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CHAPTER 1

Background
Cardiovascular diseases are among the most frequent causes of death in the world, with 
coronary artery disease as the most common cause.1 In many European countries age 
adjusted cardiovascular death rates have decreased over time, but still remain a major  
cause of death, and contribute to a substantial morbidity.2

Coronary  artery  disease  is  caused  by  atherosclerosis,  a  slow  but  chronic  process 
developing over a period of many years.  Patients with coronary artery disease often 
only present when they have clinical symptoms of coronary artery disease. Patients may 
present with symptoms of chest pain starting during exercise, and with relieve by rest or  
nitroglycerin.3 As a consequence of a flow limiting stenosis, myocardial ischemia can 
occur in these patients when myocardial oxygen demand exceeds the oxygen supply by 
the coronary arteries. This presentation is often called stable angina or stable coronary 
artery disease. On the other hand, patients can present with symptoms of acute chest  
pain caused by rupture or erosion of an unstable atheromatous coronary plaque.4,5 After 
rupture of a fibrous cap, the highly thrombogenic core is exposed to the arterial lumen, 
causing  platelet  aggregation,  thrombus  formation  and  embolization  of  thrombus 
particles  into  the  microvasculature.  Acute  coronary  syndromes  are  caused  by  a 
temporal, partial or total occlusion of a coronary artery, causing myocardial ischemia. 
Based on electrocardiographic findings and biomarkers of myocardial  damage,  acute 
coronary  syndromes  are  divided  in  unstable  angina,  non  ST-  segment  elevation 
myocardial  infarction  (NSTEMI)  and  ST-segment  elevation  myocardial  infarction 
(STEMI).6 

Percutaneous coronary intervention
Percutaneous  coronary  intervention  (PCI)  is  often  part  of  the  standard  therapy  in 
patients presenting with coronary artery disease, usually consisting of balloon dilatation 
and  stent  implantation.7 During  the  past  decades,  technical,  procedural  and 
pharmacologic  aspects of  the PCI procedure have been greatly developed,  and have 
resulted in improvements in clinical outcome and a decrease in mortality. 8,9 In 1964, 
Dotter  and  Judkins  have  been  the  first  who  introduced  the  idea  of  transluminal 
recanalisation  of  atherosclerotic  stenoses  in  patients  with  severe  atherosclerotic 
obstructions.10 Later, the first balloon coronary angioplasty was performed by Grüntzig 
in 1977,11 followed by the development of the first stent by Palmaz in 1985.12 The use of 
stents was introduced in clinical practice as effective treatment of complications and 
restenoses  after  balloon  angioplasty.13 Subsequently,  it  has  been  demonstrated  that 
treatment with stent implantation resulted in a lower incidence of restenosis and a lower  
rate of repeat procedures as compared with balloon angioplasty alone in patients with 
stable  coronary  artery  disease.14,15 In  patients  presenting  with  acute  myocardial 
infarction,  stent  implantation  also  resulted  in  improvement  of  clinical  outcome 
compared  to  treatment  with  thrombolysis,16 and  compared  to  balloon  angioplasty 
alone.17 In  the last  decade,  many studies  have investigated  the effects  of  bare metal 
stents compared to drug eluting stents. Drug eluting stents reduce the risk of restenosis, 
and  they  are  nowadays  increasingly  used  in  clinical  practice.18  Besides  the 
improvements in PCI,  the use of anticoagulation and anti-platelet  agents has greatly 
evolved and is a cornerstone  in current  treatment  of patients with PCI,  in the acute 
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phase in patients with acute coronary syndromes as well as in secondary prevention. In 
addition, many other adjunctive pharmacologic and catheter based interventions have 
been investigated to improve outcome after PCI. 

Aims of the thesis
Clinical  outcome  after  PCI  has  been  influenced  by  the  development  of  the  PCI 
procedure, adjunctive therapies, as well as by changes in patient characteristics. In the 
first part of this thesis, the aim was to investigate population trends and outcome after 
PCI in patients with different presentations of coronary artery disease. In  the second 
part,  we  focused  on  parameters  influencing  outcome  after  primary  PCI  in  STEMI 
patients. In the third part, the aim was to investigate the cardioprotective and clinical 
effects  of  erythropoiesis-stimulating  agents  (ESAs),  as  an  adjunctive  therapy  after 
primary PCI.

Outcome after PCI in patients with coronary artery disease
In the first part of this thesis, we evaluate clinical outcome in an unselected population 
with coronary artery disease undergoing PCI. The PCI procedure has evolved over the 
last decades, however, the risk profile of patients and patient characteristics have also 
changed over time. Primary PCI is nowadays the preferred treatment in patients with 
STEMI and it is also recommended in patients presenting in the acute phase of high risk 
NSTEMI.19-21 In  addition,  PCI  is  increasingly  used  in  patients  with  more  complex 
coronary lesions.22 The changing patient  characteristics  may influence  outcome after 
PCI, in randomized trials as well as registries. Therefore, it is important to understand 
the changing PCI population in real world clinical  practice.  In chapter 2, changes in 
patient characteristics and clinical outcome after PCI are investigated in an unselected 
nation-wide PCI population, over the last 2 decades. 

Differences in mortality have been investigated extensively in patients with different 
presentations of coronary artery disease,  especially in NSTEMI and STEMI patients. 
However, studies have been inconsistent with regard to short- and long term outcome. 
In  the  first  year  after  myocardial  infarction,  both  a  higher,23-25 comparable26-29 and 
lower30 mortality have been reported in STEMI patients compared to NSTEMI patients. 
On the long term, some studies have reported a comparable mortality risk in NSTEMI 
and  STEMI  patients,24,25,31 while  others  observed  a  higher  mortality  risk  among 
NSTEMI patients.30,32 In these studies, various proportions of patients have been treated 
with  PCI  as  revascularization  strategy  and  the  populations  have  been  selected.  
Therefore,  it  may be  questionable  if  the  previous  studies  reflect  current  real  world 
clinical practice. In chapter 3, we evaluate clinical outcome after PCI in patients with 
different presentations of coronary artery disease in a nation-wide PCI population. 

Outcome after primary PCI
In the second part of this thesis, we focus on outcome after primary PCI in patients with 
STEMI.  Next  to  improvements  in  treatment  strategies  in  STEMI  patients,  early 
reperfusion  after  onset  of  symptoms  is  an  important  issue  in  the  improvement  of 
outcome after  primary PCI.20 During ischemia the myocardium is damaged,  but still 
viable in part early after the onset of symptoms. The myocardium may be salvaged in  
case of rapid reperfusion of the infarcted myocardium.33,34 In previous studies, the best 
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clinical results have been observed in patients undergoing PCI within 90 to 120 minutes  
after  symptom  onset.34-36 Treatment  of  STEMI  patients  with  aspirin,  heparin  and 
clopidogrel  before  hospital  admission,  and  glycoprotein  IIb/IIIa  inhibitors  during 
primary PCI, as recommended in guidelines, may influence the time window to obtain 
optimal  reperfusion.  Therefore,  in  chapter  4,  we  evaluate  the  impact  of  the  total 
ischemic time on myocardial reperfusion and clinical outcome in a large contemporary 
cohort of STEMI patients undergoing PCI. 

A significant proportion of patients treated with PCI shows inadequate reperfusion of 
the  infarcted  myocardium  after  primary  PCI,  resulting  in  a  larger  infarct  size,  and 
increased  mortality.37,38 Suboptimal  myocardial  reperfusion  can  be  caused  by 
microvascular  dysfunction,  reperfusion  injury,  myocardial  edema or  embolization of 
thrombotic or atherosclerotic particles.39 In some patients, embolization can be visible 
on the coronary angiogram as a filling defect with abrupt cut off distal from the infarct  
related  coronary  lesion.40 In  chapter  5,  we  evaluate  the  consequences  of  distal 
embolization  in  a  contemporary  STEMI population  treated  with  triple  anti-  platelet  
therapy  and  thrombus  aspiration.  The  aim  is  to  investigate  the  prevalence  and  the 
consequences on myocardial perfusion and clinical outcomes.

Effect of erythropoietin on outcome after primary PCI
In the third part of this thesis, we investigate the effect of ESAs on clinical outcome 
after primary PCI. Preclinical studies have suggested that ESAs have a cardioprotective 
effect after myocardial reperfusion. Subsequently, the effect of ESA administration has 
been investigated in several clinical studies in patients with STEMI undergoing primary 
PCI to reduce myocardial infarct size and to improve left ventricular function.41-49  ESAs 
did not show a clear effect on left ventricular function or clinical outcome, but some 
studies suggested an increased risk of thrombo-embolic events.41,47

The HEBE III study was the largest, prospective study randomizing STEMI patients to 
a single bolus of epoetin alfa or to standard medical care after primary PCI.42 The single 
high dose of epoetin alfa did not show an effect on left ventricular function at 6 weeks  
after primary PCI. However, patients receiving epoetin alfa had a lower incidence of  
adverse cardiovascular events at 6 weeks after primary PCI. Therefore, in chapter 6, we 
evaluate the effect of epoetin alfa on clinical outcome during the first year after primary 
PCI.

Individual clinical  trials investigating the effect  of ESAs in STEMI patients thus far 
have been too small to interpret clinical events, as none of the trials have been powered  
on clinical  end points. The current effects of ESAs are based on a small number of 
events, and no definitive answers with regard to the safety and effectiveness of ESAs 
are yet available. Previously, Gao et al. have performed a meta-analysis to investigate 
the effect of ESAs in STEMI patients.52 However, this meta-analysis was done on study 
level and without access to individual data. In chapter 7, we present the results of   a 
meta-analysis on individual patient data of all randomized controlled trials investigating 
the effects of ESAs in STEMI patients, in order to assess the safety and efficacy of these 
agents.
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CHAPTER 2

ABSTRACT

Objectives 
The aim of this study was to describe the characteristics and outcome of all consecutive 
patients treated with PCI in an unselected nation-wide cohort over the last 2 decades.

Background
Over the last  20 years,  treatment with percutaneous coronary intervention (PCI)  has 
evolved  dramatically  but  the  change  in  patient  characteristics  has  not  been  well 
described. 

Methods
We included all patients undergoing a PCI procedure for the first time between January 
1990 and December 2010 from the Swedish Coronary Angiography and Angioplasty 
Registry (SCAAR). Patients were divided in different cohorts based on the year of the 
first PCI procedure.

Results
A total of 144,039 patients were included. The mean age increased from 60.1 (SD±9.9) 
years  in  1990-1995 to  67.1  (±11.2)  years  in  2009-2010.  The proportion  of  patients 
presenting with unstable coronary artery disease and STEMI increased from 27.4% and 
6.2% to 47.7% and 32.5% respectively.  Diabetes and multivessel disease were more 
often present in the later year  cohorts.  The 1-year  mortality increased from 2.2% in 
1990-1995 to 5.9% in 2009-2010, but after adjustment for age and indication a modest 
decrease was shown, mainly in STEMI patients.

Conclusions
Characteristics  of  PCI  patients  have  changed  substantially  over  time  reflecting  the 
establishment  of  new  evidence.  The  increasing  age  and  proportion  of  patients 
undergoing  PCI  for  acute  coronary  syndromes  greatly  influence  outcome.  The 
understanding of the changing patient characteristics is important for the translation of 
evidence to real-world clinical practice. 
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INTRODUCTION
Percutaneous coronary intervention (PCI) is often part of standard therapy in patients 
presenting with significant coronary artery disease.1 Since the introduction of PCI the 
procedure  itself  has evolved dramatically,  with the introduction of bare metal  stents 
(BMS) and subsequently drug-eluting stents (DES).2-4 In addition, primary PCI is now 
the  recommended  treatment  in  patients  with  ST-elevation  myocardial  infarction 
(STEMI) and it has resulted in a mortality reduction.5,6 Furthermore, PCI is increasingly 
used in patients with more complex lesions as left main disease.7 

However,  the risk profile  of  patients  undergoing  a PCI procedure  has  also changed 
substantially over time. PCI is nowadays increasingly recommended in elderly patients 
with acute  coronary  syndromes,  although  they are  often  excluded from randomized 
trials.8 The changing patient characteristics may greatly influence outcome after PCI in 
randomized trials as well as in registry studies. It is therefore important to understand 
the changes in real world clinical practice. After more than 20 years of PCI procedures, 
we  found  it  opportune  to  present  the  clinical  characteristics  and  outcome  of  all 
consecutive patients treated with PCI in an unselected nation-wide cohort.

METHODS

Study population
In this descriptive study, we included all patients in Sweden undergoing their first PCI 
procedure  between  January  1990  and  December  2010.  All  repeat  procedures  were 
excluded in order to use the information from each patient only once. A PCI procedure  
was defined as any use of a guide wire for more than only diagnostic purposes. Patients  
without a Swedish personal identification number and patients with a missing procedure 
type were excluded. 

SCAAR data
The Swedish Coronary Angiography and Angioplasty Registry (SCAAR), which is a 
part of the SWEDEHEART registry, documents all consecutive coronary angiographies 
and PCI procedures  performed in Sweden9,10.  All  30 hospitals  with a  catheterization 
laboratory enroll all patients. During the first  years  a few PCI procedures may have 
been performed outside of the SCAAR registry. The data are collected prospectively,  
according  to  data  registration  standards  for  clinical  practice,  and  are  audited  and 
monitored as previously described.11,12 Data about medical history were obtained from 
the National Patient Register. In this register the discharge diagnoses are collected of all 
hospitalizations in Sweden based on the International Classification of Diseases (ICD),  
from 1987 and forward.13 The vital status and date of death were obtained from the 
Swedish National Population Registry until  December 31, 2011, thereby all  patients 
have at least 1 year  follow up. Data from these national registers were merged with 
SCAAR on the basis of the personal identification number that all  Swedish citizens 
have. The merging was performed by the Epidemiologic Center of the Swedish National 
Board of Health and Welfare, and was approved by the ethics committee of Uppsala 
University. 
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The  indication  for  PCI  was  categorized  as  stable  coronary  artery  disease,  unstable 
coronary artery disease (non-ST elevation acute coronary syndrome with and without 
elevation  of  biomarkers  of  cardiac  ischemia),  ST-elevation  myocardial  infarction 
(STEMI)  and  other  (for  example  cardiac  arrest,  heart  failure  and  arrhythmia).  The 
definitions of the different indications have not changed over time. In SCAAR, smoking 
was  defined  as  smoking in  the 30 days  before  the PCI procedure.  The risk factors  
diabetes, hyperlipidemia and hypertension were defined based on the medical treatment 
for the condition at the time of the PCI procedure.  For diabetes,  patient history and 
hospital  records  were  also  evaluated  to  include  patients  with  diabetes  on  a  dietary 
treatment.

Statistical analysis
The patients  were  divided in 8 different  cohorts  based on the year  of  the first  PCI 
procedure. New registry variables and therapies were introduced during the study period 
and therefore data are partly or completely missing in some year cohorts. Categorical  
variables are presented as frequency values and proportions. Continuous variables with 
a normal distribution are presented as mean ± standard deviation (SD). We have chosen 
not to present p-values for the patient characteristics since this study does not include a  
sample, but the total population. The cumulative incidence of mortality was presented 
by Kaplan Meier event curves for the different year cohorts. Cox regression analyses 
were performed to adjust for covariates. We adjusted only for age and indication, as not  
all baseline variables were available in all year cohorts. The adjusted hazard ratios are 
reported together with the corresponding 95% confidence intervals (CI). The log minus 
log test  and the scaled Schoenfeld residuals were performed to test  the proportional 
hazard assumption of the covariates. In addition, gender specific outcome was evaluated 
and  we  also  performed  the  analyses  in  all  PCI  procedures,  included  repeated  PCI 
procedures.  For  the  survival  analyses,  2-sided  p  values  <0.05  were  defined  as 
significant. Statistical analyses were performed using SPSS version 20.0 (SPSS, IBM 
corporation, Armonk, NY, USA).

RESULTS
A total  of  450,859 procedures  were  performed in 317,444 patients  admitted to  any 
catheterization laboratory in Sweden between January 1990 and December 2010 (Figure 
1).  A  total  of  144,039  patients  undergoing  a  PCI  for  the  first  time  (72.5%)  were 
analyzed.  In  SCAAR,  the  annual  incidence  of  first-time  PCI  increased  to  13,189 
patients  in  2006 and  remained  relatively  stable  thereafter.  The number  of  hospitals 
performing PCI procedures  increased from 9 between 1990-1995 to 29 in 2007 and 
onwards (Table 1).
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Available data
Age and gender were available for all included patients, and the indication of PCI was  
available for 99.5% of the patients. Diabetes, hypertension, hyperlipidemia and smoking 
were not registered before 1995. From 1995 to 1998, 80% of these data were missing. 
However,  risk factor  data increased over time, and there were no missing data after  
2005. The angiographic findings were available in 52% of the patients between 1996 
and 2002. From 2003 99.5% of the angiographic data were available. Data regarding 
type of stent (BMS or DES) were available in 86% of stented patients during 2002, and 
for all patients afterwards. In addition, stent length and diameter were available in 60% 
until 2002 and in 100% afterwards. For medication, data were complete in 99.8% of the 
patients after the introduction of each variable.

Baseline and procedural characteristics
The mean age of the PCI patients increased over the year cohorts, from a mean age of 
60.1 (SD ±9.9) years in the cohort 1990-1995 to 67.1 (SD ±11.2) years in the cohort 
2009-2010 (Table  1).  The proportion of  patients  ≥75 years  increased  from 5.8% to 
28.4%. 
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Figure 1. Flow chart of the PCI patients included in the analysis.



Table 1. Baseline characteristics

Variable 1990 – 1995 
N = 10200

1996 – 1998 
N = 9825

1999 – 2000 
N = 11121

2001 – 2002 
N = 15738

2003 – 2004
N = 20801

2005 – 2006 
N = 25679

2007 – 2008 
N = 25532

2009 – 2010 
N = 25143

Number of hospitals 9 11 14 22 26 27 29 29

Mean age (years) (±SD) 60.1 (±9.9) 61.9 (±10.4) 63.1 (±10.8) 64.1 (±10.8) 65.3 (±10.9) 66.6 (±11.0) 66.7 (±11.2) 67.1 (±11.2)

   ≥ 75 years (%) 592 (5.8%) 1172 (11.9%) 1773 (15.9%) 3019 (19.2%) 4716 (22.7%) 6887 (26.8%) 7011 (27.5%) 7131 (28.4%)

Male sex (%) 7489 (73.4%) 7150 (72.8%) 7942 (71.4%) 11189 (71.1%) 14882 (71.5%) 18311 (71.3%) 18054 (70.7%) 17986 (71.5%)

Indication

  Stable coronary artery disease (%) 6583 (66.4%) 5125 (53.2%) 4179 (37.6%) 4917 (31.3%) 4944 (24.0%) 5185 (20.2%) 4425 (17.3%) 4240 (16.9%)

  Unstable coronary artery disease (%) 2715 (27.4%) 3584 (37.2%) 5223 (47.0%) 7403 (47.1%) 10656 (51.7%) 12521 (48.8%) 12174 (47.7%) 12000 (47.7%)

  STEMI (%) 611 (6.2%) 883 (9.2%) 1569 (14.1%) 2675 (17.0%) 4818 (23.4%) 7569 (29.5%) 8402 (32.9%) 8180 (32.5%)

  Other (%) 10 (0.1%) 43 (0.4%) 150 (1.3%) 735 (4.7%) 202 (1.0%) 404 (1.6%) 531 (2.1%) 723 (2.9%)

Current smoker (%) 459 (19.7%) 2279 (20.5%) 3292 (21.6%) 4473 (21.5%) 5433 (21.2%) 5533 (21.7%) 5474 (21.8%)

Diabetes (%) 314 (13.4%) 1744 (15.7%) 2530 (16.6%) 3396 (16.4%) 4492 (17.5%) 4310 (16.9%) 4397 (17.5%)

Hyperlipidemia (%) 1088 (61.2%) 5079 (49.0%) 6644 (46.4%) 9898 (48.5%) 11491 (44.7%) 10348 (40.5%) 9997 (39.8%)

Hypertension (%) 802 (34.4%) 3994 (36.0%) 5250 (34.4%) 9078 (43.7%) 11985 (46.7%) 12414 (48.6%) 12919 (51.4%)

History

  Myocardial infarction (%) 3623 (35.5%) 3337 (34.0%) 3319 (29.8%) 3972 (25.2%) 3882 (18.7%) 3576 (13.9%) 2799 (11.0%) 2483 (9.9%)

  CABG (%) 624 (6.1%) 770 (7.8%) 890 (8.0%) 1215 (7.7%) 1483 (7.1%) 1682 (6.6%) 1684 (6.6%) 1572 (6.3%)

  Heart failure (%) 557 (5.5%) 705 (7.2%) 785 (7.1%) 1091 (6.9%) 1323 (6.4%) 1615 (6.3%) 1388 (5.4%) 1380 (5.5%)

  Stroke (%) 368 (3.6%) 527 (5.4%) 609 (5.5%) 899 (5.7%) 1214 (5.8%) 1668 (6.5%) 1577 (6.2%) 1542 (6.1%)

  Renal failure (%) 44 (0.4%) 88 (0.9%) 114 (1.0%) 166 (1.1%) 226 (1.1%) 367 (1.4%) 380 (1.5%) 447 (1.8%)

CABG = coronary artery bypass grafting; SD = standard deviation; STEMI = ST- elevation myocardial infarction
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The indication for PCI changed over time with a majority of patients treated for stable 
coronary  artery  disease  (66.4%)  in  1990-1995  and  a  majority  treated  for  unstable 
coronary  artery  disease  (47.7%)  or  STEMI  (32.5%)  in  2009-2010  (Figure  2).  The 
proportion of smokers  was between 19.7% and 21.8% in the different  year  cohorts. 
Diabetes  and  hypertension  increased  while  hyperlipidemia  decreased,  and  a  lower 
proportion of patients had a history of myocardial  infarction over time. Three vessel 
disease increased from 3.8% in the cohort 1990-1995 to 17.3%-19.0% in the cohorts 
from 2003 to 2010 (Table 2). In addition, stent use increased from nearly no stent usage 
(0.8%), to around 93% from the cohort 2003-2004 and later. In the patients treated with 
a  stent,  the  proportion  receiving  DES  varied  between  17.2%  and  48.0%  after  its 
introduction in 2002.

Mortality
Figure 3A shows the mortality for the different year cohorts, with a median follow up of 
2082 days (interquartile range 1105-3335 days), and up to 21 years of total follow up.  
The mortality rate was higher in the later year  cohorts compared to the earlier  year 
cohorts. 
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Figure 2. Indication of PCI procedure.
Proportion of patients undergoing a PCI for stable coronary artery disease, unstable coronary 
artery disease, ST- elevation myocardial infarction and other in the different year cohorts. 
CAD = coronary artery disease.



Table 2. Angiographic- and procedural characteristics

Variable 1990 – 1995 
N = 10200

1996 – 1998 
N = 9825

1999 – 2000 
N = 11121

2001 – 2002 
N = 15738

2003 – 2004 
N = 20801

2005 – 2006 
N = 25679

2007 – 2008 
N = 25532

2009 – 2010 
N = 25143

Angiographic findings
   One vessel disease (%) 7266 (73.1%) 5282 (71.0%) 1772 (49.3%) 3975 (48.7%) 9544 (47.5%) 11660 (45.9%) 12222 (48.0%) 11689 (46.5%)
   Two vessel disease (%) 2082 (20.9%) 1617 (21.7%) 1138 (31.7%) 2546 (31.2%) 6095 (30.3%) 7648 (30.1%) 7390 (29.0%) 7246 (28.8%)
   Three vessel disease (%) 376 (3.8%) 382 (5.1%) 547 (15.2%) 1380 (16.9%) 3570 (17.8%) 4817 (19.0%) 4462 (17.5%) 4344 (17.3%)
   Left main coronary artery disease (%) 58 (0.6%) 114 (1.5%) 96 (2.7%) 207 (2.5%) 809 (4.0%) 1156 (4.6%) 1147 (4.5%) 1232 (4.9%)
Stent use (%) 80 (0.8%) 1541 (15.7%) 9552 (85.9%) 14064 (89.4%) 19339 (93.0%) 23962 (93.3%) 23681 (92.8%) 23335 (92.8%)
   Drug eluting stent (%) 111 (1.0%) 5608 (29.1%) 11500 (48.0%) 4083 (17.2%) 7476 (32.0%)
Number of stents
   1 (%) 943 (9.6%) 4328 (38.9%) 7708 (49.0%) 11740 (56.4%) 12773 (49.7%) 13084 (51.2%) 12747 (50.7%)
   2 (%) 100 (1.0%) 1179 (10.6%) 2738 (17.4%) 5311 (25.5%) 7910 (30.8%) 7904 (31.0%) 7780 (30.9%)
   ≥ 3 (%) 3 (0.0%) 313 (2.8%) 1117 (7.1%) 2233 (10.7%) 3278 (12.8%) 2693 (10.5%) 2825 (11.2%)
Stent size
   Mean total stent length (mm) (±SD) 20.53 (8.47) 18.98 (11.01) 21.42 (13.23) 25.80 (15.84) 29.06 (17.83)§ 27.53 (16.27) 29.09 (17.41)
   Mean stent diameter (mm) (±SD) 3.00 (0.39) 3.05 (0.43) 3.09 (0.44) 3.05 (0.46) 3.01 (0.48) 3.06 (0.49) 3.05 (0.51)
General success rate (%) 8207 (90.3%) 8489 (93.1%) 10413 (98.5%) 13926 (97.2%) 19417 (95.1%) 24168 (94.1%) 24036 (94.1%) 23682 (94.2%)
Medication 
   Aspirin before PCI (%) 17593 (84.6%) 23407 (91.2%) 23238 (91.0%) 23131 (92.0%)
   Aspirin during PCI (%) 1803 (8.7%) 1731 (6.8%) 1745 (6.8%) 1451 (5.8%)
   P2Y12 inhibitor before PCI (%) 11213 (54.0%) 18520 (72.2%) 20791 (81.4%) 21157 (84.2%)
   P2Y12 inhibitor during PCI (%) 5660 (27.3%) 5598 (22.0%) 3909 (15.3%) 3459 (13.8%)
   GP IIb/IIIa inhibitor before PCI (%) 1117 (5.4%) 1635 (6.4%) 1003 (3.9%) 436 (1.7%)
   GP IIb/IIIa inhibitor during PCI (%) 7344 (35.4%) 8806 (34.5%) 7553 (29.6%) 4616 (18.4%)
   Bivalirudin before PCI (%) 22 (0.1%) 63 (0.2%) 118 (0.5%)
   Bivalirudin during PCI (%) 2163 (10.0%) 4718 (18.5%) 7005 (27.9%)
Acute CABG after PCI (%) 121 (1.2%) 49 (0.5%) 32 (0.3%) 16 (0.1%) 22 (0.1%) 29 (0.1%) 16 (0.1%) 11 (0.0%)

CABG = coronary artery bypass grafting, GP = glycoprotein, PCI = percutaneous coronary intervention, SD = standard deviation
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Mortality at 1 year after PCI increased from 2.2% in 1990-1995 to 5.9% in 2009-2010 
(Table 3). After adjustment for age and indication, a modest decrease in the mortality 
risk was seen over time (Figure 3B). This was mainly due to a decrease in the risk of 
mortality in the subgroup of STEMI patients, with an age-adjusted hazard ratio up to 
around 2 in the earlier year cohorts, compared to the reference cohort 2009-2010 (Table 
3; Figure 4). Furthermore, the unadjusted mortality rate was lower in male compared to 
female at the long term after PCI (hazard ratio 0.82 (95% CI, 0.80-0.84)). However,  
after adjustment for age, indication and year cohort, no gender difference was seen at 1 
year after PCI (hazard ratio 1.00 (95% CI, 0.95-1.06)), while males had a slightly higher 
risk  of  mortality  on  long  term  (hazard  ratio  1.12  (95%  CI,  1.09-1.15)).  When  we 
performed the analyses in all PCI procedures, including repeated PCI procedures, the 
results were consistent.
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Figure 3A and 3B. Total mortality in the different year cohorts.
A: Cumulative incidence of death in the different year cohorts; B: Adjusted survival curve for the 
risk of mortality in the different year cohorts, adjusted for age and indication.
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Figure 4A and 4B. Mortality during the first year for every indication, adjusted.
Age-adjusted survival curve for the risk of mortality in the different year cohorts during the first year. 
A: Stable coronary artery disease; B: Unstable coronary artery disease.

Figure 4C. Mortality during the first year for every indication. 
Age-adjusted survival curve for the risk of mortality in the different year cohorts during the first year. 
C: ST- elevation myocardial infarction. 



Table 3. Mortality at 1 year follow-up
Variable 1990 – 1995 

N = 10200
1996 – 1998 
N = 9825

1999 – 2000 
N = 11121

2001 – 2002 
N = 15738

2003 – 2004 
N = 20801

2005 – 2006 
N = 25679

2007 – 2008 
N = 25532

2009 – 2010 
N = 25143

P value

Overall population

Number of deaths (%) 223 (2.2%) 334 (3.4%) 437 (3.9%) 649 (4.1%) 961 (4.6%) 1439 (5.6%) 1446 (5.7%) 1495 (5.9%)

Adjusted HR (95% CI)* 1.17 (1.01-1.35) 1.39 (1.23-1.57) 1.22 (1.10-1.36) 1.04 (0.94-1.14) 1.05 (0.97-1.14) 1.05 (0.97-1.13) 0.98 (0.91-1.05) 1.00 (ref.) < 0.001

Stable CAD

Number of deaths (%) 105 (1.6%) 99 (1.9%) 70 (1.7%) 86 (1.7%) 106 (2.1%) 95 (1.8%) 89 (2.0%) 92 (2.2%)

Adjusted HR (95% CI) 1.17 (0.88-1.55) 1.27 (0.96-1.70) 1.02 (0.75-1.39) 0.98 (0.73-1.31) 1.12 (0.84-1.48) 0.89 (0.67-1.19) 0.96 (0.72-1.29) 1.00 (ref.) 0.271

Unstable CAD

Number of deaths (%) 61 (2.2%) 112 (3.1%) 173 (3.3%) 258 (3.5%) 411 (3.9%) 540 (4.3%) 488 (4.0%) 505 (4.2%)

Adjusted HR (95% CI) 0.86 (0.66-1.12) 1.03 (0.84-1.27) 1.02 (0.86-1.22) 1.03 (0.89-1.20) 1.06 (0.93-1.20) 1.07 (0.95-1.21) 0.98 (0.87-1.11) 1.00 (ref.) 0.704

STEMI

Number of deaths (%) 56 (9.2%) 117 (13.3%) 182 (11.6%) 247 (9.2%) 428 (8.8%) 760 (10.0%) 804 (9.6%) 767 (9.4%)

Adjusted HR (95% CI) 1.66 (1.26-2.18) 2.21 (1.82- 2.68) 1.74 (1.48-2.05) 1.26 (1.09-1.45) 1.10 (0.98-1.24) 1.11 (1.01-1.23) 1.03 (0.94-1.14) 1.00 (ref.) <0.001

CAD = coronary artery disease, CI = confidence interval, HR = hazard ratio, ref. = reference category, STEMI = ST- elevation myocardial infarction. *Adjusted for age (years) 
and indication (stable coronary artery disease, unstable coronary artery disease, STEMI, other).
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DISCUSSION
We evaluated the clinical characteristics of all consecutive patients undergoing a first  
PCI  procedure  in  Sweden  in  the  last  2  decades.  The  mean  age  of  the  PCI  treated  
population increased and patients were more often treated for unstable coronary artery 
disease or STEMI over time. As a consequence of the older population, the proportion 
of  patients  with comorbidities  increased.  Mortality after  PCI was  influenced  by the 
increasing age and the changing indication for PCI.

This study gives an overview of a nation-wide population including virtually all patients 
undergoing a PCI procedure for the first time in all PCI centers in Sweden. In order to  
be  able  to  interpret  the  results  of  clinical  trials  and  registries,  it  is  important  to 
understand how the PCI population has changed over time. Changing characteristics of 
PCI patients have been previously described by Singh et al. in a large cohort over 25 
years, but did only include patients from a single institution.14 

The mean age of the PCI patients increased with 7 years over the 20-year study period.  
Patients ≥75 years currently represent 28% of the whole PCI population. As mortality 
rates  have  been  reduced  in  elderly  thanks  to  evidence-based  treatment  for  acute 
coronary  syndromes,15 guidelines  nowadays  recommend  an  invasive  strategy  in  this 
high risk subgroup.8 In addition, we observed a change in the indication of PCI over 
time, with an increase in the proportion of patients undergoing a PCI procedure for 
acute coronary syndromes. This change was mainly caused by an increase in the total 
number of patients with unstable coronary artery disease and STEMI undergoing PCI. 
In  patients  with STEMI,  primary PCI is  the  recommended  therapy and it  has  been 
implemented over the years.5,6,16 In addition, it has also been shown that patients with 
non-ST segment  elevation acute  coronary syndromes  benefit  from an early invasive 
strategy compared to a conservative therapy.17 

Stent  use increased  substantially to a proportion of approximately 93%, consistently 
with other contemporary studies.18 The proportion of patients receiving DES increased 
rapidly until 2006 followed by a sharp decline. The uncertainty about the risk of late 
stent thrombosis in patients receiving DES compared to BMS and a recommendation of 
a restricted use of DES by the Swedish health authorities greatly influenced this.19 The 
documented reduction in the incidence of restenosis, especially in specific subgroups 
such as small stent diameter, long stents and patients with diabetes contributed to a new 
increase in the use of DES from 2008.4 

Many efforts have been made to improve clinical outcomes in patients with significant 
coronary  artery  disease.  In  our  study,  unadjusted  data  showed  that  the  mortality 
increased  over  the  year  cohorts.  After  adjustment  for  the  increasing  age  and  the 
changing indication, the mortality risk decreased over time. This greatly illustrates the 
influence  of  the  changing  PCI  population  on  outcome.  In  the  subgroup  of  STEMI 
patients, we observed a lower mortality in the consecutive year cohorts. Nevertheless, it 
is important to emphasize the changing selection of STEMI patients undergoing a PCI 
procedure, as STEMI patients received fibrinolysis as the primary reperfusion therapy 
in  the  earlier  years.  In  addition,  pretreatment  with  antithrombotic  and  antiplatelet 
therapies may have contributed to a decrease in mortality over time. 
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Study limitations
Like in all observational studies of registry data, there are several limitations that need 
to be addressed.  Data from observational  registries  typically have lower quality and 
there  are  more  missing  data  as  compared  to  randomized  clinical  trials.  Because  of 
missing data in the first year cohorts, we did not adjust for all potential confounders in  
the Cox regression analysis for mortality.  In addition, although the definitions of the 
different  indications  of  PCI  did  not  change  over  time,  the  interpretation  of  the 
definitions may have changed slightly.

Conclusions
As shown by our nation-wide all-comers study, the patient population undergoing PCI 
has substantially changed over the last 20 years,  reflecting the establishment of new 
evidence into clinical practice. Despite a population with an increasing risk, the adjusted 
mortality  modestly  decreased  in  the  overall  PCI  population  over  the  different  year 
cohorts.  However,  only  in  the  subgroup  of  STEMI  patients  a  clinically  relevant 
reduction  in  mortality  was  seen  over  time,  suggesting  that  the  treatment  for  this 
indication continuously improves. The understanding of changing patient characteristics 
and  baseline  risk  factors  is  important  for  the  translation  of  evidence  to  real  world 
clinical practice. The changing patient population should be taken into account in the 
interpretation of previous studies and the design of future trials. 
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CHAPTER 3

ABSTRACT

Aims
Percutaneous coronary intervention (PCI)  is  often performed to improve outcome in 
patients with coronary artery disease (CAD). The aim of this study was to evaluate  
clinical  outcome for  different  indications  of  PCI in  an  unselected,  nation-wide  PCI 
population at short- and long term follow-up.

Methods and results
We evaluated clinical outcome up to 6 years after PCI in all patients undergoing a PCI 
procedure  for  different  indications in  Sweden between  January 2006 and December 
2010. Patients were included only once and we adjusted for differences in baseline and 
procedural  characteristics.  A  total  of  70,479  patients  were  treated  for  stable  CAD 
(21.0%), unstable angina (11.0%), non ST-elevation myocardial infarction (NSTEMI) 
(36.6%) and ST elevation myocardial  infarction (STEMI)  (31.4%).  Risk factors  and 
medical  history  differed  between  the  indications.  Mortality  was  higher  in  STEMI 
patients  at  1  year  after  PCI  (9.6%)  compared  to  NSTEMI (4.7%),  unstable  angina 
(2.2%) and stable CAD (2.0%). On long term after PCI, the adjusted mortality risk and 
the  risk  of  myocardial  infarction  were  comparable  between  NSTEMI  and  STEMI 
patients and lower in patients with unstable angina and stable CAD. The adjusted risk of 
stent thrombosis and heart failure was highest in STEMI patients. 

Conclusion
Short  and  long  term  mortality  after  PCI  differs  considerably  between  different 
indications.  For  reduction  of  mortality  in  patients  with  acute  coronary  syndromes 
undergoing PCI, therapies and strategies to reduce stent thrombosis and development of 
heart failure appear to be most important.
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INTRODUCTION
Treatment with percutaneous coronary intervention (PCI) improves outcome in patients 
with ST-elevation myocardial infarction (STEMI) and in patients presenting in the acute 
phase of non-ST elevation myocardial infarction (NSTEMI).1-3 In patients with stable 
coronary  artery  disease  (CAD),  PCI  has  not  been  proven  to  result  in  an  improved 
prognosis  compared  to optimal  medical  therapy,  and is mainly performed to reduce 
symptoms.4 

In the past decade, differences in mortality have been widely investigated in patients 
with different presentations of CAD, especially NSTEMI and STEMI.  However,  the 
results  are  inconsistent  on  short-  and  long  term.  In  the  first  year  after  myocardial  
infarction, studies have reported both a higher,5-7 comparable8-11 and lower12 mortality in 
STEMI patients compared to NSTEMI patients. On the long term, some studies have 
reported a comparable mortality risk in NSTEMI and STEMI patients,6,7,13 while others 
observed a higher mortality risk among NSTEMI patients.12,14 In these studies, various 
proportions of patients have been treated with PCI as reperfusion and revascularization 
strategy and the studied patient populations have been selected. Therefore, it may be 
questionable if the previous studies reflect current real world clinical practice.

The  aim  of  this  study  was  to  evaluate  clinical  outcome  after  PCI  over  the  whole  
spectrum of  CAD in  a  nation-wide  PCI population.  We investigated  early  and  late 
mortality after PCI, and other clinical events that could contribute to the understanding 
of differences in mortality at short- and long term follow-up.

METHODS

Selection of patients
In the present study, we included all patients with CAD undergoing a PCI procedure in 
Sweden between January 2006 and December 2010. From 2006 and onward, there were 
nearly no missing data and the proportions of indications of PCI were relatively stable 
over  time.  All  patients  were  included  only  once  in  the  analyses.  Patients  without 
Swedish personal  identification  number,  necessary  for  merging  with other  registries 
were excluded. In addition, patients with unstable CAD were excluded when there was 
uncertainty about the presence of myocardial damage based on biomarkers.

SCAAR data
The Swedish Coronary Angiography and Angioplasty Registry (SCAAR) documents all 
coronary angiography- and PCI procedures performed at any of the 30 hospitals with a 
catheterization laboratory in Sweden from 1989 and onward.  SCAAR is part  of the 
nation-wide  Swedish  Web-system  for  Enhancement  and  Development  of  Evidence-
based  care  in  Heart  disease  Evaluated  According  to  Recommended  Therapies 
(SWEDEHEART) registry.  Data are prospectively collected following the registration 
standards  for  clinical  practice,  and  data  are  reported  in  a  web-based  interface.15,16 

Collection of data on baseline, angiographic and procedural characteristics is initiated at 
the catheterization laboratory by the treating physician. The long term follow-up data 
were available by merging data from national patient registers with SCAAR on the basis 
of the unique personal identification number that all Swedish citizens have. Vital status 
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and date of death were obtained from the Swedish National Population Registry until 
December 31, 2011. Follow-up concerning hospitalizations for myocardial  infarction 
(ICD 10th revision, codes I21 and I22) and heart failure (ICD 10 th revision, codes I50, 
I97,  I13.0,  I13.2,  K76.1)  was  derived  from the  National  Patient  Register,  and  was 
available  until  December,  31  2010.  Information  regarding  stent  thrombosis  and 
restenosis  is  registered  in  SCAAR itself  at  any  coronary  angiography performed  in 
Sweden, irrespective of where in the country the initial PCI was performed, and follow-
up was available until December 31, 2011. The merging with SCAAR was performed 
by the Epidemiologic Center of the Swedish National Board of Health and Welfare, and 
was approved by the ethics committee of Uppsala University. 

Indications of PCI
In SCAAR, the indication for PCI in patients with CAD is registered as stable CAD,  
unstable CAD, or STEMI. Stable CAD is defined as symptoms of chest pain during 
exercise  relieved  by  rest  or  nitroglycerin,  described  as  definite  angina  or  probable 
angina  according  to  the  Coronary  Artery  Surgery  Study  (CASS)  classification.17 

Unstable CAD is defined as typical symptoms of chest pain progressive during the last 
4 weeks, occurring at rest or less responsive to nitroglycerine; new onset of symptoms 
during the last 4 weeks; or typical symptoms during the initial 4 weeks after myocardial 
infarction. In this study, patients classified as unstable CAD were divided into unstable 
angina and non ST-elevation myocardial infarction (NSTEMI) based on the elevation of 
biomarkers of myocardial damage (CK-MB or troponin-T level ≥2 times upper limit of 
the normal range) before PCI.  STEMI was defined as clinical  suspicion of ongoing 
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myocardial  ischemia  with  ST-elevation  or  new  left  bundle  branch  block  on  the 
qualifying ECG. 

Clinical outcomes
We investigated clinical outcome after PCI for the different indications during the first 
year after PCI and at the long term follow-up. The pre-specified primary outcome was 
all-cause mortality. Secondary outcomes were myocardial infarction, stent thrombosis, 
restenosis and admission for heart failure. For all secondary outcomes, we analyzed the 
first-time  admission  for  the  event  after  the  index-PCI.  The  first-time  admission  for 
myocardial  infarction  ≥2  days  after  the  index-PCI  was  defined  as  new  myocardial 
infarction.  Stent  thrombosis  and  restenosis  were  assessed  by  the  operator  during 
coronary  angiography  at  any  subsequent  angiography  or  PCI  procedure.  Stent 
thrombosis was confirmed on the coronary angiogram with angiographical signs of a 
thrombus or an occlusion in  the stent  combined with an acute clinical  presentation. 
Restenosis was defined on the coronary angiogram as a diameter reduction of >50% in 
the index-stent  or  balloon on any subsequent  coronary angiography performed on a 
clinical indication.18

Statistical analysis
The patients were divided in four groups based on the indication for PCI. Categorical 
variables are presented as frequency values and proportions and differences between the 
indications  were  compared  using  the  chi-square  test.  Continuous  variables  with  a 
normal distribution are presented as mean ± standard deviation (SD). Differences in 
continuous variables were evaluated using 1-way analysis of variance. The cumulative 
incidence  of  mortality,  myocardial  infarction,  stent  thrombosis,  restenosis  and  heart 
failure was presented by Kaplan Meier event curves for the different indications of PCI. 
We performed landmark analyses at 1 year after PCI to provide a separate insight in the  
early and late risks of events.  Cox regression analyses  were performed to adjust for 
covariates.  We  adjusted  for  all  observed  significant  differences  in  baseline, 
angiographic and procedural characteristics (Table 1,2), including the year of the PCI 
procedure and hospital. For the end points mortality, myocardial infarction, restenosis 
and heart failure we did not adjust for mean total stent length and mean stent diameter  
as  not  all  patients  received  a  stent.  The  adjusted  hazard  ratios  are  reported  with 
corresponding  95% confidence  intervals.  STEMI patients  were  defined  as  reference 
category  to  make it  possible  to  compare  the risks  of  events  between NSTEMI and 
STEMI patients.  The  log  minus  log  test  and  the  scaled  Schoenfeld  residuals  were 
evaluated to test the proportional hazard assumption. For all analyses, 2-sided p values 
<0.05  were  defined  as  significant.  Statistical  analyses  were  performed  using  SPSS 
version 20.0 (SPSS, IBM corporation, Armonk, NY, USA).
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Figure 2A. Mortality after PCI for different indications
Cumulative incidence of mortality for the different indications

Figure 2B. Mortality after PCI for different indications
Adjusted risk of mortality during and after the first year after PCI
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RESULTS
From January 2006 to December 2010 87,954 PCI procedures were performed (Figure 
1). From these procedures, 70,479 unique patients were identified who underwent a PCI 
procedure  for  stable  CAD (21.0%),  unstable  angina  (11.0%),  NSTEMI (36.6%)  or 
STEMI (31.4%). The proportion of NSTEMI patients of all patients who underwent PCI 
increased from 34.5% in 2006 to 39.2% in 2010. The proportion of STEMI patients 
increased from 28.7% in 2006 to 32.0% between 2007 and 2010. Depending on the 
analysis, a maximum of 0.3% of the patients had missing data.

Table 1. Baseline characteristics

Variable Stable CAD
N = 14,820

Unstable angina
N = 7,753

NSTEMI
N = 25,780

STEMI
N = 22,126 p value

Age (years)(±SD) 66.4±9.7 65.9±10.5 67.7±11.1 66.8±12.0 <0.001
   ≤50 years 849 (5.7%) 612 (7.9%) 1872 (7.3%) 2121 (9.6%) <0.001
   ≥80 years 1270 (8.6%) 815 (10.5%) 4168 (16.2%) 3726 (16.8%) <0.001
Male gender 11119 (75.0%) 5558 (71.7%) 18401 (71.4%) 15637 (70.7%) <0.001
Smoking status <0.001
   Never smoked 6292 (42.5%) 3229 (41.6%) 10395 (40.3%) 8022 (36.3%)
   Ex-smoker 6534 (44.1%) 3038 (39.2%) 8815 (34.2%) 5308 (24.0%)
   Current smoker 1574 (10.6%) 1182 (15.2%) 5489 (21.3%) 6188 (28.0%)
Prior medical treatment 
for
   Diabetes 3367 (22.7%) 1542 (19.9%) 5207 (20.2%) 2925 (13.2%) <0.001
   Hyperlipidemia 11341 (76.5%) 4729 (61.0%) 13037 (50.6%) 4128 (18.7%) <0.001
   Hypertension 9866 (66.6%) 4517 (58.3%) 13983 (54.2%) 8512 (38.5%) <0.001
History
   Myocardial infarction 3592 (24.2%) 1817 (23.4%) 4992 (19.4%) 2388 (10.8%) <0.001
   PCI 3521 (23.8%) 1752 (22.6%) 3077 (11.9%) 1488 (6.7%) <0.001
   CABG 2261 (15.3%) 951 (12.3%) 2252 (8.7%) 589 (2.7%) <0.001
   Heart failure 1291 (8.7%) 545 (7.0%) 1987 (7.7%) 834 (3.8%) <0.001
   CVA 895 (6.0%) 514 (6.6%) 1914 (7.4%) 1333 (6.0%) <0.001
   Renal failure 310 (2.1%) 117 (1.5%) 505 (2.0%) 310 (1.4%) <0.001

CABG = coronary artery bypass grafting, CAD = coronary artery disease; CVA = cerebrovascular accident; 
NSTEMI = non ST-elevation myocardial infarction; PCI = percutaneous coronary intervention; SD = standard 
deviation; STEMI = ST-elevation myocardial infarction.

Baseline and procedural characteristics
The  mean  age  of  the  PCI  patients  was  66.9  (SD±11.1)  years,  which  was  slightly 
different between the indications (Table 1). The proportion of patients ≥80 years was 
8.6% in stable CAD compared to 16.8% in the STEMI group. Patients presenting with 
STEMI or NSTEMI were more often smokers (28.0% and 21.3%) than patients with 
unstable angina or stable CAD (15.2% and 10.6%).  Patients with STEMI were less 
often treated for  diabetes,  hypertension and hyperlipidemia than patients with stable 
CAD. In  addition,  stable CAD patients  presented  more  often  with prior  myocardial  
infarction (24.2%) or prior PCI (23.8%) than patients with STEMI (10.8% and 6.7%). 
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The proportion of drug-eluting stent (DES) use differed between the indications for PCI 
(Table 2). 

Table 2. Procedural characteristics

Variable Stable CAD
N = 14,820

Unstable 
angina
N = 7,753

NSTEMI
N = 25,780

STEMI
N = 22,126 p 

value

Angiographic findings <0.001
   One vessel disease 6486 (44.0%) 3918 (50.7%) 11435 (44.4%) 10486 (47.4%)
   Two vessel disease 4471 (30.3%) 2106 (27.3%) 7885 (30.6%) 6171 (27.9%)
   Three vessel disease 2736 (18.5%) 1247 (16.1%) 4881 (19.0%) 4036 (18.3%)
   Left main disease 838 (5.7%) 367 (4.7%) 1210 (4.7%) 1078 (4.9%)
Stent use 13393 (90.4%) 7252 (93.5%) 23966 (93.0%) 20425 (92.3%) <0.001
   Drug-eluting stent 6020 (44.9%) 2735 (37.7%) 8117 (33.9%) 3401 (16.7%) <0.001
Number of stents <0.001
   1 7638 (51.5%) 4363 (56.3%) 13112 (50.9%) 10545 (47.7%)
   2 3616 (24.4%) 2065 (26.6%) 7770 (30.1%) 8058 (36.4%)
   ≥3 2142 (14.5%) 828 (10.7%) 3093 (12.0%) 1827 (8.3%)
Stent size
Mean stent diameter (mm)
(±SD)

3.00 (0.47) 3.07 (0.55) 3.03 (0.49) 3.14 (0.48) <0.001

Mean total stent length (mm)
(±SD)

29.13±19.36 26.69±16.50 28.21±17.32 28.84±15.53 <0.001

Aspirin before PCI 14110 (95.2%) 7488 (96.6%) 25018 (97.0%) 18425 (83.3%) <0.001
Aspirin during PCI 457 (3.1%) 142 (1.8%) 430 (1.7%) 3089 (14.0%) <0.001
P2Y12 inhibitor before PCI 10522 (71.0%) 6808 (87.8%) 24477 (94.9%) 15594 (70.5%) <0.001
P2Y12 inhibitor during PCI 3856 (26.0%) 887 (11.4%) 1318 (5.1%) 5030 (22.7%) <0.001
GPIIb/IIIa inhibitor before PCI 17 (0.1%) 33 (0.4%) 509 (2.0%) 1839 (8.3%) <0.001
GPIIb/IIIa inhibitor during PCI 575 (3.9%) 643 (8.3%) 4029 (15.6%) 12183 (55.1%) <0.001
Bivalirudin during PCI 1568 (10.6%) 1510 (19.5%) 5411 (21.0%) 5918 (26.7%) <0.001

CAD = coronary artery disease; GP = glycoprotein; NSTEMI = non ST-elevation myocardial infarction; 
PCI = percutaneous coronary intervention; STEMI = ST- elevation myocardial infarction.

Mortality
The median time to mortality or end of follow-up was 3.25 years (interquartile range 
1.96-4.62).  During the 6 year  follow-up, there was a lower cumulative incidence of 
mortality in stable CAD, unstable angina and NSTEMI patients compared to STEMI 
patients (Figure 2A). Mortality rates at 1 year after PCI were 2.0% (N = 301) in stable 
CAD,  2.2% (N = 168)  in  unstable  angina,  4.7% (N = 1209)  in  NSTEMI and  9.6% 
(N = 2119)  in  STEMI  patients.  After  adjustment  for  differences  in  baseline  and 
procedural  characteristics  there was a lower risk of mortality in patients with stable 
CAD, unstable angina, and NSTEMI patients compared to STEMI patients in the first 
year after PCI (Table 3, Figure 2B). Between 1-6 years after PCI, the risk of mortality 
was lower in patients with stable CAD and unstable angina as compared to STEMI 
patients, but there was no difference between NSTEMI and STEMI patients.
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Figure 3A. Myocardial infarction after PCI for different indications  Cumulative incidence 
of myocardial infarction for the different indications, B: Adjusted risk of myocardial infarction 
during and after the first year after PCI

Figure 3B. Myocardial infarction after PCI for different indications Adjusted risk of 
myocardial infarction during and after the first year after PCI
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Myocardial infarction
During the 5 year  follow-up, the cumulative incidence of myocardial  infarction was 
higher in NSTEMI patients compared to STEMI patients, and was lower in stable CAD 
and unstable angina compared to STEMI patients (Figure 3A). In the first year after  
PCI, myocardial infarction occurred in 4.1% (N = 496) of patients with stable CAD, in 
5.5% (N = 353) of patients with unstable angina, in 11.0% (N = 2249) of patients with 
NSTEMI  and  in  10.3%  (N = 1828)  of  patients  with  STEMI.  The  adjusted  risk  of 
myocardial  infarction  was  lower  in  patients  with  stable  CAD  and  unstable  angina 
compared to STEMI patients, and did not differ between NSTEMI and STEMI patients 
during the first year and between 1-5 years after PCI (Table 3, Figure 3B). 

Table 3. Short- and long-term outcome after PCI
Variable Stable CAD Unstable angina NSTEMI STEMI p value 

for 
trend

Mortality
Unadjusted HR (95%CI) 0.45 (0.42-0.48) 0.41 (0.38-0.45) 0.73 (0.70-0.77) 1.00 (ref.) <0.001
1-year adjusted HR (95%CI)* 0.25 (0.22-0.29) 0.28 (0.24-0.34) 0.51 (0.47-0.56) 1.00 (ref.) <0.001
 >1-year adjusted HR (95%CI)* 0.75 (0.68-0.84) 0.64 (0.57-0.73) 0.93 (0.86-1.02) 1.00 (ref.) <0.001
Myocardial infarction
Unadjusted HR (95%CI) 0.49 (0.46-0.53) 0.61 (0.56-0.66) 1.07 (1.01-1.12) 1.00 (ref.) <0.001
1-year adjusted HR (95%CI)* 0.33 (0.29-0.37) 0.46 (0.41-0.52) 0.94 (0.88-1.02) 1.00 (ref.) <0.001
>1-year adjusted HR (95%CI)* 0.68 (0.58-0.79) 0.82 (0.70-0.97) 1.04 (0.91-1.18) 1.00 (ref.) <0.001
Stent thrombosis
Unadjusted HR (95%CI) 0.51 (0.42-0.61) 0.64 (0.51-0.79) 0.84 (0.73-0.96) 1.00 (ref.) <0.001
1-year adjusted HR (95%CI)† 0.48 (0.36-0.65) 0.60 (0.44-0.82) 0.88 (0.72-1.08) 1.00 (ref.) <0.001
>1-year adjusted HR (95%CI)† 0.29 (0.20-0.44) 0.49 (0.33-0.74) 0.58 (0.43-0.79) 1.00 (ref.) <0.001
Restenosis
Unadjusted HR (95%CI) 1.41 (1.31-1.52) 1.50 (1.38-1.64) 1.17 (1.09-1.25) 1.00 (ref.) <0.001
1-year adjusted HR (95%CI)* 1.40 (1.24-1.57) 1.67 (1.48-1.89) 1.26 (1.15-1.39) 1.00 (ref.) <0.001
>1-year adjusted HR (95%CI)* 1.05 (0.88-1.25) 1.01 (0.83-1.23) 0.95 (0.81-1.11) 1.00 (ref.) ns
Heart failure
Unadjusted HR (95%CI) 0.62 (0.58-0.66) 0.65 (0.59-0.70) 0.93 (0.88-0.98) 1.00 (ref.) <0.001
1-year adjusted HR (95%CI)* 0.42 (0.38-0.47) 0.51 (0.45-0.57) 0.72 (0.67-0.78) 1.00 (ref.) <0.001
>1-year adjusted HR (95%CI)* 0.75 (0.65-0.86) 0.75 (0.64-0.88) 0.93 (0.83-1.05) 1.00 (ref.) <0.001

CAD = coronary artery disease; CI = confidence interval; HR = hazard ratio; NSTEMI = non ST-elevation 
myocardial infarction; STEMI = ST-elevation myocardial infarction. *Cox regression adjusted for baseline 
and procedural characteristics without mean stent diameter and mean total stent length. †Cox regression 
adjusted for baseline and procedural characteristics

Stent thrombosis
During the total follow-up of 6 years, the cumulative incidence of stent thrombosis was 
lower in patients with stable CAD, unstable angina and NSTEMI compared to patients 
with STEMI (Figure 4A). In the first year after PCI, stent thrombosis occurred in 0.7% 
(N = 96) of patients with stable CAD, in 0.8% (N = 61) with unstable angina, in 1.3% 
(N = 305) with NSTEMI and in 1.4% (N = 290) with STEMI. The adjusted risk of stent 
thrombosis was lower for the other indications of PCI compared to STEMI in the first  
year after PCI and in the period between 1-6 years after PCI (Table 3, Figure 4B).
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Figure 4B. Stent thrombosis after PCI for different indications
Adjusted risk of stent thrombosis during and after the first year after PCI

Figure 4A. Stent thrombosis after PCI for different indications
Cumulative incidence of stent thrombosis for the different indications
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Figure 5B. Restenosis after PCI for different indications
Adjusted risk of restenosis during and after the first year after PCI

Figure 5A. Restenosis after PCI for different indications
Cumulative incidence of restenosis for the different indications
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Figure 6A. Heart failure after PCI for different indications
Cumulative incidence of heart failure for the different indications

Figure 6B. Heart failure after PCI for different indications
Adjusted risk of heart failure during and after the first year after PCI
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Restenosis
During the total follow-up of 6 years, the cumulative incidence of restenosis was higher 
in patients with stable CAD, unstable angina and NSTEMI compared to patients with 
STEMI (Figure 5A). In the first year after PCI, restenosis occurred in 6.3% (N = 939) of 
patients with stable CAD, in 7.4% (N = 580) of patients with unstable angina, in 5.6% 
(N = 1449) of patients with NSTEMI and in 4.6% (N = 1014) of patients with STEMI 
(Figure 5A). The adjusted risk of restenosis was higher in patients with stable CAD, 
unstable angina and NSTEMI compared to STEMI in the first year after PCI (Table 3,  
Figure 5B). There was no difference in the risk of restenosis for the different indications 
between 1-6 years after PCI. 

Heart failure
During the 5 year  follow-up, the cumulative incidence of heart  failure was lower in 
patients with stable CAD and unstable angina compared to patients with STEMI, and 
did not differ between patients with NSTEMI and STEMI (Figure 6A). During the first 
year after PCI, heart failure occurred in 5.0% (N = 608) of patients with stable CAD, in 
5.5% (N = 354) with unstable angina, in 8.5% (N = 1735) with NSTEMI and in 9.4% 
(N = 1676)  with STEMI.  The adjusted  risk of  heart  failure  was  lower  for  all  other 
indications  compared  to  STEMI  in  the  first  year  after  PCI  (Table  3,  Figure  6B). 
Between 1-5 years after PCI, the risk of heart failure was lower in patients with stable  
CAD and unstable angina compared to STEMI, and did not differ between NSTEMI 
and STEMI patients. 

DISCUSSION
We evaluated clinical outcome for the different indications of PCI in a contemporary 
population  at  short-  and  long  term  follow-up.  Baseline  characteristics  differed 
substantially between the indications of PCI, as well as treatment strategy. During the 
first  year  after  PCI mortality risk was highest  in  patients  with STEMI compared  to 
NSTEMI,  unstable  angina  and  stable  CAD.  Between  1  and  6  years  after  PCI,  the 
adjusted mortality risk was comparable in STEMI and NSTEMI patients but higher than 
in unstable angina and stable CAD patients. The adjusted risk of stent thrombosis and 
heart failure was highest in STEMI patients compared to the other indications.

Clinical outcome after PCI have been widely investigated in patients with NSTEMI and 
STEMI. Previous studies often report that NSTEMI patients have an equal or higher 
mortality risk compared to STEMI patients at the long term after PCI.6,7,12-14 However, 
comparisons are difficult as studies differ in evaluated time intervals, performance of 
landmark analyses and adjustments for covariates. Differences between our findings and 
previous studies are most likely influenced by patient selection. In addition, years of 
inclusion of patients, total number of patients included and the adjustment for many 
differences in baseline and procedural findings could have contributed. The complete 
registration of all consecutive PCI procedures in Sweden made it possible to analyze an 
unselected contemporary nation-wide population. 

Baseline characteristics and risks differed between the indications of PCI. Although the 
mean age did not substantially differ between the indications, the proportion of patients  
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≥80 years was twice as high in NSTEMI and STEMI patients compared to patients with 
stable  CAD  and  unstable  angina.  In  addition,  there  was  a  great  difference  in  the 
proportion of smokers, ranging from 10.6% in stable CAD to 28.0% in STEMI patients.  
NSTEMI  patients  presented  more  often  with  risk  factors  for  CAD  and  a  prior 
myocardial  infarction  or  PCI  compared  to  STEMI patients.  This  may indicate  that 
NSTEMI patients have more extensive CAD than STEMI patients, as previous studies 
suggested.5,14 However,  the  number  of  diseased  vessels  did  not  substantially  differ  
between NSTEMI and STEMI patients. Previous contacts with health care providers 
could have  contributed to  the higher  incidence  of  risk factors  in  NSTEMI patients, 
while  STEMI patients  may not  have  been  aware  of  their  risks  until  admission  for 
myocardial infarction.

We did not observe a difference in the adjusted risk of mortality between NSTEMI and 
STEMI patients 1-6 years  after  PCI.  However,  there was a substantial  difference in 
mortality risk between patients with and without elevated biomarkers  of myocardial  
damage at short- and long term follow-up. The great difference in mortality, especially 
between unstable angina and NSTEMI patients confirms that myocardial damage is an 
important predictor of mortality, as previously reported at 6 months.19 Furthermore, the 
adjusted risk of heart failure was comparable in NSTEMI and STEMI patients and was 
lower in patients with unstable angina or stable CAD on long term, distinguishing the 
risk between patients with and without myocardial damage.

The adjusted risk of myocardial infarction was nearly twice as high in NSTEMI and 
STEMI patients compared to patients with stable CAD and unstable angina in the first 
year after PCI, and was also higher at the long term. We did not observe a difference in 
the  risk  of  myocardial  infarction  between  NSTEMI  and  STEMI  patients.  First-
generation  DES  have  been  associated  with  an  increased  long-term  risk  of  stent 
thrombosis. Despite lower proportions of DES use in STEMI patients, stent thrombosis 
risk was higher in STEMI patients compared to all other indications, even on long term. 
The activated coagulation may play a role, present in STEMI patients until months after 
an acute event. In addition, undersizing of stents may contribute, due to vasoconstriction 
or mural thrombus in the acute phase of myocardial infarction. The introduction of more 
potent and consistent platelet inhibitors, as ticagrelor and prasugrel, may reduce the risk 
of stent thrombosis in clinical practice.20 

During the first year  after PCI the risk of restenosis showed an opposite risk pattern 
compared to stent thrombosis, with the lowest rates of restenosis in patients with acute  
coronary  syndromes,  despite  the  lower  proportion  of  DES  use.  The  presence  of 
myocardial damage in these patients could have contributed to a lower demand of blood 
flow to an area with infarcted myocardium, causing less symptoms of ischemia and less 
re-angiographies. After the first year after PCI, no differences in the risk of restenosis 
were found. 

Limitations
Like in all observational studies of registry data, there are several limitations that need 
to be addressed.  Data from observational  registries  typically have lower quality and 
there are more often missing data as compared to randomized clinical trials. In SCAAR, 
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the completeness  of  the data have substantially improved over time,  with nearly no 
missing data after 2006. Furthermore, baseline and procedural characteristics differed 
between the indications of PCI, and greatly influenced the clinical outcomes. Therefore, 
we adjusted for all measured covariates. 

Conclusions
In this contemporary, unselected population, mortality at 1 year after PCI was higher in 
STEMI  patients  compared  to  other  indications.  After  the  first  year  after  PCI,  we 
observed a substantial difference in the adjusted risk of mortality between patients with 
and without myocardial  damage.  NSTEMI and STEMI patients had a higher risk of 
myocardial infarction and heart failure compared to patients with unstable angina and 
stable CAD on short- and long-term. The risk of stent thrombosis was highest in STEMI 
patients, even at the long term. This suggests that improvements in therapy are needed 
in the acute  phase as  well  as  on long-term.  Specifically,  therapies  and strategies  to 
reduce stent thrombosis and development of heart failure appear to be most important 
for the reduction of mortality in patients with acute coronary syndromes undergoing 
PCI.
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CHAPTER 4

ABSTRACT 
Early  reperfusion  of  the  infarct  related  coronary  artery  is  an  important  issue  in 
improvement of outcome after STEMI. We evaluated the clinical significance of total 
ischemic  time on  myocardial  reperfusion  and  clinical  outcome in  patients  with  ST-
elevation myocardial  infarction (STEMI) treated with primary percutaneous coronary 
intervention (PCI) and thrombus aspiration and additional triple anti-platelet therapy. 
Total  ischemic time was defined as  time from symptom onset  to  first  intracoronary 
therapy (first balloon inflation or thrombus aspiration). We selected all STEMI patients 
treated with primary PCI with total ischemic time of at least 30 minutes and up to 24 
hours  in  our  center  between  2005 and  2008.  Ischemic  time  was  available  in  1383 
patients, of which 18.4% presented with total ischemic time ≤2h, 31.2% >2-3h, 26.8% 
>3-5h and 23.5% >5h. Increased ischemic time was associated with age, female gender, 
hypertension  and  diabetes.  Patients  with  total  ischemic  time  <5h  more  often  had 
myocardial  blush grade  3 (40%-45% vs.  22%; p<0.001)  and complete ST- segment 
resolution (55%-60% vs. 42%; p = 0.002) than their counterparts with total ischemic 
time  >5h.  In  addition,  patients  with  total  ischemic  time  ≤5h  had  a  lower  30-day 
mortality (1.5% vs.  4.0%; p = 0.032) than patients  with total  ischemic time >5h.  In 
conclusion, in this contemporary cohort of  STEMI patients treated with primary PCI,  
triple anti-platelet therapy and thrombus aspiration, short ischemic time is associated 
with a better myocardial reperfusion and a decreased mortality. After a 5-hour period in 
which outcome remains relatively stable, myocardial reperfusion becomes suboptimal 
and mortality increases.
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INTRODUCTION
Early reperfusion  of  the  infarct  related  coronary  artery  is  an  important  issue  in  the 
improvement of outcome after ST-elevation myocardial infarction (STEMI). Although 
the myocardium is damaged during ischemia, it is viable in part early after symptom 
onset  and  may  be  salvaged  by  rapid  reperfusion.1,2 The  presence  of  microvascular 
obstruction increases with longer ischemic times, resulting in an increased infarct size.2,3 

In previous studies the best clinical results of reperfusion by primary PCI have been 
observed in patients treated within 90-120 minutes after symptom onset.2-5 Pretreatment 
with aspirin, heparin and clopidogrel before hospital admission, and the administration 
of  a  glycoprotein  IIb/IIIa  inhibitor  during  primary  PCI  is  associated  with  an 
improvement  of  myocardial  reperfusion  and  clinical  outcome.6-8 Furthermore,  it  has 
been demonstrated that  thrombus aspiration results in  an additional  improvement  of 
myocardial  reperfusion.9,10 The  application  of  these  innovative  pharmacologic  and 
intracoronary treatment strategies could influence the time window to obtain optimal 
reperfusion and clinical outcome by primary PCI in patients with STEMI.  The aim of 
this study was to evaluate the impact of total ischemic time on myocardial reperfusion 
and clinical outcome in a large contemporary cohort of STEMI patients treated with 
primary PCI, with thrombus aspiration and triple anti-platelet therapy.

METHODS
We performed  an  analysis  of  ischemic  time data  from consecutive  STEMI patients 
presenting to the University Medical Center of Groningen from January 2005 to July 
2008. Inclusion criteria were symptoms of chest pain suggestive for acute myocardial 
infarction lasting at least 30 minutes and up to 24 hours before hospital admission, an  
electrocardiogram (ECG) showing ST-segment elevation of more than 0.1 mV in 2 or 
more leads, and the performance of a primary PCI procedure.  The exclusion criteria 
were presence of cardiogenic shock, existence of a life threatening disease with a life 
expectancy of less than six months. Patients treated with acute coronary artery bypass 
grafting  after  primary  PCI  were  not  enrolled.  The  University  Medical  Center  of 
Groningen provides 24-hours emergency cardiac care 7 days a week. It is situated in a  
region with 750 000 inhabitants and has 7 referral hospitals. When an acute coronary 
syndrome is suspected, a 12 lead ECG is performed and interpreted by the ambulance 
physician, aided by a computer algorithm and feed-back after fax transmission from our 
coronary  care  unit.  After  confirmation  of  STEMI,  the  STEMI treatment  protocol  is 
initiated.  This  includes  that  the  coronary  care  unit  of  our  center  is  contacted  and 
informed about the arriving patient, and direct activation of the cardiac catheterisation 
team.  The  patient  is  directly  transported  to  the  catheterisation  laboratory,  thereby 
bypassing other regional hospitals. In our region, ambulance transfer times vary until a 
maximum of 30 minutes. The STEMI protocol has been initiated in January 2004 and 
has remained unchanged during the period.

All patients were treated with aspirin (500 mg), heparin (5000 IU) and clopidogrel (600 
mg) after confirmation of ST-segment elevation on the first ECG, usually performed in 
the ambulance  before  hospital  admission.  During  primary PCI patients  received  the 
glycoprotein  IIb/IIIa  inhibitor  abciximab  (0.25  mg/kg  intravenously)  if  not 
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contraindicated. Additional heparin was administered during procedure guided by the 
activated  clotting  time.  As  the  initial  step  during  primary  PCI,  manual  thrombus 
aspiration was performed in about half of the patients until 2006. After 2006, thrombus 
aspiration was performed in all patients whenever possible. After restoration of flow 
through the infarct related lesion, a stent was implanted. Balloon pre- and postdilatation 
were used when necessary to achieve visualisation of the infarct related lesion before 
stent  placement  or  optimal  stent  deployment.  After  primary  PCI,  patients  received 
aspirin,  clopidogrel  (>1  month),  β  blocker,  lipid-lowering  agent,  and  angiotensin 
converting enzyme inhibitors or angiotensin II receptor blockers.11

Total  ischemic  time  was  defined  as  the  time  from  symptom  onset  to  the  first 
intracoronary therapy (first balloon inflation or thrombus aspiration). Information on the 
time  of  symptom  onset  was  systematically  collected  by  asking  the  patient  or  his 
relatives about initiation of continuous chest pain before hospital admission.

Angiographic records before and after primary PCI were evaluated by 2 experienced 
observers blinded for clinical data. On the initial angiogram and on the final angiogram,  
Thrombolysis  In Myocardial  Infarction (TIMI)  flow grade, angiographic evidence of 
thrombus  in  the  infarct-related  lesion  and  distal  embolization  were  assessed.12-14 In 
addition,  Myocardial  Blush  Grade  (MBG)  was  assessed  on  the  angiogram  after 
stenting.15 The 12 lead ECG’s made at presentation and at 30-60 minutes after primary 
PCI were evaluated by 2 experienced observers blinded for angiographic and clinical  
data. ST-segment elevation resolution and the presence of Q waves was assessed.16,17 

Aspirated  material  was  collected  and  analysed  for  patients  from  2005  to  2006. 
Thrombus  aspiration  was  defined  as  effective  when  atherothrombotic  material  was 
present in the aspirated samples.

Follow-up data  at  30  days  after  primary  PCI were  collected  from hospital  records, 
written  questionnaires  and  telephone  interviews.  We  report  all  cause  mortality. 
Reinfarction was defined as the onset of recurrent symptoms of ischemia combined with 
new ST-segment elevations and/or a second increase of serum CK or CK-MB to at least 
twice the upper limit of the normal range. Target vessel revascularization (TVR) was 
defined as PCI or bypass grafting of the infarct-related coronary artery.

The primary end point of our study was optimal myocardial  reperfusion, defined by 
MBG 3 and/or ST-segment resolution >70%. Secondary end points were the presence of 
new Q waves on the ECG after primary PCI, enzymatic infarct size as assessed by the 
maximum CK-MB level, and mortality, reinfarction and TVR at 30 days after primary 
PCI.

Patients  were  classified  in  4  categories  according  to  total  ischemic  time.  Time 
categories  of  whole hours  were  chosen  as  they approach  a distribution in  quartiles. 
Categorical variables are presented as frequency values and proportions, and differences 
between ischemic time categories were evaluated by the chi square test or Fisher’s exact 
test. Continuous variables with a normal distribution are presented as mean values ± one 
standard deviation, whereas variables with a non-normal distribution are presented as 
median  values  with  interquartile  range  (IQR).  Differences  in  continuous  variables 
between ischemic time categories were evaluated with one way analysis of variance or 
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the  Kruskal-Wallis  nonparametric  test,  as  appropriate.  The  cumulative  incidence  of 
clinical  endpoints was evaluated by the method of Kaplan-Meier,  and differences in 
cumulative event rates according to ischemic time were evaluated by using the log-rank 
test. Univariable and multivariable logistic regression analyses were applied to study the 
relation  between  ischemic  time  and  the  primary  endpoint  myocardial  reperfusion, 
assessed by MBG 3 and ST-segment resolution >70%. In multivariable analysis,  we 
adjusted for potential confounders associated with the endpoints in univariable analysis. 
We report crude and adjusted odds ratios (ORs) together with the corresponding 95% 
confidence  interval  (CI).  For  all  analyses,  p-values  of  less  than  0.05  2-sided  were 
defined as significant. Statistical analysis was performed using the Statistical Package 
for Social Sciences (SPSS Inc, Chicago, IL) version 16.0. 
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Figure 1. Flow diagram
Flow diagram of the inclusion of STEMI patients with primary PCI
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Table 1. Baseline characteristics

Myocardial Ischemic Time (hours)

Variable ≤2
N = 255

>2-3
N = 432

>3-5
 N = 371

> 5
 N = 325 p

Ischemic time, hours 
(IQR)

1.83 (1.50-
1.92)

2.50 (2.25-
2.75)

3.75 (3.33-
4.25)

7.25 (5.87-
10.58)

<0.00
1

Age (years) (±SD) 61.6 (12.0) 61.9 (12.2) 62.5 (13.0) 65.2 (12.6) 0.001

Men 193/255 (75.7%) 321/432 (74.3%) 266/371 (71.7%) 215/325 (66.2%) 0.006

Hypertension 84/249 (33.7%) 143/411 (34.8%) 118/364 (32.4%) 139/316 (44.0%) 0.022

Hypercholesterolemia 66/217 (30.4%) 98/357 (27.5%) 88/315 (27.9%) 80/280 (28.6%) 0.763

Diabetes mellitus 18/254 (7.1%) 44/426 (10.3%) 34/368 (9.2%) 50/323 (15.5%) 0.003

Myocardial infarction 18/254 (7.1%) 42/426 (9.9%) 36/368 (9.8%) 31/323 (9.6%) 0.392

Previous PCI 18/254 (7.1%) 28/427 (6.6%) 25/366 (6.8%) 20/322 (6.2%) 0.735

Previous CABG 4/255 (1.6%) 9/427 (2.1%) 15/368 (4.1%) 10/323 (3.1%) 0.115

Current smoker 135/231 (58.4%) 199/397 (50.1%) 175/337 (51.9%) 133/293 (45.4%) 0.011

SD = standard deviation, CABG = coronary artery bypass grafting

RESULTS
Between January 2005 and July 2008 1731 consecutive STEMI patients were treated 
with  primary  PCI  in  our  hospital  (Figure  1).  Ischemic  time  was  available  in  1383 
included patients, 79.9% of all 1731 STEMI patients. Of these, 255 patients (18.4%) 
had an ischemic time ≤2 hours, 432 patients (31.2%) >2-3 hours, 371 patients (26.8%) 
>3-5 hours and 325 patients (23.5%) >5 hours. The median ischemic time was 3.1 hours 
(IQR 2.3- 4.8 hours). As shown in table 1, prolonged ischemic time was associated with 
age,  female  gender,  hypertension,  diabetes  and  smoking  status.  Angiographic  and 
procedural  characteristics  are  shown in  table  2.  Ischemic  time  was  associated  with 
multivessel disease, the presence of collaterals, the use of GPIIb/IIIa inhibitor, balloon 
dilatation and stent implantation. The incidence of TIMI flow 3 decreased from 93.3% 
to 79.9% after 5 hours (p<0.001).

MBG was analysed in 1358 patients (98.2%) after primary PCI. In the first 5 hours of  
ischemic time, MBG 3 varied between 44.6% and 40.1%, but decreased to 22.3% after 
5 hours (p<0.001)) (Table 3 and Figure 2A). ST-segment resolution could be analysed 
in 1243 patients (89.9%). Complete ST-segment resolution varied between 54.5% and 
59.8% in the first 5 hours, but decreased to 42.4% after 5 hours (p<0.001) (Table 3 and 
Figure 2B).  Multivariable analysis showed that after correction for predictive baseline 
and procedural  variables of the univariable analysis,  ischemic time was a significant 
predictor  of  MBG  3  and  ST-segment  resolution  >70%  (Table  4).  In  addition,  the 
presence of Q waves, and maximum value of CK-MB were associated with prolonged 
total ischemic time (Table 3 and Figure 2C).
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A total  of 29 patients (2.1%) had died at 30 days  after primary PCI.  Mortality was 
around  1.5% up to  5  hours  of  ischemic  time  and  increased  to  4.0% after  5  hours 
(p = 0.032) (Table 3). Figure 3 shows differences in cumulative rates of mortality at 30 
days (p = 0.05).

Figure 2A. Myocardial blush grade 3 after primary PCI
Myocardial reperfusion as assessed by myocardial blush grade 3.

DISCUSSION
In  this contemporary cohort  of  STEMI patients treated with primary PCI,  thrombus 
aspiration  and  triple  anti-platelet  therapy,  myocardial  reperfusion,  as  assessed  by 
angiography (MBG 3) and electrocardiography (ST-segment resolution >70%), is better 
in patients with a total ischemic time ≤5 hours than in those with longer ischemic times.  
Interestingly,  if  ischemic  times  can  be  limited  to  ≤5  hours,  the  duration  of  the  
ischemiaseems  to  only  modestly  influence  myocardial  reperfusion.  A  majority  of 
STEMI patients could be treated with primary PCI in the first 5 hours after symptom 
onset.Treatment within these golden hours of primary PCI results in better myocardial 
reperfusion and clinical outcome. 
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Table 2. Angiographic and procedural characteristics
Myocardial Ischemic Time (hours)

Variable ≤2
N = 255

>2-3
N = 432

>3-5
 N = 371

> 5
 N = 325 p

Angiographic pre 
PCI

Anterior infarction 113/255 (44.3%) 184/432 (42.6%) 152/371 (41.0%) 141/325 (43.4%) 763
Multivessel disease 156/254 (61.4%) 275/431 (63.8%) 240/371 (64.7%) 226/324 (69.8%) 0.036
Collaterals 65/252 (25.8%) 95/420 (22.6%) 91/362 (25.1%) 108/320 (33.8%) 0.011
Thrombus pre PCI 141/252 (56.0%) 236/425 (55.5%) 211/364 (58.0%) 181/321 (56.4%) 0.787
TIMI flow 0 or 1 
pre PCI 

152/253 (60.1%) 244/428 (57.0%) 221/369 (59.9%) 211/323 (65.3%) 0.096

Procedural
Thrombus 
aspiration 

149/252 (59.1%) 265/431 (61.5%) 218/366 (59.6%) 189/324 (58.3%) 0.648

    Effective 60/80 (75.0%) 116/158 (73.4%) 108/153 (70.6%) 86/122 (70.5%) 0.401
Glycoprotein 
IIb/IIIa inhibitor 

239/253 (94.5%) 402/430 (93.5%) 343/369 (93.0%) 291/325 (89.5%) 0.022

Balloon dilatation 123/243 (50.6%) 216/415 (52.0%) 203/352 (57.7%) 211/312 (67.6%) <0.00
1

Stent implantation 231/243 (95.1%) 397/419 (94.7%) 330/352 (93.8%) 284/311 (91.3%) 0.047
Intra-aortic balloon 
pump use 

6/150 (4.0%) 14/288 (4.9%) 14/261 (5.4%) 15/216 (6.9%) 0.199

Angiographic post 
PCI
TIMI flow 3 post 
PCI

236/253 (93.3%) 385/430 (89.5%) 321/370 (86.8%) 259/324 (79.9%) <0.00
1

Distal embolization 
post PCI

15/233 (6.4%) 33/389 (8.5%) 21/348 (6.0%) 23/300 (7.7%) 0.925

Thrombus post PCI 3/253 (1.2%) 6/431 (1.4%) 10/370 (2.7%) 9/323 (2.8%) 82
PCI = percutaneous coronary intervention, TIMI flow = thrombolysis in myocardial infarction flow.

Our findings confirm the observations in various previous studies that prolonged total 
ischemic time is associated with impaired myocardial  reperfusion.18,19 Recent studies 
also confirm that time to reperfusion is associated with infarct  size as assessed with 
technetium  sestamibi  imaging  and  magnetic  resonance  imaging,2,3,5 with  treatment 
benefit especially in patients who were treated within 90-120 minutes after symptom 
onset.2,5 In addition, microvascular obstruction increased over time.2,3

A relation between treatment delay and mortality was clearly described by Boersma et  
al, showing that in STEMI patients treated with fibrinolytic therapy relative as well as 
absolute mortality reduction was significantly higher when fibrinolysis was performed 
in the first 2 hours after symptom onset than after that time.20 In patients treated with 
primary PCI, this observation was confirmed, often showing that patients treated within 
the first 2 hours had a better prognosis than patients treated after 2 hours.4,18,19,21 
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However, these studies did not systematically use triple anti-platelet therapy and did not 
perform  thrombus  aspiration  in  addition  to  primary  PCI.  In  addition,  patients  with 
prolonged ischemic time (12-24 hours) were often not included, but may still benefit 
from primary PCI.22

In the present study, myocardial reperfusion decreased after 5 hours of total ischemic 
time, which was a considerably longer ischemic time than reported in previous studies. 
First, it could be suggested that the administration of aspirin, heparin and clopidogrel 
before hospital admission has a favourable effect on reperfusion. As they are already 
administered during the ischemic time period, an open infarct  related artery may be 
present  in  a  considerable  portion  of  patients  before  primary  PCI.23 Second,  the 
administration  of  glycoptroteïn  IIb/IIIa  inhibitors  during  primary  PCI may result  in 
reduced  platelet  aggregation  and micro thrombi,  which otherwise would increase  as 
total ischemic time prolongs. Third, the performance of thrombus aspiration may have 
improved myocardial reperfusion, as it is still feasible and effective when total ischemic 
time increases. In the first 5 hours, the duration of ischemia seems to only modestly 
influence  myocardial  reperfusion.  However,  we  suggest  that  all  patients  should  be 
treated with primary PCI as soon as possible, independent of time of symptom onset.  
First,  this  will  lower  the  median  total  ischemic  time  and  decreases  the  number  of  
patients treated after 5 hours. Second, it shortens the time interval that life-threatening 
arrhythmias and cardiogenic shock can develop.
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Figure 2B. ST-segment resolution >70% after primary PCI 
Myocardial reperfusion as assessed by complete ST-segment resolution.
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Table 3. Outcome characteristics
Myocardial Ischemic Time (hours)

Variable ≤2
N = 255

>2-3
N = 432

>3-5
 N = 371

> 5
 N = 325 p

Myocardial reperfusion

Myocardial blush 
grade 3 

112/251 (44.6%) 173/425 (40.7%) 146/364 (40.1%) 71/318 (22.3%) <0.001

ST-segm. resolution 
> 70%

126/231 (54.5%) 234/391 (59.8%) 197/333 (59.2%) 122/288 (42.4%) 0.002

Measures of infarct size
Q- waves 186/238 (78.2%) 315/403 (78.2%) 268/343 (78.1%) 251/295 (85.1%) 0.047
CK-MB maximum 
(U/L) (IQR)

71.0 (26.9-
145.0)

65.5 (28.0-
132.8)

68.9 (29.1-
147.7)

98.2 (36.0-
222.3)

<0.001

Clinical outcome at 30 days

Mortality 4/255 (1.6%) 6/430 (1.4%) 6/371 (1.6%) 13/325 (4.0%) 0.032
Reinfarction 4/255 (1.6%) 3/430 (0.7%) 6/371 (1.6%) 5/325 (1.5%) 0.647
Target vessel 
revascularization

11/255 (4.3%) 14/430 (3.3%) 22/371 (5.9%) 19/325 (5.8%) 0.134

CK-MB = myocardial band of creatine kinase, IQR = interquartile range, U/L = units per liter.

Table 4.  Univariable and multivariable analysis between total ischemic time and 
myocardial  reperfusion,  assessed by myocardial  blush grade 3 and ST-segment 
resolution >70%.

  Univariable analysis     Multivariable analysis

Odds ratio* 95% CI Odds ratio* 95% CI 

Myocardial blush grade 3

Ischemic time ≤ 2 h 2.80 1.95-4.03 2.66 1.76-4.03

Ischemic time 2-3 h 2.39 1.72-3.31 2.33 1.60-3.38

Ischemic time 3-5 h 2.33 1.66-3.26 2.31 1.57-3.39

Age 0.97 0.96-0.98 0.98 0.97-0.99

Current smoker 1.35 1.07-1.70 1.10 0.85-1.43

Multivessel disease 0.79 0.63-0.99 1.10 0.85-1.44

Collaterals 0.66 0.493-0.89 0.80 0.60- 1.08

Glycoprotein IIb/IIIa inhibitor 1.65 1.04-2.60 1.08 0.62- 1.87

Balloon dilatation 0.41 0.33-0.52 0.48 0.37-0.61
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Table 4.  Continued

  Univariable analysis    Multivariable analysis

Odds ratio* 95% CI Odds ratio* 95% CI 

ST-segm. resolution > 70%

Ischemic time ≤ 2 h 1.63 1.15-2.31 1.14 0.77-1.68
Ischemic time 2-3 h 2.03 1.49-2.76 1.68 1.19-2.38
Ischemic time 3-5 h 1.97 1.43-2.71 1.71 1.20-2.44
Age 0.98 0.97-0.99 0.99 0.98-1.00
Diabetes 0.56 0.39-0.81 0.64 0.42-0.98
Current smoker 1.30 1.03-1.65 1.19 0.92-1.54
Multivessel disease 0.71 0.56-0.90 0.83 0.63-1.08
Collaterals 0.69 0.54-0.89 0.80 0.60-1.06
Ballon dilatation 0.58 0.46-0.74 0.64 0.50-0.83
Stent implantation 1.62 1.01-2.59 1.39 0.82-2.36

CI = confidence interval, * For total ischemic time the reference category was ischemic time group > 5 hours.

Total ischemic time was associated with mortality at 30 days after primary PCI and 
mortality rates were nearly 3 times higher in patients with an ischemic time of more 
than 5 hours than in patients presenting in the first  5 hours.  However,  it  should be 
considered that patients presenting late were older, more often had cardiovascular risk 
factors, more often had multivessel disease, less often were administered glycoprotein 
IIb/IIIa  inhibitors,  more  often  underwent  balloon  dilatation  and  less  often  stent 
implantation. These differences in patient baseline characteristics may in part explain 
the increased mortality after 30 days. 
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Figure 2C. CK-MB maximum after primary PCI 
Infarct size as assessed by CK-MB maximum.
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As total ischemic time increases,  platelet aggregation continues and blood stagnation 
causes  occlusion of the coronary artery.24 Although the prevalence  of total  coronary 
occlusion did not significantly increase with prolonged ischemic time, balloon dilatation 
was more often performed in patients with increased ischemic time. The additional use 
of balloon dilatation may have contributed to fragmentation of thrombus material and a 
higher incidence of embolization into the microvasculature. 

In  this  contemporary  cohort  STEMI patients  were  treated  with  aspirin,  heparin  and 
clopidogrel,  the  glycoprotein  IIb/IIIa  inhibitor  abciximab,  and  thrombus  aspiration. 
During  the  last  years,  new  anti-thrombin  treatment  and  new  glycoprotein  IIb/IIIa  
inhibitors  have  been  developed.  The  use  of  bivalirudin  has  been  investigated  with 
promising results,  especially on bleeding complications.25,26  The glycoprotein  IIb/IIIa 
inhibitor  eptifibatide  was  suggested  to  be  as  effective  as  abciximab  in  restoring 
myocardial  perfusion.27 In  addition,  2  new thienopyridines,  prasugrel  and ticagrelor, 
have become available, causing a more rapid and higher level of platelet inhibition, and 
improving clinical outcome.28,29 When they are added to, or replaced by clopidogrel in 
the prehospital treatment, it could be suspected that these thienopyridines lead to more 
intitial patency of the infarct related vessel.
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Figure 3. Kaplan Meier curve 30 day mortality
Kaplan Meier curve for 30 day mortality for the 4 intervals of ischemic time.
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Several limitations should be taken into consideration. This is a single center study, and 
therefore data can not automatically be extrapolated to other PCI centers, although with 
an inclusion of 80% of all STEMI patients, this patient cohort does reflect a real world 
clinical  practice.  However,  it  should  be  mentioned  that  patients  presenting  with 
cardiogenic  shock  were  excluded  in  our  analysis,  which  may  have  influenced  our 
results. In patients with cardiogenic shock it was often not possible to assess the onset  
of ischemic time. Ischemic time data were not available for all patients because of a 
missing  times  of  symptom  onset,  thrombus  aspiration  or  balloon  inflation.  The 
exclusion  of  these  patients  may  have  influenced  our  results,  although  the  baseline 
characteristics  of  the  included  and  excluded  patients  were  similar.  Furthermore, 
thrombus aspiration was performed in only 60% of patients. However, the incidence of 
thrombus aspiration did not differ between the ischemic time groups. In addition, ST-
segment  resolution could only be analysed  in 90% of patients,  because  the ECG at 
presentation  or  the  ECG  after  primary  PCI  was  not  available,  or  because  of  the 
occurrence  of  an intraventricular  conduction delay.  Furthermore,  maximum CK-MB 
levels  were  only  measured  during  the  stay  in  our  hospital.  As  some patients  were 
transferred to a regional hospital 1 day after primary PCI, CK-MB maximum may be 
measured too low.

REFERENCES
1. Reimer  KA,  Lowe  JE,  Rasmussen  MM,  Jennings  RB.  The  wavefront  phenomenon  of 

ischemic cell death. 1. Myocardial infarct size vs duration of coronary occlusion in dogs. 
Circulation 1977;56:786-794.

2. Francone M, Bucciarelli-Ducci C, Carbone I, Canali E, Scardala R, Calabrese FA, Sardella  
G, Mancone M, Catalano C, Fedele F, Passariello R, Bogaert J, Agati L. Impact of primary 
coronary angioplasty delay on myocardial salvage, infarct size, and microvascular damage in 
patients  with  ST-segment  elevation  myocardial  infarction:  insight  from  cardiovascular 
magnetic resonance. J Am Coll Cardiol 2009;54:2145-2153.

3. Tarantini G, Cacciavillani L, Corbetti F, Ramondo A, Marra MP, Bacchiega E Napodano M, 
Bilato C, Razzolini R, Iliceto S. Duration of ischemia is a major determinant of transmurality 
and  severe  microvascular  obstruction  after  primary  angioplasty:  a  study  performed  with 
contrast-enhanced magnetic resonance. J Am Coll Cardiol 2005;46:1229-1235.

4. Brodie BR, Stuckey TD, Wall TC, Kissling G, Hansen CJ, Muncy DB Weintraub RA, Kelly 
TA.  Importance  of  time to reperfusion for  30-day and late  survival  and recovery of  left  
ventricular function after  primary angioplasty for  acute myocardial  infarction.  J Am Coll 
Cardiol 1998;32:1312-1319.

5. Brodie BR, Webb J, Cox DA, Qureshi M, Kalynych A, Turco M, Schultheiss HP, Dulas D,  
Rutherford B, Antoniucci D, Stuckey T, Krucoff M, Gibbons R, Lansky A, Na Y, Mehran R,  
W Stone GW. Impact of time to treatment on myocardial reperfusion and infarct size with 
primary  percutaneous  coronary  intervention  for  acute  myocardial  infarction  (from  the 
EMERALD Trial). Am J Cardiol 2007;99:1680-1686.

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

7. Montalescot G, Barragan P, Wittenberg O, Ecollan P, Elhadad S, Villain P, Boulenc JM,  
Morice MC, Maillard L,  Pansiéri  M, Choussat R,  Pinton P.  Platelet  glycoprotein IIb/IIIa  

65



CHAPTER 4

inhibition  with  coronary  stenting  for  acute  myocardial  infarction.  N  Engl  J  Med 
2001;344:1895-1903.

8. Antoniucci  D,  Rodriguez  A,  Hempel  A,  Valenti  R,  Migliorini  A,  Vigo  F,  Parodi  G, 
Fernandez-Pereira C, Moschi G, Bartorelli A, Santoro GM, Bolognese L,  Colombo A. A 
randomized  trial  comparing  primary infarct  artery stenting with  or  without  abciximab in  
acute myocardial infarction. J Am Coll Cardiol 2003;42:1879-1885.

9. Svilaas  T,  Vlaar  PJ,  van  der  Horst  IC,  Diercks  GF,  de  Smet  BJ,  van  den  Heuvel  AF,  
Anthonio RL, Jessurun GA, Tan ES, Suurmeijer AJ, Zijlstra F. Thrombus aspiration during 
primary percutaneous coronary intervention. N Engl J Med 2008;358:557-567.

10. De Luca G, Dudek D, Sardella G, Marino P, Chevalier  B,  Zijlstra F. Adjunctive manual 
thrombectomy improves myocardial perfusion and mortality in patients undergoing primary 
percutaneous coronary intervention for ST-elevation myocardial infarction: a meta-analysis 
of randomized trials. Eur Heart J 2008;29:3002-3010.

11. Silber S, Albertsson P, Avilés FF, Camici PG, Colombo A, Hamm C, Jørgensen E, Marco J,  
Nordrehaug JE, Ruzyllo  W, Urban P,  Stone GW, Wijns W. Guidelines for  percutaneous  
coronary  interventions.  The  Task  Force  for  Percutaneous  Coronary  Interventions  of  the 
European Society of Cardiology. Eur Heart J 2005;26:804-847.

12. The  Thrombolysis  in  Myocardial  Infarction  (TIMI)  trial.  Phase  I  findings.  TIMI  Study 
Group. N Engl J Med 1985;312:932-936.

13. Mabin TA, Holmes DR Jr, Smith HC, Vlietstra RE, Bove AA, Reeder GS, Chesebro JH, 
Bresnahan  JF,  Orszulak  TA.  Intracoronary  thrombus:  role  in  coronary  occlusion 
complicating  percutaneous  transluminal  coronary  angioplasty.  J  Am  Coll  Cardiol 
1985;5:198-202.

14. Henriques  JP,  Zijlstra  F,  Ottervanger  JP,  de  Boer  MJ,  van  't  Hof  AW,  Hoorntje  JC, 
Suryapranata H. Incidence and clinical significance of distal embolization during primary 
angioplasty for acute myocardial infarction. Eur Heart J 2002;23:1112-1117.

15. van 't Hof AW, Liem A, Suryapranata H, Hoorntje JC, de Boer MJ, Zijlstra F. Angiographic  
assessment of myocardial reperfusion in patients treated with primary angioplasty for acute 
myocardial infarction: myocardial blush grade. Zwolle Myocardial Infarction Study Group. 
Circulation 1998;97:2302-2306.

16. van 't Hof AW, Liem A, de Boer MJ, Zijlstra F. Clinical value of 12-lead electrocardiogram  
after  successful  reperfusion  therapy  for  acute  myocardial  infarction.  Zwolle  Myocardial  
infarction Study Group. Lancet 1997;350:615-619.

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

18. De  Luca  G,  Suryapranata  H,  Zijlstra  F,  van  't  Hof  AW,  Hoorntje  JC,  Gosselink  AT, 
Dambrink JH, de Boer MJ.  Symptom-onset-to-balloon time and mortality in  patients with 
acute myocardial infarction treated by primary angioplasty. J Am Coll Cardiol 2003;42:991-
997.

19. De  Luca  G,  van  't  Hof  AW,  de  Boer  MJ,  Ottervanger  JP,  Hoorntje  JC,  Gosselink  AT,  
Dambrink JH, Zijlstra F, Suryapranata H. Time-to-treatment significantly affects the extent  
of ST-segment resolution and myocardial blush in patients with acute myocardial infarction 
treated by primary angioplasty. Eur Heart J 2004;25:1009-1013.

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

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

22. Gierlotka  M,  Gasior  M,  Wilczek K,  Hawranek  M,  Szkodzinski  J,  Paczek P,  Lekston  A, 
Kalarus  Z,  Zembala  M,  Polonski  L.  Reperfusion  by  primary  percutaneous  coronary 
intervention in patients with  ST-segment  elevation myocardial  infarction within 12 to 24 

66



The golden hours of primary PCI

hours of the onset of symptoms (from a prospective national observational study [PL-ACS]). 
Am J Cardiol 2011;107:501-508.

23. Vlaar PJ, Svilaas T, Damman K, de Smet BJ, Tijssen JG, Hillege HL, Zijlstra F. Impact of  
pretreatment with clopidogrel on initial patency and outcome in patients treated with primary 
percutaneous  coronary  intervention  for  ST-segment  elevation  myocardial  infarction:  a 
systematic review. Circulation 2008;118:1828-1836.

 24. Falk  E,  Thuesen  L.  Pathology  of  coronary  microembolisation  and  no  reflow.  Heart  
2003;89:983-985.

25. Stone GW, Witzenbichler B, Guagliumi G, Peruga JZ, Brodie BR, Dudek D, Kornowski R, 
Hartmann F, Gersh BJ, Pocock SJ, Dangas G, Wong SC, Kirtane AJ, Parise H, Mehran R;  
HORIZONS-AMI Trial Investigators. Bivalirudin during primary PCI in acute myocardial  
infarction. N Engl J Med 2008;358:2218-2230.

26. Sejersten M, Nielsen SL, Engstrøm T, Jørgensen E, Clemmensen P. Feasibility and safety of 
prehospital administration of bivalirudin in patients with ST-elevation myocardial infarction.  
Am J Cardiol 2009;103:1635-1640.

27. Zeymer U, Margenet A, Haude M, Bode C, Lablanche JM, Heuer H, Schröder R, Kropff S, 
Bourkaib R,  Banik N, Zahn R,  Teiger  E.  Randomized  comparison of eptifibatide versus  
abciximab in primary percutaneous coronary intervention in patients with acute ST-segment 
elevation  myocardial  infarction:  results  of  the  EVA-AMI  Trial.  J  Am  Coll  Cardiol 
2010;56:463-469.

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

29. 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; PLATO Investigators,  Freij  A, Thorsén M. Ticagrelor  versus clopidogrel  in patients 
with acute coronary syndromes. N Engl J Med 2009;361:1045-1057.

67





5

Distal embolization after primary PCI

Incidence and clinical consequences of distal embolization on 

the coronary angiogram after percutaneous coronary 

intervention for ST-elevation myocardial infarction

Marieke L. Fokkema

Modified from Eur Heart J. 2009;30:908-915

Marieke L. Fokkema
Pieter J. Vlaar
Tone Svilaas

Mathijs Vogelzang
Diny Amo

Gilles F.H. Diercks
Albert J.H. Suurmeijer

Felix Zijlstra



CHAPTER 5

ABSTRACT

Aims
We  investigated  the  incidence  and  sequelae  of  angiographically  visible  distal 
embolization (AVDE) after primary percutaneous coronary intervention (PCI) in ST-
elevation myocardial infarction patients treated with aspirin, heparin, clopidogrel  and 
glycoprotein-IIb/IIIa inhibitors.

Methods and Results
We compared angiographic and clinical characteristics, and outcomes of patients with 
and  without  AVDE after  PCI.  AVDE was  present  on  6.3% of  883 post-procedural 
angiograms. AVDE was associated with significantly worse outcomes, as expressed by 
lower  myocardial  blush  grade,  impaired  ST-segment  resolution  and  higher  enzyme 
levels (all p≤0.001). Mortality 1 year after PCI was 4/56 (7.1%) in patients with AVDE 
and 43/827 (5.2%)  in patients  without  AVDE (p=ns),  reinfarction  occurred  in  5/56 
(8.9%)  and  25/827  (3.0%)  patients  (p=0.018).  The  thrombus  aspirate  more  often 
contained erythrocytes in patients with AVDE than in patients without AVDE (50.0% 
vs. 15.7%, p<0.001), and the size of the aspirated thrombus was larger in patients with 
AVDE (p=0.002). 

Conclusion
In these patients with triple anti-platelet therapy, the incidence of AVDE after PCI is 
low, compared to previous reports.  Nevertheless,  AVDE is associated with impaired 
myocardial reperfusion and poor outcome. Thrombus composition and size are related 
to AVDE after PCI.
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INTRODUCTION
Primary percutaneous coronary intervention (PCI) is the preferred treatment to achieve 
reperfusion  in  ST-elevation  myocardial  infarction  (STEMI)  patients.  However,  a 
significant proportion of patients treated with PCI shows inadequate perfusion of the 
infarcted myocardium after restoration of epicardial coronary blood flow.1-4 This results 
in a larger infarct size, worse left ventricular ejection fraction and increased mortality. 1 

Myocardial  perfusion can be evaluated angiographically by Myocardial  Blush Grade 
(MBG), which is a strong predictor of major adverse cardiac events.4

Suboptimal  myocardial  reperfusion  can  be  caused  by  microvascular  dysfunction, 
reperfusion injury, myocardial oedema or embolization of thrombotic or atherosclerotic 
particles.5 In some patients embolization of atherothrombotic material can be visible on 
the coronary angiogram as a filling defect  with abrupt cut-off distal from the culprit 
lesion.  Angiographic  visible  distal  embolization  (AVDE)  is  associated  with  poor 
clinical  outcome.6 AVDE  may  be  reduced  by  the  glycoprotein  IIb/IIIa  inhibitor 
abciximab, as administration during primary PCI results in better clinical outcomes than 
after PCI alone.7-9

Currently, no data are available about the incidence and clinical consequences of AVDE 
after  primary  PCI  in  patients  receiving  pre-treatment  with  aspirin,  heparin  and 
clopidogrel,  and  with  the  systematic  use  of  periprocedural  glycoprotein  IIb/IIIa 
inhibitors. The aim of this study was to investigate the incidence and clinical relevance 
of AVDE after PCI for acute STEMI in a contemporary cohort of patients.

METHODS

Patient population and treatment
We  evaluated  AVDE  in  acute  STEMI  patients  undergoing  primary  PCI  at  the 
University Medical Center of Groningen between January 2005 and December 2006. 
The inclusion criteria were chest pain suggestive for myocardial ischemia between 30 
minutes and 12 hours before presentation and an electrocardiogram (ECG) showing ST-
elevation  of  >0.1  mV  in  ≥2  leads.  The  exclusion  criteria  were  rescue  PCI  after  
thrombolytic therapy, the presence of a life threatening disease with prognosis of less 
than 6 months.

All  patients  were  treated  with  aspirin  (500  mg  followed  by  80-100  mg/24  hours), 
heparin  (5000  IU)  and  clopidogrel  (600  mg  followed  by  75  mg/24  hours)  directly 
following the electrocardiographic confirmation of STEMI. Additional doses of heparin 
were given during PCI procedure guided by activated clotting time measurements. In 
addition,  patients  were  treated  with  the  glycoprotein  IIb/IIIa  inhibitor  abciximab 
immediately  at  the  start  of  the  PCI  procedure,  if  not  contra-indicated.10 The  bolus 
dosage of abciximab was 0.25 mg/kg.

Inclusion and definition of AVDE
The presence of AVDE was analysed on the final angiogram after completion of PCI. . 
For analysis of AVDE we included all patients who presented with epicardial coronary 
blood flow through the infarct  related lesion (Thrombolysis In Myocardial  Infarction 
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(TIMI)  flow  2  or  3)  on  the  angiogram  during  and/or  after  PCI  procedure.  The 
angiogram after PCI procedure could be evaluated for AVDE when epicardial coronary 
flow  was  present  through  the  infarct  related  lesion  and  the  distal  vessels  were 
visualised. AVDE was defined as a distal filling defect with abrupt cut-off in the vessel  
located distally of the culprit lesion.8 Patients presenting with no reflow after PCI (TIMI 
2 or 3 during PCI and TIMI 0 or 1 after PCI in the absence of a flow limiting dissection)  
were also classified as AVDE.

Angiographic data
Coronary angiograms were obtained before, during and after PCI procedure. In addition 
to AVDE, the MBG4 was evaluated on the final angiogram after PCI. TIMI flow11 was 
evaluated on the initial angiogram and on the final angiogram after PCI. In addition, the 
presence of an intraluminal thrombus in the culprit lesion on the initial angiogram was 
assessed.12 All angiographic endpoints were assessed by an independent core laboratory.

Furthermore,  we evaluated all  angiograms of patients with AVDE to investigate the 
moment  that  AVDE  was  visible  for  the  first  time  during  the  procedure.  The  first 
moment of AVDE was categorized as on the initial angiogram, after wire passage, after 
thrombus aspiration or balloon dilatation, or after completion of PCI procedure. 

To  obtain  information  about  the  size  of  the  embolic  particles,  we measured  lumen 
vessel  diameter  at  the  site  of  AVDE  by  quantitative  coronary  analysis  (MEDIS, 
Leiden). Vessel diameter was measured before the abrupt cut-off point in the coronary 
artery. The diastolic frame was selected that showed AVDE most clearly, with minimal 
branch overlap. Vessel diameter was automatically calculated and categorized in 5 size 
groups: ≤1.00 mm, 1.00-1.25 mm, 1.25-1.50 mm, 1.50-1.75 mm, >1.75 mm.

Electrocardiography
ST-segment elevation was measured on the first ECG at presentation and on the ECG 
made  30  to  60  minutes  after  intervention.  ST-segment  elevation  resolution  was 
calculated by comparing the sum of ST-segment elevation on the post-intervention ECG 
with those on the ECG at presentation. The percentage ST-segment elevation resolution 
was  estimated  as  complete  ST-segment  resolution  (>70%),  partial  resolution  (30%-
70%), or no resolution (<30%).13 In addition, the presence of new Q waves was assessed 
on the post-intervention ECG.

Enzymatic infarct size
Serum  creatine  kinase  (CK)  and  myocardial  band  of  creatine  kinase  (CK-MB) 
measurements  were  collected  for  all  patients  during  their  stay  at  our  hospital.  A 
minimum of 2 measurements,  with one measurement after 12 hours was required to 
allow calculation of area under the curve for enzymatic infarct size. The area under the 
curve was calculated from the PCI procedure to 24 hours later, with the curve being 
linearly interpolated between measurements.

Clinical outcome at 1 year follow-up
Follow-up data were collected from hospital  records and telephone interviews at  30 
days and 1 year after primary PCI. Death was regarded as cardiac unless a non-cardiac 
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cause  of  death  was  assessed.  Reinfarction  was  defined  as  the  onset  of  recurrent 
symptoms  of  ischemia  combined  with  new ST-elevations  and  a  second  increase  of 
serum CK or CK-MB to at least twice the upper limit of the normal range.

Histopathological analysis of thrombus aspirate
If thrombus aspiration was performed during primary PCI, the aspirate samples were 
collected for assessment of atherothrombotic characteristics of the aspirated material. 
Thrombus aspiration was defined as effective if atherothrombotic material was present 
at histological analysis. The aspirated material was analysed for plaque fragments and 
thrombus  type.  Thrombus  material  was  classified  as  thrombus  with  an  erythrocyte 
component  when  it  contained  layers  of  coagulated  erythrocytes,  or  as  thrombus 
containing only aggregated platelets. In addition, the thrombus size was measured and 
categorized in three size groups: <0.5 mm, 0.5-2.0 mm or >2.0 mm.

Statistical analysis
Categorical  variables  are  presented  as  frequency  values  and  proportions  and  were 
compared  by  chi-square  test,  Fisher-exact  test  or  Mann  Whitney  U  test,  when 
appropriate.  Continuous normal distributed variables are presented as mean values ± 
standard deviation (SD), and were compared by two-tailed Student-t-test. For skewed 
variables,  median  values  with  interquartile  range  are  presented  and  comparisons 
performed by Mann Whitney U test.  Statistical significance was defined as a P-value 
<0.05 for all analyses. Statistical analysis was performed using Statistical Package for 
the Social Sciences (SPSS Inc, Chicago, IL) version 16.0. 

RESULTS
A  total  of  1005  STEMI  patients  undergoing  primary  PCI  were  included  between 
January 2005 and December  2006.  In  974 of  1005 patients  TIMI 2 or  3  flow was 
present during and/or after procedure. Angiograms of 883 patients could be evaluated 
for the presence of AVDE after PCI (Figure 1).
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Figure 1. Flow diagram
Evaluation of angiograms for the presence of distal embolization. In 91 cases angiograms after 
PCI could not be evaluated because the distal vessels were not recorded. AVDE = angiographic 
visible distal embolization, CABG = coronary artery bypass graft; CAG = coronary angiogram, 
PCI = percutaneous coronary intervention.
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Table 1. Clinical and angiographic baseline characteristics 
                                 Post PCI angiogram
                                          N = 883
           AVDE
           N = 56

     No AVDE
      N = 827

p

Age, years (mean ± SD) 63.0 (15.0) 62.8 (12.5) ns
Male gender (%) 46/56 82.1 576/827 69.6 .047
BMI (kg/m2) (median, IQR) 26.8 (5.9) 26.9 (3.9) ns
Risk factors
   Diabetes (%) 5/56 (8.9) 95/818 (11.6) ns
   Hypertension (%) 18/52 (34.6) 284/803 (35.4) ns
   Hyperlipidemia (%) 7/48 (14.6) 191/750 (25.5) ns
   Current smoker (%) 29/53 (54.7) 344/717 (48.0) ns
   Family history (%) 22/55 (40.0) 365/789 (46.3) ns
Ischemic time (min.) (IQR) 162 (124-231) 190 (138-300) ns
Infarct related artery ns
   RCA (%) 26/56 (46.4) 318/827 (38.5)
   LAD (%) 18/56 (32.1) 355/827 (42.9)
   Cx (%) 10/56 (17.9) 142/827 (17.2)
   Other (%) 2/56 (3.6) 12/827 (1.5)
Thrombus pre PCI (%) 36/54 (66.7) 373/811 (46.0) .003
Abciximab administration (%) 54/56 (96.4) 762/827 (92.1) ns
TIMI flow pre PCI ns
   0/1 (%) 37/56 (66.1) 467/817 (57.1)
   2 (%) 10/56 (17.9) 157/817 (19.2)
   3 (%) 9/56 (16.1) 193/817 (23.6)

AVDE = angiographic visible distal embolization, BMI = body mass index, Cx = circumflex artery, LAD = 
left artery descendens, PCI = percutaneous coronary intervention, RCA = right coronary artery, 
TIMI flow = thrombolysis in myocardial infarction flow.
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Figure 2. Vessel diameter at the site of angiographic visible distal embolization after PCI 
procedure, as measured by quantitative coronary analysis.
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AVDE after PCI
AVDE  was  observed  on  6.3%  (56/883)  of  angiograms  after  PCI.  Baseline 
characteristics  did  not  differ  between  patients  with  and  without  AVDE,  except  for 
gender (Table 1). In patients with AVDE, the culprit lesion was located in the RCA in 
46.4% and in the LAD in 32.1% compared to 38.5% and 42.9% in patients without 
AVDE (p=ns). Clinical and angiographic outcome measures are shown in table 2, and 
the timing of angiographic evidence of distal embolization in table 3.

Table 2. Clinical and angiographic outcome measures 
                           Post PCI angiogram
                                      N =883
           AVDE
           N = 56

         No AVDE
           N = 827

p

MBG post PCI <.001
   0/1 (%) 28/55 (50.9) 140/822 (17.0)
   2 (%) 25/55 (45.5) 322/822 (39.2)
   3 (%) 2/55 (3.6) 360/822 (43.8)
TIMI flow post PCI <.001
   0/1 (%) 7/56 (12.5) 0/827 (0.0)
   2 (%) 16/56 (28.6) 100/827 (12.1)
   3 (%) 33/56 (58.9) 727/827 (87.9)
ST-seg. resolution <.001
   <30% (%) 12/50 (24.0) 102/768 (13.3)
   30-70% (%) 27/50 (54.0) 250/768 (32.6)
   >70% (%) 11/50 (22.0) 416/768 (54.2)
New Q waves (%) 47/50 (94.0) 604/768 (78.6) .002
CK area under curve (U) (IQR) 794 (304-1839) 432 (208-963) .001
CK-MB area under curve (U) (IQR) 82.3 (31.9-120.0) 43.6 (20.5-79.0) .001
1 year follow-up
     All-cause mortality 4/56 (7.1) 43/827 (5.2) ns 
     Cardiac death 3/56 (5.4) 34/827 (4.1) ns 
     Reinfarction 5/56 (8.9) 25/827 (3.0) .018

AVDE = angiographic visible distal embolization, CK = creatine kinase, CK-MB = myocardial band creatine 
kinase, IQR = interquartile range, MBG = myocardial blush grade, PCI = percutaneous coronary intervention, 
TIMI flow = thrombolysis in myocardial infarction flow. 

Angiographic data
Thrombus was visible on the initial angiogram in 66.7% of patients with AVDE and in  
46.0% of patients without AVDE (p=0.003).  AVDE was seen on 10 of  56 (17.9%) 
initial angiograms of patients with AVDE after PCI (Table 3). On the angiogram after 
thrombus aspiration or  balloon dilatation AVDE was observed  in 27 of  56 (48.2%) 
cases.  After  PCI,  the  MBG was  significantly lower  in  patients  with AVDE than in 
patients without AVDE (Table 2). MBG 0 or 1 was present in 50.9% of patients with  
AVDE and in 17.0% of patients without AVDE (p<0.001). In addition, TIMI flow 3 
was achieved  in 58.9% in the AVDE group versus  87.9% in the non-AVDE group 
(p<0.001) after PCI. The luminal diameters of the vessels with AVDE as measured by 
quantitative coronary analysis in the 49 patients with epicardial coronary flow ranged 
from 0.70 mm to 2.00 mm, median 1.3 (interquartile range 1.0-1.6) (Figure 2).
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Electrocardiographic outcomes
ST-segment resolution >70% was achieved in 22.0% of patients with AVDE compared 
with 54.2% of patients without AVDE (p<0.001) (Table 2). In addition, significantly 
more patients in the AVDE group showed new Q waves (94.0% vs. 78.6%, p=0.002).

Enzymatic outcomes
In total, 640 of 883 (72.5%) patients met criteria for analysis of enzymatic infarct size.  
These patients had a median number of 7 measurements (interquartile range 6-8). In 96 
patients  less  than  2  measurements  were  available.  Patients  with  AVDE had  higher 
enzyme levels of CK area under the curve (p=0.001) and CK-MB area under the curve 
(p=0.001) compared with patients without AVDE (Table 2).

Clinical outcome at 1 year follow-up
Follow-up data were available in all 883 patients. At 1 year after PCI, 4 of 56 (7.1%) 
patients with AVDE had died from any cause compared with 43 of 827 (5.2%) patients 
without AVDE (p=ns) (Table 2). The number of cardiac deaths was 3 of 56 (5.4%) in 
patients with AVDE and 34 of 827 (4.1%) in patients without AVDE. Reinfarction 
occurred  in  5 of  56  (8.9%) patients  with AVDE and in  25 of  827 (3.0%)  patients 
without AVDE (p=0.018).

Table 3. Timing of angiographic evidence of distal embolization
Angiogram                       Distal embolization visible
Initial angiogram (%) 10/56 (17.9)
After wire passage (%) 12/56 (21.4)
After aspiration or balloon (%) 27/56 (48.2)
After Stenting (%) 56/56 (100.0)
Distal embolization after PCI (%) 56/883 (6.3)

Table  4.  Histopathological  analysis  of  thrombus  aspirate  in  patients  with  and 
without angiographic visible distal embolization

Histopathological characteristics of thrombus aspirate
              AVDE
              N = 56

        No AVDE
          N = 827

p

Thrombus aspiration (%) 29/56 (51.8) 386/827 (46.7) ns
Effective thrombus aspiration (%) 20/29 (69.0) 280/386 (72.5) ns

Composition of thrombus <.001
Erythrocyte component (%) 10/20 (50.0) 44/280 (15.7)
Platelet thrombus (%) 10/20 (50.0) 236/280 (84.3)

Thrombus with plaque component (%) 4/20 (20.0) 47/280 (16.8) ns

Size of thrombus particles .002
   < 0.5 mm (%) 5/20 (25.0) 157/280 (56.1)
   0.5-2.0 mm (%) 6/20 (30.0) 78/280 (27.9)
   >2.0 mm (%) 9/20 (45.0) 45/280 (16.1)

Thrombus aspiration was defined as effective if atherothrombotic material was present at histological analysis. 
AVDE = angiographic visible distal embolization.
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Thrombus aspiration
During intervention thrombus was effectively aspirated in 69.0% (20/29) of patients 
with AVDE and in 72.5% (280/386) of patients without AVDE (Table 4). The aspirated 
thrombus contained erythrocytes  in  50.0% of patients  with AVDE and in 15.7% of 
patients  without  AVDE  (p<0.001).  The  size  of  aspirated  thrombus  particles  was 
significantly larger in patients with AVDE than in patients without AVDE (p=0.002).

DISCUSSION
This prospective study demonstrated that AVDE had an incidence of 6.3% after PCI in 
an unselected contemporary population with STEMI. Early administration of aspirin, 
heparin and clopidogrel before PCI, and systematic use of abciximab at the start of the 
PCI  procedure  may  have  contributed  to  the  low  incidence  of  AVDE  compared  to 
previous reports.6,14-16 The presence of AVDE after PCI was associated with worse MBG 
and TIMI flow, less ST-segment resolution, higher incidence of new Q-waves, higher 
enzyme levels and a higher incidence of reinfarction at  1 year  after  PCI.  Thrombus 
composition and size were important determinants of the occurrence of AVDE.

Embolization  of  atherothrombotic  particles  can  occur  during  intervention  due  to 
crushing or fragmentation of material in the culprit lesion.17,18 The incidence and clinical 
impact of embolization after PCI have been investigated before by Henriques et al. This 
retrospective  study found  a  more  than  two  times  higher  incidence  of  embolization 
(15.2%) as  compared  with our study.6 Other  recent  trials investigating the effect  of 
adjunctive  mechanical  devices  on  myocardial  reperfusion  report  an  incidence  of 
embolization ranging between 2% and 8% in the intervention group and between 10% 
and 19% in the control group.14-16 However, in the study of Henriques et al. aspirin and 
heparin were not administered before admission to the hospital and none of the patients 
received high dose clopidogrel in combination with periprocedural glycoprotein IIb/IIIa  
inhibitors.  In  addition,  in  studies  investigating  the  effect  of  adjunctive  mechanical 
devices on embolization, clopidogrel was not administered before the initial angiogram 
and abciximab was not or less often used.14,15 The lower incidence of AVDE after PCI in 
our study suggests that early pre-treatment with aspirin, heparin and clopidogrel, and 
treatment with periprocedural abciximab may have contributed in reducing AVDE. In 
addition, randomized trials comparing abciximab treatment during primary PCI with 
standard PCI have documented a reduction in major adverse cardiac events after PCI 
procedure.7-9 It  has  been  described  that  early  treatment  with  abciximab  improves 
myocardial  reperfusion.19-21 This  supports  the  concept  that  treatment  with abciximab 
results in less microvascular obstruction and distal embolization. 

In  previous  reports  it  has  been  observed  that  patients  with  angiographic  visible 
thrombus  had  significant  more  AVDE22 and  less  often  TIMI  flow  323 after  PCI 
procedure than patients without visible thrombus. In the current study we observed a 
higher incidence of angiographic visible thrombus in the culprit lesion in patients with 
AVDE. This suggests that visible thrombus on the angiogram before PCI is associated 
with an increased  risk for  AVDE.  In  addition,  although not significant,  AVDE was 
more often visible in the RCA and less often in the LAD.  This may be due to the 
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structure of the RCA with only a few side branches located proximally,  resulting in 
stasis and significant thrombus formation during coronary occlusion.

In  a  majority  of  patients  with  thrombus  aspiration  as  adjunctive  therapy 
atherothrombotic material  was aspirated. Thrombus aspirated in patients with AVDE 
contained  an erythrocyte  component  more  often than thrombus aspirated  in  patients 
without  AVDE.  Aspirated  particles  in  patients  with  AVDE  were  larger.  The 
composition and size of the thrombus therefore are an important determinant of AVDE 
after PCI.

Patients who had AVDE after PCI had worse MBG and TIMI flow, less ST-segment  
elevation  resolution  and  higher  enzyme  levels.  This  suggests  that  embolization  of 
thrombus and plaque material is an important mechanism in patients with suboptimal 
reperfusion,  associated  with  worse  clinical  outcomes  at  follow-up.  We  observed  a 
higher incidence of reinfarction in patients with AVDE than in patients without AVDE 
at 1 year after PCI. However, the mortality rate in patients with and without AVDE was 
not significantly different.

We observed a higher proportion of male gender in patients with AVDE compared to 
patients without AVDE. There is no pathophysiologic rationale for this observation. We 
presume that this difference is a chance finding as a consequence of the low incidence 
of AVDE.

Despite triple anti-platelet therapy and the performance of thrombus aspiration AVDE is 
still  visible on the angiogram in some patients  and  impairs  myocardial  reperfusion. 
Novel anti-thrombotic treatment strategies may result in further reduction of AVDE and 
microvascular  obstruction  by suppression of  platelet  activity and  lysis  of  embolized 
thrombus particles. A promising approach is the administration of the thienopyridine 
prasugrel  instead  of  clopidogrel  during  PCI.24 Furthermore,  the  intracoronary 
administration  of  abciximab  has  been  suggested  to  be  more  effective  in  improving 
myocardial  reperfusion  compared  with  intravenous  administration,  as  a  high  local 
concentration of glyocoprotein IIb/IIIa  inhibitors may increase platelet inhibition and 
induce lysis of fresh platelet thrombus.25 New developments in anti-thrombin treatment 
may  also  provide  a  more  optimal  balance  between  the  risks  of  thrombosis  and 
bleeding.26

Limitations
Several limitations of our study should be taken into consideration. The incidence of 
AVDE in this study may be underestimated, as not all coronary angiograms could be 
evaluated for the presence of AVDE after primary PCI. In addition, it is not known if 
poor  myocardial  reperfusion  in  AVDE patients  is  caused  by AVDE itself  or  by an 
increased  microvascular  dysfunction,  because  they  can  not  be  assessed  independent 
from each other. It  should be taken into consideration that we evaluated AVDE after 
PCI,  and that  from these observations it  can not be concluded that  AVDE occurred 
during PCI procedure, as AVDE could already have been present in a total occluded 
coronary artery.  The inability of angiography to evaluate AVDE in a total coronary 
occlusion limited the evaluation of initial AVDE in our population with STEMI, as the 
majority  of  STEMI  patients  present  with  a  total  coronary  occlusion  on  the  initial  
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angiogram. In addition, the evaluation of the presence of an intraluminal thrombus is 
limited  on  angiography.  Optical  coherence  tomography  allows  the  evaluation  of 
intraluminal thrombi on high resolution in-vivo images and will be a more sensitive 
technique to analyse  the presence  of  intraluminal  thrombi  in future studies.  Finally, 
ECG  outcomes,  cardiac  enzyme  measurements  and  thrombus  aspirates  were  not 
available in all patients and this may attenuate our findings. Unfortunately, enzymatic 
infarct  size could only be assessed in 72.5% of patients. As a proportion of STEMI 
patients  go  to  a  regional  hospital  within  24  hours  after  PCI  procedure,  insufficient  
cardiac enzyme measurements could be collected in some patients.

Conclusion
The  incidence  of  AVDE  on  the  coronary  angiogram  after  PCI  is  low  in  this 
contemporary  cohort  of  STEMI  patients  treated  with  triple  anti-platelet  therapy.  
Nevertheless, AVDE remains associated with reduced myocardial reperfusion and poor 
outcome.  The  composition  and  size  of  the  thrombus  are  important  determinants  of 
AVDE after PCI.
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CHAPTER 6

ABSTRACT

Purpose
The HEBE III trial showed that epoetin alfa administration in patients with a first ST-
elevation myocardial infarction (STEMI) did not improve left ventricular function at 6 
weeks after primary percutaneous coronary intervention (PCI). The long term effects of 
erythropoiesis-  stimulating  agents  on  cardiovascular  morbidity  and  mortality  are 
unknown, therefore we evaluated clinical events at 1 year after PCI.

Methods
A total of 529 patients with a first STEMI and successful primary PCI were randomized 
to standard optimal medical treatment (N = 266) or an additional bolus of 60,000 IU 
epoetin alfa administered intravenously (N = 263) within 3 hours after PCI. Analyses 
were performed by intention to treat.

Results
At 1 year after STEMI, 485 patients had complete follow-up. The rate of the composite 
end  point  of  all-cause  mortality,  re-infarction,  target  vessel  revascularization,  stroke 
and/or heart failure was 6.4% (N = 15) in the epoetin alfa group and 9.6% (N = 24) in 
the control group (p = 0.18). Thromboembolic events were present in 1.3% (N = 3) of 
patients in the epoetin alfa group and 2.4% (N = 6) in the control group. There was no 
evidence of benefit from epoetin alfa administration in subgroups of patients. 

Conclusions
Administration of a single bolus of epoetin alfa in patients with STEMI does not result 
in  a  reduction  of  cardiovascular  events  at  1  year  after  primary  PCI.  There  was  a 
comparable  incidence  of  thromboembolic  complications  in  both  treatment  groups, 
suggesting that epoetin alfa administration is safe at long term.
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INTRODUCTION
Preclinical studies have suggested that erythropoiesis- stimulating agents (ESA) have a 
cardioprotective  effect  after  myocardial  reperfusion.  Subsequently,  several  clinical 
studies  investigated  the  effects  of  ESA  administered  in  patients  with  ST-elevation 
myocardial infarction (STEMI) undergoing primary percutaneous coronary intervention 
(PCI)  to  reduce  myocardial  infarct  size  and  to  improve  left  ventricular  function.1-9 

However, the majority of these studies did not show a beneficial effect of ESA on left  
ventricular function. One of these studies even reported an increase in thromboembolic 
events  in  the  ESA  treated  patients.7 In  addition,  results  suggested  that  ESA 
administration might have an adverse effect on infarct size among STEMI patients aged 
70 years or older.7 However, the number of STEMI patients in the clinical ESA trials 
was often small. 

The  HEBE  III  study  was  the  largest,  prospective  study  randomizing  529  STEMI 
patients to a single bolus of epoetin alfa or to standard medical care after primary PCI.2 

The primary endpoint of the HEBE III study was left ventricular function at 6 weeks 
after myocardial infarction. The single high dose of epoetin alfa failed to show an effect  
on the primary endpoint. However, patients receiving epoetin alfa had a lower 6-weeks 
incidence of adverse cardiovascular events. The aim of this follow-up study of HEBE 
III was to evaluate the effect of epoetin alfa on clinical outcome during the first year  
after myocardial infarction.

METHODS

Population
The  HEBE  III  study  was  a  multicenter,  randomized,  open-label  trial  with  blinded 
evaluation of the primary end point. The detailed study design and the first results of the 
primary end point at 6 weeks have been previously published.2,10 The aim of the study 
was to investigate the effect of high dose epoetin alfa administration after primary PCI 
on left ventricular function in patients with STEMI. Between January 2007 and June 
2009, 529 patients were enrolled.

In short, patients were eligible for participation if they presented with a first STEMI 
with  thrombolysis  in  myocardial  infarction  (TIMI)  flow  0  or  1  on  the  coronary 
angiogram before  the  PCI procedure  and  underwent  a  successful  primary  PCI with 
TIMI flow 2 or 3 after PCI. STEMI was defined as chest pain suggestive of cardiac 
ischemia with symptom onset < 12 h before hospital admission or < 24 h in case of 
ongoing ischemia, an electrocardiogram with ST-T segment elevation > 0.1 mV in ≥ 2 
or more leads or a new left bundle branch block. The most important exclusion criteria  
were  a  previous  myocardial  infarction,  hemoglobin  levels  >  17.1  g/dL  before  PCI, 
anticipated additional revascularization within 6 weeks after primary PCI, a history of 
persistent or permanent atrial fibrillation, cardiogenic shock and a serum creatinine > 
2.5 mg/dL.

Randomization and treatment
After a successful primary PCI with TIMI flow 2 or 3 on the coronary angiogram after  
PCI, STEMI patients who met eligibility criteria were asked for participation. Patients 
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were randomized (1:1) to optimal standard medical treatment with or without a bolus of 
60.000 IU epoetin alfa (Ortho Biotech, a division of Janssen-Cilag B.V.) administered 
intravenously in 10 minutes. Patients received the bolus of epoetin alfa in the coronary 
care unit within 3 hours after PCI. Blood pressure, heart rate and ECG were constantly 
monitored, continuing at regular time points after the infusion up to 48 h after PCI.

All  patients received aspirin (500 mg),  heparin (5000 IU) and clopidogrel  (600 mg) 
after  confirmation  of  ST-segment  elevation  on  the  first  ECG.  During  primary  PCI, 
patients  received  the  glycoprotein  IIb/IIIa  inhibitor  abciximab  (0.25  mg/kg)  if  not 
contraindicated.  The  standard  treatment  after  primary  PCI  consisted  of  aspirin, 
clopidogrel (≥ 1 month), β blockers, lipid lowering agents, and angiotensin- converting 
enzyme inhibitors or angiotensin-II receptor blockers. The patients included in the study 
provided written informed consent. The research protocol was approved by the central 
Ethics Committee of the University Medical Center Groningen, and by the local Ethics 
Committees of each of the participating centers. 

Outcomes and definitions
Information on vital status, re-infarction, target vessel revascularization and stroke was 
collected from hospital records and telephone interviews at 6 weeks and at 1 year after  
primary PCI. Re-infarction was defined as the onset of recurrent symptoms of ischemia 
combined with new ST-segment elevations and/or a second increase of serum CK or 
CK-MB  to  at  least  twice  the  upper  limit  of  the  normal  range.  Target  vessel 
revascularization was defined as PCI or bypass grafting of the infarct-related coronary 
artery  after  primary  PCI.  Other  end  points  included  all-cause  mortality,  stroke  and 
admission  for  heart  failure.  The  composite  end  point  of  cardiovascular  events  was 
defined as all-cause mortality, re-infarction, target vessel revascularization, stroke and 
admission for heart  failure.  The composite end point of thromboembolic events was 
defined as re-infarction or stroke.

Statistical analysis
Data were analyzed on an intention to treat basis. Categorical variables are presented as 
frequency values and proportions and were compared with the χ2 test or Fisher’s exact 
test.  Continuous  normally  distributed  variables  are  presented  as  mean  values  and 
standard  deviations  (SD)  and  were  compared  with  the  2-tailed  Student  t  test.  For 
skewed distributed variables, median values with interquartile ranges are shown, and the 
variables were compared with the use of the Mann- Whitney U test. The cumulative 
incidence of the composite end point of all-cause mortality, re-infarction, target vessel 
revascularization, stroke and heart failure during the first year was evaluated with the 
Kaplan Meier method. The clinical outcomes in the treatment groups were compared 
with the log-rank test. Subgroup analyses were performed for gender, age > 70 years, 
diabetes, hypertension, smoking and time from symptom onset to PCI > 180 minutes, 
by means of logistic regression analysis, presenting risk ratios (RR) and corresponding 
95% confidence intervals. For all analyses, 2-sided p values of <0.05 were defined as 
significant. Statistical analyses were performed using the Statistical Package of Social 
Sciences version 20.0 (SPSS, IBM corporation, Armonk, NY, USA).
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RESULTS

Study population
A total  of 529 patients were randomized to epoetin alfa  (N = 263) or to the control 
group (N = 266) (Figure 1). A total of 22 patients in the epoetin alfa group and 11 in the 
control group prematurely withdrew their informed consent, and we were therefore not 
allowed to report follow-up data of these patients. In 485 patients, 1 year follow-up was 
available, of which 236 patients were randomized to epoetin alfa and 249 patients to the 
control  group.  The  baseline  clinical  characteristics  were  well  balanced  between  the 
treatment groups (Table 1). The mean age of the patients was 60.1 (±10.5) years in the 
epoetin alfa group and 60.5 (±11.0) years in the control group, and the proportion of 
males was 76.3% versus 79.9%. The median time from symptom onset to PCI was 180 
(interquartile  range  126-  290)  minutes  in  patients  receiving  epoetin  alfa  and  175 
(interquartile range 120- 255) minutes in patients in the control group. The hemoglobin 
level at baseline was 14.0 (±1.4) g/dL in the epoetin alfa group and 14.3 (±1.3) g/dL in 
the control  group.  The majority  of  patients  presented  with  1  vessel  disease  (66.8% 
versus 67.5%) on the coronary angiogram.

Clinical outcomes
A total of 6 patients died during 1 year follow-up after primary PCI, 1 patient in the 
epoetin alfa group and 5 in the control group (Table 2). The composite end point of all-
cause mortality,  re-infarction, target  vessel revascularization, stroke and heart  failure 
occurred in 6.4% (N = 15) of patients in the epoetin alfa group and 9.6% (N = 24) of 
patients in the control group (p = 0.18) during the first year after primary PCI (Table 2, 
Figure  2).  Thromboembolic  events  were  present  in  1.3% (N = 3)  of  patients  in  the 
epoetin alfa group and 2.4% (N = 6) in the control group. Major bleeding occurred in 
3.4% (N = 8) and 4.0% (N = 10) of patients, respectively. 
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Table 1. Baseline clinical and angiographic characteristics
Epoetin alfa
N = 236

Control
N = 249

Age (years) (± SD) 60.1 (± 10.5) 60.5 (± 11.0)
Male gender 180 (76.3%) 199 (79.9%)
Diabetes 25 (10.6%) 18 (7.2%)
Hypertension 78 (33.2%) 83 (33.3%)
Hypercholesterolemia 51 (21.7%) 43 (17.3%)
Family history CAD 120 (51.1%) 131 (52.6%)
Current smoker 56 (24.0%) 56 (22.5%)
Prior revascularization 5 (2.1%) 8 (3.2%)
Systolic blood pressure (mmHg) (± SD) 127.9 (± 24.8) 129.6 (± 23.6)
Diastolic blood pressure (mmHg) (± SD) 76.7 (± 14.8) 77.1 (± 13.9)
Heart rate (b.p.m.) (± SD) 75.2 (± 15.6) 74.0 (± 16.1)
Haemoglobin at baseline (g/dL) (± SD) 14.0 (± 1.4) 14.3 (± 1.3)
Haematocrit at baseline (%) (± SD) 40.2 (± 3.8) 41.3 (± 3.5)
Serum creatinine at baseline (mg/dL) (IQR) 0.85 (0.74-0.98) 0.87 (0.76-1.00)
Time from symptom onset to PCI (min) (IQR) 180 (126-290) 175 (120-255)
Number of diseased vessels
   1 157 (66.8%) 168 (67.5%)
   2 60 (25.5%) 62 (24.9%)
   3 18 (7.7%) 19 (7.6%)
Infarct-related coronary artery
   LAD 96 (40.9%) 99 (39.8%)
   Cx 38 (16.2%) 42 (16.9%)
   RCA 101 (43.0%) 107 (43.0%)
b.p.m = beats per minute, CAD = coronary artery disease, Cx = circumflex coronary artery, 
IQR = interquartile range, LAD = left artery descending, PCI = percutaneous coronary intervention, 
RCA = right coronary artery

Figure 2. Cumulative incidence of the 
composite end point all-cause mortality, 
re-infarction, target vessel 
revascularization, stroke and heart failure
Cumulative event rate of STEMI patients 
randomized to epoetin alfa or the control 
group during the first year after primary PCI
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Table 2. Clinical events at 1 year follow-up
Epoetin alfa
N = 236

Control
N = 249 p value

All-cause mortality 1 (0.4%) 5 (2.0%) 0.12
Re-infarction 1 (0.4%) 5 (2.0%) 0.12
Target vessel revascularization 10 (4.2%) 13 (5.2%) 0.61
Stroke 2 (0.8%) 1 (0.4%) 0.53
Heart failure 1 (0.7%) 4 (2.6%) 0.19
Composite end point 15 (6.4%) 24 (9.6%) 0.18

Thromboembolic complications 3 (1.3%) 6 (2.4%) 0.35
Major bleeding 8 (3.4%) 10 (4.0%) 0.72

The composite end point includes all-cause mortality, re-infarction, target vessel revascularization, stroke and 
heart failure. Thromboembolic complications include re-infarction and stroke

Subgroups
In the subgroups of gender, age (>70 years), diabetes, hypertension, smoking and time 
from symptom onset to primary PCI (>180 minutes), there was no significant difference 
in the incidence of the composite end point between the epoetin alfa group and the 
control group (Figure 3).
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DISCUSSION
The 1 year  follow-up results of this randomized trial on epoetin alfa in 485 STEMI 
patients  showed  no  significant  difference  in  the  composite  end  point  of  all-cause 
mortality, re-infarction, target vessel revascularization, stroke and heart failure between 
STEMI patients randomized to a single high dose epoetin alfa or to standard optimal 
medical  treatment  after  primary  PCI.  In  addition,  the  incidence  of  thromboembolic 
complications was comparable between the treatment groups.

Erythropoietin  is  a  hematopoietic  hormone produced  by  the  kidneys  in  response  to 
hypoxia. It  stimulates the production of red blood cells by inhibition of apoptosis of  
progenitor  cells,  causing  an  increase  of  the  hemoglobin  level.  In  clinical  practice,  
exogenous  erythropoietin  is  often  administered  in  anemic  patients  with  a  reduced 
erythropoietin  production.11 ESA  are  mainly  used  in  anemic  patients  with  chronic 
kidney disease and cancer, and in these patients chronic administration effectively raises 
hemoglobin leading to a reduction in symptoms. However, this is not associated with a 
favorable effect on outcome.12-14 Long-term use of ESA have also been investigated in 
patients with chronic heart failure. In these patients, it reduced symptoms and increased 
exercise capacity,15,16 but it also did not improve outcome.17

ESA  have  also  been  investigated  in  acute  ischemic  conditions  in  patients  without 
anemia. In these patients, single doses of ESA were used with the aim of protection 
against  ischemia.  In  patients  with  acute  cerebral  ischemia  early  studies  suggested 
potentially  beneficial  effects  of  ESA.18 However,  a  subsequent  much  larger  study 
indicated that ESA were not beneficial in these patients.19 In comparison, more studies 
have been conducted in patients with acute cardiac ischemia and myocardial infarction 
as compared to acute cerebral ischemia.  In preclinical studies, administration of ESA 
showed  cardioprotective  effects  in  cardiac  ischemia.20 Administration  of  exogenous 
erythropoietin  resulted  in  a  reduction  of  cardiac  cell  apoptosis  in  different  animal 
models  in  rats  and  rabbits  during  ischemia,  and  after  the  onset  of  reperfusion.21-23 

Administration  of  ESA  even  resulted  in  a  reduction  in  cardiomyocyte  loss  and  a 
decreased infarct  size after induced ischemia in rats and dogs.21,24,25 In addition, ESA 
may contribute to a reduction in the inflammatory response induced after myocardial  
reperfusion and have a positive effect on neovascularization.25,26

After these encouraging pre-clinical studies, clinical trials have evaluated the effect of 
ESA  administration  in  patients  with  STEMI  undergoing  PCI.1-9 In  2  small  clinical 
studies, the investigators observed an improvement in left ventricular function over time 
in STEMI patients receiving ESA, and not in the control group. 3,4 Although the results 
of preclinical studies were promising, ESA administration did not result in a reduction 
of  infarct  size or an improvement  in left  ventricular  function between the treatment 
groups  in  most  clinical  trials.  We  performed  the  largest  randomized  clinical  trial  
investigating the effect of epoetin alfa in STEMI patients so far. Epoetin alfa did not 
result  in an improvement  of  left  ventricular  function at  6  weeks after  primary PCI. 
However, we observed a reduction in cardiovascular events at 6 weeks in the epoetin 
alfa  group  compared  to  the  control  group,  although  numbers  were  low  (8  vs  19, 
p = 0.032).  In  the  current  study  we  can  report  that  one  year  after  PCI,  the  initial  
differences in cardiovascular events disappeared.
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Regarding the overwhelming effects in animal models of acute myocardial infarction,  
how can the discrepancy with the clinical situation be explained?27 A first explanation 
may  be  that  the  cardioprotective  effect  of  ESA in  animals  cannot  be  translated  to 
humans, probably as a consequence of differences in coronary anatomy, and differences 
in infarct sizes and ESA dose compared with clinical studies. Secondly, the timing of 
epoetin alfa administration may not have been optimal, as epoetin alfa was administered 
after  myocardial  reperfusion.28 The  higher  ESA doses  used  in  animals  compared  to 
humans  could  have  contributed  to  the  observed  differences  in  treatment  effects.  
However,  it  seems that the dose of epoetin alfa was high enough to have effects on 
serum  levels,  as  a  previous  pilot  study  showed  a  200-fold  increase  of  serum 
erythropoietin levels after administration of high dose darbepoetin alfa.29 Third, a single 
bolus dose of epoetin alfa may not have been sufficient. However, it should be taken 
into account  that  increases  in hemoglobin levels may cause unwanted side effects.30 

Fourth,  we  included  patients  with  a  first  STEMI  who  were  reperfused  early  after 
symptom onset. As a consequence of the small infarct sizes in a majority of patients, the 
possible effects of epoetin alfa may not have been observed. Finally,  the number of  
included patients may have been too small to observe an effect on clinical outcome.

Safety 
Administration of high dose ESA has raised safety concerns in patients with anemia and 
chronic kidney disease receiving high ESA doses. In a study of patients with diabetes,  
chronic kidney disease and anemia, high ESA doses resulted in an increased risk of 
stroke in patients receiving darbepoetin alfa compared to placebo.14 In addition, some 
randomized trials in STEMI patients observed a trend towards a higher incidence of re-
infarction,  target  vessel  revascularization  and  stroke  in  patients  treated  with  ESA 
compared to placebo, but numbers were low.1,7 In the present larger follow-up study of 
HEBE III,  the incidence of cardiovascular events did not significantly differ between 
patients randomized to epoetin alfa or the control group at 1 year after primary PCI. 
This  is  also  supported  by  the  results  of  a  meta-analysis  of  randomized  trials 
investigating  the  effect  and  safety  of  ESA in  patients  with  myocardial  infarction.31 

However, this was performed on study level rather than with individual patient data. 

Subgroups
Najjar et al. observed that in patients ≥ 70 years the mean infarct size was larger in the 
ESA group than in the placebo group on the first cardiac magnetic resonance imaging.7 

We did not observe a higher incidence of adverse cardiovascular events in patients ≥ 70 
years  receiving  ESA  compared  to  the  control  group.  In  addition,  none  of  the 
investigated  subgroups  showed  a  significant  difference  in  cardiovascular  events 
between the treatment allocations.

Limitations
Several  limitations  should  be  taken  into  account.  This  study  was  powered  on  an 
estimated  improvement  of  left  ventricular  ejection  fraction  at  6  weeks  after  PCI.  
Therefore, the number of patients may have been too small to investigate a difference in 
clinical outcome and cardiovascular events at 1 year after PCI. In addition, the number 
of events was small, making it difficult to observe differences in effect  between the 
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treatment allocations. Furthermore, the population of STEMI patients included in this 
study  was  a  selective  population  with  better  clinical  outcomes  than  expected  in  a 
general STEMI population. This makes it more difficult to translate our results to real 
world clinical practice. Finally, the study was not blinded for treatment allocation.

Conclusion and implications
The administration of epoetin alfa in patients with STEMI did not result in a reduction  
of cardiovascular events at 1 year after primary PCI. However, the higher incidence of 
thromboembolic complications, as observed in some previous studies, was not observed 
in patients receiving epoetin alfa in this study. This may suggest that a single dose of 
epoetin  alfa  administration  is  safe  at  the  long  term. However,  whether  serial  ESA 
administration in  STEMI patients  is  safe and effective  should be investigated  in  an 
adequately powered trial with clinical end points. 
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CHAPTER 7

ABSTRACT

Background
Erythropoiesis-stimulating agents  (ESAs)  have  been  investigated  in  small  studies  in 
patients  with  ST-elevation  myocardial  infarction  (STEMI)  undergoing  primary 
percutaneous coronary intervention (PCI).  ESAs did not  show a clear  effect  on left 
ventricular function or clinical outcome, but some studies suggested an increased risk of 
thrombo-embolic events. 

Methods and results
A systematic literature search in MEDLINE was performed, until December 2012. We 
included randomized clinical trials investigating the effect of ESAs in STEMI patients 
undergoing primary PCI, with at least 30 days of follow-up. The primary end point was 
a composite of all-cause mortality, myocardial infarction and in-stent thrombosis after 
PCI. Secondary endpoint was all-cause mortality. Individual patient data was obtained 
from 10  of 11 trials, including 97.3% (1242/1277) of all patients randomized to control  
(N = 600) or to ESAs (N = 642). Baseline characteristics were well balanced between 
the treatment allocations. Mean follow-up time was 248 (±131) days. The primary end 
point occurred in 3.5% (20/577) in the control group and in 2.1% (13/610) in the ESAs 
group (HR for ESAs 0.63; 95% CI 0.31-1.27; p = 0.20). Mortality occurred in 13 (2.3%) 
in the control group and 5 (0.8%) in the ESAs group (HR for ESAs 0.38; 95% CI 0.13-
1.06; p = 0.06). 

Conclusions
ESA administration does not result in an increased risk of thrombo-embolic events in 
STEMI patients undergoing primary PCI, and there is a trend towards lower mortality.  
Results  of  ongoing  studies  may  provide  further  insight  to  the  potential  beneficial 
clinical effects of ESAs in STEMI patients.
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INTRODUCTION 
Primary percutaneous coronary intervention (PCI) is the preferred treatment in patients 
presenting  with  ST-elevation  myocardial  infarction  (STEMI).1 In  the  past  decade, 
several small randomized clinical trials have investigated the effects of erythropoiesis-
stimulating agents  (ESAs)  on  left  ventricular  function,  infarct  size,  and  outcome in 
patients with a STEMI.2-12 Although the cardio-protective effects of ESAs have been 
promising in preclinical studies, a positive effect of ESAs on left ventricular function 
and clinical outcome in STEMI patients has not been observed in most clinical trials. 
Some studies even raised safety concerns, with a higher incidence of the combined end 
point of death, myocardial infarction, stroke or stent thrombosis in patients treated with 
ESAs.11 In addition, clinical trials investigating the effect of ESAs in patients with heart 
failure,13,14 chronic kidney disease,15 and ischemic stroke16 also raised safety concerns, as 
they suggested higher trends for mortality, thrombo-embolic events or stroke in patients 
receiving ESAs. 

The results of individual clinical trials in STEMI patients are based on a small number 
of  events  and  therefore  no  definitive  answer  is,  as  yet,  available  on the  safety and 
efficiency of ESAs in this setting. Currently, clinical trials are underway to investigate  
the effect of intracoronary administration of ESAs in STEMI patients, and the effect of 
a low dose ESA administration in a large cohort of STEMI patients.17,18 In the individual 
clinical  trials, the numbers of STEMI patients included have been too small to fully 
interpret  clinical events and assess the safety of ESAs administration, as none of the 
trials were powered on clinical end points. Gao et al. have performed a meta-analysis to 
investigate the effect of ESAs in STEMI patients.19 However, this meta-analysis was 
performed at an overall study level without access to individual data. Here, we present a 
meta-analysis on individual patient data of all randomized controlled trials investigating 
the effects of ESAs in STEMI patients undergoing primary PCI in order to assess the 
safety and efficacy of these agents. 

METHODS
A  systematic  search  was  performed  for  eligible  studies  according  to  the  preferred 
reporting items for systematic reviews and meta-analysis (PRISMA) guidelines.20 We 
identified  eligible  trials  by  searching  MEDLINE  using  Pubmed,  and  Embase  until  
December 2012. We searched for articles using the keywords “myocardial infarction” 
plus “erythropoietin”, “epoetin”, “darbepoetin” or “EPO”, as well as Medical Subject 
Heading terms (MeSH) in Pubmed. In addition, we evaluated the reference lists of the 
identified articles for eligible trials. Trials were also searched on clinicaltrials.gov, and 
clinical experts in the field were consulted. Citations were first screened on title and 
abstract  level.  Full  text  articles  were  obtained  for  candidate  studies  meeting  the 
eligibility criteria, and were reviewed for inclusion in the meta-analysis.

Eligibility
In this meta-analysis of individual patient data, we intended to include all randomized 
clinical trials studying the effect of ESA administration in STEMI patients undergoing 
primary PCI. To be included in this meta-analysis, studies had to 1) be a randomized 
clinical trial comparing ESAs with standard medical treatment or placebo, 2) include 
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STEMI patients undergoing PCI within 24 hours after symptom onset, 3) report clinical 
event data (at  least  all-cause mortality,  myocardial  infarction or in-stent  thrombosis) 
with follow-up of at least 30 days after PCI, 4) be a full text publication in English. All  
randomized  clinical  trials  were  included,  irrespective  of  the  number  of  patients 
included,  or  the  dose  or  time  of  ESA  administration.  For  quality  assessment,  
information of each trial meeting the inclusion criteria was extracted concerning the 
characteristics  of  trial  participants,  including baseline and procedural  characteristics; 
type of randomization and intervention, including the specific ESAs, the regimen, dose 
and time of ESA administration; assessment of outcome measurements, including the 
primary outcome measurements,  clinical  events  and follow-up time.  In  addition, we 
evaluated the presence and quantity of missing data.

Data collection
A total of 11 trials fulfilled the inclusion criteria.2-12 Some of the study designs have 
been published separately.21,22 The primary investigators and corresponding authors of 
the eligible trials were contacted and informed about the planned meta-analysis. After 
agreement with the pre-specified data collection, investigators were asked to provide 
individual patient data from their study. The quality of the data was checked separately 
for each study concerning completeness and consistency with the data published in the 
original  articles.  The participating investigators  were  asked  for  confirmation of  data 
consistency and to respond to queries when necessary. 

Clinical end points
In this meta-analysis, the primary end point was the composite end point of all-cause 
mortality,  myocardial  infarction and in-stent thrombosis after primary PCI. Mortality 
and myocardial infarction have been reported in all clinical trials as an efficacy or safety 
end point. We report all clinical end points as provided by the responsible investigators  
and their own data safety monitoring boards, using the definitions pre-specified in each 
trial.  In-stent  thrombosis  was  reported  if  available  from  the  individual  trial  data. 
Furthermore,  target  vessel  revascularization,  heart  failure,  stroke  and  deep  venous 
thrombosis were defined as safety end points.

Statistical analysis
All  individual  randomized  patients  included  in  the  randomized  clinical  trials  were 
analyzed,  and  analyses  of  data  were  performed  according  to  the  intention  to  treat 
principle. We performed a one stage approach meta-analysis, combining all individual 
patient data in a single meta-analysis, with regression analyses stratified by trial.23 We 
present  baseline  and  procedural  characteristics  by  treatment  allocation,  reporting 
continuous variables  with normal  distribution as mean ± standard deviation (SD) or 
median with interquartile range for variables with non-normal distribution. Differences 
in continuous variables were evaluated by two-tailed Student’s t-test or Mann-Whitney 
U-test,  as  appropriate.  Categorical  variables  are  presented  as  frequency  values  and 
proportions,  and differences  between treatment  allocations were  compared using the 
chi-square  test.  The  frequency  of  the  primary,  composite  end  point  of  all  cause 
mortality,  myocardial  infarction  and  in-stent  thrombosis  was  studied  over  time  by 
Kaplan-Meier event curves. The effect of ESAs administration on the primary end point 
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was assessed using Cox regression, stratified by trial. The hazard ratios are reported 
with corresponding 95% confidence intervals (CI) according to treatment allocation. In 
addition,  Kaplan  Meier  event  curves  have  been  computed  for  all  clinical  events 
separately,  comparing  treatment  allocation  with  Cox  regression,  stratified  by  trial. 
Furthermore, treatment effects of ESAs were evaluated in pre-specified subgroups for 
age >70 years,  gender,  history of hypertension, hemoglobin at baseline, creatinine at 
baseline, reperfusion time <180 minutes, and enzymatic infarct size measured by peak 
CK. The treatment effects in the subgroups were assessed by Cox regression, stratified 
by trial. For all analyses, 2-sided p values <0.05 were defined as significant. Statistical 
analyses were performed using SPSS version 20.0 (SPSS, IBM corporation, Armonk, 
NY, USA).
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Table 1. Design characteristics of randomized trials
Study Inclusion 

period
Main inclusion criteria Nr included 

(Control/ESA)
Agent and regimen ESA amount Clinical 

follow up

Lipsic et al.2 2004 Males with first STEMI undergoing PCI 20 (10/10) Control vs darbepoetin alfa iv directly 
before PCI

60,000 IU 1 month

EPO/AMI-1, Ozawa et 
al.3

2005-2006 STEMI patients with successful PCI for a 
single IRA

41 (19/22) Saline vs epoetin-beta iv ≤ 24h after PCI 12,000 IU 6 months

Suh et al.5 2005-2008 Patients with first STEMI, with TIMI flow 0 
before PCI

57 (28/29) Control vs epoetin-alfa iv directly before 
PCI

50 IU/kg 6 months

Ferrario et al.6 2005-2006 Patients with first STEMI undergoing PCI 
with symptoms <6h

30 (15/15) Saline vs epoetin-beta iv at 30 min, 24 and 
48h after PCI

3x 33,000 IU 12 months

Ludman et al.7 2007-2009 STEMI patients undergoing PCI, with TIMI 
flow 0 before PCI

51 (25/26) Saline vs rhEPO beta iv directly before PCI 
and 24h after PCI

2x 50,000 IU 4 months

EPOMI, Prunier et al.8 2008-2010 First STEMI with TIMI 0-1 before PCI and 
TIMI 2-3 after PCI

110 (53/57) Control vs epoetin-beta iv as soon as 
possible after PCI

1000 IU/kg 12 months

REVIVAL-3, Ott et al.9 2007-2008 Patients with first STEMI undergoing 
successful PCI

138 (70/68) Saline vs epoetin-beta iv directly after PCI, 
24h and 48h after PCI

3x 33,000 IU 6 months

HEBE III, Voors et 
al.10

2007-2010 First STEMI with TIMI 0-1 before PCI and 
TIMI 2-3 after PCI

529 (266/263) Control vs epoetin-alfa iv ≤ 3h after PCI 60,000 IU 12 months

REVEAL, Najjar et 
al.11

2006-2010 First STEMI with TIMI 0-1 before PCI and 
TIMI 2-3 after PCI 

222 (99/123) Saline vs epoetin-alfa iv ≤ 4h after PCI 60,000 IU* 3 months

Tang et al.12 2006-2008 STEMI patients undergoing PCI, with TIMI 3 
after PCI

44 (15/29) Saline vs rHuEpo daily for 3 consecutive 
days after PCI

200 IU/kg 1 month

* The study had an escalation phase in which 3 doses of epoetin alfa (15,000 IU, 30,000 IU and 60,000 IU) were evaluated. IRA = infarct-related artery, IU = international units, 
iv = intravenously, PCI = percutaneous coronary intervention, STEMI = ST-elevation myocardial infarction, TIMI = thrombolysis in myocardial infarction, vs = versus.
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Table 2. Baseline and procedural characteristics
Control
N = 600

ESAs
N = 642

Age (±SD) 59.4 (± 11.7) 58.7 (11.8)
Male gender 478/600 (79.7%) 511/641 (79.7%)
Race
   Asian 49/425 (11.5%) 54/450 (12.0%)
   White 358/425 (84.2%) 378/450 (84.0%)
   Black 15/425 (3.5%) 14/450 (3.1%)
Diabetes 78/581 (13.4%) 75/600 (12.5%)
Hypertension 253/581 (43.5%) 248/600 (41.3%)
Hyperlipidemia 184/578 (31.8%) 187/600 (31.2%)
Current smoking 211/580 (36.4%) 214/595 (36.0%)
Family history CAD 200/455 (44.0%) 194/470 (41.3%)
Prior myocardial infarction 5/220 (2.3%) 6/226 (2.7%)
Prior revascularization 14/517 (2.7%) 13/532 (2.4%)
Height (±SD) 170.9 (± 9.6) 171.5 (± 9.4)
Weight (±SD) 80.2 (±16.0) 82.0 (± 17.7)
Systolic BP (±SD) 129.9 (±22.9) 129.4 (± 22.9)
Diastolic BP (±SD) 77.2 (±14.1) 77.9 (± 15.4)
Heart rate (±SD) 75.4 (± 15.7) 75.2 (± 15.7)
Killip class I 257/288 (89.2%) 291/312 (93.3%)
Hemoglobin at baseline (g/dL) (±SD) 14.2 (± 1.6) 14.1 (± 1.6)
Hematocrit at baseline (%) (±SD) 40.0 (± 7.9) 40.3 (± 6.5)
Serum creatinine  (mg/dL) (IQR) 0.90 (0.78-1.04) 0.90 (0.78-1.03)
Primary PCI 568/585 (97.1%) 599/612 (97.9%)
Infarct related artery
   RCA 249/598 (41.6%) 260/635 (40.9%)
   LAD 264/598 (44.1%) 281/635 (44.3%)
   Cx 83/598 (13.9%) 94/635 (14.8%)
Multivessel disease 160/450 (35.6%) 172/473 (36.4%)
TIMI flow pre PCI
   TIMI 0 239/309 (77.3%) 271/338 (80.2%)
   TIMI 1 44/309 (14.2%) 36/338 (10.7%)
   TIMI 2 20/309 (6.5%) 29/338 (8.6%)
   TIMI 3 6/309 (1.9%) 2/338 (0.6%)
TIMI flow post PCI
   TIMI 1 1/308 (0.3%) 0/338 (0%)
   TIMI 2 13/308 (4.2%) 16/338 (4.7%)
   TIMI 3 294/308 (95.5%) 322/338 (95.3%)
Stent number
   1 218/298 (73.2%) 246/338 (72.8%)
   2 66/298 (22.1%) 70/338 (20.7%)
   ≥ 3 13/298 (4.4%) 17/338 (5.1%)
Drug eluting stent 159/306 (52.0%) 183/346 (52.9%)
Time to reperfusion (minutes) (IQR) 190 (135-290) 200 (140-294)

CAD = coronary artery disease, Cx = circumflex coronary artery, ESAs = erythropoiesis-stimulating agents, 
IQR = interquartile range, LAD = left anterior descending artery, PCI = percutaneous coronary intervention, 
RCA = right coronary artery, SD = standard deviation, TIMI = thrombolysis in myocardial infarction
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Table 3. Outcome after PCI for the individual trials

Lipsic et al.2

N = 20
EPO/AMI-1.3

N = 41
Suh et al.5

N = 57
Ferrario6

N = 30
Ludman7

N = 51
EPOMI8

N = 110
REVIVAL-39

N = 138
HEBE III10

N = 529
REVEAL11

N = 222
Tang12

N = 44

All-cause mortality 0/20 (0%) 1/39 (2.6%) 1/57 (1.8%) 0/30 (0%) 1/51 (2.0%) 3/109 (2.8%) 5/138 (3.6%) 6/485 (1.2%) 1/214 (0.5%) 0/44 (0%)

Myocardial infarction 0/20 (0%) 0/38 (0.0%) 1/57 (1.8%) 0/30 (0%) 0/51 (0%) 3/109 (2.8%) 4/138 (2.9%) 6/485 (1.2%) 2/212 (0.9%) 0/44 (0%)

In-stent thrombosis 0/20 (0%) 1/38 (2.6%) - 0/30 (0%) 0/51 (0%) 3/109 (2.8%) 5/138 (3.6%) - 3/212 (1.4%) 0/44 (0%)

Composite end point 0/20 (0%) 2/39 (5.1%) 2/57 (3.5%) 0/30 (0%) 1/51 (2.0%) 4/109 (3.7%) 9/138 (6.5%) 11/485 
(2.3%)

4/214 (1.9%) 0/44 (0%)

Target vessel 
revascularization

0/20 (0%) 5/38 (13.2%) 1/57 (1.8%) 0/30 (0%) 0/51 (0%) 6/109 (5.5%) 9/138 (6.5%) 23/485 
(4.7%)

- -

Heart failure - 0/38 (0.0%) - 0/30 (0%) 0/51 (0%) 2/109 (1.8%) - 5/297 (1.7%) 6/213 (2.8%) -

Stroke - 0/38 (0.0%) 1/57 (1.8%) 0/30 (0%) 0/51 (0%) 0/109 (0%) 1/138 (0.7%) 3/485 (0.6%) 1/213 (0.5%) 0/44 (0%)

Deep venous 
thrombosis

- 0/38 (0.0%) - 0/30 (0%) 0/51 (0%) 0/109 (0%) - - 0/213 (0%) 0/44 (0%)

Composite end point includes all-cause mortality, myocardial infarction and in-stent thrombosis
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RESULTS

Patient characteristics
The electronic  search  retrieved  636 records,  of  which  11  studies  met  the  inclusion 
criteria  (Figure  1).  Individual  patient  data  were  obtained  from  10  out  of  11  trials 
meeting  the  inclusion  criteria,  including  97.3%  (1242/1277)  of  all  patients  of  the 
eligible  trials  (Table  1).  We did not  obtain the data  of  1  clinical  trial  including 35 
patients with a first STEMI.4 A total of 600 patients were randomized to the control 
group  receiving  standard  treatment  or  placebo,  and  642 patients  to  the  intervention 
group, receiving ESAs. Baseline clinical characteristics were well balanced between the 
two treatment groups (Table 2). The mean age of the patients was 59.5 (±11.7) years in 
the control group and 58.7 (±11.8) years in the ESAs group, and the proportion of males 
was 79.7% for both treatment allocations. 

Clinical outcome
Clinical event rate and follow-up duration differed between the individual clinical trials 
(Table 1,3). Taken together, the mean follow up time was 255 (±131) days in patients 
randomized to standard medical treatment or placebo, and 240 (±131) days in patients 
randomized to ESAs. Infarct  size,  as measured by peak value of CK was 1850 U/L 
(interquartile range 967-3472) in the control group and 1765 U/L (interquartile range 
850-3103)  in  the  ESAs  group  (p = 0.22).  The  composite  end  point  of  all-cause 
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Figure 2. Kaplan Meier curve for the composite end point of all-cause mortality, myocardial 
infarction and in-stent thrombosis, for the treatment allocations
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mortality, myocardial infarction and in-stent thrombosis occurred in 3.5% (20/577) of 
patients randomized to the control group and 2.1% (13/610) of patients randomized to 
the ESAs group (Figure 2). The risk of the combined end point did not significantly 
differ  between  the  treatment  allocations  (HR  for  ESAs  0.63;  95%  CI  0.31-1.27; 
p = 0.20). A total of 18 patients died during follow-up, 13 (2.3%) in the control group 
and  5 (0.8%) in the  ESAs group  (HR for  ESAs 0.38;  95% CI 0.13-1.06;  p = 0.06) 
(Table 4, Figure 3). Stroke occurred in 1 patient in the control group and in 5 patients in 
the ESAs group (0.2% versus 0.8% respectively [HR for ESAs 4.9 (95% CI 0.58-42.37; 
p = 0.14]).

Treatment effect in subgroups of patients
The  effect  of  ESAs  on  the  composite  end  point  of  all-cause  mortality,  myocardial  
infarction and in-stent thrombosis was evaluated in pre-specified subgroups of age (>70 
years), gender, history of hypertension, hemoglobin (> mean of 14.18 g/dL) and serum 
creatinine (>median of 0.90 mg/dL) at baseline, time from symptom onset to PCI (>180 
minutes) and enzymatic infarct size (>median of 1785.5 U/L) (Figure 4). In none of the 
subgroups was a significant difference in the effect of ESAs on the composite end point  
observed. 
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Figure 3. Kaplan Meier curve for all-cause mortality for the treatment allocations
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Table 4. Outcome for treatment allocation
Control
N = 600

ESAs
N = 642

P value

Peak CK  (U/L) (IQR) 1850 (967-3472) 1765 (850-3103) 0.22
Peak CKMB (U/L) (IQR) 203 (102-345) 200 (101-345) 0.95
Peak troponin T (IQR) 4.80 (2.24-10.03) 5.03 (1.99-9.82) 0.95

HR for ESAs 
(95% CI)

Days of follow-up 255 (± 131) 240 (± 131) 0.61
All-cause mortality 13/577 (2.3%) 5/610 (0.8%) 0.38 (0.13-1.06) 0.06
Myocardial infarction 8/576 (1.4%) 8/608 (1.3%) 0.98 (0.37-2.62) 0.98
In-stent thrombosis 5/284 (1.8%) 7/314 (2.2%) 1.30 (0.41-4.10) 0.65
Composite end point 20/577 (3.5%) 13/610 (2.1%) 0.63 (0.31-1.27) 0.20

Target vessel 
revascularization

20/466 (4.3%) 24/462 (5.2%) 1.11 (0.60-2.06) 0.75

Heart failure admission 7/355 (2.0%) 6/383 (1.6%) 0.77 (0.26-2.29) 0.64
Stroke 1/566 (0.2%) 5/599 (0.8%) 4.9 (0.58-42.37) 0.14

Composite end point includes all-cause mortality, myocardial infarction and in-stent thrombosis. 
CI = confidence interval, CK = creatine kinase, ESAs = erythropoiesis-stimulating agents, HR = hazard ratio, 
IQR = interquartile range.
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Figure 4. Effect of ESAs on the composite end point all-cause mortality, myocardial infarction 
and in-stent thrombosis in selected subgroups
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DISCUSSION
In  this  meta-analysis  of  individual  patient  data  investigating  the  effect  of  ESAs  in 
STEMI patients undergoing primary PCI, no effect of ESAs on the composite end point 
of all-cause mortality, myocardial infarction and in-stent thrombosis was observed. In 
the 10 included trials consisting of a total of 1242 STEMI patients, the incidence of  
mortality was low in both the intervention and control group,  but there was a trend 
towards  a lower  mortality  in  the  ESA treated  patients.  No difference  in  the risk of 
thrombo-embolic  events  was  found  between  the  treatment  allocations.  In  the  pre-
specified  subgroups  we  did  not  observe  a  difference  in  the  effect  of  ESAs  on  the 
composite primary end point.

The  effect  of  ESAs  has  been  investigated  in  small  clinical  trials  enrolling  STEMI 
patients  undergoing  PCI.  In  most  studies,  the  primary  outcome  measure  was  left 
ventricular  ejection  fraction  or  infarct  size,  assessed  by cardiac  magnetic  resonance 
imaging  or  radionuclide  ventriculography.  Although  the  results  of  most  preclinical 
studies investigating the effect of ESAs on myocardial damage have shown a positive 
effect,24 clinical studies have so far been neutral. 

It  could  be  suggested  that  ESAs  may  have  no  cardio-protective  effect  in  humans 
presenting with STEMI. Alternatively,  the infarct size of STEMI patients included in 
the present clinical trials may have been too small to observe a difference between the 
treatment allocations. Another explanation for the absence of a clear beneficial effect 
might be related to the administrated (mostly) single dose of ESA that was infused. 

Previously, Gao et al. have performed a meta-analysis at a study level investigating the  
effect and safety of ESAs in patients with myocardial infarction.19 The authors observed 
no benefit of ESAs on left ventricular function, infarct size or on cardiovascular events, 
and concluded that ESAs were safe, but not effective in myocardial infarction patients. 
However, this meta-analysis was performed on study level data, and the authors did not 
have access to individual patient data, which limits the value of this meta-analysis.25,26 

The results of the study of Gao et al. are comparable with our meta-analysis conducted  
on  individual  patient  data,  however,  we  observed  a  trend  towards  a  lower  risk  of  
mortality in the ESA group.

The  higher  risk  of  thrombo-embolic  events  has  not  only  been  observed  in  studies  
involving STEMI patients, but in a number of studies investigating the effect of ESAs 
for  other  indications  as  well,  raising serious  questions regarding  the  safety  of  ESA 
administration.14-16,27 For  example,  in  patients  with systolic  heart  failure  and  anemia 
receiving ESAs, a higher incidence of thrombo-embolic events in the ESA group was 
observed.14 In patients with chronic kidney disease, diabetes mellitus type 2 and anemia, 
high ESA doses resulted in an increased risk of stroke in patients receiving ESAs as 
compared to placebo.15 The effect of ESAs has also been investigated in other ischemic 
conditions in patients without  anemia.  For example,  in  patients  with acute  ischemic 
stroke randomized to ESAs a higher rate  of death was observed in the ESAs group 
compared to the placebo group.16 From these increases in thrombo-embolic events, it 
could be suggested that ESAs have a pro-thrombotic effect.27 In contrast, Tang et al. did 
not observe a difference in platelet activation between patients receiving ESA compared 
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to placebo.12 In the present meta-analysis, we could not confirm an increase in thrombo-
embolic events with the use of ESAs. However, numerically, the number of strokes was 
higher in patients receiving ESAs compared to placebo 

On the other hand, a trend towards a lower risk of mortality was observed in the ESAs 
group, as compared to the placebo group, but this trend is based on a small number of 
deaths. As no difference in enzymatic infarct size was observed, it could be questioned 
if this trend is a consequence of ESAs administration or not. Compared to a general 
STEMI population undergoing PCI the event rate was low. This may suggest  that  a 
relatively  low risk  population  of  STEMI patients  with  small  infarct  sizes  has  been 
included in the clinical trials. The results of ongoing trials of ESAs administration in  
STEMI patients  may provide  further  insight  to  the  effect  of  ESAs  on  mortality  in 
STEMI patients undergoing primary PCI. 

Subgroups
The  incidence  of  the  primary  composite  outcome  was  evaluated  in  pre-specified 
subgroups, but no difference in any of the subgroups was observed. In the subgroup of  
patients >70 years,  Najjar et al.  observed a larger infarct  size in the ESAs group as  
compared to the placebo group.11 In this meta-analysis, we did not observe a difference 
in the composite end point between the treatment allocations in patients >70 years. In 
fact, in this subgroup, there was a trend towards a lower risk of events in those receiving 
ESAs when compared to the control group. Furthermore, patients with ischemic times 
≤180 minutes had a relatively low incidence of events compared to ischemic times >180 
minutes,  with  a  trend  towards  a  lower  risk  of  the  composite  end  point  in  patients 
receiving ESAs. In patients with an enzymatic infarct size above the median peak value 
of  CK, we observed a relatively high incidence  of  the composite  end point,  but  no 
difference in the risk of events between the treatment allocations was present.

There are currently 2 ongoing randomized trials investigating the effect  of  ESAs in 
STEMI  patients.  Suh  et  al.  are  investigating  the  effect  of  intracoronary  ESA 
administration immediately before reperfusion in 80 STEMI patients17 and Minamino et 
al. are performing the largest randomized controlled trial of 600 STEMI patients, based 
on the previous experiences from their pilot study.3,18 The primary end points are infarct 
size measured by biomarkers, and improvement of left ventricular function, assessed by 
single-photon emission computed tomography. Furthermore, one clinical trial has been 
published after our systematic  literature search,  investigating the effect  of high dose 
intracoronary darbepoetin alfa in 56 patients with STEMI.28 In this study, no effect of 
ESAs on infarct size, as measured by cardiac magnetic resonance imaging was found.

Limitations
This is the first meta-analysis performed on an individual patient level investigating the 
effect  of  ESAs  on  clinical  outcome  in  STEMI  patients  undergoing  primary  PCI. 
Although  a  meta-analysis  based  on  individual  patient  data  is  regarded  as  the  gold 
standard approach to provide evidence, some limitations should be taken into account. 
The number of events in this study was low, making it difficult to account for between-
trial  differences.  As  the  event  rate  of  the  primary  end  point  was  low,  it  may  be 
suggested that the included STEMI patients are selected and do not represent a general 
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STEMI population undergoing PCI.  Although this  study covers  STEMI populations 
from all over the world, it  is  still  difficult  to translate the results to general  clinical 
practice.  Furthermore,  inclusion  and  exclusion  criteria  of  individual  trials  differed 
slightly,  along  with  ESAs  dose,  administration  regime  and  the  follow-up  period. 
However, baseline patient characteristics and treatment were well balanced between the 
study allocations, and we took between-trial differences into account by stratifying for 
the individual trials in the analyses of time to event data. 

Conclusion
In this meta-analysis of individual patient data, ESA administration did not result in an 
increased  risk  of  thrombo-embolic  events  in  STEMI  patients  undergoing  PCI, 
suggesting that it  is safe.  The risk of the combined end point of all-cause mortality,  
myocardial  infarction  and  in-stent  thrombosis  did  not  differ  between  the  treatment 
allocations. However, we observed a trend towards a lower incidence of mortality in the 
ESAs group compared to the placebo group, but the number of events was low. As non-
significant differences may be caused by low event rates, uncertainty about the positive 
effect  of ESAs administration remains.  Current  ongoing clinical  trials are needed to 
further clarify the clinical effect of ESAs in STEMI patients. 
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CHAPTER 8

This thesis describes outcome after percutaneous coronary intervention (PCI) in patients 
with  different  presentations  of  coronary  artery  disease.  PCI,  usually  consisting  of 
balloon  dilatation  and  stenting,  is  often  part  of  the  standard  therapy  in  patients 
presenting with coronary artery disease. During the past decades, important technical,  
procedural and pharmacologic developments have resulted in improvements in clinical 
outcome after PCI.

In the first part of this thesis, the aim was to investigate population trends and outcome  
after  PCI  in  patients  with  different  presentations  of  coronary  artery  disease.  In  the 
second  part,  we  focused  on  parameters  influencing  outcome  after  primary  PCI  in 
patients with ST-elevation myocardial infarction (STEMI). In the third part, the aim was 
to  investigate  the  cardioprotective  and  clinical  effects  of  erythropoiesis-stimulating 
agents (ESAs), as an adjunctive therapy after primary PCI.

Outcome after PCI in patients with coronary artery disease
In  chapter  2,  we  investigated  the  clinical  characteristics  of  all  consecutive  patients 
undergoing a first  PCI procedure  in Sweden,  in an all-comers  registry study over a 
period of 20 years. The PCI population and their risks have substantially changed. The 
mean age of the PCI treated patients increased, and patients were more often treated for 
acute coronary syndromes, and less often for stable coronary artery disease over time. 
This reflects in part the implementation of primary PCI as the recommended therapy in 
STEMI patients over the years. Unadjusted data showed that the 1- year mortality after 
PCI increased over time, but after adjustment for age and indication, a modest decrease 
was shown,  mainly in the subgroup of patients with STEMI.  This suggests  that  the 
treatment for this indication continuously improves. We may conclude that the patient 
population undergoing PCI has substantially changed, reflecting the establishment of 
new evidence into real world clinical practice. 

In  chapter  3,  we  described  clinical  outcome  for  different  indications  of  PCI,  in  a 
contemporary unselected population at  short- and long term follow-up. The baseline 
characteristics  and  risks  differed  substantially  between  patients  undergoing  PCI  for 
stable coronary artery disease, unstable angina, non ST-elevation myocardial infarction 
(NSTEMI) and STEMI. During the first year after PCI, the mortality risk was highest in 
patients with STEMI compared to the other indications of PCI. After the first year after  
PCI,  we observed  a substantial  difference  in  the adjusted risk of  mortality between 
patients  with  and  without  elevated  biomarkers  of  myocardial  damage.  In  addition, 
NSTEMI  and  STEMI  patients  had  a  higher  risk  of  myocardial  infarction  and  the 
development of heart failure compared to patients with stable coronary artery disease 
and unstable angina on short- and long term. The risk of stent thrombosis was highest in 
STEMI patients, at short as well as long term follow up. These findings suggest that 
improvements  in  therapy  are  needed  in  the  acute  phase  as  well  as  on  long  term. 
Specifically, therapies and strategies to reduce stent thrombosis and the development of 
heart failure appear to be important for the reduction of mortality in patients presenting 
with acute coronary syndromes.
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Outcome after primary PCI
Chapter 4 examined the influence of time from symptom onset to reperfusion in STEMI 
patients  undergoing  primary  PCI,  in  a  contemporary  cohort  treated  with  thrombus 
aspiration  and  triple-anti  platelet  therapy.  Myocardial  reperfusion,  as  assessed  by 
angiography  (myocardial  blush  grade  of  3)  and  electrocardiography  (ST-segment 
resolution  >  70%),  significantly  decreased  after  5  hours  of  total  ischemic  time.  In 
addition, ischemic time was associated with mortality at 30 days, and mortality rates  
were nearly 3 times higher after 5 hours of total ischemic time. However, it should be  
taken into account that patients presenting after 5 hours were older and had more often 
cardiovascular risk factors. The majority of STEMI patients were treated with PCI in 
the first 5 hours after symptom onset. We may suggest that all patients should be treated 
with primary PCI as soon as possible independent of the time of symptom onset, with 
treatment within the golden hours of 5 hours resulting in better myocardial reperfusion 
and clinical outcomes. 

In chapter 5, we investigated the incidence and clinical consequences of visible distal 
embolization on the coronary angiogram after primary PCI in a contemporary STEMI 
population. The incidence of distal embolization was 6.3%, and this is low compared to 
previous reports.  Early administration of aspirin,  heparin and clopidogrel  before PCI 
and systematic use of abciximab at the start of the PCI procedure may have contributed 
to the low incidence of distal embolization. Distal embolization was associated with 
worse myocardial reperfusion, higher levels of biomarkers of myocardial damage, and a 
higher  incidence  of  re-infarction at  1 year  after  primary PCI.  In  addition,  thrombus 
composition  and  size  were  important  determinants  of  the  occurrence  of  distal 
embolization. No effect of thrombus aspiration, as adjunctive therapy during PCI, was 
observed on the incidence of distal embolization. This may in part be a consequence of 
the low incidence of distal embolization, and the presence of distal embolization already 
on the initial coronary angiogram before PCI. We conclude that in patients treated with 
triple  anti-platelet  therapy,  the  incidence  of  distal  embolization  after  PCI  is  low. 
However, the presence of distal embolization is associated with impaired myocardial 
reperfusion and poor outcome. 

Effect of erythropoietin on outcome after primary PCI
In chapter 6, we evaluated the long term effects of epoetin alfa administration in STEMI 
patients undergoing primary PCI.  We performed a follow-up study of the HEBE III  
trial, in which STEMI patients were randomized to standard medical treatment or an 
additional high dose bolus of epoetin alfa after primary PCI. At 1 year after primary 
PCI,  there  was  no  significant  difference  in  the  composite  end  point  of  all-cause 
mortality, re-infarction, target vessel revascularization, stroke and heart failure between 
patients randomized to standard medical treatment or an additional bolus of epoetin alfa. 
These results are in contrast with the results of many animal models of acute myocardial  
infarction, reporting a cardioprotective effect of ESAs after myocardial ischemia. We 
can conclude that the administration of epoetin alfa in STEMI patients did not result in a 
reduction  of  cardiovascular  events  at  1  year  after  primary  PCI.  However,  a  higher 
incidence of thrombo-embolic complications, as observed in some previous studies, was 
not  observed  in  patients  receiving  epoetin  alfa  in  this  study.  Whether  ESAs 
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administration in STEMI patients is safe and effective should be further investigated in 
an adequately powered trial on clinical end points.

In chapter 7, we described the results of a meta-analysis on individual patient data of  
randomized clinical  trials  investigating the effect  of ESAs administration in patients 
undergoing primary PCI for STEMI. Individual patient data were obtained from 10 out 
of 11 identified trials, including 97.3% of all patients randomized to control or to ESAs 
administration.  Baseline  clinical  characteristics  were  well  balanced  between  the 
treatment allocations. We observed no effect of ESAs administration on the composite 
end point of all-cause mortality, myocardial infarction and in-stent thrombosis. There 
was a trend towards a lower incidence of mortality in the ESAs group compared to the 
control group, but the number of events was low. No difference in the risk of thrombo-
embolic  events  was  found  between  the  treatment  allocations.  As  non-significant 
differences may be caused by low event rates, uncertainty about the positive effect of 
ESAs  administration  remains.  Current  ongoing  clinical  trials  are  needed  to  further 
clarify the clinical effects of ESAs in STEMI patients. 

Future perspectives
During the last 2 decades, the characteristics and risks of patients undergoing PCI have 
changed. In addition, important developments in the PCI procedure have resulted in a 
continuous decrease in age adjusted mortality over time, especially in STEMI patients. 
Current  knowledge  may  be  translated  to  suggestions  for  future  clinical  trials  and 
interesting fields of research, which may contribute to further improvements.

First, in chapter 2 we suggested that the decrease in mortality in STEMI patients over  
time may in part be caused by the developments in pre-treatment with antithrombotic 
and anti-platelet therapies, as recommended nowadays in current guidelines.1 In chapter 
3, we suggested that patients presenting with myocardial damage (NSTEMI and STEMI 
patients)  have  a  higher  risk  of  mortality  compared  to  patients  without  myocardial 
damage  (stable  coronary  artery  disease  and  unstable  angina).  Myocardial  damage 
should  be  limited  as  much  as  possible.  Future  improvements  might  focus  on 
pharmacologic  therapies  that  continue  to  improve  myocardial  reperfusion.  So  far, 
treatment with ESAs failed, but other adjunctive therapies need to be investigated to 
reduce myocardial infarct size and heart failure after PCI. On the other hand, delays to 
treatment should be limited, for example by patient awareness of symptoms of acute 
coronary  syndromes,  and  thorough  pre-hospital  logistics  and  STEMI  treatment 
protocols. 

Second,  we concluded  in chapter  2  that  the  patient  population undergoing  PCI has 
substantially changed over time. As a consequence, the changing PCI population should 
be taken into account in the design of future clinical trials. The exclusion of high risk 
subgroups, which may benefit, should be prevented. In registries of patients with acute 
coronary syndromes or PCI, approximately 30% of patients ages ≥75.2,3 It may therefore 
be questioned if elderly patients should be excluded in future randomized clinical trials. 

On the other hand, it can be questioned how much new invasive treatment strategies and 
adjunctive  pharmacologic  therapies  can  contribute  to  a  further  decrease  in  adverse 
clinical events after PCI in the future. The mortality has greatly decreased over time, 
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with 1 year  incidences in randomized clinical trials often below 5% in patients with 
acute coronary syndromes undergoing PCI.4,5 As a consequence of the decrease in hard 
clinical end points, the number of included patients should increase in order to perform 
an  adequately  powered  study.  As  a  solution,  surrogate  end  points,  for  example 
myocardial infarct size or measures of myocardial reperfusion, may be chosen as the 
primary end point of a study. However, another solution may be the performance of a 
randomized  clinical  trial  based  on  national  health  registries.  In  the  concept  of  a 
randomized clinical registry trial, first introduced in the TASTE trial, present registries  
and databases are used as the basis of the clinical trial.6 Baseline information that is 
routinely registered during PCI can be used as clinical report form, which reduces the 
additional  work  associated  with  inclusion.7 In  addition,  clinical  end  points  can  be 
obtained  by merging  with  national  health  registries.  In  this  setting,  patients  can  be 
included in a short period. In addition, as costs reduce, it may be possible to investigate  
important health issues in treatment areas with less commercial interest.

Next  to the improvements  in treatment  strategies  of  PCI,  improvements  in outcome 
should focus on the implementation of evidence based strategies in real world clinical 
practice. In STEMI patients, it has been described that an increase in the use of evidence 
based  treatments  is  associated  with  a  reduction  in  mortality.8 Registries  have  been 
introduced to improve the quality of care and monitor the implementation of evidence 
based treatments.7,9,10 For further improvements in outcome after PCI, it may become 
increasingly recommended to monitor the adherence to guidelines in clinical practice,  
preferably by nation-wide, web based registries.
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CHAPTER 8

Dit  proefschrift  beschrijft  de  uitkomsten  van  percutane  coronaire  interventies  (PCI, 
oftewel  dotterbehandeling)  in  patiënten  met  verschillende  presentaties  van 
coronairlijden.  Een  PCI  procedure,  meestal  bestaande  uit  ballondilatatie  en/of  het 
plaatsen van een stent, is vaak onderdeel van de standaardbehandeling bij patiënten die 
zich  presenteren  met  coronairlijden.  In  de  afgelopen  decennia  hebben  technische, 
procedurele  en  farmaceutische  ontwikkelingen  geresulteerd  in  verbeteringen  in  de 
klinische uitkomsten na PCI.

In  het  eerste  deel  van dit  proefschrift  worden populatietrends en uitkomsten na PCI 
beschreven in patiënten met verschillende presentaties van coronairlijden die een PCI 
ondergaan. Het tweede deel van dit proefschrift richt zich op verschillende parameters 
die de uitkomsten na een primaire PCI procedure beïnvloeden, in patiënten met een ST-
elevatie  myocard  infarct  (STEMI).  In  het  derde deel  van dit  proefschrift  worden de 
klinische effecten van erytropoëse-stimulerende middelen beschreven,  als additionele 
behandeling na primaire PCI.

Uitkomsten na PCI in patiënten met coronairlijden
In hoofdstuk 2 hebben we de verandering van klinische karakteristieken en uitkomsten 
onderzocht in patiënten die een PCI procedure ondergingen, over een periode van 20 
jaar.  We  hebben  gebruik  gemaakt  van  een  landelijke  registratie  studie  waarin  alle 
opeenvolgende PCI procedures in Zweden in de afgelopen 20 jaar geregistreerd zijn. De 
populatie PCI patiënten en hun risico’s veranderden erg in de opeenvolgende jaren. De 
gemiddelde  leeftijd  van  de  patiënten  die  met  een  PCI  werden  behandeld  nam toe. 
Patiënten werden steeds vaker behandeld voor een acuut coronair syndroom, en minder 
vaak voor stabiel coronairlijden. Dit weerspiegelt deels de invoering van primaire PCI 
als  de  aanbevolen  behandeling  voor  STEMI  patiënten  over  de  jaren.  De  niet 
gecorrigeerde uitkomsten lieten zien dat het risico op overlijden binnen 1 jaar na PCI 
toenam over de jaren.  Echter,  na correctie  voor de ouder wordende populatie en de 
indicatie van PCI werd er een geringe afname van het risico op overlijden gezien over 
de  jaren,  met  name  in  de  subgroep  van  STEMI  patiënten.  Dit  suggereert  dat  de 
behandeling voor deze  groep  patiënten  continu is  verbeterd.  We mogen  voorzichtig 
concluderen dat de patiëntenpopulatie die een PCI procedure ondergaat erg veranderd 
is,  wat  de  implementatie  van  evidence-based  medicine,  (geneeskunde  op  basis  van 
wetenschappelijk bewijs) in de klinische praktijk weerspiegelt.

In hoofdstuk 3 beschrijven we de klinische uitkomsten voor verschillende indicaties van 
een PCI procedure, in een hedendaagse en niet geselecteerde PCI populatie op de korte 
(gedurende het eerste jaar) en de lange termijn (na het eerste jaar). De karakteristieken 
en  risicofactoren  verschilden  substantieel  tussen  patiënten  die  een  PCI  procedure 
ondergingen voor de indicatie stabiel coronairlijden, instabiele angina pectoris, non ST-
elevatie myocard infarct (NSTEMI) en STEMI. Gedurende het eerste jaar na de PCI 
procedure was het risico op overlijden het hoogst in STEMI patiënten vergeleken met 
de andere indicaties voor PCI. Na het eerste jaar na PCI zagen we een verschil in het  
risico  op  overlijden  tussen  de  patiënten  met  en  zonder  verhoogde  biomarkers  voor 
myocardschade. Tevens hadden de NSTEMI en STEMI patiënten een hoger risico op 
het  ontwikkelen  van  een  myocardinfarct  en  het  ontwikkelen  van  hartfalen  in 
vergelijking  met  patiënten  met  stabiel  coronairlijden  en  instabiele  angina  pectoris, 
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zowel op de korte- als op de lange termijn na PCI. Het risico op het ontwikkelen van 
stenttrombose na PCI was het hoogst in de STEMI patiënten, zowel op de korte- als 
lange termijn. Deze bevindingen suggereren dat therapeutische verbeteringen zowel op 
de korte als op de lange termijn na PCI nodig zijn. Therapieën en strategieën die het 
risico op stenttrombose en hartfalen  verminderen zouden mogelijk kunnen bijdragen 
aan een vermindering van de mortaliteit bij patiënten die zich presenteren met een acuut 
coronair syndroom.

Uitkomsten na primaire PCI
Hoofdstuk 4 beschrijft de invloed van de tijdsduur vanaf het ontstaan van klachten van 
een myocardinfarct tot de behandeling (ischemietijd) in STEMI patiënten die een PCI 
procedure ondergaan. We hebben de ischemie tijd onderzocht in een hedendaags cohort 
STEMI patiënten die behandeld werden met trombus aspiratie en triple therapie met 
plaatjesremmers.  De  myocard  reperfusie  (doorbloeding  van  de  hartspier)  werd 
vastgesteld met coronairangiografie (myocardiale blush graad 3) en elektrocardiografie 
(ST-segment resolutie > 70%) en nam significant af na een totale ischemietijd van 5 
uur. Tevens was de ischemietijd geassocieerd met overlijden in de eerste 30 dagen na 
PCI. De mortaliteit was bijna 3 keer zo hoog na de periode van 5 uur totale ischemietijd  
ten opzichte van daarvoor.  Er moet  echter  wel  rekening  mee gehouden worden dat 
patiënten die zich presenteerden met een ischemietijd van meer dan 5 uur ouder waren 
en  meer  cardiovasculaire  risicofactoren  hadden.  Het  grootste  deel  van  de  STEMI 
patiënten werd in de eerste 5 uur na het begin van klachten behandeld. We suggereren 
dat  alle  patiënten  zo  snel  mogelijk  behandeld  moeten  worden  met  primaire  PCI,  
onafhankelijk van de tijd van het begin van klachten, en dat behandeling binnen 5 uur 
resulteert in een betere myocardperfusie en betere klinische uitkomsten.

In hoofdstuk 5 onderzochten we de incidentie en de klinische consequenties van distale 
embolisatie, zichtbaar op het coronair angiogram na primaire PCI, in een hedendaags 
cohort  STEMI patiënten.  Distale  embolisatie  werd  gezien  op  6.3% van de  coronair 
angiogrammen na PCI, en dit was laag in vergelijking met eerdere onderzoeken. Vroege 
toediening  van  aspirine,  heparine  en  clopidogrel  voorafgaand  aan  de  PCI,  en 
systematisch  gebruik  van  abciximab  bij  het  begin  van  de  PCI  procedure  zouden 
mogelijk bijgedragen kunnen hebben aan de lage incidentie van distale embolisaties. 
Distale  embolisatie  was  geassocieerd  met  een  verminderde  myocardperfusie,  hogere 
niveaus van biomarkers van myocardschade, en een hogere incidentie van re-infarcten 
in het eerste jaar na primaire PCI. De samenstelling van de trombus en de grootte van de 
trombus waren belangrijke determinanten voor het optreden van distale embolisatie. Er 
werd geen effect gezien van trombus aspiratie op de incidentie van distale embolisatie. 
Dit zou deels verklaard kunnen worden door de lage incidentie van distale embolisaties, 
en het feit dat distale embolisatie al aanwezig was op het initiële coronair angiogram 
vóór de PCI procedure.  We concluderen dat de incidentie van distale embolisatie na 
primaire PCI laag is in STEMI patiënten die behandeld zijn met triple therapie met 
plaatjesremmers. Echter, de aanwezigheid van distale embolisatie is geassocieerd met 
een verminderde myocardperfusie en slechtere klinische uitkomsten.
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Effect van erytropoëtine op uitkomsten na primaire PCI
In  hoofdstuk  6  onderzochten  we  de  klinische  effecten  van  epoetine  alfa  in  STEMI 
patiënten in het eerste jaar na primaire PCI. We voerden een follow-up studie uit van de  
HEBE III  trial,  waarin  STEMI patiënten  werden  gerandomiseerd  naar  de  standaard 
medische  behandeling  of  daarnaast  een  extra  bolus  van  epoetine  alfa  na  de  PCI 
procedure.  In  het eerste jaar na primaire PCI was er geen significant verschil in het 
gecombineerde  eindpunt  mortaliteit,  re-infarct,  target  vessel  revascularisatie, 
cerebrovasculair accident en hartfalen tussen patiënten die gerandomiseerd waren naar 
de standaard therapie versus een additionele bolus van epoetine alfa. Deze resultaten 
zijn  in  tegenspraak  met  de  resultaten  van  eerdere  dierstudies,  die  een  beschermend 
effect van erytropoëse-stimulerende middelen (ESAs) laten zien na myocardischemie. 
We  kunnen  concluderen  dat  het  toedienen  van  epoetine  alfa  niet  resulteert  in  een 
afname van cardiovasculaire events 1 jaar na primaire PCI bij STEMI patiënten. Echter,  
een  hogere  incidentie  van  trombo-embolische  events,  die  gezien  werd  in  sommige 
eerdere klinische studies, was in deze studie niet aanwezig in patiënten die epoetine alfa 
kregen. Of erytropoëse- stimulerende middelen in STEMI patiënten veilig en effectief 
zijn  moet  verder  onderzocht  worden  in  studies  die  voldoende  gepowerd  zijn  op 
klinische eindpunten.

In hoofdstuk 7 beschrijven we de resultaten van een meta-analyse, verricht op basis van 
individuele patiënten data van gerandomiseerde klinische studies, die de effecten van 
ESAs onderzochten in STEMI patiënten die een primaire PCI ondergingen. Individuele 
patiënten data konden worden verkregen van 10 van de 11 geïdentificeerde studies, die 
samen 97.3% van alle patiënten includeerden. De baseline karakteristieken waren goed 
gebalanceerd tussen de ESAs groep en de controle groep. Toediening van ESAs had 
geen  effect  op  het  gecombineerde  eindpunt  mortaliteit,  de  ontwikkeling  van  een 
myocardinfarct en stenttrombose. Er was wel een trend richting een lagere incidentie 
van mortaliteit in de ESAs groep vergeleken met de controle groep, maar het aantal  
events  was  laag.  We  vonden  geen  verschil  in  het  risico  op  trombo-embolische 
complicaties  tussen  de  behandelgroepen.  De  niet-significante  verschillen  zouden 
mogelijk  veroorzaakt  kunnen  zijn  door  het  kleine  aantal  events,  waardoor  er 
onzekerheid over het effect van toediening van ESAs blijft bestaan. De resultaten van 
de nog lopende klinische studies zijn nodig om het klinische effect van ESAs in STEMI 
patiënten verder te kunnen evalueren.

Toekomstperspectieven
De karakteristieken en risicofactoren van patiënten die een PCI procedure ondergaan 
zijn  de  afgelopen  2  decennia  veranderd.  Daarnaast  is  de  PCI  procedure  zelf  ook 
veranderd  over  de  tijd,  wat  heeft  geresulteerd  in  een  continue  afname van  de  voor 
leeftijd gecorrigeerde mortaliteit, met name in de subgroep van STEMI patiënten. De 
huidige  kennis  vormt  het  fundament  voor  toekomstige  studies  en  interessante 
onderzoeksgebieden, die zouden kunnen bijdragen aan een verdere verbetering van de 
uitkomsten na PCI.

We concludeerden  in  hoofdstuk 2 dat  de  afname in mortaliteit  in  de groep  STEMI 
patiënten  voor  een  deel  veroorzaakt  zou  kunnen  zijn  door  de  ontwikkelingen  in 
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antitrombotische en plaatjesremmende therapieën,  zoals die in de huidige richtlijnen 
aanbevolen worden. In hoofdstuk 3 suggereerden we dat patiënten die zich presenteren 
met myocard  schade (NSTEMI en STEMI patiënten) een hoger risico op overlijden 
hebben  in  vergelijking  met  patiënten  zonder  myocardschade  (patiënten  met  stabiel 
coronairlijden  en  instabiele  angina  pectoris).  Myocardschade  moet  zo  veel  mogelijk 
beperkt  blijven.  Toekomstige  verbeteringen  zouden  zich  daarom  kunnen  richten  op 
farmacologische therapieën die de myocard reperfusie verder proberen te verbeteren. De 
behandeling met ESAs heeft tot nu toe geen effect getoond op het verbeteren van de 
uitkomsten na primaire PCI. Andere aanvullende therapieën zullen onderzocht moeten 
worden  om de grootte  van  het  myocardinfarct  te  beperken  en  de  ontwikkeling  van 
hartfalen te verminderen na PCI. Aan de andere kant is het belangrijk om de tijdsduur 
tot de behandeling van STEMI patiënten zo veel  mogelijk te beperken,  bijvoorbeeld 
door  tijdige  herkenning  van  symptomen  van  een  acuut  coronair  syndroom,  goede 
logistiek en STEMI behandelingsprotocollen.

Tevens  concludeerden  we  in  hoofdstuk  2  dat  de  patiëntenpopulatie  die  een  PCI 
ondergaat veranderd is over de tijd. In de opzet van toekomstige klinische studies zou 
de  veranderende  PCI  populatie  meegenomen  moeten  worden.  Op  die  manier  kan 
worden voorkomen dat hoog risico groepen, die kunnen profiteren, uitgesloten worden 
van deelname. In registratiestudies van patiënten met een acuut coronair syndroom of 
van PCI procedures is ongeveer 30% van de patiënten ≥ 75 jaar. Het zou beter zijn als  
oudere patiënten niet langer worden uitgesloten in toekomstige klinische studies.

Aan  de  andere  kant  kan  de  vraag  gesteld  worden  hoeveel  nieuwe  invasieve 
behandelstrategieën  en  farmacologische  therapieën  in  de  toekomst  verder  kunnen 
bijdragen aan een afname van ongunstige, ofwel “adverse” events na een PCI. Het risico 
op  overlijden  is  over  de  tijd  sterk  afgenomen,  waarbij  de  1-jaars  mortaliteit  in 
gerandomiseerde studies in patiënten die een PCI ondergaan voor een acuut coronair 
syndroom  vaak  lager  is  dan  5%.  Ten  gevolge  van  de  afname  van  harde  klinische 
eindpunten zal het aantal patiënten dat geïncludeerd moet worden toenemen, om een 
studie met voldoende statistische zegkracht uit te kunnen voeren. Als alternatief kunnen 
surrogaat eindpunten, zoals infarct grootte of maten voor myocard reperfusie, gebruikt 
worden als primaire eindpunt van een studie. Echter, een andere mogelijkheid zou zijn 
om  een  gerandomiseerde  studie  uit  te  voeren  die  gebaseerd  is  op  nationale 
gezondheidsregistraties.  In  het  concept  van  de  gerandomiseerde  klinische  registratie 
trial,  voor  het  eerst  geïntroduceerd  in  de  TASTE  trial,  worden  reeds  bestaande 
registratie  studies  en  databases  gebruikt  als  basis  voor  de klinische  studie.  Baseline 
gegevens  die  reeds  routinematig  geregistreerd  worden  tijdens  PCI  kunnen  gebruikt 
worden,  en  reduceren  daarmee  het  werk  rondom inclusie.  Tevens  kunnen klinische 
eindpunten worden verkregen door de resultaten van verschillende nationale registraties 
samen te voegen. Op deze manier kunnen in een relatief korte periode veel patiënten 
geïncludeerd worden. De kosten kunnen gereduceerd worden en het wordt mogelijk om 
belangrijke therapeutische vraagstukken te onderzoeken, ook op gebieden waar minder 
commerciële interesse voor is.

Naast het verbeteren van behandelstrategieën van PCI zou het verbeteren van klinische 
uitkomsten zich moeten richten op het implementeren van de evidence-based strategieën 
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in de dagelijkse klinische praktijk. Een toename van het toepassen van evidence-based 
behandelingen resulteerde in STEMI patiënten in een afname van de mortaliteit. Er zijn 
registratie studies opgezet om de kwaliteit van zorg te verbeteren en de implementatie 
van evidence-based behandelingen te monitoren. Om de uitkomsten van PCI verder te 
verbeteren  zal  het  in  de  toekomst  mogelijk  steeds  meer  aanbevolen  worden  om te 
monitoren  in  hoeverre  de  richtlijnen  in  de  klinische  praktijk  toegepast  worden,  bij 
voorkeur via nationale online registraties.
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