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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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Figure 1. Flow chart of included studies



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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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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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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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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