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BACKGROUND
The comparative efficacy of various anticoagulation strategies has not been clearly 
established in patients with acute myocardial infarction who are undergoing percutane-
ous coronary intervention (PCI) according to current practice, which includes the use 
of radial-artery access for PCI and administration of potent P2Y12 inhibitors without the 
planned use of glycoprotein IIb/IIIa inhibitors.

METHODS
In this multicenter, randomized, registry-based, open-label clinical trial, we enrolled 
patients with either ST-segment elevation myocardial infarction (STEMI) or non-STEMI 
(NSTEMI) who were undergoing PCI and receiving treatment with a potent P2Y12 inhibi-
tor (ticagrelor, prasugrel, or cangrelor) without the planned use of glycoprotein IIb/IIIa 
inhibitors. The patients were randomly assigned to receive bivalirudin or heparin dur-
ing PCI, which was performed predominantly with the use of radial-artery access. The 
primary end point was a composite of death from any cause, myocardial infarction, or 
major bleeding during 180 days of follow-up.

RESULTS
A total of 6006 patients (3005 with STEMI and 3001 with NSTEMI) were enrolled in 
the trial. At 180 days, a primary end-point event had occurred in 12.3% of the patients 
(369 of 3004) in the bivalirudin group and in 12.8% (383 of 3002) in the heparin group 
(hazard ratio, 0.96; 95% confidence interval [CI], 0.83 to 1.10; P = 0.54). The results 
were consistent between patients with STEMI and those with NSTEMI and across 
other major subgroups. Myocardial infarction occurred in 2.0% of the patients in the 
bivalirudin group and in 2.4% in the heparin group (hazard ratio, 0.84; 95% CI, 0.60 
to 1.19; P = 0.33), major bleeding in 8.6% and 8.6%, respectively (hazard ratio, 1.00; 
95% CI, 0.84 to 1.19; P = 0.98), definite stent thrombosis in 0.4% and 0.7%, respec-
tively (hazard ratio, 0.54; 95% CI, 0.27 to 1.10; P = 0.09), and death in 2.9% and 2.8%, 
respectively (hazard ratio, 1.05; 95% CI, 0.78 to 1.41; P = 0.76).

CONCLUSIONS
Among patients undergoing PCI for myocardial infarction, the rate of the composite of 
death from any cause, myocardial infarction, or major bleeding was not lower among those 
who received bivalirudin than among those who received heparin monotherapy. (Funded 
by the Swedish Heart–Lung Foundation and others; VALIDATE-SWEDEHEART Clinical-
TrialsRegister.eu number, 2012-005260-10; ClinicalTrials.gov number, NCT02311231.)
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Anticoagulation with heparin or 
bivalirudin, in combination with anti-
platelet agents such as aspirin, P2Y12 in-

hibitors, and glycoprotein IIb/IIIa inhibitors, is 
routinely used to improve angiographic and 
clinical outcomes in patients undergoing percu-
taneous coronary intervention (PCI) for acute 
coronary syndromes.1-6 The use of more potent 
P2Y12 inhibitors (prasugrel, ticagrelor, and can-
grelor) has further improved clinical outcomes 
over those seen with the use of clopidogrel, 
which was the previous standard treatment op-
tion for such patients.7,8 The goal of anticoag-
ulant management is to balance the risk of 
thrombotic complications, such as reinfarction 
and stent thrombosis, with the risk of bleeding 
complications. Several trials have shown that the 
risk of bleeding associated with bivalirudin ther-
apy is lower than that associated with heparin 
therapy.1,6,9-11 However, these trials were con-
ducted before PCI was performed with the use of 
routine radial-artery access and before the intro-
duction of potent P2Y12 inhibitors, or they did 
not assess the use of heparin monotherapy 
(without glycoprotein IIb/IIIa inhibitors) as an 
alternative to bivalirudin during PCI in patients 
with acute coronary syndromes.

Three previous trials that compared bivaliru-
din with heparin monotherapy in patients with 
acute coronary syndromes yielded conflicting 
results. These trials had different approaches 
regarding the use of heparin before randomiza-
tion, bivalirudin after PCI, and potent P2Y12 in-
hibitors.5,12,13 The aim of the current trial was to 
investigate whether the use of bivalirudin would 
result in a lower rate of the composite of death 
from any cause, myocardial infarction, and ma-
jor bleeding events than heparin monotherapy 
(without planned use of glycoprotein IIb/IIIa in-
hibitors) among patients with either ST-segment 
elevation myocardial infarction (STEMI) or non-
STEMI (NSTEMI) who were undergoing PCI pre-
dominantly with the use of radial-artery access 
and who were receiving treatment with potent 
P2Y12 inhibitors.

Me thods

Trial Design

VALIDATE-SWEDEHEART (Bivalirudin versus 
Heparin in ST-Segment and Non–ST-Segment 
Elevation Myocardial Infarction in Patients on 
Modern Antiplatelet Therapy in the Swedish Web 

System for Enhancement and Development of 
Evidence-based Care in Heart Disease Evaluated 
according to Recommended Therapies Registry 
Trial) is a registry-based, multicenter, random-
ized, controlled, open-label clinical trial. Trial 
coordination, database management, and statis-
tical analyses were performed at Uppsala Clinical 
Research Center. The trial was approved nation-
ally by the ethics committee at Lund University 
and by the Swedish Medical Products Agency. An 
executive committee, with assistance from all 
the investigators, was responsible for the design, 
conduct, and reporting of the trial. The agencies 
that funded the trial had no access to the trial 
data and no role in the design, conduct, or re-
porting of the trial. The authors vouch for the 
accuracy and completeness of the data and 
analyses and for the fidelity of the trial to the 
protocol, which is available with the full text of 
this article at NEJM.org.

Data Sources

This trial used the platform of preexisting health 
care registries for enrollment, randomization, 
collection of data, and follow-up (for further de-
tails, see the Supplementary Appendix, available 
at NEJM.org). All patients at participating cen-
ters who were entered into the SWEDEHEART 
registry were evaluated for potential enrollment 
in the trial. Baseline patient demographic data 
were obtained from the SWEDEHEART registry, 
as were data on angiographic and PCI variables, 
in-hospital complications, and medications at 
baseline and at discharge, as well as International 
Classification of Diseases, 10th Revision hospital dis-
charge codes. Information on death was obtained 
from the Swedish national population registry for 
all patients until the end of the trial (see the 
Supplementary Appendix). Answers to trial-spe-
cific questions were collected in a separate trial-
specific module embedded in the SWEDEHEART 
online questionnaire.

Patients

Patients who were admitted to the hospital with 
a diagnosis of STEMI or NSTEMI and for whom 
urgent PCI was planned were eligible for partici-
pation in the trial if they met all other inclusion 
criteria and did not meet any exclusion criteria 
(for a complete list of inclusion and exclusion 
criteria, see the Supplementary Appendix).14 Treat-
ment with ticagrelor, prasugrel, or cangrelor be-
fore PCI was required as a condition of enroll-
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ment. Patients were excluded if they had received 
a glycoprotein IIb/IIIa inhibitor or if use of such 
an agent was planned. However, emergency, un-
planned use of a glycoprotein IIb/IIIa inhibitor 
was allowed and recorded.

In patients with STEMI, intravenous adminis-
tration of up to 5000 U of unfractionated hepa-
rin was permitted before arrival at the catheter-
ization laboratory. In all patients (i.e., those with 
STEMI or NSTEMI), if heparin had not been 
administered previously, intraarterial administra-
tion of up to 3000 U of heparin was allowed in 
the catheterization laboratory before angiogra-
phy, in accordance with local practices. Patients 
who received more than 5000 U of intravenous 
heparin before they arrived at the catheterization 
laboratory or more than 3000 U of intraarterial 
heparin in the catheterization laboratory before 
they underwent angiography were excluded from 
the trial. All patients received pretreatment with 
aspirin, in accordance with local practices (usu-
ally at a dose of 300 mg orally).

Trial Procedures

In patients with STEMI, witnessed oral consent 
was obtained after angiography and before ran-
domization. Within the following 24 hours, after 
written information about the trial had been 
provided, the patients confirmed further partici-
pation by providing written informed consent. 
In patients with NSTEMI, written consent was 
obtained before angiography.

After angiography but before PCI, the pa-
tients were randomly assigned, through the on-
line Swedish Coronary Angiography and Angio-
plasty Registry (SCAAR; which is a component 
of the SWEDEHEART registry), to receive in an 
open-label fashion either intravenous bivalirudin 
(the Medicines Company) or intraarterial unfrac-
tionated heparin (LEO Pharma). Randomiza-
tion was performed in a 1:1 ratio in permuted 
blocks, with the use of a computer-generated 
list, with stratification according to type of 
myocardial infarction (STEMI or NSTEMI) and 
hospital.

Bivalirudin was administered as an intrave-
nous bolus of 0.75 mg per kilogram of body 
weight followed by an infusion of 1.75 mg per 
kilogram per hour. Treatment was started as 
soon as PCI of the culprit lesion was planned. 
Continuation of the bivalirudin infusion after 
PCI until completion of the last vial was strongly 

recommended. For the patients assigned to re-
ceive heparin, a total dose of 70 to 100 U per 
kilogram was recommended.

Measurement of the activated clotting time 
10 minutes after the initiation of treatment with 
heparin or bivalirudin was strongly recommend-
ed. Administration of an additional bolus of the 
assigned drug (bivalirudin at a dose of 0.3 mg 
per kilogram or heparin at dose determined by 
the physician) was recommended if the activated 
clotting time was shorter than 250 sec. Treatment 
with a P2Y12 inhibitor and aspirin (75 to 160 mg 
daily) was recommended for 1 year after PCI.15

End Points

The primary end point was the composite of 
death from any cause, myocardial infarction, or 
major bleeding events at 180 days. Secondary end 
points included separate analyses of the primary 
end point in the STEMI and NSTEMI strata, the 
individual components of the primary end point, 
stroke, and stent thrombosis. A complete list of 
trial end points and prespecified definitions are 
provided in the Supplementary Appendix. Deaths 
were classified as cardiovascular or noncardio-
vascular, and myocardial infarction was defined 
according to the third universal definition. We 
categorized major bleeding as type 2, 3, or 5 ac-
cording to the Bleeding Academic Research Con-
sortium (BARC) scale (with type 2 indicating any 
overt, actionable sign of bleeding; type 3 bleeding 
with a decrease in the hemoglobin of >3 g per 
deciliter, any transfusion, cardiac tamponade, or 
intracranial or ocular involvement; and type 5 
fatal bleeding).

Research nurses screened for clinical end-point 
events by contacting the patients or first-degree 
relatives by telephone 7 days and 180 days after 
PCI. If a patient was suspected to have had a 
clinical end-point event (i.e., death, myocardial 
infarction, bleeding, or stroke), the patient’s health 
care records were subjected to central blinded 
adjudication to determine the cause of the event 
according to prespecified criteria. If the patient 
or relatives could not be contacted after the 
nurses had placed repeated telephone calls and 
mailed a letter, information was collected through 
review of hospital records.

Statistical Analysis

We hypothesized that at 180 days, the rate of the 
composite of death from any cause, myocardial 
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infarction, or major bleeding events would be 
lower among patients who had received bivaliru-
din than among those who had received heparin. 
We anticipated a rate of primary end-point events 
of 15.8% at 180 days in the heparin group among 
patients with either STEMI or NSTEMI. We esti-
mated that a sample size of 3000 patients each 
in the STEMI and NSTEMI strata (a number that 
accounts for deviations from treatment and attri-
tion) would provide 80% power to detect a hazard 
ratio for an event with bivalirudin versus heparin 
of 0.75 in each stratum. We estimated that a 
sample size of 6000 for the entire trial would pro-
vide 97.5% power to detect a hazard ratio of 0.75.

All analyses were performed on an intention-
to-treat basis. Time-to-event end points are pre-
sented with the use of Kaplan–Meier plots, and 
treatment differences were assessed with the use 
of the log-rank test and Cox regression. Data on 
patients who were lost to follow-up were cen-
sored at the date of the last contact with the 
patient. The main subgroup analysis examined 
the primary end point and its components in the 
STEMI and NSTEMI strata. Additional subgroup 
analyses for the primary end point, which were 
prespecified in the statistical analysis plan, were 
performed with the use of a proportional-hazards 
model, with factors including treatment, sub-
group, and interaction between treatment and 
subgroup. Medications at discharge were com-
pared with the use of the chi-square test, without 
imputation of missing data. Two-tailed P values 
of less than 0.05 were considered to indicate 
statistical significance. All results are reported 
without adjustment for multiplicity.

R esult s

Trial Population

The trial was conducted at 25 of the 29 PCI cen-
ters in Sweden. Between June 2014 and Septem-
ber 2016, a total of 6006 patients (3005 with 
STEMI and 3001 with NSTEMI) underwent ran-
domization; these patients represent 47.8% of the 
12,561 patients in Sweden who presented to one 
of the participating centers during the enroll-
ment period with an initial diagnosis of STEMI 
or NSTEMI and for whom PCI was planned (i.e., 
screened patients) and 70.0% of the 8585 pa-
tients who were potentially eligible for enroll-
ment in the trial (Fig. S1 in the Supplementary 
Appendix). A total of 3004 patients were as-

signed to the bivalirudin group, and 3002 to the 
heparin group.

Baseline demographic and clinical character-
istics for all patients enrolled in the trial and for 
the patients who were screened but not enrolled 
in the trial are shown in Table 1. The baseline 
characteristics were well balanced between treat-
ment groups. Follow-up data for the primary end 
point were obtained for 98.9% of the patients by 
means of a telephone call, review of hospital 
records, or both. Follow-up data on deaths were 
obtained for all patients from the records of the 
Swedish National Population Registry. Additional 
data on patient characteristics and medications 
at baseline, as well as data on completeness of 
follow-up, are available in Tables S1 and S2 and 
Figure S1 and on page 12 in the Supplementary 
Appendix.

PCI was performed with the use of radial-
artery access in 5424 patients (90.3%), with this 
approach used in a similar proportion of patients 
in the two treatment groups. The P2Y12 inhibitor 
used during the procedure was ticagrelor in 
5697 patients (94.9%), prasugrel in 125 (2.1%), 
and cangrelor in 21 (0.3%). The P2Y12 inhibitor 
was administered at least 1 hour before PCI in 
61.6% of the patients, and heparin (≤5000 U) was 
administered before arrival at the catheteriza-
tion laboratory in 36.6%. Additional information 
on periprocedural characteristics of the patients 
is available in Tables S3 and S4 in the Supple-
mentary Appendix.

Crossover between the two treatment groups 
occurred in 0.5% of the patients. The mean 
maximum activated clotting time during PCI 
was 386 sec in the bivalirudin group and 305 sec 
in the heparin group. A total of 65.3% of the 
patients treated with bivalirudin received a pro-
longed infusion (mean duration, 57 min). Rescue 
glycoprotein IIb/IIIa inhibitor therapy was ad-
ministered in 71 patients (2.4%) in the bivaliru-
din group and in 85 (2.8%) in the heparin group. 
At discharge, ticagrelor was prescribed for 5149 
patients (85.7%), prasugrel for 57 (0.9%), and 
clopidogrel for 473 (7.9%); each P2Y12 inhibitor 
was prescribed for a similar proportion of pa-
tients in the two treatment groups (Table S5 in 
the Supplementary Appendix).

Clinical Outcomes

The rate of the primary end point did not differ 
significantly between the treatment groups at 30 
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days after PCI (Table 2). At 180 days, a primary 
end-point event of death from any cause, myocar-
dial infarction, or major bleeding had occurred 
in 12.3% of the patients (369 of 3004) in the 
bivalirudin group and in 12.8% (383 of 3002) in 
the heparin group (hazard ratio, 0.96; 95% con-
fidence interval [CI], 0.83 to 1.10; P = 0.54) 
(Fig. 1 and Table 3). Myocardial infarction had 
occurred in 2.0% of the patients in the bivaliru-
din group and in 2.4% in the heparin group 
(hazard ratio, 0.84; 95% CI, 0.60 to 1.19; 
P = 0.33), major bleeding in 8.6% and 8.6%, re-
spectively (hazard ratio, 1.00; 95% CI, 0.84 to 
1.19; P = 0.98), and definite stent thrombosis in 

0.4% and 0.7%, respectively (hazard ratio, 0.54; 
95% CI, 0.27 to 1.10; P = 0.09). Death had oc-
curred in 2.9% of the patients in the bivalirudin 
group and in 2.8% in the heparin group (hazard 
ratio, 1.05; 95% CI, 0.78 to 1.41; P = 0.76). The 
rates of stroke and intraprocedural stent throm-
bosis (reported by the physician) did not differ 
significantly between the groups (Table 3).

Results were consistent between patients with 
STEMI and those with NSTEMI and across all 
other prespecified subgroups, including risk 
groups defined according to age (>65 years vs. 
≤65 years) and according to the presence or ab-
sence of chronic renal failure, diabetes mellitus, 

Characteristic

Bivalirudin 
Group 

(N = 3004)

Heparin 
Group 

(N = 3002)

All Patients 
 Enrolled in the Trial 

(N = 6006)

Screened Patients Not 
Enrolled in the Trial 

(N = 6555)

STEMI — no. (%) 1501 (50.0) 1504 (50.1) 3005 (50.0) 2318 (35.4)

Male sex — no. (%) 2229 (74.2) 2177 (72.5) 4406 (73.4) 4555 (69.5)

Age

Median — yr 68.0 68.0 68.0 71.0

Interquartile range — yr 59.0–75.0 60.0–75.0 60.0–75.0 62.0–79.0

≥65 yr — no. (%) 1819 (60.6) 1852 (61.7) 3671 (61.1) 4528 (69.1)

Body-mass index†

Median 26.8 26.9 26.9 26.9

Interquartile range 24.5–29.7 24.5–29.7 24.5–29.7 24.2–30.1

Weight <60 kg — no. (%) 139 (4.6) 156 (5.2) 295 (4.9) 469 (7.2)

Previous smoker — no. (%) 1027 (34.2) 1020 (34.0) 2047 (34.1) 2314 (35.3)

Current smoker — no. (%) 716 (23.8) 710 (23.7) 1426 (23.7) 1361 (20.8)

Diabetes — no. (%) 491 (16.3) 508 (16.9) 999 (16.6) 1631 (24.9)

Hypertension — no. (%) 1557 (51.8) 1548 (51.6) 3105 (51.7) 4080 (62.2)

Hyperlipidemia — no. (%) 953 (31.7) 936 (31.2) 1889 (31.5) 2893 (44.1)

Previous myocardial infarction — no. (%) 490 (16.3) 484 (16.1) 974 (16.2) 1831 (27.9)

Previous percutaneous coronary intervention — no. (%) 456 (15.2) 426 (14.2) 882 (14.7) 1436 (21.9)

Previous coronary-artery bypass grafting — no. (%) 152 (5.1) 141 (4.7) 293 (4.9) 653 (10.0)

Previous stroke — no. (%) 115 (3.8) 125 (4.2) 240 (4.0) 467 (7.1)

Cardiopulmonary resuscitation before arrival at the 
 catheterization laboratory — no. (%)

26 (0.9) 20 (0.7) 46 (0.8) 83 (1.3)

Killip class II, III, or IV — no. (%)‡ 108 (3.6) 86 (2.9) 194 (3.2) 519 (7.9)

*  No comparisons between treatment groups were significant. All comparisons between patients who were enrolled in the trial and screened 
patients who were not enrolled in the trial were significant (P<0.005), except for body-mass index (P = 0.74). Additional data are provided in 
Table S1 in the Supplementary Appendix. STEMI denotes ST-segment elevation myocardial infarction.

†  The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡  Killip class II indicates the presence of rales in the lung, class III the presence of acute pulmonary edema, and class IV the presence of car-

diogenic shock.

Table 1. Baseline Characteristics of the Patients.*
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and smoking (Fig. 2). The rate of the primary 
end point was lower among women in the bivali-
rudin group than among women in the heparin 
group, although the interaction between sex and 
treatment group did not reach statistical signifi-
cance (P = 0.05 for interaction) (Fig. 2). Mortality 
at 180 days was lower among patients who were 
enrolled in the trial and underwent randomiza-
tion (2.9% [172 of 6006 patients]) than among 
those who were screened but not enrolled in the 
trial (8.1% [528 of 6555]).

Discussion

In this investigator-initiated, registry-based, ran-
domized clinical trial, we enrolled patients with 
acute coronary syndromes who were undergoing 
PCI and receiving treatment with aspirin and 
potent P2Y12 inhibitors, without the planned use 
of glycoprotein IIb/IIIa inhibitors. In these pa-
tients, anticoagulation with bivalirudin was not 

superior to anticoagulation with heparin with 
respect to the composite end point of death from 
any cause, myocardial infarction, or major bleed-
ing at 180 days. The rates of the prespecified 
secondary end points, including the individual 
components of the primary end point and stent 
thrombosis, did not differ significantly between 
the treatment groups. The results were consis-
tent between patients with STEMI and those with 
NSTEMI and across major patient subgroups, 
regardless of baseline clinical and angiographic 
characteristics.

The low rates of ischemic events overall and 
the absence of a significant between-group dif-
ference in event rates may have been influenced 
by the robust antithrombotic regimen used in 
the trial. A total of 62% of the patients received 
potent P2Y12 inhibitors at least 1 hour before PCI. 
A small bolus of heparin was often administered 
before randomization, because observational 
analyses have suggested that this strategy may 

Outcome

Bivalirudin 
Group 

(N = 3004)

Heparin 
Group 

(N = 3002)
Hazard Ratio 

(95% CI) P Value

no. (%)

Primary end point: death from any cause, myocardial 
 infarction, or major bleeding

216 (7.2) 241 (8.0) 0.89 (0.74–1.07) 0.21

Death from any cause 57 (1.9) 52 (1.7) 1.10 (0.75–1.60) 0.63

Death from cardiovascular causes 54 (1.8) 49 (1.6) 1.10 (0.75–1.62) 0.62

Myocardial infarction 23 (0.8) 33 (1.1) 0.70 (0.41–1.18) 0.18

Major bleeding 152 (5.1) 169 (5.6) 0.89 (0.72–1.11) 0.32

BARC type 2 100 (3.3) 114 (3.8)

BARC type 3 53 (1.8) 53 (1.8)

BARC type 5 4 (0.1) 3 (0.1)

Stent thrombosis† 50 (1.7) 53 (1.8) 0.94 (0.64–1.39) 0.77

Definite 8 (0.3) 20 (0.7) 0.40 (0.18–0.91) 0.03

Probable 11 (0.4) 11 (0.4)

Stroke 21 (0.7) 23 (0.8) 1.00 (0.52–1.92) 1.00

Primary hemorrhagic stroke 5 (0.2) 0

Death, myocardial infarction, major bleeding, or stroke 226 (7.5) 253 (8.4) 0.89 (0.74–1.06) 0.19

Death, myocardial infarction, or BARC type 3 or 5 bleeding 124 (4.1) 131 (4.4) 0.94 (0.74–1.21) 0.64

*  On the Bleeding Academic Research Consortium (BARC) scale for bleeding, type 2 indicates any overt, actionable sign 
of bleeding; type 3 bleeding with a decrease in the hemoglobin of >3 g per deciliter, any transfusion, cardiac tampon-
ade, or intracranial or ocular involvement; and type 5 fatal bleeding.

†  This includes definite, probable, and intraprocedural stent thrombosis.

Table 2. Clinical Outcomes at 30 Days.*
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lower the risk of stent thrombosis and death 
among patients with STEMI who are undergoing 
primary PCI.16,17 A total of 65% of the patients 
received a prolonged infusion of high-dose bi-
valirudin, because previous post hoc analyses 
have indicated that such a regimen may prevent 
early stent thrombosis.10,18 The low rates of intra-
procedural thrombotic events in the trial (1.0% 
in the bivalirudin group and 0.8% in the heparin 
group) were consistent with recently reported 
rates.19 The rates of definite stent thrombosis 
were low at 30 days (0.3% in the bivalirudin group 

and 0.7% in the heparin group) and at 180 days 
(0.4% and 0.7%, respectively), whereas in the 
HEAT-PPCI (How Effective are Antithrombotic 
Therapies in Primary Percutaneous Coronary 
Intervention) trial,5 a trial in which a prolonged 
infusion of bivalirudin was not used, the rate 
of stent thrombosis among patients with STEMI 
who received bivalirudin was higher (3.3% at 
28 days).

As expected, the component of the primary 
composite end point in this trial that occurred 
most frequently was major bleeding, which ac-

Figure 1. Primary End-Point Events during 180 Days of Follow-up.

The Kaplan–Meier curves show the cumulative probability of the primary end point, which was a composite of death, myocardial infarc-
tion, or major bleeding (Panel A), as well as the cumulative probability of each component of the primary end point (Panels B, C, and D), 
during 180 days of follow-up. The insets show the same data on an enlarged y axis.

Pa
tie

nt
s 

w
ith

 P
ri

m
ar

y
En

d-
Po

in
t E

ve
nt

 (%
)

100

80

90

70

60

40

30

10

50

20

0
0 30 60 90 180150120

15.0

10.0

7.5

2.5

12.5

5.0

0.0
0 30 60 90 180150120

Days since Randomization

A Primary End Point B Death

No. at Risk
Bivalirudin
Heparin

3004
3002

2758
2733

2727
2698

2693
2665

2656
2639

2628
2607

2605
2585

Pa
tie

nt
s 

W
ho

 D
ie

d 
(%

)

100

80

90

70

60

40

30

10

50

20

0
0 30 60 90 180150120

4

2

1

3

0
0 30 60 90 180150120

Days since Randomization

No. at Risk
Bivalirudin
Heparin

3004
3002

2915
2920

2906
2909

2901
2900

2892
2892

2886
2888

2882
2884

Pa
tie

nt
s 

w
ith

 M
yo

ca
rd

ia
l

In
fa

rc
tio

n 
(%

)

100

80

90

70

60

40

30

10

50

20

0
0 30 60 90 180150120

4

2

1

3

0
0 30 60 90 180150120

Days since Randomization

C Myocardial Infarction

No. at Risk
Bivalirudin
Heparin

3004
3002

2893
2891

2879
2873

2869
2859

2851
2846

2838
2831

2827
2820

Pa
tie

nt
s 

w
ith

 M
aj

or
 B

le
ed

in
g 

(%
)

100

80

90

70

60

40

30

10

50

20

0
0 30 60 90 180150120

10

8
7

5
4
3
2
1

9

6

0
0 30 60 90 180150120

Days since Randomization

D Major Bleeding

No. at Risk
Bivalirudin
Heparin

3004
3002

2775
2759

2748
2727

2717
2699

2688
2676

2664
2653

2644
2638

Bivalirudin

Heparin
Bivalirudin

Heparin

Bivalirudin

Heparin
Bivalirudin

Heparin

The New England Journal of Medicine 
Downloaded from nejm.org at Linkoping University Library on October 31, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



n engl j med 377;12 nejm.org September 21, 2017 1139

Bivalirudin vs. Heparin in Myocardial Infarction

counted for two thirds of the primary end-point 
events. Two thirds of all major bleeding events 
were moderate (BARC type 2) and one third were 
severe (BARC type 3 or 5). Only severe bleeding 
events are associated with a mortality similar to 
that of myocardial infarction.20 The low and 
similar mortality in the two treatment groups 
was therefore probably due to the low rates of 
both myocardial infarction and severe bleeding. 
These findings contrast with findings from the 
BRIGHT (Bivalirudin in Acute Myocardial Infarc-
tion vs. Heparin and GPI Plus Heparin Trial) 
study,12 which showed a lower rate of adverse 
clinical events (the composite of ischemic events 
or bleeding) with bivalirudin than with heparin; 
the lower rate with bivalirudin was associated 
primarily with a lower rate of bleeding. Two large 
contemporary trials that compared bivalirudin 

with heparin and allowed the planned use of gly-
coprotein IIb/IIIa inhibitors in the heparin group 
showed lower rates of bleeding events but higher 
rates of stent thrombosis in the bivalirudin group 
than in the heparin group.10,11 A subgroup analy-
sis also showed lower rates of bleeding but higher 
rates of stent thrombosis in the bivalirudin group 
among patients for whom the planned use of 
glycoprotein IIb/IIIa inhibitors was not allowed.21 
In our trial, the use of the recommended radial-
artery access for PCI in more than 90% of the 
patients and the low use of glycoprotein IIb/IIIa 
inhibitors may have contributed to the very low 
rate of bleeding events in both treatment groups.

Several limitations of the trial should be 
noted. First, patients who were not enrolled in 
the trial were at higher risk for a primary end-
point event than those who were enrolled, and 

Outcome

Bivalirudin 
Group 

(N = 3004)

Heparin 
Group 

(N = 3002)
Hazard Ratio 

(95% CI) P Value

no. (%)

Primary end point: death from any cause, myocardial 
 infarction, or major bleeding

369 (12.3) 383 (12.8) 0.96 (0.83–1.10) 0.54

Death from any cause 88 (2.9) 84 (2.8) 1.05 (0.78–1.41) 0.76

Death from cardiovascular causes 73 (2.4) 70 (2.3) 1.04 (0.75–1.45) 0.80

Myocardial infarction 60 (2.0) 71 (2.4) 0.84 (0.60–1.19) 0.33

Periprocedural type 4a myocardial infarction 5 (0.2) 2 (0.1)

Major bleeding 259 (8.6) 257 (8.6) 1.00 (0.84–1.19) 0.98

BARC type 2 170 (5.7) 180 (6.0)

BARC type 3 94 (3.1) 87 (2.9)

BARC type 5 6 (0.2) 3 (0.1)

Bleeding at the access site 68 (2.3) 86 (2.9)

Stent thrombosis† 56 (1.9) 59 (2.0) 0.95 (0.66–1.37) 0.78

Definite 12 (0.4) 22 (0.7) 0.54 (0.27–1.10) 0.09

Probable 11 (0.4) 11 (0.4)

Possible 3 (0.1) 4 (0.1)

Intraprocedural 31 (1.0) 24 (0.8) 1.30 (0.76–2.21)* 0.34

Stroke 25 (0.8) 25 (0.8) 1.00 (0.57–1.74) 1.00

Primary hemorrhagic stroke 5 (0.2) 0

Death, myocardial infarction, major bleeding, or stroke 379 (12.6) 398 (13.3) 0.94 (0.82–1.09) 0.42

Death, myocardial infarction, or BARC type 3 or 5 bleeding 221 (7.4) 226 (7.5) 0.97 (0.81–1.17) 0.78

*  This is an odds ratio rather than a hazard ratio.
†  This includes definite, probable, possible, and intraprocedural stent thrombosis.

Table 3. Clinical Outcomes at 180 Days.
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Overall

Type of myocardial infarction

NSTEMI

STEMI

Sex

Female

Male

Age

>65 yr

≤65 yr

Diabetes mellitus

Yes

No

Renal failure

Yes

No

Smoker

Yes

No

Weight

<60 kg

≥60 kg

Previous myocardial infarction

Yes

No

Previous PCI

Yes

No

Target vessel

Left coronary artery

Right coronary artery

Thrombus grade

0–3

4 or 5

Access site for PCI

Femoral

Radial

Time from administration
of P2Y12 inhibitor to PCI

<1 hr

1–2 hr

>2 hr

TIMI flow grade before PCI

0

1

2

3

Thrombus aspiration

Yes

No

Maximum ACT <median ACT

Yes

No

Subgroup P Value

0.54

0.97

0.05

0.70

0.82

0.16

0.97

0.38

0.55

0.39

0.50

0.91

0.89

0.62

0.53

0.73

0.84

Bivalirudin Heparin

369/3004 (12.3)

182/1503 (12.1)

187/1501 (12.5)

105/771 (13.6)  

263/2229 (11.8)

289/1819 (15.9)

79/1181 (6.7)

74/491 (15.1)

293/2502 (11.7)

101/450 (22.4)  

258/2511 (10.3)

81/716 (11.3)

277/2209 (12.5)

28/139 (20.1)

335/2847 (11.8)

61/490 (12.4)

300/2474 (12.1)

60/456 (13.2)

308/2544 (12.1)

221/1807 (12.2)  

97/807 (12.0)

313/2589 (12.1)

52/398 (13.1)

65/290 (22.4)

303/2708 (11.2)

144/1148 (12.5)

73/588 (12.4)

146/1252 (11.7)

151/1178 (12.8)

28/222 (12.6)

58/483 (12.0)

130/1113 (11.7)

 15/169 (8.9)   

353/2831 (12.5)

111/926 (12.0)

139/1183 (11.7)

383/3002 (12.8)

187/1498 (12.5)

196/1504 (13.0)

140/821 (17.1)

243/2177 (11.2)

299/1852 (16.1)

84/1146 (7.3)

82/508 (16.1)

299/2482 (12.0)

95/477 (19.9)

283/2484 (11.4)

85/710 (12.0)

290/2205 (13.2)

27/156 (17.3)

355/2829 (12.5)

69/484 (14.3)

307/2467 (12.4)

66/426 (15.5)

317/2572 (12.3)

248/1848 (13.4)

96/806 (11.9)

328/2587 (12.7)

55/405 (13.6)

64/280 (22.9)

319/2716 (11.7)

161/1129 (14.3)

75/604 (12.4)

144/1256 (11.5)

133/1114 (11.9)

33/220 (15.0)

61/487 (12.5)

156/1178 (13.2)

16/153 (10.5)

367/2845 (12.9)

158/1238 (12.8)

160/1239 (12.9)

no. of events/total no. of patients (%)

0.6 0.8 1.0 1.2 1.6 2.0

Heparin BetterBivalirudin Better

Hazard Ratio (95% CI)

0.96 (0.83–1.10)

0.96 (0.78–1.18)

0.95 (0.78–1.17)

0.78 (0.60–1.00)

1.06 (0.89–1.26)

0.97 (0.83–1.15)

0.91 (0.67–1.24)

0.93 (0.68–1.27)

0.97 (0.82–1.13)

1.13 (0.85–1.50)

0.89 (0.75–1.06)

0.95 (0.70–1.29)

0.94 (0.80–1.11)

1.19 (0.70–2.02)

0.93 (0.80–1.08)

0.86 (0.61–1.22)

0.97 (0.83–1.13)

0.83 (0.58–1.17)

0.98 (0.84–1.14)

0.90 (0.75–1.08)

1.01 (0.76–1.34)

0.94 (0.81–1.10)

0.97 (0.66–1.41)

0.97 (0.69–1.37)

0.95 (0.81–1.11)

0.87 (0.69–1.09)

1.00 (0.72–1.37)

1.01 (0.80–1.27)

1.08 (0.86–1.37)

0.81 (0.49–1.34)

0.94 (0.66–1.35)

0.87 (0.69–1.09)

0.85 (0.42–1.71)

0.96 (0.83–1.11)

0.93 (0.73–1.18)

0.90 (0.72–1.13)
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thus the trial population may not be represen-
tative of all patients undergoing PCI for acute 
myocardial infarction. Second, the trial had an 
open-label design, which could have biased the 
physicians who provided care in identifying 
possible outcome events. Third, follow-up data 
were obtained by means of telephone call or 
review of hospital records, and office evalua-
tions were not planned, which may have re-
sulted in missed outcome events or biases due 
to patient recall. Finally, most patients were 
treated with a small dose of heparin before ran-
domization, which may have limited the likeli-
hood of detecting a difference in effect between 
the trial drugs.

In summary, VALIDATE-SWEDEHEART was a 
registry-based, randomized, controlled trial that 
compared bivalirudin with heparin monotherapy 
among patients with STEMI or NSTEMI who were 
undergoing PCI predominantly with the use of a 
radial approach and were receiving treatment with 
high-intensity platelet inhibitors. We found no 
significant difference between treatment with 
bivalirudin and treatment with heparin with re-
spect to the rate of death, repeat myocardial in-
farction, or major bleeding events during 180 days 
of follow-up.
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