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Atrial fibrillation patients often require warfarin interruption
for an invasive procedure or surgery. Heparin bridging ther-
apy has been frequently used during warfarin interruption
under the premise of providing a theoretical mitigation
against thromboembolism that overweighs expected higher
rates of bleeding. Up until recently, little definite clinical evi-
dence was available to guide the hospitalist on optimal peri-
operative anticoagulant management. The landmark
BRIDGE (Perioperative Bridging Anticoagulation in Patients
with Atrial Fibrillation) trial provided high-quality evidence
that a simple interruption of warfarin in the average atrial

fibrillation patient undergoing an elective procedure or sur-

gery is noninferior to bridging therapy for efficacy and supe-

rior to bridging therapy in preventing major bleeding. To

guide the hospitalist, we propose a treatment algorithm

based on these recent data. We review the literature that

led to the trial and highlight its practice-changing implica-

tions as a proof of concept that calls to question the pre-

mise of heparin bridging therapy beyond the atrial fibrillation

population. Journal of Hospital Medicine 2016;11:652–657.
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In the United States, it is estimated that 2.7 to 6.1 mil-
lion people have atrial fibrillation (AF).1 This number is
projected to increase to 12.1 million in 2030.2 Despite
the advent of direct oral anticoagulants (DOAC),
roughly half of patients with AF on anticoagulation are
treated with vitamin K antagonists (VKA), warfarin
being the most widely used.3

Every year at least 250,000 individuals will require
anticoagulation interruption for an elective procedure.4

Clinicians, especially in hospitalized settings, are faced
with the need to balance the risk of procedural bleeding
with the potential for arterial thromboembolic (ATE)
events. This is further complicated by warfarin’s long
half-life (36–60 hours).5 The slow weaning off and res-
toration of warfarin’s anticoagulant effect expose
patients, in theory, to a higher risk of ATE in the peri-
operative period. Heparin bridging therapy with
unfractionated heparin (UFH) or low-molecular-weight
heparin (LMWH) was believed to be a solution to pro-
vide continuous anticoagulant effect during temporary
interruption of warfarin. Perioperative bridging therapy
remains widely used by hospitalists, despite uncertain-
ties about whether it meets its premise of conferring a
clinically meaningful reduction of ATE’s risk that over-
weighs the likely higher incidence of major bleeding
associated with its use over a no-bridging strategy.
Up until recently, no randomized clinical trials have

evaluated the fundamental question of “should we
bridge”. The landmark BRIDGE (Perioperative Bridg-
ing Anticoagulation in Patients with Atrial Fibrillation)
trial published in August 2015 greatly contributed to
answering this question.6

In this article we perform a narrative review of the lit-
erature on the perioperative anticoagulation manage-
ment of patients with AF on chronic warfarin needing
an elective procedure or surgery that led to the BRIDGE
trial. We also examine the most recent 9th Edition
Guidelines from the American College of Chest Physi-
cians (ACCP) on perioperative management of anticoa-
gulation in this population.4 We then discuss in detail
findings from the BRIDGE trial along with its implica-
tions for the hospitalist. Further, we suggest a practical
treatment algorithm to the perioperative anticoagula-
tion management of patients with AF on warfarin who
are undergoing an elective procedure or surgery. We
opt to focus on warfarin and to omit DOAC and anti-
platelet therapies in our suggested practical approach.
We lastly evaluate ongoing trials in this field.

RECENT STUDIES ON HEPARIN BRIDGING IN
ATRIAL FIBRILLATION USING CONTROL
GROUPS
In the last five years a body of evidence has progres-
sively questioned the value of perioperative bridging
therapy in preventing ATEs. The ORBIT-AF (Outcomes
Registry for Better Informed Treatment of Atrial Fibril-
lation) study examined data on oral anticoagulation
(OAC) interruption among 2200 patients in the United
States.7 Patients who received bridging therapy
accounted for 24% of interruptions and had a slightly
higher CHADS2 score than non-bridged groups (2.53
vs 2.34, P 5 0.004). Overall, no significant differences
in the rate of stroke or systemic embolism were detected
between the bridged and nonbridged groups (0.6% vs
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0.3%, P 5 0.3). In multivariate analysis, bridging was
associated with an odds ratio (OR) of 3.84 of major
bleeding within 30 days (P < 0.0001), along with a
higher 30-day composite incidence of myocardial
infarction, stroke or systemic embolism, bleeding, hos-
pitalization, or death (OR: 1.94, P 5 0.0001). The
increased adverse events with bridging therapy were
independent of the baseline OAC (warfarin or dabiga-
tran). Although the study argued against the routine use
of bridging in AF patients, the authors could not
exclude the potential impact of measured (CHADS2)
and unmeasured confounding variables.7

The open-label RE-LY (Randomized Evaluation of
Long Term Anticoagulant Therapy With Dabigatran
Etexilate) trial compared dabigatran to warfarin in
nonvalvular AF. Its dataset provided prospective infor-
mation on 1424 warfarin interruptions for an elective
procedure or surgery. The interruptions, of which
27.5% were treated with bridging therapy, were ana-
lyzed in a substudy of the trial.8 The CHADS2 or
CHA2DS2-VASC scores were similar in the bridged
and nonbridged warfarin groups. Relatively higher
rates of major bleeding were observed in the bridged
group (6.8% vs 1.6%, P < 0.001) with no statistically
significant difference in stroke and systemic embolism
(0.5% vs 0.2%, P 5 0.32) compared to the non-
bridged group. Paradoxically, bridging therapy was
associated with a 6-fold increase in the risk of any
thromboembolic event among patients on warfarin (P
5 0.007). As in the ORBIT-AF study, it was difficult
to determine whether this increase was secondary to
unmeasured confounding variables associated with
higher baseline risk of ATE.8

The problem of unmeasured variables was common
to the previous studies of perioperative bridging ther-
apy. The heterogeneity of event definitions, bridging
regimens, and per-protocol adherence rates were addi-
tional limitations to the studies’ clinical implications,
despite the consistency of a 3- to 4-fold increase in
the major bleeding risk among bridged patients with
no accompanying protection against ATE. From this
perspective, the absence of high-quality data was the
motivating force behind the BRIDGE trial.

THE BRIDGE TRIAL
The BRIDGE trial6 attempted to answer a simple yet
fundamental question: in patients with AF on warfarin
who need temporary interruption for an elective pro-
cedure or surgery, is perioperative heparin bridging
necessary?

Adult patients (�18 years of age) were eligible for
the study if they had chronic AF treated with warfarin
for 3 months or more with a target International Nor-
malized Ratio (INR) range of 2.0 to 3.0, CHADS2

score �1, and were undergoing an elective invasive
procedure or nonurgent surgery. The study excluded
patients planned for a cardiac, intracranial, or intra-
spinal surgery. A history of stroke, ATE, or TIA in

the preceding 3 months; a major bleed in the previous
6 weeks; or a mechanical heart valve precluded study
participation. Further, those with a platelet count
<100,000/mm3 or creatinine clearance less than 30
mL per minute were also excluded.

Patients were randomly assigned to receive LMWH
(dalteparin 100 IU/kg of body weight) or placebo sub-
cutaneously twice daily in a double-blind fashion. In
all patients, warfarin was withheld 5 days before the
invasive procedure or elective surgery and restarted
within 24 hours afterward. The bridging arm received
therapeutic-dose LMWH starting 3 days before the
procedure with matching placebo in the nonbridged
arm. The last dose of LMWH or placebo was given
around 24 hours before the procedure and then with-
held. LMWH or placebo was restarted 12 to 24 hours
after the procedure for defined low bleeding-risk
procedures and 48 to 72 hours for high bleeding-risk
procedures. The study drug was continued for 5 to 10
days and stopped when the INR was in the thera-
peutic range. The co–primary outcomes were ATE
(stroke, TIA, or systemic embolism) and major bleed-
ing using a standardized definition. These outcomes
were assessed in the 30 days following the procedure.

Out of 1884 recruited patients in the United States
and Canada, 934 patients were assigned to the bridg-
ing arm and 950 to the nonbridging arm. Study par-
ticipants had a mean age of 71.7 years, a CHADS2

score of 2.3, and 3 out of 4 were men. The 2 arms
had similar baseline characteristics. Adherence to the
study-drug protocol was high, with an 86.5% rate of
adherence before the procedure to 96.5% after the
procedure. At 30 days, the rate of ATE in the bridging
group (0.4%) was noninferior to the nonbridging one
(0.3%) (95% confidence interval [CI]: 20.6 to 0.8; P
value for noninferiority 5 0.01). The mean CHADS2

score in patients who sustained an ATE event was 2.6
(range, 1–4). The median time to an ATE event was
19.0 days (interquartile range [IQR], 6.0–23.0 days).
The bridging group had a significantly higher rate of
major bleeding compared to the nonbridging one
(3.2% vs 1.3%, P 5 0.005). The median time to a
major bleeding event after a procedure was 7.0 days
(IQR, 4.0–18.0 days). The 2 arms did not differ in
their rates of venous thromboembolic (VTE) events
and death in the study period. Yet, there was a signifi-
cantly greater rate of minor bleeding in the bridging
group (20.9% vs 12.0%, P < 0.001) and a trend to-
ward more episodes of myocardial infarction in the
bridging group as well (1.6% vs 0.8%, P 5 0.10).

The BRIDGE trial was a proof of concept that the
average AF patient may safely undergo commonly
performed elective procedures or surgeries in which
warfarin is simply withheld 5 days before and reiniti-
ated within a day of the procedure without the need
for periprocedural heparin bridging. Perioperative
ATE rates, previously thought to be around 1%, have
been overestimated. The ATE rate was low in the
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BRIDGE trial (�0.4%), especially given a representa-
tive AF study population. The classical concern that
warfarin interruption leads to a rebound hypercoagu-
lable state was not supported by the trial.

The 9th Edition 2012 ACCP Guidelines on perioper-
ative management of anticoagulation had suggested
bridging in AF patients at high thrombotic risk and no
bridging in the low risk group (Table 1).4 For patients
at moderate risk, the ACCP Guidelines called for an
individualized assessment of risk versus benefits of
bridging, a recommendation that was not based on
high-quality data. The BRIDGE trial findings are likely
to change practice by providing level 1 evidence to
forgo bridging in the vast majority of represented AF
patients. For the hospitalist, this should greatly simplify
periprocedural anticoagulant management for the AF
patient on chronic warfarin in a hospitalized setting.

Limitations of the BRIDGE trial include the exclusion
of surgeries that have an inherent high risk of postoper-
ative thrombosis as well as bleeding, such as cardiac
and vascular surgeries. Also, the trial had an under-
representation of patients with a CHADS2 score of 5 or
6 and excluded those with a mechanical heart valve.
Both of these groups carry a high risk of ATE. How-
ever, it would be expected that the increase in postpro-
cedural bleed risk seen with therapeutic-dose bridging
therapy in the BRIDGE trial would only be magnified
in high bleeding-risk procedures, with either no effect
on postoperative ATE risk reduction, or the potential to
cause an increase in downstream ATE events by the
withholding of anticoagulant therapy for a bleed event.
The ongoing placebo-controlled PERIOP-2 trial (Clini-
calTrials.gov no. NCT00432796)9 utilizes a strategy of
dose adaptation of bridging therapy based on proce-
dural bleeding risk, rather than a strategy of changing
the timing of reinitiation of bridging therapy seen in the
BRIDGE trial. Though the bridging protocol adapted in
PERIOP-2 is used less often in clinical practice, the
study is including patients with mechanical heart valves

as well as following patients for a longer period of time
compared to the BRIDGE trial (90 vs 30 postoperative
days). This may elucidate the potential increase in
downstream ATE events due to bleed events incurred
by heparin bridging. The trial is planned to be com-
pleted in March 2017.

PRACTICAL APPROACH TO PERIOPERATIVE
MANAGEMENT OF WARFARIN
ANTICOAGULATION IN ATRIAL FIBRILLATION
In Figure 1 we suggest a practical 3-step framework
for the perioperative anticoagulation management of
patients on chronic warfarin for AF. First, if the
planned invasive procedure or surgery falls under the
minimal bleeding-risk group in Table 2, we propose
continuing warfarin in the perioperative period. Nota-
bly, implantation of a pacemaker or cardioverter-
defibrillator device is included in this group based on
recently completed randomized trials in this patient
group. In fact, the BRUISE CONTROL trial showed a
markedly reduced incidence of device-pocket hema-
toma when warfarin was continued in the perioperative
period as compared to its temporary interruption and
use of bridging (3.5% vs 16%, P < 0.001). Other sur-
gical complications including ATE events were similar
in the 2 groups.10 The COMPARE trial demonstrated
that warfarin can also be continued in the periproce-
dural period in patients undergoing catheter ablation of
AF. Warfarin’s continuation among 1584 AF patients
who had this procedure was associated with signifi-
cantly fewer thromboembolic events (0.25% vs 4.9%,
P < 0.001) and minor bleeding complications (4.1% vs
22%, P < 0.001) compared to its temporary interrup-
tion and use of bridging.11 We recognize that the clini-
cal distinction between minimal and low bleeding risk
can be difficult, yet the former is increasingly recog-
nized as a group in which anticoagulation can be safely
continued in the perioperative period.12

Second, if the decision was made to hold warfarin,
the next step is to estimate the patient’s perioperative

TABLE 1. ACCP Risk Stratification of Perioperative Thromboembolism4

Risk Category Mechanical Heart Valve Atrial Fibrillation Venous Thromboembolism

High Mitral valve prosthesis CHADS2 score of 5 or 6 Recent (<3 month) VTE
Caged-ball or tilting-disc aortic valve prosthesis Recent (<3 months) stroke or TIA Severe thrombophilia
Recent (<6 months) stroke or TIA Rheumatic valvular heart disease Deficiency of protein C, protein S, or antithrombin

Antiphospholipid antibodies
Multiple thrombophilias

Intermediate Bileaflet aortic valve prosthesis with a
major risk factor for stroke

CHADS2 score of 3 or 4 VTE within past 3–12 months
Nonsevere thrombophilia
Recurrent VTE
Active cancer

Low Bileaflet aortic valve prosthesis without a major risk factor for stroke CHADS2 score of 0 to 2 with no prior stroke or TIA VTE >12 months previous

ACCP: American College of Chest Physicians, TIA: Transient Ischemic Attack, VTE: Venous Thromboembolism.
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thrombotic risk based on the 9th Edition ACCP
Guidelines shown in Table 1. Whereas patients may
have additional comorbidities, a theoretical frame-
work for an individual patient’s ATE risk stratification
as seen in the ACCP Guidelines is determined by the
CHADS2 score, a history of rheumatic heart disease,
and a recent ATE event (within 3 months). In the low
ATE risk group, recommendations from the ACCP,4

the American Heart Association, and the American
College of Cardiology13 are in agreement against the
use of perioperative bridging. Level 1 evidence from the
BRIDGE trial now supports that bridging may be for-
gone in patients in the moderate ATE risk group and
likely many patients in the high ATE risk group
(although patients with a CHADS2 score of 5 and 6

were under-represented in the BRIDGE trial). In certain
high ATE risk patient groups with AF, especially those
with a recent ATE event, mechanical heart valves, or
severe rheumatic heart disease, it may be prudent to
bridge those patients with UFH/LMWH.

Third, assuming adequate hemostasis is achieved
after the procedure, warfarin can be restarted within 24
hours at its usual maintenance dose regardless of bridg-
ing. For patients among whom bridging is chosen, we
suggest that the timing of resumption of LMWH bridg-
ing be based on the procedural risk of bleeding (Table
2): 1-day postprocedurally in the low bleeding-risk
groups or 2 to 3 days postprocedurally in the high
bleeding-risk groups. For the latter group, a stepwise
use of prophylactic-dose LMWH, especially after a

TABLE 2. Suggested Stratification of Procedural Bleeding Risk

Minimal Bleeding-Risk Procedures Low Bleeding-Risk Procedures High Bleeding-Risk Procedures

Implantation of pacemaker or cardioverter-defibrillator device;*
catheter ablation of atrial fibrillation*

Coronary angiography Cardiac, intracranial, or spinal surgery; any major procedure lasting
�45 minutes

Minor cutaneous excision (actinic keratosis, premalignant/malignant
skin nevi, basal and squamous cell skin carcinoma)

Cutaneous or lymph node biopsy Major surgery with extensive tissue resection;
cancer surgery

Cataract surgery Arthroscopy;
surgery of hand, foot, or shoulder

Major orthopedic surgery

Minor dental procedure (cleaning, filling, extraction,
endodontic, prosthetic)

Endoscopy/colonoscopy 6 biopsy, laparoscopic cholecystectomy,
hemorrhoidal surgery, abdominal hernia repair

Liver or spleen surgery, bowel resection, colonic polyp resection,
percutaneous endoscopic gastrotomy placement, endoscopic
retrograde cholangiopancreatography

Bronchosopy Nephrectomy, kidney biopsy, transurethral prostate resection, bladder
resection, or tumor ablation

*Level 1 evidence supports continuation of oral anticoagulation in perioperative period, as this approach results in significantly fewer pocket hematomas compared to temporary oral anticoagulation interruption and use of bridg-
ing therapy.10,11

FIG. 1. Suggested periprocedural management of warfarin anticoagulation in chronic atrial fibrillation based on the most recent clinical evidence. *Includes pace-

maker and cardioverter-defibrillator device implantation, and catheter ablation of atrial fibrillation as level 1 evidence indicates that they can be done without warfa-

rin interruption (Table 2). **For patients with International Normalized Ratio (INR) target range of 2.5 to 3.5 and elderly patients, we suggest holding warfarin on day

6 (the procedure being on day 0). ***Especially valvular atrial fibrillation associated with (1) a mechanical heart valve, (2) a recent stroke or transient ischemic attack,

or (3) severe rheumatic heart disease. There were few patients in BRIDGE with a CHADS2 score of 5 or 6. ****Therapeutic-dose low-molecular-weight heparin

(LMWH) may be stopped once INR �2.
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major surgery for the prevention of VTE, may be
resumed earlier at the discretion of the surgeon or inter-
ventionist. For both groups, therapeutic-dose LMWH
may be stopped once the INR is �2.

A number of challenges are associated with the pro-
posed framework. Real-world data show that nonindi-
cated OAC interruptions and bridging are commonplace.
This may defer the hospitalist’s readiness to change prac-
tice.7 Although the CHADS2/CHA2DS2-VASc scores are
widely used to estimate the perioperative ATE risk, there
is scant evidence from validation studies,14,15 whereas the
CHADS2 score has been used in guideline recommenda-
tions.4 Also, as previously discussed, this framework
excludes patients with a recent stroke or a mechanical
heart valve, patients on warfarin for VTE, and patients on
DOACs.

RETHINKING HEPARIN BRIDGING THERAPY
IN NON–ATRIAL FIBRILLATION PATIENT
GROUPS
There is now mounting recent evidence from over
12,000 patients that any heparin-based bridging strat-
egy does not reduce the risk of ATE events but confers
an over 2- to 3-fold increased risk of major bleeding.16

Thus, in our view, the BRIDGE trial was a proof of
concept that calls to question the premise of heparin
bridging therapy in preventing ATE beyond the AF
population. Retrospective studies provide evidence of
the lack of treatment effect with heparin bridging even
in perceived high thromboembolic risk populations,
including those with mechanical heart valves and VTE
(2 patient groups for whom there are currently no level
1 data on perioperative management of anticoagulation
and bridging therapy).

In their systematic review and meta-analysis, Siegal
et al. evaluated periprocedural rates of bleeding and
thromboembolic events in more than 12,000 patients
on VKA based on whether they were bridged with con-
trol groups.16 Thirty out of 34 studies reported the indi-
cation for anticoagulation, with AF being the most
common (44%). Bridging was associated with an OR
of 5.4 for overall bleeding (95% CI: 3.0 to 9.7) and an
OR of 3.6 for major bleeding (95% CI: 1.5 to 8.5).
ATE and VTE events were rare, with no statistically sig-
nificant differences between the bridged (0.9%) and
nonbridged patients (0.6%) (OR: 0.8, 95% CI: 0.42 to
1.54). The authors suggested that bridging might better
be reserved to patients who are at high risk of throm-
boembolism. Nonetheless, the implications of the find-
ings were limited by the poor quality of included
studies and their heterogeneity in reporting outcomes,
especially bleeding events.16

In a retrospective cohort study of 1777 patients who
underwent mechanical heart valve replacement (56%
aortic, 34% mitral, 9% combined aortic and mitral),
923 patients who received therapeutic-dose bridging
therapy in the immediate post–valve implantation
period had a 2.5 to 3 times more major bleeding (5.4%

vs 1.9%, P 5 0.001) and a longer hospital stay com-
pared to those who received prophylactic-dose bridging
anticoagulation. The two groups had comparable
thromboembolic complications at 30 days (�2%, P 5

0.81).17 Another study retrospectively analyzed data
from 1178 patients on warfarin for prevention of
secondary VTE who had anticoagulation interruption
for an invasive procedure or surgery. About one-
third received bridging therapy, the majority with
therapeutic-dose LMWH. Of the bridged patients,
2.7% had a clinically relevant bleeding at 30 days com-
pared to 0.2% in the nonbridged groups (P 5 0.01).
The incidence of a recurrent VTE was low across all
thrombotic risk groups, with no differences between
bridged and nonbridged patients (0.0% vs 0.2%, P 5

0.56).18

There are a number of factors as to why heparin
bridging appears ineffective in preventing periproce-
dural ATE events. It is possible that rebound hypercoa-
gulability and a postoperative thrombotic state have
been overestimated. Older analyses supporting postop-
erative ATE rates of �1.6% to 4.0% and a 10-fold
increased risk of ATE by major surgery are not sup-
ported by recent perioperative anticoagulant studies
with control arms, including the BRIDGE trial, where
the ATE event rate was closer to 0.5% to 1.0%.6–8,19

The mechanisms of perioperative ATE may be more
related to other factors than anticoagulant-related fac-
tors, such as the vascular milieu,14 alterations in blood
pressure,20 improvements in surgical and anesthetic
techniques (including increasing use of neuraxial anes-
thesia),21 and earlier patient mobilization. Indeed, the
occurrence of ATE events in the BRIDGE trial did not
appear to be influenced by a patient’s underlying
CHADS2 score (mean CHADS2 score of 2.6). There is a
growing body of evidence that suggests perioperative
heparin bridging has the opposite effect to that assumed
by its use: there are trends toward an increase in post-
operative ATE events in patients who receive bridging
therapy.8

In the BRIDGE trial, there was a trend toward an
increase in myocardial infarction in the bridging arm.
This can be explained by a number of factors, but the
most obvious includes an increase in bleeding events as
may be expected by the use of therapeutic-dose heparin
bridging over a no-bridging approach, which then pre-
disposes a patient to downstream ATE events after
withholding of anticoagulant therapy. The median time
to a major bleed in BRIDGE was 7 days, whereas the
mean time to an ATE event was 19 days, suggesting
that bleeding is front-loaded and that withholding of
anticoagulant therapy after a bleed event may poten-
tially place a patient at risk for later ATE events. This is
consistent with an earlier single-arm prospective cohort
study of 224 high ATE risk patients on warfarin who
were treated with perioperative LMWH bridging ther-
apy. Among patients who had a thromboembolic event
in the 90 postoperative days, 75% (6 out of 8) had their
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warfarin therapy withdrawn or deferred because of
bleeding.22 Last, if prophylactic doses of heparin were
used as bridging therapy, there is no evidence that this
would be protective of ATE events, which is the pre-
mise of using heparin bridging. Both of these concepts
will be assessed when results of the PERIOP-2 trial are
made available.

An emerging body of evidence suggests an unfavor-
able risk versus benefit balance of heparin bridging,
regardless of the underlying thrombotic risk. Overall,
if bridging therapy is effective in protecting against
ATE (which has yet to be demonstrated), recent stud-
ies show that its number needed to treat (NNT)
would be very large and far larger than its number
needed to harm (NNH). If more patients undergoing
high bleeding-risk procedures were included in the
BRIDGE trial, these effects of unfavorable NNT to
NNH would be magnified. While awaiting more defi-
nite answers from future trials, we believe clinicians
should be critical of heparin bridging. We also suggest
that they reserve it for patients who are at a signifi-
cantly high risk of ATE complications until uncertain-
ties around its use are clarified.

CONCLUSION
The BRIDGE trial provided high-quality evidence that
routine perioperative heparin bridging of patients on
chronic warfarin for AF needing an elective procedure or
surgery is both unnecessary and harmful. The trial is
practice changing for patients with AF, and its results
will likely be implemented in future international guide-
lines on the topic, including those of the ACCP. The hos-
pitalist should be aware that the current large body of
evidence points to more harm than benefit associated
with heparin bridging in preventing ATE for any patient
group, including those at high risk of ATE. Ongoing and
future trials may clarify the role of heparin bridging—if
any—in patients on chronic warfarin at high risk of
ATE, including those with mechanical heart valves.
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