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ABSTRACT

Percutaneous coronary intervention (PCI) is the most common form of revascularisation in patients 
with coronary artery disease in both the elective and acute coronary syndrome settings. Advances in  
pharmacotherapy have reduced ischaemic complications and improved outcomes in PCI, albeit at 
the expense of major bleeding. Major bleeding complications are amongst the most common to occur  
following PCI, with varying incident rates reported due to different definitions of what constitutes a  
‘major bleeding event following PCI’, and the risk profile of the patients studied. Irrespective of the  
bleeding definition used, major bleeding events universally lead to a worse outcome. Major bleeds can 
occur at both the access site used for PCI and non-access site sources. Both access site and non-access 
site bleeding increase mortality following PCI. Patients who undergo PCI are at an increased risk of  
bleeding for several years following the procedure. Strategies to reduce the risk of bleeding should focus  
on pharmacotherapy, and importantly, use a radial rather than femoral approach to perform PCI.
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INTRODUCTION

Cardiovascular disease causes >4 million deaths 
in Europe annually, and coronary artery disease is 
responsible for the majority of these.1 Treatment 
of coronary artery disease with percutaneous 
coronary intervention (PCI) is increasing due to the 
presence of an ageing population and better access 
to specialist healthcare services.2 PCI has become 
increasingly safe, with in-hospital mortality falling 
from up to 5% in the 1980s3 to <1% in contemporary 
practice,4 however bleeding following PCI remains  
a major cause of both morbidity and mortality.5 
This review article provides an overview of bleeding 
in the setting of PCI, exploring the definitions,  
frequency, sites, timing, and prognostic impact of 
bleeding in PCI patients, as well as strategies to 
minimise the risks of bleeding.

DEFINITION OF MAJOR BLEEDING 

Reports of major bleeding in patients undergoing 
PCI procedures is variable, ranging from 1–10% in  

the literature.6 This wide variability in reported 
incidence of bleeding is due to a variety of factors, 
including differences in patient populations, 
antithrombotic therapies, the nature of the  
intervention performed, and importantly, the 
definition of bleeding that is used. There is currently 
no universal definition of major bleeding, and 
there are >10 different definitions used in clinical 
trials and registries.7 These definitions rely on 
different combinations of laboratory measures  
(a decrease in haemoglobin [Hb] or haematocrit) 
and clinical events (need for transfusion,  
haematoma, tamponade, need for surgery, etc.). 

One of the most widely used definitions over the 
last three decades has been the Thrombolysis in 
Myocardial Infarction (TIMI) definition of bleeding.8 
This definition was initially developed to categorise 
bleeding into major and minor events within the 
context of patients undergoing thrombolytic  
therapy to treat ST-elevation myocardial infarction 
(STEMI), and relied largely on tested laboratory  
values of Hb and haematocrit. Criticism of the 
definition centred on both the values selected 
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for major bleeding (a decrease in Hb of >5 g/dL),  
and the lack of focus on clinical events. The  
original definition has been refined over time to  
reflect these observations with a broader range of 
bleeding categories. The Global Use of Strategies 
to Open Occluded Arteries (GUSTO) definition of 
bleeding has also been widely used.9 Again this 
definition was originally developed in the context  
of thrombolysis in STEMI patients, but its grading 
of the severity of bleeding relied on an assessment 
of the clinical impact of the bleed. Importantly,  
it did not require changes in laboratory Hb levels, 
and did not quantify the size of any required  
blood transfusion. A comparison of outcomes in 
acute coronary syndrome (ACS) patients, using 
these distinct definitions, suggests that whilst  
both are good at predicting adverse outcomes in  
the acute setting, the risk of GUSTO-defined  
bleeding persists whilst that of TIMI does not.10  
Attempts have been made to combine the benefits 
of the TIMI and GUSTO definitions of bleeding to  
overcome their deficiencies.11

The Bleeding Academic Research Consortium 
(BARC) have also made efforts to create a  
universal bleeding definition.7 The initiative 
developed a definition that captures the nature 

of bleeding complications, correlating this with 
prognosis to help guide diagnostic and treatment 
protocols. The BARC definition grades events  
from no bleeding (Type 0) up to fatal bleeding  
(Type 5). Early evidence suggests that this  
definition is a useful addition to clinical trials, 
demonstrating good correlation with clinical  
outcome. The definition of bleeding is vitally 
important as it can determine the outcome of a 
study. The landmark RIVAL study did not find a 
significant difference in major bleeding between  
the radial and femoral access sites.12 This study  
however used its own definition of major  
bleeding (the need for transfusion of >2 units of  
blood, hypotension requiring inotropes, a drop in  
Hb of >50 g/dL, intracranial bleeding), which has  
limitations. Using a broader definition of bleeding  
(such as that used in the ACUITY trial)13 would have  
resulted in radial access being associated with a 
significant reduction in major bleeding. Similarly, 
the MATRIX study used a BARC definition of 
bleeding and reported a significant reduction in 
major bleeding episodes associated with radial 
artery access.14 Their analysis also reports that 
use of TIMI or GUSTO major bleeding definitions 
would have resulted in no significant difference in 
rates of major bleeding between the two groups.  

Table 1: Different definitions of bleeding.

TIMI: thrombolysis in myocardial infarction; GUSTO: Global Use of Strategies to Open Occluded Arteries;  
BARC: Bleeding Academic Research Consortium; CABG: coronary artery bypass graft; Hb: haemoglobin.

TIMI GUSTO BARC

Major bleeding:
• Intracranial bleeding
• Clinically overt haemorrhage 

with >5 g/dL decrease in Hb
• Fatal bleeding (death within 

7 days)
Minor bleeding:
• Clinically overt haemorrhage 

with <5 g/dL fall in Hb
Requiring medical attention:
(and does not meet criteria for 
major or minor bleeding)
• Bleeding requiring 

intervention
• Bleeding leading to 

prolonged hospitalisation
• Bleeding prompting 

evaluation
Minimal bleeding:
• Any overt bleeding that 

does not meet any of the 
above criteria

Severe or life-threatening:
• Intracranial bleeding
• Bleeding leading 

to haemodynamic 
compromise 
requiring treatment

Moderate:
• Bleeding requiring 

blood transfusion 
but not leading to 
haemodynamic 
compromise

Mild:
• Bleeding that does 

not meet the above 
criteria

Type 0:
• No bleeding
Type 1:
• Bleeding that is not actionable
Type 2:
• Clinically overt haemorrhage that does not meet 

criteria for Type 3, 4, or 5
Type 3 (a):
• Overt bleeding + Hb drop between 3–5 g/dL
Type 3 (b):
• Overt bleeding + Hb drop >5 g/dL
• Cardiac tamponade
• Bleeding requiring surgical intervention
• Bleeding requiring intravenous vasoactive drugs
Type 3 (c):
• Intracranial
• Intraocular
Type 4:
• CABG related bleeding
Type 5:
• Fatal bleeding
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Table 1 summarises the differences in bleeding 
definition between TIMI, GUSTO, and BARC.

WHY IS BLEEDING IMPORTANT? 

Regardless of the definition used, bleeding is 
associated with a significant increase in the 
risk of death, myocardial infarction (MI), and  
cerebrovascular accident (CVA).5,15 Up to 12% 
of deaths following PCI may relate directly to 
bleeding complications.16 Recently, strong evidence 
has emerged that bleeding is independently 
associated with a higher risk of death. A large  
meta-analysis by Kwok et al.17 including 42 studies  
and >500,000 patients found that bleeding was  
an independent predictor of death. They found  
that in studies where adjustments were not made  
for confounding comorbidities, bleeding was 
associated with a 6-fold increase in risk of death. 
Studies in which these comorbidities had been 
factored in were still associated with a 3-fold 
increase in risk of death. Importantly, the definition 
of bleeding also had an impact, with a hazard  
ratio (HR) for death in the range of 1.5–6.7  
depending on the definition used.

There are different mechanisms by which major  
peri-procedural bleeding has an outcome on long- 
term survival. A major bleed can lead to morbidity 
and mortality due to location (for example 
intracranial) or volume of blood loss leading to 
hypovolaemic shock. Different types of bleeding  
can have varying impact on outcomes. A pooled 
analysis by Ndrepepa et al.18 of 12,459 patients 
undergoing PCI in six studies, found a close 
association between BARC-defined bleeding 
Class ≥2 and 1-year mortality. BARC Class ≥3 
was even more strongly associated with 1-year 
mortality (HR: 3.2, confidence interval [CI]: 2.3–4.4,  
p<0.001) than BARC Class ≥2 (HR: 2.7, CI: 2.0–3.6). 
Another prospective cohort study by Matic et al.19 
also found a relationship between different BARC 
classes of bleeding and mortality. Of the 1,808 
patients with a STEMI, 1-year mortality increased 
from 11.5% in BARC Class 0 and 1 to 43.5% in  
BARC Class 3b bleeding. Both BARC 3a  
bleeding (HR: 2.0, CI: 1.2–3.4, p=0.012) and BARC 
3b bleeding (HR: 3.2, CI: 1.7–6.2, p<0.0001) were 
independently associated with death at 1 year.  
Some of the trials examining major bleeding and 
mortality are listed in Table 2.

Table 2: Selected studies examining major bleeding and mortality outcome.

Hb: haemoglobin; HR: hazard ratio; CI: confidence interval; BARC: Bleeding Academic Research  
Consortium; PCI: percutaneous coronary intervention; STEMI: ST-elevated myocardial infarction;  
TIMI: thrombolysis in myocardial infarction.

Study Study design Major bleeding 
definition

Outcome 
measure Findings

Kinnaird  
et al.5  

(2003)

Retrospective analysis 
of 10,974 patients  
who underwent  

PCI (cohort)

TIMI
Major bleeding 
and relationship 

to mortality

Major bleeding independently 
associated with in-hospital death 

(HR: 3.5, CI: 1.9–6.7, p=0.0001)

Ndrepepa  
et al.18  
(2012)

Pooled analysis of 
12,459 patients from 

six studies
BARC

Bleeding and 
relationship to 

mortality

BARC ≥2 bleeding 
independently associated with 

1-year mortality  
(HR: 2.7, CI: 2.0–3.6, p<0.001)

Chhatriwalla 
et al.16  
(2013)

Retrospective analysis 
of 3,386,688 PCI 

procedures (matched 
cohort)

Required blood 
transfusion, prolonged 

hospital stay due to 
bleed, decrease in  

Hb >3.0 g/dL

Major bleeding 
and relationship 

to mortality

Major bleeding independently 
associated with in-hospital 

mortality  
(HR: 2.9, CI: 2.8–3.1, p<0.001)

Matic et al.19 
(2014)

Prospective cohort of 
1,808 STEMI patients BARC

Major bleeding 
and relationship 

to mortality

BARC 3a bleeding (HR: 2.0,  
CI: 1.2–3.4, p=0.012) and BARC 
3b bleeding (HR: 3.2, CI: 1.7–6.2, 

p<0.0001) independently 
associated with mortality

Kwok et al.17 
(2014)

Meta-analysis of  
42 studies with 

533,333 patients
Variety

Major bleeding 
and relationship 

to mortality

Major bleeding independently 
associated with mortality  

(HR: 3.3, CI: 2.9–3.8)
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Bleeding and anaemia can also lead to an increase 
in the production of erythropoietin, a substance 
that is known to have prothrombotic and  
platelet-activating effects.20 Treatment with 
erythropoietin in patients following MI has been 
shown to be associated with an increased risk of 
further MI, CVA, and death.21 This hypercoaguable 
state is a particular risk for patients who have  
had PCI and may have coronary stents. Bleeding 
(and the perceived increased risk of recurrent 
bleeding) may lead to alteration in antiplatelet 
regimes. Discontinuation of antiplatelets is  
strongly associated with stent thrombosis,  
MI, and death.22 Bleeding may also lead to  
discontinuation of warfarin in patients with 
concurrent atrial fibrillation (AF) and this has been 
shown to be associated with significantly higher 
rates of death.23

PREDICTORS OF BLEEDING 

Unsurprisingly, the risk of bleeding increases as 
patients become older, present with an ACS, or  
have renal or heart failure.24 The risk of bleeding at  
30 days following PCI increases from between  
0.7% and 1% in elective patients25 to 4.7% in  
non-STEMI patients26 and 8.9% in STEMI  
patients.6,27 The predictors of early bleeding are 
often procedure-related such as access site,  
sheath size, and antithrombotic regimen, in  
addition to comorbidities.28 These are less likely  
to have an influence on late bleeding. Independent 
predictors of late bleeding include age, previous 
bleeding episode, chronic kidney disease, and  
triple therapy with dual antiplatelets and warfarin.29

WHERE DO PATIENTS BLEED? 

Major bleeding following PCI can occur at different 
locations. Bleeding can occur at the radial or  
femoral artery access site (and spread to 
adjacent tissue), or at non-access sites such as 
the gastrointestinal (GI) tract, the pericardium, 
the pulmonary system, etc. A large meta-
analysis by Kwok et al.17 showed that non-access  
site bleeding is common and is responsible  
for between half and two-thirds of all  
TIMI classification bleeding events. Across  
seven studies, with a combined total of  
301,404 patients, access site-related bleeding  
complications had a prevalence of 11.2%. Across 
six studies with 290,456 patients, non-access 
site bleeding had a prevalence of 10.2%. Although 
both access site and non-access site bleeding are 

associated with increased mortality, non-access 
site bleeding is more closely correlated with 
adverse outcomes, and is associated with a 4-fold 
increase in 1-year mortality.30 The meta-analysis by  
Kwok et al.17 corroborated these findings 
and showed that whilst access site bleeding  
significantly increased the risk of 30-day mortality 
(relative risk: 1.71, 95% CI: 1.37–2.13), the increase  
in risk following non-access site bleeding was 
much greater (relative risk: 4.06, 95% CI: 3.21–5.14). 
In patients who have non-access site bleeds, 
the anatomical location can also have an impact 
on outcome. The same meta-analysis of studies  
involving non-access site bleeding found a  
mortality of 13% in patients after a bleed into 
the GI tract, 6.8% after a retroperitoneal bleed,  
56% following an intracranial bleed, and 8.6% 
following an intramyocardial or pericardial bleed. 
Haemorrhagic CVA is of particular concern as it is 
associated with very significant 30-day mortality 
(odds ratio: 13.87, 95% CI: 6.37–30.21).31 A large  
meta-analysis found that the most frequent  
location of non-access site is the GI tract (20.4%), 
followed by genito-urinary tract (7.7%), with  
intra-cranial bleeding occurring in only 0.5% of  
the population.32 

WHEN DO PATIENTS BLEED? 

Patients undergoing PCI are at risk of  
peri-procedural bleeding but continue to be at  
excess risk for some time following this. In the 
CREDO trial, which followed patients who had 
undergone PCI, patients were randomised to  
receive clopidogrel and aspirin for either 1 month  
or 1 year, and the incidence of non-procedural 
major bleeding in the prolonged clopidogrel 
group was 1.2%.33 In the PCI subgroup of the CURE 
study, major bleeding occurred in 1.1% of patients  
between 1 and 9 months in those randomised 
to aspirin and clopidogrel.34 Real-world data  
suggests that in patients >65 years, major 
bleeding rates may be as high as 2.5% in 
the year following PCI in those treated with  
dual antiplatelets.29 To place these rates of  
bleeding into context, patients with AF on 
warfarin have an incidence of major bleeding of  
1.3% per year and 2.2% per year on warfarin plus  
aspirin.35 Recent work from the ADAPT-DES trial 
reported on bleeding events related to PCI after 
hospital discharge and up to 2 years.36 They  
found that the risk of bleeding accrues constantly 
with rates of first bleeding at 30 days, 1 year, and  
2 years of 0.7%, 3.8%, and 8.8%, respectively.  
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This is an important message as it reiterates that  
patients who undergo PCI continue to be at 
significant risk following discharge from hospital. 
The same study found that a majority of bleeding 
events after hospital discharge are related to the 
GI tract (61.7%), and that following multivariate  
analysis, post-discharge bleeding was the strongest 
predictor of 2-year mortality. 

The increased risk of death associated with  
bleeding may not be limited to the immediate 
hospital admission. Although bleeding following 
PCI is strongly associated with in-hospital and  
30-day mortality, the evidence of an impact  
on longer-term outcomes is less clear. The  
TRITON-TIMI 38 analysis found that although  
major bleeding was strongly associated with  
mortality within the first month of PCI, the  
association was not significant beyond 40 days.37 
However, other groups have found that major 
bleeding is associated with increased mortality at  
6 months,38 1 year,29 and even 3 years following PCI.39

BLOOD TRANSFUSION 

Anaemia is independently associated with an 
increased risk of MI and cardiac mortality in patients 
undergoing PCI.40 The use of blood transfusion 
to correct anaemia and to treat bleeding remains 
controversial. Around 2% of all patients treated  
with PCI undergo a blood transfusion, either  
following an acute bleeding event or due to  
chronic anaemia.41 In patients who present with 
an ACS who undergo PCI, the rates of blood  
transfusion may be as high as 10%.42 Although there 
is great variation in practice regarding the use of 
blood transfusion, women, the elderly, patients  
with renal or heart failure, and those with a history 
of prior ischaemic heart disease are most likely to 
receive a blood transfusion.43 

Regardless of whether a patient has a bleeding 
episode following PCI, the need for a blood 
transfusion is associated with up to a 3-fold  
increase in rates of MI or death in patients who 
present with an ACS.43 A previous meta-analysis  
of >200,000 patients presenting with myocardial  
infarction that compared a liberal blood transfusion  
policy (defined as transfusion for Hb <9.0 g/dL)  
versus a more restrictive policy (transfusion 
for Hb <7.0 g/dL) suggested that a liberal 
blood transfusion policy was associated with  
increased all-cause mortality.44 This study involved  
a majority of patients who were managed 
medically rather than following PCI so it is less 

relevant to contemporary practice. A more recent 
meta-analysis involving >2 million patients who 
had undergone PCI, examined the impact of 
blood transfusions on outcome.45 It confirmed 
that blood transfusion following contemporary  
PCI is relatively common, with a prevalence of  
2.3% (>54,000 patients received a transfusion). 
The study also found that blood transfusions  
were an independent predictor of major adverse 
cardiac events and death, increasing the risk 
by as much as 3-fold. Importantly, blood  
transfusions are associated with a worse outcome 
even in patients who do not have a bleeding  
event.5 The absence of clear evidence from 
randomised controlled trials in the area of PCI 
and blood transfusion have led to a lack of clear 
guidelines as to when blood transfusion should  
be used in the setting of PCI and ACSs.46 

BLEEDING RISK 

As the importance of bleeding to outcome  
following PCI has become clear, models have been 
developed to help quantify the risk of bleeding. 
Mehta et al.24 performed an initial analysis of 
302,152 patients from the National Cardiovascular 
Data Registry (NCDR), and proposed an algorithm 
featuring age, sex, previous heart failure, renal 
impairment, peripheral vascular disease, previous 
PCI, heart failure class, presence of ST elevation, 
and cardiogenic shock to categorise patients  
into low, intermediate, or high-risk of bleeding.  
This was further improved after an analysis 
of 1,043,759 PCI procedures from the NCDR  
CathPCI registry by Rao et al.47 The new NCDR  
model used 10 clinical variables to give a point  
score between 0 and 210 that predicted a bleeding 
risk of between 0.9% and 86% following PCI.  
An alternative model is the CRUSADE bleeding 
score developed by Subherwal et al.48 and based 
on 71,277 non-STEMI patients who underwent  
PCI. This model uses clinical variables to give a  
score of between 1 and 100 points to grade risk 
of bleeding. This and other risk scoring systems 
are limited by the requirement for laboratory 
values, which may not always be available prior  
to emergency situations such as a primary 
PCI. Doubts have also been raised about the  
predictive value of scoring systems for bleeding in 
patients undergoing PCI.49
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STRATEGIES TO REDUCE RISKS
OF BLEEDING

Major bleeding complications are associated with 
significant immediate and long-term morbidity 
and mortality. Every effort should be made 
to minimise the risk of bleeding in patients  
undergoing PCI. The primary mechanisms  
available to achieve this are the adjustment of 
adjunctive pharmacotherapy, and a pragmatic 
choice of access site for PCI.

Pharmacology 

Antiplatelet agents 

The drive to reduce ischaemic complications during 
and following PCI has led to the development  
of increasingly potent antiplatelet agents. The  
benefit of clopidogrel (a thienopyridine) in addition 
to aspirin in patients undergoing PCI following 
an ACS was clearly established by the PCI-
CURE study,34 in which clopidogrel significantly 

reduced a composite endpoint of cardiovascular 
death, MI, and target-vessel revascularisation   
(HR: 0.70, CI: 0.50–0.97, p=0.03) with no significant  
increase in major bleeding. The loading dose of  
clopidogrel can also have an effect on outcome.  
It has been shown that a 600 mg loading dose  
of clopidogrel compared with 300 mg reduces  
mortality, reinfarction, and stent thrombosis with 
no increase in major bleeding in STEMI patients 
undergoing PCI.50 The increased loading dose 
also reduced cardiovascular events without any  
increase in major bleeding in a group of ACS  
patients being treated with PCI.51

When compared with clopidogrel, the more  
potent agent prasugrel has been shown to 
significantly reduce cardiovascular death, MI, 
and CVA (HR: 0.81, CI: 0.73–0.90, p<0.001) in 
13,608 patients with ACS being treated with PCI,52  
however these reductions came with a significant 
increase in major, life-threatening, and fatal  
bleeding. Net clinical benefit favoured prasugrel 
in most groups, but patients with a previous CVA 

Table 3: Trials comparing radial and femoral access.

RIVAL: Radial vs femoral access for coronary intervention; RIFLE-STEACS: the Radial Versus  
Femoral Randomized Investigation in ST-Segment Elevation Acute Coronary Syndrome;  
STEMI-RADIAL: ST-segment elevation myocardial infarction treated by radial or femoral approach in a 
multicentre randomized clinical trial; MATRIX: Minimizing Adverse Hemorrhagic Events by Transradial  
Access Site and Systemic Implementation of AngioX Program; MACE: major adverse cardiovascular  
events; MI: myocardial infarction; NACE: net adverse clinical events; ACS: acute coronary  
syndrome; HR: hazard ratio; CI: confidence interval; STEMI: ST-elevation myocardial infarction;  
CVA: cerebrovascular accident.

Trial Patient population Primary outcome measure Findings

RIVAL65  
(2011)

7,021 patients with ACS 
(no STEMI patients)

Composite of death,  
MI, CVA, and major  
bleeding at 30 days

Primary outcome in 3.7% of radial 
group vs. 4.0% in femoral group (HR: 

0.92, CI: 0.72–1.17, p=0.50)

RIFLE-STEACS63 
(2012) 1,001 STEMI patients

NACE composed of  
cardiac death, CVA, MI, target- 

vessel revascularisation,  
and bleeding

NACE 13.6% of radial group vs. 21.0% in 
femoral group (p=0.003)

STEMI-RADIAL64 
(2014) 707 STEMI patients

Co-primary endpoints of 
composite of bleeding 

and vascular access site 
complications, and NACE 

composed of death, MI, CVA, 
major bleeding/vascular 

complications

Composite of bleeding and vascular 
site complications occurred in 1.4% of 
the radial group vs. 7.2% of femoral 
group (p=0.0001). NACE of 4.6% in 

radial group vs. 11.0% in femoral group 
(p=0.0028)

MATRIX (2015)
8,404 patients with 

ACS (including STEMI 
patients)

Co-primary end points of 
MACE composed of death, MI, 
CVA, and NACE composed of 

death, MI,  
CVA and major bleeding)

MACE in 8.8% of radial group vs. 10.3% 
in femoral group (HR: 0.85, CI: 0.74–
0.99. p=0.03), NACE in 9.8% of radial 
group vs. 11.7% of femoral group (HR: 

0.83, CI: 0.73–0.96, p=0.0092)



 INTERVENTIONAL CARDIOLOGY  •  June 2016   EMJ  EUROPEAN MEDICAL JOURNAL  INTERVENTIONAL CARDIOLOGY  •  June 2016   EMJ  EUROPEAN MEDICAL JOURNAL 106 107

had net clinical harm from prasugrel, and patients  
aged >75 years and those with a weight of  
<60 kg obtained no net clinical benefit from 
prasugrel. Patients who did not have any of 
these risk factors did not have any additional  
bleeding with prasugrel compared with clopidogrel. 
Similarly, treatment with ticagrelor rather than 
clopidogrel in patients with ACS where an 
invasive strategy is planned was associated with a  
significantly lower rate of a composite of 
cardiovascular death, MI, and CVA (HR: 0.84,  
CI: 0.75–0.94, p=0.0025).53 Within the GUSTO  
criteria, ticagrelor was not associated with 
any increase in severe bleeding compared  
with clopidogrel.

Oral anticoagulant therapy 

If PCI is planned for a patient concurrently taking 
an oral anticoagulant for another indication 
(usually AF, mechanical heart valves, or history  
of thromboembolic disease), antiplatelet therapy 
with aspirin and a thienopyridine is indicated, 
but such triple therapies are associated with a 
significantly higher risk of non-fatal and fatal 
bleeding.54 The WOEST study randomised  
573 patients receiving vitamin k antagonists 
(VKA) and undergoing PCI to clopidogrel alone 
or clopidogrel and aspirin (triple therapy) for  
1 year.55 The clopidogrel alone group had  
significantly fewer bleeding events (HR: 0.36, 
CI: 0.26–0.50, p<0.0001) with no increase in 
thrombotic events (although the trial was not 
sufficiently powered to detect this). It should also 
be noted that femoral access was used in >70% 
of the patients in the trial. These findings were 
corroborated by a retrospective analysis where  
the authors investigated the risk for thrombotic 
events and bleeding according to multiple  
antithrombotic regimens after MI or PCI in  
AF patients.56 At 1 year, there was no increased  
risk of recurrent coronary events for dual 
therapy (HR: 0.69, 95% CI: 0.48–1.00) relative 
to triple therapy, and bleeding risk was also not  
significantly lower for VKA plus clopidogrel  
(HR: 0.78, 95% CI: 0.55–1.12) versus triple therapy.  
The optimum length of triple treatment remains 
unclear. The risk of stent thrombosis is highest  
early after PCI and declines with time, whilst the  
risk of bleeding increases with length of treatment 
with triple therapy. The ISAR-TRIPLE trial  
investigated whether 6 weeks of clopidogrel  
therapy was superior to 6 months of clopidogrel 
therapy in patients receiving VKA and aspirin 
following PCI.57 The study found that the primary 

endpoint (composite of death, MI, CVA, stent 
thrombosis, major bleeding) was not significantly 
different between the two groups.

Glycoprotein IIb/IIIa inhibitors 

Glycoprotein IIb/IIIa inhibitors (GPI) also have 
very strong antiplatelet effects with a subsequent 
reduction in ischaemic events at the cost of  
increased bleeding following PCI.58 Comparison 
of heparin and GPI versus bivalirudin showed a 
net clinical benefit in the bivalirudin group, driven 
largely by bleeding events in the GPI group.27  
More recent work showed no benefit of bivalirudin 
versus heparin alone.59 The use of low molecular 
weight heparins in the treatment of ACS is well 
established. There is evidence that the use of 
fondaparinux over enoxaparin leads to a similar 
reduction in ischaemic events with a reduction in 
major bleeding and subsequently mortality.

When considering treatment, there should be a 
balance between reducing ischaemic events such 
as stent thrombosis and myocardial infarction, 
and bleeding events following PCI. The selection 
of particular antiplatelet agents and adjunctive 
pharmacotherapy can be aided by using one of  
the described bleeding risk scoring systems to 
assess individual patient risk. 

Access Site 

Transfemoral PCI has historically been the default 
access site for many institutions across the world, 
although transradial PCI had been described 
as early as 1993. In recent years, the number of 
procedures carried out via the radial route has 
increased dramatically, particularly in Europe. 
Whilst pharmacotherapy has an impact on the  
rates of bleeding, there is a growing body of  
evidence that suggests that using a transradial 
rather than transfemoral approach has a much  
larger impact in relation to reducing bleeding  
events and subsequent adverse outcomes.

Analysis of UK data suggests that radial versus 
femoral PCI in STEMI patients causes significantly 
fewer access site-related bleeds, and is  
independently associated with a 30% reduction 
in 30-day mortality.60 A meta-analysis comprising 
nearly 3,000 patients similarly found that radial 
PCI is associated with a significant reduction 
in mortality compared with femoral PCI, with 
the result being driven by a reduction in major  
bleeding events.61 Other work has shown that the 
biggest reduction in mortality in patients treated 



 INTERVENTIONAL CARDIOLOGY  •  June 2016   EMJ  EUROPEAN MEDICAL JOURNAL  INTERVENTIONAL CARDIOLOGY  •  June 2016   EMJ  EUROPEAN MEDICAL JOURNAL 106 107

REFERENCES

1. British Heart Foundation. European 
Cardiovascular Disease Statistics 
2012. Available at: https://www.bhf.
org.uk/~/media/files/research/heart-
statistics/european-cardiovascular- 
disease-statistics-2012.pdf. Last accessed:  
18 April 2016.
2. Cook S et al. Percutaneous coronary 
interventions in Europe: prevalence, 
numerical estimates, and projections 
based on data up to 2004. Clin Res 
Cardiol. 2007;96(6):375-82. 
3. Bredlau CE et al. In-hospital morbidity 
and mortality in patients undergoing 
elective coronary angioplasty. Circulation. 
1985;72(5):1044-52. 
4. Banning AP et al. Percutaneous 
coronary intervention in the UK: 
recommendations for good practice 2015. 
Heart. 2015;101(Suppl 3):1-13. 
5. Kinnaird TD et al. Incidence, predictors, 
and prognostic implications of bleeding 
and blood transfusion following 
percutaneous coronary interventions.  
Am J Cardiol. 2003;92(8):930-5. 
6. Giugliano RP et al. Relations between 
bleeding and outcomes in patients with 
ST-elevation myocardial infarction in 
the ExTRACT-TIMI 25 trial. Eur Heart J. 
2010;31(17):2103-10. 
7. Mehran R et al. Standardized Bleeding 
Definitions for Cardiovascular Clinical 
Trials: a Consensus Report From the 
Bleeding Academic Research Consortium. 
Circulation. 2011;123(23):2736-47. 
8. Bovill EG et al. Hemorrhagic events 
during therapy with recombinant tissue-
type plasminogen activator, heparin, and 

aspirin for acute myocardial infarction. 
Results of the Thrombolysis in Myocardial 
Infarction (TIMI), Phase II Trial. Ann Intern 
Med. 1991;115(4):256-65. 
9. An international randomized trial 
comparing four thrombolytic strategies for 
acute myocardial infarction. The GUSTO 
investigators. N Engl J Med. 1993;329(10): 
673-82. 
10. Rao SV et al. A comparison of the 
clinical impact of bleeding measured 
by two different classifications among 
patients with acute coronary syndromes. 
J Am Coll Cardiol. 2006;21;47(4):809-16. 
11. Assessment of the Safety and Efficacy 
of a New Thrombolytic Regimen 
(ASSENT)-3 Investigators. Efficacy and 
safety of tenecteplase in combination with 
enoxaparin, abciximab, or unfractionated 
heparin: the ASSENT-3 randomised trial 
in acute myocardial infarction. Lancet. 
2001;358(9282):605-13. 
12. Jolly SS et al. Radial versus femoral 
access for coronary angiography 
and intervention in patients with 
acute coronary syndromes (RIVAL): a 
randomised, parallel group, multicentre 
trial. Lancet. 2011;377(9775):1409-20. 
13. Stone GW et al. Bivalirudin for Patients 
with Acute Coronary Syndromes. N Engl J 
Med. 2006;355(21):2203-16. 
14. Valgimigli M et al. Radial versus 
femoral access in patients with acute 
coronary syndromes undergoing invasive 
management: a randomised multicentre 
trial. Lancet. 2015;385(9986):2465-76.
15. Rao SV et al. Bleeding and blood 
transfusion issues in patients with non-

ST-segment elevation acute coronary 
syndromes. Eur Heart J. 2007;28(10): 
1193-204. 
16. Chhatriwalla AK et al. Association 
between bleeding events and in-hospital 
mortality after percutaneous coronary 
intervention. JAMA. 2013;309(10):1022-9. 
17. Kwok CS et al. Major bleeding after 
percutaneous coronary intervention and 
risk of subsequent mortality: a systematic 
review and meta-analysis. Open Heart. 
2014;1:e000021. 
18. Ndrepepa G et al. Validation of the 
Bleeding Academic Research Consortium 
Definition of Bleeding in Patients With 
Coronary Artery Disease Undergoing 
Percutaneous Coronary Intervention. 
Circulation. 2012;125(11):1424-31. 
19. Matic DM et al. Prognostic implications 
of bleeding measured by Bleeding 
Academic Research Consortium 
(BARC) categorisation in patients 
undergoing primary percutaneous 
coronary intervention. Heart Br Card Soc. 
2014;100(2):146-52. 
20. Smith KJ et al. The cardiovascular 
effects of erythropoietin. Cardiovasc Res. 
2003;59(3):538-48. 
21. Najjar SS et al.; REVEAL Investigators. 
Intravenous erythropoietin in patients 
with ST-segment elevation myocardial 
infarction: REVEAL: a randomized 
controlled trial. JAMA. 2011;305(18): 
1863-72. 
22. Iakovou I et al. Incidence, predictors, 
and outcome of thrombosis after 
successful implantation of drug-eluting 
stents. JAMA. 2005;293:2126-30. 

using radial PCI occurs in those who are at highest  
risk of bleeding.62 A recently published large, 
randomised, multicentre trial comparing radial  
versus femoral access in ACS patients undergoing  
PCI also found a reduction in net clinical events 
including bleeding and mortality.14 Similarly, the 
RIFLE-STEACS study observed a significant 
reduction in bleeding and cardiac mortality 
with radial compared with femoral access.63 
By contrast the STEMI-RADIAL trial showed a 
significant reduction in bleeding and access site  
complications with radial access but no mortality 
benefit.64 Although the RIVAL study found 
no significant benefit in non-STEMI patients,  
the STEMI subgroup had a significant reduction in 
bleeding and mortality in the radial access group.65 
The findings of these important trials comparing 
radial versus femoral access are summarised in 

Table 3. The weight of evidence favouring radial 
over femoral PCI has led to the European Society 
of Cardiology (ESC) giving a 1A recommendation 
to radial over femoral access in patients presenting 
with an ACS.46

CONCLUSION

Bleeding following PCI is common and is associated 
with significant morbidity and mortality. Bleeding 
should be considered before, during, and after PCI 
procedures, with a focus on strategies to reduce 
risk for patients. Pharmacotherapy should be  
individually tailored to a patient’s risk of ischaemic 
and bleeding events, and the use of bleeding risk 
scoring systems can be considered. Radial rather 
than femoral artery access should be utilised 
when possible. Blood transfusions should be used 
judiciously in patients who undergo PCI.



 INTERVENTIONAL CARDIOLOGY  •  June 2016   EMJ  EUROPEAN MEDICAL JOURNAL  INTERVENTIONAL CARDIOLOGY  •  June 2016   EMJ  EUROPEAN MEDICAL JOURNAL 108 109

23. Ruiz-Nodar JM et al. Anticoagulant 
and antiplatelet therapy use in  
426 patients with atrial fibrillation 
undergoing percutaneous coronary 
intervention and stent implantation 
implications for bleeding risk and 
prognosis. J Am Coll Cardiol. 2008;51(8): 
818-25. 
24. Mehta SK et al; National Cardiovascular 
Data Registry. Bleeding in patients 
undergoing percutaneous coronary 
intervention: the development of a 
clinical risk algorithm from the National 
Cardiovascular Data Registry. Circ 
Cardiovasc Interv. 2009;2(3):222-9. 
25. Subherwal S et al. Temporal trends 
in and factors associated with bleeding 
complications among patients undergoing 
percutaneous coronary intervention: a 
report from the National Cardiovascular 
Data CathPCI Registry. J Am Coll Cardiol. 
2012;59(21):1861-9. 
26. Happe LE et al. Consequences of 
major bleeding in hospitalized patients 
with non-ST segment elevation acute 
coronary syndromes receiving injectable 
anticoagulants. Curr Med Res Opin. 2009; 
25(2):413-20.
27. Stone GW et al.; HORIZONS-AMI Trial 
Investigators. Bivalirudin during primary 
PCI in acute myocardial infarction. N Engl 
J Med. 2008;358(21):2218-30.
28. Nikolsky E et al. Gastrointestinal 
bleeding in patients with acute coronary 
syndromes: incidence, predictors, and 
clinical implications: analysis from the 
ACUITY (Acute Catheterization and 
Urgent Intervention Triage Strategy) trial. 
J Am Coll Cardiol. 2009;54(14):1293-302. 
29. Ko DT et al. Incidence, predictors, and 
prognostic implications of hospitalization 
for late bleeding after percutaneous 
coronary intervention for patients older 
than 65 years. Circ Cardiovasc Interv. 2010; 
3(2):140-7. 
30. Verheugt FWA et al. Incidence, 
prognostic impact, and influence of 
antithrombotic therapy on access and 
nonaccess site bleeding in percutaneous 
coronary intervention. JACC Cardiovasc 
Interv. 2011;4(2):191-7. 
31. Kwok CS; British Cardiovascular 
Intervention Society, National Institute 
for Cardiovascular Outcomes Research. 
Stroke following percutaneous coronary 
intervention: type-specific incidence, 
outcomes and determinants seen by the 
British Cardiovascular Intervention Society 
2007-12. Eur Heart J. 2015;36(25):1618-28. 
32. Kikkert WJ et al. Prognostic Value 
of Access Site and Nonaccess Site 
Bleeding After Percutaneous Coronary 
Intervention: A Cohort Study in ST-
Segment Elevation Myocardial Infarction 
and Comprehensive Meta-analysis. JACC 
Cardiovasc Interv. 2014;7(6):622-30. 
33. Steinhubl SR et al.; CREDO 

Investigators. Clopidogrel for the 
Reduction of Events During Observation. 
Early and sustained dual oral antiplatelet 
therapy following percutaneous coronary 
intervention: a randomized controlled 
trial. JAMA. 2002;288(19):2411-20. 
34. Mehta SR et al.; Clopidogrel in Unstable 
angina to prevent Recurrent Events 
trial (CURE) Investigators. Effects of 
pretreatment with clopidogrel and aspirin 
followed by long-term therapy in patients 
undergoing percutaneous coronary 
intervention: the PCI-CURE study. Lancet 
Lond Engl. 2001;358(9281):527-33. 
35. van Walraven C et al. Oral 
anticoagulants vs aspirin in nonvalvular 
atrial fibrillation: an individual patient 
meta-analysis. JAMA. 2002;288(19): 
2441-8. 
36. Généreux P et al. Incidence, Predictors, 
and Impact of Post-Discharge Bleeding 
After Percutaneous Coronary Intervention. 
J Am Coll Cardiol. 2015;66(9):1036-45. 
37. Hochholzer W et al. Predictors 
of bleeding and time dependence of 
association of bleeding with mortality: 
insights from the Trial to Assess 
Improvement in Therapeutic Outcomes 
by Optimizing Platelet Inhibition With 
Prasugrel--Thrombolysis in Myocardial 
Infarction 38 (TRITON-TIMI 38). 
Circulation. 2011;123(23):2681-9. 
38. Rao SV et al. Impact of bleeding 
severity on clinical outcomes among 
patients with acute coronary syndromes. 
Am J Cardiol. 2005;96(9):1200-6. 
39. Lopes RD et al. The association of 
in-hospital major bleeding with short-, 
intermediate-, and long-term mortality 
among older patients with non-ST-
segment elevation myocardial infarction. 
Eur Heart J. 2012;33:2044-53. 
40. Pilgrim T et al. The impact of anemia 
on long-term clinical outcome in patients 
undergoing revascularization with the 
unrestricted use of drug-eluting stents. 
Circ Cardiovasc Interv. 2012;5(2):202-10.
41. Sherwood MW et al. Patterns and 
outcomes of red blood cell transfusion 
in patients undergoing percutaneous 
coronary intervention. JAMA. 2014;311(8): 
836-43. 
42. Rao SV et al. Relationship of blood 
transfusion and clinical outcomes in 
patients with acute coronary syndromes. 
JAMA. 2004;292(13):1555-62. 
43. Nikolsky E et al. Prognostic impact 
of blood transfusion after primary 
angioplasty for acute myocardial 
infarction: analysis from the CADILLAC 
(Controlled Abciximab and Device 
Investigation to Lower Late Angioplasty 
Complications) Trial. JACC Cardiovasc 
Interv. 2009;2(7):624-32. 
44. Chatterjee S et al. Association of blood 
transfusion with increased mortality in 
myocardial infarction: a meta-analysis 

and diversity-adjusted study sequential 
analysis. JAMA Intern Med. 2013;173(2): 
132-9. 
45. Kwok CS et al. Blood transfusion after 
percutaneous coronary intervention and 
risk of subsequent adverse outcomes: 
a systematic review and meta-analysis. 
JACC Cardiovasc Interv. 2015;8(3): 
436-46. 
46. Roffi M et al. 2015 ESC Guidelines 
for the management of acute coronary 
syndromes in patients presenting 
without persistent ST-segment elevation: 
Task Force for the Management of 
Acute Coronary Syndromes in Patients 
Presenting without Persistent ST-
Segment Elevation of the European 
Society of Cardiology (ESC). Eur Heart J. 
2015;37(3):267-315.
47. Rao SV et al. An updated bleeding 
model to predict the risk of post-
procedure bleeding among patients 
undergoing percutaneous coronary 
intervention: a report using an expanded 
bleeding definition from the National 
Cardiovascular Data Registry CathPCI 
Registry. JACC Cardiovasc Interv. 2013; 
6(9):897-904. 
48. Subherwal S et al. Baseline Risk of Major 
Bleeding in Non–ST-Segment–Elevation 
Myocardial Infarction The CRUSADE 
(Can Rapid risk stratification of Unstable 
angina patients Suppress ADverse 
outcomes with Early implementation of 
the ACC/AHA guidelines) Bleeding Score. 
Circulation. 2009;119(14):1873-82. 
49. Dobies DR et al. Validity of a PCI 
Bleeding Risk Score in patient subsets 
stratified for body mass index. Open 
Heart. 2015;2(1):e000088. 
50. Dangas G; HORIZONS-AMI Trial 
Investigators. Role of clopidogrel 
loading dose in patients with ST-
segment elevation myocardial infarction 
undergoing primary angioplasty: results 
from the HORIZONS-AMI (harmonizing 
outcomes with revascularization and 
stents in acute myocardial infarction) trial. 
J Am Coll Cardiol. 2009;54(15):1438-46.
51. Cuisset T et al. Benefit of a 600-mg 
loading dose of clopidogrel on platelet 
reactivity and clinical outcomes in patients 
with non-ST-segment elevation acute 
coronary syndrome undergoing coronary 
stenting. J Am Coll Cardiol. 2006;48(7): 
1339-45. 
52. Wiviott SD et al. Prasugrel versus 
Clopidogrel in Patients with Acute Coronary 
Syndromes. N Engl J Med. 2007;357(20): 
2001-15. 
53. Cannon CP et al.; PLATelet inhibition 
and patient Outcomes Investigators. 
Comparison of ticagrelor with clopidogrel 
in patients with a planned invasive strategy 
for acute coronary syndromes (PLATO): a 
randomised double-blind study. Lancet 
Lond Engl. 2010;375(9711):283-93. 



 INTERVENTIONAL CARDIOLOGY  •  June 2016   EMJ  EUROPEAN MEDICAL JOURNAL  INTERVENTIONAL CARDIOLOGY  •  June 2016   EMJ  EUROPEAN MEDICAL JOURNAL 108 109

54. Hansen ML et al. Risk of bleeding 
with single, dual, or triple therapy with 
warfarin, aspirin, and clopidogrel in 
patients with atrial fibrillation. Arch Intern 
Med. 2010;170(16):1433-41. 
55. Dewilde WJM et al.; WOEST study 
investigators. Use of clopidogrel with or 
without aspirin in patients taking oral 
anticoagulant therapy and undergoing 
percutaneous coronary intervention: an 
open-label, randomised, controlled trial. 
Lancet Lond Engl. 2013;381(9872):1107-15. 
56. Lamberts M et al. Oral anticoagulation 
and antiplatelets in atrial fibrillation patients 
after myocardial infarction and coronary 
intervention. J Am Coll Cardiol. 2013; 
62(11):981-9. 
57. Fiedler KA et al. Duration of Triple 
Therapy in Patients Requiring Oral 
Anticoagulation After Drug-Eluting Stent 
ImplantationThe ISAR-TRIPLE Trial. J Am 
Coll Cardiol. 2015;65(16):1619-29. 
58. Montalescot G et al.; ADMIRAL 
Investigators. Abciximab before Direct 
Angioplasty and Stenting in Myocardial 
Infarction Regarding Acute and Long-

Term Follow-up. Platelet glycoprotein IIb/
IIIa inhibition with coronary stenting for 
acute myocardial infarction. N Engl J Med. 
2001;344:1895-903. 
59. Shahzad A et al.; HEAT-PPCI 
trial investigators. Unfractionated 
heparin versus bivalirudin in primary 
percutaneous coronary intervention 
(HEAT-PPCI): an open-label, single centre, 
randomised controlled trial. Lancet. 2014; 
384(9957):1849-58. 
60. Mamas MA et al.; British Cardiovascular 
Intervention Society and the National 
Institute for Cardiovascular Outcomes 
Research. Influence of arterial access 
site selection on outcomes in primary 
percutaneous coronary intervention: are 
the results of randomized trials achievable 
in clinical practice? JACC Cardiovasc 
Interv. 2013;6:698-706. 
61. Mamas MA et al. Influence of access 
site selection on PCI-related adverse 
events in patients with STEMI: meta-
analysis of randomised controlled trials. 
Heart Br Card Soc. 2012;98(4):303-11. 
62. Mamas MA et al.; British Cardiovascular 

Intervention Society, National Institute 
for Cardiovascular Outcomes Research. 
Baseline bleeding risk and arterial 
access site practice in relation to 
procedural outcomes after percutaneous 
coronary intervention. J Am Coll Cardiol. 
2014;64:1554-64. 
63. Romagnoli E et al. Radial versus femoral 
randomized investigation in ST-segment 
elevation acute coronary syndrome: the 
RIFLE-STEACS (Radial Versus Femoral 
Randomized Investigation in ST-Elevation 
Acute Coronary Syndrome) study. J Am 
Coll Cardiol. 2012;60(24):2481-9. 
64. Bernat I et al. ST-segment elevation 
myocardial infarction treated by radial 
or femoral approach in a multicenter 
randomized clinical trial: the STEMI-
RADIAL trial. J Am Coll Cardiol. 2014;63(10): 
964-72. 
65. Mehta SR et al.; RIVAL Investigators. 
Effects of radial versus femoral artery 
access in patients with acute coronary 
syndromes with or without ST-
segment elevation. J Am Coll Cardiol. 
2012;60:2490-9. 

If you would like reprints of any article, contact: +44 (0) 1245 334450.


