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Intervention: Is High Risk of Bleeding the Key?
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Bivalirudin is a potent direct thrombin inhibitor that can

reduce thrombus burden during acute coronary syndromes

(ACS) and percutaneous coronary intervention (PCI) by

blocking formation of fibrin and by suppressing platelet

aggregation [1].

When compared with heparin, bivalirudin has several

theoretical mechanistic advantages that include activity

against clot-bound thrombin, inhibition of thrombin-in-

duced platelet activation, short plasma half-life, linear

pharmacokinetics less affected by plasma proteins and

renal insufficiency, and an unaffected platelet activation

during PCI [1].

These properties of bivalirudin provide a more pre-

dictable inhibition of coagulant activity than does heparin,

with less degree of inter-patient variability in anticoagu-

lation response.

Moreover, its binding to thrombin is non-competitive

and reversible, and hemostatic capacity is more readily

restored; hence bleeding, as well as ischemic complica-

tions, may be reduced [2].

In the first randomized trial (HAS [Hirulog Angioplasty

Study]) comparing bivalirudin with heparin in over 4000

patients undergoing PCI for unstable or post-infarction

angina, bivalirudin was at least as effective as high-dose

heparin in preventing ischemic complications, and it car-

ried a lower risk of bleeding [3]. Nevertheless, develop-

ment of bivalirudin was suspended because of the

unfavorable cost comparison with heparin.

Only recently did the development of a less expensive

manufacturing process encourage interest from researchers

to further support the efficacy and safety of this anticoag-

ulant therapy.

Re-analysis of the original HAS using contemporary

endpoints and intention-to-treat analysis showed a 22 %

reduction in major adverse cardiac events (including death,

ACS, and revascularization) and a 62 % reduction in

bleeding with bivalirudin at 7 days [4].

In the REPLACE-2 (Randomized Evaluation in PCI

Linking Angiomax to Reduced Clinical Events) trial [5],

bivalirudin with provisional glycoprotein IIb/IIIa blockade

(which was administered in about 7 % of patients) was

proven to be statistically non-inferior to heparin plus

planned glycoprotein IIb/IIIa inhibitors during PCI with

regard to suppressing ischemic events after PCI, but was

superior in preventing hemorrhagic complications.

More recently, bivalirudin provided similar protection

from ischemic events as glycoprotein IIb/IIIa inhibitors,

but with lower bleeding rates in the ACUITY (Acute

Catheterisation and Urgent Intervention Triage strategy)

trial [6].

Although the evidentiary landscape in support of

antithrombotic treatment choices during PCI has been

enriched by these trials, recent data from clinical trials and

pooled analyses questioned the role of bivalirudin in the

setting of planned and primary PCI [7–12].

In the HORIZONS-AMI (Harmonizing Outcomes with

Revascularization and Stents in Acute Myocardial Infarc-

tion) trial, the use of bivalirudin was associated with a
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significant reduction in bleeding, similar rates of major

adverse cardiovascular events, and significantly lower

mortality at 30 days, and 1, 2, and 3 years compared with

patients treated with heparin plus glycoprotein IIb/IIIa

inhibitors [10, 12]. However, the incidence of acute stent

thrombosis was significantly higher with bivalirudin than

with glycoprotein IIb/IIIa inhibitors.

Similarly, in the EUROMAX (European Ambulance

Acute Coronary Syndrome Angiography) trial [11], biva-

lirudin started during transport for primary PCI improved

the primary outcome at 30 days (composite endpoint of

death or major bleeding not associated with coronary artery

bypass grafting) but increased the rate of acute stent

thrombosis. Specifically, the risk of acute stent thrombosis

was higher with bivalirudin (1.1 vs. 0.2 %; relative risk

6.11; 95 % confidence interval [CI] 1.37–27.24;

p = 0.007) and there was also no significant difference in

rates of death (2.9 vs. 3.1 %) or reinfarction (1.7 vs. 0.9 %)

[11].

Given the mixed results from randomized clinical trials,

some attempts have been made to identify subsets of

patients treated with PCI who would benefit most from the

use of bivalirudin.

For example, in the overall ACUITY trial, women,

diabetics, the elderly, and patients with chronic renal dis-

ease all had higher incidences of ischemic adverse out-

comes. Similarly, female sex, diabetes, advanced age

(C75 years), and creatinine clearance\60 ml/min were all

found to be independent predictors of major bleeding [13].

When special populations of the ACUITY trial are

analyzed separately, the advantages of bivalirudin therapy

are evident.

Notably, among diabetics, major hemorrhage was

reduced from 7.1 % with heparin plus glycoprotein IIb/IIIa

inhibitors to 3.7 % with bivalirudin alone (p\ 0.001),

while ischemic outcomes were sustained at an equivalent

rate (p = 0.42) [13].

To further clarify the hypothesis that diabetic patients

may markedly benefit from a bivalirudin therapy, Ibebuogu

et al. [14] performed a meta-analysis of all available ran-

domized controlled trials comparing bivalirudin with hep-

arin plus glycoprotein IIb/IIIa inhibitors among patients

undergoing PCI and reporting subgroup analysis of out-

comes among patients with diabetes mellitus.

Briefly, the meta-analysis published in the current issue

of the journal [14] included data from six randomized

controlled trials for a total of 5924 patients with diabetes

undergoing PCI. The authors concluded that thrombin

inhibition alone with bivalirudin compared with heparin

plus glycoprotein IIb/IIIa inhibitors was associated with a

significant reduction in the composite 30-day endpoint of

adverse cardiac events and major bleeding. Notably, the

favorable effect of bivalirudin was driven by a reduction in

major bleedings with similar 30-day composite ischemia

[14].

Despite the interesting results on the relation between

bivalirudin and outcomes in diabetic patients treated with

PCI, some methodological aspects of the analysis by Ibe-

buogu et al. in this issue of the journal [14] need to be

considered for a proper interpretation of its results.

No large randomized trials have specifically evaluated

the impact of bivalirudin in patients with diabetes mellitus

undergoing PCI. Thus, Ibebuogu et al. [14] included in

their meta-analysis post hoc analyses of randomized clin-

ical studies.

Generally, the main potential of subgroup analyses is in

answering practical questions about how treatments should

be used most effectively or at what stage of the disease is

treatment most effective [15].

However, post hoc observations need to be treated with

caution for the following reasons.

First, subgroup analyses should be defined before start-

ing the trial and carefully justified. Second, if important

subgroup effects are anticipated, trials should be powered

to detect them reliably.

Qualitative heterogeneity of treatment effect with biva-

lirudin among patients with different glycometabolic status

has not been anticipated, and none of the trials included in

the meta-analysis by Ibebuogu et al. [14] seems to satisfy

the above prerequisites.

More importantly, the treatment effect in diabetic

patients is not compared with that in patients without dia-

betes, and generalizability of these differences in the

response to bivalirudin [16] remains undermined. Thus, the

real clinical applicability of results remains questionable.

Considering other arguments for and against subgroup

analyses, it worth remembering that subgroup analyses can

be useful when there are predictable differences in the

biological response to the underlying disease and when

clinically important heterogeneity of relative treatment

effect by baseline risk is postulated.

For example, it is well established that patients with

ACS have a worse outcome than patients with stable

coronary artery disease (CAD) treated with PCI and that

the risk of bleeding complications is increased in patients

with unstable CAD undergoing PCI [16].

In this regard, Ibebuogu et al. [14] included in their

meta-analysis data from clinical trials investigating biva-

lirudin performance in different clinical settings (elective

PCI for stable CAD, PCI for ST-elevation ACS, unstable

angina, and non-ST-elevation ACS).

As expected, the baseline risk for major bleeding (ex-

pressed as the observed risk in the control population of

each trial) was low (about 2 %) in studies enrolling dia-

betic patients with stable CAD. Conversely, it ranged from

5 to 10 % in diabetic patients with ACS.
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Clinically important heterogeneity of treatment effect

may be discovered when different groups of patients have

very different baseline absolute risks. In considering this

approach, it may be useful to verify whether the benefit of

treatment with bivalirudin is enhanced in patients at

increased risk of bleeding.

Nevertheless, if relative treatment effect is likely to be

related to baseline risk, the analysis plan should include a

stratification of the results by predicted risk. Unfortunately,

risk scores or models to predict the risk of bleeding were

not selected in advance, and relevant baseline data were not

recorded in trials included in the meta-analysis by Ibe-

buogu et al. [14].

Finalizing our discussion, the meta-analysis by Ibe-

buogu et al. [14] seems to support the use of bivalirudin in

diabetic patients treated with PCI, with consideration of

efficacy and safety issues as discussed above. Given the

high incidence of bleeding in diabetic patients treated with

PCI, and the association of bleeding with mortality, the

pattern of benefit of bivalirudin over heparin plus glyco-

protein IIb/IIIa inhibitors might be clinically relevant,

reducing bleeding while maintaining ischemic efficacy [13,

14, 17, 18].

However, subgroup analyses are almost always under-

powered [19–21] and the best test of validity of subgroup–

treatment effect is their reproducibility in other trials [15].

Thus, the analysis by Ibebuogu et al. [14] has to be con-

sidered exploratory in nature and hypothesis generating.

More data in the form of randomized controlled trials are

needed to better establish the response to bivalirudin

between patients with or without diabetes mellitus. Without

such evidence, the extent to which the benefit of bivalir-

udin in diabetic patients can properly inform decisions at

the bedside or in the clinic remains to be firmly established.
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