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Abstract
Purpose of Review This article will review the perioperative management of geriatric patients on anticoagulants who present for
non-elective orthopedic surgery.
Recent Findings Our understanding of best practices in perioperative anticoagulation management has advanced significantly
over the last 5 years.More patients are presenting for surgery on direct oral anticoagulants which require a different approach than
the vitamin K antagonist, warfarin. We have come to better appreciate the importance of time to the operating room on outcomes,
specifically in hip fracture surgery. Regional anesthesia now has standardized guidelines for preprocedure anticoagulation
interruption. Prothrombin complex concentrate has increasing acceptance for warfarin reversal preoperatively. Reversal agents
are now available for the direct oral anticoagulants but are not recommended for standard use preprocedure. And there has been a
shift away from routine use of bridging anticoagulation periprocedure.
Summary A team-based approach with input from the surgical, anesthesia, and internal medicine or geriatric team preoperatively
is critical to the management of perioperative anticoagulation.
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Introduction

The challenge addressed by this article is the management of a
patient on therapeutic anticoagulation who requires urgent or
emergent orthopedic surgery. We will discuss perioperative
management of commonly used anticoagulants in the outpa-
tient setting including the vitamin K antagonist, warfarin, and
the direct oral anticoagulants (DOAC), rivaroxaban, apixaban,
edoxaban, and dabigatran. As injectable agents are not com-
monly prescribed for long-term therapy in outpatients, low
molecular weight heparin and fondaparinux will not be ad-
dressed. Prevention of venous thromboembolism postopera-
tively is a review unto itself and will not be discussed here.

Furthermore, the perioperative management of antiplatelet
agents such as aspirin, clopidogrel, and ticagrelor is out of
the scope of this review.

The term anticoagulation will refer to full, therapeutic
anticoagulation used to treat venous thromboembolism or pre-
vent stroke in patients with mechanical valves or atrial fibril-
lation. Lower doses of anticoagulation used to prevent blood
clots will be differentiated with the term DVT prophylaxis.
Anticoagulation includes warfarin dosed to a target INR of
2–3 or treatment with a full dose DOAC agent, dose-
adjusted as necessary for renal function.

Perioperative management of anticoagulation will be
discussed as pertaining to urgent surgical procedures and not
elective surgeries. Patients undergoing elective orthopedic
surgery are evaluated preoperatively by their primary care
physician or cardiologist with the goal of establishing a peri-
operative anticoagulation plan prior to surgical admission.
Most perioperative anticoagulation plans utilize standardized
protocols based on the prescribed anticoagulant and the esti-
mated surgical bleeding risk. Hip fracture surgery will be used
as the primary example of urgent orthopedic surgery in the
geriatric patient on anticoagulation but the principles can be
applied more broadly to geriatric orthopedic trauma.
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Background

As the population continues to age, we are seeing an increase
in geriatric trauma. A recent study reported that 25% of all
orthopedic trauma patients were > 65 years old, most suffering
from ground-level falls [1]. Anticoagulant use is common
among patients undergoing orthopedic surgery and, specifi-
cally, hip fracture surgery. A 2017 study of geriatric trauma
patients in Florida reported that 42% of patients admitted were
on anticoagulants or antiplatelet agents. Of those patients pre-
scribed preoperative anticoagulation or antiplatelet agents,
16.5% were anticoagulated with warfarin and 1% with
DOACs [2]. This corresponds with a 2011 Medicare data set
showed that 12.8% of Medicare patients were prescribed vi-
tamin K antagonist treatment [3].

Anticoagulant use has the potential to delay surgical treat-
ment. One study demonstrated that hip fracture patients on
warfarin had a significant delay to OR beyond 48 h with an
associated increase in 30-day, 3-month, and 1-year mortality
as compared to patients on no anticoagulation [4]. Decisive
management of anticoagulation is essential to optimize patient
safety and expedite urgent surgery. In the case of hip fracture
surgery, it is well established that mortality increases with
time to the operating room greater than 24 h [5].

Urgency of Procedure

When evaluating an anticoagulated orthopedic patient for sur-
gery, it is critical to determine the urgency of the surgical
procedure. The risk associated with delaying operative care
is surgery specific: Patients with an orthopedic emergency
such as a long bone fracture with acute compartment syn-
drome will have minimal time for anticoagulation reversal if
emergent operative intervention is required. Hip fracture sur-
gery is considered urgent but not emergent based on known
mortality increase with operative delay greater than 24 h [5,
6]. In contrast, any surgical procedure that can be safely de-
layed beyond 48–72 h without any impact on clinical outcome
is considered non-urgent and allows for complete reversal of
anticoagulation, similar to an elective procedure.

Procedure Bleeding Risk

In determining a safe perioperative anticoagulation plan, un-
derstanding the risk of surgical bleeding is essential.
Orthopedic surgery has largely been classified as high bleed-
ing risk except hand surgery and arthroscopic surgery.
However, most would agree that there is significant variation
in expected blood loss within each surgical category. For ex-
ample, hip fracture surgery may have an expected blood loss
of < 50 cc in a percutaneous pinning, while a hip fracture
requiring a total hip arthroplasty or revision arthroplasty sur-
gery may have significantly more predicted blood loss.

In addition to estimating procedure-specific bleeding risk,
we need to consider the consequences of surgical bleeding.
Uncontrolled continuous operative bleeding can obscure the
surgical field, increase operative time, and increase the risk of
anesthetic and hemodynamic consequences. Patients with in-
creased operative blood loss are more likely to require an
allogenic blood transfusion. Allogenic blood transfusion ex-
posure significantly increases the risk of surgical site infection
as demonstrated in multiple studies of total hip and knee
arthroplasty [7]. Poor hemostasis with postoperative hemato-
ma formation at the surgical site is a well-established risk
factor for infection [8]. The human and financial cost of a
surgical site infection is high. Patients with SSI are 60% more
likely to require ICU admission, five times more likely to be
readmitted, have three times the hospital stay duration, and a
mortality rate five times higher than in patients without wound
infections [9]. Furthermore, the site of bleeding is essential to
consider. Bleeding into an expansible thigh after hip fracture
surgery has far less clinical significance than epidural bleeding
after spine surgery. The operating surgeon is best positioned
to estimate anticipated procedure blood loss and discuss pre-
operative anticoagulation targets specific to the procedure.

Anesthetic Considerations

The type of anesthesia planned is critical to consider in mak-
ing anticoagulation recommendations. In 2018, the American
Society of Regional Anesthesia released their most recent
guidelines on timing of regional anesthesia in patients receiv-
ing antithrombotic therapy [10]. Spinal hematoma is a rare but
potentially catastrophic complication of neuraxial anesthesia.
Horlocker et al. estimate the risk of hematoma to be approx-
imately 1 in 150,000 epidural and 1 in 220,000 spinal anes-
thetics in patients on no anticoagulation or DVT prophylaxis
alone [11]. The authors point out that in the absence of a
central reporting system, this may be a significant underesti-
mation. An analysis of the American Society of
Anesthesiologists Closed Claims database over a 19-year pe-
riod reported legal claims related to 36 spinal hematomas. Of
these, 75% had evidence of preexisting or iatrogenic hemo-
static abnormalities. As a result, our anesthesia colleagues
strictly adhere to guideline-directed management of anticoag-
ulant agents prior to neuraxial and regional anesthesia. The
most recent guidelines are available as a mobile application
[12]. The application is designed to allow easy access to
ASRA guidelines on anticoagulant interruption pre- and
post-anesthetic procedures. This technology has allowed in-
ternists, surgeons, and anesthesiologists to communicate
clearly regarding anticoagulation management before and af-
ter neuraxial anesthesia.

No specific anticoagulation precautions are required prior
to general anesthesia. General anesthesia must be the default
option for patients who require urgent or emergent surgery
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and are currently taking anticoagulation that cannot be fully
reversed prior to the procedure. Discussionwith the anesthesia
team to determine the preferred and any alternative anesthetic
modality will assist in determining the timing of the procedure
and need for anticoagulant reversal.

Anticoagulant Agent

The anticoagulant agent itself and patient factors affecting
metabolism of that agent are critical to carefully assess.
Define which agent the patient is taking and the timing of
the patient’s most recent dose. It is surprising how often we
see the DOACs interchanged in the charts with inaccurate
reporting of which agent the patient is prescribed and when
the last dose was taken. Each agent has unique pharmacology,
pharmacokinetics, drug interactions, lab monitoring, and
options for reversal.

Of the oral anticoagulants, the vitamin K antagonist, war-
farin, reduces circulating levels of coagulation factors II, VII,
IX, and X.Warfarin has a slow onset of actionwith peak effect
at 48 h and duration of activity of up to 5 days. Effect is
variable with both genetic and environmental factors affecting
individual drug response. Anticoagulant effect of warfarin is
assessed with INR monitoring.

Dabigatran directly inhibits thrombin; rivaroxaban,
apixaban, and edoxaban directly inhibit factor Xa. Together,
these agents are categorized as the direct oral anticoagulants
(DOACs). DOACs have a rapid onset of action with peak
effect 2 to 4 h following oral administration. They have pre-
dictable anticoagulant and pharmacodynamic effects with
minimal drug interactions. In contrast to warfarin, there is no
requirement at present for lab monitoring of the anticoagulant
intensity of the DOACs. Overall, when compared to warfarin,
DOACs have a lower risk for intracranial bleeding and other
types of minor and major bleeding [13–15]. In the absence of
contraindications or financial constraints, these agents are
now favored over warfarin for long-term outpatient use.

The half-life of the oral anticoagulant will determine resid-
ual anticoagulant effect at the time of surgery. The patient’s
renal function as measured by creatinine clearance contributes
in large part to the medication half-life. Based on the principle
that in four to five half-lives, a medication will be entirely
eliminated, general consensus is that high bleeding risk sur-
gerymay be completed after four half-lives have elapsed. Low
to intermediate bleeding risk surgery, in which residual anti-
coagulant effect is acceptable, may be done after two half-
lives have elapsed from the last dose. Very low bleeding risk
procedures may be done without delay. This is illustrated in
Table 1.

Estimating anticoagulant half-life is largely dependent on
renal clearance but can also be impacted by drug interactions.
Amiodarone, diltiazem, and verapamil are all commonly used
in patients with atrial fibrillation and can all affect anticoagu-
lant drug levels. Amiodarone inhibits CYP3A4 and P-gp and
is associated with increased levels of dabigatran and
rivaroxaban when used concurrently. Diltiazem and verapamil
are both weak to moderate inhibitors of CYP3A4 and sub-
strates for P-gp. Concurrent use of dabigatran and verapamil
leads to elevated dabigatran drug levels. Elevations in
rivaroxaban levels are also seen with concurrent use of diltia-
zem. These drug-drug interactions are more pronounced in the
setting of renal insufficiency and therefore often become rel-
evant during acute illness and the perioperative period.

Sample Preoperative Anticoagulation Protocol

At our institution, we have categorized hip fracture surgery by
the anticipated blood loss of the planned procedure.
Percutaneous pinning is considered very low bleeding risk
and can be performed without delay in patients on DOACs
or on warfarin with INR < 3.0. Estimated bleeding risk of hip
fracture surgery procedures is shown in Table 2. Certainly,
one could argue the categorizations, but this was a classifica-
tion scheme that our surgeons agreed to use as guidance. Once

Table 1 Recommended time of discontinuation of direct oral anticoagulants (DOACs) prior to surgery

Direct oral
anticoagulant

Creatinine clearance
(ml/min)

Half-life
(hours)

Very low bleeding risk
procedure

Low to intermediate bleeding risk
procedure

High bleeding risk
procedure

Dabigatran > 50 13–15 No delay 1 day 2 days

30–50 18 2 days 4 days

< 30 27 2–5 days >5 days

Rivaroxaban > 50 8–9 No delay 1 day 2 days

30–50 9 1 day 2 days

15–30 8–10 2 days 3 days

Apixaban > 50 12 No delay 1 day 2 days

30–50 17–18 2 days 3 days

15–30 17–18 2 days 3 days

[16]
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the bleeding risk category has been defined, the time to OR is
determined by the specific anticoagulant agent and creatinine
clearance. This is shown in Table 3.

For example, a patient on warfarin with an INR of 2.9
undergoing a percutaneous pinning may proceed to the OR
without delay. A patient on apixabanwith creatinine clearance
> 60 ml/min who received the last dose on Monday morning
at 8 am may undergo intramedullary hip screw placement on
Tuesday morning. However, if that same patient had acute
kidney injury with creatinine clearance < 30ml/min on admis-
sion, it would be important to consider surgical delay to
Wednesday morning, weighing carefully bleeding risk with
risk of operative delay.

Sample Hip Fracture Anticoagulant
Management Protocol

Reversal Options

Patients admitted on anticoagulation who require urgent or
emergent surgery will need to be evaluated for possible rever-
sal of anticoagulation. Patients on warfarin can be treated with
vitamin K with an expectation of partial reversal at 12 h. The
full effect of vitamin K reversal may not be seen until 24 h
after administration. Vitamin K may be administered orally,
intravenously, or subcutaneously. As these surgical patients
will require resumption of warfarin anticoagulation postoper-
atively, vitamin K should be given at a dose that will lower the
INR to a safe range but will not cause resistance to
anticoagulation postoperatively. For this reason, we recom-
mend vitamin K 2.5 mg orally once (see Fig. 1).

Vitamin K is rarely used as the sole reversal agent for
warfarin in patients hospitalized with the need for urgent sur-
gery. Traditionally, fresh frozen plasma (FFP) has been used
to supplement vitamin K. The disadvantages of FFP adminis-
tration include volume of blood product required, incomplete
reversal of INR, and short duration of action of 6–8 h with
rapid dissipation of effect. As with any blood product, there is
a risk of allergic reaction and anaphylaxis, transmission of
infection, and transfusion-associated circulatory overload.

The timing of FFP dosing is important and can be cumber-
some to coordinate. FFP is administered at a dose of 12–
15 ml/kg. Each unit has an approximate volume of 270–
320 ml. For example, a 70-kg patient should receive 4 U of
FFP based on (70 kg × 15 ml/kg)/270 ml/U = 3.9 U. Each unit
requires 20–30 min to thaw and should be administered as
soon as possible after thawing. Each unit should be given over
20–30 min. When coordinating an urgent surgery that is often
scheduled in an “add-on” position without a clear OR start
time, it can be complicated to ensure that FFP is administered
prior to incision but not too early that the effect has dissipated.

Another warfarin reversal option is prothrombin complex
concentrate (PCC). PCC is a pooled plasma product com-
prised of factors II, VII, IX, and X. It is administered as a
weight-based dose reconstituted in 20 mL of diluent and in-
fused over 10 min. Peak effect of PCC is achieved at 10–
30 min after administration with ongoing efficacy 24–48 h
post-infusion [17]. Unlike FFP, PCC does not require blood
group typing or thawing. Advantages of PCC include rapid
reversal of coagulopathy, low risk of viral transmission, low
risk of allergic reaction, decreased total volume of infusion,
and weight-based dosing [18]. The most common side effect
of PCC is headache. No difference in thromboembolic risk has
been seen with PCC use as compared with FFP [19]. Despite
the clear advantages of PCC over FFP, many hospitals restrict
the use of PCC due to the significant increase in cost as com-
pared with FFP.

The direct oral anticoagulants rivaraxaban, apixaban,
and dabigatran have FDA-approved specific reversal
agents. Idarucizumab is a monoclonal antibody the binds
directly to thrombin with greater affinity than dabigatran.
Maximum reversal of the anticoagulation effect of
dabigatran occurs at 4 h after treatment. Andexanet alfa
is a recombinant modified factor Xa protein that acts a
“decoy,” causing the DOACs apixaban and rivaroxaban
to bind to it instead of natural factor Xa. Both
idarucizumab and andexanet are associated with increased
thromboembolic events. Use is therefore limited to pa-
tients experiencing life-threatening bleeds. We do not rec-
ommend the use of idarucizumab or andexanet for routine
preoperative anticoagulation reversal.

Table 2 Hip fracture surgery
estimated bleeding risk Surgical procedure Expected blood loss Hip fracture surgery bleeding risk

Percutaneous pinning < 50 cc Low

Compression hip screw with side plate 50–100 cc Intermediate
Short intramedullary nail without reaming

Hemiarthroplasty 100–200 cc Higher
Long intramedullary nail with reaming

Periprosthetic fracture

Pathologic fracture
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Prior to the availability of specific antidotes to DOACs,
PCC was utilized as an emergency reversal agent. In patients
on DOAC therapy, PCC effectively achieves hemostasis in
the setting of major hemorrhage 66 to 95% of the time based
on low-quality studies [20, 21]. PCC has not been well studied
for reversal of DOAC therapy in the perioperative setting.
There are legal and ethical questions regarding the use of
PCC for DOAC reversal given that there are now FDA-
approved reversal agents. PCC is recommended as an option
for warfarin reversal but not DOAC reversal preoperatively.

Given that there is no clear pathway for preoperative rever-
sal of DOAC anticoagulant effect in the absence of major
hemorrhage, other options should be considered. Within our
hip fracture program, we have prioritized reducing time to the

OR. In coordination with the surgical team, we have set ag-
gressive time to OR targets in anticoagulated patients with hip
fractures. Within this protocol, patients on DOACs undergo-
ing only the highest bleeding risk procedures or with signifi-
cant renal insufficiency may require a 48-h delay to OR
(Tables 2 and 3).

Bridging Anticoagulation

After determining the timing of the operative procedure, the
next question to address is if bridging anticoagulation is re-
quired. This is determined by the patient’s indication for
anticoagulation and their most recent thrombotic event as this
will determine the risk associated with anticoagulation

Table 3 Recommended operative timing

Anticoagulant agent Hip fracture surgery bleeding risk Creatinine clearance Time/criteria for OR*

Warfarin (Coumadin) Low Any INR < 3

Intermediate Any INR < 2

High Any INR < 2

Direct oral anticoagulants** Low CrCl > 50 ml/min No delay

CrCl 30–50 ml/min No delay

CrCl < 30 ml/min No delay

Intermediate CrCl > 50 ml/min 24 h

CrCl 30–50 ml/min 48 h

CrCl < 30 ml/min 48 h

High CrCl > 50 ml/min 48 h

CrCl 30–50 ml/min 72 h

CrCl < 30 ml/min 72 h

*Surgeon may opt to operate earlier if clinical factors suggest lower bleeding risk or a higher complication risk associated with delay to OR. Note that
time to OR is determined by INR in the case of warfarin and by timing of last dose and creatinine clearance in the case of the DOACs

**Rivaroxaban (Xarelto), apixaban (Eliquis), dabigatran (Pradaxa)

SAMPLE WARFARIN REVERSAL PROTOCOL:

• Stop warfarin on admission

• If INR > target,* administer vitamin K 2.5 mg orally x 1 immediately

• Initiate routine DVT prophylaxis

• Recheck INR morning of surgery

• If INR still > target, administer Prothrombin Complex Concentrate (PCC, K-Centra) prior to OR

PCC dose is calculated using patient weight and pretreatment INR

Onset of action of PCC is within 10 minutes. No delay required after administration of PCC and 

surgery onset.

Duration of action of PCC is 24-48 hours. 

• Fresh frozen plasma may be given if PCC is not available. 

Total dose of FFP should be calculated as 15 ml/kg

Each unit of FFP is approximately 250 cc

FFP requires 20-30 minutes to thaw. Each unit of FFP is infused over 30-60 minutes

FFP should not be given more than 6 hours prior to surgery

FFP should be avoided in patients at risk of volume overload

*INR target determined by surgical procedure.

PCC, prothrombin complex concentrate; INR, international normalized ratio; FFP, fresh frozen plasma

Fig. 1 Sample warfarin reversal
protocol. The asterisk indicates
INR target determined by surgical
procedure. PCC, prothrombin
complex concentrate; INR,
international normalized ratio;
FFP, fresh frozen plasma
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interruption. For example, a patient with pulmonary embolus
within the last 3 months is at much higher risk for thrombotic
complication than a patient with recurrent venous thrombo-
embolic disease on chronic anticoagulation with no events in
many years.

The most common indication for anticoagulation in geriat-
ric orthopedic patients is atrial fibrillation. The incidence of
atrial fibrillation on admission in patients referred to the hos-
pital for hip fracture has been reported to be between 7 and
10% [22, 23]. The challenge is to determine when the risk of
thrombosis from anticoagulation interruption outweighs the
risk of surgical bleeding associated with anticoagulation
continuation.

The risk of thrombotic complications perioperatively in
patients with atrial fibrillation may be assessed using the
CHADS2 or CHADS2VASC score. These scores were orig-
inally developed to assist clinicians in better assessing stroke
risk in clinically stable outpatients with atrial fibrillation. The
scores account for comorbidities including congestive heart
failure, hypertension, age 75 years or older, diabetes mellitus,
and history of stroke or transient ischemic attack. The
CHADS2 and CHA2DS2VASC scores have not been pro-
spectively validated as predictors of postoperative stroke.
Nonetheless, these scores can be helpful in the perioperative
period. The BRIDGE trial, published in the New England
Journal in 2015, evaluated the risk of postoperative arterial
thromboembolism in patients with atrial fibrillation. Patients
were randomized to receive bridging anticoagulation with low
molecular weight heparin or placebo during warfarin interrup-
tion periprocedure. There was no reduction in the incidence of
arterial thromboembolism with bridging therapy. There was,
however, a more than 2-fold increase in incidence of major
bleeding [24]. This study has transformed our thinking on
perioperative anticoagulation management. We now under-
stand that patients with atrial fibrillation rarely require full
therapeutic anticoagulation bridging therapy during interrup-
tion of their home anticoagulant agents.

There may be a few exceptions to this rule. Patients in the
BRIDGE trial had an average CHADS2 score of 2.3 with few
patients scoring 5 or 6 on this scale. From this study, we
cannot conclude that bridging anticoagulation is either helpful
or harmful in this highest thrombotic risk group. The
American College of Chest Physicians (ACCP) guidelines

on this were last updated in 2012 and do not include the
BRIDGE tr ia l . These guidel ines favor br idging
anticoagulation for patients with atrial fibrillation with an el-
evated CHADS2 score; any history of stroke or transient is-
chemic attack; and a low CHADS2 score (< 5) but with a
history of arterial thromboembolic event with temporary in-
terruption in anticoagulation [25]. These guidelines are due to
be updated.

Based on the current literature, we recommend restricted
use of bridging anticoagulation. Only patients at the highest
risk of thrombotic complications receive full therapeutic dose
bridging anticoagulation with low molecular weight heparin
or unfractionated heparin. Other examples of very high throm-
botic risk conditions include older mechanical valves or any
mitral mechanical valve or arterial or venous thromboembo-
lism within the last 3 months. The highest risk patient groups
are outlined in Table 4. In our practice, there has been a dis-
tinct paradigm shift from using bridging anticoagulation rou-
tinely to using it rarely and only with a compelling indication.

Inferior Vena Cava Filter

There are very limited indications for inferior vena cava (IVC)
filter placement in the perioperative period. Patients with an
acute venous thromboembolic event within the last 3 months
who require anticoagulation interruption for surgery may be
considered for IVC filter placement preoperatively [26–28]. In
the absence of a recent high-risk thrombotic event, there are
no data to support IVC filter placement prophylactically prior
to surgery in patients who cannot be anticoagulated. In one
study, IVC filters were associated with a 4% procedural com-
plication rate and a 17% complication rate in the month post-
placement. Only just over a third of filters were retrieved as
indicated at 19 weeks of follow-up [29]. In our practice, we
almost never recommend IVC filter placement prior to hip
fracture surgery.

Postoperative Resumption of Anticoagulation

Timing of anticoagulation resumption postoperatively can
be contentious and potentially confusing. There is little
evidence to guide decision-making here. We recommend
that full therapeutic anticoagulation resume as soon as

Table 4 Thromboembolic risk and recommendation for bridging anticoagulation

Thromboembolic risk Mechanical valve Atrial fibrillation Arterial or venous thromboembolism Recommendation

Higher Any mitral prosthesis
Older mechanical valve

(caged ball, tilting disk)

CHADS2 ≥ 5 Recent (≤ 3 months) thromboembolism Consider bridging anticoagulation*

Lower Bileaflet aortic valve CHADS2 0–4 Thromboembolism > 3 months prior No bridging anticoagulation

*Bridging anticoagulation may not be favored if anticipated interruption is < 3–5 days, concurrent dual antiplatelet therapy, active bleeding, high risk of
major bleeding, no prior thromboembolism, atrial fibrillation patient in sinus rhythm
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poss ib le pos topera t ive ly . We resume ful l dose
anticoagulation 24 h after hip fracture surgery as long as
routine hemostasis has been achieved. The DOACs may
be resumed on postoperative day 1 and will be expected
to achieve therapeutic effect within 2–4 h. Warfarin, how-
ever, does not achieve peak effect for up to 4 days from
initiation. A common error is to resume warfarin immedi-
ately postoperatively with the intent of allowing the INR
to safely “drift” upward to therapeutic range. This is dan-
gerous in that it leaves to patient unprotected from post-
operative VTE and at risk of arterial or venous thrombosis
related to the condition for which the warfarin was orig-
inally prescribed. When warfarin is resumed postopera-
tively, full therapeutic anticoagulation by an alternative
means (usually low molecular weight heparin) is required
until INR is within the patient’s target therapeutic range.

Discussion with the surgical team regarding risks of
rapid vs. delayed resumption of anticoagulation is impor-
tant to balance surgical and medical perioperative risks
and to establish trust among the treating teams. An essen-
tial point to remember is that while age and comorbidities
increase the risk of bleeding on anticoagulation [30], the
very same factors increase risk of postoperative thrombo-
embolic events. Bleeding risk on anticoagulation in-
creases from 2.9% per year in patients under age 85 to
4 .0% per year in pat ien ts 85 years and older .
Thromboembolic complications disproportionately in-
crease from 2.8 to 6.3% in the same age categories [31].
In general, the net clinical benefit favors prompt resump-
tion of anticoagulation postoperatively. The conversation
with the surgical team might include a discussion of stag-
gered resumption of antiplatelet and anticoagulant medi-
cations to mitigate bleeding risk and contingency plans to
address potential complications such as prolonged wound
drainage.

Conclusion

Perioperative anticoagulation management is a prime example
of the importance of team-based perioperative care. There is
no substitute for a conversation with the physician prescribing
the anticoagulation to determine the risk of interruption; dis-
cussion with the anesthesia team on the impact of
anticoagulation on the planned anesthetic modality; and dis-
cussion with the surgeon regarding procedure-specific bleed-
ing risks. Involvement of hospital pharmacists can be useful in
determining access to reversal agents, dose-adjustments for
renal insufficiency, and concerning drug-drug interactions that
might impact anticoagulant duration of action. Clear hospital
or program-level guidelines on perioperative anticoagulation
should be in place to guide these conversations and allow for
consistent decision making.
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