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Periprocedural Bridging Management of Anticoagulation
Waldemar E. Wysokinski, MD, PhD; Robert D. McBane II, MD

More than 2.5 million Americans
are chronically anticoagulated for

indications including venous thrombo-
embolism (VTE), mechanical heart
valve(s), or atrial fibrillation (AF).1

Each year, �10% of these patients
require temporary interruption of anti-
coagulation for an invasive procedure.
Defining the most appropriate man-
agement strategy for these patients re-
quires an assessment of the periproce-
dural risk of thromboembolism and
major hemorrhage. Bridging therapy
is a recent term used to describe the
application of a parenteral, short-
acting anticoagulant during the inter-
ruption of warfarin. In this Clinician
Update, we outline a systematic ap-
proach to defining the appropriate
periprocedural strategy for anticoagu-
lation management.

Case 1
A 78-year-old man is scheduled for
elective colonoscopy with polypec-
tomy next week. He is receiving
chronic warfarin for stroke prevention
in paroxysmal AF. He has no prior
history of stroke, diabetes mellitus, or
heart failure. He is treated with meto-
prolol both for hypertension and rate
control. His international normalized
ratio (INR) is well controlled on a

stable warfarin dose, and he has no
history of major bleeding.

Case 2
A 66-year-old woman was diagnosed
with a first life-time right femoral-
popliteal DVT 6 weeks ago. She is
currently fully anticoagulated with war-
farin. As part of her general medical
examination, she is found to have
ovarian cancer limited to her right
ovary without obvious metastases. She
is scheduled for total abdominal hys-
terectomy with bilateral oophorectomy
in 5 days. Her INR is 2.2, and her
creatinine clearance is 60 mL/min.

Systematic Approach
to Anticoagulants

There is no universal strategy for
periprocedural anticoagulation for pa-
tients on chronic warfarin therapy.
However, a stepwise approach can be
useful (Figure 1). In urgent/emergent
settings, there is neither time nor op-
portunity for “bridging” therapy. War-
farin can be reversed with fresh-frozen
plasma and parenteral vitamin K.

If the procedure is deemed elective,
then the next step is to determine
whether anticoagulant discontinuation
is necessary. A growing list of proce-
dures may be safely performed without
anticoagulation interruption (Table 1).

For these procedures, the intensity of
warfarin anticoagulation is usually re-
duced to the lower limit of the thera-
peutic range.

If oral anticoagulants must be
stopped, then the patient-specific throm-
botic risk should be assessed to deter-
mine whether bridging therapy is re-
quired. Low-risk patients not requiring
bridging therapy include the follow-
ing: AF with CHADS-2 score �2 and
no previous thromboembolism or in-
tracardiac thrombus; bileaflet mechan-
ical aortic valve prosthesis in sinus
rhythm with no previous thromboem-
bolism; and VTE occurring beyond 3
months in the absence of active cancer.
For these patients, warfarin is stopped
4 to 5 days before the anticipated
procedure. Normalization of the INR is
confirmed on the morning of the pro-
cedure. Postprocedural warfarin is re-
initiated on postoperative day 0 as long
as hemostasis has been achieved and
the patient is able to take oral medica-
tions. Postoperative variables to consider
when reinitiating warfarin include the
need and timing of additional surgery,
administration of interacting drugs in-
cluding antibiotics, and reduced nutri-
tional intake. Consider increasing the
frequency of INR monitoring. In addi-
tion, appropriate mechanical and phar-
macological VTE prophylaxis should be
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implemented until the patient is fully
reanticoagulated.

The ongoing National Institutes of
Health–funded Bridge Trial will assess
the safety and efficacy of bridging ther-
apy with low molecular weight heparin
(LMWH) in the setting of atrial fibrilla-
tion.2 This trial is poised to enroll 3626
patients with an anticipated completion
date in 2014 or 2015. It is anticipated

that this trial will answer the question
whether AF patients with CHADS-2
score of 3 to 4, but no previous stroke or
thromboembolism, require bridging
therapy.

When the thromboembolic risk is
deemed to be moderate to high, bridg-
ing therapy with parenteral anticoagu-
lants is justified. If feasible, LMWH
given subcutaneously in the outpatient
setting is preferred for patient conve-
nience, safety, and cost.3,4 In patients
with severe renal impairment (creatinine
clearance 15–30 mL/min; stage IV
chronic kidney disease), LMWH dose
reduction and anti-Xa monitoring should
be performed.5 For patients with stage V
chronic kidney disease, intravenous un-
fractionated heparin should be used for
this purpose. After warfarin discontin-
uation, a daily therapeutic dose of
LMWH is initiated once the INR falls
below the therapeutic range.6 – 8 In

keeping with the guidelines, it is our
practice to provide twice daily dosing
of LMWH in high-risk patients with
mechanical heart valve(s).9,10 For all
other indications, once daily therapeu-
tic LMWH is given. To avoid a resid-
ual LMWH effect on the day of sur-
gery, 50% of the calculated daily dose
is provided on the morning of the day
before the procedure.11 Postopera-
tively, warfarin should be cautiously
restarted as soon as feasible. Therapeu-
tic heparin should be delayed for 48
hours to reduce the risk of major hem-
orrhage, and conservative dosing
should be considered.6–8,12 Following
surgeries with a high risk of major
bleeding, heparin could initially be
restricted to prophylactic dosing if
used at all. Intravenous unfractionated
heparin without a bolus has the advan-
tage of rapid clearance and ease of
reversal with protamine and may be
preferable under these circumstances.
For patients with VTE indications,
prophylactic LMWH dosing postoper-
atively is appropriate. Warfarin and
heparin should be overlapped for at
least 5 days or until a therapeutic INR
is achieved, whichever is longer. De-
pending on the indication and proce-
dure, aspirin may be stopped 1 week
before the procedure.

There is a general tendency to incor-
porate inferior vena cava filters as part
of the bridging strategy for patients
with previous VTE.8 In our experience
of 775 patients anticoagulated for VTE
undergoing an invasive procedure,
only 4 inferior vena cava filters were
placed as part of the bridging recom-
mendations. In patients with acute or
subacute VTE, elective surgery should
be delayed until the patient has re-
ceived 3 months of anticoagulant ther-
apy. Inferior vena cava filter placement
should only be recommended for pa-
tients requiring urgent surgery within 1
month of VTE diagnosis. Retrievable
filters are preferred and should be
promptly removed when no longer
needed.

In patients with a history of heparin-
induced thrombocytopenia, heparin
products should be avoided. Alternatives

Figure 1. Bridging algorithm for warfarin. Patients with low thrombosis risk include
those with aortic bileaflet MHV in sinus rhythm and no previous thromboembolism; AF
without previous thromboembolism, intracardiac thrombus, and CHADS2 score �2; VTE
�3 month previously without active cancer. INR indicates international normalized ratio;
CrCl, creatinine clearance; LMWH, low molecular weight heparin; MHV, mechanical
heart valve; VTE, venous thromboembolism; AF, atrial fibrillation; and DVT, deep vein
thrombosis.

Table 1. Procedures That May Be
Safely Performed Without
Warfarin Interruption

Dental extraction

Bone marrow biopsy

Endoscopy (�mucosal biopsy)

Cataract surgery

Pacemaker placement

Venography

Dermatologic surgery

Joint aspiration
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include short-acting direct thrombin
inhibitor therapy such as argatroban,
lepirudin, or bivalirudin. Desirudin
might be particularly attractive because
it can be given subcutaneously and
allows outpatient management. Fonda-
parinux is frequently used for patients
with heparin-induced thrombocytope-
nia but is problematic as a bridging
agent given its long elimination half-
life (17–21 hours).

In general, the periprocedural rate of
bleeding is 2-fold higher than the risk
of thrombosis (Tables 2 and 3). Bleed
MAP is a recently developed risk assess-
ment tool for defining periprocedural
bleeding rates.12 This tool assigns 1
point for each risk factor: history of
previous bleeding (Bleed), mechanical

heart valve (M), active cancer (A), and
low platelets (P; �150 000/�L). Al-
though not yet prospectively validated,
this tool offers an estimate of bleeding
risk based on clinical variables and is the
only score system currently available for
periprocedural use.

Recommendations for Case 1
Warfarin is stopped 5 days before the
colonoscopy with polypectomy. Given
the relatively low thromboembolic
risk, this patient would not be bridged
with LMWH either before or after the
procedure. Warfarin would be reiniti-
ated on the same day as the procedure
once hemostasis is adequately achieved.
In addition, it is our practice to confer
with the proceduralist to make sure that
the procedure was uncomplicated and
that warfarin reinitiation is safe.

Recommendations for Case 2
Given the temporal proximity of the
thrombus (�3 months) with the pro-
posed cancer-related surgery, bridging
therapy with LMWH would be used.
An inferior vena cava filter, however,
would not be indicated. Warfarin
would be discontinued now (5 days
before surgery), and LMWH would be
started tomorrow at a therapeutic once
daily dose. The last dose of LMWH
would be given 24 hours before surgery
at half the calculated daily dose. An INR
would be obtained on the morning of
surgery. Postoperatively, aggressive
pharmacological and mechanical DVT
prophylaxis would be initiated once he-
mostasis is ensured. Therapeutic heparin
would be withheld for at least 48 hours
postoperatively to reduce the risk of
bleeding. Warfarin would be reinitiated
(without a loading dose) once hemosta-

sis is achieved, provided that no poten-
tial procedures are anticipated in the near
future.

Novel Anticoagulants
and Bridging

Dabigatran etexilate (Pradaxa) is an
oral direct thrombin inhibitor approved
by the US Food and Drug Administra-
tion for stroke prevention in nonvalvu-
lar AF.19 The time to peak anticoagu-
lant effect is �1 hour, and the drug
half-life is �15 hours, with elimination
principally through the kidney (80%).
Rivaroxaban (Xarelto) is an oral direct
factor Xa inhibitor that is also approved
by the US Food and Drug Administra-
tion for stroke prevention in nonvalvular
AF20 and VTE prophylaxis following
major joint replacement surgery. Rivar-
oxaban is metabolized by the liver
(33%) and excreted by the kidney
(66%). Elimination half-life is between 7
and 11 hours.

Our approach to the periprocedural
management of patients receiving ei-
ther dabigatran or rivaroxaban therapy
is conservative relative to the manufac-
turer’s recommendations for several rea-
sons.21 First, the rate of periprocedural
thromboembolism is low (1%). Second,
the onset of both dabigatran and rivar-
oxaban is rapid (1–2 hours), yet the
half-life is long. Third, there is no anti-
dote for dabigatran. There is no antidote
for dabigatran. Prothrombin complex
concentrate has been shown to reverse
rivaroxaban in healthy volunteers.22

First, the surgery and anesthesia-
specific (eg, neuraxial blockade) risk of
bleeding must be defined (Figure 2). The
proceduralist and anesthesiologist
should be aware that the patient is taking
a novel anticoagulant. The creatinine
clearance should be reestablished to en-
sure that the dosing is correct. If the
procedure is urgent or emergent, then
increased bleeding rates should be antic-
ipated and weighed against the conse-
quences of procedure deferral. Mechan-
ical interventions for hemostasis include
suture, hemoclip, pressure application,
coiling, cautery, and topical thrombin.
For excessive bleeding, the use of hemo-
static agents such as prothrombin com-

Table 2. Periprocedural Risk of Thromboembolism and Bleeding in Mechanical
Heart Valves

Author n Aortic Mitral Both Thromb, % Bleed, %

Douketis13 215 143 46 26 0.9 0.5

Pengo14 190 114 76 ? 1.6 1.2

Kovacs15 112 ? ? ? 4.5 7.1

Hammerstingl16 116 76 31 9 0 0.9

Daniels6 556 372 136 48 0.7 3.6

Total 1189 1.2 2.7

Table 3. Periprocedural Risk of
Thromboembolism and Bleeding in Atrial
Fibrillation, Venous Thromboembolism,
and Vascular Bypass Grafts

Author n Thromb, % Bleed, %

Atrial fibrillation

Douketis13 346 1.2 0.9

Pengo14 653 0.2 1.2

Kovacs15 112 2.7 6.3

Dunn17 76 2.3 3.5

Wysokinski7 345 1.1 2.7

Total 1532 0.9 2.0

Venous
thromboembolism

Pengo14 210 2.0 1.2

Dunn17 96 1.0 3.5

McBane8 775 1.8 1.8

Total 1081 1.8 1.9

Vascular bypass
grafts

Attaya18 78 5.1 1.3
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plex concentrate, Factor Eight Inhibitor
Bypass Activity or recombinant factor
VIIa must be weighed against the risk of
thrombotic complications.21,22

For elective procedures, the first
step in managing these novel anticoag-
ulants is to assess the creatinine clear-
ance. In patients with creatinine clear-
ance �50 mL/min, we recommend
discontinuing anticoagulation 4 to 5
half-lives before surgery. For patients
with creatinine clearance �50 mL/
min, we would extend the time of
discontinuation by 2 days. For surger-
ies with high bleeding risk, a normal
preoperative aPTTor thrombin time in-
dicates sufficient dabigatran elimina-
tion. Currently, there is no available
assay for ensuring complete rivaroxa-
ban elimination. Bridging therapy with
heparin is generally not indicated.
Postoperatively, it is important to re-
confirm adequate renal function. Rein-
itiation of these agents should be de-
layed �48 hours and once complete
hemostasis is assured. Note, within 1
to 2 hours of either dabigatran or
rivaroxaban reinitiation, the patient
will be fully anticoagulated. In those
patients at high risk of bleeding or if
additional procedures are anticipated

in the near future, we suggest the use of
a conventional anticoagulant therapy
that can be reversed if necessary.

Periprocedural outcomes for 4591 pa-
tients with nonvalvular atrial fibrillation
randomized to dabigatran (110 mg or
150 mg BID) or warfarin undergoing
invasive procedures have recently been
provided by the RELY investigators.23

Dabigatran was discontinued on average
2 days prior to the procedure compared
to 4 days for warfarin. Timing of post-
procedural reinitiation was determined
by the patient’s care provider. Thirty day
bleeding rates did not differ by anticoag-
ulation allocation (3.8% [dabigatran 110
mg], 5.1% [dabigatran 150 mg] and
4.6% [warfarin]) but in general were 2
fold higher than previously reported data
for warfarin (Table 2). Thromboembo-
lism rates were low at approximately 1%
for each group. While this is an impor-
tant contribution, limitations of this man-
uscript include: retrospective design, al-
teration of management strategy mid-
trial, lack of standardized approach to
anticoagulation management (particu-
larly post-procedural re-initiation) and
nonstandard definition of “major” proce-
dure. Indeed, of the procedures per-
formed, less than 17% would be consid-

ered major by practicing clinicians. Until
further data are available for patients
undergoing major procedures, our ap-
proach remains conservative.

Furthermore, it is our practice to
avoid dabigatran and rivaroxaban in
patients with indwelling neuraxial/epi-
dural or deep plexus catheters because of
risks of associated hematomas. After
removal of neuraxial or deep plexus/pe-
ripheral catheter, the first postprocedural
dose of these agents should be delayed
by 24 hours.

Additional
Considerations: Cancer

Patients with active cancer receiving
chronic anticoagulation are prone to
thrombosis and bleeding complications.
Chemotherapy, central line placement,
cytopenias, hormone manipulation, in-
teracting drugs, and variable dietary in-
take add complexity to anticoagulation
management. Periprocedural VTE (1.2%
versus 0.2%) and major bleeding (3.4%
versus 1.7%) are significantly higher in
patients with active cancer (n�493) in
comparison with those without cancer
(n�1589).24 This difference is explained
entirely by those patients receiving anti-
coagulation for cancer-associated VTE.
For these patients, we recommend ag-
gressive preoperative bridging therapy
with LMWH. The last dose should be
half of the total daily dose given 24
hours preoperatively. Postoperatively,
LMWH is limited to prophylaxis dosing
until complete hemostasis is assured.
Therapeutic LMWH is avoided �48
hours to reduce the likelihood of major
hemorrhage. Many patients with cancer-
related VTE are maintained on chronic
LMWH.

Disclosures
None.
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