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EDITORIAL COMMENT

The Fuzzy Math of Anticoagulation
and Access Site
When 1 þ 1 Does Not Always Equal 2*
Sunil V. Rao, MD,a Rahman Shah, MDb

P

erforming percutaneous coronary interven-

bivalirudin is safer than the combination of unfrac-

tion (PCI) involves choices. The operator

tionated heparin and a glycoprotein IIb/IIIa inhibitor.

must choose the access site, the guide cath-

Where the data are not clear is when bivalirudin is

eter, the guidewire, the antithrombotic therapy, the

compared with unfractionated heparin alone (4) and

general approach, the stent type, and the closure

when radial access is combined with bivalirudin

method. Some of these decisions can affect the suc-

anticoagulation (5). Because radial access practically

cess of the procedure, but it is the combination of

eliminates

the access site and the antithrombotic therapy that

reduces the risk for non-access-site bleeding, using

ultimately determines safety. The evolution of PCI

radial access on a background of bivalirudin could

has resulted in very high rates of procedural success

result in the lowest bleeding risk. Only 1 trial has

access-site

bleeding,

and

bivalirudin

and very low rates of procedural mortality, even in

speciﬁcally studied this strategy (6); the bulk of the

the highest risk patients (1). Bleeding and vascular

data come from post hoc analyses of the bivalirudin

complications are the most common adverse post-

trials or observational studies.

procedural events, and so-called major bleeding, as
deﬁned by multiple different scales, is associated

SEE PAGE 1523

with an increased risk for major adverse cardiovascu-

In this issue of JACC: Cardiovascular Interventions,

lar events, recurrent bleeding, and short- and longer

Mina et al. (7) report a meta-analysis of 8 randomized

term mortality (2). Given this relationship, strategies

trials including 27,491 patients to examine whether

that reduce bleeding risk have been the focus of clin-

bivalirudin and radial access provide complementary

ical research over the past decade.

bleeding reduction in patients with acute coronary

Radial access and the use of the direct thrombin

syndrome undergoing PCI. They ﬁnd that bivalirudin

inhibitor bivalirudin are 2 of the most commonly

reduces bleeding in patients undergoing femoral ac-

studied “bleeding avoidance strategies” in large ran-

cess but not in patients undergoing radial access;

domized trials. Combined, trials that have studied

similarly, radial access reduces bleeding risk in pa-

1 or the other (or both) have included more than

tients treated with unfractionated heparin but not

40,000 patients (3,4). Given the numbers, it would

in those treated with bivalirudin. The investigators

seem that the best bleeding avoidance strategy

should be commended for addressing an area of

should be clear. The data unequivocally support

confusion for interventional cardiologists. Indeed,

radial access as being safer than femoral access, and

the intersection of anticoagulation and access site
remains an unresolved issue in the setting of
randomized controlled trials that seem to provide
contradictory results. The message from this meta-
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if you are using unfractionated heparin, use radial
access. But does the math add up?
Some limitations of their analysis should be noted.
First, with the exception of the MATRIX (Minimizing
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Adverse Haemorrhagic Events by Transradial Access
Site and Systemic Implementation of Angiox) trial,

F I G U R E 1 Cumulative Event Rates for Major Bleeding in Randomized Controlled Trials

Based on Access Site and Anticoagulation

the individual treating physician determined the
choice of access site in the anticoagulant-based
comparison. Thus, there may be unmeasured confounders in what is essentially a post hoc subgroup
analysis

that

should
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be

considered

hypothesis

generating and not deﬁnitive. Second, only trials that
compared bivalirudin with unfractionated heparin
with or without glycoprotein IIb/IIIa inhibitors were
included, and more than a dozen trials comparing
radial with femoral access were excluded. If the goal
were to compare access site and anticoagulation, then
a more comprehensive analysis would include all
trials comparing the relevant treatment approaches.
In addition, not all trials comparing bivalirudin and
heparin were included in the analysis for each
endpoint, thus limiting the statistical power to detect
differences. The lack of power may be further com-

The ﬁgure shows that the lowest rate of bleeding is seen with the combination of radial
access and bivalirudin (Biv). Hep ¼ heparin; n ¼ total number of patients in each group.

pounded by the use of a random-effects model when
there is a small of studies being analyzed (8). A
Bayesian approach may provide more accurate estimates in this setting.

glycoprotein IIb/IIIa inhibitors, as well as those
comparing access site. We found 19 randomized trials

To demonstrate how a more comprehensive anal-

that included 27,781 patients. As shown in Figure 1,

ysis could affect the ﬁndings, we performed a search

the cumulative event rate for major bleeding was

for randomized controlled trials comparing bivalir-

lowest with the combination of radial access and

udin with unfractionated heparin with or without

bivalirudin anticoagulation. A Bayesian network

F I G U R E 2 A Network Meta-Analysis Showing the Effects of Various Combinations of Access Site and Anticoagulation

Regime on Major Bleeding

The ﬁgure shows that the combination of radial access and bivalirudin (Biv) has the lowest odds of major bleeding compared with other
combinations of access site and anticoagulation. The combination of radial access and bivalirudin has similar odds of major bleeding as radial
access and unfractionated heparin (Hep) anticoagulation. CI ¼ conﬁdence interval; O.R. ¼ odds ratio.
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meta-analysis using a ﬁxed-effects model showed

nearly eliminates access-site bleeding, safe femoral

that radial access plus bivalirudin was associated with

arterial access into the common femoral artery is also

the lowest odds of bleeding and that the radial

associated with lower risks for retroperitoneal he-

approach was safer than the femoral approach irre-

matoma or local hematoma and pseudoaneurysm

spective of anticoagulant type (Figure 2). Of course,

compared

these ﬁndings should also be interpreted cautiously,

respectively (13). Ultrasound guidance may be espe-

because they were derived from post hoc subgroup

cially helpful in facilitating safe femoral arterial ac-

analyses.

cess (14). Other factors, such as the size of the

with

higher

or

lower

arteriotomies,

Aside from access site and anticoagulant choice,

introducer sheath and the quality and duration of

other factors should be considered when reducing

post-procedural femoral artery manual compression,

bleeding risk. For example, the dosing of antith-

are also important in determining the risk for post-

rombotic therapy signiﬁcantly affects the incidence

procedural bleeding.

of major bleeding. Data from large registries indicate

The study by Mina et al. (7) serves as an important

that women, older patients, and patients with

reminder that the patient outcome equation includes

chronic kidney disease or on dialysis are most likely

several variables, including access site and anti-

to either receive doses too high for their level of

coagulation. However, reducing bleeding requires a

renal function or be prescribed antithrombotic agents

systems approach that encompasses all potential

that are contraindicated (9–11). This overdosing is

factors affecting the patient’s risk. Access site and

associated with a signiﬁcantly higher risk for hem-

anticoagulation are cornerstones of that approach

orrhagic complications. Similarly, some antiplatelet

and have been the most studied in randomized trials.

agents are contraindicated in certain patient groups

Taken together, the data suggest that the combina-

because of an increased risk for bleeding; for

tion of radial access and bivalirudin is associated with

example, patients with prior transient ischemic

the lowest bleeding risk, but this should not distract

attack or stroke should not be treated with prasugrel.

interventional cardiologists from other aspects that

A lower maintenance dose may be considered in

can be addressed to ensure the safest patient

patients older than 75 years and those with body

experience.

weight <60 kg (12). Algorithms incorporated into the
electronic medical record may reduce such dosing
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