
[ Education and Clinical Practice Guidelines and Consensus Statements ]

i An update to this article is included at the end
Perioperative Management of
Antithrombotic Therapy

An American College of Chest Physicians Clinical Practice Guideline

James D. Douketis, MD, FCCP; Alex C. Spyropoulos, MD, FCCP; M. Hassan Murad, MD, MPH; Juan I. Arcelus, MD;

William E. Dager, PharmD; Andrew S. Dunn, MD, MPH; Ramiz A. Fargo, MD, FCCP; Jerrold H. Levy, MD;

C. Marc Samama, MD; Sahrish H. Shah, MBBS; Matthew W. Sherwood, MD; Alfonso J. Tafur, MD; Liang V. Tang, MD;

and Lisa K. Moores, MD, FCCP
ABBREVIATIONS: aPTT = a
ASA = aspirin; ATE = arteria
artery bypass graft; CHADS2 =
age $ 75 years, diabetes mell
attack; CHA2DS2VASc = cong
75 years, diabetes mellitus, pr
vascular disease history, age $
interest; CrCl = creatinine

chestjournal.org
BACKGROUND: The American College of Chest Physicians Clinical Practice Guideline on the
Perioperative Management of Antithrombotic Therapy addresses 43 Patients-Interventions-
Comparators-Outcomes (PICO) questions related to the perioperative management of pa-
tients who are receiving long-term oral anticoagulant or antiplatelet therapy and require an
elective surgery/procedure. This guideline is separated into four broad categories, encom-
passing the management of patients who are receiving: (1) a vitamin K antagonist (VKA),
mainly warfarin; (2) if receiving a VKA, the use of perioperative heparin bridging, typically
with a low-molecular-weight heparin; (3) a direct oral anticoagulant (DOAC); and (4) an
antiplatelet drug.

METHODS: Strong or conditional practice recommendations are generated based on high, mod-
erate, low, and very low certainty of evidence using the Grading of Recommendations, Assess-
ment, Development, and Evaluation (GRADE) methodology for clinical practice guidelines.

RESULTS: A multidisciplinary panel generated 44 guideline recommendations for the peri-
operative management of VKAs, heparin bridging, DOACs, and antiplatelet drugs, of which
two are strong recommendations: (1) against the use of heparin bridging in patients with
atrial fibrillation; and (2) continuation of VKA therapy in patients having a pacemaker or
internal cardiac defibrillator implantation. There are separate recommendations on the
perioperative management of patients who are undergoing minor procedures, comprising
dental, dermatologic, ophthalmologic, pacemaker/internal cardiac defibrillator implantation,
and GI (endoscopic) procedures.

CONCLUSIONS: Substantial new evidence has emerged since the 2012 iteration of these
guidelines, especially to inform best practices for the perioperative management of patients
who are receiving a VKA and may require heparin bridging, for the perioperative manage-
ment of patients who are receiving a DOAC, and for patients who are receiving one or more
antiplatelet drugs. Despite this new knowledge, uncertainty remains as to best practices for
the majority of perioperative management questions. CHEST 2022; 162(5):e207-e243
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Summary of Key Recommendations
5. In patients receiving VKA therapy for a mechanical
heart valve who require VKA interruption for an
elective surgery/procedure, we suggest against heparin
bridging (Conditional Recommendation, Very Low
Certainty of Evidence).

6. In patients receiving VKA therapy for atrial
fibrillation who require VKA interruption for an
elective surgery/procedure, we recommend against
heparin bridging (Strong Recommendation, Moderate
Certainty of Evidence).

7. In patients receiving VKA therapy for VTE as the
sole clinical indication who require VKA interruption
for an elective surgery/procedure, we suggest against
heparin bridging (Conditional Recommendation, Very
Low Certainty of Evidence).

14. In patients receiving VKA therapy who require a
pacemaker or ICD implantation, we recommend
continuation of VKA over VKA interruption and
heparin bridging (Strong Recommendation, Moderate
Certainty of Evidence).
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15. In patients receiving VKA therapy who require
VKA interruption for a colonoscopy with
anticipated polypectomy, we suggest against heparin
bridging during the period of VKA interruption
(Conditional Recommendation, Very Low Certainty of
Evidence).

21. In patients receiving LMWH bridging for an
elective surgery/procedure, we suggest against
routine measurement of anti-factor Xa levels to
guide perioperative LMWH management
(Conditional Recommendation, Very Low Certainty of
Evidence).

22. In patients receiving apixaban who require an
elective surgery/procedure, we suggest stopping
apixaban for 1 to 2 days before the surgery/procedure
over apixaban continuation (Conditional
Recommendation, Very Low Certainty of Evidence).

23. In patients receiving dabigatran who require an
elective surgery/procedure, we suggest stopping
dabigatran for 1 to 4 days before the surgery/
procedure over dabigatran continuation
(Conditional Recommendation, Very Low Certainty
of Evidence).

24. In patients receiving edoxaban who require an
elective surgery/procedure, we suggest stopping
edoxaban for 1 to 2 days before the surgery/procedure
over edoxaban continuation (Conditional
Recommendation, Very Low Certainty of Evidence).

25. In patients receiving rivaroxaban who require an
elective surgery/procedure, we suggest stopping
rivaroxaban for 1 to 2 days before the surgery/
procedure over rivaroxaban continuation
(Conditional Recommendation, Very Low Certainty of
Evidence).

26. In patients who require DOAC interruption for an
elective surgery/procedure, we suggest against
perioperative heparin bridging (Conditional
Recommendation, Very Low Certainty of Evidence).

27. In patients who had DOAC interruption for an
elective surgery/procedure, we suggest resuming
DOACs > 24 hours after a surgery/procedure over
resuming DOACs within 24 hours (Conditional
Recommendation, Very Low Certainty of Evidence).

28. In patients who had DOAC interruption for an
elective surgery/procedure, we suggest against
routine DOAC coagulation function testing to guide
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perioperative DOAC management (Conditional
Recommendation, Very Low Certainty of Evidence).

29a. In patients receiving ASA who are undergoing
elective non-cardiac surgery, we suggest ASA
continuation over ASA interruption (Conditional
Recommendation, Moderate Certainty of Evidence).

34. In patients who are receiving ASA and
undergoing CABG surgery, we suggest continuation
of ASA over interruption; in patients receiving a
P2Y12 inhibitor drug, we suggest interruption of the
P2Y12 inhibitor over continuation perioperatively
(Conditional Recommendation, Low Certainty of
Evidence).

36. In patients receiving antiplatelet drug therapy
who are undergoing an elective surgery/procedure,
we suggest against the routine use of platelet
function testing prior to the surgery/procedure to
guide perioperative antiplatelet management
(Conditional Recommendation, Very Low Certainty of
Evidence).

38. In patients receiving ASA and a P2Y12 inhibitor
who had coronary stents placed within the last 3 to
12 months and are undergoing an elective surgery/
procedure, we suggest stopping the P2Y12 inhibitor
prior to surgery over continuation of the P2Y12

inhibitor (Conditional Recommendation, Very Low
Certainty of Evidence).

39. In patients with coronary stents who require
interruption of antiplatelet drugs for an elective
surgery/procedure, we suggest against routine
bridging therapy with a glycoprotein IIb-IIIa
inhibitor, cangrelor, or LMWH over routine use of
bridging therapy (Conditional Recommendation, Low
Certainty of Evidence).
Introduction
The perioperative management of antithrombotic
therapy encompasses patients who are receiving a
vitamin K antagonist (VKA), a direct oral
anticoagulant (DOAC), or an antiplatelet drug and
require surgery or an invasive procedure.1 The scope
of this problem is considerable because anticoagulant
and antiplatelet drugs are widely used for clinical
indications that include atrial fibrillation, VTE,
mechanical heart valves, coronary artery disease, and
peripheral arterial disease.2 Moreover, this clinical
problem is likely to increase due to an aging
chestjournal.org
population in whom antithrombotic therapy is widely
used and in whom the need for a surgery/procedure is
most common.3-7 Approximately 15% to 20% of
patients who are receiving anticoagulant therapy will
require a surgery/procedure annually,7-10 and 10% to
15% of patients with coronary stents will require
surgery within 2 years of implantation.11,12

The current American College of Chest Physicians
(CHEST) guidelines on perioperative antithrombotic
management have expanded from previous iterations to
address 43 Patients-Interventions-Comparators-
Outcomes (PICO) questions. New domains that are
addressed include the perioperative management of
patients who are receivingDOACs (also referred to as non-
vitaminK oral anticoagulants), P2Y12 inhibitor antiplatelet
drugs, and guidance on perioperative laboratory
testing.13-15 The target audience for this guideline is the
wide array of clinicians involved in perioperative patient
care, but it is also relevant for researchers to identify areas
of future study, for patients to access a reliable information
resource, and for clinical managers to facilitate the
development of standardized patient care paths.16,17 This
guideline will be updated as new evidence emerges in the
field of perioperative antithrombotic management in
accordance with CHEST guideline policies.18

The aims of this practice guideline are: (1) to provide
evidence-based recommendations for the perioperative
management of patients who are receiving antithrombotic
therapy; and (2) to provide practical guidance to clinicians
for managing such patients in the perioperative period.

The PICO questions and guideline statements are
separated into four broad categories to reflect the
dominant patient groups assessed in clinical practice:

� Patients receiving a VKA, focused on warfarin.
� Among patients receiving a VKA, the use of periop-
erative heparin bridging.

� Patients receiving a DOAC.
� Patients receiving an antiplatelet drug.

The PICO questions are further arranged to reflect
practical aspects of perioperative antithrombotic
management, which include:

� Interruption and resumption of VKAs before and
after an elective surgery/procedure, and need for
perioperative heparin bridging.

� For patients in whom heparin bridging is considered,
how to manage pre- and post-operative bridging
during VKA interruption.
e209
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� Interruption and resumption of DOACs before and
after an elective surgery/procedure.

� Perioperative management of antiplatelet therapy
around non-cardiac surgery, coronary artery bypass
graft (CABG) surgery, and in patients with cardiac
stents.

� Management of VKAs, DOACs, and antiplatelet
drugs around minor procedures (dental, dermato-
logic, ophthalmologic, GI endoscopy, and cardiac
device implantation, the latter comprising pacemakers
and internal cardiac defibrillators [ICDs]).

Definitions of Patient Groups, Antithrombotic
Agents, and Qualifying Remarks
The following definitions and qualifying remarks are
aimed at facilitating an understanding of this practice
guideline and the accompanying recommendations.

Patient Groups

For patients who are receiving oral anticoagulant
therapy, the recommendations will pertain to those
patients who have one (or more) of the following clinical
conditions: chronic atrial fibrillation; a mechanical
prosthetic heart valve; or VTE. Although there may be
patients who are receiving anticoagulant therapy for
other conditions (eg, dilated cardiomyopathy), we focus
on the most common indications for anticoagulant
therapy. For patients who are receiving antiplatelet
therapy, the recommendations pertain mainly to
patients who have coronary artery disease and require
non-cardiac surgery, CABG surgery, or percutaneous
coronary interventions and, to a lesser extent, to patients
receiving antiplatelet therapy for secondary prevention
of cardiovascular disease (eg, peripheral or
cerebrovascular disease) who need non-cardiac surgery.

VKAs

Although there are several VKAs available for clinical
use, including warfarin, acenocoumarol, fluindione,
phenprocoumon, and anisindione,19 the PICO questions
and associated recommendations herein will refer to
warfarin when the term VKA is used because most
evidence has assessed warfarin-treated patients, with few
or no studies involving patients who are receiving other
VKAs.13,14

DOACs

DOACs that are in clinical use comprise the factor Xa
inhibitors apixaban, edoxaban, and rivaroxaban, and the
factor IIa (thrombin) inhibitor dabigatran.20 As these
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drugs differ in pharmacokinetic and pharmacodynamic
properties,21 recommendations that are specific for each
DOAC will be made whenever possible based on
evidence from patients who are taking a specific DOAC.
Where appropriate, recommendations will be made for
DOACs collectively.

Heparin Bridging

We define “heparin bridging” as the administration of a
short-acting anticoagulant, typically a low-molecular-
weight heparin (LMWH) or, less often, unfractionated
heparin (UFH), for an 8- to 10-day perioperative period
during interruption of a VKA when the international
normalized ratio (INR) is below the therapeutic range.14

We define a heparin bridging regimen as a therapeutic-
dose (or full-dose) LMWH (eg, enoxaparin 1 mg/kg bid
or 1.5 mg/kg daily, dalteparin 100 IU/kg bid or 200 IU/
kg daily) or full-dose UFH (eg, to achieve a target
activated partial thromboplastin time [aPTT] of 1.5- to
2-times the control aPTT or a target anti-factor Xa level
of 0.35-0.70 IU/mL).22 Although there are intermediate-
dose LMWH regimens (eg, enoxaparin 40 mg bid) that
have been referred to as “bridging,” our definition and
associated recommendations pertain to use of
therapeutic-dose heparin bridging where the intent is to
prevent stroke and systemic embolism, referred to in this
guideline as arterial thromboembolism (ATE);
moreover, this is the bridging dose regimen that has
been most widely studied.1,23 Heparin bridging should
also be distinguished from perioperative use of low-dose
LMWH (eg, enoxaparin 40 mg daily, dalteparin 5,000 IU
daily) that is administered for prophylaxis against
postoperative VTE rather than for the prevention of
ATE.24

Other Definitions

We define the “perioperative period” or the term
“perioperatively” as the period before and after a
surgery/procedure that, in its entirety, spans from
1 week before until 4 weeks after a surgery/procedure.
This 5-week period is when most adverse thrombotic
and bleeding outcomes may be attributed to
perioperative antithrombotic management.25 A
“surgery” will refer to an intervention that requires
anesthesia (ie, general, neuraxial, regional block, local)
and may take place with or without overnight
hospitalization, whereas a “procedure” will refer to a
diagnostic, therapeutic, or device-related intervention
that, typically, does not require overnight
hospitalization.
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Qualifying Remarks

This guideline pertains to patients who are receiving
anticoagulant or antiplatelet therapy and require an
elective, non-urgent, surgery/procedure and does not
address patients who require an urgent surgery/
procedure, in whom the management paradigm differs
considerably from that of the elective clinical
setting.26-28 This guideline further pertains to patients
who are receiving long-term, typically $ 3 months,
antithrombotic therapy and focuses on VKAs (warfarin),
DOACs (apixaban, dabigatran, edoxaban, rivaroxaban),
and antiplatelet drugs (aspirin [ASA], clopidogrel,
prasugrel, ticagrelor). This guideline does not address
the management of drugs with anticoagulant or
antiplatelet properties that are used infrequently (eg,
cilostazol, dipyridamole, pentoxifylline); that, in the case
of DOACs, are used as low-dose regimens (eg,
rivaroxaban 2.5 mg bid); or that, typically, are used for
short periods (eg, nonsteroidal antiinflammatory
drugs).13 Finally, this guideline does not address the
perioperative use of low-dose LWMHs, low-dose
DOACs, or other antithrombotic strategies that are
intended as prophylaxis against postoperative VTE.24
Practical Aspects of Perioperative
Antithrombotic Management
Themanagement approach described belowprovides the
foundation upon which the guideline recommendations
have been applied. This perioperative antithrombotic
management approach aims to deliver individualized,
patient-centric care with the intent of minimizing
perioperative thromboembolism and bleeding.
Perioperative antithrombotic management is anchored
on the assessment of patients’ risk for thromboembolism
and surgery/procedure-related bleeding.1,13,14 The risk
classification schemes herein are empiric, requiring
prospective validation, but aim to provide individualized
perioperative management, in particular to help
determine if perioperative anticoagulation interruption
is needed and, if so, among VKA-treated patients, if
heparin bridging is needed.

Assessing Perioperative Risk for Thromboembolism

This involves estimating the risk for ATE, encompassing
stroke and systemic embolism for patients with atrial
fibrillation or a mechanical heart valve, and the risk for
recurrent VTE for patients with a history of VTE with
perioperative interruption of anticoagulant drugs. The
risk classification in Table 1 is empiric and separates
patients according to estimated risk for ATE (high risk:
chestjournal.org
> 10%/year; intermediate risk: 4%-10%/year; low
risk: < 4%/year) and estimated risk for VTE (high risk:
> 10%/month; intermediate risk: 4%-10%/month; low
risk: < 2%/month); it is derived mainly from studies in a
non-perioperative setting that involved patients with
atrial fibrillation,29-32 a mechanical heart valve,33-35 or
VTE36-38 who were not receiving anticoagulant therapy
(eg, placebo instead of a VKA in patients with atrial
fibrillation) or less effective antithrombotic therapy (eg,
ASA instead of a VKA in patients with a mechanical
heart valve).13,14,25 A perioperative risk classification for
patients with coronary artery disease, particularly if they
have coronary stents, is available elsewhere and is also
empiric.39,40

The following qualifying remarks apply to this empiric
risk classification:

� The thromboembolic risk classification herein can
be overridden based on individual patient charac-
teristics. For example, a “low-risk” patient with atrial
fibrillation and a CHA2DS2VASc score (congestive
heart failure, hypertension, age $ 75 years, diabetes
mellitus, prior stroke or transient ischemic attack,
vascular disease history, age $ 65 years, female
sex) # 4 or a CHADS2 score (congestive heart
failure, hypertension, age $ 75 years, diabetes
mellitus, prior stroke or transient ischemic
attack) # 2 with a history of perioperative stroke
might be classified as “high-risk” and managed
accordingly.13,14

� The type of surgery can affect thromboembolic risk,
especially for patients undergoing cardiovascular
surgery, such as CABG surgery or carotid endarter-
ectomy, in whom the risk for stroke or other
thromboembolism may be higher irrespective of other
patient-related factors.41-43

� Patients’ thromboembolic risk may be less important
in certain perioperative circumstances. This can occur
in VKA- or DOAC-treated patients or those receiving
antiplatelet therapy who are undergoing a procedure
that does not require anticoagulant or antiplatelet
interruption. Another situation is in patients who are
receiving DOAC therapy, irrespective of the clinical
indication (atrial fibrillation or VTE). Since the peri-
operative time period where such patients are not
anticoagulated is short (1-3 days), this minimizes the
risk for thromboembolism, irrespective of their
baseline risk, as reflected by the CHA2DS2VASc or
CHADS2 score or proximity of recent VTE and,
similarly, obviates the rationale for administering
heparin bridging.
e211
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TABLE 1 ] Suggested Risk Stratification for Patient-specific Periprocedural Thromboembolism13,14,25,a

Risk Category Mechanical Heart Valve Atrial Fibrillation VTE

High (> 10%/y
risk of ATE or >
10%/mo risk of
VTE)

Mitral valve with major
risk factors for strokeb

Caged ball or tilting-disc
valve in mitral/aortic
position

Recent (< 3 mo) stroke
or TIA

CHA2DS2VASc score $ 7
or CHADS2 score of 5 or 6

Recent (< 3 mo) stroke or
TIA

Rheumatic valvular heart
disease

Recent (< 3 mo and especially 1 mo) VTE
Severe thrombophilia (deficiency of
protein C, protein S or antithrombin;
homozygous factor V Leiden or
prothrombin gene G20210A mutation
or double heterozygous for each
mutation, multiple thrombophilias)

Antiphospholipid antibodies
Active cancer associated with high VTE
riskc

Moderate
(4%-10%/y
risk of ATE or
4%-10%/mo
risk of VTE)

Mitral valve without major
risk factors for strokeb

Bileaflet AVR with major
risk factors for strokeb

CHA2DS2VASc score of 5 or 6
or CHADS2 score of 3 or 4

VTE within past 3-12 mo
Recurrent VTE
Non-severe thrombophilia (heterozygous
factor V Leiden or prothrombin gene
G20210A mutation)

Active cancer or recent history of cancer

Low (< 4%/y risk
of ATE or
< 2%/mo risk
of VTE)

Bileaflet AVR without
major risk factors for
strokeb

CHA2DS2VASc score of 1-4
or CHADS2 score of 0-2
(and no prior stroke or
TIA)

VTE > 12 mo ago

ATE, arterial thromboembolism; TIA, transient ischemic attack; CHADS2 ¼ congestive heart failure, hypertension, age $ 75 years, diabetes mellitus, prior
stroke or transient ischemic attack; CHA2DS2VASc ¼ congestive heart failure, hypertension, age $ 75 years, diabetes mellitus, prior stroke or transient
ischemic attack, vascular disease history, age $ 65 years, female sex. Adapted with permission from Douketis et al.14
aEmpiric risk stratification that is a starting point for assessing perioperative thromboembolism risk; should be combined with clinical judgment that
incorporates individual patient- and surgery/procedure-related factors.
bIncludes: AF, prior stroke/TIA during anticoagulant interruption or other prior stroke/TIA, prior valve thrombosis, rheumatic heart disease, hypertension,
diabetes, congestive heart failure, age $ 75 years.
cIncludes pancreatic cancer, myeloproliferative disorders, primary brain cancer, gastric cancer, and esophageal cancer.
Assessing Perioperative Risk for Surgery/
Procedure-Related Bleeding

This involves an assessment of the surgery/procedure-
related bleed risk. The empiric risk classification shown
in Table 2 separates patients into “high,” “low-to-
moderate,” or “minimal” bleed risk categories and is
based on the expected 30-day post-operative risk of
major bleeding (high-bleed-risk $ 2%, low-to-
moderate-bleed-risk 0%-2%, and minimal-bleed-risk
approximately 0%).1,25,44,45

� Minimal-bleed-risk procedures and selected surgeries
such as phacoemulsification (cataract) surgery are
those in which anticoagulants may be continued
perioperatively without any or with minimal (ie, day
of procedure only) interruption.1,46-50

� Low-to-moderate-bleed-risk surgeries/procedures
encompass a broad range of interventions in which
shorter periods of pre-operative anticoagulant inter-
ruption and post-operative anticoagulant resumption
intervals are acceptable due to an overall lower bleed
risk.1

� High-bleed-risk surgeries/procedures are those which
require sufficient pre-operative anticoagulant inter-
ruption, so there is minimal-to-no residual
e212 Guidelines and Consensus Statements
anticoagulant effect at the time of the surgery, and
delayed post-operative anticoagulant resumption, to
account for the longer time required for surgical site
hemostasis. Also included in this category are any
surgeries performed with neuraxial (spinal or
epidural) anesthesia or any other neuraxial (eg, pain
management) intervention due to concerns about the
risk for epidural hematoma, a rare but devastating
complication that can result in lower limb
paralysis.51,52

The following qualifying remarks apply to this empiric
risk classification:

� Selected minimal-bleed-risk procedures may require 1
to 2 days of anticoagulant interruption if there is concern
about bleeding: for example, a dental extraction may be
more complex in a patient with poor dentition or
compromised gingival integrity53; a screening colonos-
copy inpatientswith a history of polyps thatmay require
resection54; and coronary angiography with a femoral
(instead of radial) artery access.48

� Surgical procedures (eg, an inguinal hernia repair55)
may vary widely in complexity and might be
justifiably categorized as low-to-moderate- or high-
bleed-risk.
[ 1 6 2 # 5 CHES T NO V EM B E R 2 0 2 2 ]



TABLE 2 ] Suggested Risk Stratification for Procedural Bleed Risk, Based on ISTH Guidance Statements25

High-bleed-risk surgery/procedurea (30-d risk of
major bleed $ 2%)

Major surgery with extensive tissue injury
Cancer surgery, especially solid tumor resection (lung, esophagus,
gastric, colon, hepatobiliary, pancreatic)

Major orthopedic surgery, including shoulder replacement surgery
Reconstructive plastic surgery
Major thoracic surgery
Urologic or GI surgery, especially anastomosis surgery
Transurethral prostate resection, bladder resection, or tumor ablation
Nephrectomy, kidney biopsy
Colonic polyp resection
Bowel resection
Percutaneous endoscopic gastrostomy placement, endoscopic
retrograde cholangiopancreatography

Surgery in highly vascular organs (kidneys, liver, spleen)
Cardiac, intracranial, or spinal surgery
Any major operation (procedure duration > 45 min)
Neuraxial anesthesiab

Epidural injections

Low-to-moderate-bleed-risk surgery/procedurec

(30-d risk of major bleed 0%-2%)
Arthroscopy
Cutaneous/lymph node biopsies
Foot/hand surgery
Coronary angiographyd

GI endoscopy � biopsy
Colonoscopy � biopsy
Abdominal hysterectomy
Laparoscopic cholecystectomy
Abdominal hernia repair
Hemorrhoidal surgery
Bronchoscopy � biopsy

Minimal-bleed-risk surgery/proceduree (30-d
risk of major bleed approximately 0%)

Minor dermatologic procedures (excision of basal and squamous cell
skin cancers, actinic keratoses, and premalignant or cancerous skin
nevi)

Ophthalmologic (cataract) procedures
Minor dental procedures (dental extractions, restorations, prosthetics,
endodontics), dental cleanings, fillings

Pacemaker or cardioverter-defibrillator device implantation

ISTH ¼ International Society on Thrombosis and Haemostasis.
aMinimal to no residual anticoagulant effect at time of procedure (ie, four to five drug half-life interruptions pre-procedure).
bIncludes spinal and epidural anesthesia or any other neuraxial (eg, pain management) intervention; consider not only absolute risk for major bleeding but
potentially devastating consequences of epidural bleeding and associated lower limb paralysis.
cSome residual anticoagulant effect allowed (ie, two to three drug half-life interruptions pre-procedure).
dRadial approach may be considered minimal-bleed-risk compared with femoral approach.
eProcedure can be safely done under full-dose anticoagulation (may consider holding DOAC dose day of procedure to avoid peak anticoagulant effects).
� Flexibility with the timing of post-operative DOAC
and LMWH resumption is warranted because a peak
anticoagulant effect occurs within 2 to 4 hours after
administration21; this is especially pertinent if patients
develop greater than expected post-operative
bleeding.

Practical Aspects of Heparin Bridging

The following management points should be considered
when administering heparin bridging:
� Bridging is most often done with an LMWH, typically

with a therapeutic-dose regimen (eg, enoxaparin
1 mg/kg bid, dalteparin 100 IU/kg bid), administered
with the intent of preventing ATE. Bridging with
chestjournal.org
therapeutic-dose IV UFH is another treatment option;
for example, in patients with severe renal insufficiency
or who are dialysis-dependent.14 Other types of hep-
arin bridging may include intermediate-dose regi-
mens (eg, enoxaparin 40 mg bid).14

� Heparin bridging should be administered in a manner
to minimize the risk for bleeding that would require
re-operation or another intervention (eg, wound
packing). Avoidance of major bleeding is important
because if it occurs, it typically requires a longer
period of anticoagulant interruption that, in turn,
exposes patients to an increased risk for thrombo-
embolism.56 Specifically, post-operative heparin
bridging should be initiated when there is adequate
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surgical/procedure-site hemostasis and the patient is
at a relatively low risk for bleeding. Although sub-
jective, this can be determined by assessing the
amount, type (serous, serosanguinous, bloody), and
progress (continuing, increasing, decreasing) of blood
collection in wound bandages or surgical drains.

� The administration of heparin bridging, particularly if
only used pre-operatively, does not preclude the
administration of post-operative low-dose LMWH
(eg, enoxaparin 40 mg daily); for example, in patients
at high risk for bleeding (eg, intracranial or spinal or
CABG surgery) in whom post-operative therapeutic-
dose LMWH bridging might be avoided.

Role of Low-Dose LMWH as VTE Prophylaxis in
Perioperative Management

In patients who require perioperative interruption of a
VKA or a DOAC and are considered at high risk for
post-operative VTE, the need to administer low-dose
LMWH as VTE prophylaxis may be obviated once the
VKA or DOAC is resumed. However, there may be
circumstances when low-dose LMWH can be used in
patients at high VTE risk; for example, those having
abdominopelvic cancer surgery or hip or knee
replacement surgery.57,58 In such hospitalized patients,
low-dose LMWH would be started, typically, 12 to 24
hours post-operatively and continued for 2 to 3 days
while the VKA takes effect or until resumption of
DOAC therapy. In patients who resume antiplatelet
therapy after a surgery, the addition of low-dose
LMWH can be justified in high VTE risk situations
but is empiric and should consider the risk of
bleeding.

Communication and Standardization of
Perioperative Management

Perioperative antithrombotic management typically
involves a team of health-care professionals, comprising
one or more of a surgeon/proceduralist, an internist/
cardiologist/hematologist, an intensivist, a pharmacist,
an anesthesiologist, and a primary care physician, with
multiple transitions of care. Consequently, it is
important to have alignment of the proposed
management plan among the health-care team and that
it is communicated to and agreed upon by the surgeon/
proceduralist, so as to avoid miscommunication that
may lead to adverse outcomes or a delay of the surgery/
procedure.17,59 This can be facilitated with perioperative
antithrombotic clinics,16,59 which can be administered
in-person or virtually,60 and with the support of online
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tools (https://thrombosiscanada.ca, http://mappp.ipro.
org, http://www.anticoagulationtoolkit.org/). At an
institutional level, harmonization of perioperative
anticoagulant management care paths that encompass
multiple specialties (eg, surgery, internal medicine,
anesthesia) will facilitate standardization of patient
management.

Standardized management is important because
unstructured usual care varies widely, based on
surveys,61-63 with the potential for confusion among
clinicians and patients as to the planned management. If
anticoagulants are not managed with evidence-based
protocols or guidelines in the perioperative clinical
setting, patients may be exposed to as much as a 0.5% to
1.0% excess risk for disabling stroke (based on a
benchmark risk # 0.5%) and a 3% to 6% excess risk for
serious bleeding (based on a benchmark risk # 1.5%), if
anticoagulant interruption is too short or too long or if
excessive heparin bridging is used.1,8,64,65
Methodology

Selection of Panel Members and Conflicts of
Interest Disclosure

The guideline panel was selected to comprise a diverse,
multidisciplinary group of clinicians that included
internists, thrombosis specialists, cardiologists,
anesthesiologists, surgeons, intensivists, and
pharmacists, who worked alongside methodologists
from the Mayo Clinic Evidence Center.

The CHEST Guidelines Oversight Committee and
Professional Standards Committee reviewed nominated
panelists according to their qualifications and conflicts
of interest (COI) before they were approved to join the
panel. Throughout the guideline process, panelists were
required to update and disclose potential financial or
intellectual COI according to each PICO question. COI
were reviewed and categorized as disqualifying,
manageable, or approved without management, per
CHEST policy (https://www.chestnet.org/-/media/
chesnetorg/About ACCP/Documents/
Guidelines_COI_Policy.ashx). Panelists with
manageable COI were required to abstain from voting
on PICO recommendations where such COI were
present but could participate in discussions, provided
they refrained from strong advocacy. A complete list of
the panelists’ COI and their management is shown in
e-Appendix 1.
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Selection of PICO Questions

The PICO questions that anchor these guidelines were
based on those used with the last guideline iteration,
supplemented by new PICOs proposed by the guideline
panel. All panelists voted on whether each PICO
should be included in the guideline. For all PICOs,
standardized questions were developed using the
population-intervention-comparator-outcome
format. A listing of all PICO questions is provided in
e-Appendix 2.

Data Sources

Multiple databases were searched using text words and
controlled vocabulary as outlined in e-Appendix 2.
This search was done in two parts: the first was the
systematic review of the literature from 1970 to
December 2011, used by the 9th Edition of the CHEST
Perioperative Antithrombotic Therapy Practice
Guidelines; the second was an update of this search
strategy to include studies up until end-July 2021.
Searches were limited to English-language articles and
human subject studies, and by article type (clinical
trial, randomized clinical trial, systematic review). The
literature search was supplemented by conducting
Internet-based searches of relevant studies identified in
ClinicalTrials.gov, meeting abstracts and conference
proceedings, asking content experts, and reference lists
of studies that satisfied inclusion criteria. Indirect
evidence was sought for questions that were not
supported by direct evidence. Panel members
collaborated with the systematic review team to
identify and summarize indirect evidence.

Guideline Framework

The guideline followed the GRADE approach (Grading
of Recommendations, Assessment, Development and
Evaluation).66 For each PICO, the certainty of evidence
was rated using GRADE, and an evidence-to-decision
framework was developed using the GRADE evidence-
to-decision criteria.67 Certainty of evidence was defined
as the extent to which our confidence in the effect
estimate was adequate to support a recommendation.
For each PICO, a recommendation was classified as a
strong, referred to as “we recommend,” or conditional,
referred to as “we suggest.” Overall, evidence synthesis
comprised direct evidence related to the PICO question
and indirect evidence, the later especially when direct
evidence was limited. In addition, factors that included
the costs of the interventions and the avoidance of harm
were also considered.
chestjournal.org
Evidence Synthesis

Outcomes from randomized trials and observational
studies were expressed as a relative risk (RR) and
associated 95% CI. Meta-analysis was conducted when
feasible. For non-comparative studies, an overall
proportion was determined using the Freeman-Tukey
arcsine transformation method. All analyses were done
using Open Meta-Analyst. Certainty of evidence was
categorized as high, moderate, low, or very low,
reflecting the strengths and limitations of evidence that
were based on the study design, risk of bias, imprecision,
inconsistency, indirectness of results, and likelihood of
publication bias. Risk of bias in randomized trials was
based on the Cochrane Collaboration’s Risk of Bias 2
tool,68 which considers the randomization process,
deviations from intended interventions, missing
outcome data, outcome measurement, reported result
selection, and other sources of bias. Risk of bias in
observational studies was based on the Newcastle-
Ottawa Scale, which considers the representativeness of
the exposed cohort, selection of the nonexposed cohort,
ascertainment of exposure and outcomes, comparability
of cohorts, and adequacy of follow-up. Precision was
judged based on whether CIs crossed the null as a target
of certainty. If there were few events (< 10), we
considered rating down by two to three levels unless the
sample size was large (> 2,000-4,000). An arbitrary RR
reduction threshold of 25% was used as a cutoff for
lowering certainty in precision by two levels. Sample
Evidence Tables that formed the basis of
recommendations are shown in e-Appendix 3.

Development of Recommendations

We used a modified Delphi technique to achieve
consensus on guideline statements.18,69 This method
minimizes bias related to group interactions and enables
anonymity among panelists. Panelists without a primary
COI voted on approving PICO-specific guideline
statements using a standardized online survey tool
(SurveyMonkey, Momentive Inc.). Each panelist could
also suggest edits to the guideline statement wording and
could suggest additional qualifying remarks or
comments as to the implementation of the guideline in
clinical practice. To achieve consensus and for inclusion
in the final guideline, each guidance statement required
at least 80% agreement among at least 75% of eligible
panel members (without primary COI).

For the 43 PICO questions and 44 associated
recommendations (two recommendations for PICO 29),
39 recommendations achieved consensus in the first
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voting round, with the remainder achieving consensus
in the second voting round. There were five guideline
statements (2, 6, 20, 28, and 34) in which one panel
member disagreed with either the strength or direction
of the recommendation, and one guideline statement
(29a) in which one panel member disagreed with both
the strength and direction of the recommendation.

Patients Who Are Receiving a VKA and
Require an Elective Surgery or Procedure
Background: The timing of VKA interruption before a
surgery/procedure, decided upon with the intent of
achieving a normal or near-normal INR at the time of a
surgery/procedure, is based on the elimination half-life
of VKAs that are typically observed in patients without
major comorbidities (eg, impaired liver function),
genetic polymorphisms, or drug-drug interactions that
might affect VKA metabolism: 36 to 42 hours for
warfarin, 8 to 11 hours for acenocoumarol, and 96 to
104 hours for phenprocoumon.70-73 For patients in
whom the intent is to normalize the INR after
interruption of warfarin, 5 days of interruption prior to
the day of the surgery/procedure is needed for the
anticoagulant effect to be eliminated or near-eliminated;
6 or more days of interruption may be needed in
selected patients, such as elderly patients or in patients
with genetic polymorphisms that may delay warfarin
metabolism,74,75 and in those with an elevated INR (ie,
> 3.5) when assessed. The resumption of a VKA after a
surgery/procedure implies that attainment of an
anticoagulant effect is delayed after the initial two to
three doses are given and that a full anticoagulant effect
(INR > 2.0) will occur 4 to 8 days after VKA
resumption.76 Given these considerations, routinely
measuring the INR in the immediate pre-operative (day
before) and post-operative (1-2 days after) period during
a surgery/procedure would not be needed. There may be
circumstances, however, when such testing may be
warranted; for example, in patients with a pre-operative
high (ie, > 3.5) INR, in patients who are known to have
delayed warfarin elimination, or if after post-operative
VKA resumption there is unexpected bleeding.

For patients who require perioperative VKA interruption,
the premise of heparin bridging has been to shorten the
period before and after a surgery/procedure when patients
are not therapeutically anticoagulated, with the aim of
mitigating the risk for perioperative ATE primarily, as
well as recurrent VTE. However, this premise can be
questioned given the multiplicity of factors that can lead
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to perioperative thromboembolism,41,77 including the
surgery/procedure itself,43 and the limited capacity of
heparin bridging to affect these factors and associated
pathophysiological pathways.

Perioperative Interruption and Resumption of VKAs

PICO 1: In patients requiring VKA interruption,
should VKA be interrupted $ 5 days vs < 5 days before
an elective surgery/procedure?

Evidence. No randomized trials compared a 5-day and
a < 5-day preoperative interruption of warfarin, and no
study has compared the effect of a 5-day and > 5-day
interruption on perioperative bleeding outcomes, relying
instead on a surrogate outcome (ie, INR) at the time of
surgery to determine the appropriateness of VKA
interruption. In the non-perioperative setting, indirect
evidence supports a 5-day warfarin interruption period to
attain a normal or near-normal INR.78 In a prospective
cohort study of 224 patients in whom warfarin was
stopped 5 days before a surgery/procedure and had INR
testing the day before surgery, 15 (7%) patients had an
INR> 1.5.56 In a randomized trial that compared a 5-day
or 1-day pre-operative interruption of warfarin (with the
1-day group receiving 1 mg oral vitamin K the day before
surgery), the mean INR was 1.2 at surgery in the 5-day
interruption group.79 A subanalysis of a randomized trial
of DOAC vs warfarin therapy for atrial fibrillation that
assessed perioperative management found that longer
vs shorter ($ 3 days vs < 3 days) warfarin interruption
conferred a decrease risk for major bleeding (RR ¼ 0.29;
95% CI: 0.15-0.55) without affecting ATE risk (RR ¼
0.49; 95% CI: 0.19-1.3).80 Other observational studies
support a longer ($ 5-day) interruption interval,81,82

as do uncontrolled studies of perioperative warfarin
management in which $ 5-day interruption was
associated with low rates of major bleeding
(approximately 2%) and ATE (< 0.5%).8,10,56,83-94

1. In patients requiring VKA (warfarin) interruption
for an elective surgery/procedure, we suggest stopping
VKAs (warfarin) ‡ 5 days over an interruption of <
5 days before an elective surgery/procedure
(Conditional Recommendation, Low Certainty of
Evidence).

Guideline Implementation Considerations:

� Providing a perioperative VKA management calendar
that is distributed by paper or electronically to pa-
tients and clinicians has the potential to minimize
VKA dosing errors and optimize communication.
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� In selected patients, especially the elderly with comor-
bidities, patients with very low dose warfarin re-
quirements, and those with a higher target INR range, a
longer period of warfarin interruption may be needed.

� The interruption timing for non-warfarin VKAs will
differ, as it is shorter for acenocoumarol (2-3 days)
and longer for phenprocoumon (10-12 days).

PICO 2: In patients who interrupted warfarin before
an elective surgery/procedure, should warfarin be
resumed 12 to 24 hours after surgery (evening of, or
next day) and when there is adequate hemostasis
vs resuming warfarin further from the surgery/
procedure?

Evidence. There are no studies comparing early (12-24
hours) with delayed (> 24 hours) postoperative warfarin
resumption. In uncontrolled observational studies,
resuming warfarin within 24 hours after a surgery/
procedure was associated with rates of major bleeding
and ATE of 2.7% (95% CI: 1.6-3.9) and 0.1% (95% CI:
0.1-1.8),56,83,87,90,91,95 whereas those that assessed
delayed warfarin resumption reported rates of bleeding
and ATE of 8.6% (95% CI: 0-17.7) and 2.4% (95% CI: 0-
7.0), respectively.88,89,96

2. In patients requiring VKA (warfarin) interruption
for an elective surgery/procedure, we suggest
resuming VKA (warfarin) within 24 hours over a
delay to > 24 hours after an elective surgery/procedure
(Conditional Recommendation, Low Certainty of
Evidence).

Guideline Implementation Considerations:

� For most patients, resuming VKAs within 24 hours
implies resumption on the evening of the surgery/
procedure.

� Implicit in the early (within 24 hours) resumption of a
VKA is that it takes, typically, 2 to 3 days for a partial
anticoagulant effect and 4 to 8 days for a full anti-
coagulant effect to occur.

� VKA resumption may be delayed in certain post-
operative circumstances, such as inadequate surgery/
procedure-site hemostasis, an anticipated need for
additional intervention, or patient inability to take
oral medications.

PICO 3: In patients who interrupted warfarin before a
surgery/procedure, should warfarin be resumed at
double the usual maintenance dose for 1 to 2 days
vs resuming warfarin with the usual maintenance dose?
chestjournal.org
Evidence. One randomized trial of 98 patients
compared post-operative resumption of warfarin at
patients’ usual dose vs doubling the warfarin dose for
the first 2 post-operative days.97 By the fifth post-
operative day, an INR $ 2.0 was attained in 13% of
the usual-dose group and 50% of the doubling dose
group (RR ¼ 0.27; 95% CI: 0.10 to 0.60); by the tenth
post-operative day, this occurred in 68% and 87% of
these groups (RR ¼ 0.87; 95% CI: 0.65 to 1.00). In a
40-patient randomized trial that compared doubling
vs usual-dose post-operative warfarin resumption, the
median number of days to reach an INR $ 2.0 was
not significantly different in the two groups (7.8
vs 9.0 days; 95% CI: –3.1 to 4.9).98 In observational
studies that used post-operative VKA resumption with
a double-dose or usual-dose regimen, the mean
duration to attain an INR $ 2.0 was 4.6 and 5.1 days,
respectively.56,95
3. In patients requiring VKA (warfarin) interruption
for an elective surgery/procedure, we suggest
resuming the first post-operative VKA dose at the
patient’s usual dose over resuming VKA with double
the usual dose (Conditional Recommendation, Very
Low Certainty of Evidence).

Guideline Implementation Considerations:

� Although post-operative doubling of the warfarin
dose for 1 to 2 days may lead to a more rapid
attainment of an INR $ 2.0 in some patients, there
are concerns in applying this approach in practice; for
example, in patients with variable warfarin dose reg-
imens and those expected to be hospitalized for >
1 day.

PICO 4: In patients who interrupted warfarin before a
surgery/procedure and have an elevated INR (ie, > 1.5)
1 to 2 days before surgery/procedure, should vitamin K
be administered vs not giving vitamin K?

Evidence. Among patients who have interrupted VKAs 5
to 6 days before a surgery/procedure, the practice of pre-
operative INR measurement, typically on the day before
or day of the surgery/procedure, may be done in selected
patients; however, few studies have addressed the role of
vitamin K in this clinical setting. In an uncontrolled
observational study of 43 VKA-treated patients who had
an INR of 1.4 to 1.9 on the day before elective surgery
and received 1 mg oral vitamin K, the INR was
normalized (# 1.3) in 76.6% of patients on the day of
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surgery.99 In another observational study of 82 VKA-
treated patients who received 1 mg IV vitamin K, on
average, 27 hours pre-operatively, a normalized INR for
surgery was achieved in 54.9% of patients.100 Other
studies that have assessed vitamin K to normalize an
elevated INR have been done in other clinical situations
(eg, bleeding, urgent surgery) outside of the elective
perioperative setting.101-104

4. In patients requiring VKA interruption for an
elective surgery/procedure who have an elevated INR
(ie, > 1.5) 1 to 2 days before the surgery/procedure, we
suggest against routine use of pre-operative vitamin K
(Conditional Recommendation, Very Low Certainty of
Evidence).

Guideline Implementation Considerations:

� Uncertainty about routine pre-operative vitamin K
administration relates to the dose of vitamin K,
limited availability of oral vitamin K formulations,
and potential for resistance to post-operative re-
anticoagulation.

Bridging Anticoagulation During Interruption of
VKA Therapy

PICO 5: In patients with a mechanical prosthetic heart
valve, should bridging anticoagulation during
interruption of warfarin therapy be administered vs no
bridging?

Evidence. One randomized trial assessed the need for
heparin bridging in patients with a mechanical
prosthetic heart valve. In the PERIOP-2 trial
involving warfarin-treated patients who required an
elective surgery/procedure, 20.7% (304 of 1,471) of
patients had a mechanical heart valve, of whom
9.0% had a mitral valve and 11.7% had an aortic
valve prosthesis.105 All patients received pre-
operative bridging with open-label dalteparin, 200
IU/kg daily (100 IU/kg daily on the day before the
surgery/procedure). Post-operatively, patients
received dalteparin 200 IU/kg daily (fixed-dose 5,000
IU daily in patients at high-bleed-risk) or placebo, in
a double-blind manner, until the INR was $ 2.0;
patient follow-up was for 12 weeks. In patients
with a mechanical heart valve, there was no
significant difference in the no bridging and bridging
groups for the outcomes of major thromboembolism
(0% vs 0.67%; P ¼ .67) and major bleeding
(1.96% vs 0.67%; P ¼ .62). In an observational study
assessing bridging vs no bridging management in
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VKA-treated patients which included patients with a
mechanical heart valve, those who received
perioperative bridging had an increased risk for
major bleeding (3.6% vs 1.2%; P ¼ .0007).106 In a
meta-analysis of non-randomized studies totaling
12,278 patients that compared bridging vs no
bridging in a mixed population of patients, of whom
24% had a mechanical heart valve, there was no
significant difference in the risk of ATE in bridged
and non-bridged groups (OR ¼ 0.80; 95% CI: 0.42-
1.54), but bridging conferred an increased risk of
major bleeding (OR ¼ 3.60; 95% CI: 1.52-8.50).23 In
non-randomized studies in which all patients with a
mechanical heart valve received perioperative
therapeutic-dose heparin bridging, this approach was
associated with a pooled incidence of ATE and major
bleeding of 0.9% (95% CI: 0.2-1.5) and 2.8% (0.8-
4.8), respectively.56,86-88,107-109

5. In patients receiving VKA therapy for a mechanical
heart valve who require VKA interruption for an
elective surgery/procedure, we suggest against heparin
bridging (Conditional Recommendation, Very Low
Certainty of Evidence).

Guideline Implementation Considerations:

� In selected patients considered at high risk for
thromboembolism (Table 1), as examples, those with
(1) an older-generation mechanical heart valve [ie,
tilting-disc valve]; (2) a mechanical mitral valve with
one or more risk factors for stroke; (3) a recent
(< 3 months) thromboembolic event; or (4) other
high-risk patients (eg, prior perioperative stroke), pre-
and post-operative heparin bridging is suggested (see
Guideline Statement 8).

PICO 6: In patients with atrial fibrillation, should
bridging anticoagulation be administered during
interruption of VKA therapy vs no bridging?

Evidence. The BRIDGE trial assessed a heparin bridging
vs no bridging strategy in patients with atrial fibrillation
who required warfarin interruption for an elective
surgery/procedure.76 In a double-blind manner,
patients received bridging with therapeutic-dose
LMWH (dalteparin 100 IU/kg bid) for 3 days pre-
operatively, with only the morning dose given on the
day before surgery/procedure, and for at least 5 days
post-operatively until the INR was $ 2.0. Patient
follow-up was for 4 weeks post-operatively. This trial
showed that no bridging was noninferior to LMWH
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bridging for the outcome of ATE (0.3% vs 0.4%; OR ¼
0.80; 95% CI: 0.42-1.54), but bridging conferred a
threefold increased risk for major bleeding
(3.2% vs 1.3%; OR ¼ 3.60; 95% CI: 1.52-8.50). In the
PERIOP-2 trial, there was no significant difference
between the bridging (n ¼ 670) and no bridging (n ¼
497) arms in the atrial fibrillation subgroup for the
outcomes of major thromboembolism (0.75% vs 1.41%)
and major bleeding (1.64% vs 2.62%).105 In a
subanalysis of a randomized trial of DOAC vs VKA
therapy for atrial fibrillation that assessed perioperative
management in 1,415 VKA-treated patients, those who
received heparin bridging compared with those not
bridged were at increased risk for major bleeding
(6.8% vs 1.6%; OR ¼ 4.4; 95% CI: 2.4-8.1).110 In an
observational study of 2,200 patients with atrial
fibrillation who required perioperative VKA
interruption, a multivariate analysis found that,
compared with no bridging, heparin bridging was
associated with higher rates of clinically important
bleeding (5.0% vs 1.3%; OR ¼ 3.84; 95% CI: 2.07-7.14)
and cardiovascular events (4.6% vs 2.5%; OR ¼ 1.62;
95% CI: 0.95-2.78).106 The aforementioned meta-
analysis found no significant difference in ATE but an
increased risk of bleeding for bridging vs no bridging in
a mixed population of patients, of whom 44% had atrial
fibrillation.23

6. In patients receiving VKA therapy for atrial
fibrillation who require VKA interruption for an
elective surgery/procedure, we recommend against
heparin bridging (Strong Recommendation, Moderate
Certainty of Evidence).

Guideline Implementation Considerations:

� In selected patients considered at high risk for
thromboembolism (Table 1), as examples (1) those
with a recent [< 3 month] history of stroke or tran-
sient ischemic attack; (2) other high-risk patients (eg,
prior perioperative stroke), or (3) with a CHA2DS2-
VASc score $ 7 or CHADS2 score of 5 or 6), pre- and
post-operative heparin bridging is suggested (see
Guideline Statement 8).

� A perioperative VKA and heparin bridging calendar
(paper or electronic) that provides patients and
clinicians an easy-to-use timetable for VKA inter-
ruption and resumption alongside the heparin
bridging dosing regimen has the potential to
minimize errors and optimize communication
among caregivers.
chestjournal.org
PICO 7: In patients with VTE, should bridging
anticoagulation be administered during interruption of
VKA therapy vs no bridging?

Evidence. In patients with a history of VTE, bridging
anticoagulation has been used during VKA interruption
for patients requiring an elective surgery/procedure,111

but there are no randomized trials to address its efficacy
and safety. In an observational study of 755 patients that
assessed a bridging (n ¼ 214) vs no bridging (n ¼ 514)
approach in VKA-treated patients with VTE who
required a surgery/procedure, there was no significant
difference in recurrent VTE or bleeding outcomes in the
two groups.112 Other observational studies found that
heparin bridging increased the risk for major bleeding
with bridging,113,114 with no significant reduction in
recurrent VTE.113,115,116 In a systematic review totaling
6,195 VKA-treated patients with VTE who required
elective surgery, a heparin bridging vs no bridging
approach was associated with a higher incidence of any
bleeding (3.9% [95% CI: 2.0-7.4] vs 0.4% [95% CI: 0.1-
1.7]) and no effect on recurrent VTE (0.7% [95% CI: 0.4-
1.2] vs 0.5% [95% CI: 0.3-0.8]).117

7. In patients receiving VKA therapy for VTE as the
sole clinical indication who require VKA interruption
for an elective surgery/procedure, we suggest against
heparin bridging (Conditional Recommendation, Very
Low Certainty of Evidence).

Guideline Implementation Considerations:

� Suggesting against bridging with a therapeutic-dose
heparin regimen does not preclude the use of a low-
dose heparin regimen, typically started within 24
hours after surgery and continued for up to 5 days
while VKA therapy is resumed, to decrease the risk
for post-operative VTE.

� In selected patients considered at high risk for VTE
(Table 1), as examples (1) those with a recent
(< 3 months) history of VTE,36,118 or (2) severe
thrombophilia, or (3) selected types of active cancer,
pre- and post-operative heparin bridging is suggested
(see Guideline Statement 8).

PICO 8: In VKA-treated patients who are considered at
high risk for thromboembolism (Table 1), should
bridging anticoagulation be given during interruption
of VKA therapy vs no bridging?

PICO 9: In VKA-treated patients who are considered at
low-to-moderate-risk for thromboembolism (Table 1),
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should bridging anticoagulation be given during
interruption of VKA therapy vs no bridging?

Evidence. Most studies assessing a bridging vs no
bridging perioperative management strategy did not
separate patients according to thromboembolic risk;
consequently, evidence to inform these related PICOs is
derived from studies referred to in the section entitled
“Bridging Anticoagulation During Interruption of VKA
Therapy,” supplemented by uncontrolled observational
studies84,119,120 and meta-analyses23,121,122 that separated
patients and associated management according to
thromboembolic risk.

8. In patients receiving VKA therapy who are
classified as high risk for thromboembolism and who
require VKA interruption for an elective surgery/
procedure, we suggest heparin bridging over no
heparin bridging (Conditional Recommendation, Very
Low Certainty of Evidence).

Guideline Implementation Considerations:

� Stratification of patients according to perioperative
thromboembolic risk, as shown in Table 1, is empiric
as there are no clinical prediction models that have
been validated in this clinical setting. Accordingly, a
patient’s individual risk profile may inform decisions
about heparin bridging. The type of surgery may also
affect thromboembolic risk; for example, an antici-
pated higher risk in patients having open cardiac or
major vascular surgery.

9. In patients receiving VKA therapy who are classified
as low-to-moderate-risk for thromboembolism and
who require VKA interruption for an elective surgery/
procedure, we suggest against heparin bridging
(Conditional Recommendation, Very Low Certainty of
Evidence).

Guideline Implementation Considerations:

� Although patients may be classified empirically as
low-to-moderate-risk for thromboembolism, there
may be selected patients within this classification
grouping (Table 1) in whom heparin bridging may be
considered.

Management of Patients Who Are Receiving a VKA
and Need Minor Procedures

Dental Procedures: Minor dental procedures include
single and multiple tooth extractions, and endodontic
(root canal) procedures.
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PICO 10: In patients who are having minor dental
procedures and are receiving a VKA, should VKAs be
continued vs stopped 5 to 6 days before the procedure?

PICO 11: In patients who are having minor dental
procedures and are receiving a VKA, should VKAs be
continued with a pro-hemostatic agent vs an
alternative approach (interrupting VKA with or
without heparin bridging or continuing VKA without
pro-hemostatic agent or co-administering different pro-
hemostatic agents)?

Evidence. Multiple randomized trials and prospective
cohort studies have evaluated perioperative
anticoagulant management for dental procedures.
Management strategies that have been assessed include:
continuing VKAs, with or without co-administered pro-
hemostatic interventions that comprise antifibrinolytic
drugs (eg, tranexamic acid) or local measures (eg, fibrin
glue, topical hemostatic agents and sealants, sutures);
partial (2-3 days’ pre-procedure) VKA interruption; and
complete (5 days’ pre-procedure) VKA interruption.14

These studies had limitations, with one or more of the
following: small (< 100 patients) study samples; variable
definitions of bleeding and other outcomes; and
uncertain outcome capture during follow-up.123-148

Among four randomized trials comparing VKA
continuation vs interruption, none showed a significant
increase in bleeding with VKA continuation.123,128,129,131

One meta-analysis (of two studies) comparing
continuing vs interrupting VKAs found no significant
increased intra-procedural bleeding (RR ¼ 1.67; 95% CI:
0.97-2.89) or post-procedural bleeding (RR ¼ 1.44,
95% CI: 0.71-2.92) with VKA continuation.149 Taken
together, these studies suggest that continuing VKAs is
associated with a low (approximately 5%) risk for any
bleeding, with such bleeding considered self-limiting.
Another approach associated with a low risk for
bleeding is partial interruption of the VKA for 2 to
3 days before the dental procedure. In terms of
thromboembolic outcomes, these appeared rare
(< 0.1%), although it was uncertain if these outcomes
were reliably identified during follow-up. If tranexamic
acid is used, 10 mL of a 5% mouthwash solution can be
given just before the procedure and two to three times
daily for 1 to 2 days’ post-procedure.123,150

10. In patients receiving VKA therapy who need a
dental procedure, we suggest continuation of VKA
over VKA interruption (Conditional Recommendation,
Low Certainty of Evidence).
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Guideline Implementation Considerations:

� The risk for dental procedure-related bleeding may
vary, being lower with single tooth extractions and
higher with multiple tooth extractions or in patients
with poor gingival health; accordingly, VKA inter-
ruption may be preferred in situations where oral
bleeding is expected to be considerable.

11. In patients receiving VKA therapy who need a
dental procedure, we suggest using a pro-hemostatic
agent with continuation of VKA over alternative
management options (eg, discontinuation of VKA
with or without heparin bridging) (Conditional
Recommendation, Low Certainty of Evidence).

Guideline Implementation Considerations:

� Pro-hemostatic options include pre- and post-
procedure administration of oral tranexamic acid
mouthwash, two to three times daily, and
intervention-specific measures (eg, extra sutures,
gauze soaked in tranexamic acid).

Minor Dermatologic Procedures: Minor skin
procedures include excision of basal and squamous cell
skin cancers, actinic keratoses, and premalignant or
cancerous skin nevi.

PICO 12: In patients who are having a minor
dermatologic procedure and are receiving a VKA,
should VKA be continued around the time of the
procedure vs stopping the VKA 5 to 6 days before the
procedure?

Evidence. No randomized trials have assessed
perioperative anticoagulant management. Prospective,
controlled cohort studies reported a higher incidence of
bleeding in patients who continued VKAs compared
with patients with VKA interruption, with most bleeds
being self-limiting.151-154 The incidence of bleeding with
the continuation of VKAs appears to be low (< 5%),
although there was uncertainty as to the reliability that
events were identified.

12. In patients receiving VKA therapy who require a
minor dermatologic procedure, we suggest
continuation of VKA over VKA interruption
(Conditional Recommendation, Very Low Certainty of
Evidence).

Guideline Implementation Considerations:

� The risk for dermatologic procedure-related bleeding
may vary, being lower with resections of small (1-
2 cm) skin cancers and biopsies, and higher with
chestjournal.org
resections of larger (> 3 cm) skin cancers, particularly
if skin grafting is required; accordingly, VKA inter-
ruption may be preferred in situations where site-
related bleeding is expected to be considerable or if
lengthy wound healing is expected (eg, skin graft).

Minor Ophthalmologic Procedures: Minor
ophthalmologic procedures include cataract surgery
(phacoemulsification), which is a largely avascular
procedure, and surgery for glaucoma (iridotomy) and
diabetic retinopathy (panretinal photocoagulation,
vitrectomy). Whereas most eye surgery is done using
sub-Tenon’s or topical anesthesia or a peribulbar
(extraconal) block technique, retrobulbar (intraconal)
anesthesia poses a concern in anticoagulated patients
due to the potential complication of retrobulbar
hematoma,155 which can lead to loss of vision.

PICO 13: In patients who are having a minor
ophthalmologic procedure and are receiving a VKA,
should VKA be continued around the time of the
procedure vs stopping the VKA 5 to 6 days before the
procedure?

Evidence. No randomized trials have assessed
perioperative management with cataract surgery.156 In
prospective cohort studies, the incidence of major and
non-major bleeding was < 3%.157-166 In a meta-analysis
of observational studies, patients who continued VKAs
around cataract surgery had an increased risk for
bleeding (OR¼ 3.26; 95% CI: 1.73-6.16), with an overall
incidence of bleeding of 10% (95% CI: 5-19).46 However,
almost all bleeds were self-limiting, consisting of dot
hyphemas or subconjunctival bleeds, and no patient had
compromised visual acuity related to bleeding.

13. In patients receiving VKA therapy who require a
minor ophthalmologic procedure, we suggest
continuation of VKA over VKA interruption
(Conditional Recommendation, Very Low Certainty of
Evidence).

Guideline Implementation Considerations:

� VKA interruption may be preferred in patients
considered at higher risk for bleeding; for example,
those having more complex retinal surgery or patients
having surgery with retrobulbar anesthesia. Cataract
surgery is done usually with topical anesthesia and,
less commonly, with retrobulbar anesthesia.

Cardiac Device Procedures: Commonly performed
cardiac device procedures include implantation of a
permanent cardiac pacemaker or an ICD.
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PICO 14: In patients who are having a cardiac device
procedure and are receiving a VKA, should VKA be
continued around the time of the procedure vs stopping
the VKA 5 to 6 days before the procedure?

Evidence. The BRUISE CONTROL trial assessed a
warfarin interruption-bridging vs warfarin
continuation-no bridging strategy in patients with atrial
fibrillation or a mechanical heart valve who required
implantation of a pacemaker or ICD.167 In the warfarin
interruption-bridging group, patients received
therapeutic-dose LMWH (89% of patients) or IV UFH
(11% of patients) pre-procedure for 3 days. Post-
procedure, bridging was resumed within 24 hours. The
primary outcome of clinically significant pocket
hematoma occurred in 3.5% (12 of 343) of patients in
the warfarin continuation group, and in 16.0% (54 of
338) of patients in the warfarin interruption-bridging
group (RR ¼ 0.19; 95% CI: 0.10-0.36). Meta-analyses of
observational studies where VKAs were continued
around the time of pacemaker/ICD implantation
demonstrated similar low (approximately 2% to 6%)
rates of pacemaker pocket hematomas.50,168,169 Smaller
randomized trials also reported higher bleeding with
VKA interruption and bridging compared with VKA
continuation around pacemaker implantation,170-172

whereas a 467-patient retrospective cohort study
reported a 1.6% incidence of major pocket hematomas
in patients who did not interrupt warfarin for
pacemaker implantation.173

14. In patients receiving VKA therapy who require a
pacemaker or ICD implantation, we recommend
continuation of VKA over VKA interruption and
heparin bridging (Strong Recommendation, Moderate
Certainty of Evidence).

Guideline Implementation Considerations:

� Continuation of VKAs around cardiac device pro-
cedures is based on the premise that the patient’s INR
at the time of the procedure is < 3.0.

PICO 15: In patients receiving VKA therapy who
require VKA interruption for a colonoscopy with
anticipated polypectomy, should heparin bridging be
given vs no heparin bridging?

Evidence. The management of patients undergoing
polypectomy poses specific challenges because of the
potential for post-procedure bleeding, which can be
delayed when the scar formed over the polyp stalk is
dislodged with potential exposure of friable, vascular
tissue.54 One randomized trial compared continuing
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VKAs with cold snare polypectomy vs VKA interruption
and heparin bridging with hot snare polypectomy in 184
patients who needed colonic polyp resection.174 The
incidence of polypectomy-related major bleeding was
higher in the VKA interruption-heparin bridging group
than in the VKA continuation group (12.0% [95% CI:
5.0-19.1] vs 4.7% [95% CI: 0.2-9.2]); this difference was
not statistically significant.

15. In patients receiving VKA therapy who require
VKA interruption for a colonoscopy with anticipated
polypectomy, we suggest against heparin bridging
during the period of VKA interruption (Conditional
Recommendation, Very Low Certainty of Evidence).
Perioperative Management of Patients Who
Are Receiving Heparin Bridging
Background: The perioperative management of patients
who receive heparin bridging is informed by an
understanding of the basic pharmacologic properties of
bridging agents, LMWH and UFH.22 LMWHs have an
elimination half-life of 3 to 5 hours, which informs pre-
operative interruption timing, and a peak action
occurring 3 to 4 hours after administration, which
informs post-operative initiation timing.22 UFH has a
dose-dependent elimination half-life that is
approximately 90 minutes but can vary from 30 to 120
minutes depending on the level of anticoagulation (as
reflected by the aPTT or anti-factor Xa levels) at the time
of interruption.22

Perioperative Use of IV UFH as Bridging
Anticoagulation

PICO 16: In patients who are receiving bridging
anticoagulation with therapeutic-dose IV UFH, should
UFH be stopped 4 to 6 hours before surgery vs stopping
UFH closer to surgery?

PICO 17: In patients who are receiving bridging
anticoagulation with therapeutic-dose IV UFH, should
UFH be resumed > 24 hours after a surgery/procedure
vs within 24 hours after a surgery/procedure?

Evidence. There are no studies assessing the timing of IV
UFH interruption and resumption around the time of a
surgery/procedure. Based on the elimination half-life, an
infusion of UFH can be stopped 4 to 6 hours before
surgery to eliminate any residual anticoagulant effect.22

Resumption of IV UFH after surgery follows the
approach used for LMWH in terms of the timing of
post-operative resumption, and with IV UFH resumed
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at the same or lower infusion rate as that used pre-
operatively.175,176

16. In patients receiving therapeutic-dose IV UFH
bridging for an elective surgery/procedure, we suggest
stopping UFH ‡ 4 hours before a surgery/procedure
over stopping IV UFH < 4 hours before a surgery/
procedure (Conditional Recommendation, Very Low
Certainty of Evidence).

17. In patients receiving therapeutic-dose IV UFH
bridging for an elective surgery/procedure, we suggest
resuming UFH ‡ 24 hours after a surgery/procedure
over resuming UFH within 24 hours after a surgery/
procedure (Conditional Recommendation, Very Low
Certainty of Evidence).

Guideline Implementation Considerations:

� When resuming UFH post-operatively, we suggest
avoiding a bolus dose and commencing with a lower-
intensity infusion that is associated with a lower target
aPTT than that used for initiation of full-dose UFH
administration.

Perioperative Use of LMWH as Bridging
Anticoagulation

PICO 18: In patients who are receiving LWMH
bridging, should the last pre-operative dose of LMWH
be given 24 hours before surgery vs 12 hours before
surgery?

Evidence. There are no studies assessing the timing of
LMWH bridging interruption before a surgery/
procedure and its effect on bleeding or other clinical
outcomes. In observational studies assessing LMWH
bridging, there were no apparent higher bleeding rates
(compared with non-bridged controls from other
studies) if the last dose of LMWH was given
approximately 12 hours (evening) before surgery or
approximately 24 hours before a surgery/procedure.56,95

In studies assessing a surrogate marker for bleeding
(anti-factor Xa levels), > 90% of patients who received
their last LMWH dose approximately 12 hours before a
surgery/procedure had a detectable anticoagulant effect
at surgery, with 34% of patients having an elevated
(therapeutic level) anticoagulant effect (ie, anti-factor Xa
level $ 0.50 IU/mL) at the time of surgery.177,178

18. In patients receiving LMWH bridging for an
elective surgery/procedure, we suggest administering
the last pre-operative LMWH bridging dose at
approximately 24 hours over administering the last
chestjournal.org
dose 10 to 12 hours before a surgery/procedure
(Conditional Recommendation, Very Low Certainty of
Evidence).

PICO 19: In patients who are receiving bridging with
therapeutic-dose LMWH and are having high-bleed-
risk surgery, should therapeutic-dose LMWH be
resumed within 24 hours after surgery vs resuming
LMWH > 24 hours after surgery?

Evidence. No randomized trials have compared an early
(within 24 hours) or delayed (> 24 hours) resumption of
therapeutic-dose LMWH after a surgery/procedure,
irrespective of the type of surgery. The BRIDGE trial
used a standardized post-operative heparin resumption
regimen where LMWH was resumed 24 hours after a
low-to-moderate-bleed-risk surgery/procedure and 48 to
72 hours after a high-bleed-risk surgery/procedure was
associated with a 3.2% incidence of major bleeding.76 In
a subanalysis of the RE-LY trial, which compared
warfarin and dabigatran for stroke prevention in atrial
fibrillation, patients who were receiving (open-label)
warfarin and received perioperative LMWH bridging
without a standardized bridging regimen had a
6.8% incidence of major bleeding.110 In an observational
study in which all patients received LMWH bridging
with enoxaparin 1.5 mg/kg daily, started 12 to 24 hours
after all types of surgery, patients who had major (> 1
hour duration) surgery had a 20% (8 of 40) incidence of
major bleeding, whereas major bleeding occurred in
0.7% (1 of 148) of patients who had a minor (< 1 hour
duration) surgery or procedure.179 Other observational
studies that allowed a flexible post-operative bridging
regimen in high-bleed-risk patients, with either delayed
resumption of therapeutic-dose LMWH or substitution
of a low-dose regimen, found a low (< 5%) incidence of
major bleeding.84,87,88,92,107,120,180,181 Taken together,
these studies support flexible postoperative resumption
timing of LMWH bridging, to occur after 24 hours or
after 48 to 72 hours depending on the surgery/
procedure-related bleed risk, and when there is adequate
surgical site hemostasis.
19. In patients receiving LMWH bridging for an
elective surgery/procedure, we suggest administering
the first post-operative LMWH bridging dose at
least 24 hours after a surgery/procedure over
administering it less than 24 hours after a surgery/
procedure (Conditional Recommendation, Very Low
Certainty of Evidence).
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Guideline Implementation Considerations:

� We suggest waiting at least 24 hours before resuming
LMWH bridging in patients having a low-to-
moderate-bleed-risk surgery/procedure and waiting at
least 48 to 72 hours before resuming LMWH bridging
in patients having a high-bleed-risk surgery/proced-
ure (Table 2).

� For patients in whom the management plan is to
delay resumption of LMWH bridging for 48 to 72
hours and who are considered at high risk for post-
operative VTE, low-dose LMWH can be administered
for the initial 2 to 3 days before the transition to
LMWH bridging.

PICO 20: In patients receiving LMWH bridging,
should half the total daily dose of LMWH be given on
the day before the surgery/procedure vs administering
the full dose of LMWH?

Evidence. The evidence for administering half the total
dose of LMWH bridging on the day before the surgery/
procedure incorporates the evidence used for Guideline
Statement 18, shown above.56,95,177,178 In addition, in the
BRIDGE and PERIOP-2 trials, which gave half the total
daily LMWH bridging dose on the day before the
surgery/procedure in patients who received pre-
operative bridging, this approach was associated with
low rates of perioperative major bleeding (3.2%,
1.6%).76,105

20. In patients receiving LMWH bridging for an
elective surgery/procedure, we suggest administering
half the total daily dose of LMWH the day prior to the
surgery/procedure over administering the full dose of
LMWH the day prior (Conditional Recommendation,
Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� This guidance may apply more to patients having a
high-bleed-risk surgery, including patients having
neuraxial (spinal or epidural) anesthesia, rather than
in patients having a low-to-moderate-bleed-risk sur-
gery/procedure (Table 2).

� Administering half the total daily dose of LMWH can
be done by giving, on the morning of the day before
the surgery/procedure, only the morning dose of a
twice-daily LMWH regimen or approximately 50% of
the dose of a once-daily LWMH regimen.

PICO 21: In patients receiving LMWH bridging,
should measurement of anti-factor Xa levels be
routinely done vs no anti-factor Xa measurements?
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Evidence. There are no studies that have compared a
perioperative LMWH bridging strategy with and
without pre-operative anti-factor Xa measurements.
Large randomized trials and prospective cohort studies
did not incorporate anti-factor Xa measurements as part
of perioperative management.23,76,105

21. In patients receiving LMWH bridging for an
elective surgery/procedure, we suggest against routine
measurement of anti-factor Xa levels to guide
perioperative LMWH management (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� There may be select patients undergoing high-bleed-
risk surgeries/procedures (ie, intracranial, spinal) or
patients who require an urgent (nonelective) surgery/
procedure where anti-factor Xa measurement may be
considered.
Patients Who Are Receiving a DOAC and
Require an Elective Surgery/Procedure
Background: The interruption of DOACs before an
elective surgery/procedure can follow a
pharmacokinetic-based approach, as used with the
perioperative management of other anticoagulants,
whereby the pre-operative interruption interval
corresponds to four to five elimination half-lives of each
DOAC.182,183 Given the DOAC half-lives of 9 to 14
hours, withholding DOACs for 2 full days before a
surgery/procedure, which corresponds more precisely to
a 60- to 68-hour interval (or four to five half-lives) from
the last DOAC dose until the surgery, should result in
minimal to no residual anticoagulant effect at the time of
surgery.184 This approach can be used for patients
having a high-bleed-risk surgery/procedure, whereas for
patients having a low-to-moderate-bleed-risk surgery/
procedure, withholding DOACs for 1 full day before the
procedure, which corresponds to a 30- to 36-hour
interruption interval (or approximately three DOAC
half-lives), should result in a residual anticoagulant
effect which is acceptable clinically for lower bleed risk
procedures. In all patients, no DOAC is taken on the day
of the surgery/procedure.

There are two important qualifying remarks to this
pharmacokinetic-based DOAC interruption
management strategy:

� In dabigatran-treated patients with impaired renal
function (creatinine clearance [CrCl] < 50 mL/min),
interruption for 3 to 4 full days is required to allow for
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the longer time required for drug clearance as 75% to
80% of dabigatran clearance is by the kidney.21,185

� There may be selected patients in whom a longer
duration of pre-operative DOAC interruption may be
required, irrespective of the DOAC used. This may
include patients with severely impaired renal function
(CrCl < 30 mL/min) or hepatic function, and in those
who are taking drugs that, through inhibition of
CYP3A4 or P-glycoprotein pathways, may interfere
with DOAC clearance.186-188

An alternative pre-operative management strategy
includes measurement of DOAC levels before the
surgery/procedure,189,190 which may be considered in
patients who require an urgent (ie, within 24 hours)
surgery, such as hip fracture repair.191 A practical issue
with this approach is that routine coagulation function
tests such as the INR or aPTT may be insensitive to
exclude a residual preoperative DOAC effect,192 thereby
necessitating the need to measure DOAC levels with
more sensitive but less widely available tests. These tests
consist of DOAC-calibrated anti-factor Xa levels for
apixaban, edoxaban, and rivaroxaban, and the dilute
thrombin time or ecarin clotting time for dabigatran;
however, questions remain as to their clinical
utility.193-195

Perioperative Interruption and Resumption of
DOACs and Heparin Bridging

PICOs 22-25: In patients who are receiving a DOAC
(apixaban, dabigatran, edoxaban, or rivaroxaban) and
require an elective surgery/procedure, should DOACs
be interrupted for 1 to 2 days (1-4 days for dabigatran)
before a surgery/procedure vs interrupting DOACs
earlier?

Evidence. Two prospective studies assessed a
standardized perioperative DOAC management, with
standardized DOAC interruption. The first was a
prospective management study of 541 dabigatran-
treated patients with atrial fibrillation who required an
elective surgery/procedure; 24- and 48-hour DOAC
interruption intervals were adopted for low- and high-
bleed-risk surgeries/procedures, respectively.185 This
approach was associated with low 30-day post-operative
rates of ATE (0.2%; 95% CI: 0-0.5) and major bleeding
(1.8%; 95% CI: 0.7-3.0). The second study, PAUSE, was
a prospective management study of 3,007 patients with
atrial fibrillation taking a DOAC (apixaban, dabigatran,
or rivaroxaban) who required an elective surgery/
procedure and received standardized perioperative
chestjournal.org
management196; patients with severe renal insufficiency,
in whom DOAC therapy was not clinically indicated,
were excluded (CrCl < 25 mL/min if taking apixaban or
CrCl < 30 mL/min if taking dabigatran or rivaroxaban).
DOACs were interrupted for 1 day before and 1 day
after (2 days total) a low-to-moderate-bleed-risk
surgery/procedure and for 2 days before and 2 days after
(4 days total) a high-bleed-risk surgery/procedure. An
exception to this management occurred in a small
proportion of patients (2.7% [80 of 3,007]) who were
receiving dabigatran and had a CrCl < 50 mL/min in
whom the interruption interval was extended by 1 or
2 days depending on the surgery/procedure bleed risk.
With this overall management approach, 30-day post-
operative incidences of ATE and major bleeding,
respectively, were: 0.16% (95% CI: 0-0.48) and
1.35% (95% CI: 0-2.0) in the apixaban cohort (n ¼
1,257); 0.60% (95% CI: 0-1.33) and 0.9% (95% CI: 0-
1.73) in the dabigatran cohort (n ¼ 668); and
0.37% (95% CI: 0-0.82) and 1.85% (95% CI: 0-2.65) in
the rivaroxaban cohort (n ¼ 1,082).

Retrospective subanalyses of the major randomized
trials assessing DOACs vs warfarin in atrial fibrillation
were done to assess perioperative DOAC management
but, in general, such management was not standardized
as the timing of DOAC interruption and resumption
varied and 15% to 20% of patients received heparin
bridging.8,10,80,85,197 A meta-analysis of > 19,000
patients who underwent a procedure in the randomized
trials comparing DOACs vs warfarin in atrial fibrillation
was reported as well.198 Taken together, these studies
reported rates of perioperative ATE of 0.5% to 1.0% and
rates of major bleeding of 2% to 5%, which are
comparable to rates observed in patients who receive
non-standardized VKA interruption and
resumption.23,198

Additional evidence relating to pre-operative DOAC
management involves patients undergoing catheter
ablation for atrial fibrillation. An observational study
reported an increase in bleeding with periprocedural
DOAC continuation199 while another reported no
difference in bleeding outcomes.200 A 306-patient
randomized trial that compared 1-day DOAC
interruption vs no interruption found no significant
difference in bleeding outcomes (11.3% vs 9.7%; risk
difference ¼ 1.7%; 95% CI –5.5 to 8.8).201 An
observational study assessing pacemaker/ICD
implantation and minimal DOAC interruption (ie,
skipping or delaying the immediate pre-procedure dose)
e22
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reported a low rate (1.6%) of major pocket
hematomas.173 A 25-patient observational study
assessing DOAC continuation in patients having
cataract surgery identified no bleeding events.202 An
observational study comparing perioperative DOAC
interruption and continuation in patients undergoing
low-bleed-risk procedures reported lower rates of overall
bleeding (OR ¼ 0.59; 95% CI: 0.39 to 0.91) and minor
bleeding (OR ¼ 0.59; 95% CI: 0.37 to 0.93) with DOAC
interruption, a finding that persisted after adjustment for
confounders (OR ¼ 0.62; 95% CI: 0.41
to 0.95).203

It is noteworthy that almost all evidence pertaining to
perioperative DOAC management involves patients with
atrial fibrillation. Few studies, limited to retrospective case
series, have assessed perioperative DOACmanagement in
patients with VTE.204,205 There are no studies assessing
perioperative management in patients who are receiving
low-dose DOAC therapy (rivaroxaban 2.5 mg bid) and
ASA for stable coronary or peripheral arterial disease.206

22. In patients receiving apixaban who require an
elective surgery/procedure, we suggest stopping
apixaban for 1 to 2 days before the surgery/procedure
over apixaban continuation (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� The number of days of pre-operative apixaban
interruption before the surgery/procedure will depend
on the bleed risk associated with the surgery/
procedure:
o 1 day off before low-to-moderate-bleed-risk;
o 2 days off before high-bleed-risk.

� This management may be applied irrespective of
whether patients are receiving apixaban for atrial
fibrillation or VTE.

23. In patients receiving dabigatran who require an
elective surgery/procedure, we suggest stopping
dabigatran for 1 to 4 days before the surgery/
procedure over dabigatran continuation (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� The number of days of pre-operative dabigatran
interruption before the surgery/procedure will depend
on the bleed risk associated with the surgery/pro-
cedure and patient renal function:
o 1 day off before low-to-moderate-bleed-risk if
CrCl $ 50 mL/min;
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o 2 days off before low-to-moderate-bleed-risk if
CrCl < 50 mL/min;

o 2 days off before high-bleed-risk if CrCl $ 50 mL/
min;

o 4 days off for high-bleed-risk if CrCl < 50 mL/min
(this extended duration of interruption of > 2 days
reflects the unique management of patients who are
receiving dabigatran and have a CrCl< 50 mL/min).

� This management may be applied irrespective of
whether patients are receiving dabigatran for atrial
fibrillation or VTE.

24. In patients receiving edoxaban who require an
elective surgery/procedure, we suggest stopping
edoxaban for 1 to 2 days before the surgery/procedure
over edoxaban continuation (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� The number of days of pre-operative edoxaban
interruption before the surgery/procedure will depend
on the bleed risk associated with the surgery/
procedure:
o 1 day off before low-to-moderate-bleed-risk;
o 2 days off before high-bleed-risk.

� This management may be applied irrespective of
whether patients are receiving edoxaban for atrial
fibrillation or VTE.

25. In patients receiving rivaroxaban who require an
elective surgery/procedure, we suggest stopping
rivaroxaban for 1 to 2 days before the surgery/
procedure over rivaroxaban continuation (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� The number of days of pre-operative rivaroxaban
interruption before the surgery/procedure will depend
on the bleed risk associated with the surgery/
procedure:
o 1 day off before low-to-moderate-bleed-risk;
o 2 days off before high-bleed-risk.

� This management may be applied irrespective of
whether patients are receiving rivaroxaban for atrial
fibrillation or VTE.

PICO 26: In patients who require DOAC interruption
for an elective surgery/procedure, should perioperative
bridging be given vs no bridging?

Evidence. In a subanalysis of the RE-LY trial that
assessed patients with AF who were receiving open-
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label dabigatran (or warfarin) and required treatment
interruption for an elective surgery/procedure, those
who received perioperative LMWH bridging were at
higher risk for major bleeding than those who did
not receive bridging (6.5% vs 1.8%; P < .001), and
use of bridging had no significant effect on stroke/
systemic embolism outcomes (0.5% vs 0.3%; P ¼
.46).110 In a prospective patient registry of 901
DOAC-treated patients who required an elective
surgery, perioperative LMWH bridging was
associated with an increased risk for major bleeding
(OR ¼ 4.6; 95% CI: 1.1-9.9) with no significant effect
on thromboembolic outcomes (OR ¼ 1.9; 95% CI:
0.7-5.4).207 In the aforementioned DOAC meta-
analysis, perioperative LMWH bridging was
associated with a threefold higher incidence of major
bleeding compared with the non-bridged group
(4.8% [95% CI: 3.4-6.2] vs 1.6% [95% CI: 1.2-2.0%]),
with no differences in the pooled rates of stroke/
systemic embolism.198

26. In patients who require DOAC interruption for an
elective surgery/procedure, we suggest against
perioperative heparin bridging (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� The rapid offset and rapid onset of action of DOACs
obviate the need for heparin bridging with short-
acting anticoagulants such as UFH or LMWH in a
perioperative setting.

PICO 27: In patients who had DOAC interruption for
an elective surgery/procedure, should DOACs be
resumed > 24 hours after a surgery/procedure
vs resuming DOACs within 24 hours?

Evidence. One randomized trial of 662 DOAC-treated
patients who required a pacemaker/ICD implantation
compared perioperative DOAC continuation (median
interval between pre- and post-procedure DOAC doses:
12 hours) and DOAC interruption (median interval: 72
hours) found no significant difference in pacemaker/ICD
pocket hematomas (OR ¼ 1.02; 95% CI: 0.36-2.87).208

Evidence from the PAUSE study, as discussed above,
informs the incidence of major bleeding and ATE when
DOACs are resumed > 24 hours after a surgery/
procedure. Other evidence regarding post-operative
DOAC resumption timing is derived from the PAUSE
trial in which resumption was standardized at
approximately 24 hours (for a low-to-moderate-bleed-risk
chestjournal.org
surgery/procedure) and 48 to 72 hours (for a high-bleed-
risk surgery/procedure).

27. In patients who had DOAC interruption for an
elective surgery/procedure, we suggest resuming
DOACs > 24 hours after a surgery/procedure over
resuming DOACs within 24 hours (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� The resumption of DOACs post-operatively will
depend on the bleed risk associated with the surgery/
procedure:
o at least 24 hours after low-to-moderate-bleed-risk;
o 48-72 hours after high-bleed-risk.

� DOACs have a rapid onset of action, with a peak
effect occurring 1 to 3 hours after intake, thereby
requiring cautious administration after a surgery/
procedure.

Perioperative Laboratory Measurement of DOAC
Therapy

Background: The role of measuring DOAC levels
before a surgery/procedure, akin to a pre-operative
measurement of the INR in VKA-treated patients, is
uncertain.45,209,210 Unlike with an INR measurement
where a level < 1.5 is considered safe to allow most
surgery/procedures to proceed,51 such a threshold
with DOACs is uncertain as levels of < 30 ng/mL
(the lower limit of detection of DOAC levels for some
assays) or < 50 ng/mL have been suggested.211,212

Although a subanalysis of the PAUSE study suggested
that pre-operative DOAC levels < 30 ng/mL or 30 to
50 ng/mL were not associated with an increased risk for
perioperative bleeding, this study was underpowered to
assess such an association, and additional research is
needed to define safe pre-operative DOAC levels
according to the surgery/procedure-related risk for
bleeding.213,214

Potential barriers for the clinical use of DOAC assays,
including relatively high costs and limited availability,
can be mitigated if laboratories are configured to run
these assays with similar 20- to 30-minute turnaround
times as with the INR and aPTT, and provide the
requisite quality control measures.215,216

PICO 28: In patients who interrupted a DOAC before a
surgery/procedure, should the anticoagulant effect of
DOACs routinely be measured with coagulation
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function tests vs not measuring the anticoagulant effect
of DOACs?

Evidence. AlthoughDOAC-level testing has been assessed
in various clinical settings,217-221 no studies have assessed
the clinical utility of measuring the residual anticoagulant
effect of a DOAC after its interruption before a surgery/
procedure. Specifically, no study has compared the safety
of a perioperative DOAC testing-driven strategy with a
strategy that does not involve DOAC-level testing.184 One
prospective registry assessed 422 patients who
interrupted DOACs with non-standardized intervals
(ranging from 1 to 218 hours), according to physician
discretion, and hadDOAC levels measured just before the
surgery. In patients with a 49- to 72-hour interruption
interval, only 5% had a residual DOAC level> 30 ng/mL,
and none had a level> 50 ng/mL.222 A receiver-operator
curve analysis identified a DOAC interruption interval
of 54 hours to best predict a residual anticoagulant
level# 30 ng/mL. In the PAUSE study, 85% (n¼ 2,541) of
patients had a DOAC level measured just before the
surgery/procedure, but this was not available for
clinical use and did not affect the DOAC interruption
protocol.196 In the overall study population,
encompassing patients having a low-to-moderate-
bleed-risk and high-bleed-risk surgery/procedure, the
proportion of patients on apixaban (n ¼ 1,129),
dabigatran (n¼ 563), and rivaroxaban (n¼ 965) with a
pre-operative DOAC level < 50 ng/mL was 90.5%,
95.1%, and 96.8%, respectively. Patients having a high-
bleed-risk surgery/procedure or any neuraxial
anesthesia, in whom the interval between the last
DOAC dose and DOAC-level testing (just before the
surgery/procedure) was approximately 60 to 68
hours (corresponding to 2 full days off before the
surgery/procedure [4 days off if on dabigatran and CrCl
< 50 mL/min]), were considered separately given a
heightened concern about bleeding in the event of a
significant residual DOAC level at surgery. In this
subgroup, the proportion of patients on apixaban (n ¼
335), dabigatran (n ¼ 183), and rivaroxaban (n ¼ 314)
with a DOAC level < 50 ng/mL was 97.9%, 99.4%, and
99.3%, respectively; the proportion with a DOAC
level < 30 ng/mL was 93.1%, 98.9%, and 85.3%,
respectively.
28. In patients who had DOAC interruption for an
elective surgery/procedure, we suggest against routine
DOAC coagulation function testing to guide
perioperative DOAC management (Conditional
Recommendation, Very Low Certainty of Evidence).
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Guideline Implementation Considerations:

� DOAC-level testing may be considered, on a case-by-
case basis, in nonelective perioperative clinical situa-
tions; for example, in patients who require an urgent/
emergency surgery/procedure in whom DOAC-level
testing may inform the need for active DOAC reversal
with administration of blood products or DOAC-
specific reversal agents.
Perioperative Management of Patients Who
Are Receiving Antiplatelet Drugs
Background: Knowledge of basic pharmacologic
properties of antiplatelet drugs will inform the timing of
perioperative interruption and resumption. When
interrupting ASA and the P2Y12 inhibitors clopidogrel
and prasugrel, since these drugs irreversibly inhibit
platelet function, 7 to 10 days (ie, platelet life span) of
interruption is needed to restore platelet function.223-225

When interrupting the P2Y12 inhibitor ticagrelor, which
reversibly inhibits platelet function, at least 2 to 3 days of
interruption is needed to restore platelet function.226,227

When resuming antiplatelet drugs post-operatively, a
maximal antiplatelet effect occurs within minutes after
taking ASA, within 2 hours after taking ticagrelor, and
occurs 4 to 5 days after resuming clopidogrel with a
(75 mg) maintenance dose only, and after 3 days after
resuming prasugrel.226,228,229 If a loading dose of
clopidogrel is used, the maximal antiplatelet effect
occurs between 2 and 6 hours.230,231 Less commonly
used reversible inhibitors of platelet function include
cilostazol, dipyridamole, and pentoxifylline, with half-
lives of 2 to 10 hours,232-234 and vorapaxar, which has a
prolonged, 3- to 15-day antiplatelet effect.235 Nonsteroidal
antiinflammatory drugs have reversible antiplatelet
properties with half-lives that vary from 2 to 6 hours
(ibuprofen, ketoprofen, indomethacin), to 7 to 15 hours
(celecoxib, naproxen, diflunisal), to approximately 20
hours (meloxicam, nabumetone, piroxicam).236

Patients Having Non-cardiac Surgery

PICOs 29-32: In patients receiving antiplatelet drugs
who require non-cardiac surgery, should antiplatelet
drugs be continued perioperatively vs stopping 7 to
10 days before surgery?

Evidence. One 80-patient trial compared 4 to 5 days
vs 10 days of ASA interruption before surgery, with
too few cardiovascular (n ¼ 1) or bleeding (n ¼ 0)
events for adequate interruption.237 The PEP trial
involved 17,444 patients who required hip fracture
[ 1 6 2 # 5 CHES T NO V EM B E R 2 0 2 2 ]



repair or hip/knee joint replacement with patients
randomized to receive ASA or placebo started pre-
operatively and continued for 35 days.238 ASA use was
associated with a decreased risk for VTE (RR ¼ 0.71;
95% CI: 0.54-0.94) and did not affect the risk for
clinically overt myocardial ischemia (RR ¼ 1.57;
95% CI: 0.93-2.65) or stroke (RR ¼ 1.13; 95% CI:
0.69-1.85) but conferred an increased risk for major
bleeding (2.9% vs 2.4%; P ¼ .04). In a randomized
trial of 220 patients who were at high cardiovascular
risk and were undergoing surgery, ASA (or placebo)
was started 7 days before surgery and continued for
30 days.239 Patients in the ASA group had a lower
risk for major cardiovascular events (1.8% vs 9.0%;
95% CI: 1.3-13.0), but the study was underpowered to
detect a difference in bleeding. POISE-2 was a
randomized, placebo-controlled trial that assessed
immediate pre-operative ASA initiation (200 mg) or
ASA continuation in 10,010 patients with known or at
risk for coronary artery disease who were having
major non-cardiac surgery.240 Perioperative ASA
initiation/continuation did not reduce the risk for
non-fatal myocardial infarction or death
(7.0% vs 7.1%; RR ¼ 0.99; 95% CI: 0.86-1.2), a
finding observed in both initiation and continuation
strata, but increased the risk for major bleeding
(4.6% vs 3.8%; RR ¼ 1.2; 95% CI: 1.01-1.50). The
interpretation of these results involves consideration
that post-operative nonsteroidal antiinflammatory drug
use occurred in 37% of patients, which may have
impaired the cardioprotective effects of ASA241;
moreover, major bleeding was increased in the ASA
initiation stratum (4.6% vs 3.5%; hazard ratio [HR] ¼
1.34; 95% CI: 1.03-1.74) but not the ASA continuation
stratum (4.6% vs 4.1%; HR ¼ 1.11; 95% CI: 0.84-
1.48). Smaller, likely underpowered, trials assessing
perioperative ASA interruption vs continuation or
single-dose pre-operative ASA administration reported
no significant difference in thromboembolic or
bleeding events.242-245

No prospective studies have assessed perioperative
management of clopidogrel, prasugrel, or ticagrelor in
non-cardiac surgery. Retrospective cohort studies of
clopidogrel suggest an increased risk of bleeding with
perioperative clopidogrel continuation.246-248

29a. In patients receiving ASA who are
undergoing elective non-cardiac surgery, we
suggest ASA continuation over ASA interruption
(Conditional Recommendation, Moderate Certainty
of Evidence).
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Guideline Implementation Considerations:

� This guidance may be modified on a case-by-case
basis. For example, in select patients undergoing a
non-cardiac surgery associated with a high-bleed-risk
(eg, intracranial, spinal); if ASA interruption is
adopted, we suggest interruption for # 7 days.

29b. In patients receiving ASA therapy who are
undergoing elective non-cardiac surgery and require
ASA interruption, we suggest stopping ASA £ 7 days
instead of 7 to 10 days before the surgery (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� This suggestion may be modified on a case-by-case
basis, depending on individual patient circumstance;
for example, surgery-related bleeding risk.

30. In patients receiving clopidogrel who are
undergoing an elective non-cardiac surgery, we
suggest stopping clopidogrel 5 days instead of 7 to
10 days before the surgery (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� This suggestion may be modified on a case-by-case
basis, depending on individual patient circumstances;
for example, surgery-related bleeding risk.

31. In patients receiving ticagrelor who are
undergoing an elective non-cardiac surgery, we
suggest stopping ticagrelor 3 to 5 days instead of 7 to
10 days before the surgery (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� This suggestion may be modified on a case-by-case
basis, depending on individual patient circumstances;
for example, surgery-related bleeding risk.

32: In patients receiving prasugrel who are
undergoing an elective non-cardiac surgery, we
suggest stopping prasugrel 7 days instead of 7 to
10 days before the surgery (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� This suggestion may be modified on a case-by-case
basis, depending on individual patient circumstances;
for example, surgery-related bleeding risk.

PICO 33: In patients receiving antiplatelet drugs who
require non-cardiac surgery, should antiplatelet drugs
be resumed # 24 hours or > 24 hours after surgery?
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33. In patients who require antiplatelet drug
interruption for an elective surgery/procedure, we
suggest to resume antiplatelet drugs £ 24 hours
instead of > 24 hours after the surgery/procedure
(Conditional Recommendation, Very Low Certainty of
Evidence).

Patients Having Coronary Artery Bypass Graft
Surgery

PICO 34: In patients receiving antiplatelet drugs who
require CABG surgery, should antiplatelet drugs be
continued perioperatively vs stopping antiplatelet drugs
7 to 10 days before CABG surgery?

PICO 35: In patients receiving antiplatelet drugs who
require CABG surgery, should antiplatelet drugs be
resumed within 24 hours or $ 24 hours after CABG
surgery?

Evidence. Determining whether to continue or stop
antiplatelet drugs before CABG surgery is important
because of the need to minimize surgical-site bleeding,
which can cause life-threatening pericardial tamponade.
In a > 8,000-patient cohort study, ASA use within
5 days prior to CABG was associated with a reduction in
overall mortality without a concomitant increased risk
for re-operation for pericardial bleeding or need for
blood transfusion.249 ATACAS was a randomized,
placebo-controlled trial assessing perioperative ASA use
in patients who required CABG surgery where patients
received ASA 100 mg, starting 1 to 2 hours’ pre-CABG
(prior ASA users stopped it 4 days’ pre-surgery), or
placebo, with resumption within 24 hours’ post-
CABG.250 After 30 days of follow-up, there was no
significant effect of ASA on the outcomes of myocardial
infarction (13.8% vs 15.8%; RR ¼ 0.87; 95% CI: 0.71-
1.07), death, and other cardiovascular outcomes; ASA
use was not associated with an increased risk for re-
operation related to bleeding (1.8% vs 2.1%; RR ¼ 0.87;
95% CI: 0.47-1.6). Stopping ASA in prior users for at
least 4 days and restarting it just before surgery may
question the generalizability of the study results, whereas
continuing ASA perioperatively without interruption (as
in one of the treatment arms) may have better reflected
what is done in clinical practice.

In patients who also are receiving the P2Y12 inhibitor
clopidogrel, subanalyses of large trials involving
patients with acute coronary syndromes who
subsequently required CABG reported a 50% higher
risk for major bleeding and a 70% higher need for
transfusion requirements in patients who received
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clopidogrel within 5 days before CABG.251,252

Observational studies have also found increased
bleeding in patients who received clopidogrel within
5 days of CABG surgery.253-255 In a subanalysis of the
PLATO trial, which compared ticagrelor with
clopidogrel in ASA-treated patients with an acute
coronary syndrome who needed CABG surgery, rates
of bleeding were similar in patients stopping
clopidogrel 7 days before surgery and those stopping
ticagrelor 24 to 72 hours before surgery.256 A meta-
analysis of four randomized trials and one observational
study totaling 2,632 patients undergoing CABG surgery
that compared > 5 days vs < 5 days interruption of
clopidogrel found patients with a longer interruption
had a lower incidence of re-operation (1.8% vs 3.2%;
OR ¼ 0.47; 95% CI: 0.25-0.91) and major bleeding
(19.7% vs 30.2%; OR ¼ 0.71; 95% CI: 0.51-0.98) and
cardiovascular events.257

There are no randomized trials or trial subanalyses that
address the resumption of antiplatelet drugs post-
operatively. One 100-patient observational study
compared resuming ASA 1 hour or 6 hours’ post-CABG
surgery and reported no significant difference in
bleeding or transfusion requirement outcomes.258

34. In patients who are receiving ASA and undergoing
CABG surgery, we suggest continuation of ASA over
interruption; in patients receiving a P2Y12 inhibitor
drug, we suggest interruption of the P2Y12 inhibitor
over continuation perioperatively (Conditional
Recommendation, Low Certainty of Evidence).

Guideline Implementation Considerations:

� For pre-operative P2Y12 interruption prior to the day
of surgery/procedure, we suggest:
o 7 days for prasugrel;
o 5 days for clopidogrel;
o 3 to 5 days for ticagrelor.

35. In patients receiving ASA or a P2Y12 inhibitor
who are undergoing CABG surgery, we suggest
resuming the ASA or P2Y12 inhibitor within 24 hours
after surgery compared to ‡ 24 hours after surgery
(Conditional Recommendation, Low Certainty of
Evidence).

Guideline Implementation Considerations:

� Resumption of antiplatelet therapy may be delayed in
patients who develop post-CABG thrombocytopenia
(platelet count < 50,000 � 109/L), typically occurring
with on-pump surgery.
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Perioperative Measurement of Antiplatelet Therapy

PICO 36: In patients who are receiving antiplatelet
therapy, should platelet function assays be routinely
used to measure antiplatelet effect vs no routine use of
antiplatelet function testing?

Evidence. Several platelet function assays have been
assessed mostly in patients having cardiac surgery or
percutaneous coronary interventions.259,260 One
observational study (n ¼ 107) assessed platelet function
in patients who received or did not receive ASA around
the time of a colorectal surgery and found that impaired
platelet function observed with ASA continuation did
not affect the incidence of blood transfusion.261 Other
studies have not shown a correlation between platelet
function assay results and clinical outcomes.262,263

36. In patients receiving antiplatelet drug therapy who
are undergoing an elective surgery/procedure, we
suggest against the routine use of platelet function
testing prior to the surgery/procedure to guide
perioperative antiplatelet management (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� Platelet function testing could be used with a possible
small benefit and little harm in certain scenarios such
as patients undergoing CABG surgery who have
recently started taking a P2Y12 inhibitor. Costs would
be moderate for implementation.

Patients With Coronary Stents Having Surgery

PICOs 37-40: In patients who require surgery within
6 weeks of placement of a bare-metal coronary stent or
within 12 months of placement of a drug-eluting
coronary stent, should ASA and clopidogrel be
continued vs stopping antiplatelet drugs 7 to 10 days
before surgery?

Evidence. Perioperative antiplatelet management aims to
minimize the risk for stent thrombosis, which occurs in
2% to 5% of patients and is associated with mortality as
high as 50%.264-269 A subanalysis of the POISE-2 trial
assessed 470 patients with a coronary stent who required
major non-cardiac surgery, with patients who were
allocated to continue ASA perioperatively exhibiting a
decrease in the incidence of myocardial infarction
(5.1% vs 11.0%; HR ¼ 0.44; 95% CI: 0.22-0.87) and a
small increase in major bleeding (4.6% vs 3.8%; HR ¼
1.22; 95% CI: 1.01-1.48).270 In observational studies,
perioperative antiplatelet therapy interruption for
> 5 days was a predictor of major adverse
chestjournal.org
cardiovascular events (OR ¼ 2.11; 95% CI: 1.23-3.63),271

as was no perioperative antiplatelet therapy (OR ¼ 3.73;
95% CI: 1.26-11.07).272 A systematic review of patients
with coronary stents who required surgery found one
randomized trial and 15 observational studies assessing
at least six different perioperative antiplatelet
management strategies with variable rates of adverse
cardiovascular events (0%-21%) and bleeding (0%-22%),
and reported no observable pattern of adverse outcome
incidence using a given management strategy.273

The timing of surgery after coronary stenting balances
the urgency of an elective surgery (eg, cancer
resection) and the cardiovascular risk relating to the
time interval since stenting. Observational studies of
patients with coronary stents who required surgery
provide evidence to inform this issue. In a
retrospective study of 20,590 patients with coronary
stents who underwent surgery, the risk for adverse
cardiovascular outcomes appeared highest in the initial
6 weeks after stent placement (8%10%) but appeared
to plateau at 6 months (1%-2%) and remain stable at
24 months.274 In a linked administrative database
study comparing post-operative rates of adverse
cardiovascular outcomes in 4,303 patients with and
20,232 patients without recent (within 1 year) drug-
eluting coronary stent placement, stented patients had
a higher risk for myocardial infarction (1.6% vs 0.2%;
OR ¼ 4.82; 95% CI: 3.25-7.16) and cardiac death
(1.0% vs 0.2%; OR ¼ 5.87; 95% CI: 3.60-9.58), and
this increased risk was statistically significant only if
surgery was done within 1 month of stenting.275

Bridging therapy during antiplatelet drug interruption
has been assessed with multiple strategies and
agents.276 One randomized trial assessed IV cangrelor,
a reversible ultra-short-acting P2Y12 inhibitor
(elimination half-life of 3-6 minutes), as a bridging
agent in patients who were receiving and interrupted
P2Y12 inhibitor therapy prior to CABG surgery277,278;
this 198-patient study reported no effect of bridging
on CABG-related bleeding (OR ¼ 1.15; 95% CI: 0.47-
2.79) or other adverse events (7.8% vs 5.2%; P ¼ .45).
Observational studies have investigated bridging with
IV UFH279 or subcutaneous LMWH,280 and bridging
with short-acting IV glycoprotein IIb/IIIa inhibitors
(tirofiban, eptifibatide) or cangrelor, with no clear
benefits of these approaches.281-285

We were unable to address management and outcomes
in these studies according to the stent type, whether
drug-eluting or bare-metal; consequently, the guideline
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statements do not specify management according to
stent type. However, coronary stents implanted in
current practice are of the drug-eluting type.

37. In patients receiving ASA and a P2Y12 inhibitor
with coronary stents placed within the last 6 to
12 weeks who are undergoing an elective surgery/
procedure, we suggest either continuation of both
antiplatelet agents or stopping one antiplatelet agent
within 7 to 10 days of surgery (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� Either approach is reasonable depending on the
bleeding risk associated with the surgery/procedure if
antiplatelet therapy is continued and risk for acute
coronary syndrome/coronary stent thrombosis if an-
tiplatelet therapy is interrupted.

� Several factors will weigh in the decision about
whether to continue dual antiplatelet therapy or
interrupt one agent including: the timing of stent
placement (whether closer to 6 weeks or 12 weeks);
the type of stent (drug-eluting or bare-metal); the
location of the stent (whether at a dominant coronary
artery or not); and the number and length of stents
implanted.

38. In patients receiving ASA and a P2Y12 inhibitor
who had coronary stents placed within the last 3 to
12 months and are undergoing an elective surgery/
procedure, we suggest stopping the P2Y12 inhibitor
prior to surgery over continuation of the P2Y12

inhibitor (Conditional Recommendation, Very Low
Certainty of Evidence).

Guideline Implementation Considerations:

� This guidance is based on indirect evidence and
expert-based consensus that stopping P2Y12 in-
hibitors in patients with stents > 3 months’ post-
implantation is likely safe.

� Several factors will weigh in the decision about
whether to continue or interrupt the P2Y12 inhibitor,
including: the timing of stent placement (whether
closer to 3 months or 12 months); the type of stent
(drug-eluting or bare-metal); the location of the stent
(whether at a dominant coronary artery or not); and
the number and length of stents implanted.

39. In patients with coronary stents who require
interruption of antiplatelet drugs for an elective
surgery/procedure, we suggest against routine
bridging therapy with a glycoprotein IIb/IIIa
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inhibitor, cangrelor, or LMWH over routine use of
bridging therapy (Conditional Recommendation, Low
Certainty of Evidence).

Guideline Implementation Considerations:

� A bridging approach may be considered in selected
high-risk patients; for example, in those with a recent
(within 3 months) coronary stent in a critical location.

40. In patients with coronary stents who require
continued dual antiplatelet therapy, we suggest
delaying an elective surgery/procedure over not
delaying the surgery/procedure (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� The duration of surgery/procedure delay is addressed
on a case-by-case basis and should consider the ur-
gency of the surgery/procedure, the time elapsed since
coronary stenting, and the risk profile of the coronary
stenting (eg, critical location, multiple stents).

� Regarding the timing of cessation of P2Y12 inhibitors
or ASA, we refer to Guideline Statements 29a/b
through 33.

Patients Having a Minor Dental, Dermatologic, or
Ophthalmologic Procedure

PICOs 41-43: In patients who are receiving antiplatelet
drugs and require a minor dental, dermatologic, or
ophthalmologic procedure, should antiplatelet drugs be
continued vs stopping antiplatelet drugs 7 to 10 days
before the procedure?

Evidence. In patients having minor dental procedures,
small (< 100 patients) randomized trials and cohort
studies suggest no increase in major bleeding with
ASA continuation.146,286-290 In patients having minor
skin procedures, prospective cohort studies totaling
about 200 patients suggest a low (< 1%) risk for
major bleeding with continuation of ASA.291,292 In
patients having phacoemulsification (cataract) surgery,
prospective cohort studies have suggested a low
(< 1%) incidence of major bleeding with perioperative
ASA continuation.159,160,293 In patients having eyelid
surgery, one 42-patient randomized trial compared
ASA continuation with no perioperative ASA use and
reported no significant effect on bleeding or
thromboembolic outcomes.294 In patients having skin
procedures, one meta-analysis of two randomized
trials and 28 observational studies totaling > 14,000
patients found no significant increase in bleeding with
perioperative ASA continuation.295 No studies have
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assessed the management of patients who are receiving
P2Y12 inhibitors alone and require minor dental, skin,
or eye procedures.

41. In patients receiving an antiplatelet drug (ASA or
P2Y12 inhibitor) who are undergoing a minor dental
procedure, we suggest continuing the antiplatelet
drug (ASA or the P2Y12 inhibitor) over stopping the
antiplatelet agent before the procedure (Conditional
Recommendation, Very Low Certainty of Evidence).

Guideline Implementation Considerations:

� Patients who are receiving dual antiplatelet therapy
with ASA and a P2Y12 inhibitor can continue ASA
and interrupt the P2Y12 inhibitor.

42. In patients receiving an antiplatelet drug (ASA or
P2Y12 inhibitor) who are undergoing a minor
dermatologic procedure, we suggest continuing the
antiplatelet drug (ASA or P2Y12 inhibitor) over
stopping the antiplatelet drug before the procedure
(Conditional Recommendation, Very Low Certainty of
Evidence).

Guideline Implementation Considerations:

� Patients who are receiving dual antiplatelet therapy
with ASA and a P2Y12 inhibitor can continue ASA
and interrupt the P2Y12 inhibitor.
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Figure 1 – Perioperative management of vitamin K antagonists (warfarin).
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43. In patients receiving an antiplatelet drug (ASA
or P2Y12 inhibitor) undergoing a minor
ophthalmologic procedure, we suggest continuing the
antiplatelet drug (ASA or P2Y12 inhibitor)
throughout the ophthalmologic procedure over
stopping the antiplatelet agent before the procedure
(Conditional Recommendation, Low Certainty of
Evidence).

Guideline Implementation Considerations:

� Patients who are receiving dual antiplatelet therapy
with ASA and a P2Y12 inhibitor can continue ASA
and interrupt the P2Y12 inhibitor.

Perioperative Antithrombotic Patient Care
Pathways
Based on the evidence presented, perioperative
antithrombotic patient care pathways are shown in
Figure 1, Figure 2, and Figure 3. These pathways can be
used to inform individual patient management and to
develop standardized care paths for clinics or
institutions. Figure 1 pertains to patients receiving a
VKA and provides guidance on whether to interrupt
VKA therapy perioperatively, how to interrupt VKA
pre-operatively (if interruption is needed), whether to
use heparin bridging therapy and how to bridge, and
how to restart VKA and bridging therapy (if used) post-
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Direct Oral
Anticoagulant

Procedure
Bleeding

Risk

Pre-Procedure DOAC Interruption Post-Procedure Resumption*

Day -6 Day -5 Day -4 Day -3 Day -2 Day -1 Day +1 Day +2 Day +3 Day +4

Apixaban
High

Low/Mod

Dabigatran 
(CrCl ≥ 50

ml/min)
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Dabigatran
(CrCl < 50

ml/min)

High

Low/Mod

Edoxaban
High

Low/Mod

Rivaroxaban
High

Low/Mod

No DOAC administered that day

*DOAC can be resumed ~24 hours after low/moderate-bleed-risk procedures, and 48-72 hours after high-bleed-risk 
procedures. In selected patients at high risk for VTE, low-dose anticoagulants (i.e., enoxaparin, 40 mg daily or 
dalteparin, 5,000 IU daily) can be given for the first 48-72 hours post-procedure.
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Figure 2 – Perioperative management of direct oral anticoagulants (DOACs). CrCl ¼ creatinine clearance.
operatively. Figure 2 pertains to patients receiving a
DOAC and provides guidance on whether to interrupt
DOAC therapy perioperatively, and if interruption is
ASA co
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antiplatelet bridging with glycoprotein IIb/IIIa inhibitors  (e.g., epti
***P2Y12 inhibitors can be resumed within 24 hours post-procedu
†For ticagrelor, 3-5 day interruption
††For clopidogrel, 5 day interruption
§For prasugrel, 7-10 day interruption.

Ticagrelor†

Figure 3 – Perioperative management of antiplatelet drugs. ASA ¼ aspirin.
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needed, how to interrupt DOAC therapy based on
surgical/procedural bleed risk in the pre- and post-
operative period. Figure 3 pertains to patients who are
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P2Y12 inhibitors***
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nd maximum of 7 days total. Very low quality data for
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re at a maintenance dose. 
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receiving antiplatelet therapy and provides guidance on
the timing of peri-operative interruption and
resumption based on the type of antiplatelet agent (ie,
ASA, clopidogrel, prasugrel, ticagrelor).

Future Research
Although there have been important advances in the
perioperative management of anticoagulant and
antiplatelet therapy, much work remains to bridge
gaps in knowledge. In VKA-treated patients with a
mechanical heart valve, there is a need for well-
designed studies, especially randomized trials, to
further assess the need for perioperative heparin
bridging during VKA interruption. In DOAC-treated
patients, there is a need for additional research
and consensus among clinicians as to safe DOAC
interruption intervals before neuraxial anesthesia or
regional nerve block procedures, and for patients with
severe chronic kidney disease, with a CrCl < 30 mL/
min. Further research is also needed as to the
perioperative management of patients who are
receiving low-dose DOAC regimens, whether in
combination with ASA for chronic coronary or
peripheral arterial disease or for the secondary
prevention of VTE and those who are receiving
antiplatelet monotherapy with a P2Y12 inhibitor. A
challenging area of research is the perioperative
management of antiplatelet drugs, especially in those
patients with coronary stents who are receiving ASA
and a P2Y12 inhibitor, as there are multiple factors
(timing of stent placement, type of surgery, type of
antiplatelet therapy) that make it difficult to undertake
randomized trials. In all patient groups, the role of
perioperative laboratory testing that includes anti-
factor Xa levels during heparin bridging, DOAC anti-
factor Xa levels and dilute thrombin time testing,
antiplatelet function testing, and viscoelastic testing,
remains uncertain. Research is also needed to inform
perioperative anticoagulant management of special
patient populations (eg, those who are dialysis-
dependent). Finally, although beyond the scope of this
guideline, research is needed in patients who require
an urgent/emergency surgery to inform best practices,
including the role of laboratory and point-of-care
assays to measure DOAC levels, and the role of
anticoagulant and antiplatelet reversal strategies.
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[ Corrigendum ]
Corrigendum to:

CHEST. 2022;162(5):e207-e243

The November 2022 guideline entitled “Perioperative
Management of Antithrombotic Therapy: An American
College of Chest Physicians Clinical Practice Guideline”
contained risk classification schemes for
thromboembolism and surgery/procedure-related
bleeding that were empiric but not prospectively
validated. To provide more clarity and to prevent
misinterpretation, the authors have issued the following
changes to Table 1:

� The title of the table has been changed from “Adapted
American College of Chest Physicians (CHEST)
Suggested Risk Stratification for Patient-Specific
Periprocedural Thromboembolism” to “Suggested
Risk Stratification for Patient-specific Periprocedural
Thromboembolism” and additional permission
information has been included.

� A footnote (cited in the Table title) has been
added, labeled as footnote a: “Empiric risk strati-
fication that is a starting point for assessing
chestjournal.org
perioperative thromboembolism risk; should be
combined with clinical judgment that incorporates
individual patient- and surgery/procedure-related
factors.”

� In row 2, column 2, the following has been added to
the moderate risk category for “Mechanical Heart
Valve”: “Mitral valve without risk factors for stroke.”

� Footnote c has been incorporated into footnote b.
Footnote b (cited after “risk factors for stroke” in the
low and moderate risk categories) now reads, “In-
cludes AF, prior stroke/TIA during anticoagulant
interruption or other prior stroke/TIA, prior valve
thrombosis, rheumatic heart disease, hypertension,
diabetes, congestive heart failure, and age$ 75 years.”

� Footnote a, “Includes pancreatic cancer, myelopro-
liferative disorders, primary brain cancer, gastric
cancer, and esophageal cancer” (cited after “Active
cancer associated with high VTE risk” in the high-risk
category), has been relabeled as footnote c.

The online version of this article has been corrected.
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