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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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co ag u lants to include a new ele ment of per for mance (EP3) 
call ing for hos pi tals to use approved pro to cols and evi dence-
based prac tice guide lines for periprocedural man age ment of 
all  patients tak ing oral anti co ag u lants.10

•  The Centers for Medi care & Med ic aid Services offers merit- 
based incen tive pay ments to phy si cians who pro vide doc-
u men ta tion of periprocedural anticoagulation man age ment 
plans, includ ing tim ing of inter rup tion, man age ment of con-
com i tant antithrombotics, bridg ing (if indi cated), lab o ra tory 
mea sure ments, tim ing of resump tion, and dis cus sion of plan 
with the patient.11

•  An increas ing num ber of health sys tems are using clin i cal phar-
ma cists and anticoagulation stew ard ship pro grams to opti-
mize devel op ment and appli ca tion of guide line-recommended 
periprocedural plans.12,13

It is impor tant to acknowl edge that perioperative con sul-
ta tion may be accom pa nied by dif fer ences of opin ion and 
approaches between involved dis ci plines that requires thor-
ough dis cus sion and con sen sus build ing. In addi tion, a patient 
who is cleared for sur gery should not be deemed “risk-free” 
from adverse events. Multidisciplinary col lab o ra tion before, 
dur ing, and after sur gery to assess for and mit i gate risk as much 
as pos si ble is essen tial for opti mized patient care.

Atrial fibril la tion

CLINICAL CASE
A 65-year-old female patient is to undergo an elec tive right hip 
replace ment. Her med i cal his tory includes a bioprosthetic aor-
tic valve, nonvalvular atrial fibril la tion, hyper ten sion, and dia be-
tes. She is referred for periprocedural DOAC rec om men da tions. 
Laboratory val ues, includ ing renal and liver func tion, are nor mal.

Step 1: Does anticoagulation need to be interrupted?
Bleeding risk of the pro ce dure
The need for OAC inter rup tion is deter mined pri mar ily by the 
bleed ing risk of the pro ce dure. Unfortunately, a high-qual ity, evi-
dence-based schema to cat e go rize pro ce dural bleed ing risk has 
not been well established and has led to dif fer ences across guide-
lines and var i a tions in prac tice.14-16 Recently, the International Soci-
ety on Thrombosis and Haemostasis issued guid ance on this with 
the intent of pro mot ing more stan dard ized approaches.17 In our 
prac tice, we also often refer to the very com pre hen sive pro ce-
dural bleed ing risk appen dix 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 pro vided a list (nonexhaustive) of pro ce dures with 
min i mal bleed ing risk that likely do not require inter rup tion that 
can greatly sim plify man age ment and mit i gate risk for harm. For 
other pro ce dures, we sug gest cli ni cians use existing pro ce dure 
cat e go ri za tion tools as a frame work for dis cus sion with sur geons 
and other interventionalists when devel op ing a perioperative plan.

Bleeding risk of the patient
The intrin sic bleed ing risk of the patient should also be con-
sid ered dur ing periprocedural plan ning. Characteristics that 
we rou tinely con sider when assessing patient bleed ing risk in-

Table 1. Minor sur ger ies or pro ce dures that may not require 
inter rup tion of OAC 

• Minor den tal (eg, 1-2 tooth extrac tion, cleaning)

• Minor der ma to logic or cuta ne ous

• Cataract

• Cardiac implant able devices (pace mak ers, defi bril la tors)

• Cardiac abla tions, cardioversion, elec tro phys i  ol ogy stud ies

• Endovascular pro ce dures (eg, angio plasty)

• Endoscopy with out resec tion or biopsy

• Intramuscular vac ci na tion

• Percutaneous cor o nary inter ven tions (radial approach)

clude throm bo cy to pe nia, renal dys func tion with ure mia, sig nifi -
cant hepatic impair ment with base line coagulopathy, his tory of 
bleed ing, and con com i tant med i ca tions such as antiplatelets or 
non ste roi dal anti-inflam ma tory drugs. Although many of these 
are not mod i fi able, being aware of their pres ence may help 
antic i pate and address com pli ca tions.

Minimal bleed risk pro ce dures
Studies have shown that many low bleed ing risk minor sur ger-
ies or pro ce dures (which con sti tute up to 20% of cases) can 
be safely done with out war fa rin inter rup tion.19 In addi tion, ran-
dom ized con trolled tri als and meta-ana ly ses have shown that 
war fa rin inter rup tion with or with out LMWH bridg ing leads to 
more adverse events than no war fa rin inter rup tion.20-23 There is 
less cer tainty with con tinu ing DOACs around minor pro ce dures. 
However, a grow ing body of evi dence sug gests unin ter rupted 
DOACs may be rea son able24-26 and pos si bly safer than unin ter-
rupted war fa rin in many pro ce dures (Table 1).27,28

Our patient is under go ing a hip replace ment that we would 
con sider a high bleed risk pro ce dure, and DOAC should be 
interrupted.

Step 2: If OAC inter rup tion is needed, does the patient 
require bridg ing?
DOACs
There are sig nifi  cant phar ma co ki netic dif fer ences between DOACs 
and war fa rin, and thus their perioperative man age ment requires 
dif fer ent approaches.26,29 In patients with nor mal renal func tion, 
DOACs have a much shorter half-life than war fa rin (approx i ma-
tely 12 hours vs approx i ma tely 40 hours, respec tively) and much 
faster off set. Thus, with hold ing DOACs for a prolonged period 
of time (eg, 5 days as is rou tinely done with war fa rin) poten tially 
places the patient at risk for a throm botic event. Also, given 
the rapid off set of DOACs, it is not nec es sary to inter rupt them 
preprocedurally and replace with LMWH. In the postprocedure 
set ting, it is imper a tive to rec og nize the faster onset of DOAC 
anti co ag u lant action (approx i ma tely 3 hours) com pared with 
war fa rin (approx i ma tely 4-5 days) and the need for care fully 
timed resump tion to mit i gate bleed ing risk. Very impor tantly, 
DOACs should never be overlapped with par en teral anti co ag u-
lants, such as LMWH, as this is not nec es sary due to their rapid 
onset and stud ies show ing sig nifi  cantly increased bleed ing.3,4,25
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The Perioperative Anticoagulation Use for Surgery Evaluation 
(PAUSE) cohort study30 used a sim ple DOAC inter rup tion and 
resump tion pro to col with out any bridg ing in patients with atrial 
fibril la tion under go ing sur gi cal pro ce dures. This was based in part 
on suc cess ful use of a sim i lar approach in an ear lier pro spec tive 
mul ti cen ter trial eval u at ing perioperative man age ment of dabiga-
tran.31 Timing of inter rup tion and resump tion was based on DOAC 
phar ma co ki netic prop er ties, pro ce dural bleed risk, and renal func-
tion. The inves ti ga tors hoped to show a major bleed ing rate of less 
than 2.0% and a stroke or tran sient ische mic attack (TIA) rate of 
less than 1.5% with 95% cer tainty. Of note, this study used num-
ber of days and not hours for inter rup tion and resump tion tim ing, 
as shown in Table 2. Because dabigatran is pri mar ily elim i nated 
through the kid neys (80%), cre at i nine clear ance was esti mated 
(using the Cockcroft-Gault equa tion and actual body weight), and 
hold times were dou bled in dabigatran patients with an esti mated 
clear ance of less than 50 mL/min. Results showed with 95% con fi-
dence that bleed ing rates were not greater than 2.00%, 1.73%, and 
2.65% with apixaban, dabigatran, and rivaroxaban, respec tively, 
and arte rial throm bo em bo lism was not greater than 1.5% with 
any DOAC. In addi tion, it was shown that more than 90% of DOAC 
patients col lec tively had lit tle to no resid ual anti co ag u lant effect 
of more than 30 ng/mL (which has been suggested as an accept-
able pre op er a tive plasma con cen tra tion32), pre clud ing the need 
for rou tine pre op er a tive lab o ra tory assess ment when the PAUSE 
pro to col is followed. The Scientific and Standardization Commit-
tee of the International Society on Thrombosis and Haemostasis 
sug gests that if a pre op er a tive quan ti ta tive DOAC level is 30 ng/mL 
or less, it is rea son able to pro ceed with an inva sive pro ce dure.33 To 
our knowl edge, there are no data to sug gest enhanced util ity of 
mea sur ing DOAC con cen tra tions before elec tive pro ce dures com-
pared with a sim ple stan dard ized, phar ma co ki netic-based pro to-
col as was used in the PAUSE trial. Urgent or emer gent pro ce dures 
pose a chal lenge, and there may be a role for DOAC mea sure ment 
in select sit u a tions. However, it is crit i cal to bear in mind that these 
quan ti ta tive DOAC assays are not avail  able in many hos pi tals, and 
if they are, turn around times may pre clude any util ity.

An unanswered ques tion is what to do in patients with a his-
tory of venous throm bo em bo lism (VTE), and we extrap o late 
the PAUSE study tim ing of inter rup tion and resump tion to these 
patients with con fi dence in the major bleed ing rates but uncer-
tainty in VTE recur rence.

An addi tional point is the PAUSE study dif fers slightly from the 
rec om men da tions by the Amer i can Society of Regional Anes-
thesia, which rec om mend hold ing DOACs for 72 hours prior to 

neuraxial anes the sia and lon ger for dabigatran if the cre at i nine 
clear ance is low.34

•  We would hold the DOAC for 2 days before sur gery and restart 
the DOAC on post op er a tive day 2 or 3.

•    In the postprocedural interim until ther a peu tic anticoagulation 
is resumed, we would ensure ade quate pro phy laxis (eg, enox-
aparin 40 mg subcutaneously [SQ ] once daily) to pre vent post-
op er a tive VTE.

CLINICAL CASE (Continued)
The patient does well, and a year later, she is going to have her 
other hip replaced. Unfortunately, her insur ance has changed, and 
she can no lon ger afford a DOAC and is tak ing war fa rin. Her med-
i cal his tory is unchanged, and her lab o ra tory tests remain nor mal.

Warfarin
Due to the long off set of war fa rin (approx i ma tely 5 days), cli ni-
cians must deter mine tim ing of inter rup tion to pro vide the de-
sired resid ual anti co ag u lant effect, as well as any role for bridg ing 
with a par en teral anti co ag u lant. For clar ity, when we use the term 
bridg ing, we mean ther a peu tic-inten sity anticoagulation, such as 
enoxaparin 1 mg/kg twice daily. The deci sion to bridge or not is 
based on the patient’s indi ca tion for anticoagulation, under ly ing 
throm botic risk, and the throm botic risk of the pro ce dure. Al-
though bridg ing of war fa rin was once rou tinely employed, ret ro-
spec tive obser va tional evi dence published over the past decade 
has con sis tently shown bridg ing to be asso ci ated with net harm 
and sug gests it should be avoided in most cases.6,35-37

The ran dom ized con trolled 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 for go ing LMWH bridg ing in atrial  
fibril la tion patients requir ing war fa rin inter rup tion for a pro ce dure 
would result in less major bleed ing with out an increase in arte-
rial throm bo em bo lism. Per stan dard ized pro to col, war fa rin was 
held for 5 days preprocedurally, and patients were ran dom ized to 
pla cebo or LMWH (dalteparin) with 30-day pri mary out comes of 
major bleed ing (supe ri or ity) and arte rial throm bo em bolic event 
(noninferiority). There was no dif fer ence in arte rial throm bo em-
bo lism 0.4% vs 0.3%, and major bleed ing was reduced with no 
bridg ing (1.3%) vs LMWH bridg ing (3.2%) (P < .005).37 This trial 

Table 2. Periprocedural DOAC inter rup tion pro to col from PAUSE study

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

Preprocedural inter rup tion Days Days Days Days Not stud ied

 Low bleed ing risk pro ce dure 1 1 1 2

 High bleed ing risk pro ce dure 2 2 2 4

Postprocedural resump tion

 Low bleed ing risk pro ce dure 1 1 1 1

 High bleed ing risk pro ce dure 2-3 2-3 2-3 2-3

For pro ce dural bleed ing risk strat i fi ca tion, we sug gest using soci ety-based guid ance in the appen dix to the ACC con sen sus deci sion path way18 or 
cat e go ri za tion from PAUSE study.30

CrCl, cre at i nine clear ance.
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prompted a par a digm shift away from bridg ing in most patients 
with atrial fibril la tion.

In the BRIDGE trial, war fa rin was resumed the night of the pro-
ce dure at the patient’s usual home dose. The mean time to rees-
tablish a ther a peu tic inter na tional nor mal ized ratio (INR) was 8 
days. To min i mize this period of sub ther a peu tic anticoagulation, 
it is rea son able to con sider a boosted dose of war fa rin for 1 to 2 
days after the pro ce dure in the absence of high bleed ing risk.38

Thromboembolic risk strat i fi ca tion
We use a throm bo em bolic risk strat i fi ca tion approach based 
on avail  able evi dence and expert con sen sus rec om men da tions 
from mul ti ple orga ni za tions to guide deci sions on bridg ing war-
fa rin patients who require tem po rary inter rup tion for a pro ce-
dure (Table 3).18,19,39,40

•  We would not use bridg ing anticoagulation in our atrial fibril la tion 
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 war fa rin the night of the pro ce dure.
•  While the patient is still in the hos pi tal, we would ensure ade-

quate pro phy laxis with low-dose anticoagulation (eg, enoxa-
parin 40 mg SQ once daily) to pre vent post op er a tive VTE until 
the INR is 2 or more.

Mechanical heart valve

CLINICAL CASE (Continued)
The patient did well after her sec ond hip sur gery and has been 
doing so much walk ing that her left knee now needs replace ment. 
Unfortunately, her bioprosthetic aor tic valve gave out in the interim, 

and she now has a bileaflet mechan i cal aor tic valve. Her other med-
i cal his tory is unchanged, and lab o ra tory val ues remain nor mal. She 
pres ents for perioperative war fa rin man age ment again.

The Amer i can College of Chest Physicians (ACCP) 2012 guide-
lines and the Amer i can College of Cardiology (ACC)/Amer i can 
Heart Association 2020 guide lines are con cor dant in their clas-
si fi ca tion of mechan i cal heart valves as (1) high risk if any mitral, 
caged-ball, or tilting disk valves or recent (within 6 months) 
stroke or TIA; (2) mod er ate risk with bileaflet aor tic valve and 
any other risk fac tor, which includes atrial fibril la tion, prior stroke 
or TIA, hyper ten sion, dia be tes, con ges tive heart fail ure, or older 
than 75 years; and (3) low risk with bileaflet aor tic valves with no 
other risk fac tors (Table 3).19,39

The only ran dom ized trial for LMWH bridg ing for war fa rin inter-
rup tion in patients with mechan i cal 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 fibril la tion 
or non-high-risk mechan i cal valves who required war fa rin inter rup-
tion for a pro ce dure (n = 1471) were ran dom ized to LMWH bridg ing 
or pla cebo and followed for 90 days. LMWH bridg ing consisted 
of ther a peu tic dose dalteparin 200 IU/kg sub cu ta ne ously on days  
−3 and −2 before pro ce dure and half the ther a peu tic dose of 
100 IU/kg sub cu ta ne ously the day before the pro ce dure. Post-
procedurally (same day or next day), patients in the inter ven tion 
arm at high bleed risk were given fixed-dose pro phy lac tic dalte-
parin 5000 IU, and those at low bleed risk were given dalteparin 
200 IU/kg sub cu ta ne ously until the INR was more than 1.9.

In the sub group of 304 patients with non-high-risk mechan-
i cal valves, no bridg ing vs bridg ing major throm bo em bo-
lism event rates were 0% vs 0.7% (P = .49), and major bleed ing 
occurred in 2% vs 0.7% (P = .62) respec tively. The inves ti ga tors 
con cluded there is no ben e fit from postprocedure LMWH bridg-
ing in patients with non-high-risk mechan i cal valves.

Table 3. Thromboembolic risk strat i fi ca tion and bridg ing con sid er ations

Indication Mechanical heart valve Atrial fibril la tion 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 bridg ing/ 
rea son able to 
bridge

CHADS2
>4

CHA2DS2-VASc
>7

Suggest bridg ing •  Within 3 
months

•  Severe 
thrombophilia

CHEST 2012: 
Suggest  
bridg ing

ASH 2018: Not 
addressed

Moderate Bileaflet aor tic valve 
+ risk fac tors

• Atrial fibril la tion
• Prior stroke or TIA
• Hypertension
• Diabetes
• Congestive heart 

fail ure
• Age >75 years

Individualized 
deci sion based 
on patient and 
pro ce dural 
nuances

CHADS2
3-4

CHA2DS2-VASc
5 or 6

Individualized 
deci sion based 
on patient and 
pro ce dural 
nuances

•  Past 3-12 
months

• Recurrent VTE
• Active can cer
•  Nonsevere 

thrombophilia

CHEST 2012: 
Individualized 
deci sion based 
on patient and 
pro ce dural 
nuances

ASH 2018: Do not 
bridge

Low Bileaflet aor tic 
valve with out risk 
fac tors

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 con sen sus deci sion path way for periprocedural man age ment of anticoagulation based on CHA2DS2-VASc.
ACC, American College of Cardiology; ACCP, American College of Chest Physicians; AHA, Amer i can Heart Association.    
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In a sys temic review of 5 stud ies of unfractioned hep a rin or 
LMWH bridg ing in patients with mechan i cal heart valves, major 
bleed ing rates ranged from 4.39% to 10.07%. Bleeding defi  ni-
tions var ied, pre clud ing the pooling of results. Although obser-
va tional data, this anal y sis sug gests that bleed ing risk asso ci ated 
with bridg ing in valve patients is not neg li gi ble and under scores 
the need for lim it ing to patients at increased throm botic risk.42

Some obser va tional data sug gest that pro phy lac tic dose 
anticoagulation may be a via ble perioperative approach for 
select mechan i cal valve patients requir ing tem po rary inter rup-
tion in war fa rin, as well as those with newly implanted valves as 
a bridge to a ther a peu tic INR of 2 or more.43,44 This may mit i gate 
bleed ing risk but also pro vi des impor tant post op er a tive VTE 
pro phy laxis. However, it can not be recommended as a rou tine 
approach for all  patients until bet ter data are avail  able.

•  We would check her INR about 7 to 10 days prior to sur gery 
and, if in the ther a peu tic range, would hold war fa rin 5 days 
pre op er a tively to allow nadir of anti co ag u lant effect at the 
time of the pro ce dure.

•  We would have care ful shared deci sion mak ing with the 
patient and her ortho pe dic sur geon regard ing the poten-
tial ben e fits and harms of bridg ing with LMWH because her 
throm bo em bolic risk is mod er ate, and unlike war fa rin inter-

rup tion in atrial fibril la tion, there is no strong evi dence to 
guide us.

•  After much dis cus sion, it is ulti mately decided she does not 
require bridg ing ther apy based on her mod er ate throm bo-
em bolic risk from her bileaflet mechan i cal aor tic valve.

VTE

CLINICAL CASE (Continued)

•  A year later, the patient is now going to have her other (right) 
knee replaced (fourth major ortho pe dic sur gery), and this 
con sul ta tion is more com plex.

•  After her last knee sur gery, the deci sion to not use bridg-
ing with ther a peu tic dose LMWH was interpreted as to not 
use any LMWH, and the patient never received any venous 
thromboembolism pro phy laxis post op er a tively while war fa-
rin rose to the appro pri ate INR tar get.

•  She devel oped a deep vein thrombosis, which was treated 
in the usual man ner, and she remains on war fa rin for her 
mechan i cal heart valve and atrial fibril la tion.

Table 4. Special sit u a tions that may influ ence perioperative antithrombotic man age ment

Situation or issue Comments Suggested actions

Urgent/emer gent  
pro ce dures

•  If there is not ade quate time to allow nat u ral nor mal i za tion 
of the patient’s coag u la tion sta tus before sur gery, use of 
rever sal agents, prohemostatic agents, or spe cific anti-
dotes may be indi cated and should be done judi ciously 
and thought fully.

•  Rapidly returning a patient to their native, prothrombotic 
state along with any intrin sic risk of throm bo sis posed by 
the rever sal agents or anti dotes them selves may increase 
the risk for adverse events.

•  Shared deci sion mak ing with the patient, mul ti dis ci-
plin ary dis cus sion, and con sul ta tion with a throm bo sis 
spe cial ist

•  Clinicians are referred to existing guid ance on rever sal 
of anticoagulation.40,45,46

Patients on con com i tant 
antiplatelet ther a pies

•  This is an oppor tune time to eval u ate the over all clin i cal 
neces sity of con com i tant antiplatelet ther apy. If not indi-
cated, cli ni cians should dis cuss per ma nent dis con tin u a tion 
with the patient and pre scriber.

•  Whether to tem po rar ily inter rupt con com i tant antiplatelet 
ther a pies is a com plex deci sion that is based on sev eral 
fac tors, includ ing indi ca tion, recency of events, bleed ing, 
and throm botic risks of the pro ce dure and patient.

•  Perioperative antiplatelet strat e gies should be indi vid u ally 
tai lored based on mul ti dis ci plin ary input.

•  Shared deci sion mak ing with the patient, mul ti dis ci-
plin ary dis cus sion, and con sul ta tion with pre scriber of 
antiplatelet ther apy (eg, car di  ol o gist, neu rol o gist) and 
throm bo sis spe cial ist

•  Clinicians are referred to existing guid ance on 
perioperative antiplatelet man age ment.47,48

History of hep a rin-induced 
throm bo cy to pe nia (HIT)

•  Patients with a his tory of HIT should not receive any hep-
a rin or LMWH prod ucts, includ ing small doses such as 
flushes or VTE pro phy laxis.

•  Use an alter na tive, nonheparin anti co ag u lant such as 
bivalirudin, fondaparinux, or a DOAC as appro pri ate 
based on patient’s clin i cal sta tus and clin i cal sit u a tion.

•  Clinicians are referred to existing guid ance on HIT.49

Inferior vena cava (IVC) 
fil ters

•  The esti mated inci dence of VTE recur rence in the first 
month after an acute event off of anti co ag u lant ther apy is 
esti mated to be 40%.50

•  If pos si ble, delay non ur gent/emer gent pro ce dures to 
allow at least 3 months of anticoagulation ther apy fol low-
ing an acute VTE.

•  If the pro ce dure can not be delayed and the VTE occurred 
in the pre vi ous 30 days, a retriev able IVC fil ter may be 
con sid ered.

•  If the patient is antic i pated to be off anticoagulation for 
<48 hours, aggres sive phar ma co logic pro phy laxis with 
expe di ent esca la tion to ther a peu tic dos ing is pre ferred.

•  If a retriev able fil ter is con sid ered, a plan for timely 
removal should be clearly delin eated prior to place ment.

•  Clinicians are referred to existing guid ance on IVC fil ters.51

Severe renal impair ment •  Warfarin patients with severe renal impair ment or on 
hemo di al y sis who have a clear indi ca tion for bridg ing can-
not be man aged with LMWH.

•  These patients may need to have their war fa rin held at a 
prespecified time in the out pa tient set ting and then be 
admit ted for bridg ing ther apy with intra ve nous hep a rin.
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an anti co ag u lant that does not require oral intake or absorp tion 
would be pre ferred.

Special sit u a tions
Some addi tional clin i cal sit u a tions war rant dis cus sion but are be-
yond the scope this arti cle. We have sum ma rized these in Tables 
4 and 5.45-51

Summary
Each year, a large num ber of patients tak ing OACs undergo an 
inva sive pro ce dure, with many requir ing tem po rary inter rup tion 
of ther apy. This is a high-risk period for patients that requires 
thought ful and method i cal approaches using the best avail -
able evi dence and expert con sen sus to bal ance bleed ing and 
throm botic risks. It is impor tant for cli ni cians to be famil iar with 
pro ce dures where OAC does not require inter rup tion, as this 
will greatly sim plify man age ment and likely min i mize adverse 
events. For sit u a tions when inter rup tion is indi cated, it is imper-
a tive for cli ni cians to be famil iar with key dif fer ences in phar ma-
co ki netic prop er ties between DOACs and war fa rin, as these lead 
to sig nifi  cantly dif fer ent perioperative man age ment approaches. 
A step wise sys tem-level pro cess, mul ti dis ci plin ary col lab o ra tion, 
shared deci sion mak ing with patients, and clear com mu ni ca tion 
and doc u men ta tion of the plan are all  key ele ments of antithrom-
bosis stew ard ship nec es sary for suc cess ful nav i ga tion and im-
plementation of perioperative plans.
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