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Summary
Patients on rivaroxaban requiring percutaneous coronary intervention 
(PCI) represent a clinical conundrum. We aimed to investigate whether 
rivaroxaban, with or without an additional bolus of unfractionated he-
parin (UFH), effectively inhibits coagulation activation during PCI. 
Stable patients (n=108) undergoing elective PCI and on stable dual 
antiplatelet therapy were randomised (2:2:2:1) to a short treatment 
course of rivaroxaban 10 mg (n=30), rivaroxaban 20 mg (n=32), riva-
roxaban 10 mg plus UFH (n=30) or standard peri-procedural UFH 
(n=16). Blood samples for markers of thrombin generation and coagu-
lation activation were drawn prior to and at 0, 0.5, 2, 6–8 and  
48 hours (h) after start of PCI. In patients treated with rivaroxaban  
(10 or 20 mg) and patients treated with rivaroxaban plus heparin, the 
levels of prothrombin fragment 1 + 2 at 2 h post-PCI were 0.16 [0.1] 

nmol/l (median) [interquartile range, IQR] and 0.17 [0.2] nmol/l, 
 respectively. Thrombin–antithrombin complex values at 2 h post-PCI 
were 3.90 [6.8] µg/l and 3.90 [10.1] µg/l, respectively, remaining 
below the upper reference limit (URL) after PCI and stenting. This was 
comparable to the control group of UFH treatment alone. However, 
median values for thrombin–antithrombin complex passed above the 
URL with increasing tendency, starting at 2 h post-PCI in the UFH-
alone arm but not in rivaroxaban-treated patients. In this exploratory 
trial, rivaroxaban effectively suppressed coagulation activation after 
elective PCI and stenting.
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Introduction

Patients on long-term oral anticoagulant treatment for protection 
against thromboembolic events who are in need of percutaneous 
coronary intervention (PCI) represent a difficult group to manage.

During PCI, a certain level of anticoagulation is required to 
perform the procedure safely because balloon inflation and stent 
placement can induce or further potentiate an existing prothrom-
botic state around lesion areas and lead to ischaemic compli-
cations (1, 2). Contemporary practice guidelines for coronary 
 revascularisation are based on clinical trials that have largely 
 excluded patients who receive long-term anticoagulant therapy (3, 
4). The choice of concomitant pharmacological therapy is critical, 

as are the type, number and duration of antithrombotic therapies. 
The value of a peri-procedural antithrombotic regimen in this 
high-risk population depends on the balance between prevention 
of thrombotic and bleeding complications (5).

Rivaroxaban is an oral, direct, dose-dependent factor Xa in-
hibitor and has established efficacy and safety in the prevention of 
stroke and systemic embolism in patients with non-valvular atrial 
fibrillation (AF) (6–9).

Our primary goal was to investigate whether rivaroxaban in 
combination with stable dual antiplatelet therapy (DAPT; acetyl-
salicylic acid plus clopidogrel) could adequately suppress coagu-
lation activation after coronary balloon inflation and stenting in 
stable coronary artery disease.
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Methods
Study design and oversight
The X-PLORER trial (evaluating optimal concomitant anticoagu-
lation in rivaroxaban treated patients, an oral direct factor Xa-
 inhibitor, during percutaneous coronary revascularisation trial) is 
a phase IIa, randomised, semi-blind, exploratory study conducted 
in seven hospitals in Belgium and the Netherlands.

The members of the Steering Committee, including the sponsor 
(Bayer, Berlin, Germany) representatives were responsible for the 
design and oversight of the study and for developing the protocol.

The Institutional Review Board at each participating centre 
 approved the protocol. All patients provided written informed 
consent. The sponsor was responsible for the collection, source 
verification and maintenance of the data. An independent com-
mittee, whose members were unaware of the study group assign-
ments, adjudicated all suspected clinical outcomes. An indepen-
dent Data Safety Monitoring Board was charged to monitor pa-
tient safety and advised the Steering Committee on potential issues 
that might have occurred during the trial conduct (Appendix 1 in 
Suppl.  Material, available online at www.thrombosis-online.com).

Final analyses were performed by the sponsor and were verified 
by independent statisticians (WL, JT). The members of the Writ-
ing Committee wrote all drafts of the manuscript, verified the data 
and vouch for the completeness of the data, the accuracy of the 
analyses and the fidelity of the study to the protocol.

Patients

Patients aged 18 years or older who were not using long-term oral 
anticoagulant treatment with warfarin or a direct factor IIa or fac-
tor Xa inhibitor and were scheduled to receive PCI to treat symp-
tomatic, obstructive coronary artery disease were included in the 
study. The condition of patients needed to be stabilised before en-
rolment with the cardiac-specific troponin at the time of the index 
PCI below the 99th percentile of the upper reference limit. Patients 
were excluded for lesion-specific conditions, if they were 
 haemodynamically unstable or if they were at increased risk of 
bleeding (Appendix 2: main inclusion and exclusion criteria, in 
Suppl. Material, available online at www.thrombosis-online.com).

Randomisation and study treatments

After providing written informed consent, all participants were 
randomly assigned in a 2:2:2:1 fashion to either one of three riva-
roxaban (Bayer, Berlin, Germany) investigational arms or to the 
comparator arm, by means of pre-prepared sealed envelopes 
(▶ Figure 1).

The three pre-specified rivaroxaban treatment arms were: a 
single dose of rivaroxaban 10 mg alone without additional bolus of 
heparin; a single dose of rivaroxaban 20 mg alone without addi-
tional bolus of heparin; or a single dose of rivaroxaban 10 mg com-
bined with an intravenous bolus of unfractionated heparin (UFH) 
50 IU/kg body weight.

The patients in the control arm received the standard UFH 
anticoagulation regimen with an intravenous bolus of 70 IU/kg 
body weight immediately before the start of PCI, with subsequent 
boluses (2,500 IU) targeted to achieve an activated clotting time 
(ACT), measured at 30-minute (min) time intervals after insertion 
of the catheter sheath, of 250–300 seconds (s). The single doses of 
rivaroxaban were administered once in a blinded fashion in tablet 
form containing either 10 mg or 20 mg of the drug 2–4 hours (h) 
prior to the PCI procedure together with a light meal. Heparin use 
and dose (adjusting) in the control arm was unblinded. Heparin 
catheter-flushing in all study arms up to 200 IU/day was manda-
tory.

All patients were on stable, prophylactic DAPT with a combi-
nation of acetylsalicylic acid 75–100 mg and clopidogrel (loading 
dose of 300 mg and maintenance dose of 75 mg once daily) for at 
least five days. Glycoprotein (GP)IIb/IIIa inhibitor use was re-
stricted to bail-out situation (as defined below: thrombotic flow-
 limiting event) in addition to a bolus of heparin (50 IU/kg; maxi-
mum 3,500 IU). Coronary stenting with either bare metal or drug-
eluting stents, according to the choice of the investigator, was the 
preferred method of PCI.

Laboratory assays

Blood samples were collected to assess rivaroxaban plasma levels, 
markers of thrombin generation (prothrombin fragment 1+2 
[F1+2] and thrombin–antithrombin [TAT] complex levels) and 

Figure 1: Study flow. One patient in the 
 rivaroxaban + UFH arm did not receive any 
 rivaroxaban and was removed from the analysis. 
PCI, percutaneous coronary intervention; UFH, 
unfractionated heparin.
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performance of coagulation tests, including anti-factor Xa activity 
and activated partial thromboplastin time (aPTT), prothrombin 
time (PT) and endogenous thrombin potential (ETP). Blood 
samples were obtained at baseline (before study drug adminis-
tration), before start of the PCI procedure, at 0.5, 1, 1.5 and 2 h 
during PCI, and at 6–8 and 48 h (except for rivaroxaban plasma 
levels) post-PCI. Pharmacokinetic (PK) parameters were calcu-
lated by non-compartmental analysis using WinNonlin, version 
4.1. Details on the blood sampling and processing procedure, the 
laboratory coagulation assays and rivaroxaban pharmacokinetics/
pharmacodynamics analysis are detailed in Appendix 3 (in Suppl. 
Material, available online at www.thrombosis-online.com).

Clinical outcome measures

In this primarily exploratory study, clinical outcome was assessed 
by the number of patients who required bail-out antithrombotic 
therapy in the context of an ischaemic coronary event and/or 
 experienced an angiographic flow-limiting thrombotic event (i. e. 
abrupt vessel closure, visible thrombus, no reflow) and/or experi-
enced thrombus formation on or within the intervention equip-
ment (i. e. guiding catheter and guide wire) and/or experienced a 
myocardial infarction (MI) owing to the PCI procedure (i. e. peri-
procedural MI) (10).

Major ischaemic events were assessed as the composite of all-
cause death, non-fatal MI, stroke and coronary revascularisation.

The occurrence of major and non-major clinically relevant 
bleeding and major ischaemic events up to 30 days were also 
 assessed. Major bleeding events, non-major clinically relevant 
bleeding events and minor bleeding events were classified on the 
basis of the Bleeding Academic Research Consortium (BARC) and 
the Thrombolysis in Myocardial Infarction (TIMI) bleeding 
 definitions (11, 12). (Suppl. Table 1, available online at www.throm
bosis-online.com).

The protocol called for a standard 12-lead electrocardiogram 
(before the PCI, 6–8 h post PCI, and 48 h post-PCI or post-
 discharge) and the collection of blood samples before the PCI and 
6–8 h after the index PCI for measurements of creatine kinase 
(CK), CK-myocardial band (CK-MB) mass, and cardiac-specific 
troponin and haemoglobin levels. Patients were clinically followed 
for adverse events until 30 + 7 days after the index PCI procedure.

Statistical analysis

The primary efficacy analysis was based on the modified inten-
tion-to-treat population. The modified intent-to-treat population 
included all patients who received at least one dose of the study 
drug. Results from the 10 mg and 20 mg rivaroxaban groups and 
the 10 mg rivaroxaban plus UFH group were compared with those 
from the control group. Only descriptive statistics were planned 
for coagulation plasma measures analysis, including medians and 
interquartile ranges (IQRs). For all coagulation parameters, medi-
an vs time curves were plotted by treatment at the different time 
points. Clinical outcome measures are reported for descriptive 
purposes. The study was underpowered for treatment group com-

parisons on clinical outcome. No imputation of data was perform-
ed. Statistical analyses were performed with the use of SAS soft-
ware, version 9.2 (SAS Institute Inc., Cary, NC, USA), by dedicated 
statisticians.

Results
Patient demographics

The X-PLORER trial enrolled 111 patients between October 2011 
and March 2013. Three patients failed screening. Of the 108 pa-
tients randomised, one patient in the rivaroxaban 10 mg plus UFH 
group did not receive rivaroxaban and was excluded from the 
analysis. All other patients (n=107) completed the planned obser-
vation period (▶ Figure 1).

The baseline and procedural characteristics for the population 
studied are shown in ▶ Table 1 (and Suppl. Table 2, available 
 online at www.thrombosis-online.com). The mean age was 64.4 ± 
10.5 years. Most patients were male (82/108, 75.9 %). All patients 
had stable ischaemic coronary artery disease as an indication for 
PCI. The mean duration of the PCI procedure was 24.9 ± 19.5 
min; 15/107 patients (14.0 %) had a multi-vessel procedure; one 
patient had an unplanned stenting of the left main coronary artery.

Coagulation laboratory measurements

Markers of thrombin generation and activation

For the markers indicating coagulation activation, including F1+2 
and TAT, the baseline values were comparable (Suppl. Table 3, 
available online at www.thrombosis-online.com).

In all rivaroxaban treatment groups, thrombin generation and 
propagation during PCI were suppressed, as indicated by low lev-
els of thrombin generation markers: F1+2 levels at 2.0 h were 0.16 
(0.1) nmol/l (median and IQR) in the rivaroxaban 10 mg alone 
arm, 0.14 (0.1) nmol/l in the 20 mg alone arm, 0.17 (0.2) nmol/l in 
the rivaroxaban 10 mg plus heparin arm and 0.22 (0.2) nmol/l in 
the standard UFH-only arm (▶ Figure 2 A). This effect was sus-
tained for up to 48 h in the rivaroxaban 10 mg and 20 mg alone 
arms. However, a slight increase in F1+2 to a level of 0.32 (0.2) 
nmol/l was reported in the standard heparin-only (control) arm at 
48 h. A similar pattern was noticed for TAT complex levels (Suppl. 
Table 3, available online at www.thrombosis-online.com; ▶ Figure 
2 B): TAT complex levels at 2 h post-PCI were 4.95 (11.1) µg/l in 
the rivaroxaban 10 mg alone arm, 3.50 (2.7) µg/l in the riva-
roxaban 20 mg alone arm, 3.90 (10.1) µg/l in the rivaroxaban  
10 mg plus UFH arm and 4.60 (11.6) µg/l in the UFH-only arm. 
Median values for TAT complex levels passed above the upper 
limit of normal with increasing tendency, starting at 2 h post-PCI 
in the UFH-alone arm but not in any of the three rivaroxaban 
arms, with the highest result at 48 h post-PCI (9.00 µg/l; IQR: 
20.5).

Likewise, ▶ Figure 3 shows cumulative curves for TAT complex 
levels (panels A and B) and F1+2 levels (panels C and D) at 2 and 
48 h, after the start of PCI plotted for the different study arms. 
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Peak levels of F1+2 and TAT complex for the three rivaroxaban 
arms remained consistently in range with those measured for 
UFH.

Markers of anticoagulation

Coagulation tests

The results on the coagulation tests studied are visualised in ▶ Fig-
ure 2 and listed in Suppl. Table 3 (available online at www.throm
bosis-online.com).

The anti-factor Xa activity increased from 0.10 (0) U/ml (medi-
an and IQR) to a maximum of 1.29 (1.0) U/ml in the rivaroxaban 
20 mg group at 30 min, 1.83 (0.4) U/ml the rivaroxaban 10 mg 
plus UFH group at 30 min and 1.38 (0.8) U/ml in the UFH-alone 
group at 30 min. The rivaroxaban 10 mg plus UFH group had the 
highest anti-factor Xa levels compared with pre-PCI values (▶ Fig-
ure 2 C).

PT was prolonged by rivaroxaban 20 mg only to 14.25 (2.5) s 
immediately before the start of the PCI procedure vs 11.00 (0.9) s 
before study drug administration; however, PT remained below  
15 s (▶ Figure 2 D). Thrombin time was not influenced by factor 
Xa inhibition.

The aPTT was more prolonged with UFH within the first 2 h 
after PCI compared with rivaroxaban. The aPTT increased from 
32.0 (5.0) s to a maximum of 48.50 (11.0) s at the time of the PCI 
in the rivaroxaban group. The aPTT exceeded 180 s in all heparin 
groups (▶ Figure 2 E). A similar pattern was observed for ACT.

Treatment with rivaroxaban decreased the ETP by > 50.0 % and 
in a dose-dependent manner, but not to the same extent as with 
heparin (▶ Figure 2 F).

Markers of anticoagulation vs rivaroxaban plasma 
concentrations

Pharmacokinetic measurements

The area under the curve and maximum concentrations for the 
different rivaroxaban regimens are listed in Suppl. Table 4 (avail-
able online at www.thrombosis-online.com). The PK parameters 
of rivaroxaban, including area under the concentration–time 
curve and maximum plasma concentration, showed a dose-related 
linear increase from the 10 mg dose to the 20 mg dose. The PK 
 parameters of the 10 mg dose were comparable across both treat-
ment groups (with or without UFH).

Following one dose of the study drug, median rivaroxaban plas-
ma concentrations at the time of PCI were 155.89 (IQR: 86.9) µg/l 
for the 10 mg dose group, 250.99 (IQR: 206.8) µg/l for the 20 mg 
dose group and 206.05 (IQR: 64.7) µg/l for the rivaroxaban 10 mg 
plus heparin group. Plasma levels progressively declined over time 
with concentrations at 6–8 h of 43.65 (IQR: 28.7) µg/l for the  
10 mg dose group, 104.76 (IQR: 50.4) µg/l for the 20 mg dose 
group and 55.70 (IQR: 38.1) µg/l for the rivaroxaban 10 mg plus 
heparin group.

The relationship between rivaroxaban plasma concentrations 
and a selection of the coagulation parameters (anti-factor Xa, 

Table 1: Baseline characteristics of each treatment group (ITT population). Categorical variables are presented in absolute values and percent N (%). 
BMI, body mass index; BSA, body surface area; CABG, coronary artery bypass grafting; ITT, intention-to-treat; MI, myocardial infarction; PCI, percutaneous 
 coronary intervention; SD, standard deviation.

Age (years), mean

Male sex (%)

BMI (kg/m²), mean (SD)

BSA (m²), mean (SD)

Previous MI (%)

Previous PCI (%)

Previous CABG (%)

Hypertension

Diabetes mellitus

Current smoker (%)

Creatinine clearance (ml/min)

 ≥ 30–< 50 ml

 ≥ 50–< 80 ml

 ≥ 80 ml

Rivaroxaban 10 mg 
(n=30)

61.1

20 (66.7)

27.8 ± 3.7

2.0 (0.2)

3 (10.0)

3 (10.0)

1 (3.3)

16 (53.3)

2 (6.7)

2 (6.7)

3 (10.0)

22 (73.3)

5 (16.7)

Rivaroxaban 20 mg 
(n=32)

64.0

26 (81.3)

28.5 ± 3.2

2.0 (0.2)

4 (12.5)

8 (25.0)

4 (12.5)

17 (53.1)

2 (6.3)

5 (15.6)

2 (6.3)

27 (84.4)

3 (9.4)

Rivaroxaban 
10 or 20 mg 
(n=62)

62.6

46 (74.2)

28.2 ± 3.5

2.0 (0.2)

7 (11.3)

11 (17.17)

5 (8.1)

33 (53.2)

4 (6.5)

7 (11.3)

5 (8.1)

49 (79.0)

8 (12.9)

Rivaroxaban 
10 mg plus heparin 
(n=30)

66.5

22 (73.3)

28.0 ± 4.6

2.0 (0.2)

6 (20.0)

3 (10.0)

1 (3.3)

18 (60.0)

4 (13.3)

0 (0.0)

4 (13.3)

20 (66.7)

6 (20.0)

Heparin 
(n=16)

67.2

14 (87.5)

27.8 ± 3.6

2.0 (0.2)

1 (6.3)

1 (6.3)

0 (0.0)

9 (56.3)

3 (18.8)

1 (6.3)

1 (6.3)

10 (62.5)

5 (31.3)
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aPTT, PT and ETP) are presented in ▶ Figure 4 A–D. This includes 
all blood samples taken during the study.

Anti-factor Xa activity rose sharply with increasing plasma con-
centrations in the clinically relevant drug concentration range of 

rivaroxaban [0.09921 +0.00534 (PK concentration); R-square = 
0.73, p-value < 0.0001] (Suppl. Table 5, available online at www.
thrombosis-online.com).

Figure 2: Median vs time curves plotted by individual treatment. 
Median prothrombin fragment 1+2 levels (A); thrombin–antithrombin com-
plex levels (B); anti-factor Xa activity (C); prothrombin time (D); activated par-
tial thromboplastin time (E); endogenous thrombin potential (F) per treat-

ment. Anti-Xa, anti-factor Xa; aPTT, activated partial thromboplastin time; 
ETP, endogenous thrombin potential; F1+2, prothrombin fragment 1+2; PCI, 
percutaneous coronary intervention; PT, prothrombin time; TAT, thrombin-
antithrombin; UFH, unfractionated heparin.

An
ti-

Xa
 (U

/m
l)
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Clinical outcomes

There were no patients in the three rivaroxaban arms that required 
bail-out antithrombotic medication and/or had clinical signs of 
 catheter-related thrombosis. (▶ Table 2, clinical outcomes). 
Twelve of the total 107 patients (11.2 %) experienced a peri-
 procedural MI. Five of the 12 patients were symptomatic: 2/5 
 patients in the UFH group, 2/4 in the rivaroxaban 10 mg plus UFH 
group and 1/3 in the rivaroxaban 20 mg group. Two patients, both 
in the rivaroxaban plus heparin arm, experienced a flow-limiting 
complication (one target vessel dissection, one side branch occlu-
sion), none were thrombotic. There were no deaths or Academic 
 Research Consortium-defined probable or definite stent 
 thromb osis.

There were no TIMI significant (major and minor combined) 
or BARC class 3 or 5 bleeding events up to 30 days following the 
index procedure (▶ Table 2, clinical outcomes).

Discussion

The oral, direct, factor Xa inhibitor rivaroxaban is registered for 
use in a number of clinical settings, including: primary prevention 
of venous thromboembolism in patients undergoing elective total 
hip or knee replacement surgery; treatment and secondary pre-
vention of deep-vein thrombosis and pulmonary embolism; stroke 
prophylaxis in patients with non-valvular AF; and secondary pre-
vention of acute coronary syndrome (ACS) in Europe. The esti-
mated prevalence of AF is 1–2 %; up to approximately 20 % of 
these patients will require PCI over time (13). Indeed, 1–2 million 
patients with AF in Europe who are on oral anticoagulant may 
undergo PCI, usually including stenting (13). However, the paucity 
of data on patients undergoing PCI with rivaroxaban today is 
 notable. X-PLORER is a small, dedicated, pharmacology-interven-
tion trial – the first to randomise a novel, oral, direct factor Xa in-
hibitor against standard UFH on the background of stable DAPT 
in patients undergoing an elective PCI.

Figure 3: Cumulative curves for thrombin–antithrombin III complex (A, B) and prothrombin fragment 1+2 (C, D) at 2 (A, C) and 48 (B, D) h 
after the start of the percutaneous coronary intervention. Start PCI = baseline. F1+2, prothrombin fragment 1+2; PCI, percutaneous coronary inter-
vention; TAT, thrombin–antithrombin; UFH, unfractionated heparin.
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Our study showed that rivaroxaban at a dose of 10 or 20 mg or 
10 mg in addition to UFH effectively suppressed thrombin gener-
ation during and shortly after PCI.

Although this was a study with a limited number of patients, 
rivaroxaban administered once before the procedure seems to pro-
vide sufficient anticoagulation to prevent adverse ischaemic cor-
onary events after coronary stenting. Neither an angiographic 
flow-limiting thrombotic complication nor any thrombus 
formation on the PCI equipment occurred in our study patients. 
There was no excess in peri-procedural (Type IVa) MI. Pre-
 procedural anticoagulation with rivaroxaban was not associated 
with any safety signal towards an increase in any actionable bleed-
ing events. The PK parameter estimates for a single administration 
of rivaroxaban in PCI patients 2–4 h before the intervention 
 increased dose linearly from 10 mg dose to 20 mg dose and were 

comparable to those published for other populations and indi-
cations (14).

Rivaroxaban is an effective and well-characterised anticoagu-
lant (14–20). The pharmacokinetic profile of rivaroxaban is con-
sistent in healthy subjects and across a broad range of different 
 patient populations studied (16, 17, 20). Rivaroxaban is absorbed 
rapidly, with maximum concentrations (Cmax) appearing 2–4 h 
after single tablet intake, and maximal factor Xa inhibition seen 
after 1–4 h (14, 18). At total daily oral doses of rivaroxaban of  
5–60 mg , Cmax ranges (mean values) from 40 µg/l to 400 µg/l, and 
minimum plasma concentration (Ctrough) (mean values) from 8 
µg/l to 160 µg/l (16, 17, 19, 20).

The X-PLORER trial was aimed at patients receiving 20 mg 
rivaroxaban once daily for chronic anticoagulation therapy. None 
of the patients in our study population had an indication for 

Figure 4: Relationship between rivaroxaban plasma level and the result of coagulation tests. Anti-factor Xa activity (A); prothrombin time (B); 
 activated partial thromboplastin time (C); endogenous thrombin potential (D). aPTT, activated partial thromboplastin time; ETP, endogenous thrombin 
 potential; PT, prothrombin time; UFH, unfractionated heparin.
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chronic anticoagulant therapy and, therefore, only received a 
single dose of rivaroxaban. However, owing to the pharmacoki-
netics of rivaroxaban (e. g. fast onset of action and no accumu-
lation), a single dose was considered acceptable and predictive for 
multiple-dose administration. The doses used in X-PLORER were 
expected to mimic the peak plasma levels obtained between 2 and 
12 h after the last intake of rivaroxaban 20 mg and allows an as-
sessment of a PCI performed in this time period (18). However, in 
the absence of a more robust exposure response analysis, the ob-
served efficacy should not be extrapolated to trough levels.

There is a close relationship between rivaroxaban plasma con-
centrations and anti-factor Xa activity, thus providing evidence 
that anti-factor Xa activity may be a suitable tool to indirectly esti-
mate rivaroxaban plasma concentrations if necessary. The corre-
lation between the plasma concentration of rivaroxaban and pro-
longation of PT depends on the sensitivity of the reagent; a close 
correlation (r-square =0.98) is observed with Neoplastin (15). The 
results with other PT reagents may differ from those obtained with 
the Neoplastin assay. Because Pathromtin SL was used in this 
study, the dose-dependent increase in PT within the first few hours 
may have been somewhat flatter than anticipated based on pub-
lished data (21).

In this by-design mechanistic study, the main focus was the 
peri-procedural results of coagulation tests and levels of markers 
of coagulation. Levels of F1+2 and TAT complexes, which are both 

markers of thrombin generation, were suppressed in all riva-
roxaban groups after PCI and showed similar results to the control 
arm that received UFH alone. This may be explained by the fact 
that, by inhibiting factor Xa, both rivaroxaban and heparin act at 
the confluence of both the intrinsic and extrinsic pathways of 
 coagulation and, at the same time, exert control at the critical 
thrombin generation amplification point. Of potential interest was 
a signal pointing at a reactivation of thrombin generation beyond 
6 hours after the index PCI in the heparin-alone arm, indicated by 
an increase in thrombin-generation markers, which was not 
 observed in the rivaroxaban arms. This observation is not new and 
may result from an imbalance between ongoing prothrombotic 
forces and decreasing antithrombotic activity after the withdrawal 
of heparin (22).

The results of X-PLORER contrast with those of the Random-
ized, Open-label, Dose-Ranging study of Dabigatran Etexilate, a 
Novel, Oral, Direct Thrombin-inhibitor in clinical development, in 
Elective Percutaneous Coronary Intervention (D-fine) study (23). 
Although the studies have some differences in study design and 
measurements of coagulation activation, the setting and patients 
included were comparable. Dabigatran (110 mg or 150 mg twice 
daily) did not provide sufficient anticoagulation to suppress 
 coagulation activation during and after PCI and stenting, indi-
cated by a consistent increase in the levels of F1+2 and TAT com-
plex measured, compared with UFH alone.

Table 2: Clinical outcomes (mITT popu-
lation). BARC, Bleeding Academic Research 
Consortium; mITT, modified intention-to-treat; 
TIMI, Thrombolysis   In Myocardial Infarction.

Bail-out 
 anticoagulation 
therapy and/or 
flow- limiting 
 thrombotic event

Myocardial  infarction

 Peri-procedural

 Spontaneous, up 
 to 30 days

Bleeding

 TIMI 
  classification

  Significant 
  (major or 
  minor)

  Requiring 
  medical 
  attention

BARC  classification

 2

 3 or 5

Rivaroxaban 
10 mg 
(n=30)

0 (0)

0 (0)

0 (0)

0 (0)

4 (13.3)

3 (10.0)

0 (0)

Rivaroxaban 
20 mg 
(n=32)

0 (0)

3 (9.4)

0 (0)

0 (0)

1 (3.1)

1 (3.1)

0 (0)

Rivaroxaban 
10 or 20 mg 
(n=62)

0 (0)

3 (4.8)

0 (0)

0 (0)

5(8.1)

4 (6.5)

0 (0)

Rivaroxaban 
10 mg plus 
heparin 
(n=29)

0 (0)

4 (13.8)

0 (0)

0 (0)

5 (17.2)

4 (13.8)

0 (0)

Heparin 
(n=16)

1 (6.3)

5 (31.3)

0 (0)

0 (0)

4 (25.0)

3 (18.8)

0 (0)
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What is known about this topic?
• Patients taking rivaroxaban for protection against thrombo -

embolic events who are in need of percutaneous coronary inter-
vention (PCI) represent a difficult group to manage.

• Recommendations for antithrombotic treatment in patients 
undergoing PCI who require oral anticoagulation are largely 
based on expert opinion.

What does this paper add?
• The results of this mechanistic trial may be conceived as a first 

step in exploring rivaroxaban in a dual-pathway strategy, target-
ing both thrombin and platelets, for ischaemic coronary event 
 reduction in patients undergoing PCI.

This study has multiple limitations. First, the limitation of an 
open-label study design should be acknowledged. Only the two 
single rivaroxaban doses were blinded. However, the laboratory 
technicians were not aware of the treatment the individual patients 
received. Furthermore, the study was limited to elective PCI in 
stable patients. Patients with more complex lesion morphology 
and ongoing myocardial ischaemia may be at higher risk of peri-
procedural thrombotic complications (e. g. complex lesion mor-
phology; ST-segment elevation MI) and in need of even more 
 intense peri-procedural anticoagulation.

As indicated earlier, X-PLORER was only exploratory by design 
and was not powered to detect any difference in clinical or angio-
graphic thrombotic complications among its three arms. Overall, 
the trial was too small to draw any conclusion regarding differ-
ences in clinical outcome. However, the absence of serious 
 ischaemic events with an excess of major or non-major clinically 
relevant bleeding events is reassuring. Our data may offer the 
background for an outcome study testing rivaroxaban following 
PCI.

Patients who present with ACS remain at high risk of recurrent 
cardiovascular events. This is despite the use of currently recom-
mended 12-month antiplatelet therapy (i. e. DAPT), revasculari-
sation procedures as appropriate, and other evidence-based sec-
ondary prevention measures (24–26) . The risk may be related in 
part to excess thrombin generation that persists beyond the acute 
presentation (27). The addition of very low dose anticoagulation 
with rivaroxaban to DAPT represents a new treatment strategy for 
this important population (28). Given the delicate balance 
 between bleeding risks and the ischaemic benefits of peri-
 procedural antithrombotic treatment, we need a better under-
standing of the role of rivaroxaban in higher-risk patients with 
ACS undergoing revascularisation. Additional well-designed, ad-
equately powered, randomised clinical trials testing new combi-
nations of drugs, and eliminating older ones, and that assess both 
bleeding and ischaemic outcomes will be necessary. In the mean-
time, X-PLORER provides an initial indication that rivaroxaban 
does not need to be stopped at the time of a PCI.

Conclusions

In conclusion, in this exploratory trial, we have shown that, in 
 patients on stable DAPT, rivaroxaban provided sufficient anti -
coagulation to suppress thrombin generation during elective PCI 
and stenting. These results warrant confirmation in a larger PCI 
trial that includes high-risk patients with ACS and is adequately 
powered to assess both bleeding and ischaemic outcomes.
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