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PERIOPERATIVE CONSULTATIVE HEMATOLOGY: CAN YOU CLEAR MY PATIENT FOR SURGERY ? 

     Perioperative con sul ta tive hema tol ogy: 
can you clear my patient for a pro ce dure ?  
      Allison Elaine   Burnett , 1   Bishoy   Ragheb , 2  and  Scott   Kaatz  3
1  University of New Mexico , Health Sciences Center, College of Pharmacy, Albuquerque, NM ;   2 Tennessee Valley Health Systems (TVHS) Veterans 
Affairs, Nashville, TN ; and   3  Henry Ford Hospital , Detroit, MI 

   Periprocedural man age ment of antithrombotics is a com mon but chal leng ing clin i cal sce nario that ren ders patients 
vul ner a ble to poten tial adverse events such as bleed ing and throm bo sis. Over the past decade, periprocedural anti-
thrombotic approaches have changed con sid er ably with the advent of direct oral anti co ag u lants (DOACs), as well as 
a par a digm shift away from bridg ing in many war fa rin patients. Successfully nav i gat ing this high - risk period relies on a 
num ber of indi vid u al ized patient assess ments conducted within a frame work of stan dard ized, sys tem atic approaches. 
It also requires a thor ough under stand ing of antithrombotic phar ma co ki net ics, mul ti dis ci plin ary coor di na tion of care, 
and com pre hen sive patient edu ca tion and empow er ment. In this arti cle, we pro vide cli ni cians with a prac ti cal, step wise 
approach to periprocedural man age ment of antithrombotic agents through case - based exam ples of rel e vant clin i cal 
sce nar ios.  

   LEARNING OBJEC TIVES 
   •    Explain sig nifi   cant dif fer ences between perioperative man age ment of DOAC and war fa rin, includ ing the ratio nale 

for these dif fer ences 
  •    Determine if tem po rary inter rup tion of anti co ag u lant ther apy is needed through eval u a tion of fac tors, includ ing 

bleed ing and throm botic poten tial of the pro ce dure and the patient 
  •    Identify war fa rin patients who do and do not war rant con sid er ation for perioperative bridg ing 
  •    Develop safe, effec tive perioperative anticoagulation plans for DOAC and war fa rin patients based on existing evi-

dence and expert con sen sus  

  Introduction 
 Although exact num bers are not known, it is esti mated that 
6 to 8 mil lion peo ple in the United States are pre scribed 
oral anticoagulation (OAC) with either war fa rin or a direct 
oral anti co ag u lant (DOAC). 1,2  Approximately 10 %  to 15 %  of 
these patients will require tem po rary inter rup tion of anti-
coagulation for sur gery or an inva sive pro ce dure, which 
equates to 600 000 to 1 200 000 inter rup tions annu ally. 3,4  

 The periprocedural period is a time of sig nifi   cant risk for 
anticoagulation patients for a mul ti tude of rea sons, includ-
ing but not lim ited to the fol low ing: 

   •     A num ber of com plex indi vid u al ized assess ments must 
be made to esti mate bleed ing and throm botic risks of 
both the pro ce dure and the patient, which are largely 
based on expert con sen sus. 5,6  

  •     It is esti mated that sur gi cal patients will expe ri ence up to 
15 tran si tions of care. 7  Each tran si tion is asso ci ated with 

vul ner a bil ity to med i ca tion discrepancies, ther a peu tic 
over lap, fail ure to resume anticoagulation, com mu ni ca-
tion errors, and missed coor di na tion of fol low - up. 8,9  

  •     Anecdotal expe ri ence sug gests pro vid ers lack famil iar-
ity with the phar ma co ki net ics of the DOACs, which dif fer 
dra mat i cally from those of war fa rin. It is not uncom-
mon in clin i cal prac tice to dis cover DOAC patients with 
periprocedural plans with inap pro pri ately prolonged 
hold times and / or overlapping ther apy with low molec-
u lar weight hep a rin (LMWH) as pro vid ers try to man age 
these agents in a sim i lar man ner as they would war fa rin.  

 The increased risk for adverse events in the periproce-
dural period has prompted a num ber of qual ity improve-
ment and patient safety ini tia tives and shifts in prac tice. 

   •     In 2019, the Joint Commission revised its National 
Patient Safety Goal (NPSG) 03.05.01 pertaining to anti-
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coagulants to include a new element of performance (EP3) 
calling for hospitals to use approved protocols and evidence-
based practice guidelines for periprocedural management of 
all patients taking oral anticoagulants.10

• 	  The Centers for Medicare & Medicaid Services offers merit- 
based incentive payments to physicians who provide doc
umentation of periprocedural anticoagulation management 
plans, including timing of interruption, management of con
comitant antithrombotics, bridging (if indicated), laboratory 
measurements, timing of resumption, and discussion of plan 
with the patient.11

• 	  An increasing number of health systems are using clinical phar
macists and anticoagulation stewardship programs to opti
mize development and application of guideline-recommended 
periprocedural plans.12,13

It is important to acknowledge that perioperative consul
tation may be accompanied by differences of opinion and 
approaches between involved disciplines that requires thor
ough discussion and consensus building. In addition, a patient 
who is cleared for surgery should not be deemed “risk-free” 
from adverse events. Multidisciplinary collaboration before, 
during, and after surgery to assess for and mitigate risk as much 
as possible is essential for optimized patient care.

Atrial fibrillation

CLINICAL CASE
A 65-year-old female patient is to undergo an elective right hip 
replacement. Her medical history includes a bioprosthetic aor
tic valve, nonvalvular atrial fibrillation, hypertension, and diabe
tes. She is referred for periprocedural DOAC recommendations. 
Laboratory values, including renal and liver function, are normal.

Step 1: Does anticoagulation need to be interrupted?
Bleeding risk of the procedure
The need for OAC interruption is determined primarily by the 
bleeding risk of the procedure. Unfortunately, a high-quality, evi
dence-based schema to categorize procedural bleeding risk has 
not been well established and has led to differences across guide
lines and variations in practice.14-16 Recently, the International Soci-
ety on Thrombosis and Haemostasis issued guidance on this with 
the intent of promoting more standardized approaches.17 In our 
practice, we also often refer to the very comprehensive proce
dural bleeding risk appendix published with the 2017 ACC Expert 
Consensus Decision Pathway for Periprocedural Management of 
Anticoagulation in Patients With Nonvalvular Atrial Fibrillation.18 In 
Table 1, we have provided a list (nonexhaustive) of procedures with 
minimal bleeding risk that likely do not require interruption that 
can greatly simplify management and mitigate risk for harm. For 
other procedures, we suggest clinicians use existing procedure 
categorization tools as a framework for discussion with surgeons 
and other interventionalists when developing a perioperative plan.

Bleeding risk of the patient
The intrinsic bleeding risk of the patient should also be con
sidered during periprocedural planning. Characteristics that 
we routinely consider when assessing patient bleeding risk in-

Table 1. Minor surgeries or procedures that may not require 
interruption of OAC 

•  Minor dental (eg, 1-2 tooth extraction, cleaning)

•  Minor dermatologic or cutaneous

•  Cataract

•  Cardiac implantable devices (pacemakers, defibrillators)

•  Cardiac ablations, cardioversion, electrophysiology studies

•  Endovascular procedures (eg, angioplasty)

•  Endoscopy without resection or biopsy

•  Intramuscular vaccination

•  Percutaneous coronary interventions (radial approach)

clude thrombocytopenia, renal dysfunction with uremia, signifi
cant hepatic impairment with baseline coagulopathy, history of 
bleeding, and concomitant medications such as antiplatelets or 
nonsteroidal anti-inflammatory drugs. Although many of these 
are not modifiable, being aware of their presence may help 
anticipate and address complications.

Minimal bleed risk procedures
Studies have shown that many low bleeding risk minor surger
ies or procedures (which constitute up to 20% of cases) can 
be safely done without warfarin interruption.19 In addition, ran
domized controlled trials and meta-analyses have shown that 
warfarin interruption with or without LMWH bridging leads to 
more adverse events than no warfarin interruption.20-23 There is 
less certainty with continuing DOACs around minor procedures. 
However, a growing body of evidence suggests uninterrupted 
DOACs may be reasonable24-26 and possibly safer than uninter
rupted warfarin in many procedures (Table 1).27,28

Our patient is undergoing a hip replacement that we would 
consider a high bleed risk procedure, and DOAC should be 
interrupted.

Step 2: If OAC interruption is needed, does the patient 
require bridging?
DOACs
There are significant pharmacokinetic differences between DOACs 
and warfarin, and thus their perioperative management requires 
different approaches.26,29 In patients with normal renal function, 
DOACs have a much shorter half-life than warfarin (approxima
tely 12 hours vs approximately 40 hours, respectively) and much 
faster offset. Thus, withholding DOACs for a prolonged period 
of time (eg, 5 days as is routinely done with warfarin) potentially 
places the patient at risk for a thrombotic event. Also, given 
the rapid offset of DOACs, it is not necessary to interrupt them 
preprocedurally and replace with LMWH. In the postprocedure 
setting, it is imperative to recognize the faster onset of DOAC 
anticoagulant action (approximately 3 hours) compared with 
warfarin (approximately 4-5 days) and the need for carefully 
timed resumption to mitigate bleeding risk. Very importantly, 
DOACs should never be overlapped with parenteral anticoagu
lants, such as LMWH, as this is not necessary due to their rapid 
onset and studies showing significantly increased bleeding.3,4,25
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The Perioperative Anticoagulation Use for Surgery Evaluation 
(PAUSE) cohort study30 used a simple DOAC interruption and 
resumption protocol without any bridging in patients with atrial 
fibrillation undergoing surgical procedures. This was based in part 
on successful use of a similar approach in an earlier prospective 
multicenter trial evaluating perioperative management of dabiga-
tran.31 Timing of interruption and resumption was based on DOAC 
pharmacokinetic properties, procedural bleed risk, and renal func
tion. The investigators hoped to show a major bleeding rate of less 
than 2.0% and a stroke or transient ischemic attack (TIA) rate of 
less than 1.5% with 95% certainty. Of note, this study used num
ber of days and not hours for interruption and resumption timing, 
as shown in Table 2. Because dabigatran is primarily eliminated 
through the kidneys (80%), creatinine clearance was estimated 
(using the Cockcroft-Gault equation and actual body weight), and 
hold times were doubled in dabigatran patients with an estimated 
clearance of less than 50 mL/min. Results showed with 95% confi
dence that bleeding rates were not greater than 2.00%, 1.73%, and 
2.65% with apixaban, dabigatran, and rivaroxaban, respectively, 
and arterial thromboembolism was not greater than 1.5% with 
any DOAC. In addition, it was shown that more than 90% of DOAC 
patients collectively had little to no residual anticoagulant effect 
of more than 30 ng/mL (which has been suggested as an accept
able preoperative plasma concentration32), precluding the need 
for routine preoperative laboratory assessment when the PAUSE 
protocol is followed. The Scientific and Standardization Commit-
tee of the International Society on Thrombosis and Haemostasis 
suggests that if a preoperative quantitative DOAC level is 30 ng/mL 
or less, it is reasonable to proceed with an invasive procedure.33 To 
our knowledge, there are no data to suggest enhanced utility of 
measuring DOAC concentrations before elective procedures com
pared with a simple standardized, pharmacokinetic-based proto
col as was used in the PAUSE trial. Urgent or emergent procedures 
pose a challenge, and there may be a role for DOAC measurement 
in select situations. However, it is critical to bear in mind that these 
quantitative DOAC assays are not available in many hospitals, and 
if they are, turnaround times may preclude any utility.

An unanswered question is what to do in patients with a his
tory of venous thromboembolism (VTE), and we extrapolate 
the PAUSE study timing of interruption and resumption to these 
patients with confidence in the major bleeding rates but uncer
tainty in VTE recurrence.

An additional point is the PAUSE study differs slightly from the 
recommendations by the American Society of Regional Anes-
thesia, which recommend holding DOACs for 72 hours prior to 

neuraxial anesthesia and longer for dabigatran if the creatinine 
clearance is low.34

• � We would hold the DOAC for 2 days before surgery and restart 
the DOAC on postoperative day 2 or 3.

•�  �In the postprocedural interim until therapeutic anticoagulation 
is resumed, we would ensure adequate prophylaxis (eg, enox-
aparin 40 mg subcutaneously [SQ ] once daily) to prevent post
operative VTE.

CLINICAL CASE (Continued)
The patient does well, and a year later, she is going to have her 
other hip replaced. Unfortunately, her insurance has changed, and 
she can no longer afford a DOAC and is taking warfarin. Her med
ical history is unchanged, and her laboratory tests remain normal.

Warfarin
Due to the long offset of warfarin (approximately 5 days), clini
cians must determine timing of interruption to provide the de-
sired residual anticoagulant effect, as well as any role for bridging 
with a parenteral anticoagulant. For clarity, when we use the term 
bridging, we mean therapeutic-intensity anticoagulation, such as 
enoxaparin 1 mg/kg twice daily. The decision to bridge or not is 
based on the patient’s indication for anticoagulation, underlying 
thrombotic risk, and the thrombotic risk of the procedure. Al-
though bridging of warfarin was once routinely employed, retro
spective observational evidence published over the past decade 
has consistently shown bridging to be associated with net harm 
and suggests it should be avoided in most cases.6,35-37

The randomized controlled Bridging Anticoagulation in 
Patients Who Require Temporary Interruption of Warfarin Ther-
apy for an Elective Invasive Procedure or Surgery (BRIDGE) trial 
sought to answer whether forgoing LMWH bridging in atrial  
fibrillation patients requiring warfarin interruption for a procedure 
would result in less major bleeding without an increase in arte
rial thromboembolism. Per standardized protocol, warfarin was 
held for 5 days preprocedurally, and patients were randomized to 
placebo or LMWH (dalteparin) with 30-day primary outcomes of 
major bleeding (superiority) and arterial thromboembolic event 
(noninferiority). There was no difference in arterial thromboem
bolism 0.4% vs 0.3%, and major bleeding was reduced with no 
bridging (1.3%) vs LMWH bridging (3.2%) (P < .005).37 This trial 

Table 2. Periprocedural DOAC interruption protocol from PAUSE study

Characteristic Apixaban Rivaroxaban Dabigatran CrCl ≥50 Dabigatran CrCl <50 Edoxaban

Preprocedural interruption Days Days Days Days Not studied

  Low bleeding risk procedure 1 1 1 2

  High bleeding risk procedure 2 2 2 4

Postprocedural resumption

  Low bleeding risk procedure 1 1 1 1

  High bleeding risk procedure 2-3 2-3 2-3 2-3

For procedural bleeding risk stratification, we suggest using society-based guidance in the appendix to the ACC consensus decision pathway18 or 
categorization from PAUSE study.30

CrCl, creatinine clearance.
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prompted a paradigm shift away from bridging in most patients 
with atrial fibrillation.

In the BRIDGE trial, warfarin was resumed the night of the pro
cedure at the patient’s usual home dose. The mean time to rees-
tablish a therapeutic international normalized ratio (INR) was 8 
days. To minimize this period of subtherapeutic anticoagulation, 
it is reasonable to consider a boosted dose of warfarin for 1 to 2 
days after the procedure in the absence of high bleeding risk.38

Thromboembolic risk stratification
We use a thromboembolic risk stratification approach based 
on available evidence and expert consensus recommendations 
from multiple organizations to guide decisions on bridging war
farin patients who require temporary interruption for a proce
dure (Table 3).18,19,39,40

• � We would not use bridging anticoagulation in our atrial fibrillation 
patient because her CHA2DS2-VASc (Congestive heart failure = 1, 
Hypertension = 1, age >/= 75 years = 2, Diabetes = 1, Stroke/TIA = 2, 
Vascular disease = 1, Age 65-74 = 1, Sex category = 1) score is 4.

•  We would resume her warfarin the night of the procedure.
• � While the patient is still in the hospital, we would ensure ade

quate prophylaxis with low-dose anticoagulation (eg, enoxa-
parin 40 mg SQ once daily) to prevent postoperative VTE until 
the INR is 2 or more.

Mechanical heart valve

CLINICAL CASE (Continued)
The patient did well after her second hip surgery and has been 
doing so much walking that her left knee now needs replacement. 
Unfortunately, her bioprosthetic aortic valve gave out in the interim, 

and she now has a bileaflet mechanical aortic valve. Her other med
ical history is unchanged, and laboratory values remain normal. She 
presents for perioperative warfarin management again.

The American College of Chest Physicians (ACCP) 2012 guide
lines and the American College of Cardiology (ACC)/American 
Heart Association 2020 guidelines are concordant in their clas
sification of mechanical heart valves as (1) high risk if any mitral, 
caged-ball, or tilting disk valves or recent (within 6 months) 
stroke or TIA; (2) moderate risk with bileaflet aortic valve and 
any other risk factor, which includes atrial fibrillation, prior stroke 
or TIA, hypertension, diabetes, congestive heart failure, or older 
than 75 years; and (3) low risk with bileaflet aortic valves with no 
other risk factors (Table 3).19,39

The only randomized trial for LMWH bridging for warfarin inter
ruption in patients with mechanical heart valves that we are aware 
of is the recently published Postoperative low molecular weight 
heparin bridging treatment for patients at high risk of arterial 
thromboembolism (PERIOP 2) trial.41 Patients with atrial fibrillation 
or non-high-risk mechanical valves who required warfarin interrup
tion for a procedure (n = 1471) were randomized to LMWH bridging 
or placebo and followed for 90 days. LMWH bridging consisted 
of therapeutic dose dalteparin 200 IU/kg subcutaneously on days  
−3 and −2 before procedure and half the therapeutic dose of 
100 IU/kg subcutaneously the day before the procedure. Post-
procedurally (same day or next day), patients in the intervention 
arm at high bleed risk were given fixed-dose prophylactic dalte-
parin 5000 IU, and those at low bleed risk were given dalteparin 
200 IU/kg subcutaneously until the INR was more than 1.9.

In the subgroup of 304 patients with non-high-risk mechan
ical valves, no bridging vs bridging major thromboembo
lism event rates were 0% vs 0.7% (P = .49), and major bleeding 
occurred in 2% vs 0.7% (P = .62) respectively. The investigators 
concluded there is no benefit from postprocedure LMWH bridg
ing in patients with non-high-risk mechanical valves.

Table 3. Thromboembolic risk stratification and bridging considerations

Indication Mechanical heart valve Atrial fibrillation VTE

Guideline(s) ACCP 2012, ACC/AHA 2020 ACCP 2012, ACC 2017 ACCP 2012, ASH 2018

Thrombotic risk Criteria Recommendation Criteria* Recommendation Criteria Recommendation

High •  All mitral valve
• � Caged-ball and 

tilting disc
• � Stroke or TIA in 

past 6 months

Suggest bridging/ 
reasonable to 
bridge

CHADS2
>4

CHA2DS2-VASc
>7

Suggest bridging • � Within 3 
months

• � Severe 
thrombophilia

CHEST 2012: 
Suggest  
bridging

ASH 2018: Not 
addressed

Moderate Bileaflet aortic valve 
+ risk factors

•  Atrial fibrillation
•  Prior stroke or TIA
•  Hypertension
•  Diabetes
•  Congestive heart 

failure
•  Age >75 years

Individualized 
decision based 
on patient and 
procedural 
nuances

CHADS2
3-4

CHA2DS2-VASc
5 or 6

Individualized 
decision based 
on patient and 
procedural 
nuances

• � Past 3-12 
months

•  Recurrent VTE
•  Active cancer
• � Nonsevere 

thrombophilia

CHEST 2012: 
Individualized 
decision based 
on patient and 
procedural 
nuances

ASH 2018: Do not 
bridge

Low Bileaflet aortic 
valve without risk 
factors

Do not bridge CHADS2
≤2

CHA2DS2-VASc
<4

Do not bridge More than 12 
months ago

CHEST 2012: Do 
not bridge

ASH 2018: Do not 
bridge

*ACCP 2012 based on CHADS2; 2017 ACC expert consensus decision pathway for periprocedural management of anticoagulation based on CHA2DS2-VASc.
ACC, American College of Cardiology; ACCP, American College of Chest Physicians; AHA, American Heart Association.    
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In a systemic review of 5 studies of unfractioned heparin or 
LMWH bridging in patients with mechanical heart valves, major 
bleeding rates ranged from 4.39% to 10.07%. Bleeding defini
tions varied, precluding the pooling of results. Although obser
vational data, this analysis suggests that bleeding risk associated 
with bridging in valve patients is not negligible and underscores 
the need for limiting to patients at increased thrombotic risk.42

Some observational data suggest that prophylactic dose 
anticoagulation may be a viable perioperative approach for 
select mechanical valve patients requiring temporary interrup
tion in warfarin, as well as those with newly implanted valves as 
a bridge to a therapeutic INR of 2 or more.43,44 This may mitigate 
bleeding risk but also provides important postoperative VTE 
prophylaxis. However, it cannot be recommended as a routine 
approach for all patients until better data are available.

• 	  We would check her INR about 7 to 10 days prior to surgery 
and, if in the therapeutic range, would hold warfarin 5 days 
preoperatively to allow nadir of anticoagulant effect at the 
time of the procedure.

• 	  We would have careful shared decision making with the 
patient and her orthopedic surgeon regarding the poten
tial benefits and harms of bridging with LMWH because her 
thromboembolic risk is moderate, and unlike warfarin inter

ruption in atrial fibrillation, there is no strong evidence to 
guide us.

• 	  After much discussion, it is ultimately decided she does not 
require bridging therapy based on her moderate thrombo
embolic risk from her bileaflet mechanical aortic valve.

VTE

CLINICAL CASE (Continued)

• 	  A year later, the patient is now going to have her other (right) 
knee replaced (fourth major orthopedic surgery), and this 
consultation is more complex.

• 	  After her last knee surgery, the decision to not use bridg
ing with therapeutic dose LMWH was interpreted as to not 
use any LMWH, and the patient never received any venous 
thromboembolism prophylaxis postoperatively while warfa
rin rose to the appropriate INR target.

• 	  She developed a deep vein thrombosis, which was treated 
in the usual manner, and she remains on warfarin for her 
mechanical heart valve and atrial fibrillation.

Table 4. Special situations that may influence perioperative antithrombotic management

Situation or issue Comments Suggested actions

Urgent/emergent  
procedures

• � If there is not adequate time to allow natural normalization 
of the patient’s coagulation status before surgery, use of 
reversal agents, prohemostatic agents, or specific anti
dotes may be indicated and should be done judiciously 
and thoughtfully.

• � Rapidly returning a patient to their native, prothrombotic 
state along with any intrinsic risk of thrombosis posed by 
the reversal agents or antidotes themselves may increase 
the risk for adverse events.

• � Shared decision making with the patient, multidisci
plinary discussion, and consultation with a thrombosis 
specialist

• � Clinicians are referred to existing guidance on reversal 
of anticoagulation.40,45,46

Patients on concomitant 
antiplatelet therapies

• � This is an opportune time to evaluate the overall clinical 
necessity of concomitant antiplatelet therapy. If not indi
cated, clinicians should discuss permanent discontinuation 
with the patient and prescriber.

• � Whether to temporarily interrupt concomitant antiplatelet 
therapies is a complex decision that is based on several 
factors, including indication, recency of events, bleeding, 
and thrombotic risks of the procedure and patient.

• � Perioperative antiplatelet strategies should be individually 
tailored based on multidisciplinary input.

• � Shared decision making with the patient, multidisci
plinary discussion, and consultation with prescriber of 
antiplatelet therapy (eg, cardiologist, neurologist) and 
thrombosis specialist

• � Clinicians are referred to existing guidance on 
perioperative antiplatelet management.47,48

History of heparin-induced 
thrombocytopenia (HIT)

• � Patients with a history of HIT should not receive any hep
arin or LMWH products, including small doses such as 
flushes or VTE prophylaxis.

• � Use an alternative, nonheparin anticoagulant such as 
bivalirudin, fondaparinux, or a DOAC as appropriate 
based on patient’s clinical status and clinical situation.

• � Clinicians are referred to existing guidance on HIT.49

Inferior vena cava (IVC) 
filters

• � The estimated incidence of VTE recurrence in the first 
month after an acute event off of anticoagulant therapy is 
estimated to be 40%.50

• � If possible, delay nonurgent/emergent procedures to 
allow at least 3 months of anticoagulation therapy follow
ing an acute VTE.

• � If the procedure cannot be delayed and the VTE occurred 
in the previous 30 days, a retrievable IVC filter may be 
considered.

• � If the patient is anticipated to be off anticoagulation for 
<48 hours, aggressive pharmacologic prophylaxis with 
expedient escalation to therapeutic dosing is preferred.

• � If a retrievable filter is considered, a plan for timely 
removal should be clearly delineated prior to placement.

• � Clinicians are referred to existing guidance on IVC filters.51

Severe renal impairment • � Warfarin patients with severe renal impairment or on 
hemodialysis who have a clear indication for bridging can
not be managed with LMWH.

• � These patients may need to have their warfarin held at a 
prespecified time in the outpatient setting and then be 
admitted for bridging therapy with intravenous heparin.
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an anticoagulant that does not require oral intake or absorption 
would be preferred.

Special situations
Some additional clinical situations warrant discussion but are be-
yond the scope this article. We have summarized these in Tables 
4 and 5.45-51

Summary
Each year, a large number of patients taking OACs undergo an 
invasive procedure, with many requiring temporary interruption 
of therapy. This is a high-risk period for patients that requires 
thoughtful and methodical approaches using the best avail
able evidence and expert consensus to balance bleeding and 
thrombotic risks. It is important for clinicians to be familiar with 
procedures where OAC does not require interruption, as this 
will greatly simplify management and likely minimize adverse 
events. For situations when interruption is indicated, it is imper
ative for clinicians to be familiar with key differences in pharma
cokinetic properties between DOACs and warfarin, as these lead 
to significantly different perioperative management approaches. 
A stepwise system-level process, multidisciplinary collaboration, 
shared decision making with patients, and clear communication 
and documentation of the plan are all key elements of antithrom-
bosis stewardship necessary for successful navigation and im-
plementation of perioperative plans.

Conflict-of-interest disclosure
Allison Elaine Burnett: no relevant conflicts of interest. 
Bishoy Ragheb: no relevant conflicts of interest.
Scott Kaatz: research funding: Janssen, BMS, Osmosis Research, 
National Institutes of Health; consultancy: Janssen, BMS, Alexion/
Portola, Novartis, CSL Behring, Gilead.

Off-label drug use
Allison Elaine Burnett: There are currently no anticoagulants ap-
proved specifically for bridging therapy in warfarin patients, thus 
any discussion on this is off-label. 
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Correspondence
Allison Elaine Burnett; University of New Mexico, Health Sciences 
Center, College of Pharmacy, 2211 Lomas Blvd NE, Albuquerque, 
NM 87106; e-mail: aburnett@salud​.unm​.edu.

References
1.	 Colacci M, Tseng EK, Sacks CA, Fralick M. Oral anticoagulant utilization in 

the United States and United Kingdom. J Gen Intern Med. 2020;35(8):2505-
2507.

2.	 Bleeding Risk Survey. Blood clots. Accessed 24 April 2021. https:​/​/www​
.stoptheclot​.org​/news​/bleeding​-risk​-survey​/

3.	 Sherwood MW, Douketis JD, Patel MR, et al; ROCKET AF Investigators. 
Outcomes of temporary interruption of rivaroxaban compared with war
farin in patients with nonvalvular atrial fibrillation: results from the rivarox-
aban once daily, oral, direct factor Xa inhibition compared with vitamin K 
antagonism for prevention of stroke and embolism trial in atrial fibrillation 
(ROCKET AF). Circulation. 2014;129(18):1850-1859.

4.	 Healey JS, Eikelboom J, Douketis J, et al; RE-LY Investigators. Periprocedural 
bleeding and thromboembolic events with dabigatran compared with 

The ACCP classifies VTE as (1) high, VTE within 3 months or 
severe thrombophilia; (2) moderate, VTE within 3 to 12 months, 
nonsevere thrombophilia (eg, heterozygous factor V Leiden or pro
thrombin gene mutation), recurrent VTE, or active cancer within 6 
months; and (3) low, VTE more than 12 months ago and no other 
risk factors. They suggest bridging for high risk, no bridging for low 
risk, and individualized decision making for moderate risk.19 The 
American Society of Hematology (ASH) 2018 guidelines on optimal 
management of anticoagulant therapy, which use the same VTE 
risk stratification as the ACCP, differ slightly, in that they suggest no 
bridging in patients with VTE at moderate risk (Table 3).40

There are no randomized trials for bridging in patients with 
VTE who require periprocedural warfarin interruption that we 
are aware of. A systematic review of 28 observational studies 
comparing bridging vs no bridging in 6915 procedures showed 
no difference in VTE rates (0.7% vs 0.5%), an increase in major 
bleeding (1.8% vs 0.4%), and an increase in all bleeding (3.9% vs 
0.4%), respectively. The 95% confidence intervals overlapped for 
VTE and major bleeding but did not for all bleeding.35

• 	  There is no clear answer for this patient. She is at low risk from 
a purely VTE standpoint based on ACCP and ASH guidelines.

• 	  However, we would likely bridge just on practicality of her 
collective risk factors.

• 	  We would initiate perioperative bridging with therapeutic 
dose LMWH and hold for 24 hours prior to the procedure.

• 	  We would resume therapeutic dose LMWH 2 to 3 days postop
eratively because knee surgery is a high bleeding risk surgery.

• 	  This time, however, prophylactic dose LMWH is to be given on 
postoperative days 1 and 2 for VTE prevention until therapeutic 
dose LMWH is started for the moderate-risk mechanical valve 
(and will also “cover” the low-risk atrial fibrillation and prior VTE).

Postprocedure VTE prophylaxis
As highlighted in each of the case vignettes above, most if not 
all surgical patients warrant postoperative VTE prophylaxis in the 
interim until they can be safely increased to therapeutic anti-
coagulation at the appropriate time (ie, 24 hours for low bleed 
risk procedures, 48-72 hours for high bleed risk procedures). This 
is termed a “step-up” approach, and the most commonly used 
prophylactic agents are LMWH and heparin. Although DOACs 
could be considered a means of VTE prophylaxis in the step-
up period, patients may not immediately be able to tolerate 
oral medications. In addition, some patients may have altered 
absorption, including those with postoperative ileus or patients 
who have undergone bariatric surgery. For these patients, use of 

Table 5. Additional clinical resources for periprocedural tools 
and guidance

Resource Location

Anticoagulation Forum Centers of 
Excellence

https:​/​/acforum​-excellence​.org

Managing Anticoagulation in the 
Perioperative Period (MAPP)

http:​/​/mappp​.ipro​.org

Michigan Anticoagulation Quality 
Improvement Initiative (MAQI2)

http:​/​/www​.maqi2​.org

Thrombosis Canada https://thrombosiscanada​.ca

D
ow

nloaded from
 http://ashpublications.org/hem

atology/article-pdf/2021/1/521/1861922/521burnett.pdf by guest on 14 February 2022

mailto:aburnett@salud.unm.edu
https://www.stoptheclot.org/news/bleeding-risk-survey/
https://www.stoptheclot.org/news/bleeding-risk-survey/
https://acforum-excellence.org
http://mappp.ipro.org
http://www.maqi2.org
https://thrombosiscanada.ca


Perioperative management of antithrombotics  |  527

warfarin: results from the randomized evaluation of long-term anticoagula-
tion therapy (RE-LY) randomized trial. Circulation. 2012;126(3):343-348.

5.	 Shaw JR, Kaplovitch E, Douketis J. Periprocedural management of oral anti-
coagulation. Med Clin North Am. 2020;104(4):709-726.

6.	 Rose AJ, Allen AL, Minichello T. A call to reduce the use of bridging antico-
agulation. Circ Cardiovasc Qual Outcomes. 2016;9(1):64-67.

7.	 Bougeard A-M, Watkins B. Transitions of care in the perioperative peri-
od—a review. Clin Med (Lond). 2019;19(6):446-449.

8.	 Michota F. Transitions of care in anticoagulated patients. J Multidiscip 
Healthc. 2013;6:215-228.

9.	 Steib A, Mertes P-M, Marret E, Albaladejo P, Fusciardi J. Compliance with 
guidelines for the perioperative management of vitamin K antagonists. 
Thromb Res. 2014;133(6):1056-1060.

10.	 Dager WE, Ansell J, Barnes GD, et al. “Reduce the likelihood of patient harm 
associated with the use of anticoagulant therapy”: Commentary from the 
Anticoagulation Forum on the Updated Joint Commission NPSG.03.05.01 
elements of performance. Jt Comm J Qual Patient Saf. 2020;46(3):173-180.

11.	 Centers for Medicare & Medicaid Services. Quality payment program. 
Explore measures & activities. 2021 improvement activities. Anticoagulant 
management improvements. Accessed 25 April 2021. https:​/​/qpp​.cms​.gov​
/mips​/explore​-measures​?tab=improvementActivities&py=2020

12.	 Kataruka A, Renner E, Barnes GD. Evaluating the role of clinical pharma
cists in pre-procedural anticoagulation management. Hosp Pract (1995). 
2018;46(1):16-21.

13.	 Marquez J, Togami JC, Dant CR, Herrera A, Marshik P, Burnett AE. Peri-pro
cedural antithrombotic management: time to burn the bridge? J Thromb 
Thrombolysis. 2018;45(3):337-344.

14.	 Collins R, Scrimgeour A, Yusuf S, Peto R. Reduction in fatal pulmonary 
embolism and venous thrombosis by perioperative administration of sub
cutaneous heparin. Overview of results of randomized trials in general, 
orthopedic, and urologic surgery. N Engl J Med. 1988;318(18):1162-1173.

15.	 Baron TH, Kamath PS, McBane RD. Management of antithrombotic therapy 
in patients undergoing invasive procedures. N Engl J Med. 2013;368(22):​
2113-2124.

16.	 Spyropoulos AC, Douketis JD. How I treat anticoagulated patients under
going an elective procedure or surgery. Blood. 2012;120(15):2954-2962.

17.	 Spyropoulos AC, Brohi K, Caprini J, et al; SSC Subcommittee on Perioper-
ative and Critical Care Thrombosis and Haemostasis of the International 
Society on Thrombosis and Haemostasis. Scientific and standardization 
committee communication: guidance document on the periprocedural 
management of patients on chronic oral anticoagulant therapy: recommen
dations for standardized reporting of procedural/surgical bleed risk and 
patient-specific thromboembolic risk. J Thromb Haemost. 2019;17(11):1966– 
1972.

18.	 Doherty JU, Gluckman TJ, Hucker WJ, et al. 2017 ACC expert consensus deci
sion pathway for periprocedural management of anticoagulation in patients 
with nonvalvular atrial fibrillation. J Am Coll Cardiol. 2017;69(7):871–898.

19.	 Douketis JD, Spyropoulos AC, Spencer FA, et  al. Perioperative manage
ment of antithrombotic therapy: antithrombotic therapy and prevention of 
thrombosis, 9th ed: American College of Chest Physicians Evidence-Based 
Clinical Practice Guidelines. Chest. 2012;141(2, suppl):e326S-e350S.

20.	Birnie DH, Healey JS, Wells GA, et al; BRUISE CONTROL Investigators. Pace-
maker or defibrillator surgery without interruption of anticoagulation. N 
Engl J Med. 2013;368(22):2084-2093.

21.	 Di Biase L, Burkhardt JD, Santangeli P, et  al. Periprocedural stroke and 
bleeding complications in patients undergoing catheter ablation of atrial 
fibrillation with different anticoagulation management: results from the 
role of coumadin in preventing thromboembolism in atrial fibrillation (AF) 
patients undergoing catheter ablation (COMPARE) randomized trial. Circu-
lation. 2014;129(25):2638-2644.

22.	Kowalewski M, Suwalski P, Raffa GM, et al. Meta-analysis of uninterrupted as 
compared to interrupted oral anticoagulation with or without bridging in 
patients undergoing coronary angiography with or without percutaneous 
coronary intervention. Int J Cardiol. 2016;223:186-194.

23.	Shahi V, Brinjikji W, Murad MH, Asirvatham SJ, Kallmes DF. Safety of unin
terrupted warfarin therapy in patients undergoing cardiovascular endo-
vascular procedures: a systematic review and meta-analysis. Radiology. 
2016;278(2):383-394.

24.	Birnie DH, Healey JS, Wells GA, et al. Continued vs. interrupted direct oral 
anticoagulants at the time of device surgery, in patients with moderate 
to high risk of arterial thrombo-embolic events (BRUISE CONTROL-2). Eur 
Heart J. 2018;39(44):3973-3979.

25.	Beyer-Westendorf J, Gelbricht V, Förster K, et al. Peri-interventional man
agement of novel oral anticoagulants in daily care: results from the pro
spective Dresden NOAC registry. Eur Heart J. 2014;35(28):1888-1896.

26.	Steffel J, Collins R, Antz M, et  al. 2021 European Heart Rhythm Associa-
tion practical guide on the use of non-vitamin K antagonist oral anticoag
ulants in patients with atrial fibrillation [published online 25 April 2021]. EP 
Europace.

27.	 Romero J, Cerrud-Rodriguez RC, Alviz I, et al. Significant benefit of unin
terrupted DOACs versus VKA during catheter ablation of atrial fibrillation. 
JACC Clin Electrophysiol. 2019;5(12):1396-1405.

28.	Sticherling C, Marin F, Birnie D, et  al. Antithrombotic management in 
patients undergoing electrophysiological procedures: a European Heart 
Rhythm Association (EHRA) position document endorsed by the ESC 
Working Group Thrombosis, Heart Rhythm Society (HRS), and Asia Pacific 
Heart Rhythm Society (APHRS). Europace. 2015;17(8):1197-1214.

29.	Burnett AE, Mahan CE, Vazquez SR, Oertel LB, Garcia DA, Ansell J. Guidance 
for the practical management of the direct oral anticoagulants (DOACs) in 
VTE treatment. J Thromb Thrombolysis. 2016;41(1):206-232.

30.	Douketis JD, Spyropoulos AC, Duncan J, et al. Perioperative management 
of patients with atrial fibrillation receiving a direct oral anticoagulant. JAMA 
Intern Med. 2019;179(11):1469-1478.

31.	 Schulman S, Carrier M, Lee AY, et al; Periop Dabigatran Study Group. 
Perioperative management of dabigatran: a prospective cohort study. Cir-
culation. 2015;132(3):167-173.

32.	Godier A, Dincq A-S, Martin A-C, et al. Predictors of pre-procedural concen
trations of direct oral anticoagulants: a prospective multicentre study. Eur 
Heart J. 2017;38(31):2431-2439.

33.	Levy JH, Ageno W, Chan NC, et al; Subcommittee on Control of Antico-
agulation. When and how to use antidotes for the reversal of direct oral 
anticoagulants: guidance from the SSC of the ISTH. J Thromb Haemost. 
2016;14(3):623-627.

34.	Horlocker TT, Vandermeuelen E, Kopp SL, Gogarten W, Leffert LR, Benzon 
HT. Regional anesthesia in the patient receiving antithrombotic or throm
bolytic therapy: American Society of Regional Anesthesia and Pain Med-
icine Evidence-Based Guidelines (Fourth Edition). Reg Anesth Pain Med. 
2018;43(3):263-309.

35.	Baumgartner C, de Kouchkovsky I, Whitaker E, Fang MC. Periprocedural 
bridging in patients with venous thromboembolism: a systematic review. 
Am J Med. 2019;132(6):722-732.e7732e7.

36.	Siegal D, Yudin J, Kaatz S, Douketis JD, Lim W, Spyropoulos AC. Periproce-
dural heparin bridging in patients receiving vitamin K antagonists: sys
tematic review and meta-analysis of bleeding and thromboembolic rates. 
Circulation. 2012;126(13):1630-1639.

37.	 Douketis JD, Spyropoulos AC, Kaatz S, et al; BRIDGE Investigators. Periop-
erative bridging anticoagulation in patients with atrial fibrillation. N Engl J 
Med. 2015;373(9):823-833.

38.	Schulman S, Hwang H-G, Eikelboom J-W, Kearon C, Pai M, Delaney J. Load-
ing dose vs. maintenance dose of warfarin for reinitiation after invasive pro
cedures: a randomized trial. J Thromb Haemost. 2014;12(8):1254-1259.

39.	 Otto Catherine M., Nishimura Rick A., Bonow Robert O., et  al. 2020 
ACC/AHA guideline for the management of patients with valvular heart 
disease: a report of the American College of Cardiology/American Heart 
Association Joint Committee on Clinical Practice Guidelines. Circulation. 
2021;​143(5):​e72-e227.

40.	Witt DM, Nieuwlaat R, Clark NP, et al. American Society of Hematology 
2018 guidelines for management of venous thromboembolism: optimal 
management of anticoagulation therapy. Blood Adv. 2018;2(22):3257-3291.

41.	 Kovacs MJ, Wells PS, Anderson DR, et al; PERIOP2 Investigators. Postop-
erative low molecular weight heparin bridging treatment for patients at 
high risk of arterial thromboembolism (PERIOP2): double blind randomised 
controlled trial. BMJ. 2021;373:n1205.

42.	Torres M. Effects of heparinoid bridging in patients with mechanical heart 
valves [published online 16 November 2020]. J Am Assoc Nurse Pract.

43.	Mathew JG, Spyropoulos AC, Yusuf A, et  al. Efficacy and safety of early 
parenteral anticoagulation as a bridge to warfarin after mechanical valve 
replacement. Thromb Haemost. 2014;112(6):1120-1128.

44.	Hjellström L, Labaf A. Prophylactic doses of low-molecular weight hepa
rin as periprocedural bridging therapy in mechanical heart valve patients. 
Thromb Res. 2018;163:180-184.

45.	Tomaselli GF, Mahaffey KW, Cuker A, et al. 2020 ACC expert consensus 
decision pathway on management of bleeding in patients on oral antico
agulants. J Am Coll Cardiol. 2020;76(5):594-622.

46.	Cuker A, Burnett A, Triller D, et al. Reversal of direct oral anticoagulants: 
guidance from the anticoagulation forum. Am J Hematol. 2019;94(6):697–
709.

47.	 Filipescu DC, Stefan MG, Valeanu L, Popescu WM. Perioperative manage
ment of antiplatelet therapy in noncardiac surgery. Curr Opin Anaesthesiol. 
2020;33(3):454-462.

D
ow

nloaded from
 http://ashpublications.org/hem

atology/article-pdf/2021/1/521/1861922/521burnett.pdf by guest on 14 February 2022

https://qpp.cms.gov/mips/explore-measures?tab=improvementActivities&py=2020
https://qpp.cms.gov/mips/explore-measures?tab=improvementActivities&py=2020


528  |  Hematology 2021  |  ASH Education Program

48.	Roberta R, Giuseppe T, Giuseppe M, et al. A multidisciplinary approach on 
the perioperative antithrombotic management of patients with coronary 
stents undergoing surgery. JACC: Cardiovasc Interv. 2018;11(5):417-434.

49.	Cuker A, Arepally GM, Chong BH, et al. American Society of Hematology 
2018 guidelines for management of venous thromboembolism: heparin-
induced thrombocytopenia. Blood Adv. 2018;2(22):3360-3392.

50.	Kearon C, Hirsh J. Management of anticoagulation before and after elective 
surgery. N Engl J Med. 1997;336(21):1506-1511.

51.	 Kelkar AH, Rajasekhar A. Inferior vena cava filters: a framework for evi
dence-based use. Hematology Am Soc Hematol Educ Program. 2020;​
2020(1):619-628.

DOI 10.1182/hematology.2021000287

D
ow

nloaded from
 http://ashpublications.org/hem

atology/article-pdf/2021/1/521/1861922/521burnett.pdf by guest on 14 February 2022


	Perioperative consultative hematology: can you clear my patient for a procedure?
	Recommended Citation

	tmp.1644856530.pdf.3wKYV

