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A b s t r a c t

Background: Although the current practice guidelines recommend using both heparin and bivalirudin for percutaneous 
coronary interventions (PCI), the research data are ambiguous. 

Aim: The aim of the study was to compare the impact of bivalirudin and heparin on major clinical endpoints in PCI patients 
with particular emphasis on periprocedural stent thrombosis.

Methods: A total of 18 randomised clinical trials involving 41,752 subjects were included. The endpoints comprised: net 
adverse clinical event (NACE: death, myocardial infarction [MI], unscheduled revascularisation, major bleeding), major adverse 
cardiovascular event (MACE: death, MI, or stroke), and acute/subacute stent thrombosis (ST). A subanalysis for planned and 
provisional glycoprotein IIb/IIIa inhibitor (GPI) use with heparin was performed. Results were presented as risk ratios (RR) and 
95% confidence intervals (CI).

Results: Bivalirudin significantly reduced NACE risk (RR 0.85, 95% CI 0.76–0.96) and increased the incidence of MI (RR 
1.09, 95% CI 1.01–1.18), ST (RR 1.50, 95% CI 1.13–1.99), and MACEs (RR 1.06, 95% CI 0.99–1.13). Comparing to heparin 
with provisional or planned GPI use, there was higher risk of acute ST with bivalirudin (RR 2.14, 95% CI 1.01–4.56 and RR 
5.53, 95% CI 2.32–13.18, respectively). Comparing to heparin and provisional GPIs, bivalirudin failed to reduce NACEs and 
major bleeding. However, it decreased rates of NACEs (RR 0.81, 95% CI 0.69–0.96) and major bleeding (RR 0.64, 95% CI 
0.48–0.85) compared with heparin and planned GPI use.

Conclusions: The advantages of bivalirudin are undoubtedly related to GPI use in the heparin arms. Bivalirudin-based regimens 
are more beneficial when compared with heparin and planned GPI use in terms of NACE and major bleedings; this was not 
observed when compared to heparin and provisional GPI use. Regardless of adjunctive GPI use, stent thrombosis episodes 
were significantly more common in bivalirudin-treated subjects. Therefore, the safety and economic issues may urge revision 
of this aspect of current clinical practice and guidelines.
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INTRODUCTION
Bivalirudin is an intravenous direct thrombin inhibitor. It is rec-
ommended as an alternative to heparin in patients undergoing 
percutaneous coronary interventions (PCIs) for acute coronary 
syndromes, in particular non-ST-segment elevation myocar-
dial infarctions (NSTEMI) [1, 2]. The most recent European  
Society of Cardiology (ESC) practice guidelines on therapy 
of NSTEMI recommend the use of bivalirudin (0.75 mg/kg  
IV bolus, followed by 1.75 mg/kg/h for up to 4 h after the pro-
cedure) as an alternative to unfractionated heparin plus glyco-
protein IIb/IIIa inhibitors (GPI) during PCI (class I, level A) [3].  
Another guideline document issued by the ESC recom-
mends the use of bivalirudin in the case of heparin-induced 
thrombocytopaenia (IC) or at high bleeding risk (IIaA) during  
PCI for stable coronary artery disease and for treatment of 
ST-segment elevation myocardial infarction (STEMI) (IIaA) [4].  
The strength of recommendations may support more wide-
spread use of bivalirudin in such clinical settings, but the 
results of some clinical studies raised safety concerns associa-
ted with this strategy. In various studies bivalirudin-based 
regimens significantly reduced bleeding complications com-
pared to heparin [5–11]. The reduction of bleeding-related 
adverse events with bivalirudin observed in the ACUITY [5], 
HORIZONS-AMI [6], and EUROMAX [7] trials was potent 
enough to significantly decrease the overall rate of net ad-
verse clinical events (NACEs) despite there being no impact 
on major adverse cardiovascular events (MACEs). However, 
similar NACE reduction by bivalirudin was not reproduced in 
the ISAR-REACT 3 [8], ISAR-REACT 4 [9], and BRAVE 4 [10] 
studies. In the HEAT-PPCI study [11], MACEs were signifi-
cantly more common in patients treated with bivalirudin as 
compared to the heparin arm, but no significant differences 
in the bleeding rate were observed. On the other hand, 
the HORIZONS-AMI [10], EUROMAX [7], and HEAT-PPCI 
[11] studies documented considerably more frequent stent 
thrombosis (ST) in patients treated with bivalirudin-based 
regimens. The results of the latter trials greatly undermined 
the confidence in bivalirudin.

There was a tempestuous discussion between research-
ers in 2014 and 2015 on bivalirudin and heparin use, started 
by Cavender and Sabatine, who compared both regimens 
in patients scheduled for PCI [12]. They concluded that 
bivalirudin-based regimens were associated with increased 
risk of MACEs, myocardial infarction (MI), and ST, while the 
risk of serious bleeding was decreased. In addition, bivalirudin 
had no influence on mortality. Despite other reports, there  
is still ongoing controversy regarding the risk of individual 
MACEs. The latest randomised clinical trials presented different 
results regarding this endpoint (e.g. HEAT-PPCI vs. BRAVE 4).  
The most recent MATRIX trial showed that bivalirudin did 
not reduce MACE and NACE rates [13]. Additionally, there 
were no clear benefits from the prolongation of bivalirudin 
infusion after PCI when compared to heparin. The two most 

recent studies, including the largest one (i.e. BRAVE 4 and 
MATRIX), have not been included in previously published 
meta-analyses. Therefore, we present an updated meta-anal-
ysis comparing the effects of bivalirudin versus heparin in 
patients undergoing PCI, comprising all relevant trials and the 
largest number of subjects. Additionally, a unique sensitivity 
analysis was carried out to investigate the influence of indi-
vidual studies on the overall meta-analysis summary estimate. 
Finally, a separate analysis was performed including trials that 
compared bivalirudin-based regimens with heparin-based 
regimens plus GPIs used in a provisional (up to 15% of sub-
jects) or planned manner (at least 70% of study subjects).

METHODS
Literature search strategy

We systematically reviewed the literature databases for ran-
domised trials comparing bivalirudin to heparin alone or with 
GPIs. The search criteria were limited to papers written in 
English, published in peer-reviewed journals before October 
2015, and abstracts from the major cardiological conferences 
held between January and October 2015. We included pro-
spective randomised clinical studies with a follow-up rang-
ing between 48 h and 30 days, which were available in the 
Medline (PubMed), EBSCO, and Cochrane Central Register 
of Controlled Trials databases. The relevant trials compar-
ing bivalirudin with either unfractionated or low molecular 
weight heparin were identified using the following keywords: 
“bivalirudin”, “heparin”, “glycoprotein IIb/IIIa inhibitor”, 
“percutaneous coronary intervention”, and “randomised trial”. 
Studies that involved fibrinolytic therapy, did not provide 
clinical outcomes, or were conducted before the coronary 
stenting era were excluded from the analysis. The results of 
the literature search are summarised in Figure 1. 

We analysed two composite endpoints: NACE (defined as 
all-cause death, recurrent MI, ischaemia-driven revascularisa-
tion, or major bleeding) and MACE (defined as all-cause death, 
recurrent MI, or stroke). Additionally, the following safety and 
efficacy endpoints were assessed: MI, all-cause death, major 
bleeding (defined based on the thrombolysis in myocardial 
infarction [TIMI] bleeding criteria) [14], non-coronary artery 
bypass grafting (CABG) major bleeding, and ischaemia-driven 
target vessel revascularisation/target lesion revascularisation 
(TVR/TLR), ST, including acute (≤ 24 h of index PCI) and 
subacute ST (between > 24 h and 30 days of index PCI). 
Based on the clinical urgency of PCI, studies having ST 
as an endpoint were divided into two groups: urgent PCI 
(STEMI/NSTEMI/acute MI/acute coronary syndrome [ACS]) 
and elective PCI (< 30% ACS in the study population).

Statistical analysis 
The meta-analysis was performed in accordance with the 
guidelines set forward in the Cochrane Handbook for Sys-
tematic Reviews of Interventions [15], and we followed 



Figure 1. Flowchart of literature search
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the Preferred Reporting Items for Systematic reviews and 
Meta-Analyses (PRISMA) guidelines for systematic reviews 
and meta-analyses. The data were analysed using the 
Mantel-Haenszel test, and the risk ratio (RR) was calculated 
using STATA software, version 13.1 (StataCorp LP, USA). The 
heterogeneity of the results between the studies was analysed 
using the Q and I2 statistics, which presented the contribution 
of the variability resulting from study heterogeneity relative 
to the total. The significance level (p) for the Q statistics was 
deemed less than 0.10. Publication bias was analysed by visual 
inspection of funnel plots and by calculation of the Egger’s 
test p value [16, 17]. The random-effects model described by 
DerSimonian and Laird [18] was used to aggregate the study 
data. In cases of 0 outcome events, continuity correction was 
performed by adding a correction factor of 0.5. Additionally, 
sensitivity analysis was performed to investigate the influence 
of each individual study on the overall meta-analysis summary 
estimate. All the p values were two-tailed with a statistical 
significance level at 0.05, and confidence intervals were 
calculated to 95% (95% CI). For three-arm trials (including 
bivalirudin, heparin alone, and heparin plus GPIs) the relevant 
pairwise comparisons were analysed separately. Except for the 
overall analysis, we stratified the results by provisional and 
planned GPI use in the heparin arm. 

RESULTS
We identified 703 reports, of which 42 full-text contributions 
were assessed and reviewed for inclusion in the analysis. Ulti-
mately, the meta-analysis criteria were met by 18 randomised, 
controlled trials (Fig. 1). The baseline characteristics of study 
populations, procedures, and medications are summarised 
in Table 1. 

A total of 41,752 patients were included in the analysis: 
21,671 patients received bivalirudin and 20,081 patients 
received heparin alone or heparin plus GPIs IIb/IIIa. GPIs 
were used in both arms (bivalirudin and heparin). In the 
bivalirudin arm, GPI was mostly administrated provisionally. 
Its use ranged between 1% and 15%. The use of GPIs in the 
heparin arm varied between < 1% and 100%. If used on 
a provisional basis, GPIs were administered in up to 15% of 
patients (ISAR-REACT 3 — 1%, ARMYDA-7 BIVALVE — 14%, 
BRIGHT [heparin alone] — 6%, HEAT PPCI — 15%, NA-
PLES III — 1%, BRAVE 4 — 6%, and MATRIX — < 1%); for 
planned use, GPIs were given in 70% to 100% of subjects 
(EUROMAX — 69%, REPLACE-2 and ACUITY-PCI — 97%, 
HORIZONS-AMI — 98%, NAPLES, TENACITY, ISAR-REACT, 
Deshpande et al. and BRIGHT [heparin plus GPIs] — 100%).

The CEs were observed in 2131 (9.8%) bivalirudin pa-
tients and 2384 (11.9%) heparin patients. The NACE rate 
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Figure 2. Net adverse clinical events (NACE), major adverse cardiovascular events (MACE), and individual cardiovascular events 
for overall analysis; CABG — coronary artery bypass grafting; CI — confidence interval; RR — risk ratios; TIMI — thrombolysis in 
myocardial infarction; TVR/TLR — target vessel revascularisation/target lesion revascularisation
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was lower in bivalirudin-based regimens (RR 0.85, 95% 
CI 0.76–0.96, p = 0.008, Fig. 2). However, a significant 
inter-study heterogeneity was observed (Appendix — see 
journal website). The stratified analysis revealed that this 
significantly lower risk pertains to the trials comparing bi-
valirudin to heparin-based regimens with planned GPIs (RR 
0.81, 95% CI 0.69–0.96, p = 0.013, Fig. 3). The risk of NACE 
with bivalirudin-based regimens was similar to heparin-based 
regimens with provisionally used GPIs (RR 0.92, 95% CI 
0.72–1.25; Fig. 4). 

Another efficacy endpoint, MACEs, occurred in 
1775 (7.9%) bivalirudin patients and 1697 (7.5%) heparin pa-

tients. The risk of MACEs was insignificantly higher for bivaliru-
din when compared with heparin (RR 1.06, 95% CI 0.99–1.13,  
p = NS, Fig. 2), heparin-based regimens with planned GPI 
use (RR 1.06, 95% CI 0.98–1.15, Fig. 3), and provisional 
GPIs (RR 1.11, 95% CI 0.93–1.32, p = NS, Fig. 4). Analysis 
of the MACE rate implies that better net clinical outcome with 
bivalirudin-based regimens was mainly driven by the bleeding 
component. Neither bivalirudin- nor heparin-based regimens 
increased the risk of death (RR 0.92, 95% CI 0.73–1.15;  
Fig. 2). The stratified analysis yielded similar results (Figs. 3, 4). 

Myocardial infarction occurred in 1250 (5.6%) and 
1138 (5.0%) patients treated with bivalirudin and heparin, 

Figure 3. Net adverse clinical events (NACE), major adverse cardiovascular events (MACE), and individual cardiovascular events 
for heparin-based regimens with planned glycoprotein IIb/IIIa inhibitor (GPI) use; other abbreviations — see Figure 2

https://ojs.kardiologiapolska.pl/kp/article/view/KP.a2018.0024#supplementaryFiles
https://ojs.kardiologiapolska.pl/kp/article/view/KP.a2018.0024#supplementaryFiles


Figure 4. Net adverse clinical events (NACE), major adverse cardiovascular events (MACE), and individual cardiovascular events 
for heparin-based regimens with provisional glycoprotein IIb/IIIa inhibitor (GPI) use; other abbreviations — see Figure 2
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respectively. Bivalirudin-based regimens were associated with 
significantly increased MI rate (RR 1.09, 95% CI 1.01–1.18, 
p = 0.032; Fig. 2). Such a trend was observed for both 
subanalyses. Insignificant differences were observed when 
comparing bivalirudin to heparin with planned GPI (RR 1.10, 
95% CI 0.99–1.21, p = 0.075; Fig. 3, Appendix — see 
journal website) and provisional GPI use (RR 1.14, 95% CI 
0.92–1.41, p = 0.211; Fig. 4).

There was no significant difference in the frequency of 
TVR/TLR between both analysed arms (Figs. 2–4). 

Stent thrombosis was reported in 221 (1%) bivalirudin 
patients and 145 (0.6%) heparin patients. The risk of ST was 
considerably higher with bivalirudin-based regimens (RR 1.50, 
95% CI 1.13–1.99, p = 0.005; Fig. 2). Significant differences 
were observed between bivalirudin and heparin with provi-
sional GPI use (RR 1.88, 95% CI 1.05–4.80, p = 0.033; Fig. 4);  
however, no significant differences were observed between 
bivalirudin and heparin with planned GPI use (RR 1.27, 95% 
CI 0.99–1.65, p = 0.064; Fig. 3). More detailed analysis of ST, 
including the acute and subacute episodes, showed that only 
acute ST was associated with bivalirudin-based regimens (RR 
3.09, 95% CI 1.59–6.00, p = 0.001; Fig. 2). This risk is similar 
in both subanalyses: bivalirudin vs. heparin with provisional 
GPI use (RR 2.14, 95% CI 1.01–4.56, p = 0.048; Fig. 4) and 
bivalirudin vs. heparin with planned GPI use (RR 5.53, 95% 
CI 2.32–13.18, p < 0.001; Fig. 3). There was no significant 
difference in the risk of subacute ST. 

The subanalysis considering clinical classification of 
treated subjects (ACS vs. elective PCI) showed that ST was 
significantly more frequent in the patients presenting with 
ACS (RR 1.48, 95% CI 1.10–1.99, p = 0.009, random and 
fixed models; Fig. 5). Probably due to high heterogeneity (only 
three studies meeting criteria of elective PCI), no significant 

differences were found for elective patients in the random 
model (Fig. 5). 

Both endpoints related to bleeding episodes, i.e. major 
bleeding by TIMI bleeding criteria and non-CABG related 
major bleeding, present in 260 (1.4%) and 671 (3.1%) bi-
valirudin patients and 384 (2.0%) and 972 (4.8%) heparin 
patients, respectively. The analysis of those safety endpoints 
favours bivalirudin- over heparin-based regimens (RR 
0.66, 95% CI 0.53–0.84, p = 0.002 and RR 0.66, 95% CI 
0.53–0.84, p = 0.002, respectively; Fig. 2). The sub-analysis 
shows that superiority of bivalirudin persists only when 
compared to heparin with planned GPI use (RR 0.64, 95% 
CI 0.48–0.85, p = 0.002 and RR 0.59, 95% CI 0.43–0.80, 
p = 0.001; Fig. 3).

Sensitivity analysis
The sensitivity analysis confirmed the above findings except 
for MACEs, MI, and TVR/TLR. The results regarding the risk of 
MACE depend on the MATRIX study. Exclusion of this study 
led to statistical significance with respect to the MACE risk 
(Appendix, Table 8 — see journal website). The MI risk is 
sensitive to the following studies: HEAT-PPCI, ISAR-REACT 3, 
ACUITY-PCI (bivalirudin  alone), and REPLACE-2. Exclusion of 
either of these studies lresulted in non-significant differences 
with respect to the MI risk (Appendix, Table 13 — see journal 
website). Exclusion of one of two trials: ARMYDA-7 BIVALVE 
or REPLACE-2, led to statistical significance with respect to the 
TVR/TLR risk (Appendix, Table 23 — see journal website).

DISCUSSION
Bivalirudin, an intravenous monovalent thrombin inhibitor, is 
recommended in patients undergoing PCI. Recently, there has 
been a great deal of debate on the efficacy and safety of both 

https://ojs.kardiologiapolska.pl/kp/article/view/KP.a2018.0024#supplementaryFiles
https://ojs.kardiologiapolska.pl/kp/article/view/KP.a2018.0024#supplementaryFiles
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https://ojs.kardiologiapolska.pl/kp/article/view/KP.a2018.0024#supplementaryFiles
https://ojs.kardiologiapolska.pl/kp/article/view/KP.a2018.0024#supplementaryFiles
https://ojs.kardiologiapolska.pl/kp/article/view/KP.a2018.0024#supplementaryFiles


Figure 5. Forest plot of stent thrombosis for elective or urgent percutaneous coronary intervention (PCI) and ST-segment elevation 
myocardial infarction (STEMI)/non-ST-segment elevation (NSTE)/acute coronary syndrome (ACS)/acute myocardial infarction (AMI) 
group; Biv — bivalirudin; Hep — heparin; CI — confidence interval; GPI — planned glycoprotein IIb/IIIa inhibitor; RR — risk ratios
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bivalirudin- and heparin-based regimens in this clinical setting. 
The results of our up-to-date meta-analysis are convergent 
with the previously published results regarding the majority 
of endpoints (i.e. MACE, NACE, major bleedings, ischaemic 
episodes) [12, 19–23]. However, the issue of increased stent 
thrombosis associated with the use of bivalirudin was equivo-
cal and therefore is still under discussion. 

Cavender and Sabatine [12] published in 2014 a me-
ta-analysis comparing results of treatment with bivalirudin 
vs. heparin with or without concomitant use of GPIs in patients 
undergoing PCI. The authors documented that, compared 
to heparin, bivalirudin increased the risk of MI and ST while 
reducing the risk of bleeding complications. The significance 
of bleeding reduction depended on simultaneous use of 
GPIs. The meta-analysis including 16 randomised clinical 
studies (and total of 33,958 subjects) did not include two tri-
als that were completed and published later, i.e. the BRAVE 
4 (548 randomised subjects of 1240 planned; it was terminat-
ed earlier) and MATRIX studies (7213 subjects). We provided 
a comprehensive and, so far, the largest meta-analysis, includ-
ing 41,752 patients. Uniquely, we analysed the incidence of 

ST in patients presenting with ACS (STEMI, NSTEMI, unstable 
angina) and in patients with predominating stable coronary 
artery disease and elective PCI.

Similarly to the previously mentioned meta-analysis 
[12], we observed a reduction in the bleeding episodes in 
the group treated with bivalirudin. Such a reduction resulted 
predominantly from a significant decrease in bleeding events 
as compared to the subjects receiving heparin and GPIs. As 
opposed to the group treated with intravenous heparin in 
monotherapy, there was no significant reduction in bleeding 
events with bivalirudin. The registry including PCI data from 
47 American hospitals showed that bleeding adverse events 
were no longer reduced with bivalirudin if transradial interven-
tions were involved [24]. For transfemoral interventions the 
incidence of bleeding with bivalirudin-based regimens was 
significantly better if compared to heparin. Because the in-
cluded studies did not provide enough data, our meta-analysis 
could not reliably compare the results for transradial vs. trans-
femoral approach. Therefore, further studies are necessary to 
investigate that issue and to reassess the cost-effectiveness of 
bivalirudin treatment in the transradial cohort. 
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The overall risk of MI was significantly increased by 9% 
(RR 1.09, 95% CI 1.01–1.19) for bivalirudin. The entire biva-
lirudin group was also characterised by 50% higher risk of ST 
(RR 1.50, 95% CI 1.13–1.99). The increased risk of ST was 
still present if comparing to patients treated with heparin and 
planned GPIs (100% of subjects), as well as with heparin and 
provisional GPI use (up to 15% of subjects). We documented 
that ST was significantly more frequent in patients with ACS 
(random and fixed model; Fig. 5). The risk of ST was slightly 
less severe for the bivalirudin group undergoing elective PCIs 
(only a fixed model, not confirmed by a random model), but 
it was still marked despite the small size of this subgroup. The 
reasons for increased risk of ST for bivalirudin-based regimens 
are unknown. The postulated prolongation of bivalirudin 
infusion up to four (or even six) hours after the intervention 
failed to reduce the elevated risk of ST [13]. 

Higher incidence of ST in patients treated with bivalirudin 
compared to heparin and GPIs may reflect insufficient inhibi-
tion of activated platelets in the bivalirudin group. The ACUITY 
study [5] showed a significantly higher rate of composite end-
point, comprising ischaemic events in the bivalirudin group 
without the addition of supporting thienopyridine therapy, 
when compared with heparin plus GPIs. In patients with in-
creased percentage of activated platelets despite the treatment 
with clopidogrel, the use of bivalirudin led to a significantly 
higher rate of cardiovascular events (MACEs), compared to 
subjects receiving heparin and abciximab infusion [25]. In 
patients with STEMI participating in the BRAVE 4 study [10], 
stent thrombosis was not significantly more frequent in the 
bivalirudin plus prasugrel strategy versus heparin plus clopi-
dogrel regimen. Inadequate inhibition of the platelet activity 
in patients treated with bivalirudin may result in an increased 
risk of ST. The outcomes of the registry comprising 47 hospitals 
of the Michigan Cardiovascular Consortium also support the 
above hypothesis [24]. However, our meta-analysis docu-
mented that ST in patients treated with bivalirudin was also 
more frequent when compared with patients using heparin 
and provisional (up 15% of patients) GPIs. 

Therefore, specific pharmacological properties of biva-
lirudin cannot be excluded. As is known, bivalirudin is an 
intravenous direct thrombin inhibitor. Other direct thrombin 
inhibitors include, but are not limited to, dabigatran, which 
is commonly used for the prevention of thrombotic events 
in patients with atrial fibrillation. In contrast to inhibitors of 
factor Xa (rivaroxaban and apixaban), dabigatran increases 
the risk of ACS [26]. A recently published meta-analysis docu-
mented that not only dabigatran but also the entire group of 
oral direct thrombin inhibitors increased the risk of ACS [27]. 
In the presence of high concentrations of tissue factor the 
medicine-to-thrombin binding is dissociated thus providing 
increased activation of both thrombin (“thrombin explosion”) 
and platelets, with simultaneous blockage of the protective 
influence of protein C [27]. 

Hypothetically, in the presence of high tissue factor levels, 
it is possible that the ruptured (stented) plaque creates the 
above-described paradoxical “thrombin explosion” as a re-
sult of dissociation of the bivalirudin-thrombin complex. In 
particular, this mechanism may play a role in the formation 
of acute ST (up to 24 h of intervention). The increased risk of 
ST in patients treated with bivalirudin is now documented; 
however, the unknown cause of this phenomenon warrants 
further studies.

Recently, another bivalirudin-oriented registry-based 
trial was published: the VALIDATE-SWEDEHEART study [28]. 
Treatment with P2Y12 inhibitors was mandatory, and radial ac-
cess was used for most of the patients. The study documented 
that the use of P2Y12 inhibitors was associated with elimina-
tion of one of the worst complications of bivalirudin mono-
therapy: stent thrombosis. However, the implementation of 
those agents diminished the beneficial effect of bivalirudin, 
i.e. reduction of bleeding rate. Overall, the complication rate 
was no lower for bivalirudin users than it was for heparin, thus 
making bivalirudin a better choice for special patients, e.g. 
with heparin-induced thrombocytopaenia. 

The results of this meta-analysis are based on studies of 
different duration. The follow-up ranged between 48 h and 
30 days. The included studies analysed a wide spectrum of 
patients. Data of individual patients would allow for analysis 
for homogenous patient subgroups, which could improve the 
accuracy of the analysis and lead to firm conclusions regarding 
specific groups of patients. Another limitation is the different 
use of GPIs in bivalirudin arms. Furthermore, a high hetero-
geneity of results occurred for some parameters, especially 
in a sub-analysis between bivalirudin- and heparin-based 
regimens with provisional GPI use. 

The exact number of patients treated with transfemoral 
and transradial access are unknown for certain studies, so 
the detailed analysis comparing these two approaches would 
be unreliable.

The VALIDATE-SWEDEHEART study was not included 
in the analysis because of the non-randomised design and 
methodological issues (mostly radial access, mandatory use 
of P2Y12 inhibitors).

The TIMI bleeding scale was used in this meta-analysis 
because it was employed in most of the studies. The BARC 
criteria were used only in some trials (e.g. MATRIX study). 
Therefore, we decided to use the most universal scale (TIMI) 
to avoid problems with data comparisons.

This meta-analysis did not stratify patients regarding the 
use of radial or femoral access. The source data were not 
available, and few studies reported the numbers.

In conclusion, notwithstanding the foregoing considera-
tions, the results of our meta-analysis demonstrated that bi-
valirudin, while significantly reducing bleeding complications, 
does not improve the incidence of ischaemic events (MACE). 
Bivalirudin provides clinical benefits, measured by a significant 
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reduction in NACEs, if used as an alternative to heparin and 
concomitant GPIs. Bivalirudin, compared with heparin (with-
out simultaneous use of GPIs), does not substantially reduce 
the risk of bleeding complications. Bivalirudin-based regi-
mens are associated with a substantial risk of acute ST. Stent 
thrombosis was significantly more frequent in the patients 
presenting with ACS. This may result from specific properties 
of bivalirudin that produce a “thrombin explosion” originating 
from the plaque distortion caused by coronary intervention. 
Therefore, further research is warranted to investigate these 
mechanisms. 

Conflict of interest: none declared
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