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Abstract
Objective
To determine the efficacy and safety of dalteparin 
postoperative bridging treatment versus placebo for 
patients with atrial fibrillation or mechanical heart 
valves when warfarin is temporarily interrupted for a 
planned procedure.
Design
Prospective, double blind, randomised controlled 
trial.
Setting
10 thrombosis research sites in Canada and India 
between February 2007 and March 2016.
Participants
1471 patients aged 18 years or older with atrial 
fibrillation or mechanical heart valves who required 
temporary interruption of warfarin for a procedure.
Intervention
Random assignment to dalteparin (n=821; one 
patient withdrew consent immediately after 
randomisation) or placebo (n=650) after the 
procedure.
Main outcome measures
Major thromboembolism (stroke, transient ischaemic 
attack, proximal deep vein thrombosis, pulmonary 
embolism, myocardial infarction, peripheral embolism, 
or  vascular death) and major bleeding according to  
the International Society on Thrombosis and 
Haemostasis criteria within 90 days of the procedure.
Results
The rate of major thromboembolism within 90 days 
was 1.2% (eight events in 650 patients) for placebo 
and 1.0% (eight events in 820 patients) for dalteparin 

(P=0.64, risk difference −0.3%, 95% confidence 
interval −1.3 to 0.8). The rate of major bleeding 
was 2.0% (13 events in 650 patients) for placebo 
and 1.3% (11 events in 820 patients) for dalteparin 
(P=0.32, risk difference −0.7, 95% confidence interval 
−2.0 to 0.7). The results were consistent for the atrial 
fibrillation and mechanical heart valves groups.
Conclusions
In patients with atrial fibrillation or mechanical 
heart valves who had warfarin interrupted for a 
procedure, no significant benefit was found for 
postoperative dalteparin bridging to prevent major 
thromboembolism.
Trial registration
Clinicaltrials.gov NCT00432796.

Introduction
Uncertainty remains as to whether patients with atrial 
fibrillation or mechanical heart valves who require 
interruption of vitamin K antagonists for invasive 
procedures benefit from bridging with low molecular 
weight heparin (LMWH) after the procedure.1 2 Many 
published and diverse protocols and guidelines have 
sought to address this common clinical problem, and 
the concern has always been that these patients are 
at high risk of thrombotic complications caused by a 
procoagulable state while off vitamin K antagonists.3 4

In the typical bridging strategy, warfarin is held 
for four or five days before the procedure and is 
resumed after the procedure, on the same day or one 
or two days later.4-7 LMWH is given once or twice a 
day at a therapeutic dose for three to five days before 
the procedure and for a minimum of four days after 
the procedure until the international normalised 
ratio (INR) is therapeutic.4-7 The goal of bridging 
with LMWH is to reduce the risk of perioperative 
thromboembolism by minimising the time without 
anticoagulation while reducing bleeding risks with a 
short acting anticoagulant that allows for minimal or 
no anticoagulant effect at the time of interruption.8

Bridging has been most studied in patients with atrial 
fibrillation in several observational or single armed 
studies.9 A recently completed double blind placebo 
controlled trial suggested that LMWH bridging is not 
necessary before or after the procedure for patients on 
warfarin.10 However, patients with mechanical heart 
valves were usually excluded from such studies and 
patients with atrial fibrillation at high risk of stroke 
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What is already known on this topic
Uncertainty remains about whether postoperative bridging with low molecular 
weight heparin is necessary when patients with atrial fibrillation or mechanical 
valves stop taking warfarin before a procedure

What this study adds
This study of 1471 patients with atrial fibrillation or mechanical valves reported 
major thromboembolism rates of 1.2% for placebo and 1.0% for dalteparin, 
and major bleeding rates of 2.0% and 1.3%, respectively, which were not 
significantly different
Postoperative dalteparin bridging was not found to be beneficial in preventing 
major thromboembolism in patients with atrial fibrillation or mechanical heart 
valves who stopped taking warfarin before a procedure
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were not well represented.4-6 In a previous single arm, 
multicentre pilot study of dalteparin bridging given 
once daily to 224 patients with atrial fibrillation or 
mechanical heart valves, we found that the rate of 
thrombosis after the procedure was 3.1%; 75% of the 
events occurred in patients who had anticoagulation 
held due to a bleeding event after the procedure.6 These 
findings suggest that bridging after the procedure 
caused harm potentially because of a longer period 
without anticoagulation due to bleeding, which then 
led to thrombotic events.

Based on this information we performed a random
ised, double blind, placebo controlled trial to assess 
the necessity of postoperative bridging with the 
LMWH dalteparin in patients with atrial fibrillation or 
prosthetic mechanical valves who required warfarin to 
be held for a procedure. We hypothesised that patients 
who would receive placebo after the procedure 
would have fewer bleeding events and a lower rate 
of thromboembolism because of the association of 
thromboembolism with bleeding in our pilot study.6  
We chose to only study the LMWH dose after the 
procedure because the dose before the procedure was 
unlikely to be causing harm and might be of benefit.

Methods
Study design and oversight
PERIOP2 was a randomised, double blind, placebo 
controlled trial. The protocol was designed by the 
steering committee and approved by the institutional 
review board at each participating centre. The study 
was funded by the Canadian Institute of Health 
Research (CIHR-MCT79607) and had support from 
Pfizer in the form of the study drug. The trial was 
registered at ClinicalTrials.gov (NCT00432796). 
Pfizer did not have any role in the design or conduct 
of the study, analysis of the data, or preparation of the 
manuscript. The study drugs (dalteparin or placebo) 
were prepared in each local centre by pharmacists not 
involved in the patient’s care.

Patients
We used the same patient population as our pilot 
study.6 Patients were eligible to participate in the trial 
if they were aged 18 years or older and had mechanical 
heart valves (with or without atrial fibrillation), 
atrial fibrillation, or atrial flutter and a CHADS2 risk 
factor (previous transient ischaemic attack or stroke, 
high blood pressure, diabetes, age greater than 75, 
moderate or severe left ventricular dysfunction). 
Additionally, eligible patients were receiving long 
term anticoagulation with warfarin and required 
elective non-cardiac surgery or an invasive procedure 
in which the physician requested an absence of 
warfarin effect. Patients were excluded for any of the 
following reasons: active bleeding within 30 days 
before stopping warfarin; platelet count <100×109/L; 
spinal or neurosurgery; life expectancy less than three 
months; calculated creatinine clearance <30 mL/min; 
multiple mechanical valves or a Starr-Edwards valve, 
mechanical valve with history of stroke or transient 

ischaemic attack, or a history of heparin induced 
thrombocytopenia. All patients provided written 
informed consent.

Procedures
We chose this protocol because it was used in our 
pilot study.6 Warfarin was discontinued five days 
before the procedure (day 0); that is, five doses were 
held (fig 1). All patients were given dalteparin 200 
IU/kg subcutaneously (a therapeutic dose) 72 and 
48 hours before the procedure and 100 IU/kg 24 
hours before the procedure. The maximum dose of 
dalteparin was 18 000 IU. Warfarin was resumed the 
evening of the procedure at twice the usual daily dose 
for the first day and then according to the INR result. 
After the procedure, eligibility was reconfirmed for 
all patients before randomisation, which occurred on 
day 0 or day +1. Patients were randomised to receive 
dalteparin or placebo, which started the day after the 
procedure, in the morning, at least 12 hours after the 
procedure. Patients considered at high risk of bleeding 
(cancer surgery (genitourinary, head and neck, intra-
abdominal, breast), orthopaedic joint replacement, 
kidney or liver biopsy, prostate resection or biopsy, 
pacemaker insertion, abdominal hysterectomy, hernia 
repair, or vascular surgery; supplementary appendix 
S1) were given dalteparin at 5000 IU (a prophylactic 
dose) or placebo subcutaneously every day for at least 
four doses and until the INR was greater than 1.9. 
Patients who underwent procedures considered at 
low risk of bleeding (non-cancer abdominal surgery, 
cholecystectomy, haemorrhoidectomy, node dissection, 
vaginal hysterectomy, hand surgery, skin procedures, 
non-joint replacement orthopaedic surgery (shoulder, 
foot surgery, arthroscopic surgery), line insertion, 
endoscopic biopsies; supplementary appendix S1) 
received dalteparin at 200 IU/kg (maximum dose of 
18 000 IU) subcutaneously or placebo for at least 
four days and until the INR was greater than 1.9. The 
final determination of high or low bleeding risk was 
left to the local investigator and attending physician. 
Patients on aspirin discontinued treatment seven days 
before the procedure and resumed treatment after the 
procedure at the discretion of the site investigator. 
Patients had daily contact with research staff while on 
study drugs and were assessed one week, four weeks, 
and 90 days after the procedure by telephone.

Study outcomes
We assessed study outcomes from the time of 
randomisation to 90 days, which was the same period 
as in our pilot study6 and was common practice at the 
time this study started in 2007. The primary efficacy 
outcome was major thromboembolism, which included 
any one of ischaemic stroke, transient ischaemic  
attack, myocardial infarction, peripheral arterial 
embolism, valve thrombosis, vascular death, or sympto
matic acute venous thromboembolism (supplementary 
appendix). Secondary efficacy endpoints included the 
individual major thromboembolism outcomes and 
a composite outcome of major thromboembolism, 
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or major bleeding (net clinical benefit). The primary 
safety outcome was major bleeding according to 
International Society on Thrombosis and Haemo
stasis (ISTH) criteria (supplementary appendix). The  
secondary safety outcomes were clinically relevant  
non-major bleeding and trivial bleeding (supple
mentary appendix). All study outcomes were 
independently and blindly adjudicated by an adjudica
ting committee that included a thrombosis expert, 
neurologist, and cardiologist. At the request of the 
reviewers, a 30 day post hoc secondary analysis of 
major thromboembolism, major thromboembolism 
or major bleeding, and major thromboembolism, 
majorbleeding, or death was added.

Statistical analysis
The primary efficacy outcome was major thrombo
embolism within 90 days of the procedure. From 
our pilot study (that used the same inclusion and 
exclusion criteria) we expected 3.1% of patients in 
the control arm to have major thromboembolism 
(postoperative bridging).6 The minimum clinically 
important difference was a 2% absolute difference; 
that is, if two or more thromboembolic events occurred 
per 100 patients in one arm compared with the other, 
we would consider this outcome clinically meaningful. 
The 2% difference in event rates would translate into a 
mortality difference of 0.3% at 90 days, assuming that 
15% of thromboembolic events were fatal.1 11 The null 
hypothesis was that the experimental intervention (no 
postoperative bridging) would have the same primary 
outcome event rate. We accepted a 5% chance of falsely 
rejecting the null hypothesis (two tailed α=0.05) and 
a 20% chance of falsely not rejecting the hypothesis 
(power=80%). To achieve these standards we required 
a sample size of 1612. In our previous study, 8% of 
patients did not receive the intended treatment (non-

compliance, withdrawal, or lost to follow-up)6 and 
so to be conservative we assumed that an additional 
2% would be lost to follow-up. Consequently, the 
sample size was increased by 10% to 1773. The study 
was stopped early because of funding limitations 
and declining enrolment due to the widespread use 
of direct oral anticoagulants rather than warfarin for 
atrial fibrillation.

Data were analysed by intention to treat. Patients 
who were lost to follow-up were censored from the time 
of their last known follow-up. Proportions of patients 
experiencing a primary outcome event were compared 
in the placebo and dalteparin groups by an unadjusted 
Fisher’s exact test of proportions. A priori we planned to 
analyse primary and secondary outcomes in subgroups 
of patients with prosthetic valves with or without atrial 
fibrillation and atrial fibrillation only. We planned two 
interim analyses (at 33% and 66% enrolment).

Patient and public involvement
There was no formal patient involvement in the design 
of this study because that was not common practice 
when this study was designed in 2005. Patients were 
informally involved in the design of this study due to 
their questioning of the need for LMWH injections as 
bridging treatment as part of their routine care. Quality 
of life assessments were not performed. We asked a 
member of the public to review the manuscript after 
the submission.

Results
Patients
Figure 2 shows that 1677 patients provided informed 
consent between February 2007 and March 2016 
at 10 sites in Canada and India. Subsequently 1471 
patients were randomised after the procedure, 821 
to dalteparin and 650 to placebo. Baseline patient 

Warfarin

Dalteparin

Warfarin

Before procedure Aer procedure

-30 90

Screening
visit

Dalteparin
or placebo
at least 12
hours aer
procedure

Final
contact

-7 -5 -3 0-1-4 -2 2 541 3-6

Dalteparin
R

Placebo

Procedure
day

Restart
warfarin

Day 0

Stop
warfarin

Stop study
drug when INR
therapeutic

Stop
aspirin

Last dose
of warfarin

200 IU/kg – low
risk of bleeding
5000 IU – high
risk of bleeding

200 IU/kg day -3
and -2
100 IU/kg day -1

Fig 1 | PERIOP2 bridging study design. Screening visits occurred between 30 days and five days before planned 
procedure, and randomisation (R) occurred on the day of procedure (day 0) or within 24 hours of procedure (day+1) 
when haemostasis was achieved (no earlier than 30 minutes after procedure). INR=international normalised ratio
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characteristics were well balanced (table 1). The mean 
age was 69.7 years, 64.3% were men, 79.3% had 
atrial fibrillation, and 20.7% had mechanical valves 
(32.8% of patients with mechanical valves also had 
atrial fibrillation). One patient with a mechanical valve 
who was assigned to dalteparin withdrew consent 
immediately after randomisation before receiving the 
study drug. The average CHADS2 score was 2.42 and 
41.2% had a score of 3.0 or higher. Aspirin was being 
taken by 24.5% of patients while 1.7% of patients took 
other antiplatelet agents. A wide range of procedures 
existed (supplementary appendix S2).

At the time of the first scheduled interim analysis, 
the Data Safety Monitoring Board (DSMB) discove

red an imbalance in randomisation. This imbalance 
was because of a programming error that led to all 
patients in the atrial fibrillation and low bleeding 
risk group being assigned to dalteparin after the 
procedure at the two sites that were also leading in 
recruitment rates. After a review with the DSMB, 
our study methodologists, and independent inter
national experts, the randomisation programme 
for these two sites was amended to correct for this 
imbalance; for the affected group, 80% of patients 
were allocated to placebo and 20% to dalteparin. 
The investigators were aware that an imbalance 
existed but remained blinded to its magnitude and  
direction.

Patients screened

Patients excluded
Did not meet inclusion criteria or met exclusion criteria
Withdrawn by physician
Refused to participate
Enrolled in other studies
Other issues/logistic (no home care procedure on Monday/Friday; procedure in other
  hospitals; procedure cancelled; procedure too late in the day)

4255
855
899
276
836

Patients randomised

Atrial fibrillation withdrawn
Deaths
Patients withdrew
Withdrawn by physician
Patients lost to follow-up

6
5

11
9

31

Received bridging (dalteparin)

Valve with or without atrial
fibrillation withdrawn

Deaths
Patient had epidural catheter in place

2
1

3

Atrial fibrillation withdrawn
Deaths
Patients withdrew
Withdrawn by physician
Patients lost to follow-up

6
3
8
1

18

Valve with or without atrial
fibrillation withdrawn

Patient withdrew
Patients lost to follow-up
Uncontrolled atrial fibrillation

1
2
1

4

1471

821
Received no bridging (placebo)

650

Completed study
786

Completed study
629

8798

Patients enrolled
1677

7121

Patients not randomised
Withdrawn by attending physician
Serious adverse events or patients terminally ill
No longer eligible
Withdrawn
Procedure cancelled

53
4

34
49
40

Withdrawn by principal investigator
Excessive surgical bleeding
Logistic
Others

6
6
9
5

206

Fig 2 | Screening, randomisation, and follow-up of PERIOP2 bridging study
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Table 1 | Baseline characteristics of entire PERIOP2 study population and subgroups. Data are numbers (%) unless indicated otherwise

Characteristics
Total  
(n=1471)

Whole study population (n=1471) Atrial fibrillation (n=1166)
Mechanical valve±atrial fibrillation 

(n=305)
No bridging 
(n=650)

Bridging  
(n=821) P value

No bridging 
(n=496)

Bridging  
(n=670) P value

No bridging 
(n=154)

Bridging  
(n=151) P value

Age (years), mean (SD) 69.7 (12.3) 69.2 (12.9) 70.1 (11.9) 0.19 73.1 (9.1) 72.7 (9.2) 0.45 56.6 (15.1) 58.3 (15.1) 0.32
Male sex 946 (64.3) 428 (65.9) 518 (63.1) 0.27 346 (69.8) 437 (65.2) 0.10 82 (53.3) 81 (53.6) 0.94
Weight (kg), mean (SD) 85.9 (22.9) 84.9 (22.5) 86.6 (23.3) 0.15 87.5 (21.5) 89.1 (22.7) 0.20 76.6 (23.6) 75.5 (22.7) 0.69
Prosthetic mechanical valve 305 (20.7) 154 (23.7) 151 (18.4) 0.01 — — — — — —
  Atrial fibrillation 100 (32.8),  

n=305
47 (30.5),  
n=154

53 (35.1),  
n=151

0.39 — — — — — —

  Mitral 133 (43.6),  
n=305

68 (44.2),  
n=154

65 (43.1),  
n=151

0.85 — — — — — —

  Aortic 172 (56.4),  
n=305

86 (55.8),  
n=154

86 (57.0),  
n=151

0.85 — — — — — —

  Tricuspid 0, n=304 0, n=153 0, n=151 — — — — — —
Atrial fibrillation only 1166 (79.3), 

n=1471
496 (76.3) 670 (81.6), 

n=821
0.01 — — — — — —

 � Currently in atrial  
fibrillation* 

522 (45.4), 
n=1151

231 (47.0),  
n=492

291 (44.2), 
n=659

0.35 — — — — — —

 � Controlled with drugs  
(rate<100)

995 (86.2), 
n=1154

415 (84.4),  
n=492

580 (87.6), 
n=662

0.11 — — — — — —

  Intermittent* 403 (35.0), 
n=1151

197 (40.0),  
n=492

206 (31.3), 
n=659

0.002 — — — — — —

CHADS2 (atrial fibrillation only), 
mean (SD)

2.4 (1.2),  
n=1166

2.5 (1.2),  
n=496

2.4 (1.1),  
n=670

0.01 — — — — — —

  Distribution
    0 5 (0.4) 2 (0.4) 3 (0.5) — — — — — — —
    1 260 (22.3) 104 (21.0) 156 (23.3) — — — — — — —
    2 421 (36.1) 166 (33.5) 255 (38.1) — — — — — — —
    3 276 (23.7) 119 (24.0) 157 (23.4) — — — — — — —
    4 140 (12.0) 73 (14.7) 67 (10.0) — — — — — — —
    5 54 (4.6) 29 (5.9) 25 (3.7) — — — — — — —
    6 10 (0.9) 3 (0.6) 7 (1.0) — — — — — — —
Congestive heart failure 251 (17.1) 121 (18.6) 130 (15.8) 0.16 98 (19.8) 104 (15.5) 0.06 23 (14.9) 26 (17.2) 0.59
Left ventricular dysfunction 77 (5.2),  

n=1469
38 (5.9) 39 (4.8),  

n=819
0.35 33 (6.7) 34 (5.1) 0.26 5 (3.3) 5 (3.3) 1

Hypertension 1183 (80.4) 507 (78.0) 676 (82.3) 0.04 424 (85.5) 582 (86.9) 0.50 83 (53.90) 94 (62.3) 0.14
Diabetes mellitus 444 (30.9) 189 (29.1) 255 (31.1) 0.41 167 (33.7) 221 (33.0) 0.81 22 (14.3) 34 (22.5) 0.06
Stroke 170 (11.6) 84 (12.9) 86 (10.5) 0.14 79 (15.3) 85 (12.7) 0.12 5 (3.3) 1 (0.7) 0.21
Stroke or transient ischaemic attack 330 (22.4) 164 (25.2) 166 (20.2) 0.02 153 (30.9) 162 (24.2) 0.01 11 (7.1) 4 (2.7) 0.07
Transient ischaemic attack 190 (12.9) 94 (14.5) 96 (11.7) 0.12 85 (17.4) 92 (13.7) 0.11 9 (5.8) 4 (2.7) 0.17
Ischaemic heart disease 450 (30.6) 206 (31.7) 244 (29.7) 0.41 166 (33.5) 210 (31.3) 0.44 40 (26.0) 34 (22.5) 0.48
Angina 265 (18.0), 

n=1470
128 (19.7) 137 (16.7), 

n=820
0.14 102 (20.6) 118 (17.6) 0.20 26 (16.9),  

n=154
19 (12.7),  
n=150

0.30

Myocardial infarction 243 (16.5), 
n=1470

110 (16.9) 133 (16.2), 
n=820

0.72 95 (19.2) 120 (17.9) 0.59 15 (9.7),  
n=154

13 (8.7),  
n=150

0.75

Coronary artery bypass graft 157 (10.7) 78 (12) 79 (9.6) 0.14 56 (11.3) 57 (8.5) 0.11 22 (14.3) 22 (14.6) 0.94
Previous angioplasty 90 (6.1),  

n=1470
44 (6.8) 46 (5.6),  

n=820
0.36 38 (7.7) 41 (6.1) 0.30 6 (3.9),  

n=154
5 (3.3),  
n=150

0.79

Previous coronary stent 76 (5.12),  
n=1470

32 (4.9) 44 (5.4),  
n=820

0.70 29 (5.9) 40 (6.0) 0.93 3 (2.0),  
n=154

4 (2.7),  
n=150

0.72

Previous thrombolytic therapy 14 (1.0),  
n=1467

6 (0.9),  
n=648

8 (1.0),  
n=819

0.92 6 (1.2),  
n=495

6 (0.9),  
n=669

0.60 0, n=153 2 (1.3),  
n=150

0.24

History of venous  
thromboembolism

106 (7.2) 47 (7.2) 59 (7.2) 0.97 44 (8.9) 55 (8.2) 0.69 3 (2.0) 4 (2.7) 0.72

  Deep vein thrombosis 83 (5.6) 35 (5.4) 48 (5.9) 0.70 32 (6.5) 46 (6.97) 0.78 3 (2.0) 2 (1.3) 1
  Pulmonary embolism 39 (2.7) 19 (2.9) 20 (2.4) 0.56 19 (3.8) 18 (2.7) 0.27 0 2 (1.3) 0.24
Laboratory values, mean (SD)
  Haemoglobin (g/L) 134 (16.7), 

n=1399
134 (16.6), 
n=622

135 (16.8), 
n=777

0.10 135 (16.0),  
n=474

136 (16.4), 
n=641

0.16 131 (17.9),  
n=148

131 (17.8), 
n=136

0.89

 � Platelet count,  
thrombocytes (×109/L)

222 (78.2), 
n=1395

216 (71.1), 
n=620

227 (83.2), 
n=775

0.01 213 (70.1), 
n=473

224 (84.9), 
n=640

0.01 226 (73.7), 
n=147

239 (73.7), 
n=135

0.12

 � International normalised ratio 1.2 (0.2),  
n=1432

1.2 (0.2), 
n=635

1.2 (0.2), 
n=797

0.68 1.2 (0.2), 
n=485

1.2 (0.2), 
n=654

0.10 1.2 (0.2), 
n=150

1.2 (0.3), 
n=143

0.11

  Serum creatinine (μmol/L) 92.7 (26.7) 92.1 (27.0) 93.1 (26.4) 0.46 94.4 (27.9) 94.2 (25.5) 0.91 84.8 (22.5) 88.5 (29.7) 0.22
 � Creatinine clearance (mL/min) 79.9 (39.4) 80.5 (40.4) 79.3 (38.6) 0.56 78.1 (41.8) 78.6 (39.7) 0.85 88.3 (34.5) 82.8 (32.7) 0.15
  Drug use 377 (25.6) 173 (26.6) 204 (24.9) 0.44 108 (21.8) 149 (22.2) 0.85 65 (42.2) 55 (36.4) 0.30
    Aspirin 360 (24.5) 167 (25.7) 193 (23.5) 0.33 102 (20.6) 142 (21.2) 0.79 65 (42.2) 51 (33.8) 0.13
    Clopidogrel 25 (1.7), 

n=1470
11 (1.7) 14 (1.7), 

n=820
0.98 11 (2.2), 

n=496
8 (1.2), n=669 0.17 0 6 (4.0) 0.01

    Aggrenox 2 (0.1),  
n=1469

1 (0.2),  
n=649

1 (0.1), n=820 1 1 (0.2), 
n=496

1 (0.2), n=669 1 0, n=153 0, n=151 —

SD=standard deviation.
*Confirmed on current electrocardiogram.
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Postoperative anticoagulant management
Table 2 shows that nine of 650 patients assigned to 
placebo and 14 of 821 patients assigned to dalteparin 
did not receive dosing after the procedure. The mean 
number of doses for placebo and dalteparin after the 
procedure was 5.6 and 5.4, respectively. The 287 
patients with low bleeding risk assigned to dalteparin 

had a mean dose of 15 256 IU/day; the 520 patients 
with high bleeding risk assigned to dalteparin had a 
mean dose of 5024 IU/day.

Study outcomes
Table 3 shows that the rate of major thromboembolism 
at 90 days was 1.2% (eight events in 650 patients) 

Table 2 | Perioperative anticoagulant management. Data are numbers (%) unless indicated otherwise
Variable No bridging (n=650) Bridging (n=821) P value
Warfarin treatment
Time not taking warfarin before procedure
  No of patients with data 650 821 —
  No of days, mean (SD) 5.13 (0.66) 5.11 (0.55) 0.61
  INR before procedure
    INR>1.7 (day −1) 11 (1.7), n=648 9 (1.1), n=817 0.33
    Vitamin K, 2 mg given 7 (1.1), n=650 7 (0.9), n=819 0.66
    INR 1.5-1.7 (day −1) 34 (5.3), n=648 43 (5.3), n=817 0.99
    Vitamin K, 1 mg given 32 (4.9), n=650 42 (5.1), n=819 0.86
    Different dose of vitamin K given (day –1) 5 (0.8), n=650 2 (0.2), n=818 0.25
    INR repeated on day of procedure (day 0) 131 (20.2) 128 (15.6) 0.02
Dose after procedure
  Patients for whom warfarin resumed 645 (99.2) 814 (99.2) 0.86
  Patients for whom warfarin resumed day 0 564/645 (87.4) 752/814 (92.4) 0.001
  Patients for whom warfarin resumed day +1 or later 81/645 (12.6) 62/814 (7.6)
  No of doses for patients who resumed on day 0, mean (SD) 8.7 (3.5), n=564 8.6 (3.8), n=752 0.77
  No of doses for patients who resumed on day +1 or later, mean (SD) 7.5 (2.9), n=81 7.8 (2.8), n=62 0.49
Low molecular-weight heparin or placebo
Dose before procedure
  No of patients with data 648 819 —
  Average dose received over 3 days, mean (SD) 13 509 (4896) 13 484 (4137) 0.92
  No of patients who received LMWH dose day −3 640 814 —
  Dose for day −3, mean (SD) 16 289 (10026) 15 980 (6361) 0.50
  No of patients who received LMWH dose day −2 646 815 —
  Dose for day −2, mean (SD) 15 920 (7471) 16 029 (8076) 0.79
  No of patients who received LMWH dose day −1 643 817 —
  Dose for day −1, mean (SD) 8343 (2211) 8459 (4089) 0.49
  Postoperative LMWH
    Patients who started LMWH day +1 630 (96.9) 789 (96.1) 0.70
    Patients who started LMWH day +2 or later 11 (1.7) 18 (2.2) —
    Patients who did not receive LMWH 9 (1.4) 14 (1.7) —
Dose after procedure
  No of patients who received dose 641 807 —
  No of doses, mean (SD) 5.6 (2.1) 5.4 (2.0) 0.08
  Average dose per day, mean (SD) 9524 (5480) 8663 (5271) 0.002
  No of patients who started LMWH day +1 630 789 —
  No of doses when LMWH started day +1, mean (SD) 5.6 (2.1) 5.4 (1.9) 0.08
  Average dose per day when LMWH started day +1, mean (SD) 9433 (5463) 8688 (5277) 0.009
  No of patients who started LMWH day +2 or later 11 18 —
  No of doses when LMWH started day +2 or later, mean (SD) 4.9 (1.7) 5.1 (2.9) 0.83
  Average dose per day when LMWH started day +2 or later, mean (SD) 14 700 (3755) 7553 (5023) 0.001
Patients at low risk who received postoperative LMWH dose 284 287 —
  No of doses, mean (SD) 5.5 (2.0) 5.5 (2.2) 0.84
  Average dose per day, mean (SD) 15 142 (3224) 15 256 (3167) 0.60
  Patients who had >5000 IU/day (Fisher’s exact test) 281 (98.6) 283 (98.6) 1
Patients at high risk who received postoperative LMWH dose 356 520 —
  No of doses, mean (SD) 5.5 (2.2) 5.3 (1.9) 0.05
  Average dose per day, mean (SD) 5047 (685) 5024 (568) 0.61
  Patients who had >5000 IU/ day (Fisher’s exact test) 2 (0.6) 3 (0.6) 1
Aspirin 167 (25.7) 193 (23.5) 0.33
Antiplatelet drug 173 (26.6) 204 (24.9) 0.44
Patients who have stop day reported for antiplatelet drug 149 190 —
Interruption ≥7 days before procedure 122 (81.9) 163 (85.8) 0.33
Interruption <7 days before procedure 27 (18.1) 27 (14.2) —
Aspirin restarted after procedure 123 (86.0), n=143 150 (85.2), n=176 0.84
Total days until aspirin resumed, mean (SD) 9.1 (2.9), n=123 10.1 (5.7), n=150 0.05
INR=international normalised ratio; LMWH=low molecular weight heparin; SD=standard deviation.
LMWH dose given in IU.
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for placebo and 1.0% (eight events in 820 patients) 
for dalteparin (P=0.64, risk difference −0.3%, 95% 
confidence interval −1.3 to 0.8). Major bleeding 
occurred in 13 (2.0%) patients assigned to placebo 
compared with 11 (1.3%) assigned to dalteparin 
(P=0.32, −0.7, −2.0 to 0.7).

For the prespecified secondary endpoint of major 
bleeding or major thromboembolism, 21 (3.2%) events 
occurred in patients assigned to placebo compared 
with 19 (2.3%) in patients assigned to dalteparin 
(P=0.28, −0.9, −2.6 to 0.8). No differences were found 
for any of the additional secondary outcomes. Table 4 
shows the secondary post hoc analyses at day 30.

In the prespecified subgroup analyses according to 
indication for anticoagulation, no significant differ
ences were found for any of the outcomes among the 
subgroups of atrial fibrillation and mechanical valves. 
Only one patient in the mechanical valve group had a 
major thromboembolism, and that patient was in the 
dalteparin arm.

Because of the inadvertent randomisation error, 
we did an analysis to exclude bias. The model for the 
primary outcome was fit with an interaction between 
the treatment effect before and after the correction. The 
interaction was not statistically significant (P=0.67), 
meaning we found no evidence that treatment effect 
differed before and after the correction.

Discussion
Principal findings
Our multicentre, placebo controlled, randomised 
trial showed that patients with atrial fibrillation or 

prosthetic mechanical heart valves (with or without 
atrial fibrillation) who require warfarin treatment to 
be interrupted for a procedure do not benefit from 
bridging treatment after the procedure with the LMWH 
dalteparin. We hypothesised that the placebo arm 
would have a lower rate of major thromboembolism, 
however the rates of major thromboembolism (stroke, 
transient ischaemic attack, venous thromboembolism, 
myocardial infarction) were similar for the dalteparin 
and placebo groups at approximately 1.0%, which 
was lower than the anticipated 3.1% based on our 
pilot study.6 The major bleeding rate was similar for 
the two groups. At the request of a reviewer, a post 
hoc secondary analysis was performed at day 30 
as shown in Table 4. It is plausible but unlikely that 
bridging could prevent major thromboembolism more 
proximate to interruptions and that our choice of a 90 
day outcome diluted this effect.

Comparison with other studies
Our results in the atrial fibrillation subgroup are 
consistent with the findings of the BRIDGE trial, 
another randomised, placebo controlled trial that 
compared a strategy of no bridging treatment before 
or after the procedure with LMWH bridging before 
and after the procedure.10 The BRIDGE trial showed 
a rate of arterial thromboembolism of 0.4% in the no 
bridging group and 0.3% in the bridging group, while 
major bleeding rates were 1.3% in the no bridging 
group and 3.2% in the bridging group. Our bleeding 
rates for dalteparin were probably lower because 
we used a prophylactic dose of dalteparin after the 

Table 3 | Study outcomes for whole population and subgroups of patients with atrial fibrillation and mechanical valves at 90 days. Data are numbers 
(%) unless indicated otherwise

Outcomes

Whole study population Atrial fibrillation Mechanical valve†
No  
bridging 
(n=650)

Bridging 
(n=820) P value

Risk  
difference  
(95% CI)

No  
bridging 
(n=496)

Bridging 
(n=670) P value

Risk  
difference  
(95% CI)

No  
bridging 
(n=154)

Bridging 
(n=150) P value

Risk  
difference 
(95% CI)

Primary
Major thromboembolism* 8 (1.2) 8 (1.0) 0.64 −0.3  

(−1.3 to 0.8)
8 (1.6) 7 (1.0) 0.39 −0.6  

(−1.9 to 0.8)
0 1 (0.7) 0.49 0.7  

(−0.6 to 2.0)
Secondary
Ischaemic stroke 3 (0.5) 1 (0.1) 0.33 — 3 (0.6) 1 (0.2) 0.32 — — — — —
Transient ischaemic attack 0 1 (0.1) 1 — — — — — 0 1 (0.7) 0.49 —
Symptomatic  
myocardial infarction

3 (0.4) 3 (0.5) 1 — 3 (0.6) 3 (0.5) 0.70 — — — — —

Peripheral embolism — — — — — — — — — — — —
Valve thrombosis — — — — — — — — — — — —
Venous thromboembolism 2 (0.3) 3 (0.4) 1 — 3 (0.6) 3 (0.5) 1 — — — — —
Vascular death 3 (0.5) 0 0.09 — 3 (0.6) 0 0.08 — — — — —
All deaths 8 (1.2) 6 (0.7) 0.33 −0.5  

(−1.5 to 0.5)
6 (1.2) 5 (0.8) 0.54 −0.5  

(−1.6 to 0.7)
2 (1.3) 1 (0.7) 1 −0.6  

(−2.8 to 1.6)
Major bleeding 13 (2.0) 11 (1.3) 0.32 −0.7  

(−2.0 to 0.7)
10 (2.0) 10 (1.5) 0.49 −0.5  

(−2.1 to 1.0)
3 (2.0) 1 (0.7) 0.62 −1.3  

(−3.8 to 1.3)
Clinically relevant  
non-major bleeding

25 (3.9) 50 (6.1) 0.05 2.3  
(0.1 to 4.5)

20 (4.0) 42 (6.3) 0.09 2.2  
(−0.3 to 4.8)

5 (3.3) 8 (5.3) 0.37 2.1  
(−2.5 to 6.6)

Trivial bleeding 16 (2.5) 22 (2.7) 0.79 — 14 (2.8) 18 (2.7) 0.89 — 2 (1.3) 4 (2.7) 0.44 —
Major thromboembolism  
or major bleeding

21 (3.2) 19 (2.3) 0.28 −0.9  
(−2.6 to 0.8)

18 (3.6) 17 (2.5) 0.28 −1.1  
(−3.1 to 0.9)

3 (2.0) 2 (1.3) 1 −0.6  
(−3.5 to 2.2)

Major thromboembolism or 
major bleeding, or death

25 (3.9) 24 (2.9) 0.33 −0.9  
(−2.8 to 1)

20 (4.0) 21 (3.1) 0.41 −0.9  
(−3.1 to 1.3)

5 (3.3) 3 (2.0) 0.72 −1.3  
(−4.8 to 2.3)

*Major thromboembolism—any one of first seven secondary outcomes: ischaemic stroke, transient ischaemic attack, symptomatic myocardial infarction, peripheral embolism, valve thrombosis, 
venous thromboembolism (pulmonary embolism or deep vein thrombosis), or vascular death.
†With or without atrial fibrillation.
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procedure for patients who had a procedure that was 
considered a high bleeding risk. The mean CHADS2 
score in our trial was 2.4 and 41.2% had a score 
>3.0; these results were slightly higher than those 
in the BRIDGE trial at 2.3 and 38.3%, respectively. 
The proportion of patients at high risk was low in 
both studies, but probably represents the general 
patient population and was actually higher than that 
of a recent perioperative direct oral anticoagulant 
trial.12 Our randomised controlled trial includes a 
mechanical heart valve patient subgroup, which is 
especially important because vitamin K antagonists 
remain the anticoagulant of choice for these patients. 
Our results suggest that postoperative bridging is not 
necessary for this group.

Strengths and limitations of the study
Strengths include the double blind design carried 
out in multiple centres and including a wide range of 
patients. Central blinded adjudication was performed 
by investigators not involved in the care of study 
patients. Our study also has limitations. Firstly, we 
did not achieve the full sample size because of the 
decreased availability of patients with atrial fibrilla
tion on warfarin because of the introduction of direct 
oral anticoagulant treatment.4 Secondly, the total 
number of patients with mechanical heart valves was 
relatively low, although to our knowledge this is the 
largest population and the only randomised trial in 
this group of patients to date. Also, the rate of major 
thromboembolism in this subgroup was very low, with 
only one event, and that patient was in the bridging 
arm. Further randomised studies in this group would 
be ideal but are likely to be logistically difficult, which 
was our experience. Thirdly, all of our patients had 
bridging with dalteparin before the procedure. Given 
the results of the BRIDGE trial, LMWH bridging for 
atrial fibrillation before the procedure is probably 
not necessary.10 Moreover, a recent trial suggests that 
bridging before and after the procedure is not necessary 
for patients receiving direct oral anticoagulants for 
atrial fibrillation.12 We cannot make any conclusions 
about bridging before the procedure for patients with 
mechanical heart valves and high risk atrial fibrillation 
given that all patients in our study received this 
treatment; this aspect requires further study. Finally, 
because we excluded patients with mechanical heart 
valves and a history of stroke or transient ischaemic 
attack, or those with multiple mechanical valves, the 
results from this study should not be applied to those 
patients.

Although our study started in 2007, the results 
are valid today. Vitamin K antagonists are still the 
treatment of choice for mechanical heart valves, and 

are widely used worldwide for patients with atrial 
fibrillation who cannot afford newer oral agents.

Conclusions
Postoperative bridging with dalteparin is not beneficial 
in preventing major thromboembolism in patients with 
atrial fibrillation or mechanical heart valves (with 
or without atrial fibrillation) who are managed with 
warfarin. We did not find a difference in major bleeding 
between groups with our protocol. Although warfarin 
is being used less frequently in patients with atrial 
fibrillation, it is still the long term anticoagulant of 
choice for patients with mechanical heart valves and in 
other populations, such as patients receiving dialysis, 
those with limited supply of direct oral anticoagulants, 
and in resource constrained settings. Our results are 
important for such patients. Further studies are needed 
to determine the need for bridging before procedures 
in patients with mechanical heart valves.
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