survival (ISIS-2), showed that treatment with 
aspirin in patients with an STEMI reduced vascular mortality at 5 weeks when 
compared with placebo. The beneficial effect appeared during this period of 
treatment, after which the difference between treatment groups remained 
unchanged but persisted at ten-year follow-up (66). 



 

 11 

ADP-antagonists 
There are various substances inhibiting the platelet bound ADP-receptor P2Y12. 
Clinical trials have confirmed the efficacy of combining the ADP-antagonists 
with aspirin. Several pharmacological agents have been evaluated and are used 
in all types of ACS, according to existing guidelines. The most widely used agent, 
clopidogrel, a thienopyridine class agent, has recently been challenged by newer 
agents such as prasugrel and ticagrelor, displaying improved outcome compared 
with clopidogrel when used in the ACS setting. 

ADP-antagonists are also used in patients undergoing elective PCI, with 
treatment duration of one year or longer. ADP-antagonists have also been 
evaluated in the setting of established, non-acute, atherosclerotic disease, with 
documented beneficial effect (67). 

In patients with an ACS, adding clopidogrel to aspirin results in an absolute 
risk reduction (ARR) of around 2% in terms of serious cardiovascular events 
(56, 68). Using prasugrel or ticagrelor instead of clopidogrel adds another 2.2% 
and 1.9% respectively, in ARR (69, 70). 

Glycoprotein IIb/IIIa-inhibitors 
The binding of collagen and vWF to platelet bound GPIIb/IIIa-receptors 
constitutes the final step of platelet aggregation and the pharmacological 
deactivation of this receptor achieves effective platelet inhibition. There are 3 
GPIIb/IIIa-inhibitors in clinical use at present (Abciximab, Eptifibatide and 
Tirofiban) each with documented effect in various clinical settings. The 
additional effect of adding a GPIIb/IIIa-inhibitor to other anti-platelet 
substances has only been confirmed in subgroups of patients, primarily high 
risk-patients and patients undergoing treatment with PCI. A factor in 
precluding a broader beneficial effect in ACS patients is the complication of 
increased bleeding upon treatment. Except from the situation of PCI, the use of 
these substances in high-risk patients with an ACS has received a lower class of 
recommendation in existing guidelines compared with aspirin and ADP-
inhibitors (71). 
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AIMS 
 

To investigate the platelet aggregation, at consecutive time points, during an 
acute coronary syndrome. 
 
To investigate the impact of inflammation and complicating infection on 
platelet aggregation and response to treatment with aspirin during the first days 
of an acute coronary syndrome. 
 
To investigate the effect of diabetes mellitus on platelet aggregation during an 
acute coronary syndrome. 
 
To investigate the effect of level of kidney function on platelet aggregation in 
patients with an acute coronary syndrome. 
 
To investigate the prognostic impact of baseline kidney function and worsening 
kidney function, as measured by cystatin C levels, in the event of an acute 
coronary syndrome. 
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Method 
Patients 

The patients included in the papers upon which this thesis is based are all part 
of one single cohort of patients recruited between January 2002 and October 
2003. At the start of the overall study, the pre-specified aim was to include all 
patients admitted for chest pain or other signs of suspected or confirmed ACS, 
to the intensive coronary care unit of Östersund’s hospital in the county of 
Jämtland in northern Sweden. The catchment area has around 128 000 
inhabitants and Östersund’s hospital is the only hospital within the county’s 
health care system and thus the primary referral hospital for its patients. 
All patients where included on admission and at this time, a written informed 
consent was obtained. There were no pre-specified exclusion criteria. Only 
patients unable to make an independent consent to participate were excluded. 

At the end of inclusion, 1028 individual patients had been included due to 
hospitalisation for suspected or confirmed ACS. Seventy-eight (78) patients 
eligible for inclusion during this period were not included for various reasons: 
24 patients were excluded because of time-delay; six patients died before 
inclusion in the study; three patients suffered from impaired cognitive function; 
seven patients did not want to participate in the study; one patient was a foreign 
citizen; six patients were difficult to veno-puncture and 31 patients were not 
included for unknown reasons. There are likely, however, some additional 
eligible patients not included since missed inclusions during weekends were not 
recorded for 6 months of the inclusion period. 

Assessment of endpoints 

All patients were contacted via phone or mail. Four patients of the 1028 
included were lost to follow-up. At time of follow-up, permission to review 
medical charts, was obtained from all patients that stated they had been in 
contact with any type of medical care facility after the index hospitalisation. For 
patients residing in the county of Jämtland, all medical charts were reviewed 
regardless of stating new contacts with medical care facilities. 
The registry of causes of death from The National Board of Health and Welfare 
in Sweden were reviewed at follow-up.  
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Figure 1. Included patients and selected study cohorts 
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Diagnosis and classification 

Diagnosis of AMI was made according to the guidelines of the European Society 
of Cardiology (72) Diagnosis of unstable angina pectoris was made in the 
presence of typical chest pain and dynamic or new onset electrocardiography 
(ECG) changes or worsening of previously diagnosed stable angina. 
Diagnosis of previous hypertension was based on review of medical charts and 
on-going treatment without other indication for the substance. Patients were 
classified as diabetics if they were receiving on-going treatment or if diagnosed 
according to previous medical charts. Diagnoses of previous cardiovascular 
disease such as previous AMI, Angina pectoris, congestive heart failure (CHF) 
or stroke were based on review of medical charts. Patients showing signs of 
heart failure during hospitalisation such as chest-ray findings or the need for 
treatment with intravenous diuretics were assigned Killip class >1. 
Clinical characteristics in patients were obtained from pre-hospital medical 
charts and during admission, usually within 24-hours. 

Blood sampling procedures 

Venous blood samples were collected in tubes containing sodium citrate (0.129 
M) and were obtained on admission (day1) and for selected variables, also on 
day 2, 3 and 5 or according to present clinical routine. Analysis of troponin T 
(tnT) was initially made every 8 hours according to clinical routine. The tnT 
level on admission and peak level were recorded. Troponin T was measured by 
an electro-chemi-luminiscence immunoassay (e170 Modular). 
Levels of C-reactive protein (CRP) were obtained on day 1, 2, 3 and 5, by using 
C-reactive protein (latex) high sensitive immunoturbidimetric assay on Modular 
Analytics System (Roche). The coefficient of variation for the CRP analysis was 
4.0% and 1.3% at the CRP-concentration level 0.94 mg/L and 17 mg/L 
respectively. 
Plasma cystatin C measurements were performed by means of a particle-
enhanced immunoturbidimetric method (Modular P; Roche Diagnostics Inc. 
Basel, Switzerland). The coefficients of variation for the procedure were 3.2% at 
a cystatin C level of 1.09 mg/L and 2.3% at 4.62 mg/L measured in commercial 
controls from DakoCytomation. In addition to these controls, the laboratory 
also analysed a serum pool with a resulting coefficient of variation of 2.4% at 
2.03 mg/L. The cystatin C–based prediction equation for GFR included factors 
for sex and pre-pubertal age. The cystatin C assay was calibrated for use in the 
estimating equation and has been validated in previous studies (73). 

Patients diagnosed with ACS 

Of the included 1028 patients, 590 were diagnosed with an ACS, 534 of which 
received the diagnosis AMI. According to pre-specified requirements, subgroups 
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of patients from this cohort were included in the papers referred to in this thesis 
(Figure 1).  

Paper I 
The aims of the study were to investigate the effect of an acute infectious disease 
and inflammatory markers on platelet aggregation and response to aspirin 
therapy in the setting of an ACS. In order to ascertain desired effect of aspirin, 
each patient needed to have aggregation data and data from the PFA-100 
system at day 3 following admission. Also, aspirin treatment on discharge was 
required for inclusion. This was true for 358 patients with an ACS that were 
included, 66 of them had symptoms of infection during their hospital stay. The 
presence of acute infection was considered true in the occurrence of fever of 
>38.0 C for >2 days or diagnosis of infection made by the physician on duty. 

Paper II 
The aim was to study the dynamics of platelet aggregation during the acute 
phase of an AMI, in patients with and without diabetes mellitus (DM). Eligible 
patients were those with complete aggregation data for the first 5 days of 
hospitalisation. Two hundred and forty three (243) patients were included in 
the study, 48 of which were previously diagnosed with DM. The treatment for 
DM was diet in 6, oral medication in 17, insulin in 18 and both oral treatment 
and insulin in 7 subjects. 

Paper III 
The aim was to investigate the association between level of kidney function and 
platelet aggregation during hospitalisation for an AMI. In order to investigate 
the independent effect of chronic kidney disease on platelet aggregation, a 
multivariable linear regression model was planned.  To increase the size of the 
study population, eligible patients did not require aggregation data for all 5 days 
of hospitalisation, which provided a multivariable model with better power. 
Moreover, the data from paper II showed that platelet aggregation only 
increased significantly for the first 3 days of hospitalisation, leading us to focus 
the analysis of platelet aggregation on this period. 

Paper IV 
The aims of the study was to investigate the prognostic impact of both cystatin C 
levels at admission as well as the importance of dynamic changes in cystatin C 
levels during hospitalisation for an AMI. No patient were lost to follow-up, all 
534 patients diagnosed with an AMI were included. 

Medication 

Pharmacological treatment were used according to existing guidelines at time of 
inclusion and as clinically indicated. In patients with confirmed ACS, platelet 
inhibitory and anti-thrombotic treatment included aspirin, clopidogrel and low 
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molecular weight heparin (LMWH). The use of these agents is displayed in table 
1. There is no facility for percutaneous intervention at Östersund hospital; 
patients with STEMI are treated with thrombolytic therapy, pre- or in-hospital 
when indicated and those requiring invasive coronary investigation or 
treatment are transferred to a secondary referral hospital. Thus none of the 
patients in our cohort were treated with PCI before our investigations. 

Statistics 

General 
Continuous variables are presented as mean and standard deviation or as 
median and interquartile range (IQR). Categorical variables are presented as 
percentages and/or absolute numbers. Assessment of normality of distribution 
of continuous variables was performed graphically. Differences between groups 
were assessed via student t-test for continuous variables of normal distribution 
whereas Mann-Whitney U test or Kruskal-Wallis test were used when 
appropriate. Differences between proportions were assessed using Chi square 
test. Correlation between variables was assessed by Spearman’s rank 
correlation. Testing of significance with parametric methods was always 2-
sided. We used 95% confidence intervals to indicate the precision of estimated 
hazard ratios (HR). The null hypothesis was rejected for P<0.05. 
The methods described above apply for all included papers unless otherwise 
mentioned. 

Paper I 
Independent predictors of aspirin non-responsiveness were analysed with 
logistic regression. Levels of platelet aggregation were analysed by linear 
regression after improving normality of the frequency distributions by square 
root transformations. Before the multivariate analyses, CRP and troponin T 
values underwent logarithmic transformation to reduce skewness and kurtosis. 

Paper II 
In this study, repeated measurements of platelet activation during 
hospitalisation were analysed with the non-parametric Friedman test. 
Comparison of differences in platelet aggregation for each day between diabetic 
and non-diabetic subjects were analysed with the non-parametric Mann-
Whitney U test. 

Paper III 
Analysis of the relation between platelet aggregation and kidney function was 
assessed by linear regression. Independent predictors of platelet aggregation, 
according to the PA-200 method, were analysed by a linear regression model. 
The model included variables with a univariate statistically significant impact 
on platelet aggregation, as well as variables considered clinically important. The 
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final model of independent predictors of platelet aggregation included age, 
diabetes mellitus, C-reactive protein level, fibrinogen level, and kidney function. 
To fulfil the assumption of normal distribution in the multiple linear regression 
model and parametric testing, the outcome variable, small platelet aggregates 
(SPA), underwent square root transformation. In patients with complete data 
on platelet aggregation for the first 5 days of hospitalisation, a repeated-
measurements analysis was used to analyse the change in platelet aggregation 
over time. To analyse the impact of kidney function on platelet aggregation, an 
interaction term (time x kidney function) was created. 

Paper IV 
Differences in outcome according to quartiles of cystatin C levels on admission 
were illustrated using Kaplan-Meier curves and tests of significances of 
differences between outcomes were performed with the log-rank test. For 
investigating univariate association of individual parameters to outcome as well 
as for multivariable analysis of different predictors on outcome, Cox 
proportional hazard analysis was performed. Variables with univariate 
association with outcome and variables with previously established relation 
with outcome in the ACS setting, were actively included in the final model using 
forced entry. Included variables in the model were tested for interaction. 

Ethics 

All studies comply with the Declaration of Helsinki. Written informed consent 
was obtained from all included individuals. The study protocol was approved by 
the local ethics committee at the faculty of medicine, Umeå University. 

Platelet function testing 

General 
There are several different methodological ways of assessing platelet reactivity, 
as described in the introduction section, with light transmission aggregometry 
considered the gold standard. As specified in the aims of our study, we sought to 
investigate the dynamic changes in time of platelet reactivity during the acute 
phase of an ACS as well as to investigate predictors of platelet reactivity and its 
possible association with outcome. The PA-200 method is evaluated together 
with the gold standard of light transmission aggregometry (described below) 
and has shown excellent coherence with this method. Moreover, the PA-200 
allows for this analysis with a minimum of interaction with given anti-platelet 
medication. To measure response to given aspirin treatment, the PFA-100 
method has been widely used and it has been well evaluated by previous 
investigators. 



 

 19 

PFA-100 system 
The PFA-100 system is designed to analyse platelet-related primary hemostasis. 
The blood sample is aspirated, under constant vacuum, through an artificial 
capillary and a microscopic aperture cut into a membrane. The membrane is 
coated with either ADP or combined epinephrine and collagen. These 
biochemical agents in combination with high shear stress, induces platelet 
activation and aggregation, building a platelet plug in the aperture. The 
biochemical stimuli are available in 2 different cartridges, usually referred to as 
C/epi and C/ADP respectively. The time required to achieve occlusion of the 
aperture is recorded and reported as closure time (CT). This closure time is 
considered a quantitative measurement of platelet reactivity. The maximum 
closure time is 300 seconds, equivalent to non-closure. The method has proven 
sensitive to various medications, including aspirin and NSAID but insensitive to 
normal dosage of heparin and vitamin K antagonists. The method is very 
sensitive to levels of von Willebrand Factor (vWF) and platelet defects such as 
disorders with impaired function or expression of GPIb and GPIIb/IIIa 
receptors. In paper I, the C/epi cartridge was used, since it is sensitive to aspirin 
medication, which is not the case for the C/ADP cartridge. Normal reference 
values vary between different studies. The first reported clinical data on the 
method defined a normal CT ranging between 97 to 188 seconds (s). Some 
investigators recommend that the normal reference range (NRR) is determined 
and established by each study centre. The NRR presented in different 
populations display, however, a considerable variability with values of upper 
range between 139 and 197s, a matter of some concern regarding the precision 
of the method (74). Although the PFA-100 system is indeed capable of detecting 
pathological disorders of platelet function, its use in the ACS setting is 
predominantly the evaluation of individual response to treatment with aspirin. 
Several studies have shown an association with vascular complications and 
response to aspirin, as measured by the PFA-100 system. The cut-off value for 
normal response to aspirin medication has, as in the case of normal values for 
patients that are aspirin naive, varied extensively between different studies 
(137-300 seconds). 
In paper I we used a previous established cut-off value to define aspirin non-
responsiveness, CT<193 s. Later, we established the NRR for our laboratory and 
then used CT<197 as the lower limit for normal response to aspirin treatment. 

PA-200 system 
The PA-200 is an aggregometer that differs from traditional light transmission 
aggregometers (LTA) since it uses laser-light scattering technique. An optical 
dense aggregometer or an LTA measures the intensity of light passing through a 
medium, the intensity of light increases with transparency of the medium. As a 
reference, it is standard to use each subject’s autologous platelet-poor plasma 
(PPP) as the maximum transparent situation and the platelet-rich plasma (PRP) 
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as the most opaque setting. As platelets aggregate in PRP, the plasma becomes 
more transparent and the increase in light transmission through the sample is 
recorded. In the platelet aggregation test, it is necessary to use an agonist to 
initiate the aggregation. There are a variety of agonists with advantages and 
disadvantages. In studies with aspirin, it is common to use epinephrine as an 
agonist. 
The laser-light scattering method relies on the detection of the scattered light of 
a laser beam deflected on particles of different sizes. The use of laser light allows 
for a precise detection of intensity in scattered light, the intensity of scattered 
light increases in proportion to the square of the diameter of particles. This 
allows for discrimination between sizes of different particles detected and even 
small objects such as small platelet aggregates (SPA), consisting of less than 100 
platelets can be individually detected. 
Briefly the method incorporates a laser beam generated from a diode, 40 µm in 
diameter (wave length, 675 nm), which is passed through 300 µL of platelet-rich 
plasma stirred in a cylindrical glass cuvette with an internal diameter of 5 mm. 
Light scatter generated by single platelets and platelet aggregates is detected 
and recorded over time. Thus the PA-200 provides two parameters on platelet 
aggregation, size and number of platelet aggregates. The PA-200 has the ability 
to perform both the light transmission and the laser light-scattering methods 
simultaneously, using laser light. 
The formation of SPA is considered the first phase of platelet aggregation and is 
followed by the formation of medium and large platelet aggregates. Studies of   
platelet inhibitory agents have shown that anti-platelet treatment 
predominantly affects the latter phase, generating medium and large platelet 
aggregates (75). In the separate studies in the present dissertation, an 
epinephrine concentration of 0.12 μM was used. The optimal concentration was 
set after a pilot study where aggregation to different concentrations of 
epinephrine was initiated and corresponded well to concentrations earlier used 
in published papers with the PA-200 (76).  
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Summary of papers - results 
Paper I 

In 358 patients with an ACS, platelet aggregation was more pronounced during 
an infectious complication. The subgroups of patients with persistent fever, 
urinary tract infection, and pneumonia had all a higher level of aggregates than 
the group of patients without an infection. 
Aspirin non-responsiveness was more frequent in the group of subjects with 
pneumonia compared with those without an infection, 90% vs. 46% (p< 0.006). 
The CRP level was independently associated with platelet aggregation and 
aspirin non-responsiveness.  

PaperII 

In 243 patients with an AMI, platelet activation increased until the third day in-
hospital in both diabetic and non-diabetic subjects, despite intense anti-
thrombotic therapy. The activation was more pronounced in diabetic subjects. 
Platelet activation tended to decrease after the third in-hospital day. 

Paper III 

In 413 patients with an AMI, we observed a significant increase in platelet 
aggregation during the first three days of hospitalisation regardless of kidney 
function. Platelet aggregation was more pronounced in patients with estimated 
glomerular filtration rates less than 60 ml/(min*1.73m²) on day 2 (SPA count, 
65,000 versus 47,000; P<0.01) and day 3 (SPA count, 77,000 versus 52,000; 
P<0.02). Using linear regression analysis, decreased kidney function was no 
longer significantly associated with increased platelet aggregation. Older age, 
serum levels of inflammatory markers and diabetes mellitus were independently 
associated with platelet aggregation in the multivariable model. 

Paper IV 

In patients presenting with an AMI, admission levels of cystatin C were 
independently associated with mortality at long-term follow-up. Also, in 
patients without chronic kidney disease, the level of dynamic change in cystatin 
C in-hospital had a profound effect on the risk of unfavourable outcome. Other 
factors independently associated with outcome in our study included: age, 
Killip-class in-hospital, congestive heart failure and admission levels of CRP. 
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Discussion 
Patient cohort. 

The patients included in our cohort do, in our opinion, represent an unselected 
population admitted for a suspected or confirmed acute coronary syndrome 
(ACS). As previously described, inclusion was performed for a fairly long period 
of time (22 months) with very few patients actively excluded. The major source 
of potential selection-bias represents patients with missed inclusions, which 
predominantly occurred during weekends. It seems unlikely, but cannot be 
ruled out, that the demographics of patients not included might differ from the 
included ones. Among the 590 patients diagnosed with an ACS, 187 had died at 
follow up (32%), 271 patients (46%) had either died or suffered from another 
myocardial infarction or stroke. These high event-rates allow for satisfactory 
multivariable models for predicting outcome.  

During the last decade, proper attention has been given to the problem of 
biased selections. The study populations in clinical trials are not fully 
representative of those patients encountered in the every-day clinic. Perhaps the 
most obvious finding is the differences in the average age of patients included in 
clinical trials and patients included in ACS registries. The median age of 
patients diagnosed with an ACS was 74 years in our cohort. Other registries of 
ACS patients like the GRACE registry have reported median ages of 65 and 69 
years for STEMI and NSTEMI, respectively (77). In the Swedish registry, RIKS-
HIA, including patients treated for an ACS, the mean age of patients was 69-70 
for men and 75-76 for women in the year 2010 (78). The problems with 
selection become evident in the light of the reported median ages of the recent 
clinical trials PLATO and Triton-TIMI 38, investigating new anti-platelet 
regimens in patients with an ACS. Reported median ages in these studies were 
62 and 61 years respectively (69, 70). In our opinion, this highlights the 
importance of reports on patient outcomes and treatment in more unselected 
cohorts of ACS patients. Moreover, stronger efforts must be made to avoid 
selection and possible underestimation of adverse effects of new treatment 
regimens in future clinical trials.  

We believe that observational studies do have the potential of assisting the 
clinician in both risk assessment and decision-making for the individual patient 
with regards to both pharmacological and interventional strategies. 
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Table 1 Characteristics of 590 patients with an acute coronary syndrome 

Age, median (range) 74 (27-97) 

Female, % 36 

BMI, mean (SD) 26 (4) 

Previous stroke or TIA, % 17 

History of heart failure, % 16 

Previous myocardial infarction, % 28 

Diabetes mellitus, % 20 

Hypertension, % 39 

Smoker, current, % 20 

Chronic kidney disease, % 33 

Killip-class >1, % 35 

STEMI, % 33 

NSTEMI, % 57 

Unstable angina, % 10 

Fibrinolytic treatment, % 22 

Medications, in-hospital, %  

        Beta-blockers, % 85 

        ACE-inhibitors / ARB, % 46 

        Statins, % 56 

        Aspirin, % 92 

        Clopidogrel, % 48 

        LMWH, % 83 
Abbreviations: BMI, body mass index; TIA, transient ischemic attack; STEMI, ST-
elevation myocardial infarction; NSTEMI, non ST-elevation myocardial infarction; 
ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; LMWH, low 
molecular weight heparin  
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Platelet function testing 

In study I we used the methods PA-200 and PFA-100 to measure platelet 
reactivity and response to aspirin medication. Platelet reactivity, using both 
methods, was related to the inflammatory response. In the subsequent studies, 
we did not find any associations between hypothesised and previously 
established predictors of platelet reactivity when assessed with the PFA-100 
system. In contrast, using the PA-200 system, we were able to confirm 
previously known predictors of platelet reactivity as found by others. We 
conclude that the PA-200 system is a more precise method of measuring 
platelet reactivity.  

In the case of the PFA-100 system, we are uncertain regarding the precision 
of the analysis. The method seems to be a rather unspecific test of primary 
hemostasis, less suitable for investigations focusing on platelet reactivity (74). It 
is recognised that the vWF levels have a great impact on PFA-100 results, in 
fact, there are data concluding that the effect of platelet reactivity per se, is 
smaller than the effect of vWF levels (79). One might speculate that the overall 
effect of the inflammatory response to a serious bacterial infection, including 
the activation of both inflammatory and endothelial cells results in a pro-
aggregatory state, detected by the PFA-100 system. The impact of systemic 
inflammation on PFA-100 results have been demonstrated by others (80).In 
other clinical conditions, possibly with more platelet specific effects on 
aggregation, the PFA-100 system might be less accurate. It must be recognised, 
however, that both methods are likely exposed to the limitations discussed 
below. Assessing platelet reactivity has not become a utility in the every-day 
clinic. This is despite existing data on the ability, although quite modest, in 
predicting recurrent events following an ACS (62). 

Available methods of assessing platelet reactivity are ex-vivo measurements 
and as such, they do not represent an ”absolute value” of platelet reactivity nor 
do they reflect a precise measurement of the physiological actions of platelet 
activation and primary hemostasis in human blood vessels. This is likely the 
explanation to the difficulty in establishing standardised cut-off values as well 
as a great inter-study variability of decision levels of normal platelet reactivity 
and normal response to anti-platelet agents. In a study using several methods of 
assessing platelet reactivity, on the response to low-dose aspirin in 48 healthy 
volunteers, treated for 8 weeks, Santilli et al. found, on a group level, a uniform 
suppression of arachidonic acid induced platelet reactivity and TXA2 
production. However, on an individual level, test subjects could go from aspirin 
responders to aspirin resistant from one week to another, demonstrating the 
poor precision on aspirin response in individuals, using these methods (81). The 
great intra-individual variability obviously makes the establishment of cut-off 
values for the various assays difficult. Although there is consensus on 
recommended cut-off values for some assays, these remain to be established as 
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”gold-standard” by future studies (82). Some investigators have, in their studies, 
derived the cut-off values based on their own study population, raising concerns 
regarding the external validity of results (74). 

The use of methods assessing platelet reactivity in larger cohorts of patients 
has indeed shown the ability to predict risk of recurrent events. Thus, they 
might, on a group level, have provided a fairly accurate estimate of the level of 
platelet reactivity. However, in the light of observed methodological limitations, 
especially the intra-individual variability, the accuracy on the individual level 
might not be good enough. As concluded by several authorities in the field, it 
must today be considered inappropriate to make clinical decisions on choice of 
treatment for the individual patient, based on measurements of platelet 
reactivity (82). This conclusion is supported by the findings of the GRAVITAS-
trial, which used measurement of platelet reactivity to determine the response 
to standard dose of clopidogrel medication. The patients with detected high 
residual platelet reactivity (HRPR) received adjusted, higher doses of 
clopidogrel. The investigators found an increased inhibition of platelets with 
higher doses of clopidogrel in patients classified as having HRPR. There was, 
however, no impact on prognosis from increasing the dose of clopidogrel in 
patients with HRPR (83).  

In conclusion, the measurement of platelet reactivity has not found its place 
in the identification of high-risk individuals nor in the use of tailoring anti-
platelet regimen. I fact, one might ask if the methods could be of more use for 
the clinician if they could predict the individual risk of adverse events from the 
intensive anti-platelet regimen currently in use.  

Platelet aggregation and ACS - overall findings 

We have demonstrated that platelet aggregation increases significantly during 
the first days of an ACS. Furthermore, we found that elevated markers of 
systemic inflammation and diabetes mellitus (DM) have an independent effect 
on platelet aggregation. In further studies of the various predictors of platelet 
aggregation in the overall group of patients with an ACS, we report independent 
predictors of platelet aggregation on admission and on day 3 (table 2). Age, DM, 
current serum levels of CRP and fibrinogen and in-hospital maximum levels of 
troponin T, were the independent predictors of platelet aggregation on day 3, 
while platelet aggregation on day 1 was independently associated with age, DM, 
body mass index (BMI) and serum levels of fibrinogen. Previous data on factors 
influencing platelet reactivity are scarce in patients with and without 
established cardiovascular disease. It holds true also for data on predictors of 
baseline platelet reactivity in the ACS setting. Also, available data generally 
relies on small study-populations not allowing for satisfactory multivariable 
analysis.  
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Figure 2. Platelet aggregation according to diagnosis and comorbidities 
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During the last years, investigations on platelet reactivity have predominantly 
evaluated the response to given anti-platelet medication. There are extensive 
data on this issue in stable patients on treatment as well as in patients having 
undergone percutaneous intervention, both in the ACS setting and in stable 
CAD. Several studies have addressed the issue of predictors for the anti-platelet 
effect of clopidogrel. Investigators have found that sex, DM, higher BMI and 
elevated inflammatory markers, including fibrinogen, are associated with 
attenuated pharmacological response when assessed by ex-vivo measurement of 
platelet reactivity (84-86). Others have shown an impact by genetic factors, 
associated with the cytochrome P450 system and the subsequent availability of 
the biologically active metabolite. There is also support for a possible effect on 
prognosis by this genetic variation (87, 88). Concomitant intake of proton pump 
inhibitors is associated with poor clopidogrel response, though the clinical effect 
of these findings remains disputed (89).  

 
Table 2. Independent predictors of platelet aggregation. 

Day 1 

Variable Standardized Beta p-value 

Age 0.18 0.001 

BMI               -0.13 0.012 

Fibrinogen, day 1 0.14 0.006 

Diabetes mellitus 0.13 0.006 

Day 3 

Age 0.17 0.001 

TnT, maximum 0.16 0.008 

Fibrinogen, day 3 0.14 0.014 

CRP, day 3 0.13 0.054 

Diabetes mellitus 0.12 0.017 
Abbreviations: BMI, body mass index; TnT, troponin T; CRP, C-reactive protein 

 
Our finding of different factors associated with platelet aggregation on day 1 

compared to day 3, indicate a strong impact of the myocardial infarction itself 
and the inflammatory response to this event on platelet reactivity. On day 3, in 
contrast to day 1, the full impact on various homeostatic systems and their 
response to the AMI are likely present. We hypothesised that platelet 
aggregation might be a contributor to the high frequency of cardiovascular 
complications in the early phase of an ACS. Obviously, we cannot establish a 
causal effect of platelet aggregation on early prognosis in an ACS. Our finding of 
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an increase in platelet aggregation during the first days of an ACS, however, 
supports the idea of platelet reactivity as a key player in early cardiovascular 
complications. This hypothesis is further supported by the findings in clinical 
trials on anti-platelet agents in current clinical use. In ISIS-2, treatment with 
aspirin in patients with STEMI showed a remarkable decrease in adverse events 
already within a month. Similarly, in the CURE study, adding clopidogrel to 
aspirin in the event of an NSTEMI had a prognostic effect within a month of 
treatment. In the COMMIT study of patients with STEMI, in-hospital 
clopidogrel treatment, with a mean duration of 15 days, provided a significant 
clinical benefit within 28-days. In the recent TRITON-TIMI 38 trial, the 
beneficial effect of prasugrel over clopidogrel was instantaneous and at 3 days 
follow up, there was a significant reduction in the primary endpoint (56, 57, 69, 
90). 

In figure 3 we report the level of platelet aggregation for patients with and 
without in-hospital ischemic stroke. There is a remarkably increased 
aggregation in patients experiencing a stroke.  

 
Figure 3. Platelet aggregation in ACS patients with and without in-hospital 
ischemic stroke 
 
The number of observations is too low to reach statistical significance and no 
definitive conclusions can be drawn. When assessing the prognostic effect of 
platelet aggregation in our patients, we did not find an independent association 
between platelet aggregation and long-term outcome. Considering the described 
weaknesses of platelet function testing, it cannot be ruled out that our study 
might not have been sufficiently powered to properly address this question. 
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Platelet aggregation and comorbidities 

Inflammatory response 
In study I, we found that increasing levels of CRP were associated with 
increased platelet aggregation on day 3, in patients suffering from an ACS. The 
association between CRP and platelet aggregation remained, after adjustment 
for age, troponin T, medication with LMWH and clopidogrel, in a multivariable 
model with CRP as a continuous variable. The impact of inflammatory markers 
on platelet aggregation was confirmed in study III, investigating 413 patients 
suffering from an AMI. In this study, we found that CRP and fibrinogen, both 
markers of systemic inflammation, were significantly associated with platelet 
aggregation. In study III, however, elevated levels of CRP were conversely 
associated with platelet aggregation. This finding is likely due to the fact that 
CRP was analysed on day one whereas platelet aggregation was analysed on day 
three, i.e. the time-point of peak platelet aggregation. This was done as we 
sought to assess the relevance of the patient’s inflammatory state on admission 
and its association with platelet aggregation. In the light of the fact that serum 
levels of CRP can rise 100-fold within hours after stimuli (91), it is likely a 
fallacy to use CRP as a marker of baseline inflammatory state in patients with 
ACS. In the overall cohort of patients, we did in fact obtain blood samples for 
CRP and platelet aggregation simultaneously. CRP levels rise quickly in the 
acute phase (figure 4). In a post hoc analysis of data, we found that CRP 
remains positively associated with platelet aggregation as shown in study I 
(table 2).  

 
Figure 4. Median levels of C-reactive protein in patients with an ACS 
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There is limited data on the association between inflammation and platelet 

reactivity in patients with an ACS. In a study by Gori et al. the association 
between inflammatory markers and platelet aggregation was analysed in 208 
ACS patients, 24 hours after PCI after receiving treatment with aspirin and 
clopidogrel. They found that the levels of pro-inflammatory cytokines were 
independently associated with platelet aggregation (92).  

There are proposed links between platelets and cells of the immune system. 
Previous investigators have demonstrated an interaction between platelets and 
monocytes and the formation of aggregates between these two cell types. The 
Platelet-Monocyte aggregates (PMA) constitute a possible link between 
inflammation and platelet aggregation. The direct effect of PMA in the 
formation of a thrombus is unknown. A pathway by which PMA might increase 
thrombogenity has not been firmly established. Indeed it has been suggested 
that the PMA formation might be a first step in elimination of activated platelets 
from the circulation. However, most data support the suggested association 
between inflammatory activity and interaction with platelets by PMA. An 
example of this is the observed increase in formation of PMA when incubating 
human blood with CRP. Also, higher levels of PMA are observed in conditions of 
inflammation and endothelial dysfunction (93). The levels of PMA are elevated 
in patients with stable coronary artery disease and increases markedly in the 
event of an AMI where elevated levels can be detected before markers of 
myocardial damage (94).  

Our finding of increased platelet aggregation during the first days of 
infection, with a peak on day three, lends support to a pro-aggregatory effect of 
the inflammatory response to an AMI that in turn might contribute to the high 
frequency of early thrombotic complications in this clinical setting. The finding 
of a significant inflammatory response to an AMI has been demonstrated by 
others, showing an increase in CRP levels and a similar peak on day 3 in 
patients suffering from an AMI (24, 95).  

It is difficult to establish at which time-point CRP should be obtained to best 
reflect the overall inflammatory effect on platelet reactivity. We considered the 
use of the CRP value registered at the time of measuring platelet aggregation as 
the best available way to assess inflammatory state. In the light of the fast 
dynamic changes in inflammatory and pro-coagulant state during an ACS, this 
might however not necessarily reflect the precise inflammatory state at that 
time point. Since the exact mechanism of interaction between platelet reactivity 
and inflammation is not yet firmly established, it is difficult to establish the 
optimal timing or the best type of inflammatory marker for this purpose. 

In order to assess the prognostic value of baseline levels of CRP in individual 
patients with an AMI, it would be crucial to obtain blood-samples with equal 
delay from onset of symptoms in all patients, a task that seems futile within 
clinical studies. It might be more appropriate in the setting of clinical 
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investigations, to obtain serial values of CRP, using the peak value as target 
variable for prognostication. Also, when assessing CRP as a predictor of various 
events in the setting of an ACS, it is crucial to be aware of not only the dynamic 
changes. CRP displays close correlation to several other variables of importance 
in this clinical situation, such as age, heart failure and troponin T. These 
associations demand that a correct multivariable analysis is performed, based 
on a sufficiently powered cohort to properly investigate the independent effect 
of each variable. 

Complicating infection 
In study I we investigated the effect of a complicating infection on platelet 
aggregation and response to aspirin medication. We found that an infectious 
complication in the event of an ACS leads to more profound platelet 
aggregation, as shown in figure 2. There was a significant increase in platelet 
aggregation on days two, three and five in this group. The resistance to anti-
platelet treatment with aspirin was found to be significantly more frequent in 
individuals with pneumonia compared with patients without clinical signs of 
infection. Ninety percent of patients with pneumonia were found to be aspirin-
resistant, whereas 42% of uninfected patients were aspirin-resistant on day 
three after admission. 

 The intense research on platelet biology and function has revealed the role of 
human platelets in a variety of biological functions. Platelets have a well 
documented role in the inflammatory process of atherosclerotic disease. 
Recently, the knowledge of a role of platelets in human antimicrobial host 
defence has emerged. Several pathways for direct and indirect interactions 
between platelets and bacteria, leading to platelet derived activation of cells of 
the immune system have been found. The degranulation process in platelet 
activation releases several antimicrobial substances as well as chemochines 
attracting immune cells. (96) 

 There are well described interactions between bacteria and the platelet 
receptors: GPIIb/IIIa, GPIb, FcyRIIa and toll-like receptors (TLR) (97). Some 
bacteria have the ability to bind to GPIIb/IIIa receptors directly or via binding 
to fibrinogen. Direct binding or binding via vWF by bacteria to GPIb have been 
demonstrated. TLRs are a family of receptors on the surface of cells of the 
immune system. Investigators have recently revealed the expression of several 
subclasses of these receptors on the platelet surface (98). The intracellular 
signalling response of platelets upon activation by microbial agents are largely 
unknown, some studies have found the bacterial activation to be both ADP- and 
TXA2-dependent (97).  

The established interaction between inflammatory cells, endothelium and 
platelets in the process of atherosclerosis might also be a factor in the 
association between platelet reactivity and infection and/or inflammation. The 
anti-thrombotic and vasodilator effects of normal endothelial cells is attenuated 
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in response to bacterial endotoxins and some pro-inflammatory cytokines (99). 
This might contribute to a pro-coagulant state in the case of infection or 
systemic inflammation. 

We cannot establish to what degree, if at all, the increased platelet reactivity 
is caused by the infectious disease itself. The findings could also be a result of 
the inflammatory response to the infection. 

Diabetes mellitus  
In study II we demonstrated that platelet aggregation increases during the first 
3 days in patients with an AMI. In patients with diabetes mellitus (DM), the 
increase was more pronounced when compared with non-diabetic patients. At 
the fifth day of admission, we observed a decline in platelet aggregation in all 
patients (figure 2). 
The altered platelet function in patients with DM is likely multifactorial and 
available data suggest that the increased reactivity in platelets is a consequence 
of both extrinsic and intrinsic, platelet bound alterations. The established 
interactions between inflammatory cells, endothelial cells and platelets in the 
development of an atherosclerotic plaque as well as in the event of intra-
vascular thrombosis, have been studied in diabetic patients. There are findings 
of alterations of function in all three cell-types with possible effect on the in vivo 
platelet reactivity in patients with diabetes mellitus (100-102). 

In diabetic patients, leukocyte adhesion molecule expression is increased and 
there are higher levels of platelet-monocyte aggregates. These alterations might 
contribute to platelet activation in diabetic patients. Also, increased abdominal 
fat, as often seen in DM type 2, is associated with a chronic state of low-grade 
systemic inflammation (101). 

Endothelial dysfunction is a key feature found in patients with diabetes 
mellitus. Several studies have observed impairment in the release in 
endothelium derived nitric oxide (NO) but also an increased turn-over of NO, 
caused by elevated levels of reactive oxygen spices (ROS) (103). Endothelial 
cells of diabetic patients also display decreased prostacyclin (PGI2) production 
and platelets in DM patients seem less sensitive to the inhibitory effects of both 
PGI2 and NO. Oxidative stress is one of the key features of the hyperglycaemic 
state in DM and the stress is believed to be the initial source of activation of 
endothelial cells. The increased expression of adhesion molecules on the surface 
of activated endothelial cells in patients with DM facilitates the adhesion and 
recruitment of inflammatory cells to the vessel wall, as well as adhesion of 
platelets. Oxidative stress also leads to enhanced per-oxidation of cell 
membrane bound arachidonic acid, forming active isoprostanes, substances 
with the ability to increase platelet activation (104). The production of 
vasoconstrictive substances like endothelin and prostanoids are elevated in 
diabetic subjects and studies have found elevated levels of certain plasma 
coagulation factors and decreased levels of endogenous anticoagulants (105).  
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The described alterations are all possible sources of interaction between 
platelet function and the physiological alterations in DM.  In ex vivo testing of 
platelet function, it seems intuitive that intrinsic alterations in platelet function 
is of greatest interest, although these possible alterations might in part originate 
from platelet ”priming” by extrinsic factors like endothelial function and 
inflammatory state. There are several suggested and, more or less, confirmed 
intrinsic alterations of platelet function in DM, possibly explaining the observed 
platelet hyper-reactivity. 

Hyperglycaemia itself is associated with physiological alterations and hyper-
coagulability, including increased platelet reactivity, but there are also specific 
changes associated with the condition of diabetes mellitus (106). The intra-
platelet glucose concentration is non-insulin dependent and is influenced only 
by the glucose levels extracellularly. Existing data suggests several intra-platelet 
alterations caused by hyperglycaemia including altered calcium homeostasis, 
decreased formation of platelet derived NO and glycation of platelet membrane 
proteins. There is evidence of increased TXA2 production in diabetes mellitus 
and that this production can be altered by tight glucose control (104). 
Hyperglycaemia is associated with activation of intracellular transduction 
pathways, normally targeted by outside signalling of platelet activation agonists. 
Compared with healthy subjects, diabetics display higher levels of intracellular 
calcium and lower levels of cAMP.  
A situation with prolonged or recurrent hyperglycaemia, leads to the formation 
of R advanced glycation end products (RAGEs), originating from non-enzymatic 
protein conformation. The RAGEs have shown the ability to increase the 
expression of platelet surface adhesion molecules. The cell surface of platelets in 
patients with DM show increased expressions of GPIb, GPIIb/IIIa, P-selectin 
and the P2Y12 receptor (10, 107).  

Studies have shown that the observed tendency of increased platelet 
reactivity caused by hyperglycaemia and diabetes can be modified by glucose 
lowering treatment. In an interesting study by Vivas et al. 115 patients admitted 
for an ACS were randomised to either intense or conventional glucose lowering 
treatment with insulin. They found that intensive lowering of glucose resulted in 
a rapid effect on platelet reactivity as measured by LTA and surface expression 
of GPIIb/IIIa and P-selectin. The effect was detected as early as at 24-hours of 
treatment (108). 

Available data from clinical trials also support altered platelet reactivity in 
diabetics as a prognostic factor. Post-hoc studies from clinical trials on anti-
platelet medication in patients with an AMI have revealed different effects of 
treatment between diabetic and non-diabetic subjects. In the CURE study of 
patients with NSTEMI, the effect of adding clopidogrel to aspirin was less 
pronounced in the diabetic group with an RR of 15%, compared with 20% in the 
overall study group (56). Later studies have confirmed that attenuated response 
to clopidogrel medication is more frequent in patients with diabetes and that 



 

 35 

this also has a negative effect on prognosis (109, 110). In contrast, in the more 
recent TRITON-TIMI 38 study, comparing the new thienopyridine prasugrel 
with clopidogrel, the net clinical benefit was greatest in patients with diabetes. 
Insulin-treated patients had an absolute risk reduction (ARR) of 8% for the 
primary endpoint, compared with a 2.2% ARR in the overall study group (111).  

Kidney disease 
The association between level of kidney function and platelet aggregation in the 
event of an AMI was investigated in study III. Four hundred and thirteen (413) 
patients from our cohort were included according to previously presented 
criteria of inclusion, 147 of them were defined as suffering from chronic kidney 
disease (CKD). CKD was defined as estimated glomerular filtration rate, below 
60 ml/(min*1.73m²). GFR estimations were based on admission levels of 
cystatin C. Platelet aggregation increased during the first days after admission 
(figure 2) and univariate analysis revealed a significant association between 
CKD and increased levels of platelet aggregation on days 2 and 3 of admission. 
On day 5, there was a remarkable decrease in platelet aggregation in patients 
with CKD. Available data on platelet aggregation decreased over time, however, 
due to patient discharge, in-hospital death or missing data. Thus, only 245 
patients had complete aggregation data for 5 days and aggregation data from 
this time-point must be interpreted with caution as selection bias is likely to be 
present. The association between platelet aggregation and kidney function 
diminished in a multivariable model and CKD had no longer an independent 
impact on aggregation data. Instead, age, diabetes mellitus and markers of 
systemic inflammation were found as independent predictors of platelet 
aggregation. The effect of baseline inflammation on platelet aggregation is not 
possible to assess since it will be overshadowed by the marked inflammatory 
response to the myocardial infarction itself. The model predicting levels of 
platelet aggregation on day 3 in our cohort is shown in table 2, demonstrating 
the positive correlation between CRP levels and platelet aggregation. 

Depending on the degree of renal dysfunction, investigators have found a 
wide range of alterations in the hemostatic system. End-stage kidney disease is 
associated with an increased risk of bleeding, most commonly attributed to 
decreased platelet function. Impaired function of platelet glycoprotein, altered 
release of ADP and increased NO formation, stimulated from uremic toxins are 
amongst suggested alterations. Mildly or moderately impaired renal dysfunction 
is commonly associated with a pro-coagulant state. Studies have found impaired 
release of tissue plasminogen activator (tPA) an endogenous fibrinolytic agent, 
increased coagulant factor activity and reduced antithrombin activity (112). 

Data on platelet reactivity in patients with CKD not at end-stage renal disease 
(ESRD) are sparse and existing studies indicate the presence of increased 
platelet reactivity in selected groups of patients with CKD. However, these 
findings must be interpreted with caution as the studies originate from small 
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cohorts of selected patients and in most cases only with univariate analysis, 
lacking control of known factors associated with increased platelet reactivity 
(45, 113, 114). Angiolillo et al analysed the response to dual anti-platelet therapy, 
with aspirin and clopidogrel in patients with diabetes mellitus. They 
demonstrated an independent association of moderately/severely impaired 
renal function and increased platelet reactivity compared with patients with 
normal renal function. No correction was made, however, for markers of 
systemic inflammation (49).  

Declining renal function is associated with increased levels in inflammatory 
markers as well as signs of endothelial dysfunction. Abnormalities of the innate 
immune system, specific to CKD, have been identified, including altered 
regulatory T-cell and monocyte function, as well as elevated levels of CRP and 
fibrinogen (45). There seems to be an almost linear increase in inflammatory 
burden as renal function declines (47, 115).  

Endothelial dysfunction appears to develop in early stages of renal 
dysfunction as increased expression of endothelial adhesion molecules and vWF 
have been found in patients with moderate kidney disease (46). Also, 
endothelial dysfunction is present when assessed by physiological responses like 
endothelium dependent vasodilatation (47).  

The key roles of inflammatory and endothelial cells in the atherosclerotic 
process as well as in arterial thrombosis, suggest that these findings might, in 
part, explain the cardiovascular morbidity in patients with kidney disease.  

Our findings do not support the idea of alterations in platelet reactivity, 
exclusively attributed to renal dysfunction. CKD is however associated with 
conditions of increased platelet reactivity. This must not be overlooked in 
clinical practice and in patients not at ESRD or other conditions of bleeding 
diathesis, it must be considered crucial not to withhold established anti-platelet 
agents in the event of an ACS. 

Baseline kidney function and acute kidney injury in myocardial 
infarction 

In study IV we investigated the prognostic impact of baseline renal function as 
well as changes in markers of renal function, indicating an acute decline in renal 
function, during admission for an AMI. We used serum levels of cystatin C as a 
marker of renal function for both study aims. Cystatin C is considered a more 
sensitive marker of mild renal impairment compared with serum creatinine 
levels and is believed to be less influenced by patient characteristics such as 
muscle mass and nutrition status (116). We included all 534 patients diagnosed 
with an AMI from the original cohort. Data on admission levels of cystatin C 
were available in 532 patients and two or more values on cystatin C in-hospital 
were available in 515, allowing for assessment of change in renal function. A 
multivariable Cox regression analysis was performed, including factors with 
established association with prognosis following an AMI. Mean follow-up time 
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was 2,9 years and the endpoint was defined as death on follow-up, which 
occurred in 176 patients (33%). We found a strong independent prognostic 
impact of cystatin C on admission in patients suffering from an AMI. For 
patients with cystatin C levels in the highest quartile, death rates on follow-up 
were 65%. Patients with higher levels of cystatin C were older and suffered from 
significant co-morbidity and previous cardiovascular manifestations. In the 
multivariable model, admission levels of cystatin C remained associated with 
the outcome, with the adjusted HR 1.62 (95% CI 1.28-2.03; p<0.001) for each 
unit increase in admission level of cystatin C. Similarly, changes in cystatin C 
levels in-hospital were associated with a high prevalence of cardiovascular co-
morbidity as well as older age. Results showed an independent effect of changes 
in cystatin C levels on outcome in the overall patient group. However, we found 
an interaction between cystatin C change and admission levels of cystatin C. 
Additional analysis revealed that the effect of change in renal function was only 
significant in patients with normal or mildly decreased kidney function, based 
on cystatin C levels on admission. In this group of patients, signs of acute renal 
impairment was a strong independent predictor of death at follow-up with HR 
10.14 (95% CI 3.44-29.92; p<0.001) for each unit in increased change in 
cystatin C level during hospitalisation. There were, however, only 31 end-points 
reached for this patient group and the level of HR found must be interpreted 
with caution as the multivariable model included 11 variables. Also, there might 
be insufficient power to detect an independent effect in the group of patients 
with more severe renal dysfunction. 

Earlier studies, establishing the association between chronic kidney disease 
and cardiovascular morbidity and prognosis after an ACS, have used creatinine 
to determine the degree of renal function. More recently, data on the prognostic 
effect of baseline renal function as measured by serum levels of cystatin C have 
emerged, confirming the expected effect on prognosis. These previous studies of 
the predictive value of cystatin C on prognosis following an ACS are, however, 
performed on small study populations or selected populations from clinical 
trials (117, 118).  

As previously discussed, there is a lack of a satisfactory model to fully explain 
the reason for the increased burden of cardiovascular disease in patients with 
renal dysfunction. There are conflicting data on whether cystatin C is a carrier of 
additional information, possibly allowing for improved prediction of risk, aside 
from its association with glomerular filtration rate. Some investigators have 
proposed that cystatin C might detect a state of low grade inflammation, 
preceding any measurable decline in renal function (119). However, their 
conclusion should be interpreted with caution in the light of the well known 
increase in markers of inflammation as kidney function declines (47). Moreover, 
these studies have used creatinine estimated GFR as a reference measurement 
of renal function and thus these findings might simply reflect an improved 
detection of mild renal impairment by cystatin C. Also, there are data not in 
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support of the idea of an independent association between cystatin C and 
markers of systemic inflammation (120). Data on the predictive value of cystatin 
C over creatinine in community-based populations on the risk of cardiovascular 
events are conflicting (121, 122). Previous studies performed in patients with an 
ACS or a suspected ACS, using cystatin C for prognostication, suggests a slight 
superiority over the use of creatinine measurement, but there are only a handful 
of studies directly addressing this issue (117, 123). 

Data on the incidence of acute kidney injury (AKI) during an AMI varies to 
some extent, depending on study population and used criteria for diagnosing 
the condition. Later studies, using established criteria of AKI by measuring 
increasing levels of serum creatinine have observed that around 20% of AMI 
patients suffer from AKI (124). There is an established association between 
acute impairment of renal function and prognosis following an AMI and the 
level of increased risk is depending on the degree of renal impairment (43). 

The prognostic effect of AKI varies between studies and the impact of AKI 
seems to be strongest on mortality in-hospital and during the first year among 
patients with AMI. In a study of the prognostic effect of AKI during 
hospitalisation for an AMI, investigators found an increased risk of mortality at 
4-years follow-up with an adjusted HR	  1.64 (95% CI 1.23-2.19) (124). In a study 
by Goldberg et al. the event of AKI in patients hospitalised with an STEMI was 
an independent predictor of both in-hospital and 1-year mortality with OR 11.4 
(95% CI 6.6-19.5) and HR 7.2 (95% CI 4.9-10.4) respectively (52).   

Our finding of an effect of kidney function on admission on the prognostic 
effect of AKI has been demonstrated in a previous study. In patients with severe 
CKD, the investigators found no independent effect of AKI on prognosis (125). 
This is likely explained by the demographic differences in patients with varying 
degree of renal impairment. In our material, patients with eGFR<60 
ml/(min*1.73m²), were, on average, 20 years older and suffered from extensive 
co-morbidities associated with poor prognosis in the AMI setting, possibly 
overshadowing the effect of AKI on prognosis. Also, it is possible that the 
existing kidney disease and decreased capacity of clearance, lead to greater 
amplitude in cystatin C changes, which not necessarily reflects an overall more 
serious hemodynamic or cardial state during the acute phase of the AMI. 

The pathogenesis of AKI is not fully understood and available data is almost 
exclusively based on animal studies, suggesting impaired renal blood flow with 
transient or prolonged ischemia, resulting in the development of acute tubular 
necrosis. This model of explanation has become widely questioned as more 
recent studies have found only limited histological change despite profound 
decrease in kidney function. Instead, new data suggests a strong correlation 
between inflammatory activity and the occurrence of AKI (126, 127). 

The pathophysiological reason for an effect of AKI on prognosis in AMI 
patients is unknown. Suggested explanations include the possibility of AKI as a 
result of a more serious index-event with more pronounced hemodynamic 
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alterations. Others have hypothesised that the AKI itself results in 
immunological and inflammatory activation, resulting in the development of 
further cardiovascular injury. The development of AKI might also reflect an 
underlying, more severe renal disease (43).  

Concluding remarks 

Platelet reactivity  
Our findings of increasing platelet aggregation during the acute phase of an 
AMI, despite antiplatelet treatment, highlights the importance of immediate, 
more effective platelet inhibition in the event of an ACS. One might hypothesise 
that, during the acute phase of an ACS, high-risk subgroups might benefit from 
more potent anti-platelet agents for a limited period of time, followed by a shift 
to anti-platelet agents with less risk of bleeding complications for chronic 
secondary prevention. 

Prognostic value of biochemical variables 
There is a widespread on-going pursuit to identify biochemical markers 
associated with outcome following an ACS. Several new markers with a 
suggested impact on prognosis have been identified, including CRP, cystatin C 
and measures of platelet reactivity, which are used in our studies. 

These findings have not quite reached the clinical every-day situation, where 
attention, in our opinion, is more focused on identifying individuals at risk of 
harm from the advanced, quite uniform pharmacological and invasive treatment 
in the event of an ACS. A problem when transferring the prognostic information 
into the clinical every-day situation are the various types of cohorts in which the 
associations have been studied. Much data originates from selected clinical trial 
populations. There are conflicting data on predictability of these various 
markers as well as the possibility of not reported findings of little or no 
predictive value. As we demonstrated, CRP response is rapid in the event of an 
ACS. As in the case for platelet aggregation, the identified associations might be 
proper on a group level. The findings of a prognostic value of CRP in the early 
phase of an ACS when studying large cohorts of patients is, however, difficult to 
implement in a clinical setting with a patient presenting with an ACS. If 
measuring CRP on admission for instance, one cannot be sure if the value 
represents a level of baseline systemic inflammation or an early reaction to 
myocardial damage. Thus the informative value for the individual patient seems 
uncertain. 

 As we found in study IV, the predictive value of an individual marker might 
be of relevance in certain groups of patients, whereas it might be of no use in 
others. Unfortunately, this problem is rarely addressed by investigators. 
Usually, findings of statistically significant interactions are only reported and 
incorporated in multivariable models. Our findings in study IV illustrate the 
difficulty of trying to find a universal model for predicting risk in all patients 
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with an ACS. The idea of a uniform ”risk-equation” for patients in this setting 
might be unattainable. An evident exemplification of this is the variable age, 
which is, of course, an important predictor of death following an AMI. It seems 
intuitive that biochemical markers in the ACS setting might be of different 
predictive value in, for instance, a patient of 85 years of age with heart failure 
compared with a previously healthy patient aged 50. Future studies of clinical 
and biochemical determinants of prognosis might achieve better accuracy if this 
is taken into consideration. 
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Conclusions 
During the first days of an acute myocardial infarction, platelet aggregation 
increases significantly despite anti-platelet treatment. (II) 
 
The inflammatory response is associated with increased platelet aggregation 
during the first days of an acute coronary syndrome. (I, III) 
 
The occurrence of a complicating infection during an acute coronary syndrome 
leads to a more pronounced platelet aggregation and in the case of pneumonia, 
also to an attenuated response to aspirin. (I) 
 
The increase in platelet aggregation during the first days on an acute myocardial 
infarction is more pronounced in patients diagnosed with diabetes mellitus 
compared with patients without diabetes mellitus. (II) 
 
The presence of impaired renal function is associated with conditions with more 
pronounced platelet aggregation during an acute myocardial infarction. There is 
no independent effect of level of kidney function on platelet aggregation during 
an acute myocardial infarction. (III) 
 
Higher admission level of cystatin C in the event of an acute myocardial 
infarction is associated with increased long-term mortality. (IV) 
 
The level of dynamic changes in cystatin C during admission for an acute 
myocardial infarction is independently associated with increased long-term 
mortality in patients with normal or mild impairment of renal function. This 
association is not present in patients with moderate or severe renal impairment. 
(IV) 
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