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A B S T R A C T

Background: Patients with chronic kidney disease (CKD) have elevated bleeding and ischemic outcomes.
We aim to assess the short- and long-term efficacy and safety of bivalirudin compared to heparin plus
glycoprotein IIb/IIIa inhibitors (GPIs) in coronary artery disease (CAD) patients with CKD.
Methods: Randomized trials were searched in PubMed, Cochrane, and Embase databases up to January
2017. Among the trials retrieved, efficacy endpoints were defined as mortality, myocardial infarction
(MI), repeat revascularization, stent thrombosis, and major adverse cardiac events (MACEs). Safety
endpoints were reported as non-coronary artery bypass grafting (CABG) related major bleeding and
thrombolysis in myocardial infarction (TIMI) major bleeding. Risk ratio (RR) and 95% confidence interval
(CI) were calculated for each outcome using a fixed effect model.
Results: Five studies with a total of 3796 patients were included. In short-term follow up (30 days),
bivalirudin significantly reduced non-CABG related major bleeding (p = 0.0004) and TIMI major bleeding
(p = 0.007) compared to heparin plus GPIs. No significant differences were observed in rates of mortality,
MI, repeat revascularization, stent thrombosis, and MACEs between the two groups in short- and long-
term follow up (6 months to 3 years). In patients with ST elevated myocardial infarction (STEMI) with
concurrent CKD, the decreased non-CABG related major bleeding (p = 0.04) without increasing ischemic
events was also observed after short-term follow up.
Conclusions: (1) Bivalirudin is safer than and as effective as heparin plus GPIs in CAD patients with CKD.
(2) Impaired renal function does not affect the safety benefits of bivalirudin. (3) Similar efficacy profiles
were identified between the two groups after both short- and long-term follow up in the CAD patients
with CKD.
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Introduction

Chronic kidney disease (CKD) is prevalent in patients with
cardiovascular disease [1]. Approximately 31% of ST-segment-
elevated myocardial infarction (STEMI) patients and 43% of non-
ST-segment-elevated myocardial infarction (NSTEMI) patients
present with renal dysfunction [2]. CKD is an independent risk
factor associated with ischemic and bleeding complications for
patients with cardiovascular disease [3,4]. Patients suffering from
coronary artery disease (CAD) with concurrent CKD are associated
with increased clinical severity and poor prognosis, including
severe bleeding, myocardial infarction (MI), and poor survival
compared to patients with normal renal function [1–3]. Due to CKD
therapy-related side effects, these patients are frequently excluded
from many randomized trials. Thus, CKD patients are less likely to
receive evidence-based therapy making it difficult to draw
conclusions regarding this subgroup [4–7].

Bivalirudin, a direct thrombin inhibitor with a short-term
biological half-life (25 min under normal renal function), offers a
predictable and dose-dependent anticoagulation degree
[8,9]. Bivalirudin has become an alternative drug for CKD patients
compared with heparin plus glycoprotein IIb/IIIa inhibitors (GPIs)
and was prescribed more frequently in patients with progressive,
more advanced CKD, including CKD stage 5 compared to patients
without CKD [6]. However, whether bivalirudin is truly beneficial,
in terms of both short- and long-term efficacy and safety profiles,
remains unclear in CAD patients with concurrent CKD.

We conducted this meta-analysis to investigate and assess: (1)
whether renal dysfunction has an impact on the reduced bleeding
complications (safety profile) when anticoagulated with bivalir-
udin in CAD patients; (2) the short- and long-term efficacy of
bivalirudin compared to heparin plus GPIs in CAD patients, as well
as in STEMI patients, with renal dysfunction.

Methods

Data sources and search strategy

The present meta-analysis was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses 2009 guidelines [10]. Three reviewers independently
conducted a systematic review of randomized controlled trials
(RCTs) in the PubMed, Embase, and Cochrane databases up to
January 2017. We searched these databases with the following
keywords: “bivalirudin”, “heparin”, “CAD”, and “CKD”. Details on
the search strategy are listed in the supplementary material. The
references of all included articles were also reviewed to identify
other studies that may satisfy the inclusion criteria of this analysis.
No language restriction was applied.

Study selection and data extraction

Works satisfying the following criteria were included: (1) RCTs,
(2) studies that involved patients with CAD and impaired renal
function confirmed by available laboratory data on creatinine
clearance (CrCl), (3) studies that compared bivalirudin plus the
provisional use of GPIs with heparin (unfractionated heparin or
enoxaparin) plus GPIs, (4) pre-specified subgroups of randomized
studies for patients with CAD in the setting of CKD, and (5) studies
with supplied data on efficacy and safety outcomes of bivalirudin.
Studies with ineligible study design, populations, and outcomes
were excluded.

A two-step process was conducted to recognize the eligible
studies for inclusion. First, the title and abstract of all the citations
were screened, and the citations that did not meet the inclusion
criteria were discarded. Afterward, we obtained the full text of the

remaining citations for further selection according to the inclusion
criteria. We also contacted the study authors to collect the
unpublished baseline characteristics and outcomes of included
trials. Data were extracted and conflicting opinions were resolved
by consensus. The information obtained included sample size,
intervention components, length of follow up, etc. Quality
assessment was conducted according to the Cochrane Collabora-
tion Assessment for risk of bias with Review Manager 5.1.0 [11].

Endpoints and definitions

Efficacy endpoints reported were mortality, MI, repeat revas-
cularization, stent thrombosis and major adverse cardiac events
(MACEs, reported as a composite of mortality, MI, repeat
revascularization, or stroke). Safety endpoints were reported as
non-coronary artery bypass grafting (CABG)-related major bleed-
ing and thrombolysis in myocardial infarction (TIMI) major
bleeding. Short- and long-term follow up were defined as the
results reported 30 days and 6 months to 3 years after
percutaneous intervention (PCI), respectively.

Revascularization was performed in accordance with either
clinical indications or study protocol. Stent thrombosis was
referred to the criteria of the Academic Research Consortium
[12] which regarded any MI on the evidence from angiographic
confirmation of in-stent thrombus or any unexplained death after
the procedure. The safety outcomes were reported as non-CABG-
[13] and TIMI-related [14] major bleeding including life-threaten-
ing bleeding such as intracranial, retroperitoneal, or intraocular
bleeding. CKD was reported as renal impairment with a CrCl of less
than 60 ml/min on the basis of the admission laboratory data (prior
to any contrast media exposure) calculated using the Cockcroft–
Gault equation.

Statistical analysis

Risk ratios (RRs) and 95% confidence intervals (CIs) were
calculated as summary statistics. Heterogeneity was assessed
using the I2 statistic with values <25% considered as low and >75%
as high. I2 was defined as the proportion of total variation observed
between the trials attributable to differences between trials rather
than sampling error (chance) [15]. Random-effects models were
used when high heterogeneity was detected (I2 > 50%); otherwise,
fixed-effects models were adopted. Type I error was held at 5%

Fig. 1. Flow chart of study selection. GPIs, glycoprotein IIb/IIIa inhibitors; RCTs,
randomized controlled trials.
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