
Thesis for doctoral degree (Ph.D.)
2019

Influence of Chronic Kidney Disease on 
Presentation, Treatment and Outcome in 
Patients with Coronary Artery Disease

Robert Edfors

Th
esis fo

r d
o

cto
ral d

egree (Ph
.D

.)  2019
R

o
b

ert Ed
fo

rs
Influence of C

hronic K
idney D

isease on Presentation, Treatm
ent and O

utcom
e

 in Patients w
ith C

oronary A
rtery D

isease



Department of Medicine, Division of Cardiology 
Karolinska Institutet, Huddinge, Stockholm, Sweden 

INFLUENCE OF CHRONIC KIDNEY DISEASE 
ON PRESENTATION, TREATMENT AND 
OUTCOME IN PATIENTS WITH CORONARY 
ARTERY DISEASE 

 

 

 

Robert Edfors  
 
 

 

Department of Medicine, Division of Cardiology 
Karolinska Institutet, Huddinge, Stockholm, Sweden 

INFLUENCE OF CHRONIC KIDNEY DISEASE 
ON PRESENTATION, TREATMENT AND 
OUTCOME IN PATIENTS WITH CORONARY 
ARTERY DISEASE 

 

 

 

Robert Edfors  
 
 

 

1



Cover illustration by Kerstin Edfors 
 

 
 
 
 
 
 
All previously published papers were reproduced with permission from the publisher. 
Published by Karolinska Institutet. 
Printed by E-print AB 2019 
© Robert Edfors, 2019 
ISBN 978-91-7831-616-8 
 
 

Cover illustration by Kerstin Edfors 
 

 
 
 
 
 
 
All previously published papers were reproduced with permission from the publisher. 
Published by Karolinska Institutet. 
Printed by E-print AB 2019 
© Robert Edfors, 2019 
ISBN 978-91-7831-616-8 
 
 

2



 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

To my family 
 

 
 

 
 

 
 

 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

To my family 
 

 
 

 
 

 
 

 

3



 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

“In your life expect some trouble, 
when you worry you make it double, 

don't worry, be happy.” 
 

Bobby McFerry, 1988 
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SAMMANFATTNING 
Bakgrund 
Ungefär en tredjedel av alla patienter med akut hjärtinfarkt har njursvikt, vilket innebär en markant 
ökad risk för såväl komplikationer som nya hjärthändelser. Syftet med detta avhandlingsarbete var 
att undersöka vilken betydelse olika grader av njursvikt har för överlevnad och kliniska utfall, att 
utvärdera utfallen efter olika medicinska- och interventionella behandlingar och hur de skiljer sig åt 
hos patienter med njursvikt samt att utifrån blodprovsanalyser studera olika biomarkörers koppling 
till njursvikt och kardiovaskulära händelser. 
 
Metoder och resultat 
Studie I: Data från det svenska hjärtsjukvårdsregistret SWEDEHEART användes för att undersöka 
hur olika grader av njursvikt påverkar risken för död och kliniska utfall efter en kranskärlsröntgen 
p.g.a. stabil kranskärlssjukdom. Resultaten påvisade att trots justering för flertalet kliniska 
bakgrundsfaktorer, samsjuklighet, grad av ischemi och olika revaskulariseringmetoder, hade patienter 
med njursvikt en signifikant ökad risk för död, återinsjuknande i akut hjärtinfarkt och hjärtsvikt. 
Studie II: Registerstudie där alla patienter med hjärtinfarkt som registrerats i SWEDEHEART och 
som erhållit blodförtunnande behandling med antingen clopidogrel eller ticagrelor studerades. 
Samkörning av flera register utfördes. Jämfört med clopidogrel, var behandling med ticagrelor 
förknippat med lägre risk för död, återinläggning med hjärtinfarkt och stroke, dock på bekostnad av 
en ökad blödningsrisk, hos både njurfriska och patienter med måttlig njursvikt. Bland patienter med 
uttalad njursvikt observerades inte någon säker nytta, men däremot ökade risker för blödning.   
Studie III: Alla patienter i SWEDEHEART som genomgått kranskärlsröntgen och erhållit en 
kranskärlsstent (läkemedelsbärande stent (n-DES) eller stent av metall (BMS)) inkluderades i denna 
studie, där risken för förnyad förträngning (restenos) och akut ocklusion (stenttrombos) i stenten 
studerades utifrån njurfunktion. I jämförelse med BMS, innebar stentinläggning med n-DES en lägre 
1-årsrisk för både restenos och stenttrombos hos patienter med lätt eller måttlig njursvikt, medan 
ingen skillnad noterades hos patienter med uttalad njursvikt.  
Studie IV:  SWEDEHEART användes för både provinsamling och prospektiv långtidsuppföljning 
hos 1,098 patienter som vårdats med akut hjärtinfarkt. Blodprover sparades i SWEDEHEART-
biobank och 175 olika biomarkörers uttryck analyserades hypotesfritt angående kopplingar till 
njursvikt och kliniska utfall, som registrerades i befolknings- och patientregistret. Resultaten påvisade 
att flertalet av de sex stycken biomarkörer som var starkast relaterade till njursvikt också var starkt 
relaterade till risken för att drabbas av död, hjärtinfarkt och hjärtsvikt. 
 
Slutsats 
Njursvikt är en stark och oberoende riskmarkör för överdödlighet och kardiovaskulära utfall hos 
patienter med kranskärlssjukdom. Andra okända faktorer än de vi kunnat justera för (riskfaktorer, 
samsjuklighet, CAD, behandlingar) har betydelse för den försämrade prognos hos patienter med 
kranskärlssjukdom och njursvikt. Hos njurfriska och patienter med måttligt sänkt njurfunktion, 
medförde blodförtunnande behandling med ticagrelor jämfört med clopidogrel samt valet av stenttyp; 
ökad blödningsrisk, lägre risk för död, hjärtinfarkt och stroke, respektive lägre risk för stenthändelser, 
medan inga fördelar noterades hos patienter med uttalad njursvikt. Det påvisades att ett fåtal 
biomarkörer hade ett starkt gemensamt samband till både njursvikt, död, hjärtinfarkt och hjärtsvikt, 
vilket tyder på att biomarkörernas underliggande patologiska mekanismer kan förklara den 
försämrade långtidsprognos som ses hos patienter med kranskärlssjukdom och njursvikt.  
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ABSTRACT 
Background 
About one third of patients with myocardial infarction (MI) have renal dysfunction (RD). 
Concomitant coronary artery disease (CAD) and RD is accompanied by a markedly higher risk of 
death and subsequent cardiovascular (CV) events. The aims of this thesis were to examine the 
association between degree of RD, mortality and subsequent CV events in patients with stable CAD, 
to evaluate outcomes of different medical- and interventional treatment regimens in relation to renal 
function in patients with MI or undergoing percutaneous coronary intervention (PCI), as well as to 
study various biomarkers and their associations to RD and long-term outcomes in patients with MI. 
 
Methods and results 
Study I: We used the Swedish Web-system for Enhancement and Development of Evidence-based 
care in Heart disease Evaluated According to Recommended Therapies (SWEDEHEART) registry to 
study the associations between renal function, death and CV outcomes in patients undergoing 
coronary angiography due to stable CAD. Despite adjusting for clinical background, risk factors, co-
morbidities, severity of CAD and mode of revascularization, patients with RD had a significantly 
higher risk of death, subsequent MI readmission and heart failure hospitalization compared to patients 
without RD. 
Study II: Follow-up data in MI survivors enrolled in the SWEDEHEART was used to study the 
association between ticagrelor versus clopidogrel and death, MI or stroke and the risk of bleeds. 
Ticagrelor as compared with clopidogrel, was associated with lower risk for CVD outcomes and a 
higher bleeding risk in patients with normal- and moderately reduced renal function. In patients with 
severe RD, bleeds were more abundant in patients and the benefits less clear.  
Study III: Observational SWEDEHEART study, that compared the 1-year risk of in-stent restenosis  
and stent thrombosis in patients treated with coronary artery stenting using either bare metal- (BMS) 
or newer generation drug eluting stents (n-DES), in relation to renal function. N-DES, as compared 
with BMS, was associated with a lower 1-year risk of in-stent restenosis and stent thrombosis in 
patients with normal- and moderately reduced renal function, whereas no differences were observed 
between stent type and stent events in patients with severe RD. 
Study IV:  SWEDEHEART was utilized for blood sample collection and prospective long-term 
follow up in 1,098 MI patients. Samples were saved in the SWEDEHEART-biobank and 
subsequently an untargeted analysis of 175 different biomarkers was conducted to study associations 
with RD, subsequent death, MI readmission and heart failure hospitalization. Six of the strongest 
biomarkers for RD also shared a strong variable importance for the studied long-term outcomes. 
 
Conclusion 
RD is a strong and independent marker of worse outcomes in patients with CAD. Other unknown 
factors that were not possible to adjust for may play an important role for the risk of adverse outcomes 
observed in CAD patients with RD. In patients with no- or moderate RD, ticagrelor versus clopidogrel 
and the choice of coronary stent type were associated with higher risk of bleeds, lower risk of death, 
stroke or MI, as well as lower risk of stent events, respectively. However, in patients with severe RD 
no beneficial effects were observed following the same treatment regimens. The identification of six 
biomarkers with strong mutual associations with both RD and CV outcomes, may indicate the 
underlying mechanisms that may contribute to the poor prognosis seen in patients with concomitant 
MI and RD. 
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1 INTRODUCTION 

1.1 BACKGROUND 
 
Renal dysfunction (RD) is a major public health problem with a prevalence of 10-15% in the 
general population of developed countries 1. Ischemic heart disease (IHD) is the leading cause 
of death in patients with RD and cardiovascular (CV) mortality is greater than mortality due 
to the progression of end-stage renal insufficiency 2. RD is also common in patients admitted 
to hospital for acute coronary syndrome 3, where about one third have reduced renal function. 
The early stages of RD are usually asymptomatic and symptoms may often first appear 
together with complications in the later stages of the disease. Due to an ageing population 
with associated comorbidities and improved treatment regimens of ACS, the prevalence of 
patients with concomitant RD and coronary artery disease (CAD) is increasing 4 5. Patients 
with RD and concomitant IHD not only have a poor prognosis, they also suffer from 
increased risk of bleeding, systemic drug toxicity, infection and adverse effects of 
interventions used to prevent or treat the condition 6-10. 
 
Very few randomized cardiovascular trials have included patients with RD and many 
recommendations concerning patients with RD and IHD are based on extrapolation of data 
from the general population 11, 12, leading to a gap in evidence-based treatment regimens for 
these patients. This has important treatment implications, as measures directed at preventing 
the progression of RD may also prevent cardiovascular morbidity and mortality. Due to a 
lack of knowledge of how to treat patients with concomitant RD and IHD, further evaluations 
of therapies in clinical practice and associated outcomes from real-world registries are 
important. 
 

1.2 DEFINITION AND STAGING OF KIDNEY DISEASE  

Chronic kidney disease  (CKD) is defined as pathology of the kidney structure or altered 
kidney function for a period of more than 3 months. According to the Kidney Disease: 
Improving Global Outcomes (KDIGO) 13 guidelines, the definition of CKD includes patients 
with evidence of kidney damage (albuminuria with an albumin:creatinine ratio (ACR) > 3 
mg/mmol), hematuria, tubular dysfunction associated electrolyte abnormalities, histological 
abnormalities, structural damage detected by imaging modalities, prior kidney 
transplantation or patients with glomerular filtration rate (GFR) of less than 60 
ml/min/1.73m2 on at least two occasions 90 days apart. CKD is classified based on the GFR 
and the level of proteinuria and helps to risk-stratify patients. Patients are classified as G1-
G5, based on the GFR, and A1-A3 based on the ACR (Figure 1).  
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Figure 1. Classification of Chronic Kidney Disease 14 based on GFR (glomerular filtration rate) 
categories G1-G5 and ACR (albumin:creatinine ratio) categories A1-A3. Moderate risk (yellow) – 
73% of patients with CKD, High risk (orange) – 18% of patients with CKD, Very high risk (red) – 
9% of patients with CKD.  

Reproduced with permission from Elsevier15.  

 

1.3 ASSESSMENT OF KIDNEY FUNCTION 

Creatinine measurement is perhaps the easiest way to assess renal function but it is often not 
a reliable method to use since age, muscle mass, nutrition status, obesity and hydration may 
affect creatinine levels. An overestimation of renal function may occur in, for example, the 
elderly, females or individuals with low body weight.  GFR is the key indicator of renal 
function and the most accurate method to obtain GFR is to inject a non-metabolizable and 
non-absorbent exogenous markers such as inulin or ioxehol and subsequent concentration 
measurement in the urine or plasma. In clinical practice this may, however,  often prove to 
be impractical, time-ineffective and in many clinical situations the precis knowledge of GFR 
is not always necessary.    
 
Various mathematical equations that use serum creatinine and combinations of age, sex, race 
and weight have been developed to obtain estimated GFR (eGFR). A number of recognized 
and well-validated formulae including the Chronic Kidney Disease Epidemiology (CKD-
EPI) equation14, the Modification of Diet in Renal Disease (MDRD) study equations 16, 17 and 
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the Cockcroft-Gault equation (CG) 18 are often utilized. The CG equation was introduced 
prior to the use of standardized creatinine assays and is in contrast to MDRD and CKD-EPI, 
not adapted for use with creatinine values traceable to standardized reference materials. In 
contrast to CKD-EPI and MDRD, CG includes weight but not race and eGFR is expressed 
in ml/min which is not normalized to body surface area of 1.73m2.  
 
In a study of 117 healthy individuals that underwent routine kidney donor evaluation, the 
ability of the MDRD and the CG equation was evaluated to predict GFR assessed by (125)I-
iothalamate or (99m)Tc-diethylenetriamine-pentaacetic acid (DTPA)19. The study found that 
the MDRD equation underestimates GFR, whereas the CG equation overestimates GFR in 
people with normal renal function. In order to provide a more accurate estimate of GFR in 
patients with normal or only mildly reduced GFR, the CKD-EPI equation was developed and 
was associated with less bias, improved precision, and greater accuracy compared to the 
MDRD study 14. In a meta-analysis that included 1 million adults from the general population 
as well as high risk cohorts, CKD-EPI versus MDRD equations resulted in a lower prevalence 
of CKD but a more accurate risk prediction for adverse outcomes was found 20. 
     
The main goal of using eGFR is to diagnose and classify CKD, to adjust dosage of 
medication, and to predict adverse prognosis. The Kidney Disease: Improving Global 
Outcomes  13 13 and National Institute for Health Excellence recommend using the creatinine 
derived CKD-EPI equation, since it gives the most accurate renal function estimate compared 
to GFR 21. Even though in 2010 the Food and Drug Administration changed the guidance for 
the industry to allow MDRD estimated GFR for drug dosing22, CG estimated renal dose 
adjustment is widely used for the purpose of dose adjustments.   
  
However, for prognosis, the choice of eGFR equation is less clear. In patients with heart 
failure, CG predicted mortality better than CKD-EPI and MDRD 23 and in another study CG 
versus MDRD was superior in identifying more patients with MI at higher risk 24.  In another 
study of patients with cardio-vascular disease (CVD), CKD-EPI as compared to MDRD more 
often diagnosed RD, and reclassified patients to a higher risk group and more accurate risk 
stratification 25. 

 
Some observational studies define RD according to International Classification of 
Diseases (ICD) codes for renal replacement therapy initiation or other related conditions such 
as hospitalization for RD 26, 27. The use of ICD codes instead of eGFR will most often 
underestimate RD prevalence 28 and offers no possibility to assess risks associated with RD 
prior to renal replacement therapy.   
 
In many ACS studies, the baseline creatinine value at the time of ACS presentation is often 
used to assess the GFR and the presence of RD. However, KDIGO 13 guidelines recommend 
creatinine to be measured when patients are in a stable condition in order to avoid the issue 
that kidney function instead reflects the ischemic severity of ACS. This is a limitation to 
observational studies in general as well as to this thesis, even though SWEDEHEART 
instructions for data collection recommend clinicians to use a creatinine value that best 
reflects the patients underlying condition. Documentation of duration is usually not available 
in epidemiologic studies. Since an eGFR below 60 ml/min/1.73m2 is found to be closely 
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associated with increased risk of death even in the absence of albuminuria 28, 29, an eGFR 
below 60 mL/min/1.73 m2 is often defined as having CKD in routine clinical practice. 

 

1.4 PROGNOSIS OF RD PATIENTS IN THE GENERAL- AND CVD POPULATION 

Renal origin of CV was first suggested by Richard Bright as early as in 1836. This has been 
confirmed by multiple epidemiological studies, where it is evident that patients with RD are 
at a high risk of developing CVD 30. CVD, and more specifically IHD is a major cause of 
death and morbidity in patients with RD. In a population-based study of more than 1 million 
individuals, the adjusted Hazard Ratio (HR) for death increased with the rate of eGFR in an 
inverse fashion; HR 1.2, 95% confidence interval (CI) (1.1-1.2) for eGFR of 45–59 
mL/min/1.73 m2, HR 1.8, 95% CI (1.7-1.9) for eGFR of 30–44 mL/min/1.73 m2, HR 3.2, 
95% CI (3.1-3.4) for eGFR of 15–29 mL/min/1.73 m2 and HR 5.9, 95% CI (5.4-6.5) for eGFR 
<15 mL/min/1.73 m2, respectively and the risk of cardiovascular events followed the same 
trend 2. In a meta-analysis of 10 cohorts including more than 200,000 patients, eGFR as well 
as albuminuria were closely associated with the risk of all-cause mortality 29. For every 10 
mL/min/1.73 m2 reduction in eGFR, the risk for cardiovascular mortality is increased by 5% 
31. Albuminuria has an independent and additive effect on reduced eGFR regarding the risk 
of cardiovascular mortality 32. 
 
Patients with end-stage renal disease (ESRD) and the early stages RD are associated with 
high rates of morbidity, despite similar rates of comorbidities, which may imply that 
complications of ESRD are evident before the onset of ESRD 33. According to data from the 
Swedish Renal Registry the overall 5-year patient survival rate for patients on renal 
replacement therapy (RRT) is 23.1% whereas the 5-year survival rate of after kidney 
transplantation is about 85% 34. 

There is a strong relationship between RD, CV outcomes and mortality in patients with ACS 
10 3. The prognosis of RRT patients suffering from ACS is extremely poor, where 1-year 
survival rates of 41% have been described35. 

 

1.5   PROGNOSIS FOLLOWING CABG 

Renal function is incorporated in the European System for Cardiac Operative Risk 
Evaluation (EuroSCORE) 36, and several studies demonstrate that RD is associated with 
worse outcomes following Coronary artery bypass grafting (CABG) 37, 38. Even mild renal 
dysfunction defined as Creatinine >130 µmol/L, is an independent risk factor for adverse 
outcome after CABG 39. Patients with RD are at risk of developing acute kidney injury and 
may require RRT temporary or permanently following surgery. In particular, in patients with 
RD and history of diabetes, peripheral artery disease 40 and RRT there is a high risk of in-
hospital complications and mortality 41.  
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1.6 PROGNOSIS AFTER PCI 

The risk of complications, morbidity and mortality following percutaneous coronary 
intervention (PCI) is increased in CAD patients with RD as compared to patients with normal 
renal function 10, 42. Even mild RD defined as Creatinine 97-130 µmol/L predicts adverse 
outcome following PCI 43. The use of contrast media during PCI is a common cause of acute 
kidney injury and patients with RD often have comorbidities that may increase the risk of 
periprocedural ischemic and bleeding events. Since RD defines a high risk population PCI is 
frequently underused in patients with renal dysfunction 2, even though data support that 
patients with renal RD and multivessel disease that undergo PCI have better survival 
compared to medical therapy 44. 
 

1.7   PCI VERSUS CABG IN PATIENTS WITH RD 

Patients with RD are often excluded from randomized controlled trials (RCT) on myocardial 
revascularization and current data are mostly based on observational studies and post-hoc 
analyses from randomized trials. Few studies have specifically compared outcomes with PCI 
versus CABG in patients with moderate to severe RD.   

CABG versus PCI in patients with moderate RD are associated with an increased risk of 
perioperative and short-term mortality (1 year), but lower medium-to-long-term mortality 
after CABG compared with PCI 45 46. However, observational 5-year data from the United 
States Renal Data System of 21,981 patients with ESRD and multivessel coronary disease 
showed that CABG versus PCI was associated with significantly lower risks for death (HR 
0.87, 95% CI (0.84-0.90)) and the composite of death or MI (HR 0.88, 95% CI (0.86-0.91)) 
47. In the randomized Arterial Revascularization Therapies Study 48 post hoc analysis of 
patients with RD (25% of 1,205 patients) defined as estimated creatinine clearance 
≤60 mL/min, CABG and multivessel PCI with bare metal stents (BMS) in patients with stable 
angina were compared. At 3 years of follow-up, no difference for the primary endpoint of 
death, MI or stroke (19% vs. 17%; HR 0.93, 95% CI (0.54–1.61)) was observed, but CABG 
versus PCI showed a lower risk of repeat revascularization (25% vs. 8%; HR 0.28, 95% CI 
(0.14–0.54))48. Similar results were also observed at 5 years follow-up, where higher rates of 
repeat revascularization with PCI compared to CABG were noted 49. In the non-randomized 
ARTS II study 50, drug eluting stents (DES) with sirolimus were compared with BMS and 
CABG. The 5-year results showed that the event-free survival rate of the combined outcome 
(Death, MI or stroke) was 87.1% in DES group, versus 86.0% (p = 0.1) and 81.9% (p = 0.007) 
in the CABG and BMS cohorts, respectively. However, data on patients with RD were not 
available.  
 
In the CKD substudy of Synergy between Percutaneous Coronary Intervention with Taxus 
and Cardiac Surgery (SYNTAX) 51, the 5-year results of patients randomized to either 
sirolimus DES or CABG were studied and compared to CABG, PCI   
showed significantly higher rates of the combined endpoint (42.1% vs. 31.5%, p=0.019), 
mainly driven by repeat revascularization (21.9% vs. 8.9%, p=0.004) and all-cause mortality 
(26.7% vs. 21.2%, p=0.14). The results of the aforementioned studies may be less applicable 
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in current clinical practice due to the emerging use of the newer generation of DES. Results 
from the randomized Bypass Surgery Versus Everolimus-Eluting Stent Implantation 
Multivessel Coronary Artery Disease (BEST) study 52 showed that PCI with the newer 
generation of DES (everolimus) versus CABG, was associated with an increased risk of 
repeat revascularization and spontaneous myocardial infarction but without any difference in 
death, however RD was not considered in the study. In a retrospective propensity-score 
matched study of 5,920 patients with eGFR<60, CABG was associated with higher short-
term risk of death, stroke, and repeat revascularization, whereas PCI with everolimus-eluting 
stents showed higher risk of long-term risk of repeat revascularization MI but not death 53. 
Moreover, the CKD subgroup analysis of the multicenter randomized Evaluation of XIENCE 
Versus Coronary Artery Bypass Surgery for Effectiveness of Left Main Revascularization 
trial 54 (EXCEL), showed that there were no significant differences in the rates of the 
composite outcome (death, MI or stroke) after PCI with the newer generation of DES versus 
CABG, 23.4% versus 18.1% respectively; HR 1.25; 95% CI (0.79 to 1.98). 

Before the results from the ongoing RCT on optimal long-term revascularization strategies 
in patients with stress-induced ischemia in the International Study of Comparative Health 
Effectiveness With Medical and Invasive Approaches—Chronic Kidney Disease 55 56, the 
general condition, life expectancy, the least invasive appropriate method and frailty must be 
considered when selecting the most appropriate revascularization strategy. 

 

1.8 RISK FACTORS AND PATHOLOGICAL MECHANISMS IN PATIENTS WITH 
RD AND CVD 

The mechanisms involved in the interplay between RD and CAD are numerous and not yet 
fully understood. One possible explanation is that patients with RD that experience MI, are 
more likely to have co-existence of other predictors of adverse outcomes like frailty factors, 
age, hypotension, and lower body weight. These factors may serve as residual confounding 
in various studies despite advanced statistical adjustments. Moreover, it is possible that an 
adverse outcome such as death or cardiovascular mortality in the presence of RD may instead 
serve as an indicator of a more severe ACS 57. However, there are numerous risk factors 
associated with having RD.  

 

1.9   CORONARY ANATOMY AND CALCIFICATION 

It has been postulated that RD accelerates atherosclerosis and coronary artery calcification 
through processes associated with both traditional CVD risk factors (diabetes, hypertension, 
dyslipidemia, smoking status, sex and prior history of MI) and non-traditional risk factors for 
CVD, such as bone and mineral disorders as well as systemic inflammation12. RD is 
associated with increased inflammatory activity, which may increase the risk of plaque 
rupture and a more pro-thrombotic state, which may increase the risk of MI when a plaque 
rupture occurs 58, 59.   

Robert Edfors 

14 

in current clinical practice due to the emerging use of the newer generation of DES. Results 
from the randomized Bypass Surgery Versus Everolimus-Eluting Stent Implantation 
Multivessel Coronary Artery Disease (BEST) study 52 showed that PCI with the newer 
generation of DES (everolimus) versus CABG, was associated with an increased risk of 
repeat revascularization and spontaneous myocardial infarction but without any difference in 
death, however RD was not considered in the study. In a retrospective propensity-score 
matched study of 5,920 patients with eGFR<60, CABG was associated with higher short-
term risk of death, stroke, and repeat revascularization, whereas PCI with everolimus-eluting 
stents showed higher risk of long-term risk of repeat revascularization MI but not death 53. 
Moreover, the CKD subgroup analysis of the multicenter randomized Evaluation of XIENCE 
Versus Coronary Artery Bypass Surgery for Effectiveness of Left Main Revascularization 
trial 54 (EXCEL), showed that there were no significant differences in the rates of the 
composite outcome (death, MI or stroke) after PCI with the newer generation of DES versus 
CABG, 23.4% versus 18.1% respectively; HR 1.25; 95% CI (0.79 to 1.98). 

Before the results from the ongoing RCT on optimal long-term revascularization strategies 
in patients with stress-induced ischemia in the International Study of Comparative Health 
Effectiveness With Medical and Invasive Approaches—Chronic Kidney Disease 55 56, the 
general condition, life expectancy, the least invasive appropriate method and frailty must be 
considered when selecting the most appropriate revascularization strategy. 

 

1.8 RISK FACTORS AND PATHOLOGICAL MECHANISMS IN PATIENTS WITH 
RD AND CVD 

The mechanisms involved in the interplay between RD and CAD are numerous and not yet 
fully understood. One possible explanation is that patients with RD that experience MI, are 
more likely to have co-existence of other predictors of adverse outcomes like frailty factors, 
age, hypotension, and lower body weight. These factors may serve as residual confounding 
in various studies despite advanced statistical adjustments. Moreover, it is possible that an 
adverse outcome such as death or cardiovascular mortality in the presence of RD may instead 
serve as an indicator of a more severe ACS 57. However, there are numerous risk factors 
associated with having RD.  

 

1.9   CORONARY ANATOMY AND CALCIFICATION 

It has been postulated that RD accelerates atherosclerosis and coronary artery calcification 
through processes associated with both traditional CVD risk factors (diabetes, hypertension, 
dyslipidemia, smoking status, sex and prior history of MI) and non-traditional risk factors for 
CVD, such as bone and mineral disorders as well as systemic inflammation12. RD is 
associated with increased inflammatory activity, which may increase the risk of plaque 
rupture and a more pro-thrombotic state, which may increase the risk of MI when a plaque 
rupture occurs 58, 59.   

18



Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 15 

Patients with a moderate to severe RD have a higher prevalence of CAD and a higher risk of 
obstructive CAD 60. However, less is known about the much larger proportion of patients 
with mild renal impairment. In a study of 261 subjects undergoing coronary angiography, a 
GFR value of <60 ml/min significantly increased the coronary obstructive burden of CAD 
compared to subjects with GFR > 60ml/min 61. Preceding studies have shown that RD is 
significantly and independently associated with CAD severity based on angiogram findings 
62 61. Using noninvasive diagnostic imaging with coronary computed tomographic 
angiography, inverse significant associations between RD and increased coronary calcium 
scores and higher rates of coronary calcified plaques in proximal major coronary vessels have 
been described, when factors such as severity of disease and comorbidity are not considered 
63, 64 

It is therefore possible that severity of CAD and subsequent revascularization 65 66, 67 would 
lie in the causal pathway between renal impairment and poor patient outcomes. 

 

1.10   TRADITIONAL AND NON-TRADITIONAL RISK FACTORS 

The traditional risk factors for CVD as initially described by the FRAMINGHAM study 68 
are increasing age, hypertension, dyslipidemia diabetes, smoking and obesity. These risk 
factors are highly prevalent in patients with RD 69 70 and are more frequent with decreasing 
renal function 71. The increased incidence of CVD in patients with RD is not proportional 
and fully accounted for by the higher prevalence of traditional risk factors in these patients. 
When adjusting for the presence of traditional risk factors, the risk of CVD still remains high 
and the presence of RD is therefore often described as an independent risk factor 72. 
Therefore, many studies have focused on other non-traditional or ‘novel’ risk factors unique 
to CKD.  
     
Non-traditional risk factors are more prevalent in patients with RD than in the general 
population and increase with declining renal function. These uremia specific factors are 
associated with CVD and include, amongst others, albuminuria 73, 74, abnormalities in bone 
and mineral metabolism75, 76, anemia 77, hyperhomocysteinemia78,  increased circulating 
levels of inflammatory markers 70, 79, and endothelial dysfunction80. There is a complex 
interplay between traditional and non-traditional risk factors (see Figure 2) and it has been 
described that there is an additive effect that increases the progression of atherosclerosis and 
RD 81. 
 

Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 15 

Patients with a moderate to severe RD have a higher prevalence of CAD and a higher risk of 
obstructive CAD 60. However, less is known about the much larger proportion of patients 
with mild renal impairment. In a study of 261 subjects undergoing coronary angiography, a 
GFR value of <60 ml/min significantly increased the coronary obstructive burden of CAD 
compared to subjects with GFR > 60ml/min 61. Preceding studies have shown that RD is 
significantly and independently associated with CAD severity based on angiogram findings 
62 61. Using noninvasive diagnostic imaging with coronary computed tomographic 
angiography, inverse significant associations between RD and increased coronary calcium 
scores and higher rates of coronary calcified plaques in proximal major coronary vessels have 
been described, when factors such as severity of disease and comorbidity are not considered 
63, 64 

It is therefore possible that severity of CAD and subsequent revascularization 65 66, 67 would 
lie in the causal pathway between renal impairment and poor patient outcomes. 

 

1.10   TRADITIONAL AND NON-TRADITIONAL RISK FACTORS 

The traditional risk factors for CVD as initially described by the FRAMINGHAM study 68 
are increasing age, hypertension, dyslipidemia diabetes, smoking and obesity. These risk 
factors are highly prevalent in patients with RD 69 70 and are more frequent with decreasing 
renal function 71. The increased incidence of CVD in patients with RD is not proportional 
and fully accounted for by the higher prevalence of traditional risk factors in these patients. 
When adjusting for the presence of traditional risk factors, the risk of CVD still remains high 
and the presence of RD is therefore often described as an independent risk factor 72. 
Therefore, many studies have focused on other non-traditional or ‘novel’ risk factors unique 
to CKD.  
     
Non-traditional risk factors are more prevalent in patients with RD than in the general 
population and increase with declining renal function. These uremia specific factors are 
associated with CVD and include, amongst others, albuminuria 73, 74, abnormalities in bone 
and mineral metabolism75, 76, anemia 77, hyperhomocysteinemia78,  increased circulating 
levels of inflammatory markers 70, 79, and endothelial dysfunction80. There is a complex 
interplay between traditional and non-traditional risk factors (see Figure 2) and it has been 
described that there is an additive effect that increases the progression of atherosclerosis and 
RD 81. 
 

19



Robert Edfors 

16 

 
Figure 2. The interplay between traditional and non-traditional risk factors and cardiovascular 
disease and chronic kidney disease.82 
 
*With permission from BMJ Heart Asia. 

 

1.11   MANAGEMENT OF CAD IN PATIENTS WITH RD 

Patients with RD may require drug dose adjustments and are at risk of drug-related adverse 
effects. The treatment regimens used for established CAD and ACS used in patients with 
normal renal function (e.g., revascularization and risk factor goal achievements) usually have 
similar benefits in patients with RD83, even though there is a gap in evidence since patients 
with RD are often excluded in major clinical trials in cardiology 84. Several studies have 
shown that patients with RD and ACS are at high risk of underuse of evidence-based 
guideline therapies, less frequent utilization of coronary angiography, revascularization and 
standard medical therapy (angiotensin-converting enzyme inhibitors, beta blockers) 42 3, 85.  

 

1.12   ANTITHROMBOTIC THERAPY  

According to the European Society of Cardiology (ESC) guidelines, invasive 
revascularization is considered the gold standard in the management of ACS patients due to 
associated reductions in death and MI 86. In patients undergoing PCI in the management of 
ACS, the aim of antithrombotic treatment with P2Y12-receptor inhibition is not only to 
reduce ischemic outcomes but also to prevent stent-related complications. In patients with 
RD, not only is the risk of recurrent cardiovascular events after an ACS high, they also suffer 
from comorbidities, frailty and higher risk of bleeding. Patients with both ACS and RD are 
underrepresented or excluded from major clinical trials of antithrombotic treatment regimens 
which leads to an evidence gap regarding different antithrombotic therapies. 
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1.13   CLOPIDOGREL 

Clopidogrel is a prodrug that requires a two-step activation by different Cytochromes P450 
(CYP450) enzymes for conversion of the active metabolite that irreversibly binds and inhibits 
the P2Y purinoceptor 12 (P2Y12) subtype of the adenosine diphosphate (ADP) receptor in 
thrombocytes. Inhibition plays an important role in the platelet activation and cross-linking 
by the protein fibrin. Three large placebo-controlled clinical trials have evaluated clopidogrel 
for the secondary prevention in ACS; clopidogrel in Unstable Angina to Prevent Recurrent 
Events87 88,  Clopidogrel as Adjunctive Reperfusion Therapy - Thrombolysis in Myocardial 
Infarction 28 (CLARITY-TIMI 28)89 and the Clopidogrel for the Reduction of Events During 
Observation (CREDO) trial that evaluated timing and administration issues in PCI-treated 
patients 90. Almost all of these primary studies lack data on patients with RD.   
 
Secondary analyses of CURE 88 showed beneficial effects of adding clopidogrel to standard 
treatment in non-ST elevation ACS in all three tertiles of renal function (lower third tertile, 
HR 0.89 (95% CI, 0.76–1.05); medium third, HR 0.68 (95% CI, 0.56–0.84); upper third HR 
0.74 (95% CI, 0.60–0.93) but at the cost of increased minor-, major- and life-threatening 
bleeds. In the CREDO secondary analysis paper 91, the investigators concluded that 
clopidogrel versus placebo in mild or moderate renal dysfunction did not reduce ischemic 
outcomes (death, MI or stroke) and higher rates of minor- and major bleeds were observed. 
In CLARITY sub-study of patients with eGFR<60ml/min/m2, clopidogrel on top of aspirin 
(ASA) versus ASA single therapy, did not significantly reduce the risk of the primary 
combined ischemic outcome (OR 1.0, 95% CI (0.8–1.3)) whereas the risk of minor- and 
major bleeds was increased (OR 1.6, 95% CI (0.9–3.2) 92. There are, however, limited data 
available on clopidogrel in patients with moderate- and severe renal dysfunction. 

 

1.14   PRASUGREL 

Prasugrel is a thienopyridine prodrug metabolized and converted by esterase enzymes in the 
intestine and serum via CYP450-mediated oxidation to the pharmacologically active 
metabolite. Prasugrel inhibits ADP-induced platelet aggregation more rapidly and to a greater 
extent than administration of clopidogrel 93. In the trial to Assess Improvement in Therapeutic 
Outcomes by Optimizing Platelet Inhibition with Prasugrel - Thrombolysis in Myocardial 
Infarction 38 (TRITON-TIMI 38) 93 that compared prasugrel versus clopidogrel in invasively 
managed ACS patients,  a significant reduction in primary combined endpoint 
(cardiovascular mortality, non-fatal MI, or non-fatal cardiovascular event) (HR 0.81; 95% CI 
(0.73-0.90) was found. On the other hand, there was also a significant increase in major 
bleeding (HR 1.32 (95% CI 1.03-1.68)) and no significant difference of death between 
treatment arms (HR 0.95; (95% CI 0.78-1.16)) was found. In the two renal function groups 
that were described (CrCl>/<60 ml/min), the benefits of prasugrel were similar but with 
higher event rates in patients with CrCl<60ml/min.    
In the TRILOGY ACS (TaRgeted platelet Inhibition to cLarify the Optimal strateGY to 
medically manage Acute Coronary Syndromes) 57 trial, no risk reduction of a similar primary 
endpoint with prasugrel in patients with medically managed ACS patients was found and 
described three renal function groups (CrCl>60 ml/min (HR 0.88, 95% CI ( 0.73-1.06); 
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CrCl=30-60 ml/min (HR 1.14, 95% CI ( 0.88-1.49) and CrCl<30 ml/min (HR 0.68, 95% CI 
( 0.33-1.41).      
 
In the Program for a European Traffic with Highest Efficiency and Unprecedented Safety 
(PROMETHEUS)94 multicenter observational study that compared prasugrel versus 
clopidogrel in PCI-managed ACS patients, the 1-year composite outcome (death, MI, stroke, 
or unplanned revascularization) showed lower rates with prasugrel versus clopidogrel in 
CKD (18.3% vs. 26.5%; p < 0.001) and non-CKD (10.9% vs. 17.9%; p < 0.001) patients. 
Theses associations were, however, attenuated after propensity stratification and the rates of 
reinfarction in patients with CKD at 1 year were not significantly lower in prasugrel-treated 
versus clopidogrel-treated patients. In a recent registry study utilizing the REgistry of New 
Antiplatelets in patients with Myocardial Infarction (RENAMI) and Bleeding complications 
in a Multicenter registry of patients discharged with diagnosis of Acute Coronary Syndrome 
(BLEEMACS), 2,490 patients with ACS and eGFR<60, showed significantly lower rates of 
reinfarction (HR 0.07, 95% CI 0.01–0.54; P = 0.01) and death (HR 0.34, 95% CI 0.13–
0.88; P = 0.026) at 1-year as compared to clopidogrel, but without higher rates of bleeds (HR 
0.88, 95% CI 0.41–1.9; P = 0.75) 95. The number of patients was, however, small and there 
were no significant differences in clopidogrel versus treatment with potent P2Y12 inhibitors 
regarding the efficacy outcomes in the subset of patients with eGFR<30 95. 
 

1.15   TICAGRELOR  

Ticagrelor is, in contrast to prasugrel and clopidogrel, not a thienopyridine, but belongs to 
the cyclopentyl-triazolo-pyrimides class of P2Y12 receptor inhibitors. Ticagrelor is a highly 
selective and reversible antagonist for the P2Y12-receptor. Additional properties of ticagrelor 
include the inhibition of P2Y12 receptors in vascular smooth muscle cells leading to 
vasodilatation and the ability to augment the effects of endogenous adenosine in cardiac 
myocytes which may play a role in coronary blood flow 96 97. 
 
In the PLATO (PLATelet inhibition and patient Outcomes) 98 trial, comparing ticagrelor and 
clopidogrel in patients with ACS, CKD defined as creatinine clearance below 60 mL/min 
was one of the enrichment criteria for inclusion. Overall, ticagrelor as compared to 
clopidogrel, significantly reduced the incidence of the primary endpoint (cardiovascular 
death, non-fatal MI or non-fatal stroke). In the subgroup of patients with available serum 
creatinine on admission (n=15,202), ticagrelor resulted in a greater risk reduction of the 
primary endpoint in patients with reduced creatinine clearance (CrCl) compared to patients 
with normal renal function (CrCl>60ml/min) (HR 0.77, 95% CI 0.65-0.90 versus HR 0.90, 95% 
CI 0.79-1.02), but with no significant interaction. Even though CKD was associated with an 
overall higher bleeding risk in PLATO, CKD patients treated with ticagrelor did not have a 
higher relative risk of PLATO-defined major bleeds as compared to non-CKD patients 99.  
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1.16   INTERVENTIONAL TREATMENT WITH PCI  

PCI is a collective term used for both non-stent coronary artery procedures such as balloon 
angioplasty (PTCA) or atherectomy as well as stent interventions with stent implantations. 
The introduction of PTCA in the 1970s provided a less invasive revascularization treatment 
alternative to CABG. However, complications with recoil, coronary dissection, angiographic 
restenosis and recurrent angina and rates of repeat revascularization up to 30% within the 
first year of balloon angioplasty were described 100 101. 
 

1.17   BARE METAL STENTS 

BMS were developed to prevent abrupt artery closure due to recoil or dissection following 
PTCA. BMS versus PTCA significantly reduced the rates of acute closure early in the stent 
era and stenting became the standard of care for PCI 102. Despite the advantages of stenting 
with BMS, the iatrogenic intimal injury from stenting often induced neointimal hyperplasia 
and subsequent in-stent restenosis requiring repeat revascularization 103 . This subsequently 
led to the development of drug-eluting stents (DES) coated with antiproliferative agents. 
 

1.18  OLDER GENERATION DRUG-ELUTING STENTS 

The components of a DES are a metallic stent, a polymer coating, and an anti-restenotic drug 
that is released over a period of weeks to months after stent implantation to reduce the local 
proliferative healing response. The first generation DES are often referred to as the older 
generation of DES (o-DES) and the most commonly used drug components are:  

       ● Sirolimus 

Sirolimus-eluting stents were first introduced in the first-generation DES and it is an 
antibiotic with immunosuppressive and antiproliferative properties that inhibits cell 
cycle regulation. Sirolimus is also found in polymer-free and bio-absorbable polymer 
devices. 

● Paclitaxel  

Paclitaxel-eluting stents were also found in the first-generation of DES developed to 
prevent the proliferation of smooth muscle observed in in-stent restenosis. Paclitaxel is 
an antineoplastic drug that interferes with microtubules function in cell division.  

The lower rates of in-stent restenosis of DES compared to BMS result from the inhibition of 
in-stent neointimal hyperplasia 104. Randomized trials have demonstrated that DES versus 
BMS have lower rates of re-stenosis and need for revascularization 103 105. However, 
concerns were raised since several studies indicated that DES was associated with 
incomplete neointimal coverage and increased risks of stent thrombosis (ST) 106-109. 
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1.19  NEWER GENERATION DRUG-ELUTING STENTS 

Despite the advantages of the first generation of DES (sirolimus and paclitaxel), increased 
rates of very late ST were observed 110. The second or newer generation of DES (n-DES) 
with a thinner strut design, more biocompatible polymers associated with lower local 
inflammation, have resulted in lower risk of ST compared to first generation DES and BMS 
111-113.  

Examples of common n-DES are: 

● Everolimus 

This is a derivate of sirolimus designed to prevent in-stent restenosis by rapid drug 
absorption into the coronary arteries due to lipophilic properties. Everolimus is used in 
durable polymer (cobalt chromium or platinum chromium) and bioabsorbable polymer 
DES (bioresorbable polymer on a platinum chromium platform) and considered a n-
DES. 

●Zotarolimus 

This is also a lipophilic derivative of sirolimus with short-acting drug properties. There 
are several versions of zotarolimus-eluting stents, e.g. the Endeavor and the Resolute 
Zotarolimus stents. Endeavor, the first generation of zotarolimus is sometimes 
considered an o-DES114, 115 and has a drug release within weeks, whereas resolute has 
an extended drug delivery over several months. 

●Biolimus is a highly lipophilic sirolimus analogue found in bioresorbable polymer 
stents. 

With regards to clinical outcomes, DES have similar rates of death and MI to BMS even 
though study results are divergent. Some studies report that first generation DES (sirolimus 
and paclitaxel) versus BMS are associated with lower rates of repeat revascularization 116, 117 
but without any significantly different risk of  long-term safety end points (death, MI or 
cardiac death) 118, 119 when on-label indications (de novo stenosis and not restenosis or grafts) 
are applied 116 117, 120. However, observational studies with unrestricted use of stenting that 
compared first generation DES versus BMS have found lower rates of death or MI 121, 122. It 
is possible that the observed adverse effects of BMS may be explained by selection bias and 
residual confounding due to frailty and underlying comorbidities.   

A meta-analysis of everolimus versus BMS found a significant reduction of cardiac death 
(HR 0.67, 95% CI 0.49-0.91), and MI (HR 0.71, 95% CI 0.55-0.92) as well as definite or 
probable ST (HR 0.48, 95% CI 0.31-0.73) 123. In another meta-analysis comparing 
contemporary DES with BMS, the risk of cardiac death and the risk of probable and definite 
ST were lower with the use of second-generation DES 124. 
 
This is, however, in contrast to evidence from randomized Norwegian Coronary Stent 125 
(NORSTENT) trial, where 9,012 patients with stable or unstable CAD were randomly 
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assigned to PCI with contemporary n-DES (everolimus and zotarolimus) or BMS. At 6 years 
follow-up, there was no difference in the rates of the primary outcome (composite of death 
or MI) between the stent groups (16.6% versus 17.1%, respectively; HR 0.98, 95% CI (0.88-
1.09)). The rates of ST were lower with n-DES versus BMS (0.8% and 1.2%, respectively (p 
= 0.0498) 125. 
 

1.20  CHALLENGES IN RD AND CAD 

Patients with RD and concomitant CAD differ from CAD patients without RD, in terms of 
higher risk profile for adverse outcomes and complications, but the reasons for this are not 
yet fully understood. Moreover, there is a lack of large multi-center studies that are able to 
capture the whole spectrum of RD in unselected patients with a known CAD. 

Due to the lack of large-scale RCT studies in the specific patient population of patients with 
concomitant RD and CAD, clinical decision-making may often prove to be difficult in 
general. Specifically, studies that evaluate treatment regimens in terms of optimal choice of 
stent type and use of antithrombotic strategies, in patients with RD are needed. 

It is also possible that the underlying mechanism for the less beneficial prognosis in patients 
with RD and CAD is different from patients with normal renal function. Novel biomarkers 
can be useful to determine and differentiate targeted treatment with risk profile management 
at an earlier stage well as assist in understanding the pathological mechanisms involved in 
MI patients with RD, which is important to identify new treatment targets.  
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2 AIMS  
 
The overall aim of this thesis was to assess the influence of RD on long-term outcomes in 
patients with CAD and to evaluate different treatment regimens in relation to renal function 
in patients with CAD. Furthermore, we sought to determine the importance of different 
biomarkers in predicting RD and long-term outcomes in MI patients. 
 
Specifically, the objectives were: 
 
Study I 
To investigate the influence of RD on baseline presentation and long-term outcomes in stable 
CAD patients undergoing coronary angiography. 
 
Study II. 
To evaluate two different antithrombotic treatments (clopidogrel and ticagrelor) and their 
associations with safety- and efficacy outcomes, in patients treated for acute MI and in 
relation to renal function.  
 
Study III.  
To examine the risk of stent-related outcomes of different types of stents (newer generation 
drug-eluting- versus bare metal stents) in relation to renal function in patients undergoing 
percutaneous coronary intervention.  
 
Study IV.  
To perform an untargeted study of different biomarkers and their associations with RD, death, 
reinfarction and hospitalization with heart failure, in patients treated for acute MI. 
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3 THESIS AT A GLANCE 
 
 

 
Study 

 
I 

 
II 

 
III 

 
IV 
 

Design Cohort study Cohort study Cohort study Cohort study 

Data source SWEDEHEART,  
National Patient 
Registry, Swedish 
Population Registry 

SWEDEHEART, 
National Patient 
Registry, Swedish 
Population Registry 

SWEDEHEART, 
National Patient 
Registry, Swedish 
Population Registry 

SWEDEHEART, 
SWEDEHEART-
BIOBANK, 
National Patient 
Registry, Swedish 
Population Registry 

 
Time of data 
collection 

 
2005-2010 
 

 
2010-2013 

 
2007-2013 

 
2008-2014 

Study 
population 

Patients undergoing 
coronary 
angiography due to 
stable CAD 

MI patients 
discharged alive 
and treated with 
clopidogrel or 
ticagrelor in 
addition to ASA 

Patients treated 
with PCI-stenting 
with BMS or n-
DES 

Discharged MI 
survivors 

Numbers 
included in 
analyses 

 
N=45,348  

 
N=45,206  
 

 
N=92,994  
 

 
N=1,098 

Follow-up time Up to 6 years post-
coronary 
angiography 

During 
hospitalization and 
1 year post-
discharge  

1 year post-
coronary stenting 

Up to 6 years post-
discharge 

Outcomes Death, reinfarction 
or hospitalization 
with stroke or heart 
failure 

Death, reinfarction 
or hospitalization 
stroke and in- and 
out of hospital 
bleeds 

In-stent restenosis 
and definite stent 
thrombosis 

Death, reinfarction 
or hospitalization 
with heart failure 

Main 
statistical 
analyses 

Cox regression Cox regression, 
logistic regression 
and propensity 
score matching  
 

Cox regression, 
Fine-Gray 
regression 

Random forests, 
penalized 
regression using 
lasso analysis, cox 
regression 

Conclusion RD was strongly 
associated with 
worse outcome in 
patients with CAD, 
independent of 
traditional CVD 
risk factors, 
comorbidities, 
CAD severity, and 
subsequent 
revascularization.  
 

Treatment with 
ticagrelor versus 
clopidogrel in 
patients with MI, 
was associated with 
lower risk for the 
composite of death, 
MI or stroke and a 
higher bleeding risk 
across all strata of 
eGFR. 

Hyperkalemia at 
admission is 
associated with in-
hospital mortality 
and hypokalemia is 
associated with 
cardiac arrest and 
new-onset atrial 
fibrillation in 
patients admitted 
with suspected 
ACS. 

In patients with MI, 
six biomarkers 
(adrenomedullin, 
TNF R-1, FABP-4 
TRAIL-2, GDF-15 
and TNF R-2) with 
the strongest 
association with 
RD, were also 
among the most 
important 
predictors of long-
term outcomes.  
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4 METHODS 
4.1 DATA SOURCES 
 
All studies (Studies I-IV) were conducted using data from the Swedish Web-System for 
Enhancement and Development of Evidence-Based Care in Heart Disease Evaluated 
According to Recommended Therapies (SWEDEHEART) registry. The Swedish National 
Patient Registry126, that holds data on discharge diagnoses of all hospital stays in Sweden 
since 1987 and the Swedish Population Registry127, that contains vital status data for all 
Swedish residents, were merged with the SWEDEHEART registry by using the unique 
personal identification number of the patients.  
 

4.2 SWEDEHEART 
 
SWEDEHEART was formed in 2009 after incorporation of the Register of Information and 
Knowledge About Swedish Heart Intensive Care Admissions (RIKS–HIA), the Swedish 
Coronary Angiography and Angioplasty Registry (SCAAR), the Swedish Heart Surgery 
Registry, and the Secondary Prevention after Heart Intensive Care Admission (SEPHIA). In 
addition, SWEDEHEART also contains the Cardiogenetic Registry and the national 
percutaneous valve device registry SWENTRY. 
 
RIKS-HIA started as a regional registry in the early 1990s but became a national registry in 
1995 with the addition of SEPHIA in 2005. RIKS-HIA annually enrolls about 18,000 patients 
hospitalized because of MI and about 100 variables including data on demographics, prior 
medical history, clinical presentation, laboratory measurements, in-hospital course data, 
interventional treatment data, diagnosis and medication at discharge, are collected 
prospectively. Creatinine has been a mandatory variable since 2003. The local treating 
physicians are instructed to enter a single creatinine value of the hospital stay that can best 
reflect the patients’ underlying kidney function. The coverage of MI hospitalizations in 
RIKS-HIA is about 96% for patients under the age of 80 years and about 80% for elderly 
patients 128. The agreement between hospital records and SWEDEHEART-entered data is 
high (>95%) and to ensure correctness of recorded registry data and information in medical 
charts, randomly assigned monitor visits to approximately 25% of participating hospitals take 
place annually. 
 
The RIKS-HIA registry forms of 2018 are shown in Figures 3-5. The present thesis is based 
on SWEDEHEART data collected from 2005 and onwards.  
 
In the 1990s there were two national coronary interventional registries, a national angioplasty 
registry and a coronary angiography registry, that in 1998 were merged to develop SCAAR. 
All Swedish centers (n=29) performing coronary angiographies and PCI participate in the 
registry and the coverage is 100%. The registry is internet-based and the treating physician 
reports each procedure via a web-interface directly from the catheterization laboratory. The 
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registry contains information on more than 150 different variables, including clinical 
characteristics, angiographic findings, angioplasty procedure results, treatment regimens and 
complications. The existence of any type of restenosis is mandatory. A detailed interactive 
presentation of the patients previously treated coronary segments is displayed together with 
information about date, hospital, and name and dimension of stents used. Since 2005 
information about acute occlusions in the specified stents is also collected as well as non-
occlusive angiographical stent thrombosis since 2007. SCAAR data were used in studies I-
III and data from 2005 and onwards were used. The SCAAR registry forms of 2016 and 2018 
are shown in Figures 6-7. 
 
For study IV patients enrolled in SWEDEHEART due to MI hospitalization, provided an 
additional blood sample that was collected in the SWEDEHEART-biobank that so far 
includes three Biobanks in Sweden (LUNDHEARTGENE, Uppsala SWEDEHEART-
biobank and StockholmHeartBank). This is a unique combined registry and biobank, that 
enables analyses from blood samples from a cohort of ACS patients that are treated according 
to standard medical care. The SWEDEHEART cohort is then followed prospectively and by 
using the personal identification number, data on long-term outcomes such as death, CV 
death, hospital admission diagnoses can be obtained using other national registries. Data from 
biomarker analyses from 2008 and onwards were used in study IV. 
 

4.3 PROTEOMICS AND BIOMARKERS 
 
The word proteome is a collective term for the combination of genome and protein. The 
technical development enables analysis of a large number of proteins simultaneously from 
very small sample volumes. This technique offers unique possibilities to identify new 
markers and areas of protein regulation pathways.  
 
For this purpose, study IV analyzed blood samples from MI patients and utilized two 
different panels of biomarkers, which are described in detail below. After informed oral and 
written consent, patients provided blood samples that were taken during fasting during their 
hospital stay for acute coronary syndrome. Samples were centrifuged usually within 20 
minutes, and stored in -80°C until analysis. Biomarkers are listed in Table 1. 
 

4.4 PROXIMITY EXTENSION ASSAY 
 
The Proseek® Multiplex CVD I96x96 chip (Olink Bioscience, Uppsala, Sweden) is a 
commercially available analysis kit with a panel of 92 selected proteins that are related to 
CVD. It utilizes the proximity extension assay (PEA) 129, 130 technology in order to 
simultaneously detect and quantify biomarkers that are coupled by their corresponding 
antibody pairs using multiplex immunoassay. In brief, 1 µl plasma is required for the analysis 
of all 92 biomarkers (Table 1) For each biomarker, matching antibody pairs that are linked 
to a unique DNA molecule (proximity probe) bind to the corresponding target protein. This 
results in probes being in close proximity to each other, which gives rise to hybridization. A 
DNA-polymerase is then added resulting in an extension of the hybridizing oligonucleotide 
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so that a new DNA sequence is formed. This specific DNA sequence is then amplified and 
subsequently quantified using quantitative real-time polymerase chain reaction (PCR) 
(Fluidigm BioMark™ HD real-time PCR platform). Results are provided as normalized 
protein expression data (on a log scale), where a high value corresponds to a high protein 
concentration.  
 

4.5 MULTIPLE REACTION MONITORING ASSAY 
 
The multiple reaction monitoring assay (MRM) is an analytical method that can determine 
and quantify a large number of proteins in a single sample by utilizing mass spectrometry. 
The technique was developed at Lund University by Marko-Varga and colleagues and has 
been previously described in detail 131, 132. Briefly, several steps are involved in the workflow 
of the spectrometer. Firstly, samples are ionized and vaporized followed by acceleration. The 
ability for an ion to accelerate and to move forward is proportional to its mass. In addition, 
the tendency for electromagnets to subsequently deflect the ion is proportional to its charge 
and the path the ion takes is proportional to its mass-charge ratio. The next step involves 
detection of the ion sequence that is matched to a known peptide sequence, which in turn is 
matched to a known protein. A mass spectrometer (TSQ Vantage) was used for the MRM 
assay, involving 2 acceleration sequences analyzing the mass-to-charge ratio. The nano spray 
Flex Ion source and EASY n-LC II pump were used. In study IV, 87 different proteins 
(Figure 8) that are putative cardiovascular disease markers, including the three isoforms of 
apolipoprotein E and markers of fibrinolysis and inflammation 131, 132 were quantified. The 
protein targets from the MRM assay were quantified using concentration-balanced stable 
isotope standards (SIS). 
 

4.6 DEFINITIONS 
 

4.7 DEFINITIONS OF OUTCOMES 
 
The diagnosis of the index MI that defined the population in studies II and IV was made by 
the local physicians at the treating hospitals and reported in SWEDEHEART. For studies I-
IV readmission due to stroke (ICD codes I60 – I64), MI (ICD codes I21 – I22) and heart 
failure (ICD codes I50, K761, I11) was defined by discharge diagnoses from hospital stays 
obtained from the National Patient Registry. Only hospital stays with main ICD codes as the 
main diagnoses were considered. In study II, readmission with bleeding was defined as 
receiving treatment during the hospital stay with at least one of the following conditions: 
hemorrhagic stroke (I60 – I62), gastrointestinal bleeding (K226, K250, K252, K254, K256, 
K260, K262, K264, K266, K270, K272, K274, K276, K280, K282, K284, K286, K290, 
K625, K920, K921, K922, I850), anemia-related bleeding (D629, D500) or other bleeding 
(N421, N938, N939, N950, R041, R042, R048, R049, R210, R319, T810, N501A. PCI-
related in-hospital bleedings were also studied in study II and were defined by information 
from the SCAAR complication form (Figure 6) and included puncture site hematoma, 
pseudoaneurysm or bleeding leading to prolonged compression, blood transfusion, surgery 
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or a drop in hemoglobin. In study III in-stent RS was considered as the clinically driven and 
angiographically visual assessment (>50% stenosis) or a fractional flow reserve (FFR) ≤0.80 
in a previously stented segment. Definite ST was defined as either an acute occlusion in the 
specified stents or as non-occlusive thrombus (Figure 7c). Both stent outcomes were reported 
by the angiographer. 
 

4.8 DEFINITIONS OF CORONARY STENT TYPES 
 
The following definitions of coronary stent types were used in studies II and III:  
 
“newer generation” drug-eluting stents (n-DES): Zotarolimus - Endeavor Resolute, 
Resolute Integrity (Medtronic Inc., Minneapolis, Minnesota); Everolimus - Xience V, Xience 
Prime, XienceXpedition (Abbott Vascular, Santa Clara, California); Everolimus - Promus 
and Promus Element (Boston Scientific, Natick, Massachusetts), Biolimus – Biomatrix 
(Biosensors, Tokyo, Japan), Nobori (Terumo Corporation, Tokyo, Japan), Sirolimus - Osiro 
(Biotronik, Bulach, Switzerland).  
 
“first” or “older” drug-eluting stents (o-DES): Sirolimus - Cypher and Cypher Select 
(Cordis Corporation, Miami, Florida), Paclitaxel - Taxus Express and Taxus Liberté (Boston 
Scientific), and Zotarolimus - Endeavor (Medtronic).  
 
Bare metal stents (BMS): Multilink Vision, Multilink MiniVision, Multilink 8, and 
Multilink Flexmaster (Abbott Vascular); Driver, Micro Driver coronary, and Integrity 
(Medtronic); Liberté (Boston Scientific); Braun Coroflex Blue (B. Braun, Melsungen, 
Germany); and Chrono stent (CID, Saluggia, Italy).  
 
 

4.9 DEFINITIONS OF RENAL DYSFUNCTION 
 
In this thesis kidney function was defined by eGFR (in ml/min/1.73m2) derived from the 
creatinine-based CKD-EPI equation; 
 

 
 
eGFR = 141 × min(Scr/κ, 1)α × max(Scr/κ, 1)-1.209 × 0.993Age 

                                × 1.018 [if female] × 1.159 [if black] 
 

Scr is serum creatinine in µmol/L, 
κ is 61.9 for females and 79.6 for males, 

α is -0.329 for females and -0.411 for males, 
min indicates the minimum of Scr/κ or 1, and 

max indicates the maximum of Scr/κ or 1 
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Creatinine values were extracted from SWEDEHEART as described in section 4.2. In this 
thesis we lacked information on duration of any previous RD and since we only had a single 
measurement of creatinine, RD was defined by the patients’ stratified GFR-strata and not 
considered as CKD classes as suggested by KDIGO 15. In study I, patients were stratified 
according to eGFR (mL/min/1.73 m2) higher or equal to 90 (eGFR≥90, normal function), 
eGFR ≥60 but below 90 (eGFR≥60–90, mildly impaired), eGFR ≥30 but below 60 
(eGFR≥30–60, moderate dysfunction), eGFR ≥15 but below 30 (eGFR≥15–30, severe 
dysfunction), and eGFR<15 (eGFR below 15, ESRD). In study II, patients were stratified 
according to following groups of eGFR (mL/min/1.73m2); higher or equal to 60 (eGFR≥ 60), 
eGFR ≥30 but <60 (eGFR30– 60) and eGFR 30 (eGFR<30). In study III, normal kidney 
function was defined as eGFR (ml/min/1.73 m2) higher or equal to 60 (eGFR>60, normal 
function); eGFR higher or equal to 30 but below 60 (eGFR 30-60, moderate CKD); eGFR 
below 30 (eGFR<30, severe CKD). In study IV, CKD was defined as the ordinal outcome 
of eGFR groups during the hospital stay for MI according to: eGFR higher or equal to 
(eGFR>90) defined normal renal function, mild CKD if higher or equal to 60 but below 90 
(eGFR 60-<90), moderate CKD if eGFR ≥30 but below 60 (eGFR 30-<60) and eGFR below 
30 defined severe CKD (eGFR<30). 
 
 

4.10 STUDY POPULATION 
 

4.11 STUDY I 
 
We included all consecutive patients registered in SCAAR between 1 January 2005 and 30 
December 2010 that underwent an elective coronary angiography due to suspicion of or 
established stable angina pectoris, silent ischemia or chest pain of uncertain origin. Patients 
with missing creatinine values were excluded (N=8,027) and in patients that underwent 
multiple angiographies (N=6,862) only the first index procedure was considered. 
 

4.12 STUDY II 

All consecutive patients >18 years of age discharged alive with a diagnosis of non-ST-
elevation MI (NSTEMI) or ST-elevation MI (STEMI) and who received dual antiplatelet 
therapy (DAPT) with ASA and clopidogrel or ticagrelor, between 1 January 2010 and 31 
December 2013 were included. For patients with multiple hospital stays for MI, only the first 
admission was included and we excluded patients treated with anticoagulant therapy at 
discharge (n=6,912), patients with missing creatinine (n=4,744) and patients that underwent 
CABG (n=3423). The study population consisted of 45,206 patients. PCI-related in-hospital 
bleeding was, only evaluated in a subset of this MI cohort (N=36,392) that had PCI during 
the admission. 
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4.13 STUDY III 

All consecutive patients who underwent PCI with coronary stenting recorded in SCAAR 
between 1 January 2007 and 31 December 2013 were included. We excluded patients with 
cardiogenic shock (N = 1,461), multiple registry re-entries (n = 64,038), other PCI procedures 
without stenting (N= 819), patients with missing creatinine (N = 10,215) and patients that 
received o-DES (N = 10,216). In patients that received several different types of stent during 
the same procedure (n = 9,567), only one stent was randomly selected and followed over the 
study period. Analyses were made per patient and based on the type of stent implanted at the 
first registered procedure and the final study population included 92, 994 individuals. 

4.14 STUDY IV 
 
We included 1,263 patients hospitalized due to ACS and registered in the SWEDEHEART-
biobank between 2008 and 2014. Patients with incomplete biomarkers test (N=59), patients 
without a diagnosis of MI (N=105) and patients with missing creatinine (N=1) were 
excluded, resulting in a final study population of 1,098 patients. 
 

4.15 STATISTICS 
 
Continuous variables are described as median and interquartile range (IQR) or mean with 
standard deviations 83. Categorical data are expressed as numbers (N) and proportion of 
patients (%). In all studies, a p-value of <0.05 was considered statistically significant. 
Statistical analyses were performed with SPSS (IBM Corp., Armonk, NY) version 22.0 73, R 
V.3.3 with package coxme V.2.2–5 (R Foundation for Statistical Computing, Vienna, 
Austria) (study II), SPSS version 23.0 and STATA version 15.1 (StataCorp, College Station, 
Texas, USA) (study III) and SPSS for Mac and R 3.4.0, software package, R-package ranger 
(study IV). 
 

4.16 STUDY I 
 
The associations between different degrees renal dysfunction and long-term outcomes: all-
cause mortality, readmission with MI, stroke and heart failure and the composite of death or 
MI were assessed. Multivariable Cox proportional hazard models were applied using three 
models adjusting for baseline characteristics (age, sex, smoking status, body mass index 
(BMI), hypertension, history of previous MI, CABG, PCI, heart failure, stroke, peripheral 
artery disease, cancer, dementia, chronic obstructive pulmonary disease, diabetes and 
hyperlipidemia (model 1). Adjustments for differences in angiogram findings (defined as 
one-, two-, or three vessel disease or left main stenosis) (model 2) and revascularization with 
CABG or PCI as a time-dependent variable (model 3) were added to previous models. 
Interaction analysis for the influence of diabetes and severity of CAD on the association of 
renal function and the combined outcome was also performed.	 
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4.17 STUDY II 

Cox proportional hazard models were used to evaluate the associations between ticagrelor as 
compared to clopidogrel and outcomes (readmission with bleeding, the combined or 
individual outcome of recurrent MI, stroke or death) at 1 year after hospitalization for MI. 
The multivariable analyses included the covariates ticagrelor treatment, sex, age, history of 
diabetes, hypertension, MI, heart failure, peripheral vascular disease, ischemic stroke, 
chronic obstructive pulmonary disease, cancer within the last 3 years, bleeding, calendar year, 
Killip class on admission >1, type of MI (STEMI vs NSTEMI), PCI during admission and 
drugs at discharge. Different sensitivity analyses were conducted and included censoring 
patients according to the intended treatment duration at discharge, specific calendar time-
restricted analyses (2012–2013), adjusting for data on different stent types as well as 
propensity score matching. Multivariable logistic regression was used to study the secondary 
outcome of PCI-related in-hospital bleedings, where adjustments for calendar year, sex, age, 
history of diabetes, hypertension, MI, heart failure, peripheral vascular disease, ischemic 
stroke, chronic obstructive pulmonary disease, cancer within the last 3 years, bleeding, Killip 
class on admission >1, type of MI (STEMI vs NSTEMI), concomitant use of unfractionated 
heparin, IIb/IIIa inhibitor, radial versus femoral access and the use of vascular closure device, 
medication at discharge (β-blockers, ACE inhibitors or angiotensin receptor blockers and 
statins).  

4.18 STUDY III 
 
To study the associations between stent type (n-DES versus BMS) and stent outcomes, Cox 
proportional hazard analysis was utilized adjusting for demographic, clinical and procedural 
variables (age, sex, smoking status, BMI, hypertension, history of previous MI, CABG, PCI, 
heart failure, peripheral artery disease, stroke, peripheral artery disease, cancer, dementia, 
chronic obstructive lung disease, diabetes and hyperlipidemia, in-hospital course regimes 
such as acetylsalicylic acid, P2Y12 receptor inhibitors, glycoprotein IIb/IIIa inhibitors, 
anticoagulant treatment, year of the index procedure, enrolling center, treated vessel, lesion 
type, bifurcation lesions, three-vessel or left main disease, indication of PCI, number of stents 
as well as stent length and stent diameter). Due to few stent events, the multivariate model 
was reduced to include adjustments of the presence of diabetes, smoking status, previous 
PCI, age, sex, stent length, stent diameter and P2Y12 receptor inhibition regarding the 
outcome stent thrombosis. The effect of stent types at different levels of renal function and 
stent outcomes was tested using interaction terms. Several sensitivity analyses were also 
performed where patients that received several different stent types at the same PCI-
procedure and patients with prior CABG were excluded. Additionally, a predictive Fine-Gray 
model was developed to test for death as a competing risk for stent outcomes and a secondary 
analysis of readmission with MI was conducted. 
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4.19 STUDY IV 
 
The main analysis of this study of 175 biomarkers and outcomes utilized the random forests 
method to construct flexible prediction models. Random forests with 5000 trees were formed 
using default values for all parameters. Variable importance plots are reported for each 
outcome to illustrate the valuable ability to predict outcomes. Here, 100% variable 
importance indicates the strongest predictor for the outcome. The random forests model 
considered all 175 biomarkers simultaneously (crude), but demography (age and gender), 
baseline characteristics (hypertension, diabetes, current smoking, eGFR<60 as well as 
previous history of MI, revascularization, heart failure, atrial fibrillation, stroke, peripheral 
artery disease, chronic obstructive pulmonary disease and cancer) were also adjusted for in a 
second model. In addition to this model, severity of disease (defined as the presence of 
STEMI, pulmonary rales or cardiogenic shock at admission) was considered in an additional 
model. Penalized regression with lasso analysis that considered all biomarkers 
simultaneously in order to determine which biomarkers provided discriminative information 
was used as a sensitivity analysis. Missing data were handled using simple imputation with 
age and gender as predictors. Cox proportional hazard analysis was used to describe the 
unadjusted associations of biomarker expression and outcomes (death, readmission because 
of MI and heart failure).   
 

4.20 ETHICAL CONSIDERATIONS 
 
Patients received information about their participation in the SWEDEHEART registry during 
their hospital stay and had the possibility to opt out. Data were analyzed on a group level, 
thus limiting the possibility of results to be linked back to an individual patient. Written and 
oral informed consent was acquired before enrolment in study IV and patients that provided 
blood samples followed standard medical care. All studies were approved by the regional 
ethical review board in Stockholm and conducted in accordance with the declaration of 
Helsinki. 
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Figure 3A. RIKS-HIA registry form. Data collected on admission. 
  

SWEDEHEART – 2018 PatientID: 

START – RIKSHIA (1/2)              ( * = obligatorisk) 

Överflyttad patient* 

Överflyttad från 0 Nej 1 Omdirigerad 
ambulans 

2 Annat 
sjukhus 

3 Annan vårdenhet 
inom sjukhuset 

4 Ej 
registrerande 
enhet 

Ange sjukhus 
/enhet (om 1-4) 

 

Beslutsgrundande EKG och ankomststatus* 

EKG rytm 1 Sinus 2 Förmaksflimmer/-fladder 8 Övrigt  

EKG QRS 1 Normalt 2 Pacemaker 3 Vänster-
grenblock 

4 Patol Q-

våg 

5 Höger-
grenblock 

8 Övrigt  

Vänstergrenblock 0 Tidigare 

känt 
1 Ej tidigare känt 

EKG STT 1 Normalt 2 ST-höjning 3 ST-sänkning 4 Patologisk T-våg 8 Övrigt  

Hjärtfrekvens  /min      

Blodtryck 
Syst/diast 

 /      

Lungrassel 0 Nej 1 Basala 

rassel 

2 Mer än halva lungorna 

 

3 Lungödem 

Cardiogen chock 
vid ankomst 

0 Nej 1 Ja      

Prehospitala uppgifter* 

Intagningsorsak 1 Bröstsmärta 2 Dyspné 3 Cirkulationsstillestånd 8 Övrigt 

Symtomdebut Datum Kl 

Ambulans 0 Nej 1 Ja, till Akuten 2 Ja, till HIA/PCI-lab 

Prehospitalt EKG 
Tidpunkt 

Datum Kl 

HLR före sjukhus 0 Nej 1 Ja 

Prehospital 
trombolys 

0 Nej 1 Ja 

Preh trombolys 
läkemedel 

 3 Rapilysin 4 Metalyse 

Preh trombolys 
tidpunkt 

Datum Kl 

Ankomstuppgifter* 

Ankomst till akuten Datum  Kl 

Avresa till PCI-sjukhus 0 Nej 1 Ja 

HIA/AVD/PCI-lab Datum Kl 

Klinisk bakgrund* 

Längd _____   cm 

Vikt _____   kg 

Sysselsättning 1 Arbete 2 Sjukskrivning 

/sjukersättning 

3 Arbetslöshet 4 Ålderspensionär 5 Studerar/Övrigt 

Riskfaktorer 

Rökning* 0 Aldrig rökare 1 Ex rökare > 1 mån 2 Rökare 

Snusning* 0 Aldrig varit snusare 1 Ex snusare > 1 mån 2 Snusare 

Skörhet 1 Mycket vital 2 Vital 3 Klarar sig bra 4 Sårbar 5 Lindrigt skör 

 6 Måttligt skör 7 Allvarligt skör 8 Mycket allvarligt skör 9 Terminalt sjuk 
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Figure 3B. RIKS-HIA registry form. Data collected on admission (continued). 
  

SWEDEHEART – 2018 PatientID: 

START – RIKSHIA (2/2) 

Tidigare hjärtsjukdom* 

Tidigare hjärt-
infarkt 

0 Nej 1 Ja     

Känd nedsatt 
vänsterkammar-
funktion 

0 Nej  2 Ja, lätt nedsatt 
(40-49%) 

3 Ja, måttligt 
nedsatt (30-
39%) 

4 Ja, kraftigt 
nedsatt 
(<30%) 

5 Ja, men 
okänd grad 

Tidigare PCI 0 Nej 1 Ja     
Tidigare hjärt-
kirurgi (avser ej 
pacemaker) 

0 Nej 1 CABG 2 Annan hjärtkirurgi 

Tidigare sjukdomar* 

Diabetes 0 Nej 1 Ja 

Hypertoni 0 Nej 1 Ja 
Tidigare stroke (ej 
TIA) 

0 Nej 1 Ja 

Medicin vid ankomsten* 

ACE-hämmare 0 Nej 1 Ja      

A2-blockerare 0 Nej 1 Ja 2 ARB + 
Neprilysin 

    

Antikoagulantia 0 Nej 1 Waran  3 Dabigatran 
(Pradaxa) 

4 Rivaraoxaban 
(Xarelto) 

5 Apixaban 
(Eliquis) 

 

ASA 0 Nej 1 Ja      

Övriga trombocyt-
hämmare 

0 Nej 1 Clopidogrel 
(Plavix) 

2 Tiklopidin 
(Ticlid) 

3 Prasugrel 
(Efient) 

4 Ticagrelor 
(Brilique) 

8 Övrigt  

Betablockerare 0 Nej 1 Ja      

Ca-hämmare 0 Nej 1 Ja      

Diabetesbe-
handling insulin 

0 Nej 1 Insulin      

Diabetesbehand-
ling per oral 

0 Nej 1 Tablettbehandlad      

Digitalis 0 Nej 1 Ja      

Diuretika 0 Nej 1 Ja      

Aldosteron-
blockad 

0 Nej 1 Spironolakton 
(Aldactone) 

2 Eplerenon 
(Inspra) 

  8 Övrigt  

Statiner 0 Nej 1 Ja      

Ezetimibe 
(Ezetrol) 

0 Nej 1 Ja      

Övriga lipid-
sänkare 

0 Nej 1 Ja Om Ja:    

  2 Fibrater 3 PCSK9-
antikroppar 

4 Lipoproteinaferes 8 Övrigt 

Nitroglycerin 
långverkande 

0 Nej 1 Ja      

Kommentarer 
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Figure 3B. RIKS-HIA registry form. Data collected on admission (continued). 
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Figure 4. RIKS-HIA registry form. Data collected from the hospital course.  
  

SWEDEHEART – 2018 PatientID: 

VÅRD – RIKSHIA                ( * = obligatorisk) 
Ankomst HIA/Avd/PCI-lab* Datum Kl 

Revaskularisering* 
Reperfusionsbehandling 0 Nej 1 Trombolys 2 Primär PCI 3 Akut CABG 4 Akut cor.ai utan åtgärd 

Trombolys 0 Nej 1 Streptokinas 2 Actilyse 3 Rapilysin 4 Metalyse 

Trombolys kontraindikation 0 Nej 1 Ja    

Trombolys tidpunkt Datum  Kl   
Reperfusionsgrundande EKG 
= Prehospitalta EKG 

0 Nej 1 Ja    

Reperfusiongrundande EKG 
Tid 

Datum  Kl   

Medicinering* 
iv/sc Antikoagulantia 0 Nej 1 iv Heparin 2 sc Fragmin/Klexane 3 Arixtra 

iv Betablockerare 0 Nej 1 Ja   

iv Diuretika 0 Nej 1 Ja   

iv Inotropa 0 Nej 1 Ja   

iv Nitroglycering 0 Nej 1 Ja   

Utredningar och behandlingar* 
Typ av stresstest 0 Ej utfört 1 Myocardscint 2 Stress EKO 3 Arbetsprov  

Resultat av stresstest  1 Normalt 2 Patologiskt 3 Ej bedömbart  
Vänsterkammar-funktion 
mätt 

 1 Ekokardiografi 2 LV-angio 3 Annan metod  

Vänsterkammarfunktion 
(LVEF) 

 1 Normalt (≥50%) 2 Lätt nedsatt 
(40-49%) 

3 Måttligt 
nedsatt (30-
39%) 

4 Kraftigt nedsatt 
(<30%) 

CABG 0 Nej 1 Ja, akut CABG 2 Ja, under vårdtillfället 3 Planerad efter utskrivning 

PM/ICD 0 Nej 1 PM permanent 2 ICD 4 CRT 5 ICD+CRT 

CPAP 0 Nej 1 Ja    

Laboratorieuppgifter                                                              OBS! Ankomstprover: Hb, CRP, Krea och P-Glucos 
Infarktmarkör 0 Ej utfört 1 Trop T (µg) 2 Trop I 3 CKMB 5 HS Trop T (ng) 6 HS Trop I (ng) 

Maxvärde infarktmarkör   

Kolesterol  Triglycerider  HDL  ApoB  ApoA1  

LDL direktmätt:   

P-Glucos  HbA1c  Prov 2 Prov 3 

Kreatinin*  Dat Kl Dat Kl Dat Kl 

CRP  Dat Kl Dat Kl Dat Kl 

Hb  Dat Kl Dat Kl Dat Kl 

Komplikationer 
Reinfarkt under vårdtillfället* 0 Nej 1 Ja   

Blödning under vårdtillfället* 0 Nej 1 Dödlig 2 Cerebral 3 Krävande op/transfusion 

HLR/Defibrillering under vtf* 0 Nej 1 VT/VF  8 Övrigt 

Cardiogen chock* 0 Nej 1 Ja   

AV-block* 0 Nej/AV-I 1 AV-II-III   

Nytt förmaksflimmer* 0 Nej 1 Ja   

Mekanisk komplikation 0 Nej 1 Fri väggruptur 2 VSD 3 MI (Akut allvarlig MI) 

Överföring utskrivning* 
Överförs till vårdenhet/sjukhus  

 

Robert Edfors 

34 

Figure 4. RIKS-HIA registry form. Data collected from the hospital course.  
  

SWEDEHEART – 2018 PatientID: 

VÅRD – RIKSHIA                ( * = obligatorisk) 
Ankomst HIA/Avd/PCI-lab* Datum Kl 

Revaskularisering* 
Reperfusionsbehandling 0 Nej 1 Trombolys 2 Primär PCI 3 Akut CABG 4 Akut cor.ai utan åtgärd 

Trombolys 0 Nej 1 Streptokinas 2 Actilyse 3 Rapilysin 4 Metalyse 

Trombolys kontraindikation 0 Nej 1 Ja    

Trombolys tidpunkt Datum  Kl   
Reperfusionsgrundande EKG 
= Prehospitalta EKG 

0 Nej 1 Ja    

Reperfusiongrundande EKG 
Tid 

Datum  Kl   

Medicinering* 
iv/sc Antikoagulantia 0 Nej 1 iv Heparin 2 sc Fragmin/Klexane 3 Arixtra 

iv Betablockerare 0 Nej 1 Ja   

iv Diuretika 0 Nej 1 Ja   

iv Inotropa 0 Nej 1 Ja   

iv Nitroglycering 0 Nej 1 Ja   

Utredningar och behandlingar* 
Typ av stresstest 0 Ej utfört 1 Myocardscint 2 Stress EKO 3 Arbetsprov  

Resultat av stresstest  1 Normalt 2 Patologiskt 3 Ej bedömbart  
Vänsterkammar-funktion 
mätt 

 1 Ekokardiografi 2 LV-angio 3 Annan metod  

Vänsterkammarfunktion 
(LVEF) 

 1 Normalt (≥50%) 2 Lätt nedsatt 
(40-49%) 

3 Måttligt 
nedsatt (30-
39%) 

4 Kraftigt nedsatt 
(<30%) 

CABG 0 Nej 1 Ja, akut CABG 2 Ja, under vårdtillfället 3 Planerad efter utskrivning 

PM/ICD 0 Nej 1 PM permanent 2 ICD 4 CRT 5 ICD+CRT 

CPAP 0 Nej 1 Ja    

Laboratorieuppgifter                                                              OBS! Ankomstprover: Hb, CRP, Krea och P-Glucos 
Infarktmarkör 0 Ej utfört 1 Trop T (µg) 2 Trop I 3 CKMB 5 HS Trop T (ng) 6 HS Trop I (ng) 

Maxvärde infarktmarkör   

Kolesterol  Triglycerider  HDL  ApoB  ApoA1  

LDL direktmätt:   

P-Glucos  HbA1c  Prov 2 Prov 3 

Kreatinin*  Dat Kl Dat Kl Dat Kl 

CRP  Dat Kl Dat Kl Dat Kl 

Hb  Dat Kl Dat Kl Dat Kl 

Komplikationer 
Reinfarkt under vårdtillfället* 0 Nej 1 Ja   

Blödning under vårdtillfället* 0 Nej 1 Dödlig 2 Cerebral 3 Krävande op/transfusion 

HLR/Defibrillering under vtf* 0 Nej 1 VT/VF  8 Övrigt 

Cardiogen chock* 0 Nej 1 Ja   

AV-block* 0 Nej/AV-I 1 AV-II-III   

Nytt förmaksflimmer* 0 Nej 1 Ja   

Mekanisk komplikation 0 Nej 1 Fri väggruptur 2 VSD 3 MI (Akut allvarlig MI) 

Överföring utskrivning* 
Överförs till vårdenhet/sjukhus  

 

38



Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 35 

Figure 5. RIKS-HIA registry form. Data collected at discharge. 
  

SWEDEHEART – 2018 PatientID: 

SLUT – RIKSHIA               ( * = obligatorisk) 
Ankomst HIA/Avd/PCI* Datum 

Avliden* 
Avliden 0 Nej 1 Ja 

Medicinering* 

ACE-hämmare 0 Nej 1 Ja     

A2-blockerare 0 Nej 1 Ja 2 ARB + Neprilysin 

Antikoagulantia 0 Nej 1 Waran 3 Dabigatran 
(Pradaxa) 

4 Rivaroxaban 
(Xarelto) 

5 Apixaban 
(Eliquis) 

8 Annat 

ASA 0 Nej 1 Ja     

Planerad behandlingstid  1 1 mån 2 3 mån 3 6 mån 6 >=12 mån  

Övriga trombocythämmare 0 Nej 1 Clopidogrel 
(Plavix) 

2 Tiklopidin 
(Ticlid) 

3 Prasugrel 
(Efient) 

4 Ticagrelor 
(Brilique) 

8 Övrigt 

Planerad behandlingstid  1 1 mån 2 3 mån 3 6 mån 6 >=12 mån 5 tillsvidare 

Betablockerare 0 Nej 1 Ja     

Ca-hämmare 0 Nej 1 Ja     

Diabetesbeh insulin 0 Nej 1 Insulin     

Diabetsbeh per oral 0 Nej 1 Tablettbeh     

Digitalis 0 Nej 1 Ja     

Diuretika 0 Nej 1 Ja     

Aldosteronblockad 0 Nej 1 Spironolakton 
(Aldacton) 

2 Eplerenon 
(Inspra) 

  8 Övrigt 

Statiner 0 Nej 1 Ja     

Ezetimibre (Ezetrol) 0 Nej 1 Ja     

Övriga lipidsänkare 0 Nej 1 Ja    Om Ja: 2 Fibrater 3 PCSK9-
antikroppar 

4 Lipoprotein-
aferes 

8 Övrigt 

Nitroglycering långv 0 Nej 1 Ja     

EKG* 

EKG-rytm 1 Sinus 2 Förmaksflimmer/-fladder 8 Övrigt 

Diagnos* 

Infarkttyp 0 Ej infarkt 1 STEMI 2 NSTEMI 

Subklass. av hjärtinfarkt  1 Typ-1 2 Typ-2 3 Typ-3 4 Typ-4a 5 Typ-4b 6 Typ-5 

Diagnos 1 Diagnos 3 Diagnos 5 

Diagnos 2 Diagnos 4 Diagnos 6 

Utskrivning* 

Utskrivningsdatum  
Planerad koronarangio efter utskrivning  0 Nej 1 Ja 

Planerad PCI efter utskrivning 0 Nej 1 Ja 

Planerad CABG efter utskrivning 0 Nej 1 Ja 

Uppföljning 0 Nej 1 Kardiologi/Medicin 2 VC 3 Annan 

Uppföljande sjukhus/enhet 
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Figure 6. SCAAR registry form. In-hospital complications. 
 
 

Definitioner på komplikationer finns på http://www.ucr.uu.se/scaar/Manualer/kompavd.pdf  

Komplikationer på avdelningen - Återsänd ifylld till angio-lab
Personnr eller motsv.
 

________________________________________________
Namn*  

________________________________________________
Datum för procedur*
Komplikation* 1 Nej 2 Ja 0 Okänt 

Allergisk senkomplikation* 1 Nej 2 Ja 0 Okänt 

Någon form av blödning* 1 Nej 2 Ja 0 Okänt 

Blödning Major* 1 Nej 2 Ja 0 Okänt 

Blödning Minor* 1 Nej 2 Ja 0 Okänt 

Behandlingskrävande pseudoaneurysm* 1 Nej 2 Ja 0 Okänt 

Hematom > 5 cm diameter* 1 Nej 2 Ja 0 Okänt 

Hb fall> 20 g/L* 1 Nej 2 Ja 0 Okänt 
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Förlängd vårdtid > 1 dygn* 1 Nej 2 Ja 0 Okänt 
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Kirurgisk åtgärd* 1 Nej 2 Ja 0 Okänt 

Annan behandling utöver kompression* 1 Nej 2 Ja 0 Okänt 

Förtida utsättning / uppehåll av 
antitrombotisk beh.*

1 Nej 2 Ja 0 Okänt 

Vaskulär (endast icke coronara kärl)* 1 Nej 2 Ja 0 Okänt 

Neurologisk komplikation* 1 Nej 2 Ja 0 Okänt 

Nytillkommen njurinsufficiens* 1 Nej 2 Ja 0 Okänt 

Tamponad* 1 Nej 2 Ja 0 Okänt 

Komplikation - Re-PCI (behandlat 
segment)*

1 Nej 2 Ja 0 Okänt 

CABG (p g a komplikation, ej från lab)* 1 Nej 2 Ja 0 Okänt 

Hjärtinfarkt* 1 Nej 2 Ja 0 Okänt 

Annan allvarlig komplikation* 1 Nej 2 Ja 0 Okänt 

Avliden* 1 Nej 2 Ja 0 Okänt 

Procedurrelaterad död* 1 Nej 2 Ja 0 Okänt 

Biokemiska infarktmarkörer
CKMB värde före

,
CKMB värde efter

,
Troponinmetod före 1 Troponin T 2 Troponin I 0 Okänt 

Troponinvärde före
,

Troponinmetod efter 1 Troponin T 2 Troponin I 0 Okänt 

Troponinvärde efter
,
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Figure 7a. SCAAR registry. Data collection (admission logistics and clinical background 
data) at the catherization laboratory. 
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SWEDEHEART – 2016 PatientID: 

SCAAR – ANGIO+PCI             ( * = obligatorisk) 

Överflyttad patient* 

Patienten kommer 
närmast från 

0 Ambulans från sjukhuset primära 
upptagningsområde 

1 Ambulans från annat upptagningsområde 

 2 Annat sjukhus 
3 Annan vårdenhet 
inom sjukhuset 

4 Ej registrerande sjukhus 

Ange vårdenhet (om 1-4)  

 

Grunduppgifter 

Datum för procedur  

Typ av registrering 1 Angio 2 PCI 3 Angio + PCI  

Jourtid 
1 Planerad 
på kontorstid 

2 Akutfall på 
kontorstid 

3 Akutfall på 
jourtid 

4 Subakut på 
kontorstid 

5 Subakut på 
jourtid 

 

Kliniska bakgrundsdata 

Längd (cm  

 Vikt (kg)  

S-Kreatinin (µmol/l  

Tidigare PCI 0 Nej 1 Ja 9 Okänt 

Tidigare CABG 0 Nej 1 Ja 9 Okänt 

Diabetes 0 Nej 1 Ja 9 Okänt 

Insulin 0 Nej 1 Ja 9 Okänt 
Rökning (gäller även 
bruk av vattenpipa) 

0 Aldrig rökare 1 Ex-rökare > 1 mån 2 Rökare 9 Okänt 

Snusning 
0 Aldrig varit 
snusare 

1 Ex-snusare > 1 mån 2 Snusare 9 Okänt 

Behandlad hypertoni 0 Nej 1 Ja 9 Okänt 

Lipidsänkande medel 0 Nej 1 Ja 9 Okänt 

Tidigare infarkt 0 Nej 1 Ja 9 Okänt 
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Figure 7b. SCAAR registry. Data collection (presentation and access sites) at the 
catherization laboratory (continued). 
 
 
 
 
 
 
 
 

2 
 

 
Angiografiska bakgrundsdata 

Angiograför  

Indikation 1 Stabil angina pectoris Canadian class: 
1 I 
2 II 
3 III 
4 IV 
9 Okänt 

 

21 Instabil angina pectoris Myocardskademarkör: 0 Nej          1 Ja          9 Okänt 
ST-segment sänkning: 0 Nej          1 Ja          9 Okänt 22 NSTEMI 

 

3 STEMI Datum symtomdebut:______________________________ 
Klockslag symtomdebut: ___________________________ 
Datum reperfusions- 
grundande EKG: __________________________________ 
Klockslag reperfusions- 
grundande EKG: __________________________________ 

51 STEMI > 24 h 

4 STEMI/Rescue PCI 
52 Riskvärdering efter lyckad 
trombolys 
161 Hjärtstopp med STEMI 
162 Hjärtstopp utan STEMI 

 

6 Oklara bröstmärtor 9 Vitieutredning 8 Arytmiutredning 
12 Hjärtsvikt/ 
kardiomyopatiutredning 

15 Kontroll inför eller efter 
transplantation 7 Tyst ischemi 

10 Mekanisk komplikation 
efter hjärtinfarkt 

14 Aortaaneurysm/ 
dissektion 11 Forskning och utveckling 

13 Misstänkt komplikation 
Angio/PCI 

17 Misstänkt komplikation 
vid CABG  

88 okänt   

 
19 Komplettering av tidigare 
PCI Staged procedur: 0 Nej                 1 Ja                9 Okänt 

 

Killip klass 1 Killip I 2 Killip II 3 Killip III 4 Killip IV 

Punktionsställe 1 A Femoralis 
3 A Brachialis 
4 A Axillaris 
5 A Radialis hö 
6 A Radialis vä 
7 A Radialis + A Femoralis 
8 A Femoralis konverterad från radialis 
9 A Radialis konverterad från A femoralis 
88 Övriga 

Punktionsdatum och 
klockslag Datum: Klockslag: 
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Figure 7b. SCAAR registry. Data collection (presentation and access sites) at the 
catherization laboratory (continued). 
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Figure 7c. SCAAR registry. Data collection (angiographic findings) at the catherization 
laboratory (continued). 
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Angiografi 
Angografiskt fynd    

 

Fynd 1 Normal/ateromatos 
2 1-kärl ej HS 
3 2-kärl ej HS 
4 3-kärl ej HS 
5 HS + 1-kärl 
6 HS + 2-kärl 
7 HS + 3-kärl 
8 HS 
0 Ej konklusiv undersökning 

 
Segment historik/Restenoser 
Datum 
 

Segment Graft Procedur Restenos 
0 Nej  1 Ja 

Ocklusion 
0 Nej. 
4 Nej, men misstänkt tromb 
2 Ja, akut presentation (t.ex. SAT) 
3 Ja, utan akut presentation 
9 Okänt 
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Figure 7c. SCAAR registry. Data collection (angiographic findings) at the catherization 
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Figure 7d. SCAAR registry. Data collection (primary treatment decision) at the 
catherization laboratory (continued). 
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Angiografi Avslut 
Angio fritext för utlåtande  

Angio fritext för 
patientutlåtande 

 

Stresskardiomyopati 0 Nej 1 Ja 2 Misstänkt 

Primärt beslut 1 Ingen åtgärd 
2 Fortsatt medicinsk behandling 
3. Fortsatt utredning 
4 Klaffoperation 
5 CABG 
6 Klaffoperation + CABG 
7 PCI + CABG 
8 PCI elektiv 
9 PCI ad hoc 
10 Remitterad till annat centrum 
11 Annat operativt ingrepp 

Avböjd från operation 0 Nej 1 Ja 9 Okänt 
Spontan 
kranskärlsdissektion 0 Nej 1 Ja 2 Misstänkt 

 

PCI 
Operatör 1  
Operatör 2  
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Figure 7e. SCAAR registry. Data collection (angiographic findings and procedure 
characteristics) at the catherization laboratory (continued). 
 

5 
 

 
Segment 
Segmentnummer  

Graft 0 Nej 1 Artär 2 Ven 
Nummer på stenos i 
samma segment 1 Första 2 Andra 3 Tredje 4 Fjärde 

Ocklusion 0 Nej 1 Ja, < 3 mån 2 Ja >= 3 mån 9 Okänt 

Stenostyp 1 DeNovo 2 Övriga restenoser 3 In-stent restenos 

Stenosklass 1 A 
2 B1 
3 B2 
4 C 
5 B1 Bifurkation 
6 B2 Bifurkation 
7 C Bifurkation 
88 Övrigt 

Procedurtyp 1 Ballongvidgning 
2 Direkt stent 
3 Ballong + stent 
10 Ledarförsök 
5 Atherectomi 
6 Rotablator 
7 Cutting Ballon 
9 Diagnostik 
11 Läkemedelsballong 
12 Läkemedelsballong + stent 
88 Annan terapi 

Ballongslut DEB 1 Proximala  RCA 
2. Mellersta RCA 
3.Distala RCA 
4. PDA/RPD 
5. Vä huvudstam 
6. Proximala LAD 
7. Mellersta LAD 
8. Distala LAD 
9. Första diagonal 
10. Andra diagonal 
11. Proximala LCx 
12. Första obtusa marginal 
13. Andra obtusa marginal 
14. Distala LCx 
15. LPD 
16. PLA från vänster 
17. Intermediär 
18. PLA 
19. Högerkammargren 
20. Septal 
32. Vengraft 
64. Artärgraft 

Lokal framgång 0 Nej 1 Ja  
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Figure 7e. SCAAR registry. Data collection (angiographic findings and procedure 
characteristics) at the catherization laboratory (continued). 
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Figure 7f. SCAAR registry. Data collection (angiographic findings and procedure 
characteristics) at the catherization laboratory (continued). 
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Tillagda procedurer 

Segmentnummer Graft Ocklusion Procedurtyp Lokal framgång 

     

     

 
Diagnostik (vid PCI) 

Någon diagnostik vid PCI 0 Nej 1 Ja 9 Okänt 

Om Ja Segmentnr 1 Proximala  RCA 

2. Mellersta RCA 

3.Distala RCA 

4. PDA/RPD 

5. Vä huvudstam 

6. Proximala LAD 

7. Mellersta LAD 

8. Distala LAD 

9. Första diagonal 
10. Andra diagonal 

11. Proximala LCx 

12. Första obtusa marginal 
13. Andra obtusa marginal 

14. Distala LCx 

15. LPD 

16. PLA från vänster 
17. Intermediär 
18. PLA 

19. Högerkammargren 

20. Septal 

 Graft 0. Nej 

1. Artär 
2. Ven 

 Metod 1. FFR 

2. iFR 

3. IVUS 

4. OCT 

5. NIRS 

6. CFR 

7. IMR 

8. Pd/Pa 

9. Pa-hyperemi 

10. Pd-hyperemi  

  Före: Efter: 

  Före: Efter: 
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Figure 7f. SCAAR registry. Data collection (angiographic findings and procedure 
characteristics) at the catherization laboratory (continued). 
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Figure 7g. Data collection (procedural characteristics) at the catherization laboratory 
(continued). 

7 
 

Sekundärt beslut 
Sekundärt beslut 1 Ingen ytterligare åtgärd 

2 Fortsatt PCI vid annat tillfälle 

3 CABG akut 

4 CABG ej akut 

5 Klaffkirurgi + CABG 

8 Annat 

 
Adjuvant terapi 
Någon adjuvant terapi 0 Nej 1 Ja 9 Okänt 

Om Ja Aortaballongpump 0 Nej 1 Ja 9 Okänt 

Annan 

vänsterkammarassist 
0 Nej 1 Ja 9 Okänt 

LUCAS 0 Nej 1 Ja 9 Okänt 

Distal protection device 0 Nej 1 Ja 9 Okänt 

Pacemaker 0 Nej 1 Ja 9 Okänt 

Trombectomi 0 Nej 1 Ja 9 Okänt 

Annat 0 Nej 1 Ja 9 Okänt 

Labnamn  

 

Stråldos (mGy)  

Genomlysningstid (mmm:ss  

Kontrastmedel  

Kontrastmedelsmängd (ml)  

Annan kontrastmedelsundersökning 0 Nej 2 Vänsterkammarangiografi 

 
3 Thorakal aortografi 4 LV + Thorakal aortografi 

8 Annan undersökning  

 
Artärförslutning 1 Femostop 

2 Angioseal 

3 Kvarlämnad artärskida 

4 Perclose 

5 Vasoseal 

6 Starclose 

7 Femoseal 

8 TR-band 

81 Radistop 

9 Handkompression 

10 Eget förband 

11 Proglide 

12 Radstat 

88 Övrigt 

General success 0 Nej 1 Ja 2 Endast diagnostik 
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Figure 7g. Data collection (procedural characteristics) at the catherization laboratory 
(continued). 
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Figure 7h. Data collection (medication before angiography) at the catherization laboratory 
(continued). 
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PCI fritext för utlåtande  

 

 

 

 

 

 

PCI fritext för patientutlåtande  

 

 

 

 

 

 

 
Antitrombotisk medicinering före (inom 24h) 
Antitrombotisk medicinering före 
PCI 

0 Nej 1 Ja 9 Okänt 

Om JA Trombolys 

ASA 

Clopidogrel/ticlopidin (Plavix(Ticlid) 

Prasugrel (Efient) 

Ticagrelor (Brilique) 

Cangrelor (Kengrexal) 

Heparin 

Dalteparin (Fragmin) 

Enoxaparin (Klexane) 

Annat lågmolekulärt heparin 

Bivalirudin (Angiox) 

Fondaparinux (Arixtra) 

Abciximab (Reopro) 

Eptifibatid (Integrilin) 

Tirofiban (Aggrastat) 

Warfarin (Waran) 

Apixaban (Eliquis) 

Dabigatran (Pradaxa) 

Rivaroxaban (Xarelto) 

Övriga 
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Figure 7h. Data collection (medication before angiography) at the catherization laboratory 
(continued). 
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Figure 7i. Data collection (medication during angiography and complications) at the 
catherization laboratory (continued). 
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Table 1. List of biomarkers included in the Proximity Extension Assay (PEA) and Multiple 
Reaction Monitoring assay (MRM) analyses.  
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Table 1. Continued. 
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5 RESULTS 
 

5.1 STUDY I 
 
In study I, 45,348 patients with a known creatinine measurement underwent a coronary 
angiography between 2005 and 2010 with the indication of stable CAD. The median eGFR 
was 81.3 (interquartile range, IQR 67.5–92.3) and 6,813 (15%) patients had eGFR <60. The 
median follow-up time of 2.6 years (IQR 1.2-4.1 years) and 2,473 deaths, 2,869 recurrent 
MI, 3,950 hospitalizations with heart failure and 1,381 hospitalizations due to stroke were 
observed. The cumulative probability up to 3 years of death or MI increased with lower eGFR 
groups, ranging from 6.7% in patients with eGFR>90 to 50.5% in patients with eGFR<15 
(Figure 8).  
 
 

 
Figure 8. Cumulative risk of death or myocardial infarction in relation to estimated 
glomerular function. 
 
 
Following the results of 3-year survival data, the risk of death increased in the crude and 
adjusted analyses with lower eGFR groups (Table 2). In comparison with patients with 
normal renal function (eGFR>90), patients with eGFR<60 showed markedly higher risks and 
HR ranged from 4.1 95% CI (3.6 – 4.7) to 17.7 (14.3 – 22.0) in the crude analysis. Even after 
using all adjusting models, the HR of death was substantially higher in patients with RD. 
Compared with patients with normal renal function (eGFR>90) or slightly impaired renal 
function (eGFR≥60 – <90), patients with impaired renal function had significantly higher HR 
for the endpoints MI, heart failure and the composite of death or MI, in the crude and 
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multivariable adjusted models, respectively (Table 2). Readmission for stroke did not differ 
significantly between renal function groups in the adjusted analyses at 3 years follow up.  

The association between renal function and outcomes was similar regardless of presence of 
diabetes mellitus and despite severity of coronary angiogram findings, with no significant 
interactions (Figures 9-10). 

 

 

 
 
Table 2. Different outcomes and hazard ratios expressed by univariate analysis and 
multivariate analysis (Models 1–3). 
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Figure 9. Adjusted hazard ratio distribution (y-axis) for the combined endpoint death or recurrent myocardial 
infarction within subgroups of estimated glomerular filtration rate (eGFR) in ml/min/1.73m2 and in relation to 
presence of diabetes. P for interaction = 0.05. 
 
 
 

 
 
Figure 10. Adjusted hazard ratio distribution (y-axis) for the combined endpoint death or recurrent 
myocardial infarction within subgroups of estimated glomerular filtration rate (eGFR) in ml/min/1.73m2 and 
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in relation to severity of CAD (1vd = one vessel disease, 2vd = two vessel disease, 3vd = three vessel disease 
and LM = left main stenosis). P for interaction = 0.7. 

5.2 STUDY II 

Between 1 January 2010 and 31 December 2013 45,206 MI patients were discharged alive 
and treated with ticagrelor (11,734 patients (26.0%)) or clopidogrel (33,472 patients (74.0%)) 
in addition to ASA in this study. The overall use of ticagrelor increased during the study 
period in all renal function groups. The incidence rate of the combined outcome (death, 
readmission for MI or stroke) at 1 year was higher in patients with RD (eGFR 30-60 and 
eGFR<30) than in those with normal renal function (eGFR>60) (Figure 11). 

 

Figure 11. Cumulative incidence for the combined outcome (death, myocardial infarction or stroke) and  
numbers at risk stratified on estimated glomerular filtration rate (eGFR) groups in ml/min/1.73m2.  
 

In the adjusted analysis, ticagrelor versus clopidogrel was associated with significantly 
lower risks for the combined outcome in patients with eGFR>60 and eGFR30–60, HR 0.87 
(95% CI, 0.76 - 0.99) and HR 0.82 (95% CI, 0.70 - 0.97). The point estimate for patients 
with eGFR<30 was 0.95 in the adjusted analysis but the CI crossed the line of unity (0.69-
1.29). In the analysis of the separate the outcomes of death, MI readmission and stroke, 
ticagrelor as compared with clopidogrel, showed associations of lower risks in patients with 
eGFR>60 and eGFR 30-60, but in patients with eGFR<30 wide CIs were noted (Figure 
12). For the secondary safety outcomes, readmission with bleeding and PCI-related in-
hospital bleedings, ticagrelor versus clopidogrel, was consistently associated with higher 
risks in all eGFR groups (Figure 12). There was no significant interaction between renal 
function and treatment with ticagrelor or clopidogrel with regards to the combined 
outcome, MI readmission, stroke, readmission with bleeding or in-hospital bleedings but a 
borderline significant p-value was noted for death (p=0.04) (Figure 12). The results of the 
sensitivity analyses with propensity score matching, censoring of patients according to the 
intended treatment duration, adjustments coronary stent types) as well as time-restricted 
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analyses 2012-2013, were similar to the main results of the combined outcome (death, MI 
or stroke hospitalization).  

Figure 12. Forest plot illustrating the adjusted hazard ratio (adj HR) and the adjusted odds ratio (*) for 
different outcomes stratified on estimated glomerular filtration rate (eGFR) groups (mL/min/1,73m2). MI, 
myocardial infraction.  

 

5.3 STUDY III 
 
In this study, a total of 92,994 patients with a known creatinine underwent PCI with either 
BMS or n-DES stent implantation. Overall, 40,940 patients (44.0%) received n-DES and 
52,054 (56.0%) received BMS. The use of n-DES increased from 0.5% to 90.6% and BMS 
decreased from 99.5% to 9.4% in the first and last calendar year of the study period (2007-
2013), respectively. A total of 75,798 patients (81.5%) had normal kidney function (eGFR > 
60); 15,381 patients (16.5%) had moderate RD (eGFR 30–60); and 1,815 patients (2.0%) had 
severe RD (eGFR < 30). N-DES-treated patients were younger than BMS patients, but had a 
higher prevalence of diabetes, previous MI, CABG, PCI and were more often treated with 
potent platelet inhibition. Stenting intervention with n-DES versus BMS, was associated with 
a lower 1-year risk of in-stent restenosis (Figure 13) in patients with eGFR >60 with a 
cumulative probability of 2.1% versus 5.3%, adjusted HR 0.30, 95% CI (0.27–0.34) and with 
eGFR 30–60: 3.0% versus 4.9%; HR 0.46 (0.36–0.60) (Figure 14). However, in patients with 
eGFR<30, n-DES as compared with BMS was associated with a cumulative probability of 
8.1% versus 6.0%; HR 1.32 (0.71–2.45) (Figure 14). The association of n-DES versus BMS 
showed lower risk of ST (Figure 15) for patients with eGFR >60 and eGFR 30–60: 0.5% 
versus 0.9%; HR 0.52 (0.40–0.68) and 0.6% versus 1.3%; HR 0.54 (0.54–0.72), but not for 
patients with eGFR <30; 2.1% versus 1.1%; HR 1.49 (0.56–3.98) (Figure 14). There was a 
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significant interaction between choice of stent type and different subgroups of eGFR for both 
stent outcomes; in-stent restenosis (p=0.009) and ST (p=0.027). Sensitivity analyses that 
excluded patients that received more than one of the stent types at the same procedure, 
exclusion of patients with prior CABG as well as Fine-Grey competing risk for death 
analyses, resulted in similar results to the main analysis and in patients with eGFR <60 there 
was no significant difference in the occurrence of MI readmission between stent groups. 
 
 

 
Figure 13. Stent choice and cumulative risk of in-stent restenosis in patients stratified by estimated 
glomerular filtration rate (eGFR) ml/min/1.73m2 groups. BMS, bare metal stent; N, numbers; n-DES, 
newer generation drug-eluting stent; PCI, percutaneous coronary intervention.  
 
 

 

Figure 14. Association of stent type (n-DES and BMS) and the risk of in-stent restenosis and definite 
stent thrombosis according to estimated glomerular filtration rate (eGFR) in ml/min/1.73m2 at 1 year. 
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BMS, bare metal stents; CI, confidence interval; HR, hazard ratio; n-DES, newer generation drug-eluting 
stents.	 

 

 

Figure 15. Stent choice and cumulative risk of definite stent thrombosis in patients stratified by 
estimated glomerular filtration rate (eGFR) ml/min/1.73m2 groups. BMS, bare metal stent; N, numbers; 
n-DES, newer generation drug-eluting stent; PCI, percutaneous coronary intervention. 

 

5.4 STUDY IV 
 
A total of 1,098 MI patients that were discharged alive were followed for a median time of 3.2 
years. In the univariate analysis where biomarkers were analyzed individually, 72 biomarkers 
(p<0.05) were associated with the outcome CKD (Figure 16). Following the results of the main 
analysis using random forests where all biomarkers were considered simultaneously, we found 
that, in addition to cystatin C, six biomarkers; adrenomedullin, tumor necrosis factor receptor 1 
(TNF-R1), fatty acid binding protein 4 (adipocyte) (FABP-4), tumor necrosis factor related 
apoptosis-inducing ligand receptor 2 (TRAIL-2), growth differentiation factor 15 (GDF-15) and 
tumor necrosis factor receptor 2 (TNF-R2) were most strongly associated with CKD. When we 
adjusted for demography and baseline risk factors (model 1) and severity of disease (model 2), 
the aforementioned biomarkers and age retained the most significant variable importance 
(Figures 17-18).  

All six aforementioned biomarkers (in addition to cystatin C) with the strongest association with 
CKD, were also among the 15 biomarkers with the strongest association with mortality. The most 
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important biomarkers for predicting mortality were GDF-15, TRAIL-2, ovarian cancer-related 
tumor marker CA 125 (CA125), fibroblast growth factor 23 (FGF-23) and TNF-R1 (Figure 19). 
When we studied the association of biomarkers with subsequent MI, four (TRAIL-2, TNF-R2, 
GDF-15, TNF-R1) out of the six biomarkers also had the strongest association with CKD. 
TRAIL-2, vascular endothelial growth factor D, urokinase plasminogen activator surface 
receptor, TNF-R2, GDF-15, tissue factor and osteoprotegerin were the most important biomarkers 
for predicting MI readmission (Figure 19). In addition, four (adrenomedullin, GDF-15, TRAIL-
2 and TNF-R1) out of the six biomarkers with the strongest association with CKD, were among 
the 15 biomarkers with the strongest association with subsequent hospitalization because of heart 
failure. FGF-23, adrenomedullin, natriuretic peptides B, GDF-15, TRAIL-2 and osteoprotegerin 
predicted heart failure hospitalization best (Figure 19). Sensitivity analyses using lasso methods 
confirmed many of our biomarker associations and outcomes described in the main analyses, but 
TRAIL-2 and TNF-R2 were not kept in the model for CKD and for subsequent MI readmission.  
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TRAIL-2 and TNF-R2 were not kept in the model for CKD and for subsequent MI readmission.  
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Figure 16. Univariate analysis with rank-transformed p-values of biomarkers and the prediction of 
chronic kidney disease.   
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Figure 17. Random forests variable importance plot for chronic kidney disease adjusted for baseline and 
demography. 
 

Variable importance (% of max)

mrm_ighm
pea_bm155_trance

pea_bm173_gal
mrm_f13a

mrm_masp2
prev.cancer
mrm_ighg4
mrm_ighg3
re_gender

pea_bm145_pappa
pea_bm191_ca_125

mrm_proz
pea_bm148_ptx3
pea_bm177_t_pa

pea_bm134_il_6ra
mrm_cah1

pea_bm168_cxcl6
pea_bm141_gh

pea_bm165_rage
mrm_cd5l
mrm_proc

prev.af
pea_bm179_esm_1

mrm_co7
pea_bm169_itgb1bp2

pea_bm113_il_6
mrm_shbg
mrm_saa2

pea_bm196_ecp
pea_bm128_cxcl1

re_DM
mrm_pros

mrm_igha2
mrm_tfpi1

pea_bm142_mmp_1
prev.mi

pea_bm172_sirt2
pea_bm133_il_18

mrm_fa11
pea_bm154_mamp

mrm_lbp
mrm_crp_1

pea_bm190_ccl20
mrm_fibg

prev.revasc
mrm_mbl2

mrm_lyam1
pea_bm153_beta_ngf

pea_bm115_mcp_1
mrm_tetn

pea_bm139_prl
pea_bm171_dkk_1

mrm_fa5
mrm_a2gl

pea_bm120_trail
mrm_c1qb

prev.pvd
mrm_f13b

pea_bm112_il_1ra
pea_bm181_vegf_d

mrm_finc
mrm_ighg2

prev.chf
mrm_ant3
mrm_fibb

mrm_co8a
mrm_tsp1
mrm_co6

mrm_igha1
mrm_a1at

mrm_fa9
pea_bm117_gal_3

pea_bm193_fs
mrm_apoe

pea_bm137_hsp_27
mrm_saa1

pea_bm125_pdgf_subunit_b
mrm_cfai

pea_bm105_cd40_l
pea_bm174_agrp

mrm_apoc1
mrm_ipsp

mrm_a1ag1
copd

mrm_vwf
pea_bm163_ccl4
pea_bm110_opg

mrm_c1qa
pea_bm151_st2

pea_bm192_nemo
mrm_angt
mrm_aact
mrm_clus

mrm_hemo
mrm_co5

mrm_ighg1
mrm_c1r

pea_bm118_par_1
pea_bm185_ctsl1

pea_bm161_mmp_10
mrm_pgrp2

pea_bm184_casp_8
mrm_co8b
mrm_c1qc
mrm_ceru

pea_bm101_il_8
re_hypertension

prev.stroke
mrm_co2

pea_bm167_mmp_7
mrm_apom

mrm_apoa1
mrm_co4b

mrm_a2mg
mrm_cfah
mrm_co3
mrm_igkc

pea_bm129_lox_1
pea_bm109_egf

mrm_apoc2
pea_bm182_mmp_12

pea_bm126_il27_a
mrm_co9

pea_bm157_psgl_1
mrm_co8g

pea_bm170_cxcl16
pea_bm160_il_16

pea_bm195_nt_pro_bnp
pea_bm102_vegf_a

mrm_apod
pea_bm111_src

pea_bm194_pecam_1
mrm_c1s

pea_bm189_lep
pea_bm149_ren

mrm_fiba
pea_bm188_bnp
pea_bm156_hgf

mrm_apoh
pea_bm150_chi3l1

mrm_hpt
pea_bm175_en_rage

pea_bm132_scf
mrm_fa12

pea_bm183_spon1
pea_bm140_mpo

pea_bm136_mmp_3
mrm_apob
mrm_plmn

mrm_ic1
mrm_a2ap

mrm_adipo_1
pea_bm144_fas

pea_bm127_csf_1
pea_bm164_ctsd

pea_bm159_tm
mrm_masp1

pea_bm138_tnfsf14
mrm_cfab
mrm_thrb

mrm_apoc3
pea_bm158_mb

cur.smoker
pea_bm123_tf

pea_bm186_cx3cl1
pea_bm178_hb_egf

mrm_apol1
pea_bm108_sele

pea_bm162_u_par
pea_bm143_retn

mrm_apoa4
pea_bm116_klk6
pea_bm152_tim
pea_bm107_plgf
pea_bm166_ccl3

pea_bm176_cd40
pea_bm122_tie2

pea_bm121_hk11
pea_bm114_cstb

pea_bm131_fgf_23
pea_bm135_tnf_r2

pea_bm106_gdf_15
pea_bm130_trail_r2

pea_bm187_fabp4
pea_bm103_am

pea_bm124_tnf_r1
mrm_cytc_1

age

0 20 40 60 80 100

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●
●
●
●

●
●
●
●

●
●

●
●

●
●

●
●

Hierarchal variable importance ranking  
 
Age 
Cystatin C 
TNF necrosis factor receptor 1 
Adrenomedullin 
Fatty acid binding protein 4 (adipocyte) 
TNF-related apoptosis-inducing ligand receptor 2 
Growth differentiation factor 15 
Tumor necrosis factor receptor 2 
 
 

Robert Edfors 

58 

 
Figure 17. Random forests variable importance plot for chronic kidney disease adjusted for baseline and 
demography. 
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Figure 18. Random forests variable importance plot for chronic kidney disease adjusted for baseline and 
demography and severity of disease. 
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Figure 18. Random forests variable importance plot for chronic kidney disease adjusted for baseline and 
demography and severity of disease. 
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6 DISCUSSION 
6.1 MAJOR FINDINGS 
 
Study I: The associations between renal function, death, recurrent MI and hospitalization with heart 
failure, in patients undergoing coronary angiography due to stable CAD were strong and remained 
after adjustments for differences in clinical background, risk factors, co-morbidities, severity of CAD, 
mode and timing of revascularization. RD is a strong and independent marker of worse outcomes in 
these patients and other unknown factors than we could adjust for, play an important role for the risk 
of adverse outcomes observed in CAD patients with RD. 
Study II: In MI survivors, ticagrelor, as compared with clopidogrel, was associated with lower risk 
for CV outcomes and a higher bleeding risk in patients with normal- and moderately reduced renal 
function. In patients with severe RD, bleeds were more abundant in patients and the benefit of 
ticagrelor less clear.  
Study III: The 1-year risk of in-stent restenosis and stent thrombosis in patients treated with coronary 
artery stenting with n-DES versus BMS, was significantly lower in patients with normal- and 
moderately reduced renal function, whereas no differences were observed between stent type and 
stent events in patients with severe RD. Choice of stent in patients with severe RD does not seem to 
influence stent outcomes. 
Study IV: Biomarker studies of 175 analytes in 1,098 MI patients, showed that six of the strongest 
biomarkers for the outcome RD also had a strong variable importance for death, and four of the RD 
predicting biomarkers were also among the most important predictors of heart failure readmission 
and subsequent MI. Thus, these biomarkers may reflect pathophysiological pathways that may partly 
explain the poor prognosis in patients with acute MI and RD. 
 
 

6.2 INFLUENCE OF RD ON CVD OUTCOMES IN PATIENTS WITH STABLE 
CAD  

 
In study I, a nationwide real-world registry of elective angiography patients with stable 
CAD, about 15% had moderate RD (eGFR<60). This is similar to the prevalence in the 
general population and about half of the prevalence seen in the acute setting of an MI1, 24, 57, 
where RD is found to be strongly associated with adverse cardiovascular outcomes. Less is 
known about the prognosis of patients with stable CAD undergoing coronary angiography 
and in contrast to several previous studies, that are often limited to single center experiences, 
we were able to capture the whole spectrum of RD in unselected patients with a known CAD. 
 
We found that RD is also an independent and strong predictor of adverse CV outcomes in 
patients with stable CAD. All outcomes increased with lower eGFR, with the exception of 
stroke, for which there was no statistically significant multivariable association with RD. The 
associations remained strong even after adjustment for coronary artery disease severity and 
revascularization with CABG or PCI. The reasons for this are, however, not yet fully 
understood. 		
	
Patients with RD had more severe angiographically diagnosed CAD and underwent more 
interventions compared with patients with normal renal function. The interplay and 

Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 61 

6 DISCUSSION 
6.1 MAJOR FINDINGS 
 
Study I: The associations between renal function, death, recurrent MI and hospitalization with heart 
failure, in patients undergoing coronary angiography due to stable CAD were strong and remained 
after adjustments for differences in clinical background, risk factors, co-morbidities, severity of CAD, 
mode and timing of revascularization. RD is a strong and independent marker of worse outcomes in 
these patients and other unknown factors than we could adjust for, play an important role for the risk 
of adverse outcomes observed in CAD patients with RD. 
Study II: In MI survivors, ticagrelor, as compared with clopidogrel, was associated with lower risk 
for CV outcomes and a higher bleeding risk in patients with normal- and moderately reduced renal 
function. In patients with severe RD, bleeds were more abundant in patients and the benefit of 
ticagrelor less clear.  
Study III: The 1-year risk of in-stent restenosis and stent thrombosis in patients treated with coronary 
artery stenting with n-DES versus BMS, was significantly lower in patients with normal- and 
moderately reduced renal function, whereas no differences were observed between stent type and 
stent events in patients with severe RD. Choice of stent in patients with severe RD does not seem to 
influence stent outcomes. 
Study IV: Biomarker studies of 175 analytes in 1,098 MI patients, showed that six of the strongest 
biomarkers for the outcome RD also had a strong variable importance for death, and four of the RD 
predicting biomarkers were also among the most important predictors of heart failure readmission 
and subsequent MI. Thus, these biomarkers may reflect pathophysiological pathways that may partly 
explain the poor prognosis in patients with acute MI and RD. 
 
 

6.2 INFLUENCE OF RD ON CVD OUTCOMES IN PATIENTS WITH STABLE 
CAD  

 
In study I, a nationwide real-world registry of elective angiography patients with stable 
CAD, about 15% had moderate RD (eGFR<60). This is similar to the prevalence in the 
general population and about half of the prevalence seen in the acute setting of an MI1, 24, 57, 
where RD is found to be strongly associated with adverse cardiovascular outcomes. Less is 
known about the prognosis of patients with stable CAD undergoing coronary angiography 
and in contrast to several previous studies, that are often limited to single center experiences, 
we were able to capture the whole spectrum of RD in unselected patients with a known CAD. 
 
We found that RD is also an independent and strong predictor of adverse CV outcomes in 
patients with stable CAD. All outcomes increased with lower eGFR, with the exception of 
stroke, for which there was no statistically significant multivariable association with RD. The 
associations remained strong even after adjustment for coronary artery disease severity and 
revascularization with CABG or PCI. The reasons for this are, however, not yet fully 
understood. 		
	
Patients with RD had more severe angiographically diagnosed CAD and underwent more 
interventions compared with patients with normal renal function. The interplay and 

65



Robert Edfors 

62 

pathological mechanisms between RD and CAD are numerous and not yet fully understood. 
Coronary vascular calcification, that usually starts at an early stage in patients with RD (often 
before diagnosis of RD) may be associated to processes triggered by both traditional CVD 
risk factors and non-traditional risk factors for CVD, such as bone and mineral disorders as 
well as systemic inflammation 12. RD and associations with inflammatory activity, 
endothelial dysfunction and a pro-thrombotic milieu may elevate the risk of plaque rupture 
58, 59. Since patients with RD and stable CAD have increased rates of coronary artery 
obstruction and cardiovascular comorbidities, we hypothesized that adjusting for such factors 
would attenuate the associations to outcomes. However, the relationship between RD and 
poor outcomes remained after adjusting for differences regarding CAD obstruction burden 
and subsequent revascularization with CABG or PCI and there was no significant interaction 
between CAD severity, RD and outcomes.  
 
Patients with RD had higher rates of CV risk factors compared to patients with normal renal 
function. In particular, diabetes, a known risk factor for RD, was more prevalent in patients 
with RD (ranging between 18% and 52% in the different eGFR strata), but the presence of 
diabetes did not explain the association between RD and outcomes following interaction term 
analysis and adjustments. 
 
The risk of hospitalization due to heart failure was higher in patients with worsening of real 
function and remained so after adjustments. This confirms and points to the important and 
previously described interlink between RD and heart failure as well as the fact that RD can 
induce acute or chronic heart failure 133-135.  
 
Following the results of our study, in the adjusted analyses we could not confirm that RD 
was associated with increased HR for readmission due to stroke (p<0.3), but the point 
estimate suggested higher risks for patients with eGFR <15. In contrast, in a study of 
previously revascularized patients with CAD, CKD defined as GFR<60 was associated with 
an adjusted HR for stroke of 2.3 (95% CI 1.2-4.7)48 and our results could be explained by the 
limited power to detect differences between the groups. But it could also indicate that RD is 
not a strong risk factor for stroke in the present population, which is also a finding supported 
in a recent substudy of PROlonging Dual Antiplatelet Treatment After Grading stent-induced 
Intimal hyperplasia study (PRODIGY) where no difference in the risk of stroke or transient 
ischemic attack was observed between those with and without RD at 2-years of follow-up 
(HR 1.97, 95% CI (0.79-4.92) 136. 
 
RD was also an independent and strong predictor of mortality across all layers of renal 
function and the association remained strong after adjustment for coronary artery disease 
severity and revascularization with CABG or PCI. It is plausible that the high mortality rates 
in patients with RD referred for an angiography are caused by the overall elevated mortality 
risk of the CKD population which we were not able to measure or adjust for. The study was 
not designed to evaluate any treatment effects and the clinical implications are to 
acknowledge RD as an important predictor of worse prognosis, so that patients with RD are 
managed individually and optimally in terms of risk factor treatments.  
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6.3 MANAGEMENT OF CAD PATIENTS WITH CONCOMITANT RENAL 
DYSFUNCTION 

6.4 DUAL ANTIPLATELET TREATMENT IN RELATION TO RENAL FUNCTION 
 
Post-hoc- and RCT data demonstrate that DAPT management in MI patients with ticagrelor 
as compared to clopidogrel in addition to ASA, is beneficial in reducing ischemic events 
(cardiovascular death, non-fatal MI or non-fatal stroke) in MI patients with normal- and 
moderately RD98, 99. Study II, expands upon previous findings by providing post-approval 
real-world registry data of unselected MI patients, as well as including patients with severely 
reduced renal function. We concluded that treatment with ticagrelor as compared to 
clopidogrel in addition to ASA, was significantly associated with a lower risk for the primary 
composite endpoint (death, MI or stroke) in patients with eGFR>60 and eGFR 30-60, at the 
cost of higher risk of bleeding. The impact of the study on clinical practice may influence the 
choice of DAPT in patients with severe RD, where no significant beneficial outcomes were 
observed. 
 
In PLATO, the ischemic efficacy benefit of ticagrelor was even more pronounced with a 
larger absolute risk reduction in patients with RD, compared to patients with normal renal 
function but there was no significant interaction. Moreover, in the up to 3-year post MI-
setting of stable ASA treated CAD patients, ticagrelor versus placebo in aspirin-treated 
patients with stable coronary artery disease resulted in a larger absolute risk reduction in RD 
patients than in non-RD patients 137. It is possible that these findings can be explained by the 
higher risks and event rates observed in RD patients which may exaggerate  subgroup 
analyses. However, pleotropic effects of ticagrelor with inhibition of adenosine transporters 
and endothelial function through elevated levels of activated protein C have also been  a 
postulated explanation, which could account for some of the findings in patients with RD in 
previous studies96, 99, 138. The generalizability of the main studies98, 99 may be limited as RD 
was defined as CrCl<60, patients in the lower range of creatinine clearance were few and 
patients on RRT were excluded.  
 
Even though RD was associated with an overall higher bleeding risk in PLATO, RD patients 
treated with ticagrelor did not have a higher relative risk of PLATO-defined major bleeds as 
compared to non-RD patients 99. There was, however, a 22% and 26% increase of PLATO- 
and TIMI-defined non-CABG major bleeding in the main study population and a similar 
trend was found in the substudy98, 99. The increased risk of bleeding regardless of kidney 
function found in the present study is closely in line with results from the aforementioned 
trials 99, 137, although the absolute risks cannot be directly compared due to different 
definitions of bleeding.  
 
In contrast, a recent registry study with 2,490 ACS patients with eGFR<60, showed 
significantly lower rates of death (HR 0.45, 95% CI (0.21-0.44)) and recurrent MI (HR 0.36, 
95% CI (0.10–0.81) at 1-year as compared to clopidogrel 95. Interestingly, the differences of 
major bleeds were not significant between DAPT treatment groups (HR 0.87, 95% CI (0.45–
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in the subset of patients with eGFR<30 95. In a recent meta-analysis of 31,234 patients with 
ACS, aggregated DAPT with ticagrelor or prasugrel versus clopidogrel in addition to ASA, 
was associated with lower rates of major cardiovascular events, HR 0.88, 95% CI (0.79–0.99) 
but without increased bleeds, HR 1.10, 95% CI (0.95–1.27)139, 140.  
 
Until we have the answer from the randomized TicagRelor Or Clopidogrel in Severe and 
Terminal Chronic Kidney Disease Patients Undergoing PERcutaneous Coronary 
Intervention for an Acute Coronary Syndrome (TROUPER) 141 study that evaluates the 
clinical efficacy of ticagrelor and clopidogrel in patients with CKD stage 4 and 5 or on RRT 
undergoing PCI for ACS, very little is known about ticagrelor in patients with advanced RD. 

 
RD is an independent predictor of both thrombotic and spontaneous and iatrogenic bleedings 
in response to medication and dosages. The observed higher risk of bleeding observed in 
study II is an expected finding due to a more potent ADP-inhibition with ticagrelor. The 
observed differences in ischemic- and bleeding outcomes in patients with severe RD may 
also be explained by disturbances in platelet adhesion and aggregation as well as higher 
platelet reactivity in clopidogrel-treated patients with RD 142-144 . However, some conflicting 
results exist regarding impaired efficacy of clopidogrel on platelet reactivity observed in RD, 
which may be due to confounding and heterogenous definitions of platelet reactivity 145-148. 
Our study supports, however, that the overall effect of ticagrelor on the primary outcome is 
favorable in regardless of RD group, but our results regarding patients with severe RD do not 
allow definite conclusions.  
 
 

6.5 STENT CHOICE IN CAD PATIENTS IN RELATION TO RENAL FUNCTION 

The large registry results described in study III compared BMS with n-DES in unselected 
all-comers treated with PCI during the transition phase from BMS to n-DES. The key 
findings included that RD is a common comorbidity associated with a markedly increased 
risk of in-stent restenosis and definite ST. N-DES versus BMS was associated with lower 1-
year risks of in-stent restenosis and definite stent thrombosis in patients with normal kidney 
function and in those with moderate RD, but not in patients with severe RD. 

Data on safety and efficacy of different types of coronary stents in patients with RD are 
scarce, since these patients are often excluded from major interventional cardiology trials. 
Current evidence is based on registry data and post-hoc analyses from RCT. Many previous 
studies are limited to studying only one type of DES, which may lead to limited statistical 
power in detecting potential outcome differences between stent types 149 150, 151. ESC 
guidelines on revascularization from 2014 recommend the use of DES over BMS in patients 
with RD 152. 

Registry data on patients with RD have shown heterogenous results regarding patients treated 
with DES versus BMS regarding all-cause mortality 153-156, the risk of MI, and the risk of ST 
157 and many studies do not distinguish between older- and newer-generation DES 158, 159. 
Studies of the first-generation DES (sirolimus and paclitaxel) versus BMS in patients with 
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reduced renal function, have shown lower rates of angiographic restenosis but no significant 
difference in the occurrence of death, recurrent MI and ST at 1 year and up to 5 years follow 
up 160, 161. In a study 92 comparing the o-DES with zotarolimus versus everolimus in STEMI-
patients with RD, no significant difference in definite ST, major adverse cardiac events 
(MACE) or death at 1 year was found in the adjusted analysis. In the RENAL-DES 
randomized trial 162 comparing the everolimus stent (Xience V, Abbot, Santa Rosa) with 
BMS (Multilink, Abbot, Santa Rosa) in patients primarily with -moderate RD, the 1-year rate 
of clinically driven restenosis, defined as ischemia-driven target vessel revascularization, was 
significantly lower in the second-generation DES versus BMS treated group. Our study 
confirms these results in terms of reduced rates of in-stent restenosis and ST during the first 
year in DES versus BMS patients with normal or moderate RD. However, in patients with 
severe RD (eGFR<30), n-DES was not associated with a lower risk of restenosis. 

In NORSTENT 125, the rates of definite ST were significantly lower in DES- versus BMS- 
treated patients (0.8% versus 1.2% ) with an adjusted HR 0.64 (95% CI, 0.41-1.00, p=0.0498) 
at 5 years of follow-up. Since no information on creatinine was included in the study, the 
results cannot however be generalizable to patients with RD. 

The lack of beneficial effects 1-year post stenting with n-DES versus BMS in patients with 
severe RD is far from fully explained. Probable mechanisms may include accelerated 
atherosclerosis, a higher prevalence complex coronary lesions, suboptimal stent 
implantation, underuse of guideline-recommended therapies, impaired P2Y2-inhibition, 
endothelial dysfunction and a pro-inflammatory and thrombogenic mechanisms that are not 
overcome by effects of n-DES 77, 143, 145, 163.  In study III, increased prevalence of type C 
coronary lesions and multivessel disease in patients with severe RD, may also contribute to 
the higher observed rates of adverse stent outcomes.  
 
Future clinical perspectives should focus on ways to avoid stent complication issues in 
patients with RD. In selected cases, CABG may be preferred over PCI and development of 
newer stent types or novel stent techniques such as coronary shockwave lithotripsy 164 may 
play an important role in the future treatment for patients with severe RD. 

 
 

6.6 PROTEOMICS TO PREDICT ADVERSE OUTCOMES IN MI 
 
Following the results of studies I-III, we acknowledged that patients with RD are at high 
risk of adverse outcomes but more importantly, RD patients respond less beneficially to given 
invasive and medical treatment regimens as compared to patients with normal renal function. 
Therefore, in study IV we wanted to identify biomarkers with the strongest association to 
RD and examine whether these biomarkers also were associated with outcome. 
 
From an untargeted investigation of 175 different biomarkers measured in 1,098 MI patients, 
we found that adrenomedullin, FABP-4, GDF-15 and biomarkers of the TNF superfamily 
(TNF-R1, TNF-R2 and TRAIL-2) were most strongly associated with the presence of RD. 
Even after adjustments for differences in age, gender, comorbidities and severity of MI at 
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admission, these associations with RD remained. Interestingly, these biomarkers were also 
among the most important predictors of long-term outcomes (death, recurrent MI and heart 
failure hospitalization). Thus, adrenomedullin, FABP-4, GDF-15 and biomarkers of the TNF 
superfamily, may reflect important pathophysiological pathways that could at least partly 
explain the poor prognosis seen in patients with concomitant RD and MI. 
 
The associations of the aforementioned six biomarkers and RD have also been described in 
a cohort study of elderly patients 165. Moreover, other studies have found associations 
between adrenomedullin 166, FABP-4167, 168, GDF-15 169, 170 and biomarkers reflecting the 
TNF superfamily 171 172, 173 and RD. 
 
All six identified biomarkers associated with CKD were also among the 15 strongest 
predictors of mortality and four of them among the strongest predictors of readmission 
because of a new MI and heart failure. Compared with 1st quartile, the 4th quartile of 
biomarker expression of GDF-15, adrenomedullin, TNR-R1/R2, FABP-4 and TRAIL-2 were 
associated with a 4.7-to 17.7- fold increased risk of mortality, a 1.26- to 2.3- fold increased 
risk of readmission because of MI for GDF-15, TNR-R1/R2 and TRAIL-2 and a 4.7-to 8.8- 
fold increased risk of readmission because of heart failure. These findings are also strongly 
supported by a previous study 174, where the same Proseek Mutiplex CVD I panel was used 
in 847 consecutive patients within 72 hours of an acute MI. The six identified biomarkers in 
our study were among the eight biomarkers with the highest HR with regard to subsequent 
mortality when adjusting for age. The identified biomarkers may reflect several different 
underlying mechanisms. 
  
Numerous factors and conditions that enhance the secretion of adrenomedullin have been 
described and include the presence of angiotensin II, noradrenaline, TNF, hypoxia and 
mechanical cardiac stress 175 as well as ischemia, hypertension, heart failure 175, diabetic 
nephropathy 176 and hypertensive kidney failure 177. Even though adrenomedullin exerts 
protective biological mechanisms, elevated plasma levels are associated with worse 
prognosis 175, 178, 179. Biomarkers of the TNF protein superfamily (TNF-R1, TNF-R2 and 
TRAIL-2) are involved in extrinsic cellular apoptosis and inflammation, which plays an 
important role in the atherosclerotic disease development180-182. TRAIL-2 is also associated 
with cardiovascular outcomes in the general population and in patients with carotid plaques 
183 184 in addition to associations of RD in elderly patients165. Study IV, reveals that cell 
apoptosis and inflammation via the TNF protein family may play an important role in the risk 
of reinfarction, developing heart failure, and mortality in patients with MI. 
 
Associations of FABP-4 and obesity185, insulin resistance186, diabetes mellitus187, 
hypertension188, cardiac dysfunction 189, atherosclerosis 190, and cardiovascular events 191 
have previously been described. In addition, high levels of FABP-4 have also been observed 
in patients with acute- and chronic kidney dysfunction as well as being a predictor of CKD 
in patients with stable coronary artery disease 167, 168. The described long-term outcomes of 
RD in study IV may partly be explained by pathological pathways of FABP-4 involved in 
metabolic dysregulation and chronic inflammation. 
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GDF-15 is not usually expressed in normal tissues but increases in response to, for example, 
ischemia and inflammation and plays an important role in the cellular responses of tissue 
repair 192. In study IV, GDF-15 was an important marker of both RD as subsequent MI, heart 
failure hospitalization and mortality. Elevated levels of GDF-15 are associated with worse 
outcomes in patients with MI 193, 194 as well as RD and kidney- related complications in 
diabetic patients and CABG patients, respectively 169 170 which further supports our findings.  
 

6.7 LIMITATIONS  
 
In general, observational registry data studies have some advantages over RCT. They are less 
expensive and more patients are included due to lack of strict exclusion criteria, which leads 
to greater generalizability and understanding on how different treatments applied on a larger 
scale can be achieved. The disadvantages compared with RCT include lower quality data, 
selection bias and confounding. All the above concerns also apply to this thesis that used 
large-sized cohorts from SWEDEHEART.  
 
In particular, the national representativeness of SWEDEHEART is good and provides good 
generalizability. It captures nearly, but not all, patients with MI, since some patients may be 
admitted at other departments that do not participate in SWEDEHEART data collection. 
Regular monitoring is performed to ensure data correctness of enrolled data. The subsequent 
cross linkage with national registries containing information on death minimizes loss to 
follow-up. For outcome measures other than death, the validity of the studied event relies on 
collected data. As with any observational study, even stratifications and the most rigorous 
multivariable adjustments cannot eliminate residual confounding and selection bias.  
 
In all studies, creatinine was used from the SWEDEHEART. Missing creatinine data 
(especially in study I) and quality of data can be a limitation that introduces bias to the 
studies. Clinical trials with continuous monitoring of patients have the possibility to provide 
better quality of data and reduce missing data.  
 
In study I, selection bias is certainly an important issue. Firstly, there is a selection by the 
fact that patients with RD that have CAD and did not undergo an angiography were not 
included. These patients may represent a different population (e.g. with more severe / less 
severe co-morbidity). The use and interpretation of registry data to study treatment effects 
(studies II-III) is a weakness since the treatment arms were not assigned at random. This 
also provides a source of selection bias that adjustments and propensity score matching may 
not fully adjust for. Treatment effects are often over-estimated in registry studies, since RCTs 
often have younger and healthier subjects with lower event rates and patients in registries 
that are selected for any treatment often already have a better prognosis at the outset. 
 
In studies I and III, death as a competing risk is an issue. In study I, this was partly handled 
by an outcome that combined death and MI readmission and in study II a Fine-Gray 
competing risk regression model was conducted as a sensitivity analysis.  
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Study IV handled many data simultaneously which, in general, can lead to overfitting and 
multiplicity issues. To reduce these issues, advanced statistical methods using forests trees 
were utilized but we cannot exclude the possibility that some associations were found at 
random.  Moreover, the analysis techniques used in PEA gave semi-quantified 
concentrations, with arbitrary units, that may be difficult to translate into standardized units 
and MRM utilized SIS. Additionally, we did not consider the fact that the expression 
biomarkers may vary over time (acute versus stable phase) 195.  
 
To summarize, even though this thesis has the potential for great generalizability due to the 
large-scale national representativeness, residual confounding may still exist and the data must 
be interpreted with caution. 
 
 

7 CONCLUSION 
 
RD is a strong and independent marker of worse outcomes in patients with CAD. Diabetes 
or the severity of coronary artery disease are not important mediators of the worse long-term 
outcomes in CAD patients with RD and other unknown factors that were not possible to 
adjust for seem to be important.  
 
In patients with no- or moderate RD, ticagrelor as compared to clopidogrel was significantly 
associated with a lower risk of the combined endpoint (death, stroke or spontaneous MI), but 
bleeds were more abundant in all renal function groups, and in patients with severe RD the 
beneficial role of ticagrelor is unclear. 
 
The choice of coronary stent type in terms of newer generation drug eluting- versus bare 
metal stents was associated with a lower risk of in-stent restenosis and definite stent 
thrombosis at 1-years follow-up in patients with normal or moderately reduced renal 
function. In contrast, no beneficial effects were observed in patients with severely reduced 
renal function. 
 
A proteomic approach in patients hospitalized with MI identified adrenomedullin, FABP-4, 
GDF-15 and members of the TNF superfamily to be strongly associated with the presence of 
RD. These biomarkers were also among the most important predictors of long-term outcomes 
following MI. Thus, these biomarkers may reflect underlying mechanisms that may partly 
explain the poor prognosis seen in patients with concomitant MI and RD.  
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be interpreted with caution. 
 
 

7 CONCLUSION 
 
RD is a strong and independent marker of worse outcomes in patients with CAD. Diabetes 
or the severity of coronary artery disease are not important mediators of the worse long-term 
outcomes in CAD patients with RD and other unknown factors that were not possible to 
adjust for seem to be important.  
 
In patients with no- or moderate RD, ticagrelor as compared to clopidogrel was significantly 
associated with a lower risk of the combined endpoint (death, stroke or spontaneous MI), but 
bleeds were more abundant in all renal function groups, and in patients with severe RD the 
beneficial role of ticagrelor is unclear. 
 
The choice of coronary stent type in terms of newer generation drug eluting- versus bare 
metal stents was associated with a lower risk of in-stent restenosis and definite stent 
thrombosis at 1-years follow-up in patients with normal or moderately reduced renal 
function. In contrast, no beneficial effects were observed in patients with severely reduced 
renal function. 
 
A proteomic approach in patients hospitalized with MI identified adrenomedullin, FABP-4, 
GDF-15 and members of the TNF superfamily to be strongly associated with the presence of 
RD. These biomarkers were also among the most important predictors of long-term outcomes 
following MI. Thus, these biomarkers may reflect underlying mechanisms that may partly 
explain the poor prognosis seen in patients with concomitant MI and RD.  
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8 TACK 
 
Jag vill framföra mitt varma tack till allt och alla som direkt eller indirekt bidragit till denna 
avhandlings tillblivande. Jag vill särskilt omnämna följande personer: 
 
Min huvudhandledare Tomas Jernberg som fått mig att börja forska, stöttat mig under 
resans gång och sett till att ro projekt i hamn. Du har hjälpt mig att kunna se pudelns kärna i 
forskningen när jag fastnat i detaljerna. Du har alltid kommit med kloka och pragmatiska 
lösningar och ditt tålamod med mina frågor i stort som smått har varit en livlina för mig.   
 
Karolina Szummer, min bihandledare som med humor, positiv anda och nyfikenhet 
entusiasmerat mig i forskningen på alla sätt. 
 
Stefan James, min bihandledare som med sin breda vetenskapliga erfarenhet och PCI-
expertis lotsat mig igenom SCAAR-registret. Tack för alla kloka och snabba 
återkopplingar, ofta i vändande mail ”sent from my iPhone”, oavsett tid på dygnet.   
 
Marie Evans, min bihandledare och kollega som jag vill tacka för all uppdaterad kunskap 
inom nefrologi och epidemiologi. 
 
Bo Lagerqvist som lärt mig skriva komplexa syntaxkoder och behärska SCAAR-registrets 
många variabelnamn. Tack för alla SPSS-sessioner vi haft på UCR och alla eftertänksamma 
och kritiska synpunkter. 
 
Ett särskilt tack för all statistikhjälp av Lars Lindhagen och Henrik Renlund på UCR. Jag 
hade inte klarat mig utan era pedagogiska förklaringar och eminenta kunskap.  
 
Mina medförfattare, som kommit med kloka idéer och synpunkter, särskilt: Juan-Jesus 
Carrero, Christoph Varenhorst, Jonas Spaak, Anders Sahlén och Jonas Faxén. 
 
Institutionen för medicin, KI Huddinge och prefekt Jan Bolinder samt enheten för hjärt- och 
lungsjukdomar med Mats Jensen-Urstad i spetsen, som möjliggjort min doktorandtid. 
 
Alla mina chefer under åren som gjort det möjligt för mig att både verka både kliniskt och 
få tid för forskning: Cecilia Linde, Fredrik Gadler, Frieder Braunschweig, Anna Freyschuss 
och Linda Mellbin.  
 
Maria Altman, under vars ledning jag har haft förmånen att gå på KI:s forskarskola i 
epidemiologi. 
 
Kerstin Johansson och Estrella Pérez Soler för ovärderlig hjälp med all form av 
administration oavsett om det gällt forskning, klinik eller privata ärenden. 
 
Alla kollegor på hjärtkliniken på Karolinska och särskilt mina meddoktorander under åren: 
Jonas Faxén, Moa Simonsson, Emil Najjar, Georgios Vavilis och Ida Löfman. 
 
Min kliniska handledare under ST-tiden, Gutte, för att du inspirerat och stöttat mig i 
forskningen och för trevliga stunder tillsammans. 
 
Forskningssjuksköterskorna Lotta Nylund, Gunilla Förstedt, Britt-Marie Höglund, Eva 
Olafsdottir och Birgitta Welin-Berger. 
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Christer Sylvén, min forskningsmentor som introducerade mig för hjärtklinikens olika 
forskningsområden. 
 
Mina kära vänner och Karl och Julia Linder, Frauke och Johan Nordensvärd, Carl-Henrik 
och Eva Holm, Torsten Holm Nielsen, Christian Lewinter samt Bella och Wille Rising, 
(tack Wille för all hjälp med besvärliga bildformateringar minuterna innan submission 
deadlines). 
 
Kajsa Edfors min kärlek, tack för förståelse, tålamod, hjälp och stöd i allt och för ett 
fantastiskt moderskap.  
 
Mina älskade barn Hjalmar och Kerstin som ger livet glädje och en större mening.  
 
Mina föräldrar Ingemar och Kristina, min bror Lelle och syster Anna, som gett mig en 
kärleksfull och trygg uppväxt och möjliggjort mitt liv på alla sätt.  
 
Mina svärföräldrar Claes och Ing-Mari Söderström samt svägerskornas familjer (Stina, 
Lotta och Mia) för all trevlig gemenskap genom åren, f.f.a. under somrar i Rotvik. 
 
Doris, vår kära cavaliervalp, som hållit mig sällskap och tvingat mig att ta pauser under 
skrivandet av kappan. 
 
Slutligen är jag tacksam att cykelhjälmen fanns på plats en kall och hal novembermorgon 
samt att båtlivet i perioder givit mig en bekymmerfri och rofylld tillvaro. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Robert Edfors 

70 

Christer Sylvén, min forskningsmentor som introducerade mig för hjärtklinikens olika 
forskningsområden. 
 
Mina kära vänner och Karl och Julia Linder, Frauke och Johan Nordensvärd, Carl-Henrik 
och Eva Holm, Torsten Holm Nielsen, Christian Lewinter samt Bella och Wille Rising, 
(tack Wille för all hjälp med besvärliga bildformateringar minuterna innan submission 
deadlines). 
 
Kajsa Edfors min kärlek, tack för förståelse, tålamod, hjälp och stöd i allt och för ett 
fantastiskt moderskap.  
 
Mina älskade barn Hjalmar och Kerstin som ger livet glädje och en större mening.  
 
Mina föräldrar Ingemar och Kristina, min bror Lelle och syster Anna, som gett mig en 
kärleksfull och trygg uppväxt och möjliggjort mitt liv på alla sätt.  
 
Mina svärföräldrar Claes och Ing-Mari Söderström samt svägerskornas familjer (Stina, 
Lotta och Mia) för all trevlig gemenskap genom åren, f.f.a. under somrar i Rotvik. 
 
Doris, vår kära cavaliervalp, som hållit mig sällskap och tvingat mig att ta pauser under 
skrivandet av kappan. 
 
Slutligen är jag tacksam att cykelhjälmen fanns på plats en kall och hal novembermorgon 
samt att båtlivet i perioder givit mig en bekymmerfri och rofylld tillvaro. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

74



Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 71 

9 REFERENCES 
 
1.	 Hallan	SI,	Coresh	J,	Astor	BC,	Asberg	A,	Powe	NR,	Romundstad	S,	Hallan	
HA,	Lydersen	S	and	Holmen	J.	International	comparison	of	the	relationship	of	chronic	
kidney	disease	prevalence	and	ESRD	risk.	Journal	of	the	American	Society	of	
Nephrology	:	JASN.	2006;17:2275-84.	
2.	 Go	AS,	Chertow	GM,	Fan	D,	McCulloch	CE	and	Hsu	CY.	Chronic	kidney	
disease	and	the	risks	of	death,	cardiovascular	events,	and	hospitalization.	N	Engl	J	
Med.	2004;351:1296-305.	
3.	 Szummer	K,	Lundman	P,	Jacobson	SH,	Schon	S,	Lindback	J,	Stenestrand	U,	
Wallentin	L,	Jernberg	T	and	Swedeheart.	Influence	of	renal	function	on	the	effects	of	
early	revascularization	in	non-ST-elevation	myocardial	infarction:	data	from	the	
Swedish	Web-System	for	Enhancement	and	Development	of	Evidence-Based	Care	in	
Heart	Disease	Evaluated	According	to	Recommended	Therapies	(SWEDEHEART).	
Circulation.	2009;120:851-8.	
4.	 Obrador	GT,	Pereira	BJ	and	Kausz	AT.	Chronic	kidney	disease	in	the	
United	States:	an	underrecognized	problem.	Semin	Nephrol.	2002;22:441-8.	
5.	 Nissenson	AR,	Collins	AJ,	Hurley	J,	Petersen	H,	Pereira	BJ	and	Steinberg	
EP.	Opportunities	for	improving	the	care	of	patients	with	chronic	renal	insufficiency:	
current	practice	patterns.	Journal	of	the	American	Society	of	Nephrology	:	JASN.	
2001;12:1713-20.	
6.	 Melloni	C,	Peterson	ED,	Chen	AY,	Szczech	LA,	Newby	LK,	Harrington	RA,	
Gibler	WB,	Ohman	EM,	Spinler	SA,	Roe	MT	and	Alexander	KP.	Cockcroft-Gault	versus	
modification	of	diet	in	renal	disease:	importance	of	glomerular	filtration	rate	formula	
for	classification	of	chronic	kidney	disease	in	patients	with	non-ST-segment	elevation	
acute	coronary	syndromes.	J	Am	Coll	Cardiol.	2008;51:991-6.	
7.	 Ocak	G,	Rookmaaker	MB,	Algra	A,	de	Borst	GJ,	Doevendans	PA,	Kappelle	
LJ,	Verhaar	MC,	Visseren	FL	and	Group	SS.	Chronic	kidney	disease	and	bleeding	risk	in	
patients	at	high	cardiovascular	risk:	a	cohort	study.	J	Thromb	Haemost.	2018;16:65-73.	
8.	 James	MT,	Quan	H,	Tonelli	M,	Manns	BJ,	Faris	P,	Laupland	KB,	
Hemmelgarn	BR	and	Alberta	Kidney	Disease	N.	CKD	and	risk	of	hospitalization	and	
death	with	pneumonia.	Am	J	Kidney	Dis.	2009;54:24-32.	
9.	 McCullough	PA,	Wolyn	R,	Rocher	LL,	Levin	RN	and	O'Neill	WW.	Acute	
renal	failure	after	coronary	intervention:	incidence,	risk	factors,	and	relationship	to	
mortality.	Am	J	Med.	1997;103:368-75.	
10.	 Best	PJ,	Lennon	R,	Ting	HH,	Bell	MR,	Rihal	CS,	Holmes	DR	and	Berger	PB.	
The	impact	of	renal	insufficiency	on	clinical	outcomes	in	patients	undergoing	
percutaneous	coronary	interventions.	J	Am	Coll	Cardiol.	2002;39:1113-9.	
11.	 Coca	SG,	Krumholz	HM,	Garg	AX	and	Parikh	CR.	Underrepresentation	of	
renal	disease	in	randomized	controlled	trials	of	cardiovascular	disease.	JAMA.	
2006;296:1377-84.	
12.	 Shastri	S	and	Sarnak	MJ.	Cardiovascular	disease	and	CKD:	core	
curriculum	2010.	Am	J	Kidney	Dis.	2010;56:399-417.	
13.	 KDIGO.	Chronic	Kidney	Disease:	Evaluation,	Classification,	and	
Stratification	2002.	.	2002.	
14.	 Levey	AS,	Stevens	LA,	Schmid	CH,	Zhang	YL,	Castro	AF,	3rd,	Feldman	HI,	
Kusek	JW,	Eggers	P,	Van	Lente	F,	Greene	T,	Coresh	J	and	Ckd	EPI.	A	new	equation	to	
estimate	glomerular	filtration	rate.	Ann	Intern	Med.	2009;150:604-12.	
15.	 Kidney	Disease:	Improving	Global	Outcomes	CKDMBDUWG.	KDIGO	2017	
Clinical	Practice	Guideline	Update	for	the	Diagnosis,	Evaluation,	Prevention,	and	

Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 71 

9 REFERENCES 
 
1.	 Hallan	SI,	Coresh	J,	Astor	BC,	Asberg	A,	Powe	NR,	Romundstad	S,	Hallan	
HA,	Lydersen	S	and	Holmen	J.	International	comparison	of	the	relationship	of	chronic	
kidney	disease	prevalence	and	ESRD	risk.	Journal	of	the	American	Society	of	
Nephrology	:	JASN.	2006;17:2275-84.	
2.	 Go	AS,	Chertow	GM,	Fan	D,	McCulloch	CE	and	Hsu	CY.	Chronic	kidney	
disease	and	the	risks	of	death,	cardiovascular	events,	and	hospitalization.	N	Engl	J	
Med.	2004;351:1296-305.	
3.	 Szummer	K,	Lundman	P,	Jacobson	SH,	Schon	S,	Lindback	J,	Stenestrand	U,	
Wallentin	L,	Jernberg	T	and	Swedeheart.	Influence	of	renal	function	on	the	effects	of	
early	revascularization	in	non-ST-elevation	myocardial	infarction:	data	from	the	
Swedish	Web-System	for	Enhancement	and	Development	of	Evidence-Based	Care	in	
Heart	Disease	Evaluated	According	to	Recommended	Therapies	(SWEDEHEART).	
Circulation.	2009;120:851-8.	
4.	 Obrador	GT,	Pereira	BJ	and	Kausz	AT.	Chronic	kidney	disease	in	the	
United	States:	an	underrecognized	problem.	Semin	Nephrol.	2002;22:441-8.	
5.	 Nissenson	AR,	Collins	AJ,	Hurley	J,	Petersen	H,	Pereira	BJ	and	Steinberg	
EP.	Opportunities	for	improving	the	care	of	patients	with	chronic	renal	insufficiency:	
current	practice	patterns.	Journal	of	the	American	Society	of	Nephrology	:	JASN.	
2001;12:1713-20.	
6.	 Melloni	C,	Peterson	ED,	Chen	AY,	Szczech	LA,	Newby	LK,	Harrington	RA,	
Gibler	WB,	Ohman	EM,	Spinler	SA,	Roe	MT	and	Alexander	KP.	Cockcroft-Gault	versus	
modification	of	diet	in	renal	disease:	importance	of	glomerular	filtration	rate	formula	
for	classification	of	chronic	kidney	disease	in	patients	with	non-ST-segment	elevation	
acute	coronary	syndromes.	J	Am	Coll	Cardiol.	2008;51:991-6.	
7.	 Ocak	G,	Rookmaaker	MB,	Algra	A,	de	Borst	GJ,	Doevendans	PA,	Kappelle	
LJ,	Verhaar	MC,	Visseren	FL	and	Group	SS.	Chronic	kidney	disease	and	bleeding	risk	in	
patients	at	high	cardiovascular	risk:	a	cohort	study.	J	Thromb	Haemost.	2018;16:65-73.	
8.	 James	MT,	Quan	H,	Tonelli	M,	Manns	BJ,	Faris	P,	Laupland	KB,	
Hemmelgarn	BR	and	Alberta	Kidney	Disease	N.	CKD	and	risk	of	hospitalization	and	
death	with	pneumonia.	Am	J	Kidney	Dis.	2009;54:24-32.	
9.	 McCullough	PA,	Wolyn	R,	Rocher	LL,	Levin	RN	and	O'Neill	WW.	Acute	
renal	failure	after	coronary	intervention:	incidence,	risk	factors,	and	relationship	to	
mortality.	Am	J	Med.	1997;103:368-75.	
10.	 Best	PJ,	Lennon	R,	Ting	HH,	Bell	MR,	Rihal	CS,	Holmes	DR	and	Berger	PB.	
The	impact	of	renal	insufficiency	on	clinical	outcomes	in	patients	undergoing	
percutaneous	coronary	interventions.	J	Am	Coll	Cardiol.	2002;39:1113-9.	
11.	 Coca	SG,	Krumholz	HM,	Garg	AX	and	Parikh	CR.	Underrepresentation	of	
renal	disease	in	randomized	controlled	trials	of	cardiovascular	disease.	JAMA.	
2006;296:1377-84.	
12.	 Shastri	S	and	Sarnak	MJ.	Cardiovascular	disease	and	CKD:	core	
curriculum	2010.	Am	J	Kidney	Dis.	2010;56:399-417.	
13.	 KDIGO.	Chronic	Kidney	Disease:	Evaluation,	Classification,	and	
Stratification	2002.	.	2002.	
14.	 Levey	AS,	Stevens	LA,	Schmid	CH,	Zhang	YL,	Castro	AF,	3rd,	Feldman	HI,	
Kusek	JW,	Eggers	P,	Van	Lente	F,	Greene	T,	Coresh	J	and	Ckd	EPI.	A	new	equation	to	
estimate	glomerular	filtration	rate.	Ann	Intern	Med.	2009;150:604-12.	
15.	 Kidney	Disease:	Improving	Global	Outcomes	CKDMBDUWG.	KDIGO	2017	
Clinical	Practice	Guideline	Update	for	the	Diagnosis,	Evaluation,	Prevention,	and	

75



Robert Edfors 

72 

Treatment	of	Chronic	Kidney	Disease-Mineral	and	Bone	Disorder	(CKD-MBD).	Kidney	
Int	Suppl	(2011).	2017;7:1-59.	
16.	 Levey	AS,	Coresh	J,	Greene	T,	Stevens	LA,	Zhang	YL,	Hendriksen	S,	Kusek	
JW,	Van	Lente	F	and	Chronic	Kidney	Disease	Epidemiology	C.	Using	standardized	
serum	creatinine	values	in	the	modification	of	diet	in	renal	disease	study	equation	for	
estimating	glomerular	filtration	rate.	Ann	Intern	Med.	2006;145:247-54.	
17.	 Levey	AS,	Bosch	JP,	Lewis	JB,	Greene	T,	Rogers	N	and	Roth	D.	A	more	
accurate	method	to	estimate	glomerular	filtration	rate	from	serum	creatinine:	a	new	
prediction	equation.	Modification	of	Diet	in	Renal	Disease	Study	Group.	Ann	Intern	
Med.	1999;130:461-70.	
18.	 Cockcroft	DW	and	Gault	MH.	Prediction	of	creatinine	clearance	from	
serum	creatinine.	Nephron.	1976;16:31-41.	
19.	 Lin	J,	Knight	EL,	Hogan	ML	and	Singh	AK.	A	comparison	of	prediction	
equations	for	estimating	glomerular	filtration	rate	in	adults	without	kidney	disease.	
Journal	of	the	American	Society	of	Nephrology	:	JASN.	2003;14:2573-80.	
20.	 Matsushita	K,	Mahmoodi	BK,	Woodward	M,	Emberson	JR,	Jafar	TH,	Jee	
SH,	Polkinghorne	KR,	Shankar	A,	Smith	DH,	Tonelli	M,	Warnock	DG,	Wen	CP,	Coresh	J,	
Gansevoort	RT,	Hemmelgarn	BR,	Levey	AS	and	Chronic	Kidney	Disease	Prognosis	C.	
Comparison	of	risk	prediction	using	the	CKD-EPI	equation	and	the	MDRD	study	
equation	for	estimated	glomerular	filtration	rate.	JAMA.	2012;307:1941-51.	
21.	 KDOQI.	Chronic	Kidney	Disease:	Evaluation,	Classification,	and	
Stratification	2002.	.	2002	
.	
22.	 Food	and	Drug	Administration.	Internet	source.	Available	at:	
https://wwwfdagov/media/78573/download.	2016	06	13.	
23.	 Valente	MA,	Hillege	HL,	Navis	G,	Voors	AA,	Dunselman	PH,	van	
Veldhuisen	DJ	and	Damman	K.	The	Chronic	Kidney	Disease	Epidemiology	
Collaboration	equation	outperforms	the	Modification	of	Diet	in	Renal	Disease	
equation	for	estimating	glomerular	filtration	rate	in	chronic	systolic	heart	failure.	Eur	J	
Heart	Fail.	2014;16:86-94.	
24.	 Szummer	K,	Lundman	P,	Jacobson	SH,	Lindback	J,	Stenestrand	U,	
Wallentin	L,	Jernberg	T	and	Swedeheart.	Cockcroft-Gault	is	better	than	the	
Modification	of	Diet	in	Renal	Disease	study	formula	at	predicting	outcome	after	a	
myocardial	infarction:	data	from	the	Swedish	Web-system	for	Enhancement	and	
Development	of	Evidence-based	care	in	Heart	disease	Evaluated	According	to	
Recommended	Therapies	(SWEDEHEART).	Am	Heart	J.	2010;159:979-86.	
25.	 Tarantini	L,	Barbati	G,	Cioffi	G,	McAlister	FA,	Ezekowitz	JA,	Mazzone	C,	
Faganello	G,	Russo	G,	Franceschini	Grisolia	E	and	Di	Lenarda	A.	Clinical	implications	of	
the	CKD	epidemiology	collaboration	(CKD-EPI)	equation	compared	with	the	
modification	of	diet	in	renal	disease	(MDRD)	study	equation	for	the	estimation	of	
renal	dysfunction	in	patients	with	cardiovascular	disease.	Intern	Emerg	Med.	
2015;10:955-63.	
26.	 Olesen	JB,	Lip	GY,	Kamper	AL,	Hommel	K,	Kober	L,	Lane	DA,	Lindhardsen	
J,	Gislason	GH	and	Torp-Pedersen	C.	Stroke	and	bleeding	in	atrial	fibrillation	with	
chronic	kidney	disease.	N	Engl	J	Med.	2012;367:625-35.	
27.	 Velavan	P,	Khan	NK,	Goode	K,	Rigby	AS,	Loh	PH,	Komajda	M,	Follath	F,	
Swedberg	K,	Madeira	H	and	Cleland	JG.	Predictors	of	short	term	mortality	in	heart	
failure	-	insights	from	the	Euro	Heart	Failure	survey.	Int	J	Cardiol.	2010;138:63-9.	
28.	 James	MT,	Hemmelgarn	BR	and	Tonelli	M.	Early	recognition	and	
prevention	of	chronic	kidney	disease.	Lancet.	2010;375:1296-309.	

Robert Edfors 

72 

Treatment	of	Chronic	Kidney	Disease-Mineral	and	Bone	Disorder	(CKD-MBD).	Kidney	
Int	Suppl	(2011).	2017;7:1-59.	
16.	 Levey	AS,	Coresh	J,	Greene	T,	Stevens	LA,	Zhang	YL,	Hendriksen	S,	Kusek	
JW,	Van	Lente	F	and	Chronic	Kidney	Disease	Epidemiology	C.	Using	standardized	
serum	creatinine	values	in	the	modification	of	diet	in	renal	disease	study	equation	for	
estimating	glomerular	filtration	rate.	Ann	Intern	Med.	2006;145:247-54.	
17.	 Levey	AS,	Bosch	JP,	Lewis	JB,	Greene	T,	Rogers	N	and	Roth	D.	A	more	
accurate	method	to	estimate	glomerular	filtration	rate	from	serum	creatinine:	a	new	
prediction	equation.	Modification	of	Diet	in	Renal	Disease	Study	Group.	Ann	Intern	
Med.	1999;130:461-70.	
18.	 Cockcroft	DW	and	Gault	MH.	Prediction	of	creatinine	clearance	from	
serum	creatinine.	Nephron.	1976;16:31-41.	
19.	 Lin	J,	Knight	EL,	Hogan	ML	and	Singh	AK.	A	comparison	of	prediction	
equations	for	estimating	glomerular	filtration	rate	in	adults	without	kidney	disease.	
Journal	of	the	American	Society	of	Nephrology	:	JASN.	2003;14:2573-80.	
20.	 Matsushita	K,	Mahmoodi	BK,	Woodward	M,	Emberson	JR,	Jafar	TH,	Jee	
SH,	Polkinghorne	KR,	Shankar	A,	Smith	DH,	Tonelli	M,	Warnock	DG,	Wen	CP,	Coresh	J,	
Gansevoort	RT,	Hemmelgarn	BR,	Levey	AS	and	Chronic	Kidney	Disease	Prognosis	C.	
Comparison	of	risk	prediction	using	the	CKD-EPI	equation	and	the	MDRD	study	
equation	for	estimated	glomerular	filtration	rate.	JAMA.	2012;307:1941-51.	
21.	 KDOQI.	Chronic	Kidney	Disease:	Evaluation,	Classification,	and	
Stratification	2002.	.	2002	
.	
22.	 Food	and	Drug	Administration.	Internet	source.	Available	at:	
https://wwwfdagov/media/78573/download.	2016	06	13.	
23.	 Valente	MA,	Hillege	HL,	Navis	G,	Voors	AA,	Dunselman	PH,	van	
Veldhuisen	DJ	and	Damman	K.	The	Chronic	Kidney	Disease	Epidemiology	
Collaboration	equation	outperforms	the	Modification	of	Diet	in	Renal	Disease	
equation	for	estimating	glomerular	filtration	rate	in	chronic	systolic	heart	failure.	Eur	J	
Heart	Fail.	2014;16:86-94.	
24.	 Szummer	K,	Lundman	P,	Jacobson	SH,	Lindback	J,	Stenestrand	U,	
Wallentin	L,	Jernberg	T	and	Swedeheart.	Cockcroft-Gault	is	better	than	the	
Modification	of	Diet	in	Renal	Disease	study	formula	at	predicting	outcome	after	a	
myocardial	infarction:	data	from	the	Swedish	Web-system	for	Enhancement	and	
Development	of	Evidence-based	care	in	Heart	disease	Evaluated	According	to	
Recommended	Therapies	(SWEDEHEART).	Am	Heart	J.	2010;159:979-86.	
25.	 Tarantini	L,	Barbati	G,	Cioffi	G,	McAlister	FA,	Ezekowitz	JA,	Mazzone	C,	
Faganello	G,	Russo	G,	Franceschini	Grisolia	E	and	Di	Lenarda	A.	Clinical	implications	of	
the	CKD	epidemiology	collaboration	(CKD-EPI)	equation	compared	with	the	
modification	of	diet	in	renal	disease	(MDRD)	study	equation	for	the	estimation	of	
renal	dysfunction	in	patients	with	cardiovascular	disease.	Intern	Emerg	Med.	
2015;10:955-63.	
26.	 Olesen	JB,	Lip	GY,	Kamper	AL,	Hommel	K,	Kober	L,	Lane	DA,	Lindhardsen	
J,	Gislason	GH	and	Torp-Pedersen	C.	Stroke	and	bleeding	in	atrial	fibrillation	with	
chronic	kidney	disease.	N	Engl	J	Med.	2012;367:625-35.	
27.	 Velavan	P,	Khan	NK,	Goode	K,	Rigby	AS,	Loh	PH,	Komajda	M,	Follath	F,	
Swedberg	K,	Madeira	H	and	Cleland	JG.	Predictors	of	short	term	mortality	in	heart	
failure	-	insights	from	the	Euro	Heart	Failure	survey.	Int	J	Cardiol.	2010;138:63-9.	
28.	 James	MT,	Hemmelgarn	BR	and	Tonelli	M.	Early	recognition	and	
prevention	of	chronic	kidney	disease.	Lancet.	2010;375:1296-309.	

76



Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 73 

29.	 van	der	Velde	M,	Matsushita	K,	Coresh	J,	Astor	BC,	Woodward	M,	Levey	A,	
de	Jong	P,	Gansevoort	RT,	Chronic	Kidney	Disease	Prognosis	C,	van	der	Velde	M,	
Matsushita	K,	Coresh	J,	Astor	BC,	Woodward	M,	Levey	AS,	de	Jong	PE,	Gansevoort	RT,	
Levey	A,	El-Nahas	M,	Eckardt	KU,	Kasiske	BL,	Ninomiya	T,	Chalmers	J,	Macmahon	S,	
Tonelli	M,	Hemmelgarn	B,	Sacks	F,	Curhan	G,	Collins	AJ,	Li	S,	Chen	SC,	Hawaii	Cohort	
KP,	Lee	BJ,	Ishani	A,	Neaton	J,	Svendsen	K,	Mann	JF,	Yusuf	S,	Teo	KK,	Gao	P,	Nelson	RG,	
Knowler	WC,	Bilo	HJ,	Joosten	H,	Kleefstra	N,	Groenier	KH,	Auguste	P,	Veldhuis	K,	Wang	
Y,	Camarata	L,	Thomas	B	and	Manley	T.	Lower	estimated	glomerular	filtration	rate	
and	higher	albuminuria	are	associated	with	all-cause	and	cardiovascular	mortality.	A	
collaborative	meta-analysis	of	high-risk	population	cohorts.	Kidney	Int.	2011;79:1341-
52.	
30.	 Herzog	CA,	Asinger	RW,	Berger	AK,	Charytan	DM,	Diez	J,	Hart	RG,	Eckardt	
KU,	Kasiske	BL,	McCullough	PA,	Passman	RS,	DeLoach	SS,	Pun	PH	and	Ritz	E.	
Cardiovascular	disease	in	chronic	kidney	disease.	A	clinical	update	from	Kidney	
Disease:	Improving	Global	Outcomes	(KDIGO).	Kidney	Int.	2011;80:572-86.	
31.	 Manjunath	U	and	Pareek	RP.	Maternal	knowledge	and	perceptions	
aboutthe	routine	immunization	programme--a	study	in	a	semiurban	area	in	Rajasthan.	
Indian	J	Med	Sci.	2003;57:158-63.	
32.	 Irie	F,	Iso	H,	Sairenchi	T,	Fukasawa	N,	Yamagishi	K,	Ikehara	S,	Kanashiki	
M,	Saito	Y,	Ota	H	and	Nose	T.	The	relationships	of	proteinuria,	serum	creatinine,	
glomerular	filtration	rate	with	cardiovascular	disease	mortality	in	Japanese	general	
population.	Kidney	Int.	2006;69:1264-71.	
33.	 Khan	SS,	Kazmi	WH,	Abichandani	R,	Tighiouart	H,	Pereira	BJ	and	Kausz	
AT.	Health	care	utilization	among	patients	with	chronic	kidney	disease.	Kidney	Int.	
2002;62:229-36.	
34.	 Schon	S,	Ekberg	H,	Wikstrom	B,	Oden	A	and	Ahlmen	J.	Renal	replacement	
therapy	in	Sweden.	Scand	J	Urol	Nephrol.	2004;38:332-9.	
35.	 Herzog	CA,	Ma	JZ	and	Collins	AJ.	Poor	long-term	survival	after	acute	
myocardial	infarction	among	patients	on	long-term	dialysis.	N	Engl	J	Med.	
1998;339:799-805.	
36.	 Nashef	SA,	Roques	F,	Michel	P,	Gauducheau	E,	Lemeshow	S	and	Salamon	
R.	European	system	for	cardiac	operative	risk	evaluation	(EuroSCORE).	Eur	J	
Cardiothorac	Surg.	1999;16:9-13.	
37.	 Gibney	EM,	Casebeer	AW,	Schooley	LM,	Cunningham	F,	Grover	FL,	Bell	
MR,	McDonald	GO,	Shroyer	AL	and	Parikh	CR.	Cardiovascular	medication	use	after	
coronary	bypass	surgery	in	patients	with	renal	dysfunction:	a	national	Veterans	
Administration	study.	Kidney	Int.	2005;68:826-32.	
38.	 Zakeri	R,	Freemantle	N,	Barnett	V,	Lipkin	GW,	Bonser	RS,	Graham	TR,	
Rooney	SJ,	Wilson	IC,	Cramb	R,	Keogh	BE	and	Pagano	D.	Relation	between	mild	renal	
dysfunction	and	outcomes	after	coronary	artery	bypass	grafting.	Circulation.	
2005;112:I270-5.	
39.	 Anderson	RJ,	O'Brien	M,	MaWhinney	S,	VillaNueva	CB,	Moritz	TE,	Sethi	
GK,	Henderson	WG,	Hammermeister	KE,	Grover	FL	and	Shroyer	AL.	Renal	failure	
predisposes	patients	to	adverse	outcome	after	coronary	artery	bypass	surgery.	VA	
Cooperative	Study	#5.	Kidney	Int.	1999;55:1057-62.	
40.	 Dacey	LJ,	Liu	JY,	Braxton	JH,	Weintraub	RM,	DeSimone	J,	Charlesworth	
DC,	Lahey	SJ,	Ross	CS,	Hernandez	F,	Jr.,	Leavitt	BJ,	O'Connor	GT	and	Northern	New	
England	Cardiovascular	Disease	Study	G.	Long-term	survival	of	dialysis	patients	after	
coronary	bypass	grafting.	Ann	Thorac	Surg.	2002;74:458-62;	discussion	462-3.	

Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 73 

29.	 van	der	Velde	M,	Matsushita	K,	Coresh	J,	Astor	BC,	Woodward	M,	Levey	A,	
de	Jong	P,	Gansevoort	RT,	Chronic	Kidney	Disease	Prognosis	C,	van	der	Velde	M,	
Matsushita	K,	Coresh	J,	Astor	BC,	Woodward	M,	Levey	AS,	de	Jong	PE,	Gansevoort	RT,	
Levey	A,	El-Nahas	M,	Eckardt	KU,	Kasiske	BL,	Ninomiya	T,	Chalmers	J,	Macmahon	S,	
Tonelli	M,	Hemmelgarn	B,	Sacks	F,	Curhan	G,	Collins	AJ,	Li	S,	Chen	SC,	Hawaii	Cohort	
KP,	Lee	BJ,	Ishani	A,	Neaton	J,	Svendsen	K,	Mann	JF,	Yusuf	S,	Teo	KK,	Gao	P,	Nelson	RG,	
Knowler	WC,	Bilo	HJ,	Joosten	H,	Kleefstra	N,	Groenier	KH,	Auguste	P,	Veldhuis	K,	Wang	
Y,	Camarata	L,	Thomas	B	and	Manley	T.	Lower	estimated	glomerular	filtration	rate	
and	higher	albuminuria	are	associated	with	all-cause	and	cardiovascular	mortality.	A	
collaborative	meta-analysis	of	high-risk	population	cohorts.	Kidney	Int.	2011;79:1341-
52.	
30.	 Herzog	CA,	Asinger	RW,	Berger	AK,	Charytan	DM,	Diez	J,	Hart	RG,	Eckardt	
KU,	Kasiske	BL,	McCullough	PA,	Passman	RS,	DeLoach	SS,	Pun	PH	and	Ritz	E.	
Cardiovascular	disease	in	chronic	kidney	disease.	A	clinical	update	from	Kidney	
Disease:	Improving	Global	Outcomes	(KDIGO).	Kidney	Int.	2011;80:572-86.	
31.	 Manjunath	U	and	Pareek	RP.	Maternal	knowledge	and	perceptions	
aboutthe	routine	immunization	programme--a	study	in	a	semiurban	area	in	Rajasthan.	
Indian	J	Med	Sci.	2003;57:158-63.	
32.	 Irie	F,	Iso	H,	Sairenchi	T,	Fukasawa	N,	Yamagishi	K,	Ikehara	S,	Kanashiki	
M,	Saito	Y,	Ota	H	and	Nose	T.	The	relationships	of	proteinuria,	serum	creatinine,	
glomerular	filtration	rate	with	cardiovascular	disease	mortality	in	Japanese	general	
population.	Kidney	Int.	2006;69:1264-71.	
33.	 Khan	SS,	Kazmi	WH,	Abichandani	R,	Tighiouart	H,	Pereira	BJ	and	Kausz	
AT.	Health	care	utilization	among	patients	with	chronic	kidney	disease.	Kidney	Int.	
2002;62:229-36.	
34.	 Schon	S,	Ekberg	H,	Wikstrom	B,	Oden	A	and	Ahlmen	J.	Renal	replacement	
therapy	in	Sweden.	Scand	J	Urol	Nephrol.	2004;38:332-9.	
35.	 Herzog	CA,	Ma	JZ	and	Collins	AJ.	Poor	long-term	survival	after	acute	
myocardial	infarction	among	patients	on	long-term	dialysis.	N	Engl	J	Med.	
1998;339:799-805.	
36.	 Nashef	SA,	Roques	F,	Michel	P,	Gauducheau	E,	Lemeshow	S	and	Salamon	
R.	European	system	for	cardiac	operative	risk	evaluation	(EuroSCORE).	Eur	J	
Cardiothorac	Surg.	1999;16:9-13.	
37.	 Gibney	EM,	Casebeer	AW,	Schooley	LM,	Cunningham	F,	Grover	FL,	Bell	
MR,	McDonald	GO,	Shroyer	AL	and	Parikh	CR.	Cardiovascular	medication	use	after	
coronary	bypass	surgery	in	patients	with	renal	dysfunction:	a	national	Veterans	
Administration	study.	Kidney	Int.	2005;68:826-32.	
38.	 Zakeri	R,	Freemantle	N,	Barnett	V,	Lipkin	GW,	Bonser	RS,	Graham	TR,	
Rooney	SJ,	Wilson	IC,	Cramb	R,	Keogh	BE	and	Pagano	D.	Relation	between	mild	renal	
dysfunction	and	outcomes	after	coronary	artery	bypass	grafting.	Circulation.	
2005;112:I270-5.	
39.	 Anderson	RJ,	O'Brien	M,	MaWhinney	S,	VillaNueva	CB,	Moritz	TE,	Sethi	
GK,	Henderson	WG,	Hammermeister	KE,	Grover	FL	and	Shroyer	AL.	Renal	failure	
predisposes	patients	to	adverse	outcome	after	coronary	artery	bypass	surgery.	VA	
Cooperative	Study	#5.	Kidney	Int.	1999;55:1057-62.	
40.	 Dacey	LJ,	Liu	JY,	Braxton	JH,	Weintraub	RM,	DeSimone	J,	Charlesworth	
DC,	Lahey	SJ,	Ross	CS,	Hernandez	F,	Jr.,	Leavitt	BJ,	O'Connor	GT	and	Northern	New	
England	Cardiovascular	Disease	Study	G.	Long-term	survival	of	dialysis	patients	after	
coronary	bypass	grafting.	Ann	Thorac	Surg.	2002;74:458-62;	discussion	462-3.	

77



Robert Edfors 

74 

41.	 Massad	MG,	Kpodonu	J,	Lee	J,	Espat	J,	Gandhi	S,	Tevar	A	and	Geha	AS.	
Outcome	of	coronary	artery	bypass	operations	in	patients	with	renal	insufficiency	
with	and	without	renal	transplantation.	Chest.	2005;128:855-62.	
42.	 Fox	CS,	Muntner	P,	Chen	AY,	Alexander	KP,	Roe	MT,	Cannon	CP,	Saucedo	
JF,	Kontos	MC,	Wiviott	SD,	Acute	Coronary	T	and	Intervention	Outcomes	Network	r.	
Use	of	evidence-based	therapies	in	short-term	outcomes	of	ST-segment	elevation	
myocardial	infarction	and	non-ST-segment	elevation	myocardial	infarction	in	patients	
with	chronic	kidney	disease:	a	report	from	the	National	Cardiovascular	Data	Acute	
Coronary	Treatment	and	Intervention	Outcomes	Network	registry.	Circulation.	
2010;121:357-65.	
43.	 Reinecke	H,	Trey	T,	Matzkies	F,	Fobker	M,	Breithardt	G	and	Schaefer	RM.	
Grade	of	chronic	renal	failure,	and	acute	and	long-term	outcome	after	percutaneous	
coronary	interventions.	Kidney	Int.	2003;63:696-701.	
44.	 Hemmelgarn	BR,	Ghali	WA,	Quan	H,	Brant	R,	Norris	CM,	Taub	KJ	and	
Knudtson	ML.	Poor	long-term	survival	after	coronary	angiography	in	patients	with	
renal	insufficiency.	Am	J	Kidney	Dis.	2001;37:64-72.	
45.	 Ashrith	G,	Lee	VV,	Elayda	MA,	Reul	RM	and	Wilson	JM.	Short-	and	long-
term	outcomes	of	coronary	artery	bypass	grafting	or	drug-eluting	stent	implantation	
for	multivessel	coronary	artery	disease	in	patients	with	chronic	kidney	disease.	Am	J	
Cardiol.	2010;106:348-53.	
46.	 Charytan	DM,	Li	S,	Liu	J	and	Herzog	CA.	Risks	of	death	and	end-stage	
renal	disease	after	surgical	compared	with	percutaneous	coronary	revascularization	
in	elderly	patients	with	chronic	kidney	disease.	Circulation.	2012;126:S164-9.	
47.	 Chang	TI,	Shilane	D,	Kazi	DS,	Montez-Rath	ME,	Hlatky	MA	and	
Winkelmayer	WC.	Multivessel	coronary	artery	bypass	grafting	versus	percutaneous	
coronary	intervention	in	ESRD.	Journal	of	the	American	Society	of	Nephrology	:	JASN.	
2012;23:2042-9.	
48.	 Ix	JH,	Mercado	N,	Shlipak	MG,	Lemos	PA,	Boersma	E,	Lindeboom	W,	
O'Neill	WW,	Wijns	W	and	Serruys	PW.	Association	of	chronic	kidney	disease	with	
clinical	outcomes	after	coronary	revascularization:	the	Arterial	Revascularization	
Therapies	Study	(ARTS).	Am	Heart	J.	2005;149:512-9.	
49.	 Aoki	J,	Ong	AT,	Hoye	A,	van	Herwerden	LA,	Sousa	JE,	Jatene	A,	Bonnier	JJ,	
Schonberger	JP,	Buller	N,	Bonser	R,	Lindeboom	W,	Unger	F	and	Serruys	PW.	Five	year	
clinical	effect	of	coronary	stenting	and	coronary	artery	bypass	grafting	in	renal	
insufficient	patients	with	multivessel	coronary	artery	disease:	insights	from	ARTS	
trial.	Eur	Heart	J.	2005;26:1488-93.	
50.	 Serruys	PW,	Onuma	Y,	Garg	S,	Vranckx	P,	De	Bruyne	B,	Morice	MC,	
Colombo	A,	Macaya	C,	Richardt	G,	Fajadet	J,	Hamm	C,	Schuijer	M,	Rademaker	T,	
Wittebols	K,	Stoll	HP	and	Investigators	AI.	5-year	clinical	outcomes	of	the	ARTS	II	
(Arterial	Revascularization	Therapies	Study	II)	of	the	sirolimus-eluting	stent	in	the	
treatment	of	patients	with	multivessel	de	novo	coronary	artery	lesions.	J	Am	Coll	
Cardiol.	2010;55:1093-101.	
51.	 Milojevic	M,	Head	SJ,	Mack	MJ,	Mohr	FW,	Morice	MC,	Dawkins	KD,	Holmes	
DR,	Jr.,	Serruys	PW	and	Kappetein	AP.	The	impact	of	chronic	kidney	disease	on	
outcomes	following	percutaneous	coronary	intervention	versus	coronary	artery	
bypass	grafting	in	patients	with	complex	coronary	artery	disease:	five-year	follow-up	
of	the	SYNTAX	trial.	EuroIntervention.	2018;14:102-111.	
52.	 Park	SJ,	Ahn	JM,	Kim	YH,	Park	DW,	Yun	SC,	Lee	JY,	Kang	SJ,	Lee	SW,	Lee	
CW,	Park	SW,	Choo	SJ,	Chung	CH,	Lee	JW,	Cohen	DJ,	Yeung	AC,	Hur	SH,	Seung	KB,	Ahn	
TH,	Kwon	HM,	Lim	DS,	Rha	SW,	Jeong	MH,	Lee	BK,	Tresukosol	D,	Fu	GS,	Ong	TK	and	

Robert Edfors 

74 

41.	 Massad	MG,	Kpodonu	J,	Lee	J,	Espat	J,	Gandhi	S,	Tevar	A	and	Geha	AS.	
Outcome	of	coronary	artery	bypass	operations	in	patients	with	renal	insufficiency	
with	and	without	renal	transplantation.	Chest.	2005;128:855-62.	
42.	 Fox	CS,	Muntner	P,	Chen	AY,	Alexander	KP,	Roe	MT,	Cannon	CP,	Saucedo	
JF,	Kontos	MC,	Wiviott	SD,	Acute	Coronary	T	and	Intervention	Outcomes	Network	r.	
Use	of	evidence-based	therapies	in	short-term	outcomes	of	ST-segment	elevation	
myocardial	infarction	and	non-ST-segment	elevation	myocardial	infarction	in	patients	
with	chronic	kidney	disease:	a	report	from	the	National	Cardiovascular	Data	Acute	
Coronary	Treatment	and	Intervention	Outcomes	Network	registry.	Circulation.	
2010;121:357-65.	
43.	 Reinecke	H,	Trey	T,	Matzkies	F,	Fobker	M,	Breithardt	G	and	Schaefer	RM.	
Grade	of	chronic	renal	failure,	and	acute	and	long-term	outcome	after	percutaneous	
coronary	interventions.	Kidney	Int.	2003;63:696-701.	
44.	 Hemmelgarn	BR,	Ghali	WA,	Quan	H,	Brant	R,	Norris	CM,	Taub	KJ	and	
Knudtson	ML.	Poor	long-term	survival	after	coronary	angiography	in	patients	with	
renal	insufficiency.	Am	J	Kidney	Dis.	2001;37:64-72.	
45.	 Ashrith	G,	Lee	VV,	Elayda	MA,	Reul	RM	and	Wilson	JM.	Short-	and	long-
term	outcomes	of	coronary	artery	bypass	grafting	or	drug-eluting	stent	implantation	
for	multivessel	coronary	artery	disease	in	patients	with	chronic	kidney	disease.	Am	J	
Cardiol.	2010;106:348-53.	
46.	 Charytan	DM,	Li	S,	Liu	J	and	Herzog	CA.	Risks	of	death	and	end-stage	
renal	disease	after	surgical	compared	with	percutaneous	coronary	revascularization	
in	elderly	patients	with	chronic	kidney	disease.	Circulation.	2012;126:S164-9.	
47.	 Chang	TI,	Shilane	D,	Kazi	DS,	Montez-Rath	ME,	Hlatky	MA	and	
Winkelmayer	WC.	Multivessel	coronary	artery	bypass	grafting	versus	percutaneous	
coronary	intervention	in	ESRD.	Journal	of	the	American	Society	of	Nephrology	:	JASN.	
2012;23:2042-9.	
48.	 Ix	JH,	Mercado	N,	Shlipak	MG,	Lemos	PA,	Boersma	E,	Lindeboom	W,	
O'Neill	WW,	Wijns	W	and	Serruys	PW.	Association	of	chronic	kidney	disease	with	
clinical	outcomes	after	coronary	revascularization:	the	Arterial	Revascularization	
Therapies	Study	(ARTS).	Am	Heart	J.	2005;149:512-9.	
49.	 Aoki	J,	Ong	AT,	Hoye	A,	van	Herwerden	LA,	Sousa	JE,	Jatene	A,	Bonnier	JJ,	
Schonberger	JP,	Buller	N,	Bonser	R,	Lindeboom	W,	Unger	F	and	Serruys	PW.	Five	year	
clinical	effect	of	coronary	stenting	and	coronary	artery	bypass	grafting	in	renal	
insufficient	patients	with	multivessel	coronary	artery	disease:	insights	from	ARTS	
trial.	Eur	Heart	J.	2005;26:1488-93.	
50.	 Serruys	PW,	Onuma	Y,	Garg	S,	Vranckx	P,	De	Bruyne	B,	Morice	MC,	
Colombo	A,	Macaya	C,	Richardt	G,	Fajadet	J,	Hamm	C,	Schuijer	M,	Rademaker	T,	
Wittebols	K,	Stoll	HP	and	Investigators	AI.	5-year	clinical	outcomes	of	the	ARTS	II	
(Arterial	Revascularization	Therapies	Study	II)	of	the	sirolimus-eluting	stent	in	the	
treatment	of	patients	with	multivessel	de	novo	coronary	artery	lesions.	J	Am	Coll	
Cardiol.	2010;55:1093-101.	
51.	 Milojevic	M,	Head	SJ,	Mack	MJ,	Mohr	FW,	Morice	MC,	Dawkins	KD,	Holmes	
DR,	Jr.,	Serruys	PW	and	Kappetein	AP.	The	impact	of	chronic	kidney	disease	on	
outcomes	following	percutaneous	coronary	intervention	versus	coronary	artery	
bypass	grafting	in	patients	with	complex	coronary	artery	disease:	five-year	follow-up	
of	the	SYNTAX	trial.	EuroIntervention.	2018;14:102-111.	
52.	 Park	SJ,	Ahn	JM,	Kim	YH,	Park	DW,	Yun	SC,	Lee	JY,	Kang	SJ,	Lee	SW,	Lee	
CW,	Park	SW,	Choo	SJ,	Chung	CH,	Lee	JW,	Cohen	DJ,	Yeung	AC,	Hur	SH,	Seung	KB,	Ahn	
TH,	Kwon	HM,	Lim	DS,	Rha	SW,	Jeong	MH,	Lee	BK,	Tresukosol	D,	Fu	GS,	Ong	TK	and	

78



Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 75 

Investigators	BT.	Trial	of	everolimus-eluting	stents	or	bypass	surgery	for	coronary	
disease.	N	Engl	J	Med.	2015;372:1204-12.	
53.	 Bangalore	S,	Guo	Y,	Samadashvili	Z,	Blecker	S,	Xu	J	and	Hannan	EL.	
Revascularization	in	Patients	With	Multivessel	Coronary	Artery	Disease	and	Chronic	
Kidney	Disease:	Everolimus-Eluting	Stents	Versus	Coronary	Artery	Bypass	Graft	
Surgery.	J	Am	Coll	Cardiol.	2015;66:1209-1220.	
54.	 Giustino	G,	Mehran	R,	Serruys	PW,	Sabik	JF,	3rd,	Milojevic	M,	Simonton	
CA,	Puskas	JD,	Kandzari	DE,	Morice	MC,	Taggart	DP,	Gershlick	AH,	Genereux	P,	Zhang	
Z,	McAndrew	T,	Redfors	B,	Ragosta	M,	3rd,	Kron	IL,	Dressler	O,	Leon	MB,	Pocock	SJ,	
Ben-Yehuda	O,	Kappetein	AP	and	Stone	GW.	Left	Main	Revascularization	With	PCI	or	
CABG	in	Patients	With	Chronic	Kidney	Disease:	EXCEL	Trial.	J	Am	Coll	Cardiol.	
2018;72:754-765.	
55.	 Bangalore	S,	Maron	DJ,	Fleg	JL,	O'Brien	SM,	Herzog	CA,	Stone	GW,	Mark	
DB,	Spertus	JA,	Alexander	KP,	Sidhu	MS,	Chertow	GM,	Boden	WE,	Hochman	JS	and	
Group	I-CR.	International	Study	of	Comparative	Health	Effectiveness	with	Medical	and	
Invasive	Approaches-Chronic	Kidney	Disease	(ISCHEMIA-CKD):	Rationale	and	design.	
Am	Heart	J.	2018;205:42-52.	
56.	 Hochman	JS,	Reynolds	HR,	Bangalore	S,	O'Brien	SM,	Alexander	KP,	Senior	
R,	Boden	WE,	Stone	GW,	Goodman	SG,	Lopes	RD,	Lopez-Sendon	J,	White	HD,	Maggioni	
AP,	Shaw	LJ,	Min	JK,	Picard	MH,	Berman	DS,	Chaitman	BR,	Mark	DB,	Spertus	JA,	Cyr	
DD,	Bhargava	B,	Ruzyllo	W,	Wander	GS,	Chernyavskiy	AM,	Rosenberg	YD,	Maron	DJ	
and	Group	IR.	Baseline	Characteristics	and	Risk	Profiles	of	Participants	in	the	
ISCHEMIA	Randomized	Clinical	Trial.	JAMA	Cardiol.	2019;4:273-286.	
57.	 Roe	MT,	Armstrong	PW,	Fox	KA,	White	HD,	Prabhakaran	D,	Goodman	SG,	
Cornel	JH,	Bhatt	DL,	Clemmensen	P,	Martinez	F,	Ardissino	D,	Nicolau	JC,	Boden	WE,	
Gurbel	PA,	Ruzyllo	W,	Dalby	AJ,	McGuire	DK,	Leiva-Pons	JL,	Parkhomenko	A,	Gottlieb	
S,	Topacio	GO,	Hamm	C,	Pavlides	G,	Goudev	AR,	Oto	A,	Tseng	CD,	Merkely	B,	
Gasparovic	V,	Corbalan	R,	Cinteza	M,	McLendon	RC,	Winters	KJ,	Brown	EB,	Lokhnygina	
Y,	Aylward	PE,	Huber	K,	Hochman	JS,	Ohman	EM	and	Investigators	TA.	Prasugrel	
versus	clopidogrel	for	acute	coronary	syndromes	without	revascularization.	N	Engl	J	
Med.	2012;367:1297-309.	
58.	 Yao	Q,	Axelsson	J,	Heimburger	O,	Stenvinkel	P	and	Lindholm	B.	Systemic	
inflammation	in	dialysis	patients	with	end-stage	renal	disease:	causes	and	
consequences.	Minerva	Urol	Nefrol.	2004;56:237-48.	
59.	 Yao	Q,	Pecoits-Filho	R,	Lindholm	B	and	Stenvinkel	P.	Traditional	and	non-
traditional	risk	factors	as	contributors	to	atherosclerotic	cardiovascular	disease	in	
end-stage	renal	disease.	Scand	J	Urol	Nephrol.	2004;38:405-16.	
60.	 Khalique	O,	Aronow	WS,	Ahn	C,	Mazar	M,	Schair	B,	Shao	J	and	
Channamsetty	V.	Relation	of	moderate	or	severe	reduction	in	glomerular	filtration	
rate	to	number	of	coronary	arteries	narrowed	>50%	in	patients	undergoing	coronary	
angiography	for	suspected	coronary	artery	disease.	Am	J	Cardiol.	2007;100:415-6.	
61.	 Chonchol	M,	Whittle	J,	Desbien	A,	Orner	MB,	Petersen	LA	and	Kressin	NR.	
Chronic	kidney	disease	is	associated	with	angiographic	coronary	artery	disease.	Am	J	
Nephrol.	2008;28:354-60.	
62.	 Davoodi	G,	Mehrabi	Pari	S,	Rezvanfard	M,	Sheikh	Fathollahi	M,	Amini	M,	
Hakki	E,	Kazemisaeid	A	and	Yaminisharif	A.	Glomerular	filtration	rate	is	related	to	
severity	of	obstructive	coronary	artery	disease	in	patients	undergoing	coronary	
angiography.	Int	Urol	Nephrol.	2012;44:1161-8.	
63.	 Joosen	IA,	Schiphof	F,	Versteylen	MO,	Laufer	EM,	Winkens	MH,	Nelemans	
PJ,	Kooman	JP,	Hofstra	L,	Wildberger	JE	and	Leiner	T.	Relation	between	mild	to	

Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 75 

Investigators	BT.	Trial	of	everolimus-eluting	stents	or	bypass	surgery	for	coronary	
disease.	N	Engl	J	Med.	2015;372:1204-12.	
53.	 Bangalore	S,	Guo	Y,	Samadashvili	Z,	Blecker	S,	Xu	J	and	Hannan	EL.	
Revascularization	in	Patients	With	Multivessel	Coronary	Artery	Disease	and	Chronic	
Kidney	Disease:	Everolimus-Eluting	Stents	Versus	Coronary	Artery	Bypass	Graft	
Surgery.	J	Am	Coll	Cardiol.	2015;66:1209-1220.	
54.	 Giustino	G,	Mehran	R,	Serruys	PW,	Sabik	JF,	3rd,	Milojevic	M,	Simonton	
CA,	Puskas	JD,	Kandzari	DE,	Morice	MC,	Taggart	DP,	Gershlick	AH,	Genereux	P,	Zhang	
Z,	McAndrew	T,	Redfors	B,	Ragosta	M,	3rd,	Kron	IL,	Dressler	O,	Leon	MB,	Pocock	SJ,	
Ben-Yehuda	O,	Kappetein	AP	and	Stone	GW.	Left	Main	Revascularization	With	PCI	or	
CABG	in	Patients	With	Chronic	Kidney	Disease:	EXCEL	Trial.	J	Am	Coll	Cardiol.	
2018;72:754-765.	
55.	 Bangalore	S,	Maron	DJ,	Fleg	JL,	O'Brien	SM,	Herzog	CA,	Stone	GW,	Mark	
DB,	Spertus	JA,	Alexander	KP,	Sidhu	MS,	Chertow	GM,	Boden	WE,	Hochman	JS	and	
Group	I-CR.	International	Study	of	Comparative	Health	Effectiveness	with	Medical	and	
Invasive	Approaches-Chronic	Kidney	Disease	(ISCHEMIA-CKD):	Rationale	and	design.	
Am	Heart	J.	2018;205:42-52.	
56.	 Hochman	JS,	Reynolds	HR,	Bangalore	S,	O'Brien	SM,	Alexander	KP,	Senior	
R,	Boden	WE,	Stone	GW,	Goodman	SG,	Lopes	RD,	Lopez-Sendon	J,	White	HD,	Maggioni	
AP,	Shaw	LJ,	Min	JK,	Picard	MH,	Berman	DS,	Chaitman	BR,	Mark	DB,	Spertus	JA,	Cyr	
DD,	Bhargava	B,	Ruzyllo	W,	Wander	GS,	Chernyavskiy	AM,	Rosenberg	YD,	Maron	DJ	
and	Group	IR.	Baseline	Characteristics	and	Risk	Profiles	of	Participants	in	the	
ISCHEMIA	Randomized	Clinical	Trial.	JAMA	Cardiol.	2019;4:273-286.	
57.	 Roe	MT,	Armstrong	PW,	Fox	KA,	White	HD,	Prabhakaran	D,	Goodman	SG,	
Cornel	JH,	Bhatt	DL,	Clemmensen	P,	Martinez	F,	Ardissino	D,	Nicolau	JC,	Boden	WE,	
Gurbel	PA,	Ruzyllo	W,	Dalby	AJ,	McGuire	DK,	Leiva-Pons	JL,	Parkhomenko	A,	Gottlieb	
S,	Topacio	GO,	Hamm	C,	Pavlides	G,	Goudev	AR,	Oto	A,	Tseng	CD,	Merkely	B,	
Gasparovic	V,	Corbalan	R,	Cinteza	M,	McLendon	RC,	Winters	KJ,	Brown	EB,	Lokhnygina	
Y,	Aylward	PE,	Huber	K,	Hochman	JS,	Ohman	EM	and	Investigators	TA.	Prasugrel	
versus	clopidogrel	for	acute	coronary	syndromes	without	revascularization.	N	Engl	J	
Med.	2012;367:1297-309.	
58.	 Yao	Q,	Axelsson	J,	Heimburger	O,	Stenvinkel	P	and	Lindholm	B.	Systemic	
inflammation	in	dialysis	patients	with	end-stage	renal	disease:	causes	and	
consequences.	Minerva	Urol	Nefrol.	2004;56:237-48.	
59.	 Yao	Q,	Pecoits-Filho	R,	Lindholm	B	and	Stenvinkel	P.	Traditional	and	non-
traditional	risk	factors	as	contributors	to	atherosclerotic	cardiovascular	disease	in	
end-stage	renal	disease.	Scand	J	Urol	Nephrol.	2004;38:405-16.	
60.	 Khalique	O,	Aronow	WS,	Ahn	C,	Mazar	M,	Schair	B,	Shao	J	and	
Channamsetty	V.	Relation	of	moderate	or	severe	reduction	in	glomerular	filtration	
rate	to	number	of	coronary	arteries	narrowed	>50%	in	patients	undergoing	coronary	
angiography	for	suspected	coronary	artery	disease.	Am	J	Cardiol.	2007;100:415-6.	
61.	 Chonchol	M,	Whittle	J,	Desbien	A,	Orner	MB,	Petersen	LA	and	Kressin	NR.	
Chronic	kidney	disease	is	associated	with	angiographic	coronary	artery	disease.	Am	J	
Nephrol.	2008;28:354-60.	
62.	 Davoodi	G,	Mehrabi	Pari	S,	Rezvanfard	M,	Sheikh	Fathollahi	M,	Amini	M,	
Hakki	E,	Kazemisaeid	A	and	Yaminisharif	A.	Glomerular	filtration	rate	is	related	to	
severity	of	obstructive	coronary	artery	disease	in	patients	undergoing	coronary	
angiography.	Int	Urol	Nephrol.	2012;44:1161-8.	
63.	 Joosen	IA,	Schiphof	F,	Versteylen	MO,	Laufer	EM,	Winkens	MH,	Nelemans	
PJ,	Kooman	JP,	Hofstra	L,	Wildberger	JE	and	Leiner	T.	Relation	between	mild	to	

79



Robert Edfors 

76 

moderate	chronic	kidney	disease	and	coronary	artery	disease	determined	with	
coronary	CT	angiography.	PLoS	One.	2012;7:e47267.	
64.	 Deng	W,	Peng	L,	Yu	J,	Shuai	T,	Chen	Z	and	Li	Z.	Characteristics	of	coronary	
artery	atherosclerotic	plaques	in	chronic	kidney	disease:	evaluation	with	coronary	CT	
angiography.	Clin	Radiol.	2019;74:731	e1-731	e9.	
65.	 Bernaudo	D,	Coll	R,	Sanchez	Munoz-Torrero	JF,	Pascual	MT,	Garcia-Diaz	
AM,	Alvarez	LR,	Monreal	M	and	Investigators	F.	Renal	function	and	short-term	
outcome	in	stable	outpatients	with	coronary,	cerebrovascular	or	peripheral	artery	
disease.	Atherosclerosis.	2013;229:258-62.	
66.	 Hemmelgarn	BR,	Southern	D,	Culleton	BF,	Mitchell	LB,	Knudtson	ML,	
Ghali	WA	and	Alberta	Provincial	Project	for	Outcomes	Assessment	in	Coronary	Heart	
Disease	I.	Survival	after	coronary	revascularization	among	patients	with	kidney	
disease.	Circulation.	2004;110:1890-5.	
67.	 Kaneko	H,	Yajima	J,	Oikawa	Y,	Tanaka	S,	Fukamachi	D,	Suzuki	S,	Sagara	K,	
Otsuka	T,	Matsuno	S,	Funada	R,	Kano	H,	Uejima	T,	Koike	A,	Nagashima	K,	Kirigaya	H,	
Sawada	H,	Aizawa	T	and	Yamashita	T.	Recent	characteristics	and	outcomes	of	
Japanese	stable	angina	pectoris	after	percutaneous	coronary	intervention.	An	
observational	cohort	study	using	the	Shinken	Database.	Int	Heart	J.	2013;54:335-40.	
68.	 Kannel	WB,	Dawber	TR,	Kagan	A,	Revotskie	N	and	Stokes	J,	3rd.	Factors	of	
risk	in	the	development	of	coronary	heart	disease--six	year	follow-up	experience.	The	
Framingham	Study.	Ann	Intern	Med.	1961;55:33-50.	
69.	 Sarnak	MJ,	Levey	AS,	Schoolwerth	AC,	Coresh	J,	Culleton	B,	Hamm	LL,	
McCullough	PA,	Kasiske	BL,	Kelepouris	E,	Klag	MJ,	Parfrey	P,	Pfeffer	M,	Raij	L,	Spinosa	
DJ,	Wilson	PW,	American	Heart	Association	Councils	on	Kidney	in	Cardiovascular	
Disease	HBPRCC,	Epidemiology	and	Prevention.	Kidney	disease	as	a	risk	factor	for	
development	of	cardiovascular	disease:	a	statement	from	the	American	Heart	
Association	Councils	on	Kidney	in	Cardiovascular	Disease,	High	Blood	Pressure	
Research,	Clinical	Cardiology,	and	Epidemiology	and	Prevention.	Hypertension.	
2003;42:1050-65.	
70.	 Muntner	P,	He	J,	Astor	BC,	Folsom	AR	and	Coresh	J.	Traditional	and	
nontraditional	risk	factors	predict	coronary	heart	disease	in	chronic	kidney	disease:	
results	from	the	atherosclerosis	risk	in	communities	study.	Journal	of	the	American	
Society	of	Nephrology	:	JASN.	2005;16:529-38.	
71.	 Foley	RN,	Murray	AM,	Li	S,	Herzog	CA,	McBean	AM,	Eggers	PW	and	
Collins	AJ.	Chronic	kidney	disease	and	the	risk	for	cardiovascular	disease,	renal	
replacement,	and	death	in	the	United	States	Medicare	population,	1998	to	1999.	
Journal	of	the	American	Society	of	Nephrology	:	JASN.	2005;16:489-95.	
72.	 Edfors	R,	Szummer	K,	Evans	M,	Carrero	JJ,	Spaak	J,	James	S,	Lagerqvist	B	
and	Jernberg	T.	Renal	function	is	associated	with	long-term	outcomes	independent	of	
degree	of	atherosclerosis:	6-year	data	from	the	Swedish	Coronary	Angiography	and	
Angioplasty	Registry.	Eur	Heart	J	Qual	Care	Clin	Outcomes.	2016;2:91-98.	
73.	 Gerstein	HC,	Mann	JF,	Yi	Q,	Zinman	B,	Dinneen	SF,	Hoogwerf	B,	Halle	JP,	
Young	J,	Rashkow	A,	Joyce	C,	Nawaz	S,	Yusuf	S	and	Investigators	HS.	Albuminuria	and	
risk	of	cardiovascular	events,	death,	and	heart	failure	in	diabetic	and	nondiabetic	
individuals.	JAMA.	2001;286:421-6.	
74.	 Wachtell	K,	Ibsen	H,	Olsen	MH,	Borch-Johnsen	K,	Lindholm	LH,	Mogensen	
CE,	Dahlof	B,	Devereux	RB,	Beevers	G,	de	Faire	U,	Fyhrquist	F,	Julius	S,	Kjeldsen	SE,	
Kristianson	K,	Lederballe-Pedersen	O,	Nieminen	MS,	Okin	PM,	Omvik	P,	Oparil	S,	
Wedel	H,	Snapinn	SM	and	Aurup	P.	Albuminuria	and	cardiovascular	risk	in	
hypertensive	patients	with	left	ventricular	hypertrophy:	the	LIFE	study.	Ann	Intern	
Med.	2003;139:901-6.	

Robert Edfors 

76 

moderate	chronic	kidney	disease	and	coronary	artery	disease	determined	with	
coronary	CT	angiography.	PLoS	One.	2012;7:e47267.	
64.	 Deng	W,	Peng	L,	Yu	J,	Shuai	T,	Chen	Z	and	Li	Z.	Characteristics	of	coronary	
artery	atherosclerotic	plaques	in	chronic	kidney	disease:	evaluation	with	coronary	CT	
angiography.	Clin	Radiol.	2019;74:731	e1-731	e9.	
65.	 Bernaudo	D,	Coll	R,	Sanchez	Munoz-Torrero	JF,	Pascual	MT,	Garcia-Diaz	
AM,	Alvarez	LR,	Monreal	M	and	Investigators	F.	Renal	function	and	short-term	
outcome	in	stable	outpatients	with	coronary,	cerebrovascular	or	peripheral	artery	
disease.	Atherosclerosis.	2013;229:258-62.	
66.	 Hemmelgarn	BR,	Southern	D,	Culleton	BF,	Mitchell	LB,	Knudtson	ML,	
Ghali	WA	and	Alberta	Provincial	Project	for	Outcomes	Assessment	in	Coronary	Heart	
Disease	I.	Survival	after	coronary	revascularization	among	patients	with	kidney	
disease.	Circulation.	2004;110:1890-5.	
67.	 Kaneko	H,	Yajima	J,	Oikawa	Y,	Tanaka	S,	Fukamachi	D,	Suzuki	S,	Sagara	K,	
Otsuka	T,	Matsuno	S,	Funada	R,	Kano	H,	Uejima	T,	Koike	A,	Nagashima	K,	Kirigaya	H,	
Sawada	H,	Aizawa	T	and	Yamashita	T.	Recent	characteristics	and	outcomes	of	
Japanese	stable	angina	pectoris	after	percutaneous	coronary	intervention.	An	
observational	cohort	study	using	the	Shinken	Database.	Int	Heart	J.	2013;54:335-40.	
68.	 Kannel	WB,	Dawber	TR,	Kagan	A,	Revotskie	N	and	Stokes	J,	3rd.	Factors	of	
risk	in	the	development	of	coronary	heart	disease--six	year	follow-up	experience.	The	
Framingham	Study.	Ann	Intern	Med.	1961;55:33-50.	
69.	 Sarnak	MJ,	Levey	AS,	Schoolwerth	AC,	Coresh	J,	Culleton	B,	Hamm	LL,	
McCullough	PA,	Kasiske	BL,	Kelepouris	E,	Klag	MJ,	Parfrey	P,	Pfeffer	M,	Raij	L,	Spinosa	
DJ,	Wilson	PW,	American	Heart	Association	Councils	on	Kidney	in	Cardiovascular	
Disease	HBPRCC,	Epidemiology	and	Prevention.	Kidney	disease	as	a	risk	factor	for	
development	of	cardiovascular	disease:	a	statement	from	the	American	Heart	
Association	Councils	on	Kidney	in	Cardiovascular	Disease,	High	Blood	Pressure	
Research,	Clinical	Cardiology,	and	Epidemiology	and	Prevention.	Hypertension.	
2003;42:1050-65.	
70.	 Muntner	P,	He	J,	Astor	BC,	Folsom	AR	and	Coresh	J.	Traditional	and	
nontraditional	risk	factors	predict	coronary	heart	disease	in	chronic	kidney	disease:	
results	from	the	atherosclerosis	risk	in	communities	study.	Journal	of	the	American	
Society	of	Nephrology	:	JASN.	2005;16:529-38.	
71.	 Foley	RN,	Murray	AM,	Li	S,	Herzog	CA,	McBean	AM,	Eggers	PW	and	
Collins	AJ.	Chronic	kidney	disease	and	the	risk	for	cardiovascular	disease,	renal	
replacement,	and	death	in	the	United	States	Medicare	population,	1998	to	1999.	
Journal	of	the	American	Society	of	Nephrology	:	JASN.	2005;16:489-95.	
72.	 Edfors	R,	Szummer	K,	Evans	M,	Carrero	JJ,	Spaak	J,	James	S,	Lagerqvist	B	
and	Jernberg	T.	Renal	function	is	associated	with	long-term	outcomes	independent	of	
degree	of	atherosclerosis:	6-year	data	from	the	Swedish	Coronary	Angiography	and	
Angioplasty	Registry.	Eur	Heart	J	Qual	Care	Clin	Outcomes.	2016;2:91-98.	
73.	 Gerstein	HC,	Mann	JF,	Yi	Q,	Zinman	B,	Dinneen	SF,	Hoogwerf	B,	Halle	JP,	
Young	J,	Rashkow	A,	Joyce	C,	Nawaz	S,	Yusuf	S	and	Investigators	HS.	Albuminuria	and	
risk	of	cardiovascular	events,	death,	and	heart	failure	in	diabetic	and	nondiabetic	
individuals.	JAMA.	2001;286:421-6.	
74.	 Wachtell	K,	Ibsen	H,	Olsen	MH,	Borch-Johnsen	K,	Lindholm	LH,	Mogensen	
CE,	Dahlof	B,	Devereux	RB,	Beevers	G,	de	Faire	U,	Fyhrquist	F,	Julius	S,	Kjeldsen	SE,	
Kristianson	K,	Lederballe-Pedersen	O,	Nieminen	MS,	Okin	PM,	Omvik	P,	Oparil	S,	
Wedel	H,	Snapinn	SM	and	Aurup	P.	Albuminuria	and	cardiovascular	risk	in	
hypertensive	patients	with	left	ventricular	hypertrophy:	the	LIFE	study.	Ann	Intern	
Med.	2003;139:901-6.	

80



Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 77 

75.	 Block	GA,	Raggi	P,	Bellasi	A,	Kooienga	L	and	Spiegel	DM.	Mortality	effect	
of	coronary	calcification	and	phosphate	binder	choice	in	incident	hemodialysis	
patients.	Kidney	Int.	2007;71:438-41.	
76.	 Kestenbaum	B,	Sampson	JN,	Rudser	KD,	Patterson	DJ,	Seliger	SL,	Young	B,	
Sherrard	DJ	and	Andress	DL.	Serum	phosphate	levels	and	mortality	risk	among	people	
with	chronic	kidney	disease.	Journal	of	the	American	Society	of	Nephrology	:	JASN.	
2005;16:520-8.	
77.	 Schiffrin	EL,	Lipman	ML	and	Mann	JF.	Chronic	kidney	disease:	effects	on	
the	cardiovascular	system.	Circulation.	2007;116:85-97.	
78.	 Nygard	O,	Vollset	SE,	Refsum	H,	Brattstrom	L	and	Ueland	PM.	Total	
homocysteine	and	cardiovascular	disease.	J	Intern	Med.	1999;246:425-54.	
79.	 Nusair	MB,	Rajpurohit	N	and	Alpert	MA.	Chronic	Inflammation	and	
Coronary	Atherosclerosis	in	Patients	with	End-Stage	Renal	Disease.	Cardiorenal	Med.	
2012;2:117-124.	
80.	 Wever	R,	Boer	P,	Hijmering	M,	Stroes	E,	Verhaar	M,	Kastelein	J,	Versluis	K,	
Lagerwerf	F,	van	Rijn	H,	Koomans	H	and	Rabelink	T.	Nitric	oxide	production	is	
reduced	in	patients	with	chronic	renal	failure.	Arterioscler	Thromb	Vasc	Biol.	
1999;19:1168-72.	
81.	 Gansevoort	RT,	Correa-Rotter	R,	Hemmelgarn	BR,	Jafar	TH,	Heerspink	HJ,	
Mann	JF,	Matsushita	K	and	Wen	CP.	Chronic	kidney	disease	and	cardiovascular	risk:	
epidemiology,	mechanisms,	and	prevention.	Lancet.	2013;382:339-52.	
82.	 Subbiah	AK,	Chhabra	YK	and	Mahajan	S.	Cardiovascular	disease	in	
patients	with	chronic	kidney	disease:	a	neglected	subgroup.	Heart	Asia.	2016;8:56-61.	
83.	 Knuuti	J,	Wijns	W,	Saraste	A,	Capodanno	D,	Barbato	E,	Funck-Brentano	C,	
Prescott	E,	Storey	RF,	Deaton	C,	Cuisset	T,	Agewall	S,	Dickstein	K,	Edvardsen	T,	
Escaned	J,	Gersh	BJ,	Svitil	P,	Gilard	M,	Hasdai	D,	Hatala	R,	Mahfoud	F,	Masip	J,	
Muneretto	C,	Valgimigli	M,	Achenbach	S,	Bax	JJ	and	Group	ESCSD.	2019	ESC	Guidelines	
for	the	diagnosis	and	management	of	chronic	coronary	syndromes.	Eur	Heart	J.	2019.	
84.	 Washam	JB,	Herzog	CA,	Beitelshees	AL,	Cohen	MG,	Henry	TD,	Kapur	NK,	
Mega	JL,	Menon	V,	Page	RL,	2nd,	Newby	LK,	American	Heart	Association	Clinical	
Pharmacology	Committee	of	the	Council	on	Clinical	Cardiology	CoCS,	Anesthesia	CoFG,	
Translational	Biology	CotKiCD,	Council	on	Quality	of	C	and	Outcomes	R.	
Pharmacotherapy	in	chronic	kidney	disease	patients	presenting	with	acute	coronary	
syndrome:	a	scientific	statement	from	the	American	Heart	Association.	Circulation.	
2015;131:1123-49.	
85.	 Hanna	EB,	Chen	AY,	Roe	MT	and	Saucedo	JF.	Characteristics	and	in-
hospital	outcomes	of	patients	presenting	with	non-ST-segment	elevation	myocardial	
infarction	found	to	have	significant	coronary	artery	disease	on	coronary	angiography	
and	managed	medically:	stratification	according	to	renal	function.	Am	Heart	J.	
2012;164:52-7	e1.	
86.	 Roffi	M,	Patrono	C,	Collet	JP,	Mueller	C,	Valgimigli	M,	Andreotti	F,	Bax	JJ,	
Borger	MA,	Brotons	C,	Chew	DP,	Gencer	B,	Hasenfuss	G,	Kjeldsen	K,	Lancellotti	P,	
Landmesser	U,	Mehilli	J,	Mukherjee	D,	Storey	RF,	Windecker	S	and	Group	ESCSD.	2015	
ESC	Guidelines	for	the	management	of	acute	coronary	syndromes	in	patients	
presenting	without	persistent	ST-segment	elevation:	Task	Force	for	the	Management	
of	Acute	Coronary	Syndromes	in	Patients	Presenting	without	Persistent	ST-Segment	
Elevation	of	the	European	Society	of	Cardiology	(ESC).	Eur	Heart	J.	2016;37:267-315.	
87.	 Yusuf	S,	Zhao	F,	Mehta	SR,	Chrolavicius	S,	Tognoni	G,	Fox	KK	and	
Clopidogrel	in	Unstable	Angina	to	Prevent	Recurrent	Events	Trial	I.	Effects	of	
clopidogrel	in	addition	to	aspirin	in	patients	with	acute	coronary	syndromes	without	
ST-segment	elevation.	N	Engl	J	Med.	2001;345:494-502.	

Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 77 

75.	 Block	GA,	Raggi	P,	Bellasi	A,	Kooienga	L	and	Spiegel	DM.	Mortality	effect	
of	coronary	calcification	and	phosphate	binder	choice	in	incident	hemodialysis	
patients.	Kidney	Int.	2007;71:438-41.	
76.	 Kestenbaum	B,	Sampson	JN,	Rudser	KD,	Patterson	DJ,	Seliger	SL,	Young	B,	
Sherrard	DJ	and	Andress	DL.	Serum	phosphate	levels	and	mortality	risk	among	people	
with	chronic	kidney	disease.	Journal	of	the	American	Society	of	Nephrology	:	JASN.	
2005;16:520-8.	
77.	 Schiffrin	EL,	Lipman	ML	and	Mann	JF.	Chronic	kidney	disease:	effects	on	
the	cardiovascular	system.	Circulation.	2007;116:85-97.	
78.	 Nygard	O,	Vollset	SE,	Refsum	H,	Brattstrom	L	and	Ueland	PM.	Total	
homocysteine	and	cardiovascular	disease.	J	Intern	Med.	1999;246:425-54.	
79.	 Nusair	MB,	Rajpurohit	N	and	Alpert	MA.	Chronic	Inflammation	and	
Coronary	Atherosclerosis	in	Patients	with	End-Stage	Renal	Disease.	Cardiorenal	Med.	
2012;2:117-124.	
80.	 Wever	R,	Boer	P,	Hijmering	M,	Stroes	E,	Verhaar	M,	Kastelein	J,	Versluis	K,	
Lagerwerf	F,	van	Rijn	H,	Koomans	H	and	Rabelink	T.	Nitric	oxide	production	is	
reduced	in	patients	with	chronic	renal	failure.	Arterioscler	Thromb	Vasc	Biol.	
1999;19:1168-72.	
81.	 Gansevoort	RT,	Correa-Rotter	R,	Hemmelgarn	BR,	Jafar	TH,	Heerspink	HJ,	
Mann	JF,	Matsushita	K	and	Wen	CP.	Chronic	kidney	disease	and	cardiovascular	risk:	
epidemiology,	mechanisms,	and	prevention.	Lancet.	2013;382:339-52.	
82.	 Subbiah	AK,	Chhabra	YK	and	Mahajan	S.	Cardiovascular	disease	in	
patients	with	chronic	kidney	disease:	a	neglected	subgroup.	Heart	Asia.	2016;8:56-61.	
83.	 Knuuti	J,	Wijns	W,	Saraste	A,	Capodanno	D,	Barbato	E,	Funck-Brentano	C,	
Prescott	E,	Storey	RF,	Deaton	C,	Cuisset	T,	Agewall	S,	Dickstein	K,	Edvardsen	T,	
Escaned	J,	Gersh	BJ,	Svitil	P,	Gilard	M,	Hasdai	D,	Hatala	R,	Mahfoud	F,	Masip	J,	
Muneretto	C,	Valgimigli	M,	Achenbach	S,	Bax	JJ	and	Group	ESCSD.	2019	ESC	Guidelines	
for	the	diagnosis	and	management	of	chronic	coronary	syndromes.	Eur	Heart	J.	2019.	
84.	 Washam	JB,	Herzog	CA,	Beitelshees	AL,	Cohen	MG,	Henry	TD,	Kapur	NK,	
Mega	JL,	Menon	V,	Page	RL,	2nd,	Newby	LK,	American	Heart	Association	Clinical	
Pharmacology	Committee	of	the	Council	on	Clinical	Cardiology	CoCS,	Anesthesia	CoFG,	
Translational	Biology	CotKiCD,	Council	on	Quality	of	C	and	Outcomes	R.	
Pharmacotherapy	in	chronic	kidney	disease	patients	presenting	with	acute	coronary	
syndrome:	a	scientific	statement	from	the	American	Heart	Association.	Circulation.	
2015;131:1123-49.	
85.	 Hanna	EB,	Chen	AY,	Roe	MT	and	Saucedo	JF.	Characteristics	and	in-
hospital	outcomes	of	patients	presenting	with	non-ST-segment	elevation	myocardial	
infarction	found	to	have	significant	coronary	artery	disease	on	coronary	angiography	
and	managed	medically:	stratification	according	to	renal	function.	Am	Heart	J.	
2012;164:52-7	e1.	
86.	 Roffi	M,	Patrono	C,	Collet	JP,	Mueller	C,	Valgimigli	M,	Andreotti	F,	Bax	JJ,	
Borger	MA,	Brotons	C,	Chew	DP,	Gencer	B,	Hasenfuss	G,	Kjeldsen	K,	Lancellotti	P,	
Landmesser	U,	Mehilli	J,	Mukherjee	D,	Storey	RF,	Windecker	S	and	Group	ESCSD.	2015	
ESC	Guidelines	for	the	management	of	acute	coronary	syndromes	in	patients	
presenting	without	persistent	ST-segment	elevation:	Task	Force	for	the	Management	
of	Acute	Coronary	Syndromes	in	Patients	Presenting	without	Persistent	ST-Segment	
Elevation	of	the	European	Society	of	Cardiology	(ESC).	Eur	Heart	J.	2016;37:267-315.	
87.	 Yusuf	S,	Zhao	F,	Mehta	SR,	Chrolavicius	S,	Tognoni	G,	Fox	KK	and	
Clopidogrel	in	Unstable	Angina	to	Prevent	Recurrent	Events	Trial	I.	Effects	of	
clopidogrel	in	addition	to	aspirin	in	patients	with	acute	coronary	syndromes	without	
ST-segment	elevation.	N	Engl	J	Med.	2001;345:494-502.	

81



Robert Edfors 

78 

88.	 Keltai	M,	Tonelli	M,	Mann	JF,	Sitkei	E,	Lewis	BS,	Hawken	S,	Mehta	SR,	
Yusuf	S	and	Investigators	CT.	Renal	function	and	outcomes	in	acute	coronary	
syndrome:	impact	of	clopidogrel.	Eur	J	Cardiovasc	Prev	Rehabil.	2007;14:312-8.	
89.	 Sabatine	MS,	Cannon	CP,	Gibson	CM,	Lopez-Sendon	JL,	Montalescot	G,	
Theroux	P,	Claeys	MJ,	Cools	F,	Hill	KA,	Skene	AM,	McCabe	CH,	Braunwald	E	and	
Investigators	C-T.	Addition	of	clopidogrel	to	aspirin	and	fibrinolytic	therapy	for	
myocardial	infarction	with	ST-segment	elevation.	N	Engl	J	Med.	2005;352:1179-89.	
90.	 Steinhubl	SR,	Berger	PB,	Mann	JT,	3rd,	Fry	ET,	DeLago	A,	Wilmer	C,	Topol	
EJ	and	Observation	CICftRoED.	Early	and	sustained	dual	oral	antiplatelet	therapy	
following	percutaneous	coronary	intervention:	a	randomized	controlled	trial.	JAMA.	
2002;288:2411-20.	
91.	 Best	PJ,	Steinhubl	SR,	Berger	PB,	Dasgupta	A,	Brennan	DM,	Szczech	LA,	
Califf	RM,	Topol	EJ	and	Investigators	C.	The	efficacy	and	safety	of	short-	and	long-term	
dual	antiplatelet	therapy	in	patients	with	mild	or	moderate	chronic	kidney	disease:	
results	from	the	Clopidogrel	for	the	Reduction	of	Events	During	Observation	(CREDO)	
trial.	Am	Heart	J.	2008;155:687-93.	
92.	 Ahmed	S,	Michael	Gibson	C,	Cannon	CP,	Murphy	SA	and	Sabatine	MS.	
Impact	of	reduced	glomerular	filtration	rate	on	outcomes	in	patients	with	ST-segment	
elevation	myocardial	infarction	undergoing	fibrinolysis:	a	CLARITY-TIMI	28	analysis.	J	
Thromb	Thrombolysis.	2011;31:493-500.	
93.	 Wiviott	SD,	Braunwald	E,	McCabe	CH,	Montalescot	G,	Ruzyllo	W,	Gottlieb	
S,	Neumann	FJ,	Ardissino	D,	De	Servi	S,	Murphy	SA,	Riesmeyer	J,	Weerakkody	G,	
Gibson	CM,	Antman	EM	and	Investigators	T-T.	Prasugrel	versus	clopidogrel	in	patients	
with	acute	coronary	syndromes.	N	Engl	J	Med.	2007;357:2001-15.	
94.	 Baber	U,	Chandrasekhar	J,	Sartori	S,	Aquino	M,	Kini	AS,	Kapadia	S,	
Weintraub	W,	Muhlestein	JB,	Vogel	B,	Faggioni	M,	Farhan	S,	Weiss	S,	Strauss	C,	Toma	
C,	DeFranco	A,	Baker	BA,	Keller	S,	Effron	MB,	Henry	TD,	Rao	S,	Pocock	S,	Dangas	G	and	
Mehran	R.	Associations	Between	Chronic	Kidney	Disease	and	Outcomes	With	Use	of	
Prasugrel	Versus	Clopidogrel	in	Patients	With	Acute	Coronary	Syndrome	Undergoing	
Percutaneous	Coronary	Intervention:	A	Report	From	the	PROMETHEUS	Study.	JACC	
Cardiovasc	Interv.	2017;10:2017-2025.	
95.	 Filippo	O,	D'Ascenzo	F,	Raposeiras-Roubin	S,	Abu-Assi	E,	Peyracchia	M,	
Bocchino	PP,	Kinnaird	T,	Ariza-Sole	A,	Liebetrau	C,	Manzano-Fernandez	S,	Boccuzzi	G,	
Henriques	JPS,	Templin	C,	Wilton	SB,	Omede	P,	Velicki	L,	Xanthopoulou	I,	Correia	L,	
Cerrato	E,	Rognoni	A,	Fabrizio	U,	Nunez-Gil	I,	Iannaccone	M,	Montabone	A,	Taha	S,	
Fujii	T,	Durante	A,	Song	X,	Gili	S,	Magnani	G,	Varbella	F,	Kawaji	T,	Blanco	PF,	Garay	A,	
Quadri	G,	Alexopoulos	D,	Queija	BC,	Huczek	Z,	Paz	RC,	Gonzalez	Juanatey	JR,	
Fernandez	MC,	Nie	SP,	Pousa	IM,	Kawashiri	MA,	Gallo	D,	Morbiducci	U,	Conrotto	F,	
Montefusco	A,	Dominguez-Rodriguez	A,	Lopez-Cuenca	A,	Cequier	A,	Iniguez-Romo	A,	
Usmiani	T,	Rinaldi	M	and	De	Ferrari	GM.	P2Y12	inhibitors	in	acute	coronary	syndrome	
patients	with	renal	dysfunction:	an	analysis	from	the	RENAMI	and	BleeMACS	projects.	
Eur	Heart	J	Cardiovasc	Pharmacother.	2019.	
96.	 Husted	S	and	van	Giezen	JJ.	Ticagrelor:	the	first	reversibly	binding	oral	
P2Y12	receptor	antagonist.	Cardiovasc	Ther.	2009;27:259-74.	
97.	 van	Giezen	JJ,	Sidaway	J,	Glaves	P,	Kirk	I	and	Bjorkman	JA.	Ticagrelor	
inhibits	adenosine	uptake	in	vitro	and	enhances	adenosine-mediated	hyperemia	
responses	in	a	canine	model.	J	Cardiovasc	Pharmacol	Ther.	2012;17:164-72.	
98.	 Wallentin	L,	Becker	RC,	Budaj	A,	Cannon	CP,	Emanuelsson	H,	Held	C,	
Horrow	J,	Husted	S,	James	S,	Katus	H,	Mahaffey	KW,	Scirica	BM,	Skene	A,	Steg	PG,	
Storey	RF,	Harrington	RA,	Investigators	P,	Freij	A	and	Thorsen	M.	Ticagrelor	versus	

Robert Edfors 

78 

88.	 Keltai	M,	Tonelli	M,	Mann	JF,	Sitkei	E,	Lewis	BS,	Hawken	S,	Mehta	SR,	
Yusuf	S	and	Investigators	CT.	Renal	function	and	outcomes	in	acute	coronary	
syndrome:	impact	of	clopidogrel.	Eur	J	Cardiovasc	Prev	Rehabil.	2007;14:312-8.	
89.	 Sabatine	MS,	Cannon	CP,	Gibson	CM,	Lopez-Sendon	JL,	Montalescot	G,	
Theroux	P,	Claeys	MJ,	Cools	F,	Hill	KA,	Skene	AM,	McCabe	CH,	Braunwald	E	and	
Investigators	C-T.	Addition	of	clopidogrel	to	aspirin	and	fibrinolytic	therapy	for	
myocardial	infarction	with	ST-segment	elevation.	N	Engl	J	Med.	2005;352:1179-89.	
90.	 Steinhubl	SR,	Berger	PB,	Mann	JT,	3rd,	Fry	ET,	DeLago	A,	Wilmer	C,	Topol	
EJ	and	Observation	CICftRoED.	Early	and	sustained	dual	oral	antiplatelet	therapy	
following	percutaneous	coronary	intervention:	a	randomized	controlled	trial.	JAMA.	
2002;288:2411-20.	
91.	 Best	PJ,	Steinhubl	SR,	Berger	PB,	Dasgupta	A,	Brennan	DM,	Szczech	LA,	
Califf	RM,	Topol	EJ	and	Investigators	C.	The	efficacy	and	safety	of	short-	and	long-term	
dual	antiplatelet	therapy	in	patients	with	mild	or	moderate	chronic	kidney	disease:	
results	from	the	Clopidogrel	for	the	Reduction	of	Events	During	Observation	(CREDO)	
trial.	Am	Heart	J.	2008;155:687-93.	
92.	 Ahmed	S,	Michael	Gibson	C,	Cannon	CP,	Murphy	SA	and	Sabatine	MS.	
Impact	of	reduced	glomerular	filtration	rate	on	outcomes	in	patients	with	ST-segment	
elevation	myocardial	infarction	undergoing	fibrinolysis:	a	CLARITY-TIMI	28	analysis.	J	
Thromb	Thrombolysis.	2011;31:493-500.	
93.	 Wiviott	SD,	Braunwald	E,	McCabe	CH,	Montalescot	G,	Ruzyllo	W,	Gottlieb	
S,	Neumann	FJ,	Ardissino	D,	De	Servi	S,	Murphy	SA,	Riesmeyer	J,	Weerakkody	G,	
Gibson	CM,	Antman	EM	and	Investigators	T-T.	Prasugrel	versus	clopidogrel	in	patients	
with	acute	coronary	syndromes.	N	Engl	J	Med.	2007;357:2001-15.	
94.	 Baber	U,	Chandrasekhar	J,	Sartori	S,	Aquino	M,	Kini	AS,	Kapadia	S,	
Weintraub	W,	Muhlestein	JB,	Vogel	B,	Faggioni	M,	Farhan	S,	Weiss	S,	Strauss	C,	Toma	
C,	DeFranco	A,	Baker	BA,	Keller	S,	Effron	MB,	Henry	TD,	Rao	S,	Pocock	S,	Dangas	G	and	
Mehran	R.	Associations	Between	Chronic	Kidney	Disease	and	Outcomes	With	Use	of	
Prasugrel	Versus	Clopidogrel	in	Patients	With	Acute	Coronary	Syndrome	Undergoing	
Percutaneous	Coronary	Intervention:	A	Report	From	the	PROMETHEUS	Study.	JACC	
Cardiovasc	Interv.	2017;10:2017-2025.	
95.	 Filippo	O,	D'Ascenzo	F,	Raposeiras-Roubin	S,	Abu-Assi	E,	Peyracchia	M,	
Bocchino	PP,	Kinnaird	T,	Ariza-Sole	A,	Liebetrau	C,	Manzano-Fernandez	S,	Boccuzzi	G,	
Henriques	JPS,	Templin	C,	Wilton	SB,	Omede	P,	Velicki	L,	Xanthopoulou	I,	Correia	L,	
Cerrato	E,	Rognoni	A,	Fabrizio	U,	Nunez-Gil	I,	Iannaccone	M,	Montabone	A,	Taha	S,	
Fujii	T,	Durante	A,	Song	X,	Gili	S,	Magnani	G,	Varbella	F,	Kawaji	T,	Blanco	PF,	Garay	A,	
Quadri	G,	Alexopoulos	D,	Queija	BC,	Huczek	Z,	Paz	RC,	Gonzalez	Juanatey	JR,	
Fernandez	MC,	Nie	SP,	Pousa	IM,	Kawashiri	MA,	Gallo	D,	Morbiducci	U,	Conrotto	F,	
Montefusco	A,	Dominguez-Rodriguez	A,	Lopez-Cuenca	A,	Cequier	A,	Iniguez-Romo	A,	
Usmiani	T,	Rinaldi	M	and	De	Ferrari	GM.	P2Y12	inhibitors	in	acute	coronary	syndrome	
patients	with	renal	dysfunction:	an	analysis	from	the	RENAMI	and	BleeMACS	projects.	
Eur	Heart	J	Cardiovasc	Pharmacother.	2019.	
96.	 Husted	S	and	van	Giezen	JJ.	Ticagrelor:	the	first	reversibly	binding	oral	
P2Y12	receptor	antagonist.	Cardiovasc	Ther.	2009;27:259-74.	
97.	 van	Giezen	JJ,	Sidaway	J,	Glaves	P,	Kirk	I	and	Bjorkman	JA.	Ticagrelor	
inhibits	adenosine	uptake	in	vitro	and	enhances	adenosine-mediated	hyperemia	
responses	in	a	canine	model.	J	Cardiovasc	Pharmacol	Ther.	2012;17:164-72.	
98.	 Wallentin	L,	Becker	RC,	Budaj	A,	Cannon	CP,	Emanuelsson	H,	Held	C,	
Horrow	J,	Husted	S,	James	S,	Katus	H,	Mahaffey	KW,	Scirica	BM,	Skene	A,	Steg	PG,	
Storey	RF,	Harrington	RA,	Investigators	P,	Freij	A	and	Thorsen	M.	Ticagrelor	versus	

82



Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 79 

clopidogrel	in	patients	with	acute	coronary	syndromes.	N	Engl	J	Med.	2009;361:1045-
57.	
99.	 James	S,	Budaj	A,	Aylward	P,	Buck	KK,	Cannon	CP,	Cornel	JH,	Harrington	
RA,	Horrow	J,	Katus	H,	Keltai	M,	Lewis	BS,	Parikh	K,	Storey	RF,	Szummer	K,	Wojdyla	D	
and	Wallentin	L.	Ticagrelor	versus	clopidogrel	in	acute	coronary	syndromes	in	
relation	to	renal	function:	results	from	the	Platelet	Inhibition	and	Patient	Outcomes	
(PLATO)	trial.	Circulation.	2010;122:1056-67.	
100.	 Ormiston	JA,	Stewart	FM,	Roche	AH,	Webber	BJ,	Whitlock	RM	and	
Webster	MW.	Late	regression	of	the	dilated	site	after	coronary	angioplasty:	a	5-year	
quantitative	angiographic	study.	Circulation.	1997;96:468-74.	
101.	 Guiteras-Val	P,	Varas-Lorenzo	C,	Garcia-Picart	J,	Marti-Claramunt	V	and	
Auge-Sanpera	JM.	Clinical	and	sequential	angiographic	follow-up	six	months	and	10	
years	after	successful	percutaneous	transluminal	coronary	angioplasty.	Am	J	Cardiol.	
1999;83:868-74.	
102.	 Fischman	DL,	Leon	MB,	Baim	DS,	Schatz	RA,	Savage	MP,	Penn	I,	Detre	K,	
Veltri	L,	Ricci	D,	Nobuyoshi	M	and	et	al.	A	randomized	comparison	of	coronary-stent	
placement	and	balloon	angioplasty	in	the	treatment	of	coronary	artery	disease.	Stent	
Restenosis	Study	Investigators.	N	Engl	J	Med.	1994;331:496-501.	
103.	 Stefanini	GG	and	Holmes	DR,	Jr.	Drug-eluting	coronary-artery	stents.	N	
Engl	J	Med.	2013;368:254-65.	
104.	 Costa	MA	and	Simon	DI.	Molecular	basis	of	restenosis	and	drug-eluting	
stents.	Circulation.	2005;111:2257-73.	
105.	 Stone	GW,	Ellis	SG,	Cox	DA,	Hermiller	J,	O'Shaughnessy	C,	Mann	JT,	Turco	
M,	Caputo	R,	Bergin	P,	Greenberg	J,	Popma	JJ,	Russell	ME	and	Investigators	T-I.	A	
polymer-based,	paclitaxel-eluting	stent	in	patients	with	coronary	artery	disease.	N	
Engl	J	Med.	2004;350:221-31.	
106.	 Virmani	R,	Guagliumi	G,	Farb	A,	Musumeci	G,	Grieco	N,	Motta	T,	Mihalcsik	
L,	Tespili	M,	Valsecchi	O	and	Kolodgie	FD.	Localized	hypersensitivity	and	late	coronary	
thrombosis	secondary	to	a	sirolimus-eluting	stent:	should	we	be	cautious?	Circulation.	
2004;109:701-5.	
107.	 Bavry	AA,	Kumbhani	DJ,	Helton	TJ,	Borek	PP,	Mood	GR	and	Bhatt	DL.	Late	
thrombosis	of	drug-eluting	stents:	a	meta-analysis	of	randomized	clinical	trials.	Am	J	
Med.	2006;119:1056-61.	
108.	 Daemen	J,	Wenaweser	P,	Tsuchida	K,	Abrecht	L,	Vaina	S,	Morger	C,	
Kukreja	N,	Juni	P,	Sianos	G,	Hellige	G,	van	Domburg	RT,	Hess	OM,	Boersma	E,	Meier	B,	
Windecker	S	and	Serruys	PW.	Early	and	late	coronary	stent	thrombosis	of	sirolimus-
eluting	and	paclitaxel-eluting	stents	in	routine	clinical	practice:	data	from	a	large	two-
institutional	cohort	study.	Lancet.	2007;369:667-78.	
109.	 Lagerqvist	B,	James	SK,	Stenestrand	U,	Lindback	J,	Nilsson	T,	Wallentin	L	
and	Group	SS.	Long-term	outcomes	with	drug-eluting	stents	versus	bare-metal	stents	
in	Sweden.	N	Engl	J	Med.	2007;356:1009-19.	
110.	 Camenzind	E,	Steg	PG	and	Wijns	W.	Stent	thrombosis	late	after	
implantation	of	first-generation	drug-eluting	stents:	a	cause	for	concern.	Circulation.	
2007;115:1440-55;	discussion	1455.	
111.	 Sabate	M,	Cequier	A,	Iniguez	A,	Serra	A,	Hernandez-Antolin	R,	Mainar	V,	
Valgimigli	M,	Tespili	M,	den	Heijer	P,	Bethencourt	A,	Vazquez	N,	Gomez-Hospital	JA,	
Baz	JA,	Martin-Yuste	V,	van	Geuns	RJ,	Alfonso	F,	Bordes	P,	Tebaldi	M,	Masotti	M,	
Silvestro	A,	Backx	B,	Brugaletta	S,	van	Es	GA	and	Serruys	PW.	Everolimus-eluting	stent	
versus	bare-metal	stent	in	ST-segment	elevation	myocardial	infarction	
(EXAMINATION):	1	year	results	of	a	randomised	controlled	trial.	Lancet.	
2012;380:1482-90.	

Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 79 

clopidogrel	in	patients	with	acute	coronary	syndromes.	N	Engl	J	Med.	2009;361:1045-
57.	
99.	 James	S,	Budaj	A,	Aylward	P,	Buck	KK,	Cannon	CP,	Cornel	JH,	Harrington	
RA,	Horrow	J,	Katus	H,	Keltai	M,	Lewis	BS,	Parikh	K,	Storey	RF,	Szummer	K,	Wojdyla	D	
and	Wallentin	L.	Ticagrelor	versus	clopidogrel	in	acute	coronary	syndromes	in	
relation	to	renal	function:	results	from	the	Platelet	Inhibition	and	Patient	Outcomes	
(PLATO)	trial.	Circulation.	2010;122:1056-67.	
100.	 Ormiston	JA,	Stewart	FM,	Roche	AH,	Webber	BJ,	Whitlock	RM	and	
Webster	MW.	Late	regression	of	the	dilated	site	after	coronary	angioplasty:	a	5-year	
quantitative	angiographic	study.	Circulation.	1997;96:468-74.	
101.	 Guiteras-Val	P,	Varas-Lorenzo	C,	Garcia-Picart	J,	Marti-Claramunt	V	and	
Auge-Sanpera	JM.	Clinical	and	sequential	angiographic	follow-up	six	months	and	10	
years	after	successful	percutaneous	transluminal	coronary	angioplasty.	Am	J	Cardiol.	
1999;83:868-74.	
102.	 Fischman	DL,	Leon	MB,	Baim	DS,	Schatz	RA,	Savage	MP,	Penn	I,	Detre	K,	
Veltri	L,	Ricci	D,	Nobuyoshi	M	and	et	al.	A	randomized	comparison	of	coronary-stent	
placement	and	balloon	angioplasty	in	the	treatment	of	coronary	artery	disease.	Stent	
Restenosis	Study	Investigators.	N	Engl	J	Med.	1994;331:496-501.	
103.	 Stefanini	GG	and	Holmes	DR,	Jr.	Drug-eluting	coronary-artery	stents.	N	
Engl	J	Med.	2013;368:254-65.	
104.	 Costa	MA	and	Simon	DI.	Molecular	basis	of	restenosis	and	drug-eluting	
stents.	Circulation.	2005;111:2257-73.	
105.	 Stone	GW,	Ellis	SG,	Cox	DA,	Hermiller	J,	O'Shaughnessy	C,	Mann	JT,	Turco	
M,	Caputo	R,	Bergin	P,	Greenberg	J,	Popma	JJ,	Russell	ME	and	Investigators	T-I.	A	
polymer-based,	paclitaxel-eluting	stent	in	patients	with	coronary	artery	disease.	N	
Engl	J	Med.	2004;350:221-31.	
106.	 Virmani	R,	Guagliumi	G,	Farb	A,	Musumeci	G,	Grieco	N,	Motta	T,	Mihalcsik	
L,	Tespili	M,	Valsecchi	O	and	Kolodgie	FD.	Localized	hypersensitivity	and	late	coronary	
thrombosis	secondary	to	a	sirolimus-eluting	stent:	should	we	be	cautious?	Circulation.	
2004;109:701-5.	
107.	 Bavry	AA,	Kumbhani	DJ,	Helton	TJ,	Borek	PP,	Mood	GR	and	Bhatt	DL.	Late	
thrombosis	of	drug-eluting	stents:	a	meta-analysis	of	randomized	clinical	trials.	Am	J	
Med.	2006;119:1056-61.	
108.	 Daemen	J,	Wenaweser	P,	Tsuchida	K,	Abrecht	L,	Vaina	S,	Morger	C,	
Kukreja	N,	Juni	P,	Sianos	G,	Hellige	G,	van	Domburg	RT,	Hess	OM,	Boersma	E,	Meier	B,	
Windecker	S	and	Serruys	PW.	Early	and	late	coronary	stent	thrombosis	of	sirolimus-
eluting	and	paclitaxel-eluting	stents	in	routine	clinical	practice:	data	from	a	large	two-
institutional	cohort	study.	Lancet.	2007;369:667-78.	
109.	 Lagerqvist	B,	James	SK,	Stenestrand	U,	Lindback	J,	Nilsson	T,	Wallentin	L	
and	Group	SS.	Long-term	outcomes	with	drug-eluting	stents	versus	bare-metal	stents	
in	Sweden.	N	Engl	J	Med.	2007;356:1009-19.	
110.	 Camenzind	E,	Steg	PG	and	Wijns	W.	Stent	thrombosis	late	after	
implantation	of	first-generation	drug-eluting	stents:	a	cause	for	concern.	Circulation.	
2007;115:1440-55;	discussion	1455.	
111.	 Sabate	M,	Cequier	A,	Iniguez	A,	Serra	A,	Hernandez-Antolin	R,	Mainar	V,	
Valgimigli	M,	Tespili	M,	den	Heijer	P,	Bethencourt	A,	Vazquez	N,	Gomez-Hospital	JA,	
Baz	JA,	Martin-Yuste	V,	van	Geuns	RJ,	Alfonso	F,	Bordes	P,	Tebaldi	M,	Masotti	M,	
Silvestro	A,	Backx	B,	Brugaletta	S,	van	Es	GA	and	Serruys	PW.	Everolimus-eluting	stent	
versus	bare-metal	stent	in	ST-segment	elevation	myocardial	infarction	
(EXAMINATION):	1	year	results	of	a	randomised	controlled	trial.	Lancet.	
2012;380:1482-90.	

83



Robert Edfors 

80 

112.	 Raber	L,	Kelbaek	H,	Taniwaki	M,	Ostojic	M,	Heg	D,	Baumbach	A,	von	
Birgelen	C,	Roffi	M,	Tuller	D,	Engstrom	T,	Moschovitis	A,	Pedrazzini	G,	Wenaweser	P,	
Kornowski	R,	Weber	K,	Luscher	TF,	Matter	CM,	Meier	B,	Juni	P,	Windecker	S	and	
Investigators	CAT.	Biolimus-eluting	stents	with	biodegradable	polymer	versus	bare-
metal	stents	in	acute	myocardial	infarction:	two-year	clinical	results	of	the	
COMFORTABLE	AMI	trial.	Circ	Cardiovasc	Interv.	2014;7:355-64.	
113.	 Palmerini	T,	Biondi-Zoccai	G,	Della	Riva	D,	Stettler	C,	Sangiorgi	D,	
D'Ascenzo	F,	Kimura	T,	Briguori	C,	Sabate	M,	Kim	HS,	De	Waha	A,	Kedhi	E,	Smits	PC,	
Kaiser	C,	Sardella	G,	Marullo	A,	Kirtane	AJ,	Leon	MB	and	Stone	GW.	Stent	thrombosis	
with	drug-eluting	and	bare-metal	stents:	evidence	from	a	comprehensive	network	
meta-analysis.	Lancet.	2012;379:1393-402.	
114.	 Sarno	G,	Lagerqvist	B,	Nilsson	J,	Frobert	O,	Hambraeus	K,	Varenhorst	C,	
Jensen	UJ,	Todt	T,	Gotberg	M	and	James	SK.	Stent	thrombosis	in	new-generation	drug-
eluting	stents	in	patients	with	STEMI	undergoing	primary	PCI:	a	report	from	SCAAR.	J	
Am	Coll	Cardiol.	2014;64:16-24.	
115.	 Varenhorst	C,	Lindholm	M,	Sarno	G,	Olivecrona	G,	Jensen	U,	Nilsson	J,	
Carlsson	J,	James	S	and	Lagerqvist	B.	Stent	thrombosis	rates	the	first	year	and	beyond	
with	new-	and	old-generation	drug-eluting	stents	compared	to	bare	metal	stents.	Clin	
Res	Cardiol.	2018;107:816-823.	
116.	 Morice	MC,	Serruys	PW,	Sousa	JE,	Fajadet	J,	Ban	Hayashi	E,	Perin	M,	
Colombo	A,	Schuler	G,	Barragan	P,	Guagliumi	G,	Molnar	F,	Falotico	R	and	Lesions	
RSGRSwtS-CBVB-ESitToPwdNNCA.	A	randomized	comparison	of	a	sirolimus-eluting	
stent	with	a	standard	stent	for	coronary	revascularization.	N	Engl	J	Med.	
2002;346:1773-80.	
117.	 Stettler	C,	Wandel	S,	Allemann	S,	Kastrati	A,	Morice	MC,	Schomig	A,	
Pfisterer	ME,	Stone	GW,	Leon	MB,	de	Lezo	JS,	Goy	JJ,	Park	SJ,	Sabate	M,	Suttorp	MJ,	
Kelbaek	H,	Spaulding	C,	Menichelli	M,	Vermeersch	P,	Dirksen	MT,	Cervinka	P,	Petronio	
AS,	Nordmann	AJ,	Diem	P,	Meier	B,	Zwahlen	M,	Reichenbach	S,	Trelle	S,	Windecker	S	
and	Juni	P.	Outcomes	associated	with	drug-eluting	and	bare-metal	stents:	a	
collaborative	network	meta-analysis.	Lancet.	2007;370:937-48.	
118.	 Stone	GW,	Moses	JW,	Ellis	SG,	Schofer	J,	Dawkins	KD,	Morice	MC,	Colombo	
A,	Schampaert	E,	Grube	E,	Kirtane	AJ,	Cutlip	DE,	Fahy	M,	Pocock	SJ,	Mehran	R	and	Leon	
MB.	Safety	and	efficacy	of	sirolimus-	and	paclitaxel-eluting	coronary	stents.	N	Engl	J	
Med.	2007;356:998-1008.	
119.	 Kirtane	AJ,	Gupta	A,	Iyengar	S,	Moses	JW,	Leon	MB,	Applegate	R,	Brodie	B,	
Hannan	E,	Harjai	K,	Jensen	LO,	Park	SJ,	Perry	R,	Racz	M,	Saia	F,	Tu	JV,	Waksman	R,	
Lansky	AJ,	Mehran	R	and	Stone	GW.	Safety	and	efficacy	of	drug-eluting	and	bare	metal	
stents:	comprehensive	meta-analysis	of	randomized	trials	and	observational	studies.	
Circulation.	2009;119:3198-206.	
120.	 James	SK,	Stenestrand	U,	Lindback	J,	Carlsson	J,	Schersten	F,	Nilsson	T,	
Wallentin	L,	Lagerqvist	B	and	Group	SS.	Long-term	safety	and	efficacy	of	drug-eluting	
versus	bare-metal	stents	in	Sweden.	N	Engl	J	Med.	2009;360:1933-45.	
121.	 Ko	DT,	Chiu	M,	Guo	H,	Austin	PC,	Goeree	R,	Cohen	E,	Labinaz	M	and	Tu	JV.	
Safety	and	effectiveness	of	drug-eluting	and	bare-metal	stents	for	patients	with	off-	
and	on-label	indications.	J	Am	Coll	Cardiol.	2009;53:1773-82.	
122.	 Hannan	EL,	Racz	M,	Holmes	DR,	Walford	G,	Sharma	S,	Katz	S,	Jones	RH	
and	King	SB,	3rd.	Comparison	of	coronary	artery	stenting	outcomes	in	the	eras	before	
and	after	the	introduction	of	drug-eluting	stents.	Circulation.	2008;117:2071-8.	
123.	 Valgimigli	M,	Sabate	M,	Kaiser	C,	Brugaletta	S,	de	la	Torre	Hernandez	JM,	
Galatius	S,	Cequier	A,	Eberli	F,	de	Belder	A,	Serruys	PW	and	Ferrante	G.	Effects	of	

Robert Edfors 

80 

112.	 Raber	L,	Kelbaek	H,	Taniwaki	M,	Ostojic	M,	Heg	D,	Baumbach	A,	von	
Birgelen	C,	Roffi	M,	Tuller	D,	Engstrom	T,	Moschovitis	A,	Pedrazzini	G,	Wenaweser	P,	
Kornowski	R,	Weber	K,	Luscher	TF,	Matter	CM,	Meier	B,	Juni	P,	Windecker	S	and	
Investigators	CAT.	Biolimus-eluting	stents	with	biodegradable	polymer	versus	bare-
metal	stents	in	acute	myocardial	infarction:	two-year	clinical	results	of	the	
COMFORTABLE	AMI	trial.	Circ	Cardiovasc	Interv.	2014;7:355-64.	
113.	 Palmerini	T,	Biondi-Zoccai	G,	Della	Riva	D,	Stettler	C,	Sangiorgi	D,	
D'Ascenzo	F,	Kimura	T,	Briguori	C,	Sabate	M,	Kim	HS,	De	Waha	A,	Kedhi	E,	Smits	PC,	
Kaiser	C,	Sardella	G,	Marullo	A,	Kirtane	AJ,	Leon	MB	and	Stone	GW.	Stent	thrombosis	
with	drug-eluting	and	bare-metal	stents:	evidence	from	a	comprehensive	network	
meta-analysis.	Lancet.	2012;379:1393-402.	
114.	 Sarno	G,	Lagerqvist	B,	Nilsson	J,	Frobert	O,	Hambraeus	K,	Varenhorst	C,	
Jensen	UJ,	Todt	T,	Gotberg	M	and	James	SK.	Stent	thrombosis	in	new-generation	drug-
eluting	stents	in	patients	with	STEMI	undergoing	primary	PCI:	a	report	from	SCAAR.	J	
Am	Coll	Cardiol.	2014;64:16-24.	
115.	 Varenhorst	C,	Lindholm	M,	Sarno	G,	Olivecrona	G,	Jensen	U,	Nilsson	J,	
Carlsson	J,	James	S	and	Lagerqvist	B.	Stent	thrombosis	rates	the	first	year	and	beyond	
with	new-	and	old-generation	drug-eluting	stents	compared	to	bare	metal	stents.	Clin	
Res	Cardiol.	2018;107:816-823.	
116.	 Morice	MC,	Serruys	PW,	Sousa	JE,	Fajadet	J,	Ban	Hayashi	E,	Perin	M,	
Colombo	A,	Schuler	G,	Barragan	P,	Guagliumi	G,	Molnar	F,	Falotico	R	and	Lesions	
RSGRSwtS-CBVB-ESitToPwdNNCA.	A	randomized	comparison	of	a	sirolimus-eluting	
stent	with	a	standard	stent	for	coronary	revascularization.	N	Engl	J	Med.	
2002;346:1773-80.	
117.	 Stettler	C,	Wandel	S,	Allemann	S,	Kastrati	A,	Morice	MC,	Schomig	A,	
Pfisterer	ME,	Stone	GW,	Leon	MB,	de	Lezo	JS,	Goy	JJ,	Park	SJ,	Sabate	M,	Suttorp	MJ,	
Kelbaek	H,	Spaulding	C,	Menichelli	M,	Vermeersch	P,	Dirksen	MT,	Cervinka	P,	Petronio	
AS,	Nordmann	AJ,	Diem	P,	Meier	B,	Zwahlen	M,	Reichenbach	S,	Trelle	S,	Windecker	S	
and	Juni	P.	Outcomes	associated	with	drug-eluting	and	bare-metal	stents:	a	
collaborative	network	meta-analysis.	Lancet.	2007;370:937-48.	
118.	 Stone	GW,	Moses	JW,	Ellis	SG,	Schofer	J,	Dawkins	KD,	Morice	MC,	Colombo	
A,	Schampaert	E,	Grube	E,	Kirtane	AJ,	Cutlip	DE,	Fahy	M,	Pocock	SJ,	Mehran	R	and	Leon	
MB.	Safety	and	efficacy	of	sirolimus-	and	paclitaxel-eluting	coronary	stents.	N	Engl	J	
Med.	2007;356:998-1008.	
119.	 Kirtane	AJ,	Gupta	A,	Iyengar	S,	Moses	JW,	Leon	MB,	Applegate	R,	Brodie	B,	
Hannan	E,	Harjai	K,	Jensen	LO,	Park	SJ,	Perry	R,	Racz	M,	Saia	F,	Tu	JV,	Waksman	R,	
Lansky	AJ,	Mehran	R	and	Stone	GW.	Safety	and	efficacy	of	drug-eluting	and	bare	metal	
stents:	comprehensive	meta-analysis	of	randomized	trials	and	observational	studies.	
Circulation.	2009;119:3198-206.	
120.	 James	SK,	Stenestrand	U,	Lindback	J,	Carlsson	J,	Schersten	F,	Nilsson	T,	
Wallentin	L,	Lagerqvist	B	and	Group	SS.	Long-term	safety	and	efficacy	of	drug-eluting	
versus	bare-metal	stents	in	Sweden.	N	Engl	J	Med.	2009;360:1933-45.	
121.	 Ko	DT,	Chiu	M,	Guo	H,	Austin	PC,	Goeree	R,	Cohen	E,	Labinaz	M	and	Tu	JV.	
Safety	and	effectiveness	of	drug-eluting	and	bare-metal	stents	for	patients	with	off-	
and	on-label	indications.	J	Am	Coll	Cardiol.	2009;53:1773-82.	
122.	 Hannan	EL,	Racz	M,	Holmes	DR,	Walford	G,	Sharma	S,	Katz	S,	Jones	RH	
and	King	SB,	3rd.	Comparison	of	coronary	artery	stenting	outcomes	in	the	eras	before	
and	after	the	introduction	of	drug-eluting	stents.	Circulation.	2008;117:2071-8.	
123.	 Valgimigli	M,	Sabate	M,	Kaiser	C,	Brugaletta	S,	de	la	Torre	Hernandez	JM,	
Galatius	S,	Cequier	A,	Eberli	F,	de	Belder	A,	Serruys	PW	and	Ferrante	G.	Effects	of	

84



Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 81 

cobalt-chromium	everolimus	eluting	stents	or	bare	metal	stent	on	fatal	and	non-fatal	
cardiovascular	events:	patient	level	meta-analysis.	BMJ.	2014;349:g6427.	
124.	 Palmerini	T,	Benedetto	U,	Biondi-Zoccai	G,	Della	Riva	D,	Bacchi-Reggiani	
L,	Smits	PC,	Vlachojannis	GJ,	Jensen	LO,	Christiansen	EH,	Berencsi	K,	Valgimigli	M,	
Orlandi	C,	Petrou	M,	Rapezzi	C	and	Stone	GW.	Long-Term	Safety	of	Drug-Eluting	and	
Bare-Metal	Stents:	Evidence	From	a	Comprehensive	Network	Meta-Analysis.	J	Am	Coll	
Cardiol.	2015;65:2496-507.	
125.	 Bonaa	KH,	Mannsverk	J,	Wiseth	R,	Aaberge	L,	Myreng	Y,	Nygard	O,	Nilsen	
DW,	Klow	NE,	Uchto	M,	Trovik	T,	Bendz	B,	Stavnes	S,	Bjornerheim	R,	Larsen	AI,	Slette	
M,	Steigen	T,	Jakobsen	OJ,	Bleie	O,	Fossum	E,	Hanssen	TA,	Dahl-Eriksen	O,	Njolstad	I,	
Rasmussen	K,	Wilsgaard	T,	Nordrehaug	JE	and	Investigators	N.	Drug-Eluting	or	Bare-
Metal	Stents	for	Coronary	Artery	Disease.	N	Engl	J	Med.	2016;375:1242-52.	
126.	 Patientregisret.	Socialstyrelsen.	Internet	source	available	at:	
https://www.socialstyrelsen.se/patientregistret.	2019-10-14.	
127.	 Befolkningsregistret.	Statistics	Sweden.	Internet	source	available	at:	
https://www.scb.se/vara-tjanster/bestalla-mikrodata/vilka-mikrodata-
finns/individregister/registret-over-totalbefolkningen-rtb/.	2019-10-14.	
128.	 Socialstyrelsen,	Stockholm.	Täckningsgrader	2016.	Internet	source	
available	
at:https://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/20473/2017-1-
23.pdf.		2017-09-30.	
129.	 Assarsson	E,	Lundberg	M,	Holmquist	G,	Bjorkesten	J,	Thorsen	SB,	Ekman	
D,	Eriksson	A,	Rennel	Dickens	E,	Ohlsson	S,	Edfeldt	G,	Andersson	AC,	Lindstedt	P,	
Stenvang	J,	Gullberg	M	and	Fredriksson	S.	Homogenous	96-plex	PEA	immunoassay	
exhibiting	high	sensitivity,	specificity,	and	excellent	scalability.	PLoS	One.	
2014;9:e95192.	
130.	 Lundberg	M,	Eriksson	A,	Tran	B,	Assarsson	E	and	Fredriksson	S.	
Homogeneous	antibody-based	proximity	extension	assays	provide	sensitive	and	
specific	detection	of	low-abundant	proteins	in	human	blood.	Nucleic	Acids	Res.	
2011;39:e102.	
131.	 Rezeli	M,	Sjodin	K,	Lindberg	H,	Gidlof	O,	Lindahl	B,	Jernberg	T,	Spaak	J,	
Erlinge	D	and	Marko-Varga	G.	Quantitation	of	87	Proteins	by	nLC-MRM/MS	in	Human	
Plasma:	Workflow	for	Large-Scale	Analysis	of	Biobank	Samples.	J	Proteome	Res.	
2017;16:3242-3254.	
132.	 Rezeli	M,	Vegvari	A,	Donnarumma	F,	Gidlof	O,	Smith	JG,	Erlinge	D	and	
Marko-Varga	G.	Development	of	an	MRM	assay	panel	with	application	to	biobank	
samples	from	patients	with	myocardial	infarction.	J	Proteomics.	2013;87:16-25.	
133.	 Ronco	C,	House	AA	and	Haapio	M.	Cardiorenal	syndrome:	refining	the	
definition	of	a	complex	symbiosis	gone	wrong.	Intensive	care	medicine.	2008;34:957-
62.	
134.	 Lofman	I,	Szummer	K,	Evans	M,	Carrero	JJ,	Lund	LH	and	Jernberg	T.	
Incidence	of,	Associations	With	and	Prognostic	Impact	of	Worsening	Renal	Function	in	
Heart	Failure	With	Different	Ejection	Fraction	Categories.	Am	J	Cardiol.	2019.	
135.	 Lofman	I,	Szummer	K,	Hagerman	I,	Dahlstrom	U,	Lund	LH	and	Jernberg	T.	
Prevalence	and	prognostic	impact	of	kidney	disease	on	heart	failure	patients.	Open	
Heart.	2016;3:e000324.	
136.	 Gargiulo	G,	Santucci	A,	Piccolo	R,	Franzone	A,	Ariotti	S,	Baldo	A,	Esposito	
G,	Moschovitis	A,	Windecker	S	and	Valgimigli	M.	Impact	of	chronic	kidney	disease	on	
2-year	clinical	outcomes	in	patients	treated	with	6-month	or	24-month	DAPT	
duration:	An	analysis	from	the	PRODIGY	trial.	Catheter	Cardiovasc	Interv.	
2017;90:E73-E84.	

Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 81 

cobalt-chromium	everolimus	eluting	stents	or	bare	metal	stent	on	fatal	and	non-fatal	
cardiovascular	events:	patient	level	meta-analysis.	BMJ.	2014;349:g6427.	
124.	 Palmerini	T,	Benedetto	U,	Biondi-Zoccai	G,	Della	Riva	D,	Bacchi-Reggiani	
L,	Smits	PC,	Vlachojannis	GJ,	Jensen	LO,	Christiansen	EH,	Berencsi	K,	Valgimigli	M,	
Orlandi	C,	Petrou	M,	Rapezzi	C	and	Stone	GW.	Long-Term	Safety	of	Drug-Eluting	and	
Bare-Metal	Stents:	Evidence	From	a	Comprehensive	Network	Meta-Analysis.	J	Am	Coll	
Cardiol.	2015;65:2496-507.	
125.	 Bonaa	KH,	Mannsverk	J,	Wiseth	R,	Aaberge	L,	Myreng	Y,	Nygard	O,	Nilsen	
DW,	Klow	NE,	Uchto	M,	Trovik	T,	Bendz	B,	Stavnes	S,	Bjornerheim	R,	Larsen	AI,	Slette	
M,	Steigen	T,	Jakobsen	OJ,	Bleie	O,	Fossum	E,	Hanssen	TA,	Dahl-Eriksen	O,	Njolstad	I,	
Rasmussen	K,	Wilsgaard	T,	Nordrehaug	JE	and	Investigators	N.	Drug-Eluting	or	Bare-
Metal	Stents	for	Coronary	Artery	Disease.	N	Engl	J	Med.	2016;375:1242-52.	
126.	 Patientregisret.	Socialstyrelsen.	Internet	source	available	at:	
https://www.socialstyrelsen.se/patientregistret.	2019-10-14.	
127.	 Befolkningsregistret.	Statistics	Sweden.	Internet	source	available	at:	
https://www.scb.se/vara-tjanster/bestalla-mikrodata/vilka-mikrodata-
finns/individregister/registret-over-totalbefolkningen-rtb/.	2019-10-14.	
128.	 Socialstyrelsen,	Stockholm.	Täckningsgrader	2016.	Internet	source	
available	
at:https://www.socialstyrelsen.se/Lists/Artikelkatalog/Attachments/20473/2017-1-
23.pdf.		2017-09-30.	
129.	 Assarsson	E,	Lundberg	M,	Holmquist	G,	Bjorkesten	J,	Thorsen	SB,	Ekman	
D,	Eriksson	A,	Rennel	Dickens	E,	Ohlsson	S,	Edfeldt	G,	Andersson	AC,	Lindstedt	P,	
Stenvang	J,	Gullberg	M	and	Fredriksson	S.	Homogenous	96-plex	PEA	immunoassay	
exhibiting	high	sensitivity,	specificity,	and	excellent	scalability.	PLoS	One.	
2014;9:e95192.	
130.	 Lundberg	M,	Eriksson	A,	Tran	B,	Assarsson	E	and	Fredriksson	S.	
Homogeneous	antibody-based	proximity	extension	assays	provide	sensitive	and	
specific	detection	of	low-abundant	proteins	in	human	blood.	Nucleic	Acids	Res.	
2011;39:e102.	
131.	 Rezeli	M,	Sjodin	K,	Lindberg	H,	Gidlof	O,	Lindahl	B,	Jernberg	T,	Spaak	J,	
Erlinge	D	and	Marko-Varga	G.	Quantitation	of	87	Proteins	by	nLC-MRM/MS	in	Human	
Plasma:	Workflow	for	Large-Scale	Analysis	of	Biobank	Samples.	J	Proteome	Res.	
2017;16:3242-3254.	
132.	 Rezeli	M,	Vegvari	A,	Donnarumma	F,	Gidlof	O,	Smith	JG,	Erlinge	D	and	
Marko-Varga	G.	Development	of	an	MRM	assay	panel	with	application	to	biobank	
samples	from	patients	with	myocardial	infarction.	J	Proteomics.	2013;87:16-25.	
133.	 Ronco	C,	House	AA	and	Haapio	M.	Cardiorenal	syndrome:	refining	the	
definition	of	a	complex	symbiosis	gone	wrong.	Intensive	care	medicine.	2008;34:957-
62.	
134.	 Lofman	I,	Szummer	K,	Evans	M,	Carrero	JJ,	Lund	LH	and	Jernberg	T.	
Incidence	of,	Associations	With	and	Prognostic	Impact	of	Worsening	Renal	Function	in	
Heart	Failure	With	Different	Ejection	Fraction	Categories.	Am	J	Cardiol.	2019.	
135.	 Lofman	I,	Szummer	K,	Hagerman	I,	Dahlstrom	U,	Lund	LH	and	Jernberg	T.	
Prevalence	and	prognostic	impact	of	kidney	disease	on	heart	failure	patients.	Open	
Heart.	2016;3:e000324.	
136.	 Gargiulo	G,	Santucci	A,	Piccolo	R,	Franzone	A,	Ariotti	S,	Baldo	A,	Esposito	
G,	Moschovitis	A,	Windecker	S	and	Valgimigli	M.	Impact	of	chronic	kidney	disease	on	
2-year	clinical	outcomes	in	patients	treated	with	6-month	or	24-month	DAPT	
duration:	An	analysis	from	the	PRODIGY	trial.	Catheter	Cardiovasc	Interv.	
2017;90:E73-E84.	

85



Robert Edfors 

82 

137.	 Magnani	G,	Storey	RF,	Steg	G,	Bhatt	DL,	Cohen	M,	Kuder	J,	Im	K,	Aylward	
P,	Ardissino	D,	Isaza	D,	Parkhomenko	A,	Goudev	AR,	Dellborg	M,	Kontny	F,	Corbalan	R,	
Medina	F,	Jensen	EC,	Held	P,	Braunwald	E,	Sabatine	MS	and	Bonaca	MP.	Efficacy	and	
safety	of	ticagrelor	for	long-term	secondary	prevention	of	atherothrombotic	events	in	
relation	to	renal	function:	insights	from	the	PEGASUS-TIMI	54	trial.	Eur	Heart	J.	
2016;37:400-8.	
138.	 Ait	Mokhtar	O,	Gaubert	M,	Laine	M,	Bonello	L,	Guieu	R,	Cautela	J,	Peyrol	
M,	Barraud	J,	Thuny	F,	Dignat-Georges	F,	Sabatier	F,	Fromonot	J,	Rossi	P	and	Paganelli	
F.	Pleiotropic	effects	of	ticagrelor:	Myth	or	reality?	Arch	Cardiovasc	Dis.	2016;109:445-
8.	
139.	 Bonello	L,	Laine	M,	Lemesle	G,	Puymirat	E,	Dabry	T,	Thuny	F,	Paganelli	F,	
Aradi	D,	Frere	C,	Burtey	S,	Sibbing	D	and	Mancini	J.	Meta-Analysis	of	Potent	P2Y12-
ADP	Receptor	Antagonist	Therapy	Compared	to	Clopidogrel	Therapy	in	Acute	
Coronary	Syndrome	Patients	with	Chronic	Kidney	Disease.	Thromb	Haemost.	
2018;118:1839-1846.	
140.	 Bonello	L,	Angiolillo	DJ,	Aradi	D	and	Sibbing	D.	P2Y12-ADP	Receptor	
Blockade	in	Chronic	Kidney	Disease	Patients	With	Acute	Coronary	Syndromes.	
Circulation.	2018;138:1582-1596.	
141.	 ARNAUD	jo.	TicagRelor	Or	Clopidogrel	in	Severe	and	Terminal	Chronic	
Kidney	Disease	Patients	Undergoing	PERcutaneous	Coronary	Intervention	for	an	
Acute	Coronary	Syndrome.	(TROUPER).	2017.	
142.	 Breet	NJ,	de	Jong	C,	Bos	WJ,	van	Werkum	JW,	Bouman	HJ,	Kelder	JC,	
Bergmeijer	TO,	Zijlstra	F,	Hackeng	CM	and	Ten	Berg	JM.	The	impact	of	renal	function	
on	platelet	reactivity	and	clinical	outcome	in	patients	undergoing	percutaneous	
coronary	intervention	with	stenting.	Thromb	Haemost.	2014;112:1174-81.	
143.	 Angiolillo	DJ,	Bernardo	E,	Capodanno	D,	Vivas	D,	Sabate	M,	Ferreiro	JL,	
Ueno	M,	Jimenez-Quevedo	P,	Alfonso	F,	Bass	TA,	Macaya	C	and	Fernandez-Ortiz	A.	
Impact	of	chronic	kidney	disease	on	platelet	function	profiles	in	diabetes	mellitus	
patients	with	coronary	artery	disease	taking	dual	antiplatelet	therapy.	J	Am	Coll	
Cardiol.	2010;55:1139-46.	
144.	 Gremmel	T,	Muller	M,	Steiner	S,	Seidinger	D,	Koppensteiner	R,	Kopp	CW	
and	Panzer	S.	Chronic	kidney	disease	is	associated	with	increased	platelet	activation	
and	poor	response	to	antiplatelet	therapy.	Nephrol	Dial	Transplant.	2013;28:2116-22.	
145.	 Morel	O,	El	Ghannudi	S,	Jesel	L,	Radulescu	B,	Meyer	N,	Wiesel	ML,	Caillard	
S,	Campia	U,	Moulin	B,	Gachet	C	and	Ohlmann	P.	Cardiovascular	mortality	in	chronic	
kidney	disease	patients	undergoing	percutaneous	coronary	intervention	is	mainly	
related	to	impaired	P2Y12	inhibition	by	clopidogrel.	J	Am	Coll	Cardiol.	2011;57:399-
408.	
146.	 Htun	P,	Fateh-Moghadam	S,	Bischofs	C,	Banya	W,	Muller	K,	Bigalke	B,	
Stellos	K,	May	AE,	Flather	M,	Gawaz	M	and	Geisler	T.	Low	responsiveness	to	
clopidogrel	increases	risk	among	CKD	patients	undergoing	coronary	intervention.	J	
Am	Soc	Nephrol.	2011;22:627-33.	
147.	 Baber	U,	Mehran	R,	Kirtane	AJ,	Gurbel	PA,	Christodoulidis	G,	Maehara	A,	
Witzenbichler	B,	Weisz	G,	Rinaldi	MJ,	Metzger	DC,	Henry	TD,	Cox	DA,	Duffy	PL,	
Mazzaferri	EL,	Jr.,	Xu	K,	Parise	H,	Brodie	BR,	Stuckey	TD	and	Stone	GW.	Prevalence	and	
impact	of	high	platelet	reactivity	in	chronic	kidney	disease:	results	from	the	
Assessment	of	Dual	Antiplatelet	Therapy	with	Drug-Eluting	Stents	registry.	Circ	
Cardiovasc	Interv.	2015;8:e001683.	
148.	 Mavrakanas	TA,	Alam	A,	Reny	JL	and	Fontana	P.	Platelet	reactivity	in	
stable	cardiovascular	patients	with	chronic	kidney	disease.	Platelets.	2017:1-8.	

Robert Edfors 

82 

137.	 Magnani	G,	Storey	RF,	Steg	G,	Bhatt	DL,	Cohen	M,	Kuder	J,	Im	K,	Aylward	
P,	Ardissino	D,	Isaza	D,	Parkhomenko	A,	Goudev	AR,	Dellborg	M,	Kontny	F,	Corbalan	R,	
Medina	F,	Jensen	EC,	Held	P,	Braunwald	E,	Sabatine	MS	and	Bonaca	MP.	Efficacy	and	
safety	of	ticagrelor	for	long-term	secondary	prevention	of	atherothrombotic	events	in	
relation	to	renal	function:	insights	from	the	PEGASUS-TIMI	54	trial.	Eur	Heart	J.	
2016;37:400-8.	
138.	 Ait	Mokhtar	O,	Gaubert	M,	Laine	M,	Bonello	L,	Guieu	R,	Cautela	J,	Peyrol	
M,	Barraud	J,	Thuny	F,	Dignat-Georges	F,	Sabatier	F,	Fromonot	J,	Rossi	P	and	Paganelli	
F.	Pleiotropic	effects	of	ticagrelor:	Myth	or	reality?	Arch	Cardiovasc	Dis.	2016;109:445-
8.	
139.	 Bonello	L,	Laine	M,	Lemesle	G,	Puymirat	E,	Dabry	T,	Thuny	F,	Paganelli	F,	
Aradi	D,	Frere	C,	Burtey	S,	Sibbing	D	and	Mancini	J.	Meta-Analysis	of	Potent	P2Y12-
ADP	Receptor	Antagonist	Therapy	Compared	to	Clopidogrel	Therapy	in	Acute	
Coronary	Syndrome	Patients	with	Chronic	Kidney	Disease.	Thromb	Haemost.	
2018;118:1839-1846.	
140.	 Bonello	L,	Angiolillo	DJ,	Aradi	D	and	Sibbing	D.	P2Y12-ADP	Receptor	
Blockade	in	Chronic	Kidney	Disease	Patients	With	Acute	Coronary	Syndromes.	
Circulation.	2018;138:1582-1596.	
141.	 ARNAUD	jo.	TicagRelor	Or	Clopidogrel	in	Severe	and	Terminal	Chronic	
Kidney	Disease	Patients	Undergoing	PERcutaneous	Coronary	Intervention	for	an	
Acute	Coronary	Syndrome.	(TROUPER).	2017.	
142.	 Breet	NJ,	de	Jong	C,	Bos	WJ,	van	Werkum	JW,	Bouman	HJ,	Kelder	JC,	
Bergmeijer	TO,	Zijlstra	F,	Hackeng	CM	and	Ten	Berg	JM.	The	impact	of	renal	function	
on	platelet	reactivity	and	clinical	outcome	in	patients	undergoing	percutaneous	
coronary	intervention	with	stenting.	Thromb	Haemost.	2014;112:1174-81.	
143.	 Angiolillo	DJ,	Bernardo	E,	Capodanno	D,	Vivas	D,	Sabate	M,	Ferreiro	JL,	
Ueno	M,	Jimenez-Quevedo	P,	Alfonso	F,	Bass	TA,	Macaya	C	and	Fernandez-Ortiz	A.	
Impact	of	chronic	kidney	disease	on	platelet	function	profiles	in	diabetes	mellitus	
patients	with	coronary	artery	disease	taking	dual	antiplatelet	therapy.	J	Am	Coll	
Cardiol.	2010;55:1139-46.	
144.	 Gremmel	T,	Muller	M,	Steiner	S,	Seidinger	D,	Koppensteiner	R,	Kopp	CW	
and	Panzer	S.	Chronic	kidney	disease	is	associated	with	increased	platelet	activation	
and	poor	response	to	antiplatelet	therapy.	Nephrol	Dial	Transplant.	2013;28:2116-22.	
145.	 Morel	O,	El	Ghannudi	S,	Jesel	L,	Radulescu	B,	Meyer	N,	Wiesel	ML,	Caillard	
S,	Campia	U,	Moulin	B,	Gachet	C	and	Ohlmann	P.	Cardiovascular	mortality	in	chronic	
kidney	disease	patients	undergoing	percutaneous	coronary	intervention	is	mainly	
related	to	impaired	P2Y12	inhibition	by	clopidogrel.	J	Am	Coll	Cardiol.	2011;57:399-
408.	
146.	 Htun	P,	Fateh-Moghadam	S,	Bischofs	C,	Banya	W,	Muller	K,	Bigalke	B,	
Stellos	K,	May	AE,	Flather	M,	Gawaz	M	and	Geisler	T.	Low	responsiveness	to	
clopidogrel	increases	risk	among	CKD	patients	undergoing	coronary	intervention.	J	
Am	Soc	Nephrol.	2011;22:627-33.	
147.	 Baber	U,	Mehran	R,	Kirtane	AJ,	Gurbel	PA,	Christodoulidis	G,	Maehara	A,	
Witzenbichler	B,	Weisz	G,	Rinaldi	MJ,	Metzger	DC,	Henry	TD,	Cox	DA,	Duffy	PL,	
Mazzaferri	EL,	Jr.,	Xu	K,	Parise	H,	Brodie	BR,	Stuckey	TD	and	Stone	GW.	Prevalence	and	
impact	of	high	platelet	reactivity	in	chronic	kidney	disease:	results	from	the	
Assessment	of	Dual	Antiplatelet	Therapy	with	Drug-Eluting	Stents	registry.	Circ	
Cardiovasc	Interv.	2015;8:e001683.	
148.	 Mavrakanas	TA,	Alam	A,	Reny	JL	and	Fontana	P.	Platelet	reactivity	in	
stable	cardiovascular	patients	with	chronic	kidney	disease.	Platelets.	2017:1-8.	

86



Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 83 

149.	 Stefanini	GG,	Serruys	PW,	Silber	S,	Khattab	AA,	van	Geuns	RJ,	Richardt	G,	
Buszman	PE,	Kelbaek	H,	van	Boven	AJ,	Hofma	SH,	Linke	A,	Klauss	V,	Wijns	W,	Macaya	
C,	Garot	P,	Di	Mario	C,	Manoharan	G,	Kornowski	R,	Ischinger	T,	Bartorelli	AL,	Gobbens	
P	and	Windecker	S.	The	impact	of	patient	and	lesion	complexity	on	clinical	and	
angiographic	outcomes	after	revascularization	with	zotarolimus-	and	everolimus-
eluting	stents:	a	substudy	of	the	RESOLUTE	All	Comers	Trial	(a	randomized	
comparison	of	a	zotarolimus-eluting	stent	with	an	everolimus-eluting	stent	for	
percutaneous	coronary	intervention).	J	Am	Coll	Cardiol.	2011;57:2221-32.	
150.	 Smits	PC,	Kedhi	E,	Royaards	KJ,	Joesoef	KS,	Wassing	J,	Rademaker-
Havinga	TA	and	McFadden	E.	2-year	follow-up	of	a	randomized	controlled	trial	of	
everolimus-	and	paclitaxel-eluting	stents	for	coronary	revascularization	in	daily	
practice.	COMPARE	(Comparison	of	the	everolimus	eluting	XIENCE-V	stent	with	the	
paclitaxel	eluting	TAXUS	LIBERTE	stent	in	all-comers:	a	randomized	open	label	trial).	J	
Am	Coll	Cardiol.	2011;58:11-8.	
151.	 Crimi	G,	Leonardi	S,	Costa	F,	Adamo	M,	Ariotti	S	and	Valgimigli	M.	Role	of	
stent	type	and	of	duration	of	dual	antiplatelet	therapy	in	patients	with	chronic	kidney	
disease	undergoing	percutaneous	coronary	interventions.	Is	bare	metal	stent	
implantation	still	a	justifiable	choice?	A	post-hoc	analysis	of	the	all	comer	PRODIGY	
trial.	Int	J	Cardiol.	2016;212:110-7.	
152.	 Authors/Task	Force	m,	Windecker	S,	Kolh	P,	Alfonso	F,	Collet	JP,	Cremer	J,	
Falk	V,	Filippatos	G,	Hamm	C,	Head	SJ,	Juni	P,	Kappetein	AP,	Kastrati	A,	Knuuti	J,	
Landmesser	U,	Laufer	G,	Neumann	FJ,	Richter	DJ,	Schauerte	P,	Sousa	Uva	M,	Stefanini	
GG,	Taggart	DP,	Torracca	L,	Valgimigli	M,	Wijns	W	and	Witkowski	A.	2014	ESC/EACTS	
Guidelines	on	myocardial	revascularization:	The	Task	Force	on	Myocardial	
Revascularization	of	the	European	Society	of	Cardiology	(ESC)	and	the	European	
Association	for	Cardio-Thoracic	Surgery	(EACTS)Developed	with	the	special	
contribution	of	the	European	Association	of	Percutaneous	Cardiovascular	
Interventions	(EAPCI).	Eur	Heart	J.	2014;35:2541-619.	
153.	 Tsai	TT,	Messenger	JC,	Brennan	JM,	Patel	UD,	Dai	D,	Piana	RN,	Anstrom	
KJ,	Eisenstein	EL,	Dokholyan	RS,	Peterson	ED	and	Douglas	PS.	Safety	and	efficacy	of	
drug-eluting	stents	in	older	patients	with	chronic	kidney	disease:	a	report	from	the	
linked	CathPCI	Registry-CMS	claims	database.	J	Am	Coll	Cardiol.	2011;58:1859-69.	
154.	 Shenoy	C,	Boura	J,	Orshaw	P	and	Harjai	KJ.	Drug-eluting	stents	in	patients	
with	chronic	kidney	disease:	a	prospective	registry	study.	PLoS	One.	2010;5:e15070.	
155.	 Wanitschek	M,	Pfisterer	M,	Hvelplund	A,	De	Servi	S,	Bertel	O,	Jeger	R,	
Rickenbacher	P,	Iversen	A,	Jensen	JS,	Galatius	S,	Kaiser	C,	Alber	H	and	Investigators	B-
P.	Long-term	benefits	and	risks	of	drug-eluting	compared	to	bare-metal	stents	in	
patients	with	versus	without	chronic	kidney	disease.	Int	J	Cardiol.	2013;168:2381-8.	
156.	 Khera	S,	Villablanca	PA,	Kolte	D,	Gupta	T,	Khan	MH,	Velagapudi	P,	Kalra	A,	
Kleiman	N,	Aronow	HD,	Abbott	JD,	Rosenfield	K,	Drachman	DE,	Bangalore	S,	Bhatt	DL	
and	Naidu	SS.	Long-Term	Outcomes	of	Drug-Eluting	Stents	versus	Bare-Metal	Stents	
in	End	Stage	Renal	Disease	Patients	on	Dialysis:	A	Systematic	Review	and	Meta-
Analysis.	Cardiol	Rev.	2018.	
157.	 Kersting	S,	Grumann	T,	Hummel	J,	Hauschke	D,	Bode	C	and	Hehrlein	C.	
Impact	of	chronic	kidney	disease	on	long-term	clinical	outcomes	after	percutaneous	
coronary	intervention	with	drug-eluting	or	bare-metal	stents.	Crit	Pathw	Cardiol.	
2012;11:152-9.	
158.	 Wang	ZJ,	Harjai	KJ,	Shenoy	C,	Gao	F,	Shi	DM,	Liu	YY,	Zhao	YX	and	Zhou	YJ.	
Drug-eluting	stents	versus	bare-metal	stents	in	patients	with	decreased	GFR:	a	meta-
analysis.	Am	J	Kidney	Dis.	2013;62:711-21.	

Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 83 

149.	 Stefanini	GG,	Serruys	PW,	Silber	S,	Khattab	AA,	van	Geuns	RJ,	Richardt	G,	
Buszman	PE,	Kelbaek	H,	van	Boven	AJ,	Hofma	SH,	Linke	A,	Klauss	V,	Wijns	W,	Macaya	
C,	Garot	P,	Di	Mario	C,	Manoharan	G,	Kornowski	R,	Ischinger	T,	Bartorelli	AL,	Gobbens	
P	and	Windecker	S.	The	impact	of	patient	and	lesion	complexity	on	clinical	and	
angiographic	outcomes	after	revascularization	with	zotarolimus-	and	everolimus-
eluting	stents:	a	substudy	of	the	RESOLUTE	All	Comers	Trial	(a	randomized	
comparison	of	a	zotarolimus-eluting	stent	with	an	everolimus-eluting	stent	for	
percutaneous	coronary	intervention).	J	Am	Coll	Cardiol.	2011;57:2221-32.	
150.	 Smits	PC,	Kedhi	E,	Royaards	KJ,	Joesoef	KS,	Wassing	J,	Rademaker-
Havinga	TA	and	McFadden	E.	2-year	follow-up	of	a	randomized	controlled	trial	of	
everolimus-	and	paclitaxel-eluting	stents	for	coronary	revascularization	in	daily	
practice.	COMPARE	(Comparison	of	the	everolimus	eluting	XIENCE-V	stent	with	the	
paclitaxel	eluting	TAXUS	LIBERTE	stent	in	all-comers:	a	randomized	open	label	trial).	J	
Am	Coll	Cardiol.	2011;58:11-8.	
151.	 Crimi	G,	Leonardi	S,	Costa	F,	Adamo	M,	Ariotti	S	and	Valgimigli	M.	Role	of	
stent	type	and	of	duration	of	dual	antiplatelet	therapy	in	patients	with	chronic	kidney	
disease	undergoing	percutaneous	coronary	interventions.	Is	bare	metal	stent	
implantation	still	a	justifiable	choice?	A	post-hoc	analysis	of	the	all	comer	PRODIGY	
trial.	Int	J	Cardiol.	2016;212:110-7.	
152.	 Authors/Task	Force	m,	Windecker	S,	Kolh	P,	Alfonso	F,	Collet	JP,	Cremer	J,	
Falk	V,	Filippatos	G,	Hamm	C,	Head	SJ,	Juni	P,	Kappetein	AP,	Kastrati	A,	Knuuti	J,	
Landmesser	U,	Laufer	G,	Neumann	FJ,	Richter	DJ,	Schauerte	P,	Sousa	Uva	M,	Stefanini	
GG,	Taggart	DP,	Torracca	L,	Valgimigli	M,	Wijns	W	and	Witkowski	A.	2014	ESC/EACTS	
Guidelines	on	myocardial	revascularization:	The	Task	Force	on	Myocardial	
Revascularization	of	the	European	Society	of	Cardiology	(ESC)	and	the	European	
Association	for	Cardio-Thoracic	Surgery	(EACTS)Developed	with	the	special	
contribution	of	the	European	Association	of	Percutaneous	Cardiovascular	
Interventions	(EAPCI).	Eur	Heart	J.	2014;35:2541-619.	
153.	 Tsai	TT,	Messenger	JC,	Brennan	JM,	Patel	UD,	Dai	D,	Piana	RN,	Anstrom	
KJ,	Eisenstein	EL,	Dokholyan	RS,	Peterson	ED	and	Douglas	PS.	Safety	and	efficacy	of	
drug-eluting	stents	in	older	patients	with	chronic	kidney	disease:	a	report	from	the	
linked	CathPCI	Registry-CMS	claims	database.	J	Am	Coll	Cardiol.	2011;58:1859-69.	
154.	 Shenoy	C,	Boura	J,	Orshaw	P	and	Harjai	KJ.	Drug-eluting	stents	in	patients	
with	chronic	kidney	disease:	a	prospective	registry	study.	PLoS	One.	2010;5:e15070.	
155.	 Wanitschek	M,	Pfisterer	M,	Hvelplund	A,	De	Servi	S,	Bertel	O,	Jeger	R,	
Rickenbacher	P,	Iversen	A,	Jensen	JS,	Galatius	S,	Kaiser	C,	Alber	H	and	Investigators	B-
P.	Long-term	benefits	and	risks	of	drug-eluting	compared	to	bare-metal	stents	in	
patients	with	versus	without	chronic	kidney	disease.	Int	J	Cardiol.	2013;168:2381-8.	
156.	 Khera	S,	Villablanca	PA,	Kolte	D,	Gupta	T,	Khan	MH,	Velagapudi	P,	Kalra	A,	
Kleiman	N,	Aronow	HD,	Abbott	JD,	Rosenfield	K,	Drachman	DE,	Bangalore	S,	Bhatt	DL	
and	Naidu	SS.	Long-Term	Outcomes	of	Drug-Eluting	Stents	versus	Bare-Metal	Stents	
in	End	Stage	Renal	Disease	Patients	on	Dialysis:	A	Systematic	Review	and	Meta-
Analysis.	Cardiol	Rev.	2018.	
157.	 Kersting	S,	Grumann	T,	Hummel	J,	Hauschke	D,	Bode	C	and	Hehrlein	C.	
Impact	of	chronic	kidney	disease	on	long-term	clinical	outcomes	after	percutaneous	
coronary	intervention	with	drug-eluting	or	bare-metal	stents.	Crit	Pathw	Cardiol.	
2012;11:152-9.	
158.	 Wang	ZJ,	Harjai	KJ,	Shenoy	C,	Gao	F,	Shi	DM,	Liu	YY,	Zhao	YX	and	Zhou	YJ.	
Drug-eluting	stents	versus	bare-metal	stents	in	patients	with	decreased	GFR:	a	meta-
analysis.	Am	J	Kidney	Dis.	2013;62:711-21.	

87



Robert Edfors 

84 

159.	 Lu	R,	Tang	F,	Zhang	Y,	Zhu	X,	Zhu	S,	Wang	G,	Jiang	Y	and	Fan	Z.	
Comparison	of	Drug-Eluting	and	Bare	Metal	Stents	in	Patients	With	Chronic	Kidney	
Disease:	An	Updated	Systematic	Review	and	Meta-Analysis.	J	Am	Heart	Assoc.	2016;5.	
160.	 Garg	P,	Charytan	DM,	Novack	L,	Cutlip	DE,	Popma	JJ,	Moses	J,	Leon	MB,	
Schofer	J,	Breithardt	G,	Schampaert	E	and	Mauri	L.	Impact	of	moderate	renal	
insufficiency	on	restenosis	and	adverse	clinical	events	after	sirolimus-eluting	and	bare	
metal	stent	implantation	(from	the	SIRIUS	trials).	Am	J	Cardiol.	2010;106:1436-42.	
161.	 Halkin	A,	Mehran	R,	Casey	CW,	Gordon	P,	Matthews	R,	Wilson	BH,	Leon	
MB,	Russell	ME,	Ellis	SG	and	Stone	GW.	Impact	of	moderate	renal	insufficiency	on	
restenosis	and	adverse	clinical	events	after	paclitaxel-eluting	and	bare	metal	stent	
implantation:	results	from	the	TAXUS-IV	Trial.	Am	Heart	J.	2005;150:1163-70.	
162.	 Tomai	F,	Ribichini	F,	De	Luca	L,	Petrolini	A,	Ghini	AS,	Weltert	L,	
Spaccarotella	C,	Proietti	I,	Trani	C,	Nudi	F,	Pighi	M	and	Vassanelli	C.	Randomized	
Comparison	of	Xience	V	and	Multi-Link	Vision	Coronary	Stents	in	the	Same	
Multivessel	Patient	With	Chronic	Kidney	Disease	(RENAL-DES)	Study.	Circulation.	
2014;129:1104-12.	
163.	 Morel	O,	El	Ghannudi	S,	Hess	S,	Reydel	A,	Crimizade	U,	Jesel	L,	Radulescu	
B,	Wiesel	ML,	Gachet	C	and	Ohlmann	P.	The	extent	of	P2Y12	inhibition	by	clopidogrel	
in	diabetes	mellitus	patients	with	acute	coronary	syndrome	is	not	related	to	glycaemic	
control:	roles	of	white	blood	cell	count	and	body	weight.	Thromb	Haemost.	
2012;108:338-48.	
164.	 Watkins	S,	Good	R,	Hill	J,	Brinton	TJ	and	KG.	O.	Intravascular	Lithotripsy	
to	Treat	a	Severely	Under-Expanded	Coronary	Stent.	EuroIntervention.	2018.	
165.	 Carlsson	AC,	Ingelsson	E,	Sundstrom	J,	Carrero	JJ,	Gustafsson	S,	Feldreich	
T,	Stenemo	M,	Larsson	A,	Lind	L	and	Arnlov	J.	Use	of	Proteomics	To	Investigate	Kidney	
Function	Decline	over	5	Years.	Clin	J	Am	Soc	Nephrol.	2017;12:1226-1235.	
166.	 Ishimitsu	T,	Nishikimi	T,	Saito	Y,	Kitamura	K,	Eto	T,	Kangawa	K,	Matsuo	H,	
Omae	T	and	Matsuoka	H.	Plasma	levels	of	adrenomedullin,	a	newly	identified	
hypotensive	peptide,	in	patients	with	hypertension	and	renal	failure.	J	Clin	Invest.	
1994;94:2158-61.	
167.	 Iwamoto	M,	Miyoshi	T,	Doi	M,	Takeda	K,	Kajiya	M,	Nosaka	K,	Nakayama	R,	
Hirohata	S,	Usui	S,	Kusachi	S,	Sakane	K,	Nakamura	K	and	Ito	H.	Elevated	serum	
adipocyte	fatty	acid-binding	protein	concentrations	are	independently	associated	with	
renal	dysfunction	in	patients	with	stable	angina	pectoris.	Cardiovasc	Diabetol.	
2012;11:26.	
168.	 Ebert	T,	Hopf	LM,	Wurst	U,	Bachmann	A,	Kralisch	S,	Lossner	U,	Platz	M,	
Kratzsch	J,	Stolzenburg	JU,	Dietel	A,	Grisk	O,	Beige	J,	Anders	M,	Bast	I,	Kloting	N,	Bluher	
M,	Stumvoll	M	and	Fasshauer	M.	Circulating	adipocyte	fatty	acid	binding	protein	is	
increased	in	chronic	and	acute	renal	dysfunction.	Nutr	Metab	Cardiovasc	Dis.	
2014;24:1027-34.	
169.	 Vila	G,	Riedl	M,	Anderwald	C,	Resl	M,	Handisurya	A,	Clodi	M,	Prager	G,	
Ludvik	B,	Krebs	M	and	Luger	A.	The	relationship	between	insulin	resistance	and	the	
cardiovascular	biomarker	growth	differentiation	factor-15	in	obese	patients.	Clin	
Chem.	2011;57:309-16.	
170.	 Guenancia	C,	Kahli	A,	Laurent	G,	Hachet	O,	Malapert	G,	Grosjean	S,	Girard	
C,	Vergely	C	and	Bouchot	O.	Pre-operative	growth	differentiation	factor	15	as	a	novel	
biomarker	of	acute	kidney	injury	after	cardiac	bypass	surgery.	Int	J	Cardiol.	
2015;197:66-71.	
171.	 Arcidiacono	MV,	Rimondi	E,	Maietti	E,	Melloni	E,	Tisato	V,	Gallo	S,	
Valdivielso	JM,	Fernandez	E,	Betriu	A,	Voltan	R,	Zauli	G,	Volpato	S	and	Secchiero	P.	

Robert Edfors 

84 

159.	 Lu	R,	Tang	F,	Zhang	Y,	Zhu	X,	Zhu	S,	Wang	G,	Jiang	Y	and	Fan	Z.	
Comparison	of	Drug-Eluting	and	Bare	Metal	Stents	in	Patients	With	Chronic	Kidney	
Disease:	An	Updated	Systematic	Review	and	Meta-Analysis.	J	Am	Heart	Assoc.	2016;5.	
160.	 Garg	P,	Charytan	DM,	Novack	L,	Cutlip	DE,	Popma	JJ,	Moses	J,	Leon	MB,	
Schofer	J,	Breithardt	G,	Schampaert	E	and	Mauri	L.	Impact	of	moderate	renal	
insufficiency	on	restenosis	and	adverse	clinical	events	after	sirolimus-eluting	and	bare	
metal	stent	implantation	(from	the	SIRIUS	trials).	Am	J	Cardiol.	2010;106:1436-42.	
161.	 Halkin	A,	Mehran	R,	Casey	CW,	Gordon	P,	Matthews	R,	Wilson	BH,	Leon	
MB,	Russell	ME,	Ellis	SG	and	Stone	GW.	Impact	of	moderate	renal	insufficiency	on	
restenosis	and	adverse	clinical	events	after	paclitaxel-eluting	and	bare	metal	stent	
implantation:	results	from	the	TAXUS-IV	Trial.	Am	Heart	J.	2005;150:1163-70.	
162.	 Tomai	F,	Ribichini	F,	De	Luca	L,	Petrolini	A,	Ghini	AS,	Weltert	L,	
Spaccarotella	C,	Proietti	I,	Trani	C,	Nudi	F,	Pighi	M	and	Vassanelli	C.	Randomized	
Comparison	of	Xience	V	and	Multi-Link	Vision	Coronary	Stents	in	the	Same	
Multivessel	Patient	With	Chronic	Kidney	Disease	(RENAL-DES)	Study.	Circulation.	
2014;129:1104-12.	
163.	 Morel	O,	El	Ghannudi	S,	Hess	S,	Reydel	A,	Crimizade	U,	Jesel	L,	Radulescu	
B,	Wiesel	ML,	Gachet	C	and	Ohlmann	P.	The	extent	of	P2Y12	inhibition	by	clopidogrel	
in	diabetes	mellitus	patients	with	acute	coronary	syndrome	is	not	related	to	glycaemic	
control:	roles	of	white	blood	cell	count	and	body	weight.	Thromb	Haemost.	
2012;108:338-48.	
164.	 Watkins	S,	Good	R,	Hill	J,	Brinton	TJ	and	KG.	O.	Intravascular	Lithotripsy	
to	Treat	a	Severely	Under-Expanded	Coronary	Stent.	EuroIntervention.	2018.	
165.	 Carlsson	AC,	Ingelsson	E,	Sundstrom	J,	Carrero	JJ,	Gustafsson	S,	Feldreich	
T,	Stenemo	M,	Larsson	A,	Lind	L	and	Arnlov	J.	Use	of	Proteomics	To	Investigate	Kidney	
Function	Decline	over	5	Years.	Clin	J	Am	Soc	Nephrol.	2017;12:1226-1235.	
166.	 Ishimitsu	T,	Nishikimi	T,	Saito	Y,	Kitamura	K,	Eto	T,	Kangawa	K,	Matsuo	H,	
Omae	T	and	Matsuoka	H.	Plasma	levels	of	adrenomedullin,	a	newly	identified	
hypotensive	peptide,	in	patients	with	hypertension	and	renal	failure.	J	Clin	Invest.	
1994;94:2158-61.	
167.	 Iwamoto	M,	Miyoshi	T,	Doi	M,	Takeda	K,	Kajiya	M,	Nosaka	K,	Nakayama	R,	
Hirohata	S,	Usui	S,	Kusachi	S,	Sakane	K,	Nakamura	K	and	Ito	H.	Elevated	serum	
adipocyte	fatty	acid-binding	protein	concentrations	are	independently	associated	with	
renal	dysfunction	in	patients	with	stable	angina	pectoris.	Cardiovasc	Diabetol.	
2012;11:26.	
168.	 Ebert	T,	Hopf	LM,	Wurst	U,	Bachmann	A,	Kralisch	S,	Lossner	U,	Platz	M,	
Kratzsch	J,	Stolzenburg	JU,	Dietel	A,	Grisk	O,	Beige	J,	Anders	M,	Bast	I,	Kloting	N,	Bluher	
M,	Stumvoll	M	and	Fasshauer	M.	Circulating	adipocyte	fatty	acid	binding	protein	is	
increased	in	chronic	and	acute	renal	dysfunction.	Nutr	Metab	Cardiovasc	Dis.	
2014;24:1027-34.	
169.	 Vila	G,	Riedl	M,	Anderwald	C,	Resl	M,	Handisurya	A,	Clodi	M,	Prager	G,	
Ludvik	B,	Krebs	M	and	Luger	A.	The	relationship	between	insulin	resistance	and	the	
cardiovascular	biomarker	growth	differentiation	factor-15	in	obese	patients.	Clin	
Chem.	2011;57:309-16.	
170.	 Guenancia	C,	Kahli	A,	Laurent	G,	Hachet	O,	Malapert	G,	Grosjean	S,	Girard	
C,	Vergely	C	and	Bouchot	O.	Pre-operative	growth	differentiation	factor	15	as	a	novel	
biomarker	of	acute	kidney	injury	after	cardiac	bypass	surgery.	Int	J	Cardiol.	
2015;197:66-71.	
171.	 Arcidiacono	MV,	Rimondi	E,	Maietti	E,	Melloni	E,	Tisato	V,	Gallo	S,	
Valdivielso	JM,	Fernandez	E,	Betriu	A,	Voltan	R,	Zauli	G,	Volpato	S	and	Secchiero	P.	

88



Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 85 

Relationship	between	low	levels	of	circulating	TRAIL	and	atheromatosis	progression	
in	patients	with	chronic	kidney	disease.	PLoS	One.	2018;13:e0203716.	
172.	 Gohda	T,	Niewczas	MA,	Ficociello	LH,	Walker	WH,	Skupien	J,	Rosetti	F,	
Cullere	X,	Johnson	AC,	Crabtree	G,	Smiles	AM,	Mayadas	TN,	Warram	JH	and	Krolewski	
AS.	Circulating	TNF	receptors	1	and	2	predict	stage	3	CKD	in	type	1	diabetes.	J	Am	Soc	
Nephrol.	2012;23:516-24.	
173.	 Baker	NL,	Hunt	KJ,	Stevens	DR,	Jarai	G,	Rosen	GD,	Klein	RL,	Virella	G,	
Lopes-Virella	MF	and	Group	DER.	Association	Between	Inflammatory	Markers	and	
Progression	to	Kidney	Dysfunction:	Examining	Different	Assessment	Windows	in	
Patients	With	Type	1	Diabetes.	Diabetes	Care.	2018;41:128-135.	
174.	 Skau	E,	Henriksen	E,	Wagner	P,	Hedberg	P,	Siegbahn	A	and	Leppert	J.	
GDF-15	and	TRAIL-R2	are	powerful	predictors	of	long-term	mortality	in	patients	with	
acute	myocardial	infarction.	Eur	J	Prev	Cardiol.	2017;24:1576-1583.	
175.	 Wong	HK,	Cheung	TT	and	Cheung	BM.	Adrenomedullin	and	
cardiovascular	diseases.	JRSM	Cardiovasc	Dis.	2012;1.	
176.	 Velho	G,	Ragot	S,	Mohammedi	K,	Gand	E,	Fraty	M,	Fumeron	F,	Saulnier	PJ,	
Bellili-Munoz	N,	Bouby	N,	Potier	L,	Alhenc-Gelas	F,	Marre	M,	Hadjadj	S	and	Roussel	R.	
Plasma	Adrenomedullin	and	Allelic	Variation	in	the	ADM	Gene	and	Kidney	Disease	in	
People	With	Type	2	Diabetes.	Diabetes.	2015;64:3262-72.	
177.	 Nishikimi	T,	Mori	Y,	Kobayashi	N,	Tadokoro	K,	Wang	X,	Akimoto	K,	
Yoshihara	F,	Kangawa	K	and	Matsuoka	H.	Renoprotective	effect	of	chronic	
adrenomedullin	infusion	in	Dahl	salt-sensitive	rats.	Hypertension.	2002;39:1077-82.	
178.	 Klip	IT,	Voors	AA,	Anker	SD,	Hillege	HL,	Struck	J,	Squire	I,	van	Veldhuisen	
DJ,	Dickstein	K	and	investigators	O.	Prognostic	value	of	mid-regional	pro-
adrenomedullin	in	patients	with	heart	failure	after	an	acute	myocardial	infarction.	
Heart.	2011;97:892-8.	
179.	 Bunton	DC,	Petrie	MC,	Hillier	C,	Johnston	F	and	McMurray	JJ.	The	clinical	
relevance	of	adrenomedullin:	a	promising	profile?	Pharmacol	Ther.	2004;103:179-
201.	
180.	 Kelley	RF,	Totpal	K,	Lindstrom	SH,	Mathieu	M,	Billeci	K,	Deforge	L,	Pai	R,	
Hymowitz	SG	and	Ashkenazi	A.	Receptor-selective	mutants	of	apoptosis-inducing	
ligand	2/tumor	necrosis	factor-related	apoptosis-inducing	ligand	reveal	a	greater	
contribution	of	death	receptor	(DR)	5	than	DR4	to	apoptosis	signaling.	J	Biol	Chem.	
2005;280:2205-12.	
181.	 Kuzniewski	M,	Fedak	D,	Dumnicka	P,	Stepien	E,	Kusnierz-Cabala	B,	
Cwynar	M	and	Sulowicz	W.	Osteoprotegerin	and	osteoprotegerin/TRAIL	ratio	are	
associated	with	cardiovascular	dysfunction	and	mortality	among	patients	with	renal	
failure.	Adv	Med	Sci.	2016;61:269-275.	
182.	 Wieczorek-Surdacka	E,	Hanff	E,	Chyrchel	B,	Kuzniewski	M,	Surdacki	A	
and	Tsikas	D.	Distinct	associations	between	plasma	osteoprotegerin,	homoarginine	
and	asymmetric	dimethylarginine	in	chronic	kidney	disease	male	patients	with	
coronary	artery	disease.	Amino	Acids.	2019;51:977-982.	
183.	 Mattisson	IY,	Bjorkbacka	H,	Wigren	M,	Edsfeldt	A,	Melander	O,	Fredrikson	
GN,	Bengtsson	E,	Goncalves	I,	Orho-Melander	M,	Engstrom	G,	Almgren	P	and	Nilsson	J.	
Elevated	Markers	of	Death	Receptor-Activated	Apoptosis	are	Associated	with	
Increased	Risk	for	Development	of	Diabetes	and	Cardiovascular	Disease.	
EBioMedicine.	2017;26:187-197.	
184.	 Goncalves	I,	Singh	P,	Tengryd	C,	Cavalera	M,	Yao	Mattisson	I,	Nitulescu	M,	
Flor	Persson	A,	Volkov	P,	Engstrom	G,	Orho-Melander	M,	Nilsson	J	and	Edsfeldt	A.	
sTRAIL-R2	(Soluble	TNF	[Tumor	Necrosis	Factor]-Related	Apoptosis-Inducing	Ligand	

Influence of Chronic Kidney Disease on Presentation, Treatment and Outcome in Patients with Coronary Artery Disease 
 

 85 

Relationship	between	low	levels	of	circulating	TRAIL	and	atheromatosis	progression	
in	patients	with	chronic	kidney	disease.	PLoS	One.	2018;13:e0203716.	
172.	 Gohda	T,	Niewczas	MA,	Ficociello	LH,	Walker	WH,	Skupien	J,	Rosetti	F,	
Cullere	X,	Johnson	AC,	Crabtree	G,	Smiles	AM,	Mayadas	TN,	Warram	JH	and	Krolewski	
AS.	Circulating	TNF	receptors	1	and	2	predict	stage	3	CKD	in	type	1	diabetes.	J	Am	Soc	
Nephrol.	2012;23:516-24.	
173.	 Baker	NL,	Hunt	KJ,	Stevens	DR,	Jarai	G,	Rosen	GD,	Klein	RL,	Virella	G,	
Lopes-Virella	MF	and	Group	DER.	Association	Between	Inflammatory	Markers	and	
Progression	to	Kidney	Dysfunction:	Examining	Different	Assessment	Windows	in	
Patients	With	Type	1	Diabetes.	Diabetes	Care.	2018;41:128-135.	
174.	 Skau	E,	Henriksen	E,	Wagner	P,	Hedberg	P,	Siegbahn	A	and	Leppert	J.	
GDF-15	and	TRAIL-R2	are	powerful	predictors	of	long-term	mortality	in	patients	with	
acute	myocardial	infarction.	Eur	J	Prev	Cardiol.	2017;24:1576-1583.	
175.	 Wong	HK,	Cheung	TT	and	Cheung	BM.	Adrenomedullin	and	
cardiovascular	diseases.	JRSM	Cardiovasc	Dis.	2012;1.	
176.	 Velho	G,	Ragot	S,	Mohammedi	K,	Gand	E,	Fraty	M,	Fumeron	F,	Saulnier	PJ,	
Bellili-Munoz	N,	Bouby	N,	Potier	L,	Alhenc-Gelas	F,	Marre	M,	Hadjadj	S	and	Roussel	R.	
Plasma	Adrenomedullin	and	Allelic	Variation	in	the	ADM	Gene	and	Kidney	Disease	in	
People	With	Type	2	Diabetes.	Diabetes.	2015;64:3262-72.	
177.	 Nishikimi	T,	Mori	Y,	Kobayashi	N,	Tadokoro	K,	Wang	X,	Akimoto	K,	
Yoshihara	F,	Kangawa	K	and	Matsuoka	H.	Renoprotective	effect	of	chronic	
adrenomedullin	infusion	in	Dahl	salt-sensitive	rats.	Hypertension.	2002;39:1077-82.	
178.	 Klip	IT,	Voors	AA,	Anker	SD,	Hillege	HL,	Struck	J,	Squire	I,	van	Veldhuisen	
DJ,	Dickstein	K	and	investigators	O.	Prognostic	value	of	mid-regional	pro-
adrenomedullin	in	patients	with	heart	failure	after	an	acute	myocardial	infarction.	
Heart.	2011;97:892-8.	
179.	 Bunton	DC,	Petrie	MC,	Hillier	C,	Johnston	F	and	McMurray	JJ.	The	clinical	
relevance	of	adrenomedullin:	a	promising	profile?	Pharmacol	Ther.	2004;103:179-
201.	
180.	 Kelley	RF,	Totpal	K,	Lindstrom	SH,	Mathieu	M,	Billeci	K,	Deforge	L,	Pai	R,	
Hymowitz	SG	and	Ashkenazi	A.	Receptor-selective	mutants	of	apoptosis-inducing	
ligand	2/tumor	necrosis	factor-related	apoptosis-inducing	ligand	reveal	a	greater	
contribution	of	death	receptor	(DR)	5	than	DR4	to	apoptosis	signaling.	J	Biol	Chem.	
2005;280:2205-12.	
181.	 Kuzniewski	M,	Fedak	D,	Dumnicka	P,	Stepien	E,	Kusnierz-Cabala	B,	
Cwynar	M	and	Sulowicz	W.	Osteoprotegerin	and	osteoprotegerin/TRAIL	ratio	are	
associated	with	cardiovascular	dysfunction	and	mortality	among	patients	with	renal	
failure.	Adv	Med	Sci.	2016;61:269-275.	
182.	 Wieczorek-Surdacka	E,	Hanff	E,	Chyrchel	B,	Kuzniewski	M,	Surdacki	A	
and	Tsikas	D.	Distinct	associations	between	plasma	osteoprotegerin,	homoarginine	
and	asymmetric	dimethylarginine	in	chronic	kidney	disease	male	patients	with	
coronary	artery	disease.	Amino	Acids.	2019;51:977-982.	
183.	 Mattisson	IY,	Bjorkbacka	H,	Wigren	M,	Edsfeldt	A,	Melander	O,	Fredrikson	
GN,	Bengtsson	E,	Goncalves	I,	Orho-Melander	M,	Engstrom	G,	Almgren	P	and	Nilsson	J.	
Elevated	Markers	of	Death	Receptor-Activated	Apoptosis	are	Associated	with	
Increased	Risk	for	Development	of	Diabetes	and	Cardiovascular	Disease.	
EBioMedicine.	2017;26:187-197.	
184.	 Goncalves	I,	Singh	P,	Tengryd	C,	Cavalera	M,	Yao	Mattisson	I,	Nitulescu	M,	
Flor	Persson	A,	Volkov	P,	Engstrom	G,	Orho-Melander	M,	Nilsson	J	and	Edsfeldt	A.	
sTRAIL-R2	(Soluble	TNF	[Tumor	Necrosis	Factor]-Related	Apoptosis-Inducing	Ligand	

89



Robert Edfors 

86 

Receptor	2)	a	Marker	of	Plaque	Cell	Apoptosis	and	Cardiovascular	Events.	Stroke.	
2019;50:1989-1996.	
185.	 Xu	A,	Wang	Y,	Xu	JY,	Stejskal	D,	Tam	S,	Zhang	J,	Wat	NM,	Wong	WK	and	
Lam	KS.	Adipocyte	fatty	acid-binding	protein	is	a	plasma	biomarker	closely	associated	
with	obesity	and	metabolic	syndrome.	Clin	Chem.	2006;52:405-13.	
186.	 Nakamura	R,	Okura	T,	Fujioka	Y,	Sumi	K,	Matsuzawa	K,	Izawa	S,	Ueta	E,	
Kato	M,	Taniguchi	SI	and	Yamamoto	K.	Serum	fatty	acid-binding	protein	4	(FABP4)	
concentration	is	associated	with	insulin	resistance	in	peripheral	tissues,	A	clinical	
study.	PLoS	One.	2017;12:e0179737.	
187.	 Tso	AW,	Xu	A,	Sham	PC,	Wat	NM,	Wang	Y,	Fong	CH,	Cheung	BM,	Janus	ED	
and	Lam	KS.	Serum	adipocyte	fatty	acid	binding	protein	as	a	new	biomarker	
predicting	the	development	of	type	2	diabetes:	a	10-year	prospective	study	in	a	
Chinese	cohort.	Diabetes	Care.	2007;30:2667-72.	
188.	 Ota	H,	Furuhashi	M,	Ishimura	S,	Koyama	M,	Okazaki	Y,	Mita	T,	Fuseya	T,	
Yamashita	T,	Tanaka	M,	Yoshida	H,	Shimamoto	K	and	Miura	T.	Elevation	of	fatty	acid-
binding	protein	4	is	predisposed	by	family	history	of	hypertension	and	contributes	to	
blood	pressure	elevation.	Am	J	Hypertens.	2012;25:1124-30.	
189.	 Fuseya	T,	Furuhashi	M,	Yuda	S,	Muranaka	A,	Kawamukai	M,	Mita	T,	
Ishimura	S,	Watanabe	Y,	Hoshina	K,	Tanaka	M,	Ohno	K,	Akasaka	H,	Ohnishi	H,	Yoshida	
H,	Saitoh	S,	Shimamoto	K	and	Miura	T.	Elevation	of	circulating	fatty	acid-binding	
protein	4	is	independently	associated	with	left	ventricular	diastolic	dysfunction	in	a	
general	population.	Cardiovasc	Diabetol.	2014;13:126.	
190.	 Yeung	DC,	Xu	A,	Cheung	CW,	Wat	NM,	Yau	MH,	Fong	CH,	Chau	MT	and	
Lam	KS.	Serum	adipocyte	fatty	acid-binding	protein	levels	were	independently	
associated	with	carotid	atherosclerosis.	Arterioscler	Thromb	Vasc	Biol.	2007;27:1796-
802.	
191.	 von	Eynatten	M,	Breitling	LP,	Roos	M,	Baumann	M,	Rothenbacher	D	and	
Brenner	H.	Circulating	adipocyte	fatty	acid-binding	protein	levels	and	cardiovascular	
morbidity	and	mortality	in	patients	with	coronary	heart	disease:	a	10-year	
prospective	study.	Arterioscler	Thromb	Vasc	Biol.	2012;32:2327-35.	
192.	 Kempf	T,	Eden	M,	Strelau	J,	Naguib	M,	Willenbockel	C,	Tongers	J,	Heineke	
J,	Kotlarz	D,	Xu	J,	Molkentin	JD,	Niessen	HW,	Drexler	H	and	Wollert	KC.	The	
transforming	growth	factor-beta	superfamily	member	growth-differentiation	factor-
15	protects	the	heart	from	ischemia/reperfusion	injury.	Circ	Res.	2006;98:351-60.	
193.	 Hagstrom	E,	James	SK,	Bertilsson	M,	Becker	RC,	Himmelmann	A,	Husted	S,	
Katus	HA,	Steg	PG,	Storey	RF,	Siegbahn	A,	Wallentin	L	and	Investigators	P.	Growth	
differentiation	factor-15	level	predicts	major	bleeding	and	cardiovascular	events	in	
patients	with	acute	coronary	syndromes:	results	from	the	PLATO	study.	Eur	Heart	J.	
2016;37:1325-33.	
194.	 Rueda	F,	Lupon	J,	Garcia-Garcia	C,	Cediel	G,	Aranda	Nevado	MC,	Serra	
Gregori	J,	Labata	C,	Oliveras	T,	Ferrer	M,	de	Diego	O,	Serra	J,	Revuelta	Lopez	E	and	
Bayes-Genis	A.	Acute-phase	dynamics	and	prognostic	value	of	growth	differentiation	
factor-15	in	ST-elevation	myocardial	infarction.	Clin	Chem	Lab	Med.	2019;57:1093-
1101.	
195.	 Kulasingam	A,	Hvas	AM,	Grove	EL,	Funck	KL	and	Kristensen	SD.	Detection	
of	biomarkers	using	a	novel	proximity	extension	assay	in	patients	with	ST-elevation	
myocardial	infarction.	Thromb	Res.	2018;172:21-28.	
 

Robert Edfors 

86 

Receptor	2)	a	Marker	of	Plaque	Cell	Apoptosis	and	Cardiovascular	Events.	Stroke.	
2019;50:1989-1996.	
185.	 Xu	A,	Wang	Y,	Xu	JY,	Stejskal	D,	Tam	S,	Zhang	J,	Wat	NM,	Wong	WK	and	
Lam	KS.	Adipocyte	fatty	acid-binding	protein	is	a	plasma	biomarker	closely	associated	
with	obesity	and	metabolic	syndrome.	Clin	Chem.	2006;52:405-13.	
186.	 Nakamura	R,	Okura	T,	Fujioka	Y,	Sumi	K,	Matsuzawa	K,	Izawa	S,	Ueta	E,	
Kato	M,	Taniguchi	SI	and	Yamamoto	K.	Serum	fatty	acid-binding	protein	4	(FABP4)	
concentration	is	associated	with	insulin	resistance	in	peripheral	tissues,	A	clinical	
study.	PLoS	One.	2017;12:e0179737.	
187.	 Tso	AW,	Xu	A,	Sham	PC,	Wat	NM,	Wang	Y,	Fong	CH,	Cheung	BM,	Janus	ED	
and	Lam	KS.	Serum	adipocyte	fatty	acid	binding	protein	as	a	new	biomarker	
predicting	the	development	of	type	2	diabetes:	a	10-year	prospective	study	in	a	
Chinese	cohort.	Diabetes	Care.	2007;30:2667-72.	
188.	 Ota	H,	Furuhashi	M,	Ishimura	S,	Koyama	M,	Okazaki	Y,	Mita	T,	Fuseya	T,	
Yamashita	T,	Tanaka	M,	Yoshida	H,	Shimamoto	K	and	Miura	T.	Elevation	of	fatty	acid-
binding	protein	4	is	predisposed	by	family	history	of	hypertension	and	contributes	to	
blood	pressure	elevation.	Am	J	Hypertens.	2012;25:1124-30.	
189.	 Fuseya	T,	Furuhashi	M,	Yuda	S,	Muranaka	A,	Kawamukai	M,	Mita	T,	
Ishimura	S,	Watanabe	Y,	Hoshina	K,	Tanaka	M,	Ohno	K,	Akasaka	H,	Ohnishi	H,	Yoshida	
H,	Saitoh	S,	Shimamoto	K	and	Miura	T.	Elevation	of	circulating	fatty	acid-binding	
protein	4	is	independently	associated	with	left	ventricular	diastolic	dysfunction	in	a	
general	population.	Cardiovasc	Diabetol.	2014;13:126.	
190.	 Yeung	DC,	Xu	A,	Cheung	CW,	Wat	NM,	Yau	MH,	Fong	CH,	Chau	MT	and	
Lam	KS.	Serum	adipocyte	fatty	acid-binding	protein	levels	were	independently	
associated	with	carotid	atherosclerosis.	Arterioscler	Thromb	Vasc	Biol.	2007;27:1796-
802.	
191.	 von	Eynatten	M,	Breitling	LP,	Roos	M,	Baumann	M,	Rothenbacher	D	and	
Brenner	H.	Circulating	adipocyte	fatty	acid-binding	protein	levels	and	cardiovascular	
morbidity	and	mortality	in	patients	with	coronary	heart	disease:	a	10-year	
prospective	study.	Arterioscler	Thromb	Vasc	Biol.	2012;32:2327-35.	
192.	 Kempf	T,	Eden	M,	Strelau	J,	Naguib	M,	Willenbockel	C,	Tongers	J,	Heineke	
J,	Kotlarz	D,	Xu	J,	Molkentin	JD,	Niessen	HW,	Drexler	H	and	Wollert	KC.	The	
transforming	growth	factor-beta	superfamily	member	growth-differentiation	factor-
15	protects	the	heart	from	ischemia/reperfusion	injury.	Circ	Res.	2006;98:351-60.	
193.	 Hagstrom	E,	James	SK,	Bertilsson	M,	Becker	RC,	Himmelmann	A,	Husted	S,	
Katus	HA,	Steg	PG,	Storey	RF,	Siegbahn	A,	Wallentin	L	and	Investigators	P.	Growth	
differentiation	factor-15	level	predicts	major	bleeding	and	cardiovascular	events	in	
patients	with	acute	coronary	syndromes:	results	from	the	PLATO	study.	Eur	Heart	J.	
2016;37:1325-33.	
194.	 Rueda	F,	Lupon	J,	Garcia-Garcia	C,	Cediel	G,	Aranda	Nevado	MC,	Serra	
Gregori	J,	Labata	C,	Oliveras	T,	Ferrer	M,	de	Diego	O,	Serra	J,	Revuelta	Lopez	E	and	
Bayes-Genis	A.	Acute-phase	dynamics	and	prognostic	value	of	growth	differentiation	
factor-15	in	ST-elevation	myocardial	infarction.	Clin	Chem	Lab	Med.	2019;57:1093-
1101.	
195.	 Kulasingam	A,	Hvas	AM,	Grove	EL,	Funck	KL	and	Kristensen	SD.	Detection	
of	biomarkers	using	a	novel	proximity	extension	assay	in	patients	with	ST-elevation	
myocardial	infarction.	Thromb	Res.	2018;172:21-28.	
 

90



Thesis for doctoral degree (Ph.D.)
2019

Influence of Chronic Kidney Disease on 
Presentation, Treatment and Outcome in 
Patients with Coronary Artery Disease

Robert Edfors

R
o

b
ert Ed

fo
rs

Influence of C
hronic K

idney D
isease on Presentation, Treatm

ent and O
utcom

e
 in Patients w

ith C
oronary A

rtery D
isease



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut right edge by 20.98 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1293
     300
     None
     Up
     0.0000
     0.0000
            
                
         Both
         2
         AllDoc
         7
              

       CurrentAVDoc
          

     Smaller
     20.9764
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     0
     1
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut bottom edge by 20.98 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1293
     300
     None
     Up
     0.0000
     0.0000
            
                
         Both
         2
         AllDoc
         7
              

       CurrentAVDoc
          

     Smaller
     20.9764
     Bottom
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     0
     1
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut top edge by 20.98 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1293
     300
     None
     Up
     0.0000
     0.0000
            
                
         Both
         2
         AllDoc
         7
              

       CurrentAVDoc
          

     Smaller
     20.9764
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     0
     1
     0
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut left edge by 538.58 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1293
     300
    
     None
     Up
     0.0000
     0.0000
            
                
         Both
         2
         AllDoc
         7
              

       CurrentAVDoc
          

     Smaller
     538.5827
     Left
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     0
     1
     0
     1
      

   1
  

 HistoryList_V1
 qi2base





