Examining access routes and bleeding
risk in women undergoing percutaneous
coronary intervention

Bleeding has become increasingly recognized as a complication of percutaneous coronary intervention
with the introduction of potent antithrombotic therapies, which aim to reduce recurrent ischemia and
stent thrombosis. Female sex has been shown to be associated with higher periprocedural bleeding, which
leads to increased morbidity and mortality. In order to minimize this occurrence, the bleeding risk of each
individual needs to be assessed and therapy should be tailored accordingly. This can include the use of
newer antithrombotic agents with accurate dosing as well as consideration of the radial access route. In
this article, we aim to discuss the issues surrounding bleeding in the female sex undergoing percutaneous
coronary intervention and suggest methods by which this can be reduced in clinical practice.
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Recent improvements in antithrombotic strate-
gies during percutaneous coronary intervention
(PCI) have led to a reduced incidence of peri-
procedural ischemic events and stent thrombo-
sis. However, as a consequence of this, bleeding
complications have perhaps gained recognition
as the most common problem observed. When
such an event occurs, the outcomes are infe-
rior and can add significantly to the morbid-
ity and mortality of the individual requiring
intervention [1-3].

A number of studies have demonstrated that
female sex is associated with an increased risk of
periprocedural bleeding; indeed, female sex has
been shown to be an independent predictor of
bleeding in both stable coronary artery disease
and acute coronary syndromes (ACSs). This leads
to poorer outcomes in this sex and, therefore,
reluctance by the treating interventional cardi-
ologist to administer effective evidence-based
therapy is common.

There are a number of strategies that can
be employed with an aim to reduce the risk of
bleeding in this population of patients. Although
the benefits of antithrombotic treatment are well
established, consideration should be given to
ensure accurate dosage and the most appropri-
ate therapy. In addition, each patient should be
assessed on an individual basis with regard to
their bleeding risk; hence, the therapy can be
tailored for each patient. Moreover, the use of
the radial access route may lead to a reduction
in major vascular complications and, thus, lower
the frequency of significant bleeding, thereby
improving procedural outcomes further.
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The aim of this review is to discuss bleeding
issues in the female sex undergoing PCI and sug-
gest methods by which these can be reduced in
everyday clinical practice.

The impact of bleeding complications
in PCI

It has been widely demonstrated that bleeding
has a detrimental effect on outcomes follow-
ing PCIL. In the GRACE study, major bleed-
ing was shown to be an independent predictor
of in-hospital mortality (adjusted odds ratio
[OR]: 1.64; 95% CI: 1.18-2.28) [4]. In addi-
tion, bleeding has been shown to have an impact
on outcomes at 30 days [2] and also up to 1 year
(3:5). A large (n = 17,034) patient-level pooled
analysis from the REPLACE-2, ACUITY
and HORIZONS-AMI studies demonstrated
that major bleeding significantly increased the
risk of mortality at 1 year (hazard ratio [HR]:
4.2; 95% CI: 3.1-5.7; p < 0.001) [5]. Further-
more, bleeding related to PCI in the context
of ST-elevation myocardial infarction has been
demonstrated to lead to a higher mortality (24.6
vs 5.4%; p < 0.0001) and more major adverse car-
diovascular events (40.3 vs 20.5%; p < 0.0001)
at 3-years follow-up. Indeed, major bleeding
was an independent predictor of mortality in
this study (HR: 2.80; 95% CI: 1.89-4.16;
p < 0.0001) [6].

There are a number of factors that impact
upon the increased risk following a significant
bleeding event. First, prompt bleeding leads to
loss of circulatory blood volume and therefore
the development of hypovolemic shock. This
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may result in coronary ischemia and hence
post-PCI myocardial infarction, left ventricular
dysfunction and poorer outcomes. Second, if
there is a marked drop in the hemoglobin level
of the patient owing to significant blood loss,
the treating physician may discontinue the dual
antiplatelet therapy, which can lead to subse-
quent stent thrombosis and myocardial infarc-
tion [7,8]. Furthermore, in this situation, the
patient may undergo a transfusion of packed red
blood cells, which again has been demonstrated
to lead to poorer outcomes, especially in ACS
patients [9.10]. This is believed to be secondary to
an increase in inflammatory mediators, a deple-
tion of nitric oxide and 2,3-diphosphoglyceric
acid, which leads to increased platelet aggrega-
tion, and impaired oxygen delivery to tissues
(11-14]. Finally, following a significant bleeding
episode owing to hypovolemia and possible
impaired renal function, the individual may
be prescribed fewer evidence-based therapies,
which have been demonstrated to improve out-
comes following PCI. In the HORIZONS-AMI
study of 3345 patients with ST-elevation myo-
cardial infarction, major bleeding occurred in
8% of cases and, as predicted, patients with a
bleed were significantly less likely to be dis-
charged home on clopidogrel (96.1 vs 98.1%;
p = 0.05). However, an additional interesting
observation was that these patients were also
significantly less likely to be discharged home
on a B-blocker (83.4 vs 91.2%; p < 0.0001) and
a statin (90 vs 6%; p < 0.0001) [6].

Bleeding risk in women

Women have consistently been shown to be at
a higher risk of bleeding compared with men
following PCI in both randomized controlled
trials and large-scale registry studies (Tase 1). In
the large GRACE registry, female sex was shown
to confer an increased risk of major bleeding
(OR: 1.43;95% CI: 1.23-1.66; p < 0.0001) [4].
The ISIS 3 study analyzed 36,080 patients (of
whom 9600 were women) with a clear indica-
tion for fibrinolytic therapy. This demonstrated
a higher occurrence of major bleeding in women
compared with men (1.5 vs 0.7%; adjusted OR:
1.68; 95% CI: 1.33-2.12) [15].

A large meta-analysis from the CURE,
CREDO, CLARITY-TIMI 28, COMMIT
and CHARISMA studies, including a total of
79,613 patients of whom 30% were women,
demonstrated that the addition of clopido-
grel to aspirin therapy resulted in a higher
risk of bleeding in women (1.7 vs 1.2%; OR:
1.43; 95% CI: 1.15-1.79). However, this was
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also observed among the men (1.3 vs 1.1%;
OR: 1.22; 95% CI: 1.05-1.42) [16].

Newer therapies used in the treatment of
coronary disease have also assessed the differ-
ences according to the sex of the patient. The
REPLACE-2 study, which assessed the use of
bivalirudin with provisional glycoprotein IIb/
[IIa inhibition (GPI) versus heparin with planned
GPI in 6002 patients, demonstrated increased
major bleeding in women compared with men
(4.8 vs 2.7%; p < 0.001). In addition, there was
more access site bleeding (2.9 vs 1.2%; p < 0.001)
and a greater need for blood transfusion (3.8 vs
1.5%; p < 0.001) in this cohort [17]. Another
study assessing the use of GPI, the CRUSADE
prospective registry of 32,601 patients, demon-
strated that women treated with GPI had a higher
rate of major bleeding than men (15.7 vs 7.3%;
p < 0.0001), although this was also true in the
cohort not receiving this therapy (8.5 vs 5.4%;
p < 0.0001) [18].

A furcher large registry study, including
13,653 female and 32,334 male patients dem-
onstrated (after adjustment for baseline differ-
ences) that female sex remained a significant
predictor of increased risk for bleeding (OR:
2.6; 95% CI: 1.74-3.91). Notably, in this study,
women with major bleeding or a significant vascu-
lar complication were more likely to die in hospital
(6.2 vs 1.7%; p < 0.001) [19]. Reassuringly, how-
ever, this study demonstrated an improvement in
the incidence of bleeding complications over time.

Why do women have a higher risk of
bleeding?
There is clear evidence to demonstrate that bleed-
ing complications are an unfavorable occurrence
following PCI, and woman are more likely to
develop such an event owing to various inherent
factors (Box 1). This group of patients has differ-
ent pharmacokinetics due to smaller body mass
with relatively more fat and lower creatinine
clearance. This leads to a higher circulating level
of common antithrombotic agents administered
throughout the PCI procedure and, hence, such
medication should be accurately weight-adjusted
to ensure that excess dosage does not occur.
The CRUSADE registry reported that women
treated with GPI were more likely to receive excess
drug than their male counterparts (46.4 vs 17.2%;
p <0.001; adjusted OR: 3.81; 95% CI: .39-4.27).
Excess dosing led to an increased risk of bleeding
in women (OR: 1.72; 95% CI: 1.30-2.28) and
men (OR: 1.27; 95% CI: 0.97-1.66); however,
the bleeding risk attributable to dosing was much
higher in women (25.0 vs 4.4%) [13].
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Study (year) Patients (n) Women (%) OR/HR 95% ClI Ref.
ISIS-3 (1998) 36,080 26.6 OR: 1.68 1.33-2.12 (15]
GRACE (2003) 24,045 33.1 OR: 1.43 1.23-1.66 [4]
REPLACE-2 (2007) 6002 25.6 OR: 1.54 1.12-2.10 [39]
ACUITY (2007) 13,819 30.1 OR: 1.92 1.61-2.29 (2]
TRITON-TIMI 38 (2011) 13,608 26 HR: 1.77 1.44-2.18 [40]

HR: Hazard ratio; OR: Odds ratio.

A further prospective observational analysis
from the CRUSADE registry of 30,136 non-
ST-elevation ACS patients reported an excess
of unfractionated heparin in 32.8% of patients,
excess low molecular weight heparin in 13.8%
of patients and excess GPI in 26.8% of patients.
Predictors of excessive anticoagulation were
older age, lower weight, chronic kidney disease,
diabetes mellitus, congestive heart failure and,
notably, female sex. Indeed, in this study, there
was a relationship between in-hospital mortal-
ity and the degree of anticoagulation with both
unfractionated heparin (recommended 3.9 vs
excess 5.8%; p = 0.04) and GPI (recommended
4.4 vs excess 12.4%; p < 0.001) [20].

Such excess dosing may occur as the weight
of the patient and information, such as creati-
nine clearance, are not immediately available
to the operator; however, this may mean that
those patients at an intrinsically higher risk, for
example women, are also more likely to receive
an excessive dose. Such details are important
and physicians need to ensure accurate dosing
to reduce the risk of bleeding in all patients.

Further factors that may contribute to the
bleeding risk of women are older age at presenta-
tion and more comorbidities, such as renal impair-
ment and diabetes mellitus. A lower BMI, again
more common in the female population, has also
been shown to increase risk [19,21-23]. In addition,
the vascular access site may play a role, which is
discussed in the next section, as the vessels are
often smaller in women and may be more difficult
to puncture, for example in obese patients.

What can be done to reduce
bleeding complications in females?

W Vascular access approach

It is absolutely essential in each individual patient
requiring an invasive approach for the treatment
of coronary artery disease that the site of access
(femoral vs radial) is considered carefully. There is
a growing body of evidence that reports improved
outcomes with the utilization of the radial artery;
however, in some cases it may still be necessary to
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perform the procedure via the transfemoral route,
for example if a large-caliber sheath is necessary.
In the case that a transfemoral approach is
required, it is imperative that the puncture is
performed as accurately and cleanly as pos-
sible. Too often, the puncture itself may be del-
egated to a junior trainee with the possibility of
increased access site complications. In general,
the ‘inguinal crease’ should not be used as a land-
mark, and a puncture between the lower border
of the inferior epigastric artery and above the
common femoral artery bifurcation has fewer
complications [24]. However, in women this may
pose more of a challenge as the common femo-
ral artery is typically smaller in diameter and
shorter, owing to the smaller size of the patient
25]. A large registry demonstrated female sex and
lack of safe-zone arteriotomy as independent pre-
dictors of retroperitoneal bleeding [26].
Furthermore, adequate training should be
provided to those healthcare professionals under-
taking removal of the arterial sheath as this may
lead to vascular complications if not performed
appropriately. Vascular closure devices can be
considered to allow for more effective hemostasis.
Radial access has now become many opera-
tors’ access route of choice, with a reduction in
complications when this route is chosen. Indeed,
one meta-analysis of 12 randomized trials has
shown a 78% reduction in access site complica-
tions when using this approach [27]. However, it
must be noted that this can be more challenging
in women, since women are still at an increased
risk of access site bleeding, even with the tran-
sradial approach. A group of 1348 ACS patients
underwent transradial PCI in the EASY trial,

Increased age at intervention

Lower BMI

Lower creatinine clearance

Smaller vessel size (more difficult to access)
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with female sex shown to be an independent
predictor for a hematoma (OR: 4.40; 95% CI:
2.49-7.81; p < 0.0001) 28]. One reason may relate
to the dimensions of the radial artery, which
have been shown to be significantly smaller in
women compared with men (2.43 + 0.38 mm vs
2.69 + 0.40 mm; p = 0.001) [29]. This can lead
to increasing problems with radial artery spasm,
hematoma, false aneurysm, causalgia, radial
artery evulsion following sheath removal and
radial artery occlusion in this group of patients.
Indeed, female sex is a predictor of radial artery
spasm [30] and occlusion following PCI [31].

Hence, it is important when proceeding via
the radial route to ensure a careful puncture after
adequate training, with liberal use of intra-arterial
nitrates as tolerated by the patient. Heparin should
be given in order to ensure arterial patency follow-
ing the procedure and careful attention should be
paid to sheath removal. A recent consensus docu-
ment has been published on the radial approach
for PCI, which highlights the need for adequate
training to reduce problems that can occur with
radial access, such as prolonged procedural time,
possibly increasing the risk of cerebral emboliza-
tion and also increased radiation dose [32]. More-
over, the ongoing multicenter study SAFE PCI
for Women aims to provide further insight into
the safest vascular access site in women under-
going PCI. A total of 3000 women undergoing
coronary angiography will be randomized to
transfemoral versus transradial procedures, with a
primary efficacy end point of Bleeding Academic
Research Consortium types 2, 3 and 5 bleeding
(33] or vascular complications at 72 h.

As discussed, there are a number of strategies
that can be used to try and reduce the occur-
rence of bleeding in all patients undergoing PCI,
whether it is considering access or pharmacol-
ogy. A recent study by Daugherty ez al. analyzed
the results of 570,777 patients (32.5% women)
undergoing PCI from the National Cardiovascu-
lar Data Registry’s CathPCI Registry® (American
College of Cardiology Foundation and Society
for Cardiovascular Angiography and Interven-
tions, DC, USA). 34]. The authors specifically
looked at the use of any bleeding-avoidance strat-
egy, which included the use of vascular closure
devices, bivalirudin and the radial approach (or
any combinations of these). The results showed
that women had significantly higher rates of
bleeding than men when bleeding-avoidance
strategies were not used (12.5 vs 6.2%; p < 0.01),
with a greater reduction in the absolute risk with
the use of bleeding-avoidance strategies (women
6.3 vs men 3.2%; p < 0.01) (34].
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B Antithrombotic therapies

Vascular access bleeds account for only a propor-
tion of bleeding complications. Indeed, women
still have a significantly higher rate of nonaccess
site bleeding complications. Therefore, it is impor-
tant to consider optimizing the antithrombotic
strategy utilized. In addition to ensuring that the
accurate dose of antithrombotic therapy is given to
the patient, it is also important to consider which
agent is used as part of the PCI procedure. Ide-
ally, such agents need to protect against ischemic
complications without leading to bleeding. Tra-
ditional standard therapy utilizes unfractionated
heparin; however, its efficacy is limited owing to a
rather unpredictable effect. More recent data have
questioned the optimal anticoagulation regimen
used in elective PCI. From a cohort of 698 patients
(28% female), 35% were simply given a bolus of
3000 units of unfractionated heparin as compared
with the remaining 65%, who were treated with
a standard 70-units/kg dose of unfractionated
heparin. The study found no significant difference
in the level of troponin release between the two
groups, bringing the traditional regimen into ques-
tion and emphasizing the importance of future
research [35].

The individual response to low molecular
weight heparin (i.e., enoxaparin) is more predict-
able and a number of newer agents have become
available in recent years with the aim for a more
constant effect and can be considered when
planning the PCI procedure.

Fondaparinux, a synthetic factor Xa inhibi-
tor, was assessed in the OASIS trial. This study
randomized 20,078 ACS patients to a fixed
dose of fondaparinux versus weight-adjusted
enoxaparin. At 9 days, the rate of major bleed-
ing was significantly reduced with the use of
fondaparinux compared with enoxaparin (2.2 vs
4.1%; HR: 0.52; 95% CI: 0.44-0.61; p < 0.001)
130,36]. It has to be stated, however, that there are
currently no benefits of fondaparinux in indi-
viduals with a planned invasive strategy, as this
may lead to more guide catheter thromboses.

Another therapy that is becoming increasingly
utilized during coronary intervention is bivaliru-
din, a direct thrombin inhibitor. A specific sex
analysis of the ACUITY study, which random-
ized 13,819 patients with non-ST-elevation ACS
to heparin plus a GPI, bivalirudin plus a GPI or
bivalirudin alone, demonstrated that bivalirudin
monotherapy resulted in significantly decreased
major bleeding risk compared with a GPI strategy
(bivalirudin 6.0% vs unfractionated heparin plus
GPI 12%; p < 0.001); however, importantly, simi-
lar rates of composite ischemia and mortality at
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1 year were observed [37]. A recent sex-based analy-
sis of the ISAR REACT-4 study demonstrated
similar results, with major bleeding occurring in
4.5% of women treated with bivalirudin alone
versus 7.5% in those treated with GPI plus heparin
(HR: 0.60; 95% CI: 0.26—1.39) [35]. It must be
taken into account that each of the studies assess-
ing antithrombotic therapies were performed for
different indications and, as such, cannot be
extrapolated to the overall PCI population.

Conclusion

Women are subject to an increased risk of bleed-
ing compared with their male counterparts. Such
bleeding and access site complications increase
procedural morbidity and both short- and long-
term mortality; hence, aggressive bleeding-avoid-
ance strategies should be utilized in all patients
undergoing PCI. The incidence of such events
can be reduced by using newer pharmacologi-
cal agents, for example bivalirudin, with careful
weight-adjusted dosing and a limited duration
of therapy. With regard to access, the transradial
approach can minimize vascular access compli-
cations; however, close attention should be paid
to optimizing the puncture technique and sheath
removal in whichever route is chosen.

Women have historically been under-
represented in coronary trials and, as such, fur-
ther research is needed focussing specifically on
the female population and we await the results
of SAFE PCI for Women. This and other ongo-
ing studies will provide further insight into the
optimal management to avoid such events in
women in the future.

Future perspective

Contemporary interventional cardiology has
made rapid progress, but despite the numerous
advances in recent years leading to improved
outcomes, certain complications of PCI are still
present. Bleeding is one such complication and

can result in significant morbidity and, indeed,
mortality for the patient affected.

Recent developments have demonstrated newer
antithrombotic agents to be more effective in the
reduction of ischemic complications and the event
of stent thrombosis; however, this has to be bal-
anced against the risk of bleeding associated with
more potent agents. Refinements and further new
pharmacology may be produced and investigated
in the near future to enable a balance with the
risk of bleeding. Further studies may help better
understand the differing pharmacokinetics seen
in the female population, thereby enabling refine-
ment of current pharmacological protocols. Ide-
ally, this may enable us to tailor antithrombotic
therapy on a more individualized basis for each
patient undergoing PCL

Vascular access may be performed primarily via
the radial access route, with operators becoming
increasingly experienced to overcome the prob-
lems associated with the learning curve. Newer
methods may be devised to allow for adequate
hemostasis and reduce the risk of postprocedural
bleeding.

Importantly, women have been historically
under-represented in major coronary clinical trials.
In the next 5 years, there may be more awareness
of the sex differences that exist within the field of
interventional cardiology, enabling us as interven-
tional cardiologists to provide the safest and most
effective therapy based on strong clinical evidence.
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Bleeding complications are a common problem during percutaneous coronary intervention (PCl) and can lead to significant morbidity and
mortality.

Female sex is associated with an increased risk of periprocedural bleeding and has been shown to be an independent predictor of bleeding.
Female patients have different pharmacokinetics to males, leading to higher circulating levels of antithrombotic agents and are older

at presentation, with more comorbidities, such as renal impairment and diabetes mellitus. The site of access is often smaller and more
difficult in the female sex.

The incidence of bleeding events can be reduced using newer pharmacological agents, for example bivalirudin, with careful
weight-adjusted dosing and a limited duration of therapy.

The transradial approach can minimize vascular access complications; however, close attention should be paid to optimizing the
puncture technique and sheath removal in whichever route is chosen.

The multicenter study SAFE PCI for Women is ongoing. This and further research aim to provide further insight into bleeding prevention
in females undergoing PCI.
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