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ABSTRACT
Hemorrhagic complications associated with regional 
anesthesia are extremely rare. The fifth edition of the 
American Society of Regional Anesthesia and Pain 
Medicine’s Evidence-Based Guidelines on regional 
anesthesia in the patient receiving antithrombotic or 
thrombolytic therapy reviews the published evidence 
since 2018 and provides guidance to help avoid this 
potentially catastrophic complication.
The fifth edition of the American Society of Regional 
Anesthesia and Pain Medicine’s Evidence-Based 
Guidelines on regional anesthesia in the patient receiving 
antithrombotic or thrombolytic therapy uses similar 
methodology as previous editions but is reorganized 
and significantly condensed. Therefore, the clinicians are 
encouraged to review the earlier texts for more detailed 
descriptions of methods, clinical trials, case series 
and pharmacology. It is impossible to perform large, 
randomized controlled trials evaluating a complication 
this rare; therefore, where the evidence is limited, the 
authors continue to maintain an ’antihemorrhagic’ 
approach focused on patient safety and have proposed 
conservative times for the interruption of therapy prior to 
neural blockade. In previous versions, the anticoagulant 
doses were described as prophylactic and therapeutic. In 
this version, we will be using ’low dose’ and ’high dose,’ 
which will allow us to be consistent with other published 
guidelines and more accurately describe the dose in the 
setting of specific patient characteristics and indications. 
For example, the same ’high’ dose may be used in one 
patient as a treatment for deep venous thrombosis (DVT) 
and in another patient as prophylaxis for recurrent DVT. 
Due to the increasing ability to obtain drug-specific 
assays, we have included suggestions for when ordering 
these tests may be helpful and guide practice. Like 
previous editions, at the end of each recommendation 
the authors have clearly noted how the recommendation 
has changed from previous editions.

Hemorrhagic complications may occur after any 
neuraxial (spinal or epidural) or peripheral/plexus 
regional anesthetic technique. However, when the 
bleeding occurs within fixed, non-compressible, 
and/or concealed sites, such as the spinal canal or 
psoas compartment, the result may be catastrophic.1 
The development and evolving status of stan-
dards for the prevention of perioperative venous 

thromboembolism (VTE), as well as the introduction 
of increasingly more potent antithrombotic medica-
tions, resulted in concerns regarding the heightened 
risk of neuraxial bleeding after neuraxial and deep 
plexus or deep peripheral blocks. In response to 
these ongoing patient safety issues, the American 
Society of Regional Anesthesia and Pain Medicine 
(ASRA PM) has published four previous sets of 
evidence-based recommendations for the manage-
ment of regional anesthesia in the patient receiving 
antithrombotic or thrombolytic therapy. The 1998 
and 2003 editions focused on neuraxial blocks and 
anticoagulants in surgical patients,2–7 while the 
2010 publication8 also addressed, for the first time, 
the risk of significant bleeding in patients under-
going plexus and peripheral techniques. The fourth 
edition, published in 2018,9 included a comprehen-
sive review of the management of thromboprophy-
laxis in the parturient and also acknowledged the 
need for separate recommendations for patients 
undergoing interventional pain procedures while 
receiving antithrombotic therapy. Portions of the 
material presented here in the fifth edition were 
included in the 1998, 2003, 2010, and 2018 ASRA 
PM Consensus Documents.2–9 The fifth edition 
uses similar methods but is significantly condensed 
from previous versions, and therefore the clinician 
is encouraged to review the earlier texts for more 
detailed descriptions of methods, clinical trials, case 
series and pharmacology.

In previous versions of the guidelines, the anti-
coagulant doses were described as prophylactic 
and therapeutic. In this version, we will be using 
‘low dose’ and ‘high dose,’ which will allow us to 
be consistent with other published guidelines and 
more accurately describe the dose in the setting of 
specific patient characteristics and indications. For 
example, an identical ‘high’ dose of a direct oral 
anticoagulant (DOAC) is therapeutic in one patient 
and prophylactic in another patient depending on 
the individual patient’s characteristics and indica-
tions for the DOAC (table 1).

Deviation from suggestions or recommendations 
contained in this document may be acceptable based 
on the judgment of the responsible anesthesiologist. 
The recommendations are designed to encourage 
safe and quality patient care but cannot guarantee 
a specific outcome. They are also subject to timely 
revision as justified by evolution of information 
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and practice. These recommendations are intended for use by 
anesthesiologists and other physicians and healthcare providers 
performing neuraxial and deep plexus/peripheral regional anes-
thetic/analgesic blockade. However, these recommendations may 
also serve as a resource for other healthcare providers involved 
in the management of patients who have undergone or will 
undergo similar procedures (eg, myelography, lumbar puncture).

METHODS AND DEVELOPMENT PROCESS
Once again, ASRA PM has convened a panel with international 
(AP and EV) and multidisciplinary representation, including 
experts in thrombophilia (RM) and obstetric anesthesia (LL). In 
order to avoid conflicting recommendations, we have compared 
the current ASRA PM recommendations with those of the Society 

for Obstetric Anesthesia and Perinatology (SOAP), National 
Partnership for Maternal Safety,10 the European Society of 
Anaesthesiology and Intensive Care (ESAIC), and the European 
Society of Regional Anaesthesia (ESRA).11 Based on their exper-
tize, authors were assigned to review and update certain sections 
of these guidelines. The authors performed a literature search 
using MEDLINE (OvidSP), EMBASE (OvidSP), and Cochrane 
Central Register of Controlled Trials (CENTRAL), PubMed and 
specific keywords for each topic and updated the 2018 recom-
mendations if there was new evidence. There were no limita-
tions on language or types of articles considered, given the 
rarity of neuraxial hematoma and the primary keywords used 
were determined by the authors based on their assigned topic or 
medication. The updated recommendations are clearly denoted 

Table 1  Direct oral anticoagulants
Apixaban86 Edoxaban87 Rivaroxaban89 Dabigatran90

Low dose

Indications and dosing Reduction in the risk of recurrent DVT 
and PE following initial therapy:

2.5 mg two times per day
Prophylaxis of DVT following THA 
or TKA:

2.5 mg two times per day

N/A Reduction in the risk of recurrence of DVT 
and/or PE in patients at continued risk for 
DVT and/or PE

In patients with a CrCl >15 mL/min: 10 
mg once per day
In patients with a CrCl <15 mL/min: 
avoid use

Prophylaxis of DVT following THA or TKA:
In patients with a CrCl >15 mL/min: 10 
mg once per day
In patients with a CrCl <15 mL/min: 
avoid use

Prophylaxis of VTE in ill medical patients at 
risk for thromboembolic complications, not at 
high risk of bleeding

In patients with a CrCl >15 mL/min: 10 
mg once per day
In patients with a CrCl <15 mL/min: 
avoid use

Reduction of risk of major cardiovascular 
events (CV death, MI, and stroke in CAD)

No dose adjustment needed based 
on CrCl
2.5 mg two times per day plus aspirin 
(75–100 mg once per day)

Reduction of risk of major thrombotic 
vascular events in PAD, including patients 
after recent lower extremity Revascularization 
due to symptomatic PAD

No dose adjustment needed based 
on CrCl
2.5 mg two times per day plus aspirin 
(75–100 mg once per day)

Prophylaxis of DVT and PE following THA:
In patients with CrCl >30 mL/min: 
110 mg once per day first day, then 
220 mg once per day
In patients with CrCl <50 mL/
min and concomitant use of P-gp 
inhibitors (ie, dronedarone or 
systemic ketoconazole): avoid 
coadministration

High dose

Indications and dosing Reduction of risk of stroke and systemic 
embolism in NVAF:

5 mg two times per day
In patients with at least two of 
the following characteristics: age 
≥80 years, body weight <60 kg, or 
serum creatinine ≥1.5 mg/dL:
2.5 mg two times per day

Treatment of DVT and PE:
10 mg two times per day for 7 
days, followed by 5 mg two times 
per day
In patients receiving 5 mg or 
10 mg two times per day and 
concomitant use of P-gp and 
strong CYP3A4 inhibitors (ie, 
ketoconazole, itraconazole, 
ritonavir): reduce the dose by 50%

Reduction of risk of stroke and 
systemic embolism in NVAF:

In patients with CrCl >50 to 
≤95 mL/min:
60 mg once per day
Do not use in patients with 
CrCl >95 mL/min
In patients with CrCl 
15–50 mL/min:
30 mg once per day

Treatment of DVT and PE:
60 mg once per day
In patients with one or more 
of the following clinical 
factors: CrCl 15–50 mL/min 
or body weight ≤60 kg, or 
the concomitant use of P-gp 
inhibitors:
30 mg once per day

Reduction of risk of stroke and systemic 
embolism in NVAF:

In patients with CrCl >50 mL/min:
20 mg once per day
In patients with CrCl 15–50 mL/min:
15 mg once per day

Treatment of DVT, PE, and reduction in the 
risk of recurrent DVT and of PE:

In patients with a CrCl >15 mL/min:
15 mg two times per day for the first 21 
days of the initial treatment
20 mg once per day for the remaining 
treatment

Reduction of risk of stroke and systemic 
embolism in NVAF in adult patients:

In patients with CrCl >30 mL/min:
150 mg two times per day
In patients with CrCl 30–50 mL/
min and concomitant use of P-gp 
inhibitors (ie, dronedarone or 
systemic ketoconazole):
75 mg two times per day
In patients with CrCl 15–30 ml min-1:
75 mg two times per day
In patients with CrCl <30 mL/
min and concomitant use of P-gp 
inhibitors (ie, dronedarone or 
systemic ketoconazole): avoid 
coadministration

Treatment of DVT and PE in adult 
patients:

In patients with CrCl >30 mL/min: 
150 mg two times per day
Reduction in the risk of recurrent 
DVT and PE in adult patients:
In patients with CrCl >30 mL/min: 
150 mg two times per day

CAD, coronary artery disease; CrCI, creatinine clearance; CV, cardiovascular; CYP3A4, cytochrome P450 3A4; DVT, deep venous thrombosis; MI, myocardial infarction; N/A, not available; NVAF, non-valvular atrial 
fibrillation; PAD, peripheral artery disease; PE, pulmonary embolism; P-gp, P-glycoprotein; THA, total hip arthroplasty; TIA, transient ischemic attack; VTE, venous thromboembolism.
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within the document as ‘new recommendations.’ All authors met 
several times to review the recommendations, discuss concerns, 
and ultimately reached a consensus based on the limited existing 
evidence and published guidelines.

In the past, for each of the antithrombotic agents, ASRA PM 
has recommended that clinicians follow the Food and Drug 
Administration (FDA)-approved dosing and American College of 
Chest Physician (ACCP) management guidelines. However, over 
time, ACCP recommendations for the perioperative manage-
ment of antithrombotic therapy have become increasingly 
more ‘antithrombotic’—with shorter time intervals between 
discontinuation and procedures and earlier reinstitution of anti-
thrombotic and antiplatelet therapy. In some cases, the recom-
mended time interval between the last dose of drug and surgery 
is shorter than the FDA-approved labeling. For example, the 
ACCP recommends that ticagrelor be discontinued 3–5 days 
prior to non-cardiac surgery.12 However, labeling states, ‘when 
possible, interrupt therapy for 5 days prior to surgery that has 
a major risk of bleeding.’ Conversely, ASRA PM recommenda-
tions remain more ‘antihemorrhagic,’ and more pharmacologi-
cally based, with the intent to have near-complete resolution of 
the antithrombotic effect at the time of regional blockade for 
high-risk (neuraxial and deep plexus/peripheral) procedures. As 
a result, there are several instances where the ACCP and ASRA 
PM recommendations differ (eg, antiplatelet medications and 
apixaban). These will be discussed in detail within the respec-
tive sections. It is important to recognize that the intent of these 
guidelines is to prevent hemorrhagic complications and are 
therefore conservative compared with guidelines developed to 
prevent thrombosis.

STRENGTH AND GRADE OF RECOMMENDATIONS
The suggestions and recommendations presented are based on 
a thorough evaluation of the available information for this very 
rare outcome. In order to clearly delineate the recommendation 
changes in this edition, we used the same evidence classification 
that had been used in previous editions, which does not precisely 
follow the new Grading of Recommendations, Assessment, 
Development, and Evaluations recommendations. This will be 
updated in the next edition. The level of evidence classification 
combines an objective description of the types of studies and/
or expert consensus supporting the recommendation. Unfor-
tunately, with a complication as rare as neuraxial hematoma, 
randomized clinical trials (RCTs) and meta-analyses, the highest 
(I) level of evidence, are not available. Numerous observational 
and epidemiological series level of evidence (II) have documented 
the conditions for safe performance of neuraxial anesthesia and 
analgesia in the anticoagulated patient. However, high-quality 
evidence may come from well-done observational series yielding 
very large risk reduction and depending on the risk reduction, 
recommendations from these sources may be categorized as 
level of evidence I or II. Recommendations derived from case 
reports or expert opinion is based on a level of evidence III. 
Often, recommendations involving the anesthetic management 
of new antithrombotic agents (where data involving safety and/
or risk are sparse) are based on the pharmacology of hemostasis-
altering drugs, risk of surgical bleeding, and expert opinion—
level of evidence III.

The strength of recommendation also indicates the strength 
of the guideline and the degree of consensus agreement. For 
example, grade A represents general agreement in the efficacy, 
grade B notes conflicting evidence or opinion on the useful-
ness, and grade C suggests that the procedure may not be useful 

(possibly harmful). In the case of regional anesthesia and antico-
agulation, a grade A recommendation would allow safe perfor-
mance in patients who benefit from the technique, while grade 
C may represent performance of the technique in a patient at 
unacceptably high risk for bleeding (eg, epidural analgesia in 
the patient receiving twice-daily low molecular weight heparin 
(LMWH)) or withholding the technique from a patient who 
would likely benefit from its performance (eg, thoracic epidural 
analgesia following thoracotomy with thromboprophylaxis using 
twice-daily low-dose unfractionated heparin (UFH)). The phrase 
‘we recommend’ is used for strong recommendations (grades 
IA, IB, and IC) and ‘we suggest’ for weaker recommendations 
(grades IIA, IIB, and IIC). In cases where the evidence is scant 
(such as with the new oral anticoagulants), the authors main-
tained an ‘antihemorrhagic’ approach focused on patient safety 
and proposed conservative (ie, longer) times for interruption of 
therapy prior to neural blockade. These will likely be revised as 
additional information regarding blood levels and anticoagulant 
effect is presented.

CURRENT RECOMMENDATIONS FOR THE PREVENTION AND 
TREATMENT OF VENOUS THROMBOEMBOLISM
VTE is an important healthcare problem and a significant source 
of morbidity and mortality. Nearly all hospitalized patients 
have at least one risk factor for thromboembolism and approx-
imately 40% have three or more risk factors (table 2).13 Conse-
quently, the majority of hospitalized patients are candidates for 
thromboprophylaxis.

In 2012, the ACCP published guidelines for VTE prophy-
laxis for medical, surgical, and orthopedic surgical patients.14–16 
Recent updates published in 2016 and 2021 provide no addi-
tional guidance on this topic.17 18 The agent, dosing regimen, 
and duration of thromboprophylaxis is based on identification 
of risk factors, both individual (eg, age, gender, history of throm-
boembolism) and group-specific (eg, primary reason for hospi-
talization, surgery, medical illness) (table 3).13 16 Depending on 
the risks of thromboembolism and bleeding, thromboprophy-
laxis may be achieved with intermittent compression devices, 
with medications, or a combination of both.15 16 Since an 

Table 2  VTE risk scoring tools: medical patients

Risk factor

Points

PADUA score14 IMPROVE score26

Active cancer 3 2

Prior VTE 3 3

Reduced mobility 3 Limb paresis (2 
points)

Immobility ≥ 7 days 
(1 point)

Thrombophilia 3 2

Recent trauma/surgery (≤1 month) 2 –

Age ≥70 years 1 1 (age >60 years)

Heart or respiratory failure 1 –

Acute MI or ischemic stroke 1 ICU stay (1 point)

Acute infection/rheumatological disorder 1 –

Obesity (BMI >30) 1 –

Hormonal therapy 1 –

High thrombosis risk ≥4 points ≥4 points

BMI, body mass index; ICU, intensive care unit; IMPROVE, International Medical 
Prevention Registry on Venous Thromboembolism; MI, myocardial infarction; 
PADUA, from University of Padua, Padova Italy; VTE, venous thromboembolism.
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individualized approach to thromboprophylaxis is complex, 
most recommendations are group-specific, with modifications 
based on the presence/absence of additional risk factors.

Hospital-acquired VTE is defined as VTE occurring from the 
time of admission until 3 months following hospital dismissal.19–21 
Hospital-acquired VTE after discharge accounts for nearly half 
of all thromboembolic events occurring in our communities.20 
A number of societies have adopted and published guideline 
recommendations for VTE prevention for patients hospital-
ized with medical or surgical indications.14–16 21–24 Adoption of 
thromboprophylaxis has been less than adequate for this other-
wise preventable disease.21

A logical approach to VTE prophylaxis begins with indi-
vidualized risk assessment. Several well-validated risk assess-
ment tools are available for individualized patient-specific 
guidance including both medical and surgical indications. For 
patient’s hospitalized with a medical condition, the PADUA25 
and IMPROVE26 risk tools provide a well-validated frame-
work for assessing which patients will most benefit from VTE 
prophylaxis (table 2). Recently, fibrin D-dimer has been added 
to the IMPROVE tool (so-called IMPROVEDD score), further 
refining risk assessment.27 Thereafter, a bleeding risk assess-
ment can be performed using the IMPROVE bleeding tool,28 
which helps to determine which patient should receive phar-
macological VTE versus mechanical DVT prophylaxis. Patients 
at increased risk for thrombosis (PADUA score ≥4) with low 
bleeding risk (IMPROVE score <7) should be given pharma-
cological VTE prophylaxis. The minority of patients (<10% of 
those hospitalized) with high bleeding risk (IMPROVE score 
≥7) should receive mechanical prophylaxis alone.28 In general, 
combining pharmacological and mechanical DVT prophylaxis 
among critically ill patient has not been shown to add benefit.29 
Conversely, for trauma patients, combined use of pharmaco-
logical and mechanical VTE prophylaxis appears to reduce 
DVT and symptomatic pulmonary embolism (PE).30 The 
agent, dosing, regimen, and duration of thrombophophylaxis 

is based on identification of risk factors, both individual (eg, 
age, gender, history of thromboembolism) and group specific 
(eg, primary reason for hospitalization, surgery, medical illness) 
(table 3).13 16

Similar risk assessment tools are available for the surgical 
patient population. The Caprini and Rogers tools assign risk 
based on a number of surgery-specific and other clinical vari-
ables.31 32 The Caprini risk calculator has been validated for 
a number of specific surgical indications.33–37 In addition to 
providing risk categorization from low to very high, this easy to 
implement tool provides guidance for both type and duration of 
prophylaxis delivery.

Patients with cancer pose a unique and challenging set of 
clinical variables, whereas these patients are both at risk of 
VTE as well as major bleeding.38 The risk of VTE depends on 
tumor type, stage, duration, and is treatment specific. Several 
risk assessment tools have been developed for VTE prophylaxis 
among ambulatory patients with cancer. The Khorana score is 
a popular and well-validated example.39 This score considers 
cancer type, prechemotherapy hemoglobin, body mass index, 
leukocyte, and platelet counts to determine the risk of acute VTE 
over the ensuing 2.5 months. Following the publication of two 
RCTs of DOACs, guideline recommendations include consider-
ation of outpatient VTE prophylaxis among high-risk patients 
(Khorana score ≥2).40–43 For patients with cancer undergoing 
surgery or hospitalized for medical indications, inpatient VTE 
prophylaxis is guideline endorsed.

As with previous advisories, ASRA PM recommendations incor-
porate the medication dosing regimen approved by the FDA.

Administration of thromboprophylaxis
For each of the antithrombotic agents, we suggest that clinicians 
follow the FDA-approved dosing guidelines (grade IIA)

Remarks: there is no change in this recommendation.

Table 3  Suggested risk stratification for patient-specific periprocedural thromboembolism*

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 
stroke†
Caged ball or tilting disc mitral valve in 
mitral/atric position
Recent (<3 mo) stroke or TIA

CHADS₂VASc score ≥7 or CHADS₂ score 
of 5 or 6; recent (<3 mo) stroke or TIA; 
rheumatic valvular heart disease

Recent (< 3 month and especially < 1 month) 
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 risk‡

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

Mitral valve without major risk factors 
for stroke Bileaflet AVR with major risk 
factors for stroke

CHA2DS2 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 stroke†

CHA₂DS₂ Vasc score of 1–4 or CHADS₂ score 
of 0–2 (and no prior stroke or TIA)

VTE >12 mo ago

Adapted from Douketis et al284

*Empiric risk stratification that is a starting point for assessing perioperative thromboembolism risk; should be combined with clinical judgment that incorporates individual 
patient-related and surgery/procedure-related factors.
†Includes: 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 y.
‡Includes pancreatic cancer, myeloproliferative disorders, primary brain cancer, gastric cancer, and esophageal cancer.
AF, atrial fibrillation; ATE, arterial thromboembolism; AVR, aortic valve replacement; CHADS₂, congestive heart failure, hypertension, age ≥75 y, diabetes mellitus, prior stroke 
or TIA; CHA₂DS₂VASc, congestive heart failure, hypertension, age ≥75 y, diabetes mellitus, prior stroke or TIA, vascular disease history, age ≥65 y, female sex; mo, months; TIA, 
transient ischemic attack; VTE, venous thromboembolism; y, years.
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Perioperative anticoagulant management
More than 6 million Americans are managed with chronic 
anticoagulation therapy for treatment of primary or secondary 
prevention of thromboembolism in the context of atrial fibril-
lation, mechanical heart valve prosthesis, or VTE.44 45 Of these, 
approximately 20% will undergo an invasive procedure each 
year, for which decision-making regarding anticoagulant inter-
ruption will be required of their healthcare team.46 47 More 
than 34 million Americans have an indication for antiplatelet 
therapy such as aspirin or a thienopyridine for the indications of 
coronary heart disease, prior stroke, or peripheral artery disease 
(PAD).45 Like anticoagulants, perioperative management of anti-
platelet agents also require thoughtful decision-making.

Goals of management include a strategy to minimize peripro-
cedural thrombosis, bleeding, mortality, inconvenience, and 
economic burden. Formal guidelines have been provided by the 
ACCP in 2012, with a recent update in 2022.12 48 The peripro-
cedural period has been defined as beginning 1 week prior to 
the procedure and ending 4 weeks following the procedure. 
This 5-week interval encompasses the time frame when most 
thrombotic and hemorrhagic complications relative to this 
encounter occur.49 In preparation for the invasive procedure, 
the oral anticoagulant is often discontinued for several days to 
allow for adequate hemostasis during the proposed procedure. 
A strategy of periprocedural ‘bridging’ leverages the short-acting 
pharmacology of LMWH to shorten the time of anticoagu-
lant interruption, thereby reducing the risk of periprocedural 
thromboembolism. Over the nearly two decades since concept 
inception, much has been learned which has led to a temporized 
enthusiasm for bridging heparin therapy.50 While risks of throm-
boembolism have not always been improved, rates of perioper-
ative bleeding have increased.51 Balancing the risk of bleeding 
and clotting during this 5-week interval can be challenging and 
requires a judicious approach.

INCIDENCE, RISK FACTORS, AND NEUROLOGICAL OUTCOME 
OF NEURAXIAL HEMATOMA
Neuraxial hematoma, defined as symptomatic bleeding within 
the spinal neuraxis, is a rare and potentially catastrophic compli-
cation of spinal or epidural placement. The actual incidence of 
neurological dysfunction resulting from hemorrhagic compli-
cations associated with central neuraxial blockade is unknown; 
traditional estimates prior to the implementation of routine 
perioperative thromboprophylaxis were approximated to be 
<1 in 150 000 epidural and <1 in 220 000 spinal anesthetics.3 
However, case series and epidemiological surveys suggest that 
the risk has increased3 52 53 and may be as high as 1:3000 in 
certain patient populations, such as elderly women undergoing 
total knee replacement under epidural anesthesia.3 52

It is impossible to conclusively determine risk factors for the 
development of neuraxial hematoma in patients undergoing 
spinal or epidural anesthesia solely through a review of case 
series, which represent only patients with the complication 
and do not define those who underwent uneventful neuraxial 
analgesia. However, large inclusive surveys that evaluate the 
frequencies of complications (including neuraxial hematoma), 
as well as identify subgroups of patients with higher or lower 
risk, enhance our ability to risk stratify. Moen et al investigated 
serious neurological complications among 1 260 000 spinal and 
450 000 epidural blocks performed in Sweden over a 10-year 
period.52 Twenty-four of the 33 spinal hematomas occurred in 
the last 5 years of the decade surveyed. Among the 33 spinal 
hematomas, 24 occurred in females; 25 were associated with 

an epidural technique. A coagulopathy (existing or acquired) 
was present in 11 patients; two of these patients were parturi-
ents with hemolysis, elevated liver enzymes, and low platelets 
syndrome. Pathology of the spine was present in six patients. 
The presenting complaint was typically lower extremity weak-
ness, rather than radicular back pain. Only five of 33 patients 
recovered neurologically (due to delay in the diagnosis/interven-
tion). These demographics, risk factors, and outcomes confirm 
those of previous series.53 Importantly, the methodology allowed 
for calculation of frequency of spinal hematoma among patient 
populations. For example, the risk associated with epidural anal-
gesia in women undergoing childbirth was significantly less (one 
in 200 000) than that in elderly women undergoing knee arthro-
plasty (one in 3600, p<0.0001). Likewise, women undergoing 
hip fracture surgery under spinal anesthesia had an increased risk 
of spinal hematoma (one in 22 000) compared with all patients 
undergoing spinal anesthesia (one in 480 000).

The relatively hypercoagulable state of pregnancy may be 
protective and offers one possible reason for the lower rate of 
neuraxial hematomas in the obstetric population. The normal 
anatomic changes that occur in the aging spine may provide 
another explanation for the differing incidence. Both Moen 
et al and Pöpping et al cited osteoporotic deformities as likely 
contributing to the risk of symptomatic vertebral canal bleeding 
after epidural blockade in elderly women.52 54

Overall, these series suggest that the risk of clinically significant 
bleeding varies with age, associated abnormalities of the spinal 
cord or vertebral column, the presence of an underlying coagu-
lopathy, difficulty during needle placement, and an indwelling 
neuraxial catheter during continued anticoagulation (particu-
larly with standard heparin or LMWH), perhaps in an additive 
versus synergistic multifactorial manner. They also consistently 
demonstrate the need for prompt diagnosis and intervention.

PHARMACOLOGICAL-BASED RECOMMENDATIONS FOR 
PERIOPERATIVE MANAGEMENT OF ANTITHROMBOTIC 
THERAPY
As previously mentioned, recommendations involving the 
anesthetic management of new antithrombotic agents are once 
again based on the pharmacology of hemostasis-altering drugs, 
using the ESAIC/ESRA methodology11 as was done with the 
previous fourth edition.9 In contrast to the fourth edition,9 the 
terms ‘low’ and ‘high’ doses will be used instead of the terms 
‘prophylactic’ and ‘therapeutic.’ Depending on the indication, 
a ‘prophylactic dose’ may actually be what is also considered 
a ‘therapeutic dose.’ For example, the same ‘high’ dose may 
be used in one patient as a treatment for DVT and in another 
patient as prophylaxis for recurrent DVT. Also, the presence of 
reduced kidney function, a low body weight, advanced age, and/
or the concomitant use of drugs such as permeability glycopro-
tein inhibitors such as ciclosporin, dronedarone, erythromycin, 
or ketoconazole may also cause a ‘prophylactic’ dose to be a 
‘high’ dose. When calculating the timing of discontinuation of 
an anticoagulant, the pharmacokinetics for healthy populations 
were used (eg, compared with those at the extremes of age, 
weight, and with compromised renal function). For the patient 
on a low (previously ‘thromboprophylactic’) dose, a time interval 
of twice t1/2 was required. A high (previously ‘therapeutic’) dose 
necessitates a time interval of five times t1/2 for performance of 
neuraxial or deep plexus blocks. Likewise, the t1/2 for patients 
with renal insufficiency would be used to determine the timing 
of the last dose. Finally, the timing of the first dose after block 
or catheter removal is also based on the pharmacology of the 

 on January 29, 2025 by guest. P
rotected by copyright.

http://rapm
.bm

j.com
/

R
eg A

nesth P
ain M

ed: first published as 10.1136/rapm
-2024-105766 on 29 January 2025. D

ow
nloaded from

 

http://rapm.bmj.com/


6 Kopp SL, et al. Reg Anesth Pain Med 2025;0:1–29. doi:10.1136/rapm-2024-105766

Special article

drug, taking into account the time to clot formation and peak 
anticoagulant effect (8 hours–tmax).

55 56 Relevant pharmacological 
parameters such as time to peak effect, t1/2 and mode of excre-
tion are included in each section. This methodology allows for 
an individualized approach, considering patient, anesthetic, and 
surgical factors.

DIRECT ORAL ANTICOAGULANTS
Currently, the medications known as DOACs consist of the 
oral direct Xa antagonists (DXA) apixaban (Eliquis), edoxaban 
(Savaysa), and rivaroxaban (Xarelto). Dabigatran (Pradaxa) is an 
oral direct thrombin inhibitor (DTI). They have similar indica-
tions (table 1) and are generally prescribed to reduce the risk of 
stroke and systemic embolism in non-valvular atrial fibrillation 
(NVAF), for treatment of DVT and PE, to reduce the risk of 
recurrence of DVT or PE, and the prophylaxis of DVT, which 
may lead to PE in patients undergoing knee and/or hip replace-
ment surgery. Rivaroxaban may also be used in the prophylaxis 
of VTE in acutely ill medical patients, while only rivaroxaban has 
the indication to reduce the risk of major cardiovascular events 
in patients with coronary artery disease (CAD), and/or to reduce 
the risk of major thrombotic vascular events in patients with 
PAD. Depending on individual patient characteristics and indica-
tions, the same ‘high’ dose of a DOAC is considered therapeutic 
when used in a patient for the treatment of DVT and inversely as 
prophylactic when used in another patient for the prevention of 
recurrent DVT. Therefore, a table showing the ‘low’ and ‘high’ 
doses of the various DOACs and their indications are shown in 
table 1. Betrixaban was taken off the market in the USA in April 
2020 and therefore will not be discussed. Finally, as the phar-
macology of apixaban, edoxaban, rivaroxaban, and dabigatran 
was extensively discussed in the previous fourth edition of the 
ASRA PM anticoagulation guidelines on regional anesthesia in 
the patient receiving antithrombotic or thrombolytic therapy,9 it 
will not be repeated in the present update, but a summary of the 
pharmacokinetics can be found in table 4.

The anticoagulant effect of DXAs can be reliably measured 
using drug-specific, calibrated anti-X activity (aXa) assays.57–60 
A non-detectable anticoagulant effect is defined as a drug-
specific threshold plasma level <30 ng/mL.57 59 If drug-specific 
calibrated aXa assays are not available, a clinically relevant DXA 
effect can be ruled out by the use of UFH-calibrated or LMWH-
calibrated chromogenic aXa assays.58 61 In these cases, an aXa 
activity of 0.1 IU/mL or less is considered to be an undetectable 
anticoagulant effect.57–60 Chromogenic drug-specific calibrated 
aXa assays are very sensitive to the presence of DXA, especially 
at therapeutic plasma levels, but do not allow assessment of 
plasma levels lower than or around 30 ng/mL. Using sample 
dilution and an appropriate calibrated assay may overcome 
this.60 62

The anticoagulant effect of a DTI (ie, dabigatran) can be moni-
tored using the thrombin time (TT). The TT is highly sensitive 
to dabigatran, and a normal TT predicts the absence of dabiga-
tran or the presence of low plasma concentrations.57 However, 
due to this high sensitivity, dabigatran plasma levels lower than 
or close to 30 ng/mL may cause the TT to still be significantly 
prolonged.63 Hence, a prolonged TT is not necessarily linked 
to a high dabigatran level, which makes the TT not suited to 
correctly quantify low dabigatran plasma levels.64 In contrast, 
the diluted TT (dTT) overcomes the high sensitivity of the TT 
and has a linear dose response-relationship with clotting times 
inversely proportional to the dabigatran plasma levels.60 65–67 
Recent studies and guidelines have defined an undetectable Ta
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anticoagulant effect with a dTT-specific threshold value of <30 
ng/mL.57 59

The availability of these tests throughout the USA and the rest 
of the world is presently unreliable. We provide recommenda-
tions and threshold values with the hope that these tests become 
more routine and the results more immediate. The use of routine 
coagulation tests such as the prothrombin time (PT) or the acti-
vated partial thromboplastin time (aPTT) should not be used to 
assess the degree of anticoagulation produced by the DOACs, as 
there is a large variability in the sensitivity of the reagent used in 
the different tests.60 63 68

At the time of submission, there are no RCTs specifically 
studying the correlation between low and high doses of DOACs 
and the occurrence of neuraxial block-related subarachnoid or 
epidural hematoma in patients. In addition, most of the published 
cases of neuraxial hematomas associated with a DOAC were 
either spontaneous or traumatic in origin and involved apix-
aban, dabigatran, or rivaroxaban.9 69–75 Only a limited number 
of these case reports were associated with a neuraxial block,9 76 77 
and involved potentially confounding risk factors such as the 
concomitant use of other antithrombotic drugs (eg, enoxaparin 
and/or warfarin), the removal of the epidural catheter after a 
shorter time interval than recommended by the manufacturer 
or resuming therapeutic (high) dose dabigatran 24 hours after 
the neuraxial intervention. In the previous guidelines, the phar-
macokinetic properties (table  4) and expert opinion were key 
elements to recommend therapy-free time intervals to enable 
the safe performance of a neuraxial or deep plexus intervention 
in patients treated with a DOAC. A neuraxial anesthetic inter-
vention is considered a high bleeding risk procedure as bleeding 
would have important consequences not so much in terms of 
blood loss, but mainly in terms of a neurological deficit caused by 
bleeding into a confined space.78 79 It is therefore recommended 
that a complete return of normal hemostasis is required before 
any neuraxial or deep plexus/peripheral block is performed.

In healthy patients (young and old) treated with a low-dose 
DOAC, twice the half-life (T1/2) (correlating to when only 25% 
of the drug is remaining in circulation) was used to determine 
therapy-free time intervals after the last ingestion,80 while in 
patients treated with a high dose, five times the T1/2 (correlating 
to when only 6.2% to 3.1% of the drug remains in circulation) 
was recommended.81 The same principle was applied to patients 
with renal insufficiency.

Still, the use of the T1/2 carries the inherent risk of (inter)
individual variability, which becomes more important when 
high doses are used. In these cases, the use of customized clot-
ting tests to determine any residual anticoagulant activity may 
be a valuable addition or alternative to the T1/2-based calcu-
lations. As already mentioned and although never clinically 
validated,58 59 most experts and international anesthesiology 
societies consider a DOAC plasma level <30 ng/mL as a safe 
hemostatic threshold82–84 to avoid bleeding. Recent prospec-
tive data have become available on the residual anticoagulant 
effect following a standardized preoperative interruption of high 
doses of DOACs. In a substudy of a prospective cohort study 
of adults (creatinine clearance (CrCl) >50 mL/min), aged ≥18 
years, with NVAF who were taking dabigatran, 110 mg or 150 
mg two times per day, and required treatment interruption 
for an elective surgery/procedure, Douketis et al reported the 
residual anticoagulant effect in 59 dabigatran-treated patients.85 
If the planned procedure had a high bleeding risk (including 
a neuraxial intervention), the last dose was to be taken 3 days 
(minimum 60–72 hours from last dose) preprocedure.78 No 
detectable anticoagulant effect (ie, a plasma level <20 ng/mL) 

measured by the dTT was found in 95.5% of the patients at the 
time of the procedure. In 2017, Godier et al studied 422 patients 
(CrCl >50 mL/min) treated with a high dose of apixaban, rivar-
oxaban, or dabigatran, and found that a 49–72 hours prepro-
cedural discontinuation of these DOACs resulted in apixaban, 
rivaroxaban, and dabigatran plasma levels >30 ng/mL in only 
5% of the patients.59 These results supported guidelines that the 
dabigatran-free time interval before a procedure should also be 
based on renal function. In the presence of a CrCl of 30–50 mL/
min 4–5 days would be needed to ensure a minimal anticoag-
ulant effect in patients receiving dabigatran undergoing a high 
bleeding risk procedure. Finally, the recent large international, 
multicenter The Perioperative Anticoagulation Use for Surgery 
Evaluation (PAUSE) trial reported the residual DOAC plasma 
levels after high doses of apixaban, dabigatran, and rivaroxaban, 
in 3007 patients with NVAF, immediately prior to an invasive 
procedure.57 Patients in this trial were separated in three cohorts 
depending on the specific DOAC used (apixaban, dabigatran, or 
rivaroxaban). Patients were included if the indication for anti-
coagulation was atrial fibrillation, their age was >18 years, they 
were taking one of three DOACs, and were scheduled for an 
elective invasive procedure. Exclusion criteria included severe 
renal impairment (CrCl <25 mL/min for apixaban or <30 
mL/min for dabigatran or rivaroxaban). The mean CHA2DS2 
Vascular score was approximately 3.5 and nearly 20% of subjects 
had a history of stroke or TIA. Approximately one-third of each 
group underwent a high bleeding risk procedure, whereas two-
thirds underwent low bleeding risk procedures. All DOACs had 
been omitted for 2 days (last dose taken 3 days or 60–68 hours 
prior) before a high bleeding-risk procedure (apixaban, rivarox-
aban if CrCl ≥30 mL/min, and dabigatran if CrCl ≥50 mL/min), 
and 4 days (ie, last dose taken 5 days prior, dabigatran if CrCl 
30–50 mL/min). Overall, 30-day major bleeding rates ranged 
from 0.9% to 1.85%. Major bleeding rates were higher for high 
bleeding risk procedures (0.88%–2.90%) compared with low 
bleeding risk procedures (0.59%–1.27%). The 30-day arterial 
thromboembolic event rates were low between 0.16% and 0.6% 
after a mean apixaban-free time interval of 63.8 hours, residual 
aXa plasma levels were <30 ng/mL in 93.1% of the patients. 
A mean rivaroxaban-free time interval of 72 hours resulted in 
residual aXa plasma levels <30 ng/mL in 85.3% of the patients. 
The residual anticoagulant plasma levels were <30 ng/mL 
(measured by the dTT) in 98.9% for all dabigatran patients after 
63.2 hours (cohort with CrCl ≥50 mL/min) or after 110.2 hours 
(cohort with CrCl <50 mL/min).57 No spinal hematomas were 
reported in the 230 patients (7.6 %) that had a neuraxial block. 
Similar data for edoxaban are lacking, and therefore the recom-
mendations are based on the pharmacokinetic profile and expert 
opinion.

The FDA-approved labeling of apixaban and edoxaban states 
that the (prolonged) use of indwelling neuraxial catheters may 
increase the risk of a spinal or epidural bleeding.86–88 Moreover, 
all manufacturers emphasize the risk of a neuraxial bleed asso-
ciated with the removal of a neuraxial catheter.86–90 If a DOAC 
were to be inadvertently administered in the presence of an 
indwelling neuraxial catheter, a therapy-free interval identical to 
the ones recommended prior to a neuraxial intervention should 
be observed, or the absence of any residual anticoagulant activity 
should be documented using an appropriate hemostatic assay.

The most recent guidelines on VTE prophylaxis from the 
ACCP,12 and the ESAIC,55 56 were helpful to recommend the 
timing to resume a DOAC treatment after a neuraxial interven-
tion (ie, the removal of the neuraxial catheter). VTE prophylaxis 
(ie, low dose) should be resumed/started 6 hours postoperatively, 
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while therapeutic anticoagulation should be restarted ≥24 hours 
postoperatively.55 56 In 2007, Rosencher et al recommended that 
the next/first postoperative dose of an antithrombotic agent to be 
administered ≥6 hours (ie, 8 hours (the time needed for an initial 
platelet plug to solidify) minus Tmax (the onset time of a drug, which 
is 2–3 hours for the DOACs)) after surgery.80 Both the ACCP and 
European Heart Rhythm Association (EHRA) recommend that 
the postoperative resumption of DOAC therapy, irrespective of 
the dose used, be delayed for 24 hours after a procedure with a 
low/moderate bleeding risk, and for 48–72 hours after a proce-
dure with high bleeding risk, and only to be administered when 
adequate surgical hemostasis has been accomplished.12 79 In the 
interim, a prophylactic/low-dose anticoagulant, such as LMWH or 
UFH, can be considered in patients at high thrombotic risk.12 79 91

Finally, the manufacturers recommend that in case of a trau-
matic neuraxial puncture the administration of the next dose of 
apixaban and rivaroxaban should be delayed for 48 hours and 
24 hours, respectively.86 88 89 There is no such recommendation 
for dabigatran and edoxaban.87 90

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT RECEIVING A HIGH 
DOSE OF APIXABAN
We suggest that a high dose of apixaban be discontinued at least 
72 hours prior to neuraxial block or deep plexus/peripheral 
block. Consider checking apixaban or aXa plasma level if <72 
hours (grade IIC)

Remarks: there is no change in this recommendation.

We suggest that a residual apixaban plasma level <30 ng/mL or a 
residual aXa activity plasma level ≤0.1 IU/mL is acceptable prior 
to neuraxial block or deep plexus/peripheral block (grade IIC)

Remarks: this new recommendation includes acceptable plasma 
levels and aXa levels.

We suggest that needle placement/catheter removal occurs at 
least 24 hours prior to the first postoperative dose (grade IIC)

Remarks: this is a new recommendation in the setting of high-
dose administration.

With the unanticipated administration of high dose of apix-
aban with a neuraxial catheter in situ, we suggest that apixaban 
dosing be withheld for at least 72 hours, or a residual apixaban 
plasma level <30 ng/mL or a residual aXa activity plasma level 
≤0.1 IU/mL before the catheter is removed (grade IIC)

Remarks: this is a new recommendation in the setting of high-
dose administration and recommendations for acceptable plasma 
levels and aXa levels.

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT RECEIVING A LOW 
DOSE OF APIXABAN
We suggest that a low dose of apixaban be discontinued for at 
least 36 hours prior to neuraxial block or deep plexus/peripheral 
block. Consider checking apixaban or aXa plasma level if <36 
hours (grade IIC)

Remarks: this is a new recommendation in the setting of low-dose 
administration.

We suggest that a residual apixaban plasma level <30 ng/mL or a 
residual aXa activity plasma level ≤0.1 IU/mL is acceptable prior 
to neuraxial block or deep plexus/peripheral block (grade IIC)

Remarks: this new recommendation includes acceptable plasma 
levels and aXa levels.

We suggest that needle placement/catheter removal occurs at 
least 6 hours prior to the first postoperative dose (grade IIC)

Remarks: there is no change in this recommendation.

With the unanticipated administration of low dose of apixaban 
with a neuraxial catheter in situ, we suggest that apixaban 
dosing be withheld for at least 36 hours, or a residual apixaban 
plasma level <30 ng/mL or a residual aXa activity plasma level 
≤0.1 IU/mL before the catheter is removed (grade IIC)

Remarks: this is a new recommendation in the setting of low-
dose administration and recommendations for acceptable plasma 
levels and aXa levels.

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT RECEIVING A HIGH 
DOSE OF EDOXABAN
We suggest that a high dose of edoxaban be discontinued for at 
least 72 hours prior to neuraxial block or deep plexus/peripheral 
block. Consider checking edoxaban or aXa activity plasma level 
if <72 hours (grade IIC)

Remarks: there is no change in this recommendation.

We suggest that a residual edoxaban plasma level <30 ng/mL or 
a residual aXa activity plasma level ≤0.1 IU/mL is acceptable 
prior to neuraxial block or deep plexus/peripheral block (grade 
IIC)

Remarks: this new recommendation includes acceptable plasma 
levels and aXa levels.

We suggest that needle placement/catheter removal occurs at 
least 24 hours prior to the first (postoperative) dose (grade IIC)

Remarks: this is a new recommendation in the setting of high-
dose administration.

With the unanticipated administration of high dose of edox-
aban with a neuraxial catheter in situ, we suggest that edoxaban 
dosing be withheld for at least 72 hours, or a residual edoxaban 
plasma level <30 ng/mL or a residual aXa activity plasma level 
≤0.1 IU/mL before the catheter is removed (grade IIC)

Remarks: this is a new recommendation in the setting of high-
dose administration and recommendations for acceptable plasma 
levels and aXa levels.

MANAGEMENT OF THE PATIENT RECEIVING A LOW DOSE OF 
EDOXABAN
There is no FDA-approved medical indication for low-dose 
edoxaban.

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT RECEIVING A HIGH 
DOSE OF RIVAROXABAN
We suggest that a high dose of rivaroxaban be discontinued 
for at least 72 hours prior to neuraxial block or deep plexus/
peripheral block. Consider checking rivaroxaban or aXa activity 
plasma level if <72 hours (grade IIC)

Remarks: there is no change in this recommendation.

 on January 29, 2025 by guest. P
rotected by copyright.

http://rapm
.bm

j.com
/

R
eg A

nesth P
ain M

ed: first published as 10.1136/rapm
-2024-105766 on 29 January 2025. D

ow
nloaded from

 

http://rapm.bmj.com/
kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight



9Kopp SL, et al. Reg Anesth Pain Med 2025;0:1–29. doi:10.1136/rapm-2024-105766

Special article

We suggest that a residual rivaroxaban plasma level <30 ng/mL or 
a residual aXa activity plasma level ≤0.1 IU/mL is acceptable prior 
to neuraxial block or deep plexus/peripheral block (grade IIC)

Remarks: this new recommendation includes acceptable plasma 
levels and aXa levels.

We suggest that needle placement/catheter removal occurs at 
least 24 hours prior to the first postoperative dose (grade IIC)

Remarks: this is a new recommendation in the setting of high-
dose administration.

With the unanticipated administration of high dose of rivarox-
aban with a neuraxial catheter in situ, we suggest that rivar-
oxaban dosing be withheld for at least 72 hours, or a residual 
rivaroxaban plasma level <30 ng/mL or a residual aXa activity 
plasma level ≤0.1 IU/mL before the catheter is removed (grade 
IIC)

Remarks: this is a new recommendation in the setting of high-
dose administration and recommendations for acceptable plasma 
levels and aXa levels.

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT RECEIVING A LOW 
DOSE OF RIVAROXABAN
We suggest that a low dose of rivaroxaban be discontinued for at 
least 24 hours (30 hours if CrCl <30 mL/min) prior to neuraxial 
block or deep plexus/peripheral block. Consider checking rivar-
oxaban or aXa activity plasma level if <24 hours (grade IIC)

Remarks: this is a new recommendation in the setting of low-dose 
administration.

We suggest that a residual rivaroxaban plasma level <30 ng/mL 
or a residual aXa activity plasma level ≤0.1 IU/mL1 is accept-
able prior to neuraxial block or deep plexus/peripheral block 
(grade IIC)

Remarks: this new recommendation includes acceptable plasma 
levels and aXa levels.

We suggest that needle placement/catheter removal occurs at 
least 6 hours prior to the first postoperative dose (grade IIC)

Remarks: there is no change in this recommendation.

With the unanticipated administration of low dose of rivarox-
aban with a neuraxial catheter in situ, we suggest that rivarox-
aban dosing be withheld for at least 24 hours (30 hours if CrCl 
<30 mL/min), or a residual rivaroxaban plasma level <30 ng/
mL or a residual aXa activity plasma level ≤0.1 IU/mL before 
the catheter is removed (grade IIC)

Remarks: this is a new in the setting of low-dose administra-
tion and recommendations for acceptable plasma levels and aXa 
levels.

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT RECEIVING A HIGH 
DOSE OF DABIGATRAN
We suggest that a high dose of dabigatran be discontinued for 
at least 72 hours in patients with a CrCl ≥50 mL/min prior 
to neuraxial block or deep plexus/peripheral block. Consider 
checking dabigatran plasma level if <72 hours (grade IIC)

Remarks: this is a new recommendation in the setting of high-
dose administration.

We suggest that a high dose of dabigatran be discontinued 
for 120 hours in patients with a CrCl 30–49 mL/min prior to 
neuraxial block or deep plexus/peripheral block. Consider 
checking dabigatran plasma level if <120 hours (grade IIC)

Remarks: this is a new recommendation in the setting of high-
dose administration.

We suggest against the performance of neuraxial or deep plexus/
peripheral blocks in patients with a CrCl <30 mL/min unless a 
dabigatran plasma level is obtained and <30 ng/mL (grade IIC)

Remarks: this is a new recommendation in the setting of high-
dose administration.

Prior to neuraxial block or deep plexus/peripheral block we 
suggest that a residual dabigatran plasma level <30 ng/mL is 
acceptable (grade IIC)

Remarks: this new recommendation includes acceptable plasma 
levels and aXa levels.

We suggest that needle placement/catheter removal occurs at 
least 24 hours prior to the first postoperative dose (grade IIC)

Remarks: this is a new recommendation in the setting of high-
dose administration.

With the unanticipated administration of high-dose dabigatran 
with a neuraxial catheter in situ, we suggest that dabigatran 
dosing be withheld for at least 72 hours (120 hours if CrCl 
30–49 mL/min) or a residual dabigatran plasma level <30 ng/
mL before the catheter is removed (grade IIC)

Remarks: this is a new recommendation in the setting of high-
dose administration and recommendations for acceptable plasma 
levels and aXa levels.

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT RECEIVING A LOW 
DOSE OF DABIGATRAN
We suggest that a low dose of dabigatran be discontinued for at least 
48 hours prior to neuraxial block or deep plexus/peripheral block. 
Consider checking dabigatran plasma level if <48 hours (grade IIC)

Remarks: this is a new recommendation in the setting of low-dose 
administration.

We suggest that a residual dabigatran plasma level <30 ng/mL 
is acceptable prior to neuraxial block or deep plexus/peripheral 
block (grade IIC)

Remarks: this new recommendation includes acceptable plasma 
levels.

We suggest against the performance of neuraxial or deep plexus/
peripheral blocks in patients with a CrCl <30 mL/min unless a 
dabigatran plasma level is obtained and <30 ng/mL (grade IIC)

Remarks: this is a new recommendation in the setting of low-dose 
administration.

We suggest that needle placement/catheter removal occurs at 
least 6 hours prior to the first postoperative dose (grade IIC)

 on January 29, 2025 by guest. P
rotected by copyright.

http://rapm
.bm

j.com
/

R
eg A

nesth P
ain M

ed: first published as 10.1136/rapm
-2024-105766 on 29 January 2025. D

ow
nloaded from

 

http://rapm.bmj.com/
kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight

kongj
Highlight



10 Kopp SL, et al. Reg Anesth Pain Med 2025;0:1–29. doi:10.1136/rapm-2024-105766

Special article

Remarks: there is no change in this recommendation.

With the unanticipated administration of low dose of dabiga-
tran with a neuraxial catheter in situ, we suggest that dabigatran 
dosing be withheld for at least 48 hours, or a residual dabigatran 
plasma level <30 ng/mL before the catheter is removed (grade IIC)

Remarks: this is a new recommendation in the setting of low-
dose administration and recommendations for acceptable plasma 
levels.

REVERSAL OF THE DIRECT ORAL ANTICOAGULANTS
Andexanet alfa (Andexxa) is a recombinant protein that is indi-
cated in patients treated with rivaroxaban or apixaban, where 
reversal of anticoagulation is needed due to life-threatening or 
uncontrolled bleeding.92–94 A multicenter, prospective, open-
label, single-group study evaluated 67 patients who had an acute 
major bleed within 18 hours after the administration of apixaban 
or rivaroxaban. Andexanet alfa substantially reduced apixaban 
and rivaroxaban with effective hemostasis occurring in 79% of 
the patients and reducing aXa activity by 92% for both DXAs, at 
15–30 min from the end of bolus administration.95 A full study 
report followed in 2019 including 227 and 90 patients with 
intracranial or gastrointestinal bleeding, respectively.96 In both 
the apixaban and rivaroxaban cohorts, the median aXa activity 
decreased by 92% after the andexanet alfa bolus. Although excel-
lent or good hemostasis was found in 82% of the patients, there 
was no significant relationship between hemostatic efficacy and 
a reduction in aXa activity. Hence, it remains unclear whether 
the remaining plasma levels of aXa activity after andexanet alfa 
administration are predictive of the risk of a neuraxial bleeding. 
The Annexa-4 trial reported similar results: in apixaban-treated 
and rivaroxaban-treated patients, andexanet alfa reduced the 
median aXa activity by 93.8% and 92.6%, respectively.97 Finally, 
in a prospective single-arm cohort study of 36 patients with 
acute major bleeding while treated with edoxaban, andexanet 
alfa significantly decreased aXa activity, but to a lesser extent 
(median 68.9%) than in apixaban-treated or rivaroxaban-treated 
patients.98 Whether or not the remaining plasma levels of aXa 
activity after andexanet alfa administration are predictive of the 
risk of a neuraxial bleeding still remains unclear. In addition, 
current commercial aXa assays are unsuitable for measuring the 
remaining factor Xa activity following administration of andex-
anet alfa.94 Finally, re-elevation or incomplete reversal of anti-
coagulant activity may occur because of andexanet alfa’s short 
terminal half-life (ie, 5–7 hours) and its ability to displace DXAs 
from the extravascular to the intravascular compartment.93

A US FDA approval, under accelerated approval regulations 
pending further investigations, followed in 2018.99 Andexanet 
alfa is approved to reverse the anticoagulant effect of apixaban 
and rivaroxaban, when reversal of anticoagulation is needed 
due to life-threatening or uncontrolled bleeding. Andexanet alfa 
is not approved for reversal of anticoagulation prior to emer-
gency surgery/procedures or neuraxial interventions. There are 
no contraindications to its use. However, a black box warning 
was included mentioning the association of andexanet alfa with 
serious and life-threatening adverse events, including: (1) arte-
rial and venous thromboembolic events; (2) ischemic events, 
including myocardial infarction and ischemic stroke; (3) cardiac 
arrest, and (4) sudden death.94 The warning recommends moni-
toring for thromboembolic events and symptoms/signs that 
precede cardiac arrest and to initiate anticoagulation when medi-
cally appropriate and to provide treatment as needed. Other 
warnings include the re-elevation or the incomplete reversal of 

the aXa activity and the inhibition of the anticoagulant effect of 
UFH by andexanet alfa. The most common adverse reactions 
in healthy or bleeding subjects receiving andexanet alfa were 
infusion-related reactions (≥3%) or urinary tract infections and 
pneumonia (≥5%), respectively.94

In case of life-threatening or uncontrolled bleeding, the 
recommended dosing consists of an initial intravenous bolus 
dose of 400 mg (low dose) or 800 mg (high dose). Because of 
andexanet alfa’s short half-life and the ability to displace DXAs 
from the extravascular to the intravascular compartment, it 
must be followed by a 120 min intravenous infusion of 480 mg 
(low dose) or 960 mg (high dose), respectively.94 The choice of 
the low-dose versus the high-dose regimen of andexanet alfa is 
determined based on the specific DXA ingested, the dose of the 
DXA, and time since the patient’s last dose of the DXA.

Idarucizumab (Praxbind) is a humanized monoclonal antibody 
fragment. In October 2015, idarucizumab was approved by the 
FDA to be used in adult patients treated with dabigatran, when 
rapid reversal of its anticoagulant effects is required in situations 
of emergency surgery/urgent procedures or life-threatening or 
uncontrolled bleeding.100 This decision was mainly based on 
a clinical trial in patients with bleeding or requiring urgent 
surgery that demonstrated the complete reversal of the antico-
agulant effect of dabigatran and decreased dabigatran plasma 
levels below the lower detection threshold of 20 ng/mL within 
30 min.101 Although there are no contraindications to the use 
of idarucizumab, it is not FDA-approved for the reversal of 
dabigatran prior to neuraxial interventions. Also, there are no 
controlled investigations on the use of reversal agents specifi-
cally aimed at neuraxial anesthetic techniques. Still, a French 
Working Group on Perioperative Haemostasis recommended 
the use of idarucizumab to restore normal hemostasis prior to 
an urgent diagnostic lumbar puncture, in a context of infectious 
cerebral disease or a spinal anesthetic, in patients in whom a 
general anesthetic is best avoided.102 Indeed, two recent case 
reports describe the successful use of idarucizumab in an emer-
gency lumbar puncture for the possible diagnosis of infectious 
central nervous disease.103 104

An increased thromboembolic risk is possible in patients 
having an underlying disease predisposing them to thrombo-
embolic events when exposed to idarucizumab. This risk can 
be reduced by resuming the anticoagulant treatment as soon as 
medically appropriate. Other possible adverse reactions/compli-
cations related to the use of idarucizumab include: (1) the re-ele-
vation of coagulation parameters; (2) hypersensitivity reactions, 
and (3) serious adverse reactions (ie, hypoglycemia, hypophos-
phatemia, metabolic acidosis, an increase in uric acid, and acute 
liver failure with breakdown of excretory and synthetic func-
tion) including a fatal outcome in patients with the condition of 
hereditary fructose intolerance due to the sorbitol excipient.100

The recommended dose in case of emergency surgery/urgent 
procedures or life-threatening or uncontrolled bleeding is 5 g 
via an intravenous infusion/injection.100 There is limited data 
to support administration of an additional 5 g of idarucizumab, 
but if reappearance of clinically relevant bleeding together with 
elevated coagulation parameters is observed after administration 
of 5 g idarucizumab, administration of an additional 5 g dose of 
idarucizumab may be considered.

The use of procoagulant agents such as prothrombin complex 
concentrates (PCC) or activated prothrombin complex concen-
trates (aPCC) may be an option if specific antidotes for the reversal 
of the DOACs are not available or are too costly.12 79 However, 
all procoagulant agents carry the inherent risk of a prothrom-
botic effect, and thus their use must be carefully considered. 
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A number of observational studies (some retrospective) have 
shown the efficacy of PPC or aPCC in DOAC-treated patients 
who were actively bleeding,105–109 although studies in patients 
with intracranial hemorrhage report mixed results.110 111 There 
are no data evaluating the use of PCC or aPCC for reversal in 
patients treated with DOACs and planned for a neuraxial inter-
vention. Therefore, the availability of specific antidotes such 
as andexanet alfa or idarucizumab does not imply that DOAC 
treatment should be reversed for the sole purpose of a regional 
anesthetic technique. If surgery can be postponed allowing spon-
taneous recovery of normal hemostasis, discontinuation of the 
antithrombotic drug is the preferred strategy. If waiting is not an 
option and reversal is needed for the safe conduct of the surgery 
itself, regional anesthetic techniques may be considered after full 
dabigatran reversal by idarucizumab.

Use of DOAC antidotes to facilitate placement of neuraxial 
block or deep plexus/peripheral block
The present available data suggest against the use of idaruci-
zumab, andexanet alfa, PCC, or aPCC to reverse DOAC anti-
coagulant activity to enable the safe performance of a neuraxial 
intervention in routine patients (grade IIC)

Remarks: this is a new recommendation.

INTRAVENOUS AND SUBCUTANEOUS UNFRACTIONATED 
HEPARIN
Pharmacology of unfractionated heparin
The major anticoagulant effect of heparin is due to a unique 
pentasaccharide that binds to antithrombin (AT) with high 
affinity and is present in approximately one-third of heparin 
molecules. Binding of this heparin pentasaccharide to AT accel-
erates its ability to inactivate thrombin (factor IIa), factor Xa, 
and factor IXa. Anticoagulant activities of UFH depend on both 
the number of heparin molecules with the pentasaccharide chain 
and the size of the molecules containing the pentasaccharide 
sequence. Larger molecular weight heparins will catalyze inhibi-
tion of both factor IIa and Xa. Smaller molecular weight hepa-
rins will catalyze inhibition of only factor Xa.112 113 Intravenous 
injection results in immediate anticoagulant activity, whereas 
subcutaneous injection results in a 1–2 hour delay. The antico-
agulant effect of heparin is both dose-dependent and molecular 
size-dependent and is not linear but increases disproportion-
ately with increasing doses. For example, the biologic half-life 
of heparin increases from 30 min after 25 units/kg intravenous 
to 60 min with 100 units/kg intravenous, and to 150 min with a 
bolus of 400 units/kg intravenous.113 114

When given in high doses (therapeutic), the anticoagulant 
effect of heparin is typically monitored with the aPTT. However, 
this test does not directly measure heparin and is affected by 
physiological and analytic variables. Anti-Xa testing offers 
improvements over aPTT testing for accurate measurement of 
heparin levels. Clinical data from the last 10–20 years suggest 
that aXa monitoring may offer a more predictable dose-response 
curve, and require fewer blood samples and dosage adjust-
ments.115 The activated clotting time (ACT) is typically used to 
monitor higher doses given during cardiopulmonary bypass and 
other interventional procedures requiring anticoagulation with 
heparin such as interventional radiology procedures. Adequate 
therapeutic effect (in patients with VTE or unstable angina) is 
achieved with a prolongation of the aPTT to between 1.5 and 
2.5 times the baseline value,112 heparin level of 0.2–0.4 U/mL, or 
aXa level of 0.3–0.7 U/mL.116

Administration of low-dose (5000 U) subcutaneous heparin 
for prophylaxis of DVT does not significantly prolong the 
aPTT in the majority of patients and is typically not monitored. 
However, it can result in unpredictable (10-fold variability) and 
therapeutic blood concentrations of heparin in some patients 
(non-pregnant, surgical, and medical patients) within 2 hours 
after administration.117 There is also a subset of patients who will 
develop heparin-induced thrombocytopenia (HIT) after being on 
heparin for >5 days, resulting in a decreased platelet count.114 
For this reason, patients receiving intravenous or subcutaneous 
UFH for >4 days should have a platelet count assessed prior to 
neuraxial block or catheter removal. While the typical onset 
of HIT occurs within 5–14 days following heparin initiation, 
patients with a recent heparin exposure within the past 30 days 
may develop rapid-onset HIT on heparin re-exposure.118–120 This 
phenomenon has been explained by already present circulating 
heparin platelet factor 4 antibodies. In contrast, delayed-onset 
HIT may occur days to weeks after hospital dismissal.121 122 For 
these patients, symptomatic venous thrombotic complications 
bring the patient to clinical attention. Thrombocytopenia, on 
re-presentation, may be mild to moderate. Importantly, heparin 
re-exposure may worsen clinical outcomes. As such, awareness 
of both rapid-onset and delayed-onset HIT may prevent adverse 
therapeutic outcomes.

One of the advantages of heparin anticoagulation is that its 
effect may be rapidly reversed with protamine. Each mg of 
protamine can neutralize 100 units of heparin. Neutralization of 
subcutaneously administered heparin may require a prolonged 
infusion of protamine due to the continued absorption.114 
However, the potential risks of thrombosis following prota-
mine administration have to be weighed against the benefits of 
a neuraxial anesthetic. A careful balance of risks and benefits 
needs to be considered including the option of performing a 
general anesthetic.

Risk factors for neuraxial hematoma in the heparinized 
patients
Spinal or epidural needle insertion in the presence of sustained 
therapeutic anticoagulation with heparin is associated with 
increased risk. Much of our information about this association 
comes from a report of 342 patients who deliberately received 
systemic therapeutic heparin after lumbar puncture.123 Three 
factors associated with the increased risk of hematoma were 
identified: <60 min time interval between the administration of 
heparin and lumbar puncture, traumatic needle placement, and 
concomitant use of aspirin. These risk factors have been verified 
in subsequent large reviews of case reports of hematomas asso-
ciated with neuraxial procedures in the presence of UFH.124–126

Intravenous unfractionated heparin
Intraoperative heparinization typically involves injection of 
5000–10 000 units of heparin intravenously during the oper-
ative period, particularly in the setting of vascular surgery to 
prevent coagulation during cross-clamping of arterial vessels.113 
Neuraxial anesthetic techniques may be considered for these 
patients, but the increased risk of neuraxial hematoma, as 
demonstrated by case series, epidemiological surveys, and the 
ASA Closed Claims database needs to be considered.52 53 127 128 
Maintaining a minimum 1-hour interval between needle place-
ment and heparinization, as well as avoiding other hemostasis-
altering medications, decreases the risk of significant bleeding.

Management of a traumatic neuraxial procedure must also 
be considered. Previous case reports suggest that presence of a 
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bloody tap or a traumatic regional block was an associated factor 
in approximately 50% of spinal hematomas.53 Although some 
investigators have recommended cancellation of the surgical 
procedures if these events occur,126 there are no clinical data to 
support this recommendation.129 130 Direct communication with 
the surgeon and a specific risk-benefit decision about proceeding 
in each case is recommended.

Heparinization may be continued into or initiated in the post-
operative period. However, the removal of a neuraxial catheter 
in the presence of heparin therapy increases the risk of hema-
toma formation. In a series by Vandermeulen et al, half of the 
spinal hematomas associated with intravenous heparinization 
were detected at the time of catheter removal.53 Since the latest 
version of the ASRA guidelines,9 one additional case report of 
postoperative epidural hematoma on a patient on intravenous 
heparin has been published.9 131 This patient suffered a periop-
erative myocardial infarction and pump failure requiring full 
anticoagulation with intravenous heparin and concomitant anti-
platelet therapy. An epidural hematoma ensued after the surgeon 
removed the epidural catheter under full heparin anticoagula-
tion and concomitant thrombocytopenia. The risk of hematoma 
resulting from catheter removal has led to the recommendation 
that in patients who have undergone systemic heparinization, 
the heparin should be discontinued for 4–6 hours and the coag-
ulation status assessed prior to neuraxial catheter manipulation 
or removal.8

Heparinization during cardiopulmonary bypass
Since the publication of the initial ASRA guidelines in 1998,5 
there have been continued discussions regarding the relative risk 
and benefit of neuraxial anesthesia and analgesia in the patient 
undergoing heparinization for cardiopulmonary bypass.132–136 
Unfortunately, while there is improved analgesia, pulmonary 
function, and decreased cardiac arrhythmias, there is no reduc-
tion in hospital stay, myocardial infarction, or mortality. To date, 
there is a single case of spinal hematoma following the full hepa-
rinization associated with cardiopulmonary bypass.137 However, 
these series involve small numbers of patients. Using a mathe-
matical analysis of the probability of predicting a rare event and 
based on the total of 4583 epidural and 10 840 spinal anesthetics 
reported without complications, Ho et al estimated the risk of 
hematoma to be approximately 1:1528 for epidural and 1:3610 
for spinal technique.138 Thus, this analgesic technique remains 
controversial in that the risk appears too great for the perceived 
benefits. Neuraxial anesthetics are therefore not recommended 
in the setting of high-dose anticoagulation and cardiopulmonary 
bypass.

Subcutaneous unfractionated heparin
Low-dose subcutaneous UFH is commonly used for prophylaxis 
against development of VTE following major organ surgery 
including general surgery, colorectal surgery, gynecology, obstet-
rics, and urology.139 Administration of 5000 units of heparin 
subcutaneously two or three times daily has been used exten-
sively and is effective for prophylaxis against DVT. There is 
often no detectable change in standard coagulation tests, as 
measured by the aPTT, aXa level, or heparin level. However, 
approximately 15% of patients may develop measurable changes 
in coagulation, with the aPTT rarely exceeding 1.5 times the 
normal level and normalizing within 4–6 hours after adminis-
tration.117 There is a smaller subset (2%–4%) of non-pregnant 
patients who may become therapeutically anticoagulated during 
subcutaneous heparin therapy.5

The widespread use of subcutaneous heparin and the paucity 
of complications suggest that there is little risk of spinal hema-
toma associated with this therapy. There are 10 published series 
totaling over 12 000 patients who have received this therapy 
without complications. Three recent series, with a combined 
total of over 7000 patients who received epidural analgesia in 
the presence of 5000 units of heparin three times a day, reported 
no spinal hematomas.140–142 There are only five case reports of 
neuraxial hematomas: four epidural,53 143 and one spinal,144 
during neuraxial block with the use of subcutaneous heparin. The 
latest case report published since the last iteration of the guide-
lines5 described an epidural hematoma shortly after removal of 
an epidural catheter in a non-pregnant patient on 5000 IU of 
heparin, administered subcutaneously, two times per day. The 
latest guidelines appeared to have been followed, but the patient 
had the additional risk factors of being treated with aspirin 325 
mg once per day until 1 week preoperatively and of having a 
difficult epidural insertion with three attempts required.143

The safety of high-dose subcutaneous UFH (doses >5000 units 
or total daily dose >15 000 units) remains controversial due to 
the marked variability in patient response to these dosing regi-
mens. Specifically, because the anticoagulant effect of heparin 
is non-linear, and increases disproportionately with increasing 
doses, administration of >5000 units will increase the intensity 
and duration of the anticoagulant effect.113 For example, in one 
study involving obstetrical patients, six of 11 women receiving 
high-dose subcutaneous UFH still had an elevated aPTT 12 
hours after their last dose.145 Timing of assessment of coagu-
lation status for residual heparin effect is based on dose and 
frequency of dosing. For example, for individual heparin dose 
of 7500–10 000 U two times per day or a daily dose of ≤20 000 
U, it is suggested neuraxial block occur 12 hours after subcu-
taneous heparin administration and assessment of coagulation 
status with a normal aPTT. Likewise, for individual heparin dose 
>10 000 U subcutaneously per dose, or >20 000 U total daily 
dose, it is suggested neuraxial block occurs 24 hours after subcu-
taneous heparin administration and assessment of coagulation 
status with a normal aPTT.8

Current recommendations are consistent with recent trends 
of perioperative thromboprophylaxis, which recommend dosing 
regimens that minimize residual anticoagulant at the time of 
surgery as well as allow for a delay in initiation of postopera-
tive thromboprophylaxis until hemostasis is confirmed.15 16 48 146 
These recommendations are based on the pharmacology of a 
subcutaneous 5000-unit dose of UFH, which results in an onset 
of anticoagulant effect 1 hour after administration that persists 
for 4–6 hours.113 147

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT RECEIVING 
UNFRACTIONATED HEPARIN
We recommend daily review of the patient’s medical record to 
determine the concurrent use of medications that affect other 
pathways of hemostasis. These medications include antiplatelet 
medications, LMWH, and oral anticoagulants (grade IB)

Remarks: there is no change in this recommendation.

Since heparin-induced thrombocytopenia may occur during 
heparin administration, we recommend that patients receiving 
intravenous or subcutaneous UFH for >4 days have a platelet 
count assessed (grade IC)

Remarks: there is no change in this recommendation.
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Intravenous heparin
Discontinue heparin infusion for a minimum of 4–6 hours and 
coagulation status be assessed and normal prior to neuraxial 
block or deep plexus/peripheral block (grade IA)

Remarks: there is no change in this recommendation.

Delay intravenous heparin administration for a minimum of 1 
hour after needle placement (grade IA)

Remarks: there is no change in this recommendation.

It is not recommended to maintain neuraxial or deep plexus 
catheters in the setting of continuous intravenous heparin 
administration. In the event of unanticipated heparinization, we 
recommend monitoring the patient with an indwelling catheter 
to allow for early detection of motor deficits and consider use 
of minimal concentration of local anesthetics to enhance early 
detection of a neuraxial hematoma (grade IA)

Remarks: there is no change in this recommendation.

Although the occurrence of a bloody or difficult neuraxial needle 
placement may increase the risk of hematoma, there are no data 
to support mandatory cancellation of a case. Direct communica-
tion with the surgeon and a specific risk-benefit decision about 
proceeding in each case is recommended (grade IA)

Remarks: there is no change in this recommendation.

It is not recommended to maintain neuraxial or deep plexus/
peripheral catheters in the setting of full anticoagulation during 
cardiac surgery. If unanticipated heparinization occurs, we 
suggest postoperative monitoring of neurological status and 
consider use of minimal concentration of local anesthetics to 
enhance early detection of neuraxial hematoma (grade IIC)

Remarks: there is no change in this recommendation.

Subcutaneous heparin
Preoperative low-dose UFH for thromboprophylaxis (5000 U 
two times per day or three times per day). We suggest needle 
placement occur a minimum of 4–6 hours after heparin adminis-
tration or coagulation status be assessed and normal (grade IIC)

Remarks: there is no change in this recommendation.

Preoperative high dose
7500–10 000 U two times per day or a daily dose of ≤20 000 U
We suggest neuraxial block occur a minimum of 12 hours after 
subcutaneous heparin administration and confirmation of 
normal coagulation status (grade IIC)

Remarks: there is no change in this recommendation.

>10 000 U subcutaneously per dose, or >20 000 U total daily 
dose
We suggest neuraxial block occur a minimum of 24 hours after 
subcutaneous heparin administration and confirmation of 
normal coagulation status (grade IIC)

Remarks: there is no change in this recommendation.

Postoperative low-dose UFH
There is no contraindication to maintaining neuraxial catheters 
in the presence of low-dose UFH. We suggest catheter removal 

occurs a minimum of 4–6 hours after heparin administration. 
Subsequent heparin administration may occur immediately after 
catheter removal (grade IIC)

Remarks: there is no change in this recommendation.

Postoperative high-dose UFH
The safety of indwelling neuraxial catheters in patients receiving 
doses >5000 U at a time or >15 000 U of UFH daily has 
not been established. We suggest that the risk and benefits be 
assessed on an individual basis and that techniques to facilitate 
detection of new/progressive neurological deficits (eg, enhanced 
neurological monitoring occur and neuraxial solutions to mini-
mize sensory and motor block) be applied (grade IIC)

Remarks: there is no change in this recommendation.

LOW MOLECULAR WEIGHT HEPARIN
Pharmacology, monitoring, and reversal of the anticoagulant 
effect of LMWH
The biochemical and pharmacological properties of LMWH 
differ from those of UFH.148–152 Most relevant are the lack of 
monitoring required (except with high-dose therapeutic appli-
cations), prolonged half-life, and inability to reverse with prota-
mine. The aXa levels peak 3–5 hours after administration. The 
elimination half-life of LMWH is approximately 5 hours after 
subcutaneous injection in patients with normal renal function 
and is dose independent. In patients with severe renal insuffi-
ciency, the anticoagulant effect is exaggerated and the elimina-
tion half-life may be prolonged up to 16 hours.148

The anticoagulant effect of LMWH is most readily assessed 
by the aXa activity. Because of reduced protamine binding 
to LMWH fractions, only the anti-IIa activity of LMWH is 
completely reversed; the aXa activity is not fully neutralized. 
Both anti-IIa and aXa activity may return up to 3 hours after 
protamine reversal.148 The aXa level above which is associated 
with significant bleeding risk remains unknown. An aXa level 
of ≤0.1 IU/mL is considered an undetectable anticoagulant 
effect.57–60

Management of neuraxial block or deep plexus/peripheral 
block in the patient receiving LMWH
In 1993, enoxaparin was the first LMWH to be introduced for 
general use in the USA. In the first 5 years of use, over 40 spinal 
hematomas were reported through the MedWatch system.3 The 
risk of spinal hematoma was estimated to be approximately one 
in 3000 continuous epidural anesthetics compared with one in 
40 000 spinal anesthetics.153 The frequency was attributed to 
twice-daily dosing (compared with once-daily dosing as adminis-
tered in Europe) in the presence of an indwelling neuraxial cath-
eter. However, 20 years later in Sweden, Moen et al52 reported 
a 1:3600 frequency of spinal hematomas among women under-
going total knee replacement (with once-daily LMWH), which 
is strikingly similar to the frequency associated with twice-daily 
administered LMWH calculated by Horlocker and Wedel.3

Risk factors for neuraxial hematoma with LMWH 
thromboprophylaxis
Based on an examination of the published cases, MedWatch 
reports, and clinical experience in Europe and North America, 
specific risk factors have been proposed.3 4 52 In summary, age 
and gender appear to be significant patient factors, perhaps 
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due to less vertebral canal compliance (smaller volume need 
to produce critical ischemic pressure) and/or drug effect (exag-
gerated response to LMWH, renal insufficiency). Finally, the 
additive, if not synergistic effect of multiple hemostasis-altering 
medications cannot be overstated and may elevate the risk of 
hematoma in once-daily LMWH dosing to that of twice-daily 
dosing.52

Low versus high dosing regimens
Low-dose LMWH regimens administered for prophylaxis 
include enoxaparin 40 mg/day, enoxaparin 30 mg every 12 hours, 
dalteparin 5000 IU daily. The target aXa level for prophylaxis 
(measured 4 hours after a dose) is regarded to be 0.2–0.5 IU/mL.

High-dose LMWH regimens for treatment of VTE or 
bridging therapy involves administering a much higher dose 
that is typically weight based, such as enoxaparin 1 mg/kg 
every 12 hours, enoxaparin 1.5 mg/kg daily, dalteparin 120 
IU/kg every 12 hours, dalteparin 200 IU/kg daily, or tinzaparin 
175 IU/kg daily. It is advisable to maintain peak aXa levels 
between 0.5 U/mL and 1 U/mL (measured 3–4 hours after the 
LMWH dose). With high-dose LMWH, it is recommended 
that the last dose should occur at least 24 hours preoper-
atively and the last dose should be halved in patients with 
moderate (CrCl 30–49 mL/min) to severe (CrCl <30 mL/
min) renal insufficiency to avoid an exaggerated or prolonged 
response.12 154

A small quality improvement publication involving 19 
patients found that almost 60% of patients taking high-
dose enoxaparin still have higher than expected aXa levels 
a minimum of 24 hours after the last dose. They also 
suggested that patients with lower CrCl and increased age 
may be at particular risk.155 A more recent retrospective 
study reported 18% of patients had aXa levels >2 IU/mL 
24 hours after the last administration of their high-dose 
regimen.156 Finally, a 2023 prospective observational trial 
of 103 patients concluded that the time from the last high-
dose administration until the aXa level fell below 0.2 IU/mL 
was 31.5 hours.157 Interestingly, unlike their previous quality 
improvement study, this trial found no correlation between 
age, renal function, weight, or sex for those taking high-dose 
enoxaparin despite similar methodology. In addition, 34% 
of patients failed to accurately follow the instructions with 
regard to timing of administration.157

These observational studies indicate that a significant 
number of patients will have detectable aXa levels (>0.1 IU/
mL) and some may have levels in the prophylactic and 
possibly therapeutic ranges. It is difficult to know whether 
this correlates with an increased risk of neuraxial hematoma. 
North American recommendations have drawn on the exten-
sive European experience in the development of practice 
guidelines for the management of patients undergoing spinal 
and epidural blocks while receiving perioperative LMWH. 
The ESAIC/European Society of Anesthesiology (ESA) 
recommend that with either low-dose or high-dose LMWH, 
the time interval be doubled between last dose of LMWH or 
the dose halved in the presence of severe renal insufficiency 
(CrCl <30 mL/min).11 Although we recommend against 
routine testing, assessment of residual aXa activity may be 
considered in patients who are elderly, morbidly obese,158 
or patients with severe renal insufficiency, noting that the 
acceptable level of residual aXa level for performance of 
neuraxial block remains undetermined and therefore a level 
≤0.1 IU/mL is suggested.

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT RECEIVING LOW 
MOLECULAR WEIGHT HEPARIN
The aXa level is not predictive of the risk of bleeding, 
although it may be useful in monitoring efficacy of therapy 
with high-dose regimens. We recommend against the routine 
use of aXa level monitoring

Remarks: there is no change in this recommendation.

Heparin-induced thrombocytopenia may occur during 
LMWH administration; therefore, we recommend that 
patients receiving LMWH for >4 days have a platelet count 
assessed prior to needle placement (grade IC)

Remarks: there is no change in this recommendation.

The presence of blood during needle and catheter placement 
does not necessitate postponement of surgery. We suggest 
that initiation of LMWH therapy in this setting should be 
delayed for 24 hours postoperatively and that this consider-
ation be discussed with the surgeon (grade IIC)

Remarks: there is no change in this recommendation.

Preoperative LMWH
We recommend that needle placement should occur at least 12 
hours after low-dose LMWH (grade IC)

Remarks: there is no change in this recommendation.

Consider checking aXa activity level if <12 hours (grade 2C). An 
acceptable level of residual aXa activity remains undetermined, 
therefore we suggest aXa value of ≤0.1 IU/mL (grade IIC)

Remarks: this new recommendation includes consideration of 
measuring aXa and acceptable levels.

In patients receiving high (therapeutic) doses of LMWH, we 
recommend delay of at least 24 hours prior to needle/cath-
eter placement (grade IC)

Remarks: there is no change in this recommendation

Consider checking aXa activity level if <24 hours particularly in 
elderly patients (age >75 years) and patients with renal insuffi-
ciency (CrCl ≤30 mL/min). An acceptable level of residual aXa 
activity remains undetermined, therefore we suggest aXa value 
of ≤0.1 IU/mL (grade IIC)

Remarks: this new recommendation includes consideration of 
measuring aXa and acceptable levels.

Postoperative LMWH
Antiplatelet or oral anticoagulant medications administered in 
combination with LMWH increases the risk of neuraxial hema-
toma. We recommend against concomitant administration of 
medications affecting hemostasis, such as antiplatelet drugs, stan-
dard heparin, or dextran, regardless of LMWH dosing regimen 
when there is an indwelling neuraxial catheter (grade IA)

Remarks: there is no change in this recommendation.

Twice-daily low dose. We recommend the first dose of 
LMWH be administered the following day and at least 12 
hours after needle/catheter placement. Indwelling catheters 
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should be removed prior to initiation of LMWH. Adminis-
tration of LMWH should be delayed for 4 hours after cath-
eter removal (grade IC)

Remarks: there is no change in this recommendation.

Single daily low dose. We recommend the first postoperative 
LMWH dose should be administered at least 12 hours after 
needle/catheter placement. The second postoperative dose should 
occur no sooner than 24 hours after the first dose. Indwelling 
neuraxial catheters do not appear to represent increased risk and 
may be maintained. However, no additional hemostasis altering 
medications should be administered due to the additive effects. 
The catheter should be removed 12 hours after the last dose 
of LMWH. Subsequent LMWH dosing should occur at least 4 
hours after catheter removal (grade IC)

Remarks: there is no change in this recommendation.

Single or twice-daily high (therapeutic) dosing. High-dose 
LMWH may be resumed 24 hours after non-high-bleeding-
risk surgery and 48–72 hours after high-bleeding-risk 
surgery. We recommend that indwelling neuraxial catheters 
be removed 4 hours prior to the first postoperative dose and 
the first postoperative dose should be at least 24 hours after 
needle/catheter placement, whichever is greater (grade IC)

Remarks: there is no change in this recommendation.

ANTIPLATELET MEDICATIONS
Due to the ubiquitous nature of atherosclerotic arterial occlu-
sive disease in the USA, the number of patients receiving long-
term antiplatelet therapy numbers in the tens of millions.159 
The recent ACCP guideline on periprocedural antithrom-
botic management offers recommendations for antiplatelet 
therapy.12 Antiplatelet agents include aspirin, non-steroidal 
anti-inflammatory drugs (NSAIDs), thienopyridine derivatives/
platelet adenosine diphosphate (ADP) antagonists (ticlopidine, 
clopidogrel, prasugrel), platelet glycoprotein (GP) IIb/IIIa 
receptor antagonists (abciximab, eptifibatide, and tirofiban), 
platelet P2Y12 receptor antagonists (ticagrelor), and platelet 
phosphodiesterase IIIA inhibitors (cilostazol). It is important 
to note the pharmacological differences among the drugs with 
antiplatelet effects.

Aspirin and other non-steroidal anti-inflammatory 
medications
NSAIDs inhibit platelet cyclooxygenase and prevent the 
synthesis of thromboxane A2. Platelets from patients who 
have been taking these medications have normal platelet 
adherence to subendothelium and normal primary hemo-
static plug formation. Depending on the dose administered, 
aspirin (and other NSAIDs) may produce opposing effects on 
the hemostatic mechanism. For example, platelet cyclooxy-
genase is inhibited by low-dose aspirin (60–325 mg/day) while 
larger doses (1.5–2 g/day) will also inhibit the production of 
prostacyclin (a potent vasodilator and platelet aggregation 
inhibitor) by vascular endothelial cells and thus result in a 
paradoxical thrombogenic effect.160 161 As a result, low-dose 
aspirin (81–325 mg/day) is theoretically a greater risk factor for 
bleeding than higher doses. There is consensus that the optimal 
dose of aspirin for prevention of myocardial infarction, stroke, 
or vascular death lies within the narrow range of 75–160 mg/
day.162

Platelet function is affected for the life of the platelet following 
aspirin ingestion; other non-steroidal analgesics (naproxen, 
piroxicam, ibuprofen) produce a short-term defect, which 
normalizes within 3 days.163 Celecoxib (Celebrex) is an anti-
inflammatory agent that primarily inhibits cyclooxygenase-2, an 
inducible enzyme which is not expressed in platelets, and thus 
does not cause platelet dysfunction.164

Thienopyridines
The antiplatelet effect of the thienopyridine derivatives, clopi-
dogrel (Plavix) and prasugrel (Efient) results from inhibition of 
ADP-induced platelet aggregation. The two are prodrugs that 
must undergo metabolic activation through the hepatic CYP450 
system to generate the active metabolites that inhibit the platelet 
P2Y12 receptor.162 Thienopyridine derivatives demonstrate both 
time-dependent and dose-dependent effects. For example, steady 
state is achieved within 7 days for clopidogrel with doses of 75 
mg/day. However, steady state levels of clopidogrel are reached 
within 2–15 hours with 300–600 mg loading doses.165 166

No prospective studies have evaluated perioperative manage-
ment of clopidogrel, prasugrel, or ticagrelor in patients under-
going non-cardiac surgery. Retrospective studies suggest an 
increased risk of bleeding with clopidogrel continued periop-
eratively.12 Labeling of the thienopyridine derivatives recom-
mends that if a patient is to undergo an elective procedure 
and an antiplatelet effect is not desired, therapy with clopido-
grel should be interrupted ‘for 5 days prior to surgery’167 and 
prasugrel discontinued ‘at least 7 days prior to any surgery.’168 
Based on expert opinion (recommendation made with ‘very low 
certainty of evidence’), the ACCP recommends 5 days for clopi-
dogrel and 7 days for prasugrel.12 However, these time inter-
vals are not sufficient to have a return to baseline activity in 
all patients. In a pharmacological study of recovery of platelet 
function following discontinuation of prasugrel and clopidogrel 
(there was no clinical assessment of postoperative bleeding), 
in the prasugrel group, ≥50% of patients returned to baseline 
reactivity by day 6, ≥75% by day 7, and ≥90% by day 9; in 
the clopidogrel group, ≥50% of patients returned to baseline 
reactivity by day 3, ≥75% by day 5, and ≥90% by day 6.169 
Thus, while the majority of patients returned to baseline platelet 
reactivity after 5 and 7 days of clopidogrel and prasugrel discon-
tinuation, respectively, patients in both groups displayed residual 
effects beyond these intervals and ‘a longer time interval, such 
as 7 days for clopidogrel and 9 days for prasugrel may be desir-
able to further mitigate any potential bleeding risk.’169 Based on 
European labeling, the ESAIC/ERSA recommends 5–7 days for 
clopidogrel and 7 days for prasugrel.11

Although it is possible to assess residual antiplatelet effect 
using assays of platelet function (eg, PFA II, P2Y12 assay), only a 
normalized value would be useful; an acceptable level of residual 
antiplatelet effect remains undetermined.

Ticagrelor
Ticagrelor (Brilinta) represents a new class of non-thienopyridine 
platelet inhibitors designed to address the limitations of current 
oral antiplatelet drugs. Ticagrelor completely reversibly inhibits 
ADP-induced platelet activation, unlike the thienopyridines. 
Ticagrelor also acts directly on the P2Y12 receptor and does 
not require cytochrome P450 biotransformation. After a loading 
dose, an antiplatelet effect is observed within 30 min, while 
maximum effect is achieved within 2 hours. After discontinua-
tion, platelet function recovers 70% in 3 days and to baseline 
in 5 days.170–172 Labeling recommends to ‘interrupt therapy with 
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ticagrelor for 5 days prior to surgery that has a major risk of 
bleeding.’173

Based on expert opinion (recommendation made with ‘very 
low certainty of evidence’), the ACCP12 recommends that tica-
grelor be discontinued 3–5 days prior to surgery, while the 
ESAIC/ESRA based on European labeling recommends a 5-day 
interval.11

Cangrelor
Cangrelor (Kengreal) is a direct and reversible intravenous 
P2Y12 inhibitor. The dosage of the drug is 30 μg/kg bolus 
followed by a 4 μg/kg/min infusion. Its antiplatelet effect is seen 
within 2 min of administration and inhibits platelet aggrega-
tion by 95%–100%. Its plasma half-life is 3–6 min and platelet 
recovery is rapid; 80% and 90% of the samples recover in 60 
and 90 min, respectively.174

Patients given cangrelor for percutaneous cardiac intervention 
are usually continued on one of the oral P2Y12 inhibitors. Both 
clopidogrel and prasugrel will not work while cangrelor is being 
infused as their metabolite cannot bind to the receptor, while it is 
being occupied by cangrelor. Ticagrelor, on the other hand, has 
a binding site separate from cangrelor. For these reasons, clopi-
dogrel and prasugrel should be given immediately after discon-
tinuation of cangrelor, while ticagrelor can be given during or 
immediately after the infusion.175

The oral P2Y12 inhibitors are discontinued for 5–10 days 
before surgery. Cangrelor can therefore be used as a bridge 
therapy in these situations. It is possible that perioperative 
anesthesiologists will encounter this scenario more often in the 
future. In these cases, a 3-hour interval minimum, and prefer-
ably longer should be observed. ACCP and ESAIC/ESRA did not 
include recommendations for cangrelor because the medication 
is rarely administered to patients undergoing regional anesthesia/
surgery.11 12

Platelet GP IIb/IIIa receptor antagonists
Platelet GP IIb/IIIa receptor antagonists, including abcix-
imab (Reopro), eptifibatide (Integrilin), and tirofiban 
(Aggrastat), inhibit platelet aggregation by interfering with 
platelet-fibrinogen and platelet-von Willebrand factor binding. 
The majority of clinical trials involving the GP IIb/IIIa antago-
nists have evaluated their use in the treatment of acute coronary 
syndrome, and thus the GP IIb/IIIa antagonists are typically 
administered in combination with aspirin and heparin. Contra-
indications include a history of surgery within 4–6 weeks.176 
Time to normal platelet aggregation following discontinu-
ation of therapy ranges from 8 hours (eptifibatide, tirofiban) 
to 24–48 hours (abciximab).162 Thrombocytopenia is a known 
side effect.162 ACCP and ESAIC/ESRA did not include recom-
mendations for platelet GP IIb/IIIa because these medications 
are rarely administered to patients undergoing regional anes-
thesia/surgery.11 12

Cilostazol
Cilostazol produces a selective inhibition of phosphodies-
terase (PDE) IIIA resulting in a weak, reversible inhibition 
of platelet aggregation. Cilostazol is used in peripheral arte-
rial vascular disease because of its vasodilatory properties 
(vascular muscle also contains PDE IIIA). It has a half-life 
of 11 hours, which is prolonged in patients with severe renal 
impairment.162 The terminal half-life and the active metab-
olite is 21 hours. There are limited data on perioperative 
administration of cilostazol. However, a single case report 

of spinal hematoma following epidural catheter removal 
in the presence of cilostazol therapy has been reported.177 
ACCP and ESAIC/ESRA did not include recommendations 
for cilostazol because the medication is rarely administered 
to patients undergoing regional anesthesia/surgery.11 12

Neuraxial hematoma in patients receiving antiplatelet 
medications
Several large studies have demonstrated the relative safety of 
central neural blockade in combination with NSAID therapy, 
although the total number of patients in this combined series 
is only 4714.7 If low-dose aspirin creates the greatest impact 
on platelet function, patients receiving 60–325 mg aspirin 
would theoretically represent the greatest risk of significant 
bleeding. However, this is not noted in the literature.178 
An exception to this are patients undergoing invasive pain 
procedures.179–181

No series involving the performance of neuraxial blockade 
in the presence of thienopyridine derivatives or platelet GP IIb/
IIIa receptor antagonists has been performed. Although the data 
are inconsistent, increased perioperative bleeding in patients 
undergoing cardiac and vascular surgery after receiving thieno-
pyridines and GP IIb/IIIa antagonists has been noted.48 182 183 In 
general, the cardiac surgical183 and interventional radiology liter-
ature recommend that elective surgery be delayed 24–48 hours 
following abciximab and 4–8 hours following eptifibatide or 
tirofiban.184 Surgery performed within 12 hours of abciximab 
administration would most likely necessitate a platelet trans-
fusion. There have been three spinal hematomas attributed to 
neuraxial techniques and thienopyridines, including one patient 
undergoing a series of epidural steroid injections.185–187

Combination of antiplatelet medications with anticoagulants 
and thrombolytics
NSAIDs alone do not significantly increase the risk of spinal 
hematoma. However, combination therapy with UFH, 
LMWH, oral anticoagulants, and thrombolytics have been 
demonstrated to increase the frequency of spontaneous 
hemorrhagic complications, bleeding at puncture sites, and 
spinal hematoma.3 52 117 123

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT TAKING NSAIDS
NSAIDs appear to represent no added risk for the development 
of major bleeding after regional anesthetic techniques. NSAIDs 
(including aspirin) do not create a level of risk that will inter-
fere with the performance of neuraxial or deep plexus/periph-
eral blocks. In patients receiving these medications, we do not 
identify specific concerns as to the timing of single-injection or 
catheter techniques, postoperative monitoring, or the timing of 
neuraxial catheter removal (grade IC)

Remarks: there is no change in this recommendation.

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP 
PLEXUS/PERIPHERAL BLOCK IN THE PATIENT TAKING 
THIENOPYRIDINES (CLOPIDOGREL, PRASUGREL)
Based on labeling and surgical/procedural experience, the 
suggested time interval between discontinuation of thienopyri-
dine therapy and needle placement is 5–7 days for clopidogrel, 
and 7–10 days for prasugrel (grade IIC)
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Remarks: the time intervals reflect labeling and pharmacolog-
ical findings that the majority of patients may have a significant 
(though partial) recovery of platelet function at the shorter time. 
However, patients at high risk for bleeding require longer time 
intervals for complete recovery.

Neuraxial and deep plexus/peripheral catheters should not be 
maintained with prasugrel due to the rapid onset. However, 
since the antiplatelet effect is not immediate with clopidogrel, 
they may be maintained for 1–2 days, provided a loading dose of 
the antiplatelet agent is not administered (grade IIC)

Remarks: there is no change in this recommendation.

Thienopyridine therapy may be resumed immediately after 
needle placement/catheter removal, provided a loading dose of 
the drugs is not administered. If a loading dose is administered, 
we suggest a time interval of 6 hours between catheter removal 
and administration (grade IIC)

Remarks: there is no change in this recommendation.

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT TAKING TICAGRELOR
Based on labeling and surgical/procedural experience, the 
recommended time interval between discontinuation of tica-
grelor therapy and needle placement is 5 days (grade 2C)

Remarks: previous time interval was 5–7 days. The new time 
interval reflects labeling and pharmacological findings regarding 
platelet function recovery after ticagrelor discontinuation.

Neuraxial catheters should not be maintained with ticagrelor 
due to the rapid onset (grade IIC)

Remarks: there is no change in this recommendation.

Ticagrelor therapy may be resumed immediately after needle 
placement/catheter removal, provided a loading dose of the drug 
is not administered. If a loading dose is administered, we suggest 
a time interval of 6 hours between catheter removal and admin-
istration (grade IIC)

Remarks: there is no change in this recommendation.

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT TAKING PLATELET GP 
IIB/IIA INHIBITORS
The platelet GP IIb/IIIa inhibitors exert a profound effect on 
platelet aggregation. Following administration, the time to normal 
platelet aggregation is 24–48 hours for abciximab and 4–8 hours 
for eptifibatide and tirofiban. We recommend that needle place-
ment should be avoided until platelet function—as impacted by 
the GP IIb/IIIa inhibitor—has recovered. Caution in patients on 
dual therapy who may still have residual NSAID effect (grade IC)

Remarks: there is no change to this recommendation.

Postoperative. Although GP IIb/IIIa antagonists are contraindi-
cated within 4 weeks of surgery, should one be emergently admin-
istered in the postoperative period following a neuraxial or deep 
plexus/peripheral technique, we recommend the neuraxial infu-
sion should be limited to drugs minimizing sensory and motor 
block to facilitate assessment of neurological function and that 
the patient be carefully monitored neurologically (grade IC)

Timing of catheter removal is based on ongoing risk of throm-
boembolism and need for continued antithrombotic therapy and 
the potential for spinal bleeding during catheter maintenance 
and removal (grade IIC)

Remarks: there is no change in this recommendation.

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT TAKING CILOSTAZOL
The risk of serious bleeding in the presence of residual cilostazol 
effect is unknown. Based on the elimination half-life, we suggest 
that needle placement be avoided for 2 days after discontinua-
tion of cilostazol (grade IIC)

Remarks: there is no change in this recommendation.

We suggest that neuraxial and deep plexus/peripheral catheters 
be removed prior to reinstitution of cilostazol therapy postoper-
atively (grade IIC)

Remarks: there is no change in this recommendation.

We suggest that the first postoperative dose of cilostazol be 
administered 6 hours after neuraxial or deep plexus/peripheral 
catheter removal (grade IIC)

Remarks: there is no change in this recommendation.

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT TAKING CANGRELOR
The risk of serious bleeding in the presence of residual cangrelor 
effect is unknown. Based on the elimination half-life, we suggest 
that needle placement be avoided for 3 hours after discontinua-
tion of cangrelor (grade IIC)

Remarks: there is no change in this recommendation.

We suggest that neuraxial and deep plexus/peripheral catheters 
be removed prior to reinstitution of cangrelor therapy postoper-
atively (grade IIC)

Remarks: there is no change in this recommendation.

We suggest that the first postoperative dose of cangrelor be 
administered 8 hours after neuraxial or deep plexus/peripheral 
catheter removal (grade IIC)

Remarks: there is no change in this recommendation.

PARENTERAL DIRECT THROMBIN INHIBITORS
Argatroban, bivalirudin, and desirudin
Recombinant hirudin derivatives, including bivalirudin (Angi-
omax), and desirudin (Revasc), inhibit both free and clot-bound 
thrombin. Argatroban (Acova), an L-arginine derivative, has a 
similar mechanism of action. These medications are indicated for 
the treatment and prevention of thrombosis in patients with HIT 
and as an adjunct to angioplasty procedures.188 189 Desirudin is 
approved for prevention of VTE/PE following hip replacement.190 
The anticoagulant effect of thrombin inhibitors is monitored by 
the aPTT, and is present for 1–3 hours after intravenous adminis-
tration. Hemorrhagic complications, particularly when combined 
with thrombolytic or antiplatelet agents, may be life threatening. 
There is no ‘antidote’; therefore, the antithrombin effect cannot 
be reversed pharmacologically. Although there are no case reports 
of spinal hematoma related to neuraxial anesthesia among patients 
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who have received an intravenous thrombin inhibitor, sponta-
neous intracranial bleeding has been reported. The lack of infor-
mation available and the approved applications of these agents 
(typically patients with HIT who will need therapeutic levels of 
anticoagulation) make patients receiving these medications poor 
candidates for neuraxial blockade.

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT TAKING PARENTERAL 
THROMBIN INHIBITORS (ARGATROBAN, BIVALIRUDIN, AND 
DESIRUDIN)
In patients receiving parenteral thrombin inhibitors, we suggest 
against the performance of neuraxial techniques (grade IIC)

Remarks: there is no change in this recommendation.

PARENTERAL ANTI-XA AGENTS
Fondaparinux
Fondaparinux (Arixtra), an injectable synthetic pentasaccharide 
approved for the prevention and treatment of venous thrombo-
embolic events in acutely ill patients (including those affected by 
COVID-19), patients with cancer, or patients undergoing surgery 
(dose 2.5 mg) as well as the treatment of acute DVT and PE (dose 
5–10 mg). The FDA released fondaparinux with a black box 
warning about neuraxial anesthesia like that of the LMWHs and 
heparinoids. Fondaparinux produces its antithrombotic effect 
through factor Xa inhibition and is used when patients are intol-
erant to LMWH. Advantages of fondaparinux include: 100% 
bioavailability subcutaneously, instant onset of action, long half-
life, and direct renal excretion.191 This drug is contraindicated in 
patients with severe renal impairment (CrCl <30 mL/min) and 
in patients weighing <50 kg. It should be used with caution in 
patients with moderate renal impairment (CrCl 30–50 mL/min). 
The plasma half-life of fondaparinux is 17–21 hours (17 hours in 
healthy, young patients and 21 hours in healthy, elderly patients), 
allowing for single daily dosing, with the first low (prophylactic) 
dose administered 6–8 hours postoperatively.192 The half-life 
in patients with moderate renal insufficiency (CrCl 30–50 mL/
min) was found to be 29 hours, and 72 hours in patients with 
severe renal impairment (CrCl <30 mL/min). Routine coagula-
tion tests such as PT and aPTT are relatively insensitive measures 
of fondaparinux and are unsuitable for monitoring. The aXa 
activity can be measured by aXa assay using the appropriate cali-
brator (fondaparinux). It is important to note that protamine 
would not be an effective reversal strategy. There is a paucity 
of prospective data and the studies that are published included 
such strict parameters that it is difficult to use them to develop 
recommendations. One spinal hematoma was reported in the 
initial dose-ranging study, at a dose that was determined to be 
twice that required for thromboprophylaxis.192 193 A series of 
1631 patients undergoing continuous neuraxial or deep periph-
eral block reported no serious hemorrhagic complications. 
However, the catheters were removed 36 hours after the last 
dose of fondaparinux and subsequent dosing was delayed for 12 
hours after catheter removal.194

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT RECEIVING 
FONDAPARINUX
Low-dose fondaparinux (2.5 mg once per day)
We suggest holding low-dose fondaparinux (2.5 mg once 
per day) for 36 hours (young patients) to 42 hours (elderly 

patients) in healthy patients with normal renal function (grade 
IIC)

Remarks: these are new recommendations in the setting of low-
dose administration and aXa level suggestions.

We suggest holding fondaparinux for a minimum of 58 hours 
in patients with moderate renal insufficiency (CrCl 30–50 mL/
min) (grade IIC)

Remarks: these are new recommendations in the setting of low-
dose administration and aXa level suggestions.

We suggest not performing neuraxial or deep plexus/peripheral 
blocks in patients with severe renal impairment (CrCl <30 mL/
min) due to the 72 hours half-life (grade IIC)

Remarks: these are new recommendations in the setting of low-
dose administration and aXa level suggestions.

We suggest testing aXa activity calibrated to fondaparinux if 
placing the needle prior to these recommended times is consid-
ered (aXa ≤0.1 IU/mL) (grade IIC)

Remarks: these are new recommendations in the setting of low-
dose administration and aXa level suggestions.

High-dose fondaparinux (5–10 mg once per day)
We suggest holding fondaparinux for a minimum of 70 hours in 
young patients with normal renal function (grade IIC)

Remarks: these are new recommendations in the setting of high-
dose administration and aXa level suggestions.

We suggest holding fondaparinux for a minimum of 105 hours 
in elderly patients with normal renal function (grade IIC)

Remarks: these are new recommendations in the setting of high-
dose administration and aXa level suggestions.

We suggest testing aXa activity calibrated to fondaparinux if 
placing needle prior to the recommended times is considered 
(aXa ≤0.1 IU/mL) (grade IIC)

Remarks: these are new recommendations in the setting of high-
dose administration and aXa level suggestions.

We suggest that neuraxial catheters be removed at least 6 hours 
prior to the first postoperative dose (grade IIC)

Remarks: there is no change in this recommendation.

FIBRINOLYTIC AND THROMBOLYTIC THERAPY
Pharmacology of fibrinolytics/thrombolytics
The fibrinolytic system dissolves intravascular clots as a result 
of the action of plasmin. Plasmin is produced by the cleavage 
of a single peptide bond of the inactive precursor, plasminogen. 
The resulting compound is a non-specific protease capable of 
dissolving fibrin clots and other plasma proteins, including 
several coagulation factors. Exogenous plasminogen activators, 
such as streptokinase and urokinase, dissolve thrombus and 
affect circulating plasminogen as well. Pharmacological t-PA 
formulations (Alteplase, Tenecteplase) are more fibrin-selective 
and have less effect on circulating plasminogen. Clot lysis leads 
to elevation of fibrin degradation products, which themselves 
have an anticoagulant antithrombotic effect by inhibiting platelet 
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aggregation. Given the nature of the underlying thrombotic 
medical conditions being treated, patients who receive fibrino-
lytic therapy frequently receive intravenous heparin to maintain 
an aPTT of 1.5–2 times normal. Often an antiplatelet agent such 
as aspirin or clopidogrel is also added. While the plasma half-life 
of thrombolytic drugs is only hours, it may take days for the 
thrombolytic effect to resolve. Fibrinogen and plasminogen are 
maximally depressed at 5 hours after thrombolytic therapy and 
remain significantly depressed at 27 hours.195 Importantly, orig-
inal contraindications to thrombolytic therapy included surgery 
or puncture of non-compressible vessels within 10 days.196

There are no large series addressing regional anesthesia in the 
patient receiving fibrinolytic/thrombolytic therapy. The majority 
of published reports involve spontaneous spinal or epidural 
hematomas after thrombolytic therapy.130 197–211 Recent cases 
involve thrombolysis for myocardial infarction and bleeding 
has been reported at all spinal levels—cervical, thoracic, and 
lumbar.149 212–215

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT RECEIVING 
THROMBOLYTIC THERAPY
Patients receiving fibrinolytic/thrombolytic medications are at 
risk of serious hemorrhagic events, particularly those who have 
undergone an invasive procedure. Recommendations are based 
on the profound effect on hemostasis, the use of concomitant 
heparin and/or antiplatelet agents (which further increase the 
risk of bleeding), and the potential for spontaneous neuraxial 
bleeding with these medications.
In patients scheduled to receive thrombolytic therapy, we 
recommend that the patient be queried, and the medical record 
reviewed for a recent history of lumbar puncture, spinal or 
epidural anesthesia, or epidural steroid injection to allow appro-
priate monitoring. Guidelines detailing original contraindica-
tions for thrombolytic drugs suggest avoidance of these drugs 
for 10 days following puncture of non-compressible vessels 
(grade IA)

Remarks: there is no change in this recommendation.

In patients who have received fibrinolytic and thrombolytic 
drugs, we recommend against needle placement for at least 
48 hours. Documentation of normalization of clotting studies 
(including fibrinogen) is suggested (grade IA)

Remarks: there is no change in this recommendation.

In those patients who have received neuraxial blocks at or near 
the time of fibrinolytic and thrombolytic therapy, we recommend 
that frequent neurological monitoring (eg, every 2 hours) should 
be continued for at least 48 hours after the last dose. If neuraxial 
blocks have been combined with fibrinolytic and thrombolytic 
therapy and ongoing epidural catheter infusion, we recommend 
the infusion should be limited to drugs minimizing sensory and 
motor block to facilitate assessment of neurological function 
(grade IC)

Remarks: there is no change in this recommendation.

There is no definitive recommendation for removal of neuraxial 
catheters in patients who unexpectedly receive fibrinolytic and 
thrombolytic therapy during a neuraxial catheter infusion. We 
suggest the measurement of fibrinogen level (one of the last 
clotting factors to recover) to evaluate the presence of residual 
thrombolytic effect and appropriate timing of catheter removal. 

Patients should have frequent neurological monitoring for at 
least 48 hours following catheter removal (grade IIC)

Remarks: there is no change in this recommendation.

VITAMIN K ANTAGONISTS (WARFARIN)
Warfarin pharmacology
Warfarin exerts its anticoagulant effect by interfering with the 
synthesis of the vitamin K-dependent clotting factors VII, IX, X, 
and II (thrombin). The effects of warfarin are dependent on clot-
ting factor half-lives and the anticoagulant effect is not apparent 
until there is a significant amount of biologically inactive clotting 
factors216 (table  5). Clinical experience with patients who are 
congenitally deficient in factors II, IX, or X suggests that a factor 
activity level of 40% for each factor is adequate for normal or 
near-normal hemostasis.217 Bleeding may occur if the level of 
any clotting factor is decreased to 20%–40% of baseline. The 
international normalized ratio (INR) is most sensitive to clotting 
factors VII and X218 and is slightly prolonged when factor VII 
is reduced to approximately 55% of baseline. An INR of 1.5 is 
associated with a factor VII activity of 40%.218 For this reason, 
INRs of 1.4 or less in patients who have not been on warfarin 
are not at increased risk for spinal bleeding.8 During the first few 
days of therapy, the PT reflects primarily a reduction of factor 
VII, the half-life of which is approximately 6 hours (table  5). 
Discontinuation of warfarin requires normalization of the INR 
to ensure adequate activities of all the clotting factors.

Clinical use of warfarin
The measured response to anticoagulant therapy at the initi-
ation of treatment varies significantly. Some of the variability 
may be attributed to age, female sex, pre-existing medical condi-
tions (low patient weight, liver, cardiac, and renal disease), race, 
genetic polymorphisms, and drug interactions that are associ-
ated with an enhanced response to warfarin and/or a lower dose 
requirement for maintenance anticoagulation.8 216 219 220 It has 
been documented that warfarin dose is inversely related to age 
and strongly associated with gender, with women being more 
susceptible.221 In addition, patients with renal insufficiency 
may have an increased response to warfarin.222 There are many 
drugs that interact with warfarin and potentiate the anticoagu-
lant effect, including concomitant administration of antiplatelet 
medications, heparin, and LMWH.216 223 224

For patients taking warfarin, the first step in decision making 
is to establish the anticipated risk of bleeding with the proposed 
procedure and to determine whether the procedure can be 
performed without antithrombotic interruption.166 For low-to-
moderate bleeding risk surgeries where the anticipated 30-day 
risk of major bleed is <2%, strategies for periprocedural antico-
agulation management can include a shorter interruption period 
with prompt re-initiation. For high-risk procedures where the 
anticipated 30-day bleeding risk exceeds 2%, a judicious strategy 
of anticoagulation interruption is necessary to ensure adequate 
hemostasis. The second decision-making step is to establish the 
indication(s) for anticoagulant therapy including an assessment 

Table 5  Half-lives of vitamin K-dependent clotting factors

Factor half-life, hours Half-life, hours

VII 6–8

IX 24

X 25–60

II 50–80
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of the patient-specific thromboembolism risk. Risk stratifi-
cation can be assessed as ‘low,’ ‘intermediate,’ or ‘high’ based 
on a number of clinical variables (table  3). The ACCP guide-
lines recommend against heparin bridging for patients at low-
to-moderate thromboembolic risk. For patients at high risk of 
thromboembolism defined as a risk of arterial thrombosis of 
>10% per year or VTE risk exceeding 10% per month, bridging 
therapy may be used. The general approach to periprocedural 
warfarin management is to first choose a surgical date and 
then discontinue warfarin 5 days prior to this anticipated date. 
For those patients at high risk of thromboembolism, LMWH 
(enoxaparin 1 mg/kg two times per day) is initiated once the 
PT INR has fallen below the lower end of the target range. It 
is important to ensure that the CrCl (≥30 mL/min) and platelet 
counts (≥100×109/L) are satisfactory if using LMWH. Alterna-
tively, intravenous UFH can be used for the patient with severe 
kidney disease. The last dose of LMWH is given in the morning 
on the day preceding the day of the procedure. For patients at 
low-to-moderate risk of thromboembolism, no heparin bridging 
is indicated preprocedure or postprocedure.

Patients with mechanical heart valves receiving warfarin 
therapy scheduled for an invasive procedure first require an 
assessment of the bleeding risk of the proposed procedure.225 
The American Heart Association/American College of Cardi-
ology guidelines recommend continued anticoagulant therapy 
for those procedures associated with a low risk of bleeding or 
where bleeding would be inconsequential. For higher bleeding 
risk procedures, patients with a bileaflet mechanical aortic 
valve prosthesis and no other risk factors, the risk of thrombo-
embolism is sufficiently low such that bridging anticoagulant 
therapy can be avoided. For patients with a mechanical aortic 
valve prosthesis and associated thromboembolic risk factors, an 
older generation mechanical aortic valve prosthesis, or a mitral 
mechanical heart valve prosthesis, bridging therapy with LMWH 
is reasonable when the warfarin has been stopped and the INR 
is subtherapeutic.

For patients receiving warfarin therapy for the indication of 
VTE, bridging LMWH can be considered if the thrombotic event 
occurred within 3 months of the anticipated procedure, if there 
is active cancer, or if the patient has a documented severe throm-
bophilia.226 Apart from these variables, warfarin can simply be 
stopped 5 days prior to the procedure and restarted after the 
procedure. Appropriate DVT prophylaxis is warranted during 
the periprocedural time interval prior to therapeutic warfarin 
resumption.

When there is an elevated INR without major bleeding, the 
warfarin can be reversed with oral vitamin K. Intravenous 

vitamin K can be administered when there is active bleeding.216 
When there is life-threatening bleeding, recombinant activated 
factor VIIa (rFVIIa), three-factor PCC which contain factors II, 
IX, and X, or four-factor PCC, containing factors II, VII, IX, 
and X, can be given. Activated rFVIIa and PCCs are better than 
FFP in reversing warfarin227; PCC is better than rFVIIa228; and 
four-factor PCC appears to be more effective than three-factor 
PCC.216 229 230

Neuraxial techniques in relation to the INR and in the 
chronically anticoagulated patient
Neuraxial injections and removal of epidural catheters appear 
to be safe when done within 24 hours after warfarin is initi-
ated. This was documented by Parvizi et al,231 who noted the 
absence of spinal hematoma in over 12 000 patients in whom 
they removed the epidural catheters within 24–48 hours of initi-
ation of warfarin therapy. The safety of removing epidural cathe-
ters was also documented by other investigators.222 232 No spinal 
hematoma occurred after removal of catheters 12–14 hours after 
warfarin therapy, even in the patients with INRs of 1.5–1.9. The 
mean (±SD) factor VII levels 12 hours after warfarin initiation 
were noted to be normal in the patients with INRs ≤1.4 and 
acceptable in the patients with INRs of 1.5–1.9.233 Another group 
of investigators showed no spinal hematoma in 4365 patients 
when epidural catheters were removed while on warfarin; the 
mean duration of warfarin treatment was 2.1±0.6 days and the 
INRs at the time of removal was 1.9±0.4 (range 1.5–7.1).232 
In this study, no other anticoagulant was given except NSAIDs 
and the patients were closely monitored. A closer look at this 
study showed that most catheters (4090 patients) were removed 
on postoperative day (POD) 2 (day of surgery is POD 0); 140 
were removed on POD 3. While it does not appear to increase 
risk to remove epidural catheters 12–24 hours after warfarin was 
initiated, the risk of removing epidural catheters at 48 hours is 
not guaranteed to be lower. This is because adequate activity of 
clotting factor VII is not certain, and activities of factors IX and 
X are starting to decline.

Warfarin should be discontinued for at least 5 days and the 
INR should be measured and normalized (per local laboratory) 
prior to performance of a neuraxial block. This is consistent 
with ESAIC/ESRA guidelines. Recommendations are based on 
warfarin pharmacology, the clinical relevance of vitamin K coag-
ulation factor levels/deficiencies, case series, and the case reports 
of spinal hematoma among these patients. Websites are available 
to assist clinicians with warfarin dosing.234

Table 6  Three herbal medications with the greatest impact on hemostasis*

Important effects Perioperative concerns
Time to normal hemostasis 
after discontinuation

Garlic Inhibition of platelet aggregation (may be irreversible)
Increased fibrinolysis
Equivocal antihypertensive activity

Potential to increase bleeding, especially when combined with 
other medications that inhibit platelet aggregation

7 days

Ginko Inhibition of platelet-activating factor Potential to increase bleeding, especially when combined with 
other medications that inhibit platelet aggregation

36 hours

Ginseng Lowers blood glucose
Increased prothrombin and activated partial prothrombin 
times in animals
Other diverse effects

Hypoglycemia
Potential to increase risk of bleeding
Potential to decrease anticoagulant effect of warfarin

24 hours

Adapted from Horlocker et al.9

*At this time, it is not deemed necessary to discontinue herbal medications and allow resolution of their effects on hemostasis prior to surgery or anesthesia.
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MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN THE PATIENT ON WARFARIN
We recommend that the anticoagulant therapy be stopped 5 
days prior to the planned procedure, and the INR be measured 
and normalized (normal range of the local laboratory) prior to 
needle placement (grade IB)

Remarks: there is no change in this recommendation.

In patients receiving an initial dose of warfarin prior to surgery, 
we suggest the INR should be checked prior to needle placement 
if the first dose was given >24 hours earlier, or if a second dose 
of oral anticoagulant has been administered (grade IIC)

Remarks: there is no change in this recommendation.

In patients receiving low-dose warfarin therapy during epidural 
analgesia, we suggest that their INR be monitored daily (grade 
IIC)

Remarks: there is no change in this recommendation.

We suggest that neuraxial catheters be removed when the INR 
is <1.5 (grade IIC)

Remarks: there is no change in this recommendation.

In patients with INR >1.5 but <3, the increased risk of main-
taining a neuraxial catheter remains unknown. We suggest 
indwelling catheters may be maintained or removed with 
caution, closely following the INR and duration of warfarin 
therapy (grade IIC)

Remarks: there is no change in this recommendation.

In patients with an INR >3, we recommend that the warfarin 
dose be held or reduced in patients with indwelling neuraxial 
catheters (grade IA)
We can make no definitive recommendation regarding the 
management to facilitate removal of neuraxial catheters in 
patients with therapeutic levels of anticoagulation during 
neuraxial catheter infusion (grade IIC)

Remarks: there is no change in this recommendation.

We suggest that neurological assessment be continued for at 
least 48 hours following catheter removal (grade IIC)

Remarks: there is no change in this recommendation.

Neurological testing of sensory and motor function should 
be performed routinely during epidural analgesia for patients 
on warfarin therapy. To facilitate neurological evaluation, we 
recommend that the type of analgesic solution be tailored to 
minimize the degree of sensory and motor blockade (grade IC)

Remarks: there is no change in this recommendation.

HERBAL MEDICATIONS
There is a widespread use of herbal medications in surgical 
patients. Most patients do not volunteer information regarding 
herbal medication use and obtaining such a history may be diffi-
cult.235–237 Morbidity and mortality associated with herbal use 
may be more likely in the perioperative period because of the 
polypharmacy and physiological alterations that occur. Such 
complications include bleeding from garlic, ginkgo, and ginseng, 
and potential interaction between ginseng-warfarin (table  6). 

There have been case reports of spontaneous neuraxial bleeding 
following ingestion of garlic238 and gingko biloba.239–242

Despite the widespread use of herbal medications, there are 
few controlled clinical trials of the efficacy (or adverse effects) 
and few outcome studies of the effects of herbal medications on 
surgical patients; a prospective study including over 600 patients 
found no differences in surgical outcomes, including bleeding, 
in patients reporting recent herbal therapy.243 However, while 
overall there does not appear to be a clinically significant 
increase in surgical bleeding or spinal hematoma in patients 
receiving herbal medications, data on the combination of herbal 
therapy with other forms of anticoagulation are lacking. The 
concurrent use of other medications affecting clotting mecha-
nisms, such as oral anticoagulants or heparin, may increase the 
risk of bleeding complications in these patients. Thus, it is often 
recommended that these medications be discontinued in antici-
pation of surgery, but there is no reason for cancellation of the 
procedure if patients have not done so.244

MANAGEMENT OF NEURAXIAL BLOCK OR DEEP PLEXUS/
PERIPHERAL BLOCK IN PATIENTS USING HERBAL THERAPY
The use of herbal medications does not create a level of risk 
that will interfere with the performance of neuraxial blocks. 
We recommend against the mandatory discontinuation of these 
medications or avoidance of regional anesthetic techniques in 
patients on these medications (grade IC)

Remarks: there is no change in this recommendation.

ANTITHROMBOTIC THERAPY IN PREGNANCY
VTE is one of the most common causes of maternal morbidity 
and mortality, especially in high-resource countries.245 246 Some 
of the risk factors that increase the incidence of thrombosis in 
pregnant and postpartum people include a personal history of 
VTE, thrombophilia, prolonged immobilization, and cesarean 
delivery.247 248 The 6-week period following delivery is associ-
ated with a higher rate of thrombosis and PE than pregnancy 
itself.249 250 For this reason, pharmacological thromboprophy-
laxis for pregnant people at high risk for VTE is often recom-
mended, particularly in the postpartum period.248

The American College of Obstetricians and Gynecologists 
(ACOG), California Quality Maternal Care Collaborative, Amer-
ican Society of Hematology, and ACCP have each published 
obstetric thromboembolism guidance that has increased the 
likelihood that pregnant people requesting analgesia or needing 
urgent cesarean delivery will have recently received an anticoag-
ulant which can potentially restrict their analgesic and anesthetic 
options. It is therefore critical that proactive, multidisciplinary 
planning takes place, incorporating the relative risks and bene-
fits of neuraxial and general anesthesia to determine appropriate 
anticoagulant dosing and cessation times.

Physiological changes in pregnancy affecting 
thromboprophylaxis
Pregnancy is a hypercoagulable state in which platelet aggre-
gation is enhanced, several coagulation factor levels rise, and 
protein C and S levels are decreased.251 Physiological changes 
during pregnancy include an increased volume of distribution, 
clearance, bioavailability, and metabolism of many drugs.252 
Available data from studies examining the pharmacokinetics and 
pharmacodynamics of UFH suggest that, compared with non-
pregnant people, aPTT response and duration of action of UFH 
in pregnancy may be decreased.253 254 Similarly, for LMWH, 
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peak aXa levels, duration of action, and the total exposure to the 
drug over time (area under the plasma activity vs time curve) are 
lower in pregnant patients versus non-pregnant or postpartum 
people.253 255 256

Neuraxial hematoma in the obstetric patient
The incidence of neuraxial hematoma after spinal or epidural 
blockade in the obstetric population is difficult to determine, 
although it is widely reported that these patients have a signifi-
cantly lower incidence of this complication than older popula-
tions.52 Moen et al52 reported two spinal hematomas in obstetric 
patients with apparent coagulopathy (incidence 1:200 000); one 
after a subarachnoid block and one following the removal of an 
epidural catheter. This incidence was significantly lower than the 
incidence of 1:3600 in elderly females undergoing total knee 
arthroplasty. Bateman et al257 confirmed the substantially lower 
risk of neuraxial hematoma in obstetric patients documenting 
seven epidural hematomas among 142 287 patients undergoing 
epidural anesthesia/analgesia (1:20 326) and none in obstetric 
patients. These findings are particularly notable since bloody taps, 
a reputed risk factor for neuraxial hematoma, are more common 
in the obstetric than in the general surgical population.258

A systematic review of English language publications (1952–
2016) revealed no cases of neuraxial hematoma due to neuraxial 
anesthesia and low dose (thromboprophylaxis) in obstetric 
patients, although the denominator (total number of cases) was 
unknown.259 The two patients that developed a hematoma had 
confounding issues: one had relevant symptoms before receiving 
the anticoagulant and the other developed symptoms after 
high-dose (therapeutic) anticoagulation for a PE. A subsequent 
publication reported the development of a neuraxial hematoma 
after spinal anesthesia for cesarean delivery when a larger dose 
of LMWH was administered post partum, earlier than the time 

interval recommended by ASRA guidelines.260 Potential explana-
tions for the lower incidence of neuraxial hematoma in obstetric 
compared with older, orthopedic patients include the hyper-
coagulable state and a more compliant epidural space, unim-
peded by osteoporotic deformities, which can accommodate 
larger volumes of blood before symptomatic neural compression 
occurs.52 54

Neuraxial and general anesthesia in the obstetric patient
Neuraxial analgesia and anesthesia are particularly vital to the 
care of the obstetric patient. For labor, neuraxial analgesia 
provides superior pain relief to other modalities. Neuraxial labor 
analgesia also provides an in situ neuraxial catheter that can be 
converted to an anesthetic for cesarean delivery, and decreases 
circulating catecholamine levels which may be particularly bene-
ficial for patients with pre-eclampsia or other comorbidities. 
Although the risk of death from neuraxial versus general anes-
thesia for cesarean delivery is not statistically different, avoid-
able (non-emergent) general anesthesia is associated with an 
increased odds of severe overall complications (aOR 2.9; 95% 
CI 1.6 to 5.2) and severe anesthetic complications (aOR 1.6; 
95% CI 1.4 to 1.9).261 These include surgical site infection, post-
operative VTE, and hemorrhage (box 1).

Peripartum management of the obstetric patient
The peripartum management of the obstetric patient that 
receives anticoagulant medications presents a significant clin-
ical challenge.10 262 ACOG and the SOAP recommendations 
support every labor unit having a protocol for when anticoag-
ulants should be stopped, and if short-term strategies such as 
converting to UFH, due to its shorter half-life, in anticipation 
of delivery should be considered.262 In the event of unforeseen 
labor or urgent cesarean delivery, the choice of analgesia and/
or anesthesia should balance the risks of general anesthesia and 
benefits of neuraxial anesthesia given the anticoagulant, dose, 
time of administration, and pertinent laboratory values. The plan 
for reinitiating anticoagulation post partum must also incorpo-
rate the anesthetic management and hemostasis after delivery.

MANAGEMENT OF NEURAXIAL BLOCK IN THE 
ANTICOAGULATED PARTURIENT
Given the limited pharmacological data on antithrombotic agents 
in pregnancy and in the absence of a large series of neuraxial 
techniques in the pregnant population receiving prophylaxis 
or treatment for venous thromboembolism, we suggest that 
the recommendations included in this document be applied to 
parturients (grade IIC)

Remarks: there is no change to this recommendation

However, in circumstances involving select high-risk parturients 
receiving VTE prophylaxis, and requiring urgent interventions 
for maternal or fetal indications, the risk of general anesthesia 
may be greater than neuraxial anesthesia, and exceptions/
modifications of these recommendations may be appropriate 
(grade IIC)

Remarks: there is no change to this recommendation.

PLEXUS AND PERIPHERAL BLOCKADE IN THE 
ANTICOAGULATED PATIENT
Although neuraxial hematoma is the most concerning hemor-
rhagic complication of regional anesthesia due to the catastrophic 

Box 1  Advantages of neuraxial versus general anesthesia 
for cesarean delivery in the obstetric patients

Mental benefits

Associated with decrease in anesthesia-related adverse 
events 295

Reduces the risk of gastric aspiration.296–298

Avoids hypertensive response to intubation in vulnerable 
population (eg, pre-eclampsia).298

Avoids awareness under general anesthesia.299

Associated with less intraoperative blood loss and uterine 
atony.300–302

Associated with fewer surgical site infections.303

Provides superior quality with systemic opioid-sparing 
cesarean analgesia.

Reduces the risk of chronic postdelivery pain.304 305

Enables benefits of immediate postdelivery skin-to-skin 
bonding and breastfeeding.306 307

Improves maternal and paternal participation in birth.307

Fetal benefits
Associated with more favorable Apgar scores and umbilical 
venous pH.308 309

Avoids in utero exposure to induction/inhalational agents 
with potential developmental neurotoxicity.310

Enables benefits of immediate postdelivery skin-to-skin 
bonding and breastfeeding.306 307
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nature of bleeding into a fixed and non-compressible space, 
the associated risk following plexus and peripheral techniques 
remains undefined. The fear of bleeding, specifically in a deep, 
non-compressible site can deter providers from performing 
peripheral nerve blockade, even in patients who would likely 
benefit. Unfortunately, there continues to be a lack of investi-
gations examining the frequency and severity of hemorrhagic 
complications following plexus or peripheral blockade in anti-
coagulated patients. In addition, there continues to be case 
reports of significant morbidity related to hematomas following 
peripheral nerve blockade in coagulopathic patients.263–267 All 
published cases of clinically significant bleeding/bruising after 
plexus or peripheral techniques in patients with normal hemo-
stasis were published in the previous edition.263–266 268–281 A 
recent practice advisory published by the Regional Anesthesia 
and Acute Pain Section of the Canadian Anesthesiologists Society 
sought to stratify the bleeding risk into ‘low risk,’ ‘intermediate 
risk,’ or ‘high risk’ for peripheral nerve blocks and interfascial 
plane blocks.282 Hemorrhagic complications following the deep 
plexus/deep peripheral techniques (including but not limited to 
those listed as high risk, eg, stellate ganglion, infraclavicular, 
lumbar sympathetic, lumbar plexus, and paravertebral), particu-
larly in the presence of antithrombotic therapy, are often serious 
and a source of major patient morbidity.282 These cases continue 
to suggest that significant blood loss, rather than neural deficits, 
may be the most serious complication.

MANAGEMENT OF DEEP PLEXUS/PERIPHERAL BLOCK IN 
THE ANTICOAGULATED PATIENT
For patients undergoing deep plexus or deep peripheral block, 
we recommend that guidelines for neuraxial block be similarly 
applied (grade IC)

Remarks: there is no change in this recommendation.

For patients undergoing other plexus or peripheral techniques, 
we suggest performance, catheter maintenance, and catheter 
removal be based on site compressibility, vascularity, and conse-
quences of bleeding, should it occur (grade IIC)

Remarks: there is no change in this recommendation.

RECOMMENDATIONS OF THE ESAIC/ESRA
The previous European Society of Anaesthesiology guidelines on 
‘regional anesthesia and antithrombotic agents’ were published 
in 2010.280 In the same year, ASRA also published its third 
edition of similar guidelines.8 The fourth edition of the ASRA 
guidelines in 2018 were the result of a collaboration with ESA to 
construct a single set of guidelines.9 As a result, the differences 
were only minimal. The most recent European guidelines were 
a collaborative effort of both the ESAIC and the ESRA and were 
published in February 2022.11

In the resulting recommendations, the wording ‘prophylactic’ 
or ‘therapeutic’ doses was replaced by ‘low’ and ‘high’ for the 
DOACs, the LMHWs, UFH, fondaparinux, and aspirin, as both 
the dose used and the indication, along with the presence of risk 
factors, influence the pharmacokinetics in the individual patient.

The present ESAIC/ESRA guidelines now recommend a 
complete resolution of the VKA effect (similar to the ASRA 
recommendation) and a return of the INR to the normal range 
of the local laboratory (eg, ≤1.1). The low-dose DOAC-free 
time intervals were based on the half-lives of the drugs in the 
presence of mild/moderate renal insufficiency (CrCl ≥30 mL/

min) and/or advanced age but were prolonged in the case of 
severe renal insufficiency (CrCl 15–29 mL/min) for edoxaban 
and rivaroxaban. A high-dose DOAC-free time interval of 72 
hours was recommended for all DOACs, while laboratory testing 
was recommended in the presence an impaired kidney function 
(DXA’s CrCl <30 mL/min; dabigatran CrCl <50 mL/min). The 
time intervals to resume DOAC treatment after removal of the 
neuraxial catheter now consider the planned DOAC dose. In 
contrast, the management of patients receiving low-dose UFH, 
low-dose LMWH, low-dose fondaparinux, and antiplatelet 
therapy have remained quite similar to the ASRA guidelines. 
Therapy-free time intervals are recommended in the presence of 
high-dose UFH and LMWH treatment, but so is the use of target 
laboratory values, especially in the presence of a CrCl <30 mL/
min. Like ASRA, superficial nerve blocks can be performed 
without any therapy-free time interval and irrespective of the 
dose of the antithrombotic drug used. In contrast, deep nerve 
blocks should be performed according to the more stringent 
recommendations for neuraxial procedures. Finally, in obstetric 
patients requiring a neuraxial block for delivery or cesarean 
section, the same recommendations as those advocated for the 
non-pregnant population should be followed. However, a devi-
ation from the current guidelines may be considered in selected 
cases (eg, a parturient with high thrombotic risk who requires 
an unplanned or urgent fetal or maternal intervention, in whom 
the risk of general anesthesia outweighs the risk of a neuraxial 
technique), following a multidisciplinary discussion and a careful 
risk-benefit analysis.

UNPLANNED ANTICOAGULATION DURING NEURAXIAL 
ANALGESIA
Occasionally, patients require emergent antithrombotic therapy 
(vascular graft thrombosis, acute coronary syndrome/myocardial 
infarction), or a breakdown in communication results in unantici-
pated anticoagulation in the presence of indwelling epidural cath-
eters. It is critical that the acute pain medicine service be aware of 
alterations in the degree and timing of anticoagulation. Increasing 
centralization and computerization make it possible for hospital 
pharmacy services to assist with patient management. Since 
all medication orders are filled by pharmacists using a central 
computer, patients who receive an epidural infusion are iden-
tified within the pharmacy database. Any subsequent order for 
an antithrombotic agent is flagged as a drug ‘interaction’ during 
entry, and the pharmacist receives an alert notice to contact the 
pain service. The pain service is then able to consult in a multi-
disciplinary manner with other services involved in the patient’s 
care. The timing of catheter removal will be based on the ongoing 
risk of thromboembolism, the need for continued antithrombotic 
therapy, and the potential for neuraxial bleeding during cath-
eter maintenance and removal. This ‘pharmacy failsafe’ allows 
the anesthesia acute pain service to participate proactively in the 
timing of catheter removal and subsequent anticoagulation, as 
well as closely monitor the patient’s neurological status.281

SUMMARY
Practice guidelines or recommendations summarize evidence-
based reviews. However, the rarity of spinal hematoma defies 
a prospective-randomized study, and there is no current labo-
ratory model. As a result, these consensus statements represent 
the collective experience of recognized experts in the field of 
neuraxial anesthesia and anticoagulation. They are based on 
case reports, clinical series, pharmacology, hematology, and risk 
factors for surgical bleeding with appropriate grading of the level 
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of evidence and strength of the recommendations. An under-
standing of the complexity of this issue is essential to patient 
management and this consensus statement cannot be applied 
universally to the complex scenarios that may confront clinicians. 
Rather, the decision to perform spinal, epidural, or deep plexus/
peripheral anesthesia/analgesia, as well as the timing of catheter 
removal in a patient receiving antithrombotic therapy, should 
be made on an individual basis. This decision should weigh the 
small, though definite, risk of neuraxial hematoma against the 
benefits of regional anesthesia for the specific patient, as well 
as the risks of withholding these benefits. Alternative anesthetic 
and analgesic techniques exist for patients whose risk of regional 
anesthesia exceeds the expected benefit. The patient’s coagula-
tion status should be optimized at the time of spinal or epidural 
needle/catheter placement, and the level of anticoagulation must 
be carefully monitored during the period of epidural catheter-
ization. Indwelling neuraxial catheters should not be removed 
in the presence of therapeutic anticoagulation, as this appears 
to significantly increase the risk of spinal hematoma. Identifi-
cation of risk factors and establishment of guidelines will not 
completely eliminate the complication of spinal hematoma.283 
In the series by Vandermeulen et al, although 87% of patients 
had a hemostatic abnormality or difficulty with needle puncture, 
13% had no identifiable risk factor.53 Vigilance in monitoring is 
critical to allow early evaluation of neurological dysfunction and 
prompt intervention. Protocols must be in place for urgent MRI 
and hematoma evacuation, if there is a change in neurological 
status. We must focus on the prevention of neuraxial hematoma 
and on rapid diagnosis and treatment to optimize neurological 
outcomes. Anesthesiologists need to further weigh the risks and 
benefits in settings where imaging and surgical decompression 
are not options. Documentation of the risks, benefits, and alter-
natives is also recommended.

X Sandra L Kopp @SLKoppMD and Anahi Perlas @PerlasAnahi

Contributors  SK is the guarantor. All authors participated equally in the 
manuscript preparation.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  SK: no financial conflicts; BOD member for ASRA Pain 
Medicine. AP: consulting for Fuji Film. EV, TH, LL, RDMcB: no conflicts.

Patient consent for publication  Not applicable.

Ethics approval  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available in a public, open access 
repository.

Supplemental material  This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs
Sandra L Kopp http://orcid.org/0000-0003-2997-5445
Anahi Perlas http://orcid.org/0000-0002-8190-8314
Lisa Leffert http://orcid.org/0000-0001-8337-3811

REFERENCES
	 1	 Maier C, Gleim M, Weiss T, et al. Severe bleeding following lumbar sympathetic 

blockade in two patients under medication with irreversible platelet aggregation 
inhibitors. Anesthesiology 2002;97:740–3. 

	 2	 Enneking FK, Benzon H. Oral anticoagulants and regional anesthesia: a perspective. 
Reg Anesth Pain Med 1998;23:140–5. 

	 3	 Horlocker TT, Wedel DJ. Neuraxial block and low-molecular-weight heparin: 
balancing perioperative analgesia and thromboprophylaxis. Reg Anesth Pain Med 
1998;23:164–77. 

	 4	 Horlocker TT, Wedel DJ, Benzon H, et al. Regional anesthesia in the anticoagulated 
patient: defining the risks (the second ASRA Consensus Conference on Neuraxial 
Anesthesia and Anticoagulation). Reg Anesth Pain Med 2003;28:172–97. 

	 5	 Liu SS, Mulroy MF. Neuraxial anesthesia and analgesia in the presence of standard 
heparin. Reg Anesth Pain Med 1998;23:157–63. 

	 6	 Rosenquist RW, Brown DL. Neuraxial bleeding: fibrinolytics/thrombolytics. Reg 
Anesth Pain Med 1998;23:152–6. 

	 7	 Urmey WF, Rowlingson J. Do antiplatelet agents contribute to the development of 
perioperative spinal hematoma? Reg Anesth Pain Med 1998;23:146–51. 

	 8	 Horlocker TT, Wedel DJ, Rowlingson JC, et al. Regional anesthesia in the patient 
receiving antithrombotic or thrombolytic therapy: American Society of Regional 
Anesthesia and Pain Medicine Evidence-Based Guidelines (Third Edition). Reg Anesth 
Pain Med 2010;35:64–101. 

	 9	 Horlocker TT, Vandermeuelen E, Kopp SL, et al. Regional Anesthesia in the Patient 
Receiving Antithrombotic or Thrombolytic Therapy: American Society of Regional 
Anesthesia and Pain Medicine Evidence-Based Guidelines (Fourth Edition). Reg 
Anesth Pain Med 2018;43:263–309. 

	 10	 Leffert L, Butwick A, Carvalho B, et al. The Society for Obstetric Anesthesia and 
Perinatology Consensus Statement on the Anesthetic Management of Pregnant and 
Postpartum Women Receiving Thromboprophylaxis or Higher Dose Anticoagulants. 
Anesth Analg 2018;126:928–44. 

	 11	 Kietaibl S, Ferrandis R, Godier A, et al. Regional anaesthesia in patients 
on antithrombotic drugs: Joint ESAIC/ESRA guidelines. Eur J Anaesthesiol 
2022;39:100–32. 

	 12	 Douketis JD, Spyropoulos AC, Murad MH, et al. Executive Summary: Perioperative 
Management of Antithrombotic Therapy: An American College of Chest Physicians 
Clinical Practice Guideline. Chest 2022;162:1127–39. 

	 13	 Geerts WH, Bergqvist D, Pineo GF, et al. Prevention of venous thromboembolism: 
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines 
(8th Edition). Chest 2008;133:381S–453S. 

	 14	 Kahn SR, Lim W, Dunn AS, et al. Prevention of VTE in Nonsurgical Patients: 
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American 
College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest 
2012;141:e195S–e226S. 

	 15	 Falck-Ytter Y, Francis CW, Johanson NA, et al. Prevention of VTE in orthopedic 
surgery patients: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: 
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. 
Chest 2012;141:e278S–e325S. 

	 16	 Gould MK, Garcia DA, Wren SM, et al. Prevention of VTE in nonorthopedic surgical 
patients: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed: American 
College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest 
2012;141:e227S. 

	 17	 Kearon C, Akl EA, Ornelas J, et al. Antithrombotic Therapy for VTE Disease. Chest 
2016;149:315–52. 

	 18	 Stevens SM, Woller SC, Kreuziger LB, et al. Antithrombotic Therapy for VTE 
Disease: Second Update of the CHEST Guideline and Expert Panel Report. Chest 
2021;160:e545–608. 

	 19	 Huang W, Goldberg RJ, Anderson FA, et al. Secular trends in occurrence of acute 
venous thromboembolism: the Worcester VTE study (1985-2009). Am J Med 
2014;127:829–39. 

	 20	 Spencer FA, Lessard D, Emery C, et al. Venous Thromboembolism in the Outpatient 
Setting. Arch Intern Med 2007;167:1471. 

	 21	 Henke PK, Kahn SR, Pannucci CJ, et al. Call to Action to Prevent Venous 
Thromboembolism in Hospitalized Patients: A Policy Statement From the American 
Heart Association. Circulation 2020;141:e914–31. 

	 22	 Schünemann HJ, Cushman M, Burnett AE, et al. American Society of Hematology 
2018 guidelines for management of venous thromboembolism: prophylaxis for 
hospitalized and nonhospitalized medical patients. Blood Adv 2018;2:3198–225. 

	 23	 Anderson DR, Morgano GP, Bennett C, et al. American Society of Hematology 2019 
guidelines for management of venous thromboembolism: prevention of venous 
thromboembolism in surgical hospitalized patients. Blood Adv 2019;3:3898–944. 

	 24	 Qaseem A, Chou R, Humphrey LL, et al. Venous Thromboembolism Prophylaxis in 
Hospitalized Patients: A Clinical Practice Guideline From the American College of 
Physicians. Ann Intern Med 2011;155:625. 

	 25	 Barbar S, Noventa F, Rossetto V, et al. A risk assessment model for the identification 
of hospitalized medical patients at risk for venous thromboembolism: the Padua 
Prediction Score. J Thromb Haemost 2010;8:2450–7. 

	 26	 Spyropoulos AC, Anderson FA Jr, FitzGerald G, et al. Predictive and associative 
models to identify hospitalized medical patients at risk for VTE. Chest 
2011;140:706–14. 

	 27	 Gibson CM, Spyropoulos AC, Cohen AT, et al. The IMPROVEDD VTE Risk 
Score: Incorporation of D-Dimer into the IMPROVE Score to Improve Venous 
Thromboembolism Risk Stratification. TH Open 2017;1:e56–65. 

 on January 29, 2025 by guest. P
rotected by copyright.

http://rapm
.bm

j.com
/

R
eg A

nesth P
ain M

ed: first published as 10.1136/rapm
-2024-105766 on 29 January 2025. D

ow
nloaded from

 

https://x.com/SLKoppMD
https://x.com/PerlasAnahi
http://orcid.org/0000-0003-2997-5445
http://orcid.org/0000-0002-8190-8314
http://orcid.org/0000-0001-8337-3811
http://dx.doi.org/10.1097/00000542-200209000-00032
http://dx.doi.org/10.1016/s1098-7339(98)90139-0
http://dx.doi.org/10.1016/s1098-7339(98)90143-2
http://dx.doi.org/10.1053/rapm.2003.50046
http://dx.doi.org/10.1016/s1098-7339(98)90142-0
http://dx.doi.org/10.1016/s1098-7339(98)90141-9
http://dx.doi.org/10.1016/s1098-7339(98)90141-9
http://dx.doi.org/10.1016/S1098-7339(98)90140-7
http://dx.doi.org/10.1097/aap.0b013e3181c15c70
http://dx.doi.org/10.1097/aap.0b013e3181c15c70
http://dx.doi.org/10.1097/AAP.0000000000000763
http://dx.doi.org/10.1097/AAP.0000000000000763
http://dx.doi.org/10.1213/ANE.0000000000002530
http://dx.doi.org/10.1097/EJA.0000000000001600
http://dx.doi.org/10.1016/j.chest.2022.08.004
http://dx.doi.org/10.1378/chest.08-0656
http://dx.doi.org/10.1378/chest.141.6.1645
http://dx.doi.org/10.1378/chest.11-2404
http://dx.doi.org/10.1378/chest.11-2297
http://dx.doi.org/10.1016/j.chest.2015.11.026
http://dx.doi.org/10.1016/j.chest.2021.07.055
http://dx.doi.org/10.1016/j.amjmed.2014.03.041
http://dx.doi.org/10.1001/archinte.167.14.1471
http://dx.doi.org/10.1161/CIR.0000000000000769
http://dx.doi.org/10.1182/bloodadvances.2018022954
http://dx.doi.org/10.1182/bloodadvances.2019000975
http://dx.doi.org/10.7326/0003-4819-155-9-201111010-00011
http://dx.doi.org/10.1111/j.1538-7836.2010.04044.x
http://dx.doi.org/10.1378/chest.10-1944
http://dx.doi.org/10.1055/s-0037-1603929
http://rapm.bmj.com/


25Kopp SL, et al. Reg Anesth Pain Med 2025;0:1–29. doi:10.1136/rapm-2024-105766

Special article

	 28	 Decousus H, Tapson VF, Bergmann J-F, et al. Factors at admission associated with 
bleeding risk in medical patients: findings from the IMPROVE investigators. Chest 
2011;139:69–79. 

	 29	 Arabi YM, Al-Hameed F, Burns KEA, et al. Adjunctive Intermittent Pneumatic 
Compression for Venous Thromboprophylaxis. N Engl J Med 2019;380:1305–15. 

	 30	 Kakkos S, Kirkilesis G, Caprini JA, et al. Combined intermittent pneumatic 
leg compression and pharmacological prophylaxis for prevention of venous 
thromboembolism. Cochrane Database Syst Rev 2022;1:CD005258. 

	 31	 Bahl V, Hu HM, Henke PK, et al. A validation study of a retrospective venous 
thromboembolism risk scoring method. Ann Surg 2010;251:344–50. 

	 32	 Rogers SO Jr, Kilaru RK, Hosokawa P, et al. Multivariable predictors of postoperative 
venous thromboembolic events after general and vascular surgery: results from the 
patient safety in surgery study. J Am Coll Surg 2007;204:1211–21. 

	 33	 Obi AT, Pannucci CJ, Nackashi A, et al. Validation of the Caprini Venous 
Thromboembolism Risk Assessment Model in Critically Ill Surgical Patients. JAMA 
Surg 2015;150:941–8. 

	 34	 Macht R, Gardner I, Talutis S, et al. Evaluation of a Standardized Risk-Based Venous 
Thromboembolism Prophylaxis Protocol in the Setting of Thyroid and Parathyroid 
Surgery. J Am Coll Surg 2017;224:1029–35. 

	 35	 Pannucci CJ, Bailey SH, Dreszer G, et al. Validation of the Caprini risk 
assessment model in plastic and reconstructive surgery patients. J Am Coll Surg 
2011;212:105–12. 

	 36	 Saragas NP, Ferrao PNF, Saragas E, et al. The impact of risk assessment on the 
implementation of venous thromboembolism prophylaxis in foot and ankle surgery. 
Foot Ankle Surg 2014;20:85–9. 

	 37	 Lobastov K, Barinov V, Schastlivtsev I, et al. Validation of the Caprini risk assessment 
model for venous thromboembolism in high-risk surgical patients in the background 
of standard prophylaxis. J Vasc Surg Venous Lymphat Disord 2016;4:153–60. 

	 38	 Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2022. CA A Cancer J Clinicians 
2022;72:7–33. 

	 39	 Khorana AA, Kuderer NM, Culakova E, et al. Development and validation of a 
predictive model for chemotherapy-associated thrombosis. Blood 2008;111:4902–7. 

	 40	 Carrier M, Abou-Nassar K, Mallick R, et al. Apixaban to Prevent Venous 
Thromboembolism in Patients with Cancer. N Engl J Med 2019;380:711–9. 

	 41	 Khorana AA, Soff GA, Kakkar AK, et al. Rivaroxaban for Thromboprophylaxis in High-
Risk Ambulatory Patients with Cancer. N Engl J Med 2019;380:720–8. 

	 42	 Key NS, Khorana AA, Kuderer NM, et al. Venous Thromboembolism Prophylaxis and 
Treatment in Patients With Cancer: ASCO Clinical Practice Guideline Update. JCO 
2020;38:496–520. 

	 43	 Wang T, Zwicker JI, Ay C, et al. The use of direct oral anticoagulants for primary 
thromboprophylaxis in ambulatory cancer patients: Guidance from the SSC of the 
ISTH. J Thromb Haemost 2019;17:1772–8. 

	 44	 Colacci M, Tseng EK, Sacks CA, et al. Oral Anticoagulant Utilization in the United 
States and United Kingdom. J Gen Intern Med 2020;35:2505–7. 

	 45	 Tsao CW, Aday AW, Almarzooq ZI, et al. Heart Disease and Stroke Statistics—2022 
Update: A Report From the American Heart Association. Circulation 
2022;145:e153–639. 

	 46	 Healey JS, Eikelboom J, Douketis J, et al. Periprocedural bleeding and 
thromboembolic events with dabigatran compared with warfarin: results from the 
Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) randomized 
trial. Circulation 2012;126:343–8. 

	 47	 Sherwood MW, Douketis JD, Patel MR, et al. Outcomes of temporary interruption of 
rivaroxaban compared with warfarin in patients with nonvalvular atrial fibrillation: 
results from the rivaroxaban once daily, oral, direct factor Xa inhibition compared 
with vitamin K antagonism for prevention of stroke and embolism trial in atrial 
fibrillation (ROCKET AF). Circulation 2014;129:1850–9. 

	 48	 Douketis JD, Spyropoulos AC, Spencer FA, et al. Perioperative management of 
antithrombotic therapy: Antithrombotic Therapy and Prevention of Thrombosis, 
9th ed: American College of Chest Physicians Evidence-Based Clinical Practice 
Guidelines. Chest 2012;141:e326S–e350S. 

	 49	 Spyropoulos AC, Brohi K, Caprini J, et al. Scientific and Standardization Committee 
Communication: Guidance document on the periprocedural management of patients 
on chronic oral anticoagulant therapy: Recommendations for standardized reporting 
of procedural/surgical bleed risk and patient-specific thromboembolic risk. J Thromb 
Haemost 2019;17:1966–72. 

	 50	 Douketis JD, Johnson JA, Turpie AG. Low-molecular-weight heparin as bridging 
anticoagulation during interruption of warfarin: assessment of a standardized 
periprocedural anticoagulation regimen. Arch Intern Med 2004;164:1319–26. 

	 51	 Lock JF, Ungeheuer L, Borst P, et al. Markedly increased risk of postoperative 
bleeding complications during perioperative bridging anticoagulation in general and 
visceral surgery. Perioper Med 2020;9:39. 

	 52	 Moen V, Dahlgren N, Irestedt L. Severe Neurological Complications after Central 
Neuraxial Blockades in Sweden 1990–1999. Anesthesiology 2004;101:950–9. 

	 53	 Vandermeulen EP, Van Aken H, Vermylen J. Anticoagulants and spinal-epidural 
anesthesia. Anesth Analg 1994;79:1165–77. 

	 54	 Pöpping DM, Elia N, Marret E, et al. Protective effects of epidural analgesia on 
pulmonary complications after abdominal and thoracic surgery: a meta-analysis. 
Arch Surg 2008;143:990–9. 

	 55	 Afshari A, Ageno W, Ahmed A, et al. European Guidelines on perioperative 
venous thromboembolism prophylaxis: Executive summary. Eur J Anaesthesiol 
2018;35:77–83. 

	 56	 Samama CM, Afshari A, Force EVGT. European guidelines on perioperative venous 
thromboembolism prophylaxis. Eur J Anaesthesiol 2018;35:73–6. 

	 57	 Douketis JD, Spyropoulos AC, Duncan J, et al. Perioperative Management of Patients 
With Atrial Fibrillation Receiving a Direct Oral Anticoagulant. JAMA Intern Med 
2019;179:1469–78. 

	 58	 Douxfils J, Ageno W, Samama C-M, et al. Laboratory testing in patients treated 
with direct oral anticoagulants: a practical guide for clinicians. J Thromb Haemost 
2018;16:209–19. 

	 59	 Godier A, Dincq A-S, Martin A-C, et al. Predictors of pre-procedural concentrations 
of direct oral anticoagulants: a prospective multicentre study. Eur Heart J 
2017;38:2431–9. 

	 60	 Dunois C. Laboratory Monitoring of Direct Oral Anticoagulants (DOACs). 
Biomedicines 2021;9:445. 

	 61	 Boissier E, Senage T, Babuty A, et al. Heparin Anti-Xa Activity, a Readily Available 
Unique Test to Quantify Apixaban, Rivaroxaban, Fondaparinux, and Danaparoid 
Levels. Anesth Analg 2021;132:707–16. 

	 62	 Samama MM, Amiral J, Guinet C, et al. An optimised, rapid chromogenic assay, 
specific for measuring direct factor Xa inhibitors (rivaroxaban) in plasma. Thromb 
Haemost 2010;104:1078–9. 

	 63	 Gosselin RC, Adcock DM, Bates SM, et al. International Council for Standardization 
in Haematology (ICSH) Recommendations for Laboratory Measurement of Direct 
Oral Anticoagulants. Thromb Haemost 2018;118:437–50. 

	 64	 Dale BJ, Chan NC, Eikelboom JW. Laboratory measurement of the direct oral 
anticoagulants. Br J Haematol 2016;172:315–36. 

	 65	 Amiral J, Dunois C, Amiral C, et al. An update on laboratory measurements of 
Dabigatran: Smart specific and calibrated dedicated assays for measuring anti-IIa 
activity in plasma. Transfus Apher Sci 2016;54:428–37. 

	 66	 Chin PKL, Wright DFB, Patterson DM, et al. A proposal for dose-adjustment of 
dabigatran etexilate in atrial fibrillation guided by thrombin time. Br J Clin Pharmacol 
2014;78:599–609. 

	 67	 Douxfils J, Lessire S, Dincq A-S, et al. Estimation of dabigatran plasma concentrations 
in the perioperative setting. An ex vivo study using dedicated coagulation assays. 
Thromb Haemost 2015;113:862–9. 

	 68	 Kitchen S, Gray E, Mackie I, et al. Measurement of non‐Coumarin anticoagulants 
and their effects on tests of Haemostasis: Guidance from the British Committee for 
Standards in Haematology. Br J Haematol 2014;166:830–41. 

	 69	 Lagerkranser M. Neuraxial blocks and spinal haematoma: Review of 166 case 
reports published 1994-2015. Part 1: Demographics and risk-factors. Scand J Pain 
2017;15:118–29. 

	 70	 Lagerkranser M, Lindquist C. Neuraxial blocks and spinal haematoma: Review of 166 
cases published 1994. Scand J Pain 2015;15:130–6. 

	 71	 Ardebol J, Cahueque M, Lopez W, et al. Spontaneous thoracic spinal subdural 
hematoma associated with apixaban therapy. J Surg Case Rep 2019;2019:rjz115. 

	 72	 El Alayli A, Neelakandan L, Krayem H. Spontaneous Spinal Epidural Hematoma 
in a Patient on Apixaban for Nonvalvular Atrial Fibrillation. Case Rep Hematol 
2020;2020:7419050. 

	 73	 Krupa P, Kanta M, Hosszu T, et al. A rare case of non-traumatic spinal epidural 
hematoma in lumbar region associated with apixaban therapy. J Thromb Thrombol 
2021;52:1215–9. 

	 74	 Mezzacappa FM, Surdell D, Thorell W. Spontaneous Spinal Epidural Hematoma 
Associated With Apixaban Therapy: A Report of two Cases. Cureus 2020;12:e11446. 

	 75	 Theofanopoulos A, Zampakis P, Antoniadou E, et al. Spontaneous thoracolumbar 
epidural hematoma in an apixaban anticoagulated patient. Surg Neurol Int 
2021;12:256. 

	 76	 Zheng H-X, Eric Nyam T-T, Liu C-A, et al. Spontaneous Spinal Epidural Hematoma 
After Normal Spontaneous Delivery with Epidural Analgesia: Case Report and 
Literature Review. World Neurosurg 2020;137:214–7. 

	 77	 Caputo AM, Gottfried ON, Nimjee SM, et al. Spinal Epidural Hematoma Following 
Epidural Steroid Injection in a Patient Treated with Dabigatran: A Case Report. JBJS 
Case Connect 2013;3:e64. 

	 78	 Douketis JD, Syed S, Schulman S. Periprocedural Management of Direct Oral 
Anticoagulants: Comment on the 2015 American Society of Regional Anesthesia and 
Pain Medicine Guidelines. Reg Anesth Pain Med 2016;41:127–9. 

	 79	 Steffel J, Collins R, Antz M, et al. 2021 European Heart Rhythm Association Practical 
Guide on the Use of Non-Vitamin K Antagonist Oral Anticoagulants in Patients with 
Atrial Fibrillation. Europace 2021;23:1612–76. 

	 80	 Rosencher N, Bonnet MP, Sessler DI. Selected new antithrombotic agents and 
neuraxial anaesthesia for major orthopaedic surgery: management strategies. 
Anaesthesia 2007;62:1154–60. 

	 81	 Douketis JD. Pharmacologic properties of the new oral anticoagulants: a clinician-
oriented review with a focus on perioperative management. Curr Pharm Des 
2010;16:3436–41. 

	 82	 Levy JH, Ageno W, Chan NC, et al. When and how to use antidotes for the reversal 
of direct oral anticoagulants: guidance from the SSC of the ISTH. J Thromb Haemost 
2016;14:623–7. 

 on January 29, 2025 by guest. P
rotected by copyright.

http://rapm
.bm

j.com
/

R
eg A

nesth P
ain M

ed: first published as 10.1136/rapm
-2024-105766 on 29 January 2025. D

ow
nloaded from

 

http://dx.doi.org/10.1378/chest.09-3081
http://dx.doi.org/10.1056/NEJMoa1816150
http://dx.doi.org/10.1002/14651858.CD005258.pub4
http://dx.doi.org/10.1097/SLA.0b013e3181b7fca6
http://dx.doi.org/10.1016/j.jamcollsurg.2007.02.072
http://dx.doi.org/10.1001/jamasurg.2015.1841
http://dx.doi.org/10.1001/jamasurg.2015.1841
http://dx.doi.org/10.1016/j.jamcollsurg.2016.12.054
http://dx.doi.org/10.1016/j.jamcollsurg.2010.08.018
http://dx.doi.org/10.1016/j.fas.2013.11.002
http://dx.doi.org/10.1016/j.jvsv.2015.09.004
http://dx.doi.org/10.3322/caac.21708
http://dx.doi.org/10.1182/blood-2007-10-116327
http://dx.doi.org/10.1056/NEJMoa1814468
http://dx.doi.org/10.1056/NEJMoa1814630
http://dx.doi.org/10.1200/JCO.19.01461
http://dx.doi.org/10.1111/jth.14564
http://dx.doi.org/10.1007/s11606-020-05904-0
http://dx.doi.org/10.1161/CIR.0000000000001052
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.090464
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.005754
http://dx.doi.org/10.1378/chest.11-2298
http://dx.doi.org/10.1111/jth.14598
http://dx.doi.org/10.1111/jth.14598
http://dx.doi.org/10.1001/archinte.164.12.1319
http://dx.doi.org/10.1186/s13741-020-00170-4
http://dx.doi.org/10.1097/00000542-200410000-00021
http://dx.doi.org/10.1213/00000539-199412000-00024
http://dx.doi.org/10.1001/archsurg.143.10.990
http://dx.doi.org/10.1097/EJA.0000000000000729
http://dx.doi.org/10.1097/EJA.0000000000000702
http://dx.doi.org/10.1001/jamainternmed.2019.2431
http://dx.doi.org/10.1111/jth.13912
http://dx.doi.org/10.1093/eurheartj/ehx403
http://dx.doi.org/10.3390/biomedicines9050445
http://dx.doi.org/10.1213/ANE.0000000000005114
http://dx.doi.org/10.1160/TH10-03-0204
http://dx.doi.org/10.1160/TH10-03-0204
http://dx.doi.org/10.1055/s-0038-1627480
http://dx.doi.org/10.1111/bjh.13810
http://dx.doi.org/10.1016/j.transci.2016.05.016
http://dx.doi.org/10.1111/bcp.12364
http://dx.doi.org/10.1160/TH14-09-0808
http://dx.doi.org/10.1111/bjh.12975
http://dx.doi.org/10.1016/j.sjpain.2016.11.008
http://dx.doi.org/10.1016/j.sjpain.2016.11.009
http://dx.doi.org/10.1093/jscr/rjz115
http://dx.doi.org/10.1155/2020/7419050
http://dx.doi.org/10.1007/s11239-021-02462-y
http://dx.doi.org/10.7759/cureus.11446
http://dx.doi.org/10.25259/SNI_434_2021
http://dx.doi.org/10.1016/j.wneu.2020.01.240
http://dx.doi.org/10.2106/JBJS.CC.M.00011
http://dx.doi.org/10.2106/JBJS.CC.M.00011
http://dx.doi.org/10.1097/AAP.0000000000000360
http://dx.doi.org/10.1093/europace/euab065
http://dx.doi.org/10.1111/j.1365-2044.2007.05195.x
http://dx.doi.org/10.2174/138161210793563338
http://dx.doi.org/10.1111/jth.13227
http://rapm.bmj.com/


26 Kopp SL, et al. Reg Anesth Pain Med 2025;0:1–29. doi:10.1136/rapm-2024-105766

Special article

	 83	 Pernod G, Albaladejo P, Godier A, et al. Management of major bleeding 
complications and emergency surgery in patients on long-term treatment with direct 
oral anticoagulants, thrombin or factor-Xa inhibitors: Proposals of the Working 
Group on Perioperative Haemostasis (GIHP) – March 2013. Arch Cardiovasc Dis 
2013;106:382–93. 

	 84	 Faraoni D, Levy JH, Albaladejo P, et al. Updates in the perioperative and emergency 
management of non-vitamin K antagonist oral anticoagulants. Crit Care 
2015;19:203. 

	 85	 Douketis JD, Wang G, Chan N, et al. Effect of standardized perioperative dabigatran 
interruption on the residual anticoagulation effect at the time of surgery or 
procedure. J Thromb Haemost 2016;14:89–97. 

	 86	 BMS. Apixaban full prescribing information. Available: http://packageinserts.bms.​
com/pi/pi_eliquis.pdf [Accessed 13 Mar 2024].

	 87	 Savaysa: full prescribing information. Available: http://dsi.com/prescribing-​
information-portlet/getPIContent?productName=Savaysa&inline=true [Accessed 18 
Aug 2022].

	 88	 Bevixxa: full prescribing information. Available: https://www.accessdata.fda.gov/​
drugsatfda_docs/label/2017/208383s000lbl.pdf [Accessed 18 Aug 2022].

	 89	 Rivaroxaban: full prescribing information. Available: https://www.janssenlabels.​
com/package-insert/product-monograph/prescribing-information/XARELTO-pi.pdf 
[Accessed 18 Aug 2022].

	 90	 Pradaxa: full prescribing infomation. Available: http://docs.boehringer-ingelheim.​
com/Prescribing%20Information/PIs/Pradaxa/Pradaxa.pdf [Accessed 18 Aug 2022].

	 91	 Tafur A, Douketis J. Perioperative management of anticoagulant and antiplatelet 
therapy. Heart 2018;104:1461–7. 

	 92	 Gonsalves WI, Gupta V, Patnaik MM. Management of bleeding complications in 
patients on new oral anticoagulants. J Hematol Transfus 2014;2:1015–20.

	 93	 Lu G, DeGuzman FR, Hollenbach SJ, et al. A specific antidote for reversal of 
anticoagulation by direct and indirect inhibitors of coagulation factor Xa. Nat Med 
2013;19:446–51. 

	 94	 Andexxa: full prescribing information. Available: https://www.andexxa.com/​
prescribing-information.html [Accessed 18 Aug 2022].

	 95	 Connolly SJ, Milling TJ Jr, Eikelboom JW, et al. Andexanet Alfa for Acute Major 
Bleeding Associated with Factor Xa Inhibitors. N Engl J Med 2016;375:1131–41. 

	 96	 Connolly SJ, Crowther M, Eikelboom JW, et al. Full Study Report of Andexanet Alfa 
for Bleeding Associated with Factor Xa Inhibitors. N Engl J Med 2019;380:1326–35. 

	 97	 Demchuk AM, Yue P, Zotova E, et al. Hemostatic Efficacy and Anti-FXa (Factor Xa) 
Reversal With Andexanet Alfa in Intracranial Hemorrhage: ANNEXA-4 Substudy. 
Stroke 2021;52:2096–105. 

	 98	 Benz AP, Xu L, Eikelboom JW, et al. Andexanet Alfa for Specific Anticoagulation 
Reversal in Patients with Acute Bleeding during Treatment with Edoxaban. Thromb 
Haemost 2022;122:998–1005. 

	 99	 Heo YA. Andexanet Alfa: First Global Approval. Drugs (Abingdon Engl) 
2018;78:1049–55. 

	100	 Praxbind full prescribing information. 2015. Available: http://docs.boehringer-​
ingelheim.com/Prescribing%20Information/PIs/Praxbind/Praxbind.pdf [Accessed 18 
Aug 2022].

	101	 Pollack CV Jr, Reilly PA, Eikelboom J, et al. Idarucizumab for Dabigatran Reversal. N 
Engl J Med 2015;373:511–20. 

	102	 Albaladejo P, Pernod G, Godier A, et al. Management of bleeding and emergency 
invasive procedures in patients on dabigatran: Updated guidelines from the French 
Working Group on Perioperative Haemostasis (GIHP) – September 2016. Anaesth 
Crit Care Pain Med 2018;37:391–9. 

	103	 Braemswig TB, Eschenfelder CC, Nolte CH. Emergency LP in a patient receiving 
dabigatran after antagonization with idarucizumab. Am J Emerg Med 2017;35:662. 

	104	 Spagnolello O, Letteri F, Falcou A, et al. Dabigatran Reversal with Idarucizumab in an 
Emergency Lumbar Puncture: A Case Report. Curr Drug Saf 2019;14:40–2. 

	105	 Albaladejo P, Samama C-M, Sié P, et al. Management of Severe Bleeding in Patients 
Treated with Direct Oral Anticoagulants: An Observational Registry Analysis. 
Anesthesiology 2017;127:111–20. 

	106	 Schulman S, Gross P, Ritchie B, et al. Prothrombin Complex Concentrate for Major 
Bleeding on Factor Xa Inhibitors: A Prospective Cohort Study. Thromb Haemost 
2018;118:842–51. 

	107	 Xu Y, Schulman S, Dowlatshahi D, et al. Direct Oral Anticoagulant- or Warfarin-
Related Major Bleeding: Characteristics, Reversal Strategies, and Outcomes From a 
Multicenter Observational Study. Chest 2017;152:81–91. 

	108	 Zada I, Wang S, Akerman M, et al. Four-Factor Prothrombin Complex Concentrate for 
the Reversal of Direct Oral Anticoagulants. J Intensive Care Med 2021;36:58–62. 

	109	 Majeed A, Ågren A, Holmström M, et al. Management of rivaroxaban- or apixaban-
associated major bleeding with prothrombin complex concentrates: a cohort study. 
Blood 2017;130:1706–12. 

	110	 Costa OS, Connolly SJ, Sharma M, et al. Andexanet alfa versus four-factor 
prothrombin complex concentrate for the reversal of apixaban- or rivaroxaban-
associated intracranial hemorrhage: a propensity score-overlap weighted analysis. 
Crit Care 2022;26:180. 

	111	 Pham H, Medford WG, Horst S, et al. Andexanet alfa versus four-factor prothrombin 
complex concentrate for the reversal of apixaban- or rivaroxaban-associated 
intracranial hemorrhages. Am J Emerg Med 2022;55:38–44. 

	112	 Hirsh J, Raschke R, Warkentin TE, et al. Heparin: mechanism of action, 
pharmacokinetics, dosing considerations, monitoring, efficacy, and safety. Chest 
1995;108:258S–275S. 

	113	 Garcia DA, Baglin TP, Weitz JI, et al. Parenteral anticoagulants: Antithrombotic 
Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians 
Evidence-Based Clinical Practice Guidelines. Chest 2012;141:e24S–e43S. 

	114	 Vandiver JW, Vondracek TG. Antifactor Xa levels versus activated partial 
thromboplastin time for monitoring unfractionated heparin. Pharmacotherapy 
2012;32:546–58. 

	115	 Murray DJ, Brosnahan WJ, Pennell B, et al. Heparin detection by the activated 
coagulation time: a comparison of the sensitivity of coagulation tests and heparin 
assays. J Cardiothorac Vasc Anesth 1997;11:24–8. 

	116	 Gallus AS, Hirsh J, Tuttle RJ, et al. Small Subcutaneous Doses of Heparin in Prevention 
of Venous Thrombosis. N Engl J Med 1973;288:545–51. 

	117	 Schulman S, Beyth RJ, Kearon C, et al. Hemorrhagic complications of anticoagulant 
and thrombolytic treatment: American College of Chest Physicians Evidence-Based 
Clinical Practice Guidelines (8th Edition). Chest 2008;133:257S–298S. 

	118	 Cuker A, Arepally GM, Chong BH, et al. American Society of Hematology 2018 
guidelines for management of venous thromboembolism: heparin-induced 
thrombocytopenia. Blood Adv 2018;2:3360–92. 

	119	 Warkentin TE, Kelton JG. Temporal Aspects of Heparin-Induced Thrombocytopenia. N 
Engl J Med 2001;344:1286–92. 

	120	 Lubenow N, Kempf R, Eichner A, et al. Heparin-induced thrombocytopenia: temporal 
pattern of thrombocytopenia in relation to initial use or reexposure to heparin. Chest 
2002;122:37–42. 

	121	 Warkentin TE, Kelton JG. Delayed-Onset Heparin-Induced Thrombocytopenia and 
Thrombosis. Ann Intern Med 2001;135:502. 

	122	 Rice L, Attisha WK, Drexler A, et al. Delayed-Onset Heparin-Induced 
Thrombocytopenia. Ann Intern Med 2002;136:210. 

	123	 Ruff RL, Dougherty JH Jr. Complications of lumbar puncture followed by 
anticoagulation. Stroke 1981;12:879–81. 

	124	 Stafford-Smith M. Impaired haemostasisd and regional anaesthesia. Can J Anaesth 
1996;43:R129–41. 

	125	 Vandermeulen E, Singelyn F, Vercauteren M, et al. Belgian guidelines concerning 
central neural blockade in patients with drug-induced alteration of coagulation: an 
update. Acta Anaesthesiol Belg 2005;56:139–46.

	126	 Rao TLK, El-Etr AA. Anticoagulation Following Placement of Epidural and 
Subarachnoid Catheters. Anesthesiology 1981;55:618–20. 

	127	 Fox KAA, Mehta SR, Peters R, et al. Benefits and Risks of the Combination of 
Clopidogrel and Aspirin in Patients Undergoing Surgical Revascularization for Non–
ST-Elevation Acute Coronary Syndrome. Circulation 2004;110:1202–8. 

	128	 Chaney MA. Intrathecal and Epidural Anesthesia and Analgesia for Cardiac Surgery. 
Anesthesia Analgesia 1997;84:1211–21. 

	129	 Wildsmith JAW, McClure JH. Anticoagulant drugs and central nerve blockade. 
Anaesthesia 1991;46:613–4. 

	130	 Wulf H. Epidural anaesthesia and spinal haematoma. Can J Anaesth 
1996;43:1260–71. 

	131	 Mimata R, Higashi M, Yasui M, et al. Spinal Epidural Hematoma Following Epidural 
Catheter Removal in a Patient with Postoperative Urgent Coronary Intervention 
and Intra-Aortic Balloon Pumping (IABP): A Case Report. Am J Case Rep 
2019;20:1356–9. 

	132	 Hammer GB, Ngo K, Macario A. A retrospective examination of regional plus 
general anesthesia in children undergoing open heart surgery. Anesth Analg 
2000;90:1020–4. 

	133	 Peterson KL, DeCampli WM, Pike NA, et al. A report of two hundred twenty cases of 
regional anesthesia in pediatric cardiac surgery. Anesth Analg 2000;90:1014–9. 

	134	 Sanchez R, Nygård E. Epidural anesthesia in cardiac surgery: is there an increased 
risk? J Cardiothorac Vasc Anesth 1998;12:170–3. 

	135	 Ralley FE. Neuraxial anesthesia is contraindicated in patients undergoing 
heparinization for surgery. Pro: neuraxial anesthesia should not be used in 
patients undergoing heparinization for surgery. J Cardiothorac Vasc Anesth 
1996;10:957–60. 

	136	 Turnbull KW. Neuraxial anesthesia is contraindicated in patients undergoing 
heparinization for surgery. Con: neuraxial block is useful in patients undergoing 
heparinization for surgery. J Cardiothorac Vasc Anesth 1996;10:961–2. 

	137	 Rosen DA, Hawkinberry DW II, Rosen KR, et al. An Epidural Hematoma in an 
Adolescent Patient After Cardiac Surgery. Anesthesia Analgesia 2004;98:966–9. 

	138	 Ho AM, Chung DC, Joynt GM. Neuraxial blockade and hematoma in cardiac surgery: 
estimating the risk of a rare adverse event that has not (yet) occurred. Chest 
2000;117:551–5. 

	139	 Collins R, Scrimgeour A, Yusuf S, et al. Reduction in fatal pulmonary embolism 
and venous thrombosis by perioperative administration of subcutaneous heparin. 
Overview of results of randomized trials in general, orthopedic, and urologic surgery. 
N Engl J Med 1988;318:1162–73. 

	140	 Pace M, Koury K, Gulur P. Epidurals in patients receiving thromboprophylaxis 
with unfractionated heparin three times a day: the value of activated partial 
thromboplastin time testing. Anesth Analg 2014;119:1215–8. 

 on January 29, 2025 by guest. P
rotected by copyright.

http://rapm
.bm

j.com
/

R
eg A

nesth P
ain M

ed: first published as 10.1136/rapm
-2024-105766 on 29 January 2025. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.acvd.2013.04.009
http://dx.doi.org/10.1186/s13054-015-0930-9
http://dx.doi.org/10.1111/jth.13178
http://packageinserts.bms.com/pi/pi_eliquis.pdf
http://packageinserts.bms.com/pi/pi_eliquis.pdf
http://dsi.com/prescribing-information-portlet/getPIContent?productName=Savaysa&inline=true
http://dsi.com/prescribing-information-portlet/getPIContent?productName=Savaysa&inline=true
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/208383s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/208383s000lbl.pdf
https://www.janssenlabels.com/package-insert/product-monograph/prescribing-information/XARELTO-pi.pdf
https://www.janssenlabels.com/package-insert/product-monograph/prescribing-information/XARELTO-pi.pdf
http://docs.boehringer-ingelheim.com/Prescribing%20Information/PIs/Pradaxa/Pradaxa.pdf
http://docs.boehringer-ingelheim.com/Prescribing%20Information/PIs/Pradaxa/Pradaxa.pdf
http://dx.doi.org/10.1136/heartjnl-2016-310581
http://dx.doi.org/10.1038/nm.3102
https://www.andexxa.com/prescribing-information.html
https://www.andexxa.com/prescribing-information.html
http://dx.doi.org/10.1056/NEJMoa1607887
http://dx.doi.org/10.1056/NEJMoa1814051
http://dx.doi.org/10.1161/STROKEAHA.120.030565
http://dx.doi.org/10.1055/s-0041-1740180
http://dx.doi.org/10.1055/s-0041-1740180
http://dx.doi.org/10.1007/s40265-018-0940-4
http://docs.boehringer-ingelheim.com/Prescribing%20Information/PIs/Praxbind/Praxbind.pdf
http://docs.boehringer-ingelheim.com/Prescribing%20Information/PIs/Praxbind/Praxbind.pdf
http://dx.doi.org/10.1056/NEJMoa1502000
http://dx.doi.org/10.1056/NEJMoa1502000
http://dx.doi.org/10.1016/j.accpm.2018.04.009
http://dx.doi.org/10.1016/j.accpm.2018.04.009
http://dx.doi.org/10.1016/j.ajem.2016.10.068
http://dx.doi.org/10.2174/1574886313666180816125234
http://dx.doi.org/10.1097/ALN.0000000000001631
http://dx.doi.org/10.1055/s-0038-1636541
http://dx.doi.org/10.1016/j.chest.2017.02.009
http://dx.doi.org/10.1177/0885066619882909
http://dx.doi.org/10.1182/blood-2017-05-782060
http://dx.doi.org/10.1186/s13054-022-04043-8
http://dx.doi.org/10.1016/j.ajem.2022.02.029
http://dx.doi.org/10.1378/chest.108.4_supplement.258s
http://dx.doi.org/10.1378/chest.11-2291
http://dx.doi.org/10.1002/j.1875-9114.2011.01049.x
http://dx.doi.org/10.1016/s1053-0770(97)90247-0
http://dx.doi.org/10.1056/NEJM197303152881103
http://dx.doi.org/10.1378/chest.08-0674
http://dx.doi.org/10.1182/bloodadvances.2018024489
http://dx.doi.org/10.1056/NEJM200104263441704
http://dx.doi.org/10.1056/NEJM200104263441704
http://dx.doi.org/10.1378/chest.122.1.37
http://dx.doi.org/10.7326/0003-4819-135-7-200110020-00009
http://dx.doi.org/10.7326/0003-4819-136-3-200202050-00009
http://dx.doi.org/10.1161/01.STR.12.6.879
http://dx.doi.org/10.1007/BF03011675
http://dx.doi.org/10.1097/00000542-198155060-00002
http://dx.doi.org/10.1161/01.CIR.0000140675.85342.1B
http://dx.doi.org/10.1097/00000539-199706000-00008
http://dx.doi.org/10.1111/j.1365-2044.1991.tb09705.x
http://dx.doi.org/10.1007/BF03013437
http://dx.doi.org/10.12659/AJCR.917716
http://dx.doi.org/10.1097/00000539-200005000-00004
http://dx.doi.org/10.1097/00000539-200005000-00002
http://dx.doi.org/10.1016/s1053-0770(98)90326-3
http://dx.doi.org/10.1016/s1053-0770(96)80062-0
http://dx.doi.org/10.1016/s1053-0770(96)80063-2
http://dx.doi.org/10.1213/01.ANE.0000103267.37895.5B
http://dx.doi.org/10.1378/chest.117.2.551
http://dx.doi.org/10.1056/NEJM198805053181805
http://dx.doi.org/10.1213/ANE.0000000000000437
http://rapm.bmj.com/


27Kopp SL, et al. Reg Anesth Pain Med 2025;0:1–29. doi:10.1136/rapm-2024-105766

Special article

	141	 Davis JJ, Bankhead BR, Eckman EJ, et al. Three-times-daily subcutaneous 
unfractionated heparin and neuraxial anesthesia: a retrospective review of 928 
cases. Reg Anesth Pain Med 2012;37:623–6. 

	142	 Su J, Soliz JM, Popat KU, et al. Epidural Analgesia and Subcutaneous Heparin 
3 Times Daily in Cancer Patients With Acute Postoperative Pain. Anesth Analg 
2018;127:e57–9. 

	143	 VanderWielen B, Rubenstein L, Shnider M, et al. Recognition of a Thoracic Epidural 
Hematoma in the Setting of Transient Paralysis. A A Case Rep 2017;8:294–6. 

	144	 Greaves JD. Serious spinal cord injury due to haematomyelia caused by 
spinal anaesthesia in a patient treated with low-dose heparin. Anaesthesia 
1997;52:150–4. 

	145	 Bates SM, Middeldorp S, Rodger M, et al. Guidance for the treatment and 
prevention of obstetric-associated venous thromboembolism. J Thromb Thrombolysis 
2016;41:92–128. 

	146	 Bates SM, Greer IA, Hirsh J, et al. Use of antithrombotic agents during pregnancy: 
the Seventh ACCP Conference on Antithrombotic and Thrombolytic Therapy. Chest 
2004;126:627S–644S. 

	147	 Cooke ED, Lloyd MJ, Bowcock SA, et al. Letter: Monitoring during low-dose heparin 
prophylaxis. N Engl J Med 1976;294:1066–7. 

	148	 Cosmi B, Hirsh J. Low molecular weight heparins. Curr Opin Cardiol 1994;9:612–8. 
	149	 Hirsh J, Bauer KA, Donati MB, et al. Parenteral anticoagulants: American College of 

Chest Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). Chest 
2008;133:141S–159S. 

	150	 Holst J, Lindblad B, Bergqvist D, et al. Protamine neutralization of intravenous and 
subcutaneous low-molecular-weight heparin (tinzaparin, Logiparin). An experimental 
investigation in healthy volunteers. Blood Coagul Fibrinolysis 1994;5:795–803. 

	151	 Kessler CM, Esparraguera IM, Jacobs HM, et al. Monitoring the anticoagulant effects 
of a low molecular weight heparin preparation. Correlation of assays in orthopedic 
surgery patients receiving ardeparin sodium for prophylaxis of deep venous 
thrombosis. Am J Clin Pathol 1995;103:642–8. 

	152	 Levine MN, Planes A, Hirsh J, et al. The relationship between anti-factor Xa level 
and clinical outcome in patients receiving enoxaparine low molecular weight 
heparin to prevent deep vein thrombosis after hip replacement. Thromb Haemost 
1989;62:940–4.

	153	 Schroeder DR. Statistics: detecting a rare adverse drug reaction using spontaneous 
reports. Reg Anesth Pain Med 1998;23:183–9. 

	154	 Shaikh SA, Regal RE. Dosing of Enoxaparin in Renal Impairment. P T 
2017;42:245–9.

	155	 Henshaw DS, Turner JD, Forest DJ, et al. Residual Enoxaparin Activity, Anti-Xa Levels, 
and Concerns About the American Society of Regional Anesthesia and Pain Medicine 
Anticoagulation Guidelines. Reg Anesth Pain Med 2017;42:432–6. 

	156	 Knoerlein J, Brodbeck P, Büchsel M, et al. Residual anti-Xa activity in plasma of 
patients presenting for electively planned neuraxial regional anesthesia. Reg Anesth 
Pain Med 2023;48:211–6. 

	157	 Henshaw DS, Edwards CJ, Dobson SW, et al. Evaluating residual anti-Xa levels 
following discontinuation of treatment-dose enoxaparin in patients presenting 
for elective surgery: a prospective observational trial. Reg Anesth Pain Med 
2024;49:94–101. 

	158	 Sharma V, Terrell L, Karlapalem C, et al. 1020: therapeutic enoxaparin in morbidly 
obese patients: single-center experience. Crit Care Med 2023;51:504. 

	159	 Gu Q, Dillon CF, Eberhardt MS, et al. Preventive Aspirin and Other Antiplatelet 
Medication Use Among U.S. Adults Aged ≥ 40 Years: Data from the National 
Health and Nutrition Examination Survey, 2011-2012. Public Health Rep 
2015;130:643–54. 

	160	 Amezcua JL, O’Grady J, Salmon JA, et al. Prolonged paradoxical effect of aspirin on 
platelet behaviour and bleeding time in man. Thromb Res 1979;16:69–79. 

	161	 Godal HC, Eika C, Dybdahl JH, et al. Aspirin and bleeding-time. Lancet 1979;1:1236. 
	162	 Eikelboom JW, Hirsh J, Spencer FA, et al. Antiplatelet drugs: Antithrombotic Therapy 

and Prevention of Thrombosis, 9th ed: American College of Chest Physicians 
Evidence-Based Clinical Practice Guidelines. Chest 2012;141:e89S–e119S. 

	163	 Cronberg S, Wallmark E, Söderberg I. Effect on platelet aggregation of oral 
administration of 10 non-steroidal analgesics to humans. Scand J Haematol 
1984;33:155–9. 

	164	 Leese PT, Hubbard RC, Karim A, et al. Effects of celecoxib, a novel cyclooxygenase-2 
inhibitor, on platelet function in healthy adults: a randomized, controlled trial. J Clin 
Pharmacol 2000;40:124–32. 

	165	 Lange RA, Hillis LD. Antiplatelet Therapy for Ischemic Heart Disease. N Engl J Med 
2004;350:277–80. 

	166	 Douketis JD, Bakhsh E. Perioperative management of antithrombotic therapy. Pol 
Arch Intern Med 2008;118:201–8. 

	167	 Plavix prescribing information. n.d. Available: https://www.accessdata.fda.gov/​
drugsatfda_docs/label/2010/020839s048lbl.pdf

	168	 Prasurgel. n.d. Available: https://www.accessdata.fda.gov/drugsatfda_docs/label/​
2011/022307s003lbl.pdf

	169	 Price MJ, Walder JS, Baker BA, et al. Recovery of Platelet Function After 
Discontinuation of Prasugrel or Clopidogrel Maintenance Dosing in Aspirin-Treated 
Patients With Stable Coronary Disease. J Am Coll Cardiol 2012;59:2338–43. 

	170	 Gurbel PA, Bliden KP, Butler K, et al. Randomized Double-Blind Assessment of the 
ONSET and OFFSET of the Antiplatelet Effects of Ticagrelor Versus Clopidogrel in 
Patients With Stable Coronary Artery Disease. Circulation 2009;120:2577–85. 

	171	 Storey RF. Pharmacology and clinical trials of reversibly-binding P2Y12 inhibitors. 
Thromb Haemost 2011;105 Suppl 1:S75–81. 

	172	 Hansson EC, Malm CJ, Hesse C, et al. Platelet function recovery after ticagrelor 
withdrawal in patients awaiting urgent coronary surgery. Eur J Cardiothorac Surg 
2017;51:633–7. 

	173	 Full prescribing information. Available: http://www.azpicentral.com/brilinta/brilinta.​
pdf#page=1 [Accessed 15 Feb 2023].

	174	 Akers WS, Oh JJ, Oestreich JH, et al. Pharmacokinetics and pharmacodynamics of a 
bolus and infusion of cangrelor: a direct, parenteral P2Y12 receptor antagonist. J 
Clin Pharmacol 2010;50:27–35. 

	175	 Sible AM, Nawarskas JJ. Cangrelor: A New Route for P2Y12 Inhibition. Cardiol Rev 
2017;25:133–9. 

	176	 Tummala R, Rai MP. Glycoprotein IIb/IIIa inhibitors. StatPearls, 2023.
	177	 Kaneda T, Urimoto G, Suzuki T. Spinal epidural hematoma following epidural catheter 

removal during antiplatelet therapy with cilostazol. J Anesth 2008;22:290–3. 
	178	 Horlocker TT, Bajwa ZH, Ashraf Z, et al. Risk assessment of hemorrhagic 

complications associated with nonsteroidal antiinflammatory medications in 
ambulatory pain clinic patients undergoing epidural steroid injection. Anesth Analg 
2002;95:1691–7. 

	179	 Giberson CE, Barbosa J, Brooks ES, et al. Epidural hematomas after removal of 
percutaneous spinal cord stimulator trial leads: two case reports. Reg Anesth Pain 
Med 2014;39:73–7. 

	180	 Buvanendran A, Young AC. Spinal epidural hematoma after spinal cord stimulator 
trial lead placement in a patient taking aspirin. Reg Anesth Pain Med 2014;39:70–2. 

	181	 Narouze S, Benzon HT, Provenzano D, et al. Interventional Spine and Pain Procedures 
in Patients on Antiplatelet and Anticoagulant Medications (Second Edition): 
Guidelines From the American Society of Regional Anesthesia and Pain Medicine, the 
European Society of Regional Anaesthesia and Pain Therapy, the American Academy 
of Pain Medicine, the International Neuromodulation Society, the North American 
Neuromodulation Society, and the World Institute of Pain. Reg Anesth Pain Med 
2018;43:225–62. 

	182	 Coukell AJ, Markham A. Clopidogrel. Drugs (Abingdon Engl) 1997;54:745–50. 
	183	 Dyke C, Bhatia D. Inhibitors of the platelet receptor glycoprotein IIb-IIIa and 

complications during percutaneous coronary revascularization. Management 
strategies for the cardiac surgeon. J Cardiovasc Surg (Torino) 1999;40:505–16.

	184	 Shlansky-Goldberg R. Platelet aggregation inhibitors for use in peripheral vascular 
interventions: what can we learn from the experience in the coronary arteries? J Vasc 
Interv Radiol 2002;13:229–46. 

	185	 Benzon HT, Wong HY, Siddiqui T, et al. Caution in performing epidural injections in 
patients on several antiplatelet drugs. Anesthesiology 1999;91:1558–9. 

	186	 Kawaguchi S, Tokutomi S. A case of epidural hematoma associated with epidural 
catheterization which occurred on 12th days after the last medication of ticlopidine 
hydrochloride. Masui 2002;51:526–8.

	187	 Mayumi T, Dohi S. Spinal subarachnoid hematoma after lumbar puncture in a patient 
receiving antiplatelet therapy. Anesth Analg 1983;62:777–9.

	188	 Carswell JL, Beard KA, Chevrette MM, et al. Tracking trends in secondary stroke 
prevention strategies. Ann Pharmacother 2004;38:215–9. 

	189	 Greinacher A, Eichler P, Lubenow N, et al. Drug-induced and drug-dependent 
immune thrombocytopenias. Rev Clin Exp Hematol 2001;5:166–200; . 

	190	 Eriksson BI, Wille-Jørgensen P, Kälebo P, et al. A comparison of recombinant hirudin 
with a low-molecular-weight heparin to prevent thromboembolic complications after 
total hip replacement. N Engl J Med 1997;337:1329–35. 

	191	 Bauersachs RM. Fondaparinux Sodium: Recent Advances in the Management of 
Thrombosis. J Cardiovasc Pharmacol Ther 2023;28:10742484221145010. 

	192	 Turpie AG, Gallus AS, Hoek JA, et al. A synthetic pentasaccharide for the 
prevention of deep-vein thrombosis after total hip replacement. N Engl J Med 
2001;344:619–25. 

	193	 Landow L. A synthetic pentasaccharide for the prevention of deep-vein thrombosis. 
N Engl J Med 2001;345:291–2. 

	194	 Singelyn FJ, Verheyen CCPM, Piovella F, et al. The safety and efficacy of extended 
thromboprophylaxis with fondaparinux after major orthopedic surgery of the lower 
limb with or without a neuraxial or deep peripheral nerve catheter: the EXPERT 
Study. Anesth Analg 2007;105:1540–7, . 

	195	 Brunton LL, Lazo JS, Parker KL. Goodman & Gilman’s the pharmacological basis of 
therapeutics. New York: McGraw-Hill, 2006.

	196	 Chan K-C, Wu D-J, Ueng K-C, et al. Spinal epidural hematoma following tissue 
plasminogen activator and heparinization for acute myocardial infarction. Jpn Heart 
J 2002;43:417–21. 

	197	 Clark MA, Paradis NA. Spinal epidural hematoma complicating thrombolytic therapy 
with tissue plasminogen activator--a case report. J Emerg Med 2002;23:247–51. 

	198	 Connolly ES, Winfree CJ, McCormick PC. Management of Spinal Epidural Hematoma 
After Tissue Plasminogen Activator. Spine (Phila Pa 1986) 1996;21:1694–8. 

	199	 Cultrera F, Passanisi M, Giliberto O, et al. Spinal epidural hematoma following 
coronary thrombolysis. A case report. J Neurosurg Sci 2004;48:43–7.

 on January 29, 2025 by guest. P
rotected by copyright.

http://rapm
.bm

j.com
/

R
eg A

nesth P
ain M

ed: first published as 10.1136/rapm
-2024-105766 on 29 January 2025. D

ow
nloaded from

 

http://dx.doi.org/10.1097/AAP.0b013e31826a8d10
http://dx.doi.org/10.1213/ANE.0000000000003603
http://dx.doi.org/10.1213/XAA.0000000000000492
http://dx.doi.org/10.1111/j.1365-2044.1997.63-az0065.x
http://dx.doi.org/10.1007/s11239-015-1309-0
http://dx.doi.org/10.1378/chest.126.3_suppl.627S
http://dx.doi.org/10.1056/nejm197605062941917
http://dx.doi.org/10.1097/00001573-199409000-00017
http://dx.doi.org/10.1378/chest.08-0689
http://dx.doi.org/10.1097/00001721-199410000-00018
http://dx.doi.org/10.1093/ajcp/103.5.642
https://pubmed.ncbi.nlm.nih.gov/2556813
http://dx.doi.org/10.1016/s1098-7339(98)90145-6
https://pubmed.ncbi.nlm.nih.gov/28381917
http://dx.doi.org/10.1097/AAP.0000000000000617
http://dx.doi.org/10.1136/rapm-2022-104079
http://dx.doi.org/10.1136/rapm-2022-104079
http://dx.doi.org/10.1136/rapm-2023-104571
http://dx.doi.org/10.1097/01.ccm.0000909808.50243.3e
http://dx.doi.org/10.1177/003335491513000614
http://dx.doi.org/10.1016/0049-3848(79)90270-6
http://dx.doi.org/10.1016/s0140-6736(79)91911-1
http://dx.doi.org/10.1378/chest.11-2293
http://dx.doi.org/10.1111/j.1600-0609.1984.tb02390.x
http://dx.doi.org/10.1177/00912700022008766
http://dx.doi.org/10.1177/00912700022008766
http://dx.doi.org/10.1056/NEJMe038191
http://dx.doi.org/10.20452/pamw.360
http://dx.doi.org/10.20452/pamw.360
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/020839s048lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/020839s048lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2011/022307s003lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2011/022307s003lbl.pdf
http://dx.doi.org/10.1016/j.jacc.2012.02.042
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.912550
http://dx.doi.org/10.1160/THS10-12-0769
http://dx.doi.org/10.1093/ejcts/ezw373
http://www.azpicentral.com/brilinta/brilinta.pdf#page=1
http://www.azpicentral.com/brilinta/brilinta.pdf#page=1
http://dx.doi.org/10.1177/0091270009344986
http://dx.doi.org/10.1177/0091270009344986
http://dx.doi.org/10.1097/CRD.0000000000000142
http://dx.doi.org/10.1007/s00540-008-0623-5
http://dx.doi.org/10.1097/00000539-200212000-00041
http://dx.doi.org/10.1097/AAP.0000000000000026
http://dx.doi.org/10.1097/AAP.0000000000000026
http://dx.doi.org/10.1097/AAP.0000000000000029
http://dx.doi.org/10.1097/AAP.0000000000000700
http://dx.doi.org/10.2165/00003495-199754050-00006
https://pubmed.ncbi.nlm.nih.gov/10532207
http://dx.doi.org/10.1016/s1051-0443(07)61716-3
http://dx.doi.org/10.1016/s1051-0443(07)61716-3
http://dx.doi.org/10.1097/00000542-199911000-00065
https://pubmed.ncbi.nlm.nih.gov/12058440
https://pubmed.ncbi.nlm.nih.gov/6869865
http://dx.doi.org/10.1345/aph.1D190
http://dx.doi.org/10.1046/j.1468-0734.2001.00041.x
http://dx.doi.org/10.1056/NEJM199711063371901
http://dx.doi.org/10.1177/10742484221145010
http://dx.doi.org/10.1056/NEJM200103013440901
http://dx.doi.org/10.1056/NEJM200107263450412
http://dx.doi.org/10.1213/01.ane.0000287677.95626.60
http://dx.doi.org/10.1536/jhj.43.417
http://dx.doi.org/10.1536/jhj.43.417
http://dx.doi.org/10.1016/s0736-4679(02)00546-2
http://dx.doi.org/10.1097/00007632-199607150-00016
https://pubmed.ncbi.nlm.nih.gov/15257265
http://rapm.bmj.com/


28 Kopp SL, et al. Reg Anesth Pain Med 2025;0:1–29. doi:10.1136/rapm-2024-105766

Special article

	200	 DePorto R, Ahn JH, Gianutsos JG. Paraplegia subsequent to administration of tissue 
plasminogen activator and intravenous heparin following myocardial infarction--a 
case report. J Spinal Cord Med 2000;23:150–2. 

	201	 Ferrante A, Pedi C, Centamore G, et al. A rare complication of thrombolytic therapy: 
spinal epidural hematoma. A case report (Una rara complicanza della terapia 
trombolitica: l’ematoma spinale epidurale. Descrizione di un caso). Ital Heart J 
2003;4:688–90.

	202	 Groen RJ, van Alphen HA. Operative treatment of spontaneous spinal epidural 
hematomas: a study of the factors determining postoperative outcome. Neurosurgery 
1996;39:494–508; . 

	203	 Haldar S, Hudsmith L, Munir S. Cervical extradural haematoma following 
thrombolysis. Heart 2005;91:422. 

	204	 Han YM, Kwak HS, Jin GY, et al. Spinal epidural hematoma after thrombolysis for 
deep vein thrombosis with subsequent pulmonary thromboembolism: a case report. 
Cardiovasc Intervent Radiol 2006;29:450–3. 

	205	 Kim WJ, Hong YK, Yoo WH. Epidural hematoma mimicking transverse myelitis in a 
patient with primary antiphospholipid syndrome. Rheumatol Int 2008;28:709–12. 

	206	 Ozgocmen S, Yoldas T, Kocakoc E, et al. Spinal epidural hematoma associated with 
streptokinase treatment for myocardial infarction. Spinal Cord 2004;42:374–7. 

	207	 Sawin PD, Traynelis VC, Follett KA. Spinal epidural hematoma following coronary 
thrombolysis with tissue plasminogen activator. Report of two cases. J Neurosurg 
1995;83:350–3. 

	208	 Song KJ, Lee KB. The poor outcome of the delayed diagnosis of acute spontaneous 
spinal epidural hematoma: two cases report. J Korean Med Sci 2005;20:331–4. 

	209	 Toyonaga M, Hagiwara N, Irie F, et al. Acute cervical spinal epidural hematoma 
during antithrombotic therapy: dual warnings against antithrombotic therapy. Rinsho 
Shinkeigaku 2003;43:287–90.

	210	 Gupta K, Sharma R, Agrawal N, et al. Spinal epidural hematoma - A rare 
and debilitating complication of thrombolytic therapy. J Cardiovasc Dis Res 
2013;4:236–8. 

	211	 Baron EM, Burke JA, Akhtar N, et al. Spinal epidural hematoma associated with 
tissue plasminogen activator treatment of acute myocardial infarction. Catheter 
Cardiovasc Interv Dec 1999;48:390–6. 

	212	 Dickman CA, Shedd SA, Spetzler RF, et al. Spinal epidural hematoma 
associated with epidural anesthesia: complications of systemic heparinization 
in patients receiving peripheral vascular thrombolytic therapy. Anesthesiology 
1990;72:947–50. 

	213	 Nava S, Rossignoli L, Tagariello V, et al. Technical difficulties in epidural blocks and 
spinal bleeding complications. Minerva Anestesiol 2001;67:881–6.

	214	 Onishchuk JL, Carlsson C. Epidural hematoma associated with epidural anesthesia: 
complications of anticoagulant therapy. Anesthesiology 1992;77:1221–3. 

	215	 Rabito SF, Ahmed S, Feinstein L, et al. Intrathecal bleeding after the intraoperative 
use of heparin and urokinase during continuous spinal anesthesia. Anesth Analg 
1996;82:409–11. 

	216	 Ansell J, Hirsh J, Hylek E, et al. Pharmacology and management of the vitamin K 
antagonists: American College of Chest Physicians Evidence-Based Clinical Practice 
Guidelines (8th Edition). Chest 2008;133:160S–198S. 

	217	 Xi M, Béguin S, Hemker HC. The relative importance of the factors II, VII, IX and X 
for the prothrombinase activity in plasma of orally anticoagulated patients. Thromb 
Haemost 1989;62:788–91.

	218	 Shields RC, McBane RD, Kuiper JD, et al. Efficacy and safety of intravenous 
phytonadione (vitamin K1) in patients on long-term oral anticoagulant therapy. 
Mayo Clin Proc 2001;76:260–6. 

	219	 Wille-Jørgensen P, Jørgensen LN, Rasmussen LS. Lumbar regional anaesthesia 
and prophylactic anticoagulant therapy. Is the combination safe? Anaesthesia 
1991;46:623–7. 

	220	 Chan TY. Adverse interactions between warfarin and nonsteroidal antiinflammatory 
drugs: mechanisms, clinical significance, and avoidance. Ann Pharmacother 
1995;29:1274–83. 

	221	 Garcia D, Regan S, Crowther M, et al. Warfarin maintenance dosing patterns in 
clinical practice: implications for safer anticoagulation in the elderly population. 
Chest 2005;127:2049–56. 

	222	 Benzon HT, Asher Y, Kendall MC, et al. Clotting-Factor Concentrations 5 Days After 
Discontinuation of Warfarin. Reg Anesth Pain Med 2018;43:616–20. 

	223	 Hirsh J. Oral anticoagulant drugs. N Engl J Med 1991;324:1865–75. 
	224	 Harder S, Thürmann P. Clinically important drug interactions with anticoagulants. An 

update. Clin Pharmacokinet 1996;30:416–44. 
	225	 Huda SA, Kahlown S, Jilani MH, et al. Management of Life-Threatening Bleeding in 

Patients With Mechanical Heart Valves. Cureus 2021;13:e15619. 
	226	 Douketis JD, Spyropoulos AC, Kaatz S, et al. Perioperative Bridging Anticoagulation in 

Patients with Atrial Fibrillation. N Engl J Med 2015;373:823–33. 
	227	 Woo CH, Patel N, Conell C, et al. Rapid Warfarin reversal in the setting of intracranial 

hemorrhage: a comparison of plasma, recombinant activated factor VII, and 
prothrombin complex concentrate. World Neurosurg 2014;81:110–5. 

	228	 Taketomi T, Szlam F, Levy JH, et al. Warfarin reversal with prothrombin complex 
concentrate confers better antifibrinolytic activity compared with recombinant 
activated factor VII. Blood Coagul Fibrinolysis 2008;19:106–8. 

	229	 Voils SA, Holder MC, Premraj S, et al. Comparative effectiveness of 3- versus 4-factor 
prothrombin complex concentrate for emergent warfarin reversal. Thromb Res 
2015;136:595–8. 

	230	 Al-Majzoub O, Rybak E, Reardon DP, et al. Evaluation of Warfarin Reversal with 
4-Factor Prothrombin Complex Concentrate Compared to 3-Factor Prothrombin 
Complex Concentrate at a Tertiary Academic Medical Center. J Emerg Med 
2016;50:7–13. 

	231	 Parvizi J, Viscusi ER, Frank HG, et al. Can Epidural Anesthesia and Warfarin be 
Coadministered? Clin Orthop Relat Res 2007;456:133–7. 

	232	 Liu SS, Buvanendran A, Viscusi ER, et al. Uncomplicated removal of epidural 
catheters in 4365 patients with international normalized ratio greater than 1.4 
during initiation of warfarin therapy. Reg Anesth Pain Med 2011;36:231–5. 

	233	 Benzon HT, Avram MJ, Benzon HA, et al. Factor VII levels and international 
normalized ratios in the early phase of warfarin therapy. Anesthesiology 
2010;112:298–304. 

	234	 Warfarin dosing. Available: www.WarfarinDosing.org [Accessed 1 May 2023].
	235	 Eisenberg DM. Advising patients who seek alternative medical therapies. Ann Intern 

Med 1997;127:61–9. 
	236	 Elder NC, Gillcrist A, Minz R. Use of alternative health care by family practice 

patients. Arch Fam Med 1997;6:181–4. 
	237	 Hensrud DD, Engle DD, Scheitel SM. Underreporting the use of dietary supplements 

and nonprescription medications among patients undergoing a periodic health 
examination. Mayo Clin Proc 1999;74:443–7. 

	238	 Rose KD, Croissant PD, Parliament CF, et al. Spontaneous spinal epidural hematoma 
with associated platelet dysfunction from excessive garlic ingestion: a case report. 
Neurosurgery 1990;26:880–2. 

	239	 Gilbert GJ. Ginkgo biloba. Neurology (ECronicon) 1997;48:1137. 
	240	 Matthews MK Jr. Association of Ginkgo biloba with intracerebral hemorrhage. 

Neurology (ECronicon) 1998;50:1933–4. 
	241	 Rowin J, Lewis SL. Spontaneous bilateral subdural hematomas associated with 

chronic Ginkgo biloba ingestion. Neurology (ECronicon) 1996;46:1775–6. 
	242	 Vale S. Subarachnoid haemorrhage associated with Ginkgo biloba. Lancet 

1998;352:36. 
	243	 Lee A, Chui PT, Aun CST, et al. Incidence and risk of adverse perioperative events 

among surgical patients taking traditional Chinese herbal medicines. Anesthesiology 
2006;105:454–61. 

	244	 Moss J, Yuan CS. Herbal medicines and perioperative care. Anesthesiology 
2006;105:441–2. 

	245	 Say L, Chou D, Gemmill A, et al. Global causes of maternal death: a WHO systematic 
analysis. Lancet Glob Health 2014;2:e323–33. 

	246	 D’Alton ME, Friedman AM, Smiley RM, et al. National Partnership for Maternal 
Safety: Consensus Bundle on Venous Thromboembolism. Anesth Analg 
2016;123:942–9. 

	247	 American College of O, Gynecologists’ Committee on Practice B-O. ACOG Practice 
Bulletin No. 196: Thromboembolism in Pregnancy. Obstet Gynecol 2018;132:e1–17. 

	248	 Blondon M, Casini A, Hoppe KK, et al. Risks of Venous Thromboembolism After 
Cesarean Sections: A Meta-Analysis. Chest 2016;150:572–96. 

	249	 Heit JA, Kobbervig CE, James AH, et al. Trends in the incidence of venous 
thromboembolism during pregnancy or postpartum: a 30-year population-based 
study. Ann Intern Med 2005;143:697–706. 

	250	 Elgendy IY, Fogerty A, Blanco-Molina Á, et al. Clinical Characteristics and 
Outcomes of Women Presenting with Venous Thromboembolism during Pregnancy 
and Postpartum Period: Findings from the RIETE Registry. Thromb Haemost 
2020;120:1454–62. 

	251	 Bremme KA. Haemostatic changes in pregnancy. Best Pract Res Clin Haematol 
2003;16:153–68. 

	252	 Ansari J, Carvalho B, Shafer SL, et al. Pharmacokinetics and Pharmacodynamics 
of Drugs Commonly Used in Pregnancy and Parturition. Anesth Analg 
2016;122:786–804. 

	253	 Brancazio LR, Roperti KA, Stierer R, et al. Pharmacokinetics and pharmacodynamics 
of subcutaneous heparin during the early third trimester of pregnancy. Am J Obstet 
Gynecol 1995;173:1240–5. 

	254	 Chunilal SD, Young E, Johnston MA, et al. The APTT response of pregnant plasma to 
unfractionated heparin. Thromb Haemost 2002;87:92–7.

	255	 Casele HL, Laifer SA, Woelkers DA, et al. Changes in the pharmacokinetics of the 
low-molecular-weight heparin enoxaparin sodium during pregnancy. Am J Obstet 
Gynecol 1999;181:1113–7. 

	256	 Lebaudy C, Hulot JS, Amoura Z, et al. Changes in enoxaparin pharmacokinetics 
during pregnancy and implications for antithrombotic therapeutic strategy. Clin 
Pharmacol Ther 2008;84:370–7. 

	257	 Bateman BT, Mhyre JM, Ehrenfeld J, et al. The risk and outcomes of epidural 
hematomas after perioperative and obstetric epidural catheterization: a report from 
the Multicenter Perioperative Outcomes Group Research Consortium. Anesth Analg 
2013;116:1380–5. 

	258	 Paech MJ, Godkin R, Webster S. Complications of obstetric epidural analgesia 
and anaesthesia: a prospective analysis of 10,995 cases. Int J Obstet Anesth 
1998;7:5–11. 

 on January 29, 2025 by guest. P
rotected by copyright.

http://rapm
.bm

j.com
/

R
eg A

nesth P
ain M

ed: first published as 10.1136/rapm
-2024-105766 on 29 January 2025. D

ow
nloaded from

 

http://dx.doi.org/10.1080/10790268.2000.11753523
http://dx.doi.org/10.1097/00006123-199609000-00012
http://dx.doi.org/10.1136/hrt.2004.043018
http://dx.doi.org/10.1007/s00270-004-0133-2
http://dx.doi.org/10.1007/s00296-007-0512-5
http://dx.doi.org/10.1038/sj.sc.3101604
http://dx.doi.org/10.3171/jns.1995.83.2.0350
http://dx.doi.org/10.3346/jkms.2005.20.2.331
https://pubmed.ncbi.nlm.nih.gov/12931638
https://pubmed.ncbi.nlm.nih.gov/12931638
http://dx.doi.org/10.1016/j.jcdr.2014.01.005
http://dx.doi.org/10.1002/(sici)1522-726x(199912)48:43.0.co;2-m
http://dx.doi.org/10.1002/(sici)1522-726x(199912)48:43.0.co;2-m
http://dx.doi.org/10.1097/00000542-199005000-00028
https://pubmed.ncbi.nlm.nih.gov/11815749
http://dx.doi.org/10.1097/00000542-199212000-00025
http://dx.doi.org/10.1097/00000539-199602000-00034
http://dx.doi.org/10.1378/chest.08-0670
https://pubmed.ncbi.nlm.nih.gov/2814925
https://pubmed.ncbi.nlm.nih.gov/2814925
http://dx.doi.org/10.4065/76.3.260
http://dx.doi.org/10.1111/j.1365-2044.1991.tb09707.x
http://dx.doi.org/10.1177/106002809502901214
http://dx.doi.org/10.1378/chest.127.6.2049
http://dx.doi.org/10.1097/AAP.0000000000000782
http://dx.doi.org/10.1056/NEJM199106273242606
http://dx.doi.org/10.2165/00003088-199630060-00002
http://dx.doi.org/10.7759/cureus.15619
http://dx.doi.org/10.1056/NEJMoa1501035
http://dx.doi.org/10.1016/j.wneu.2012.12.002
http://dx.doi.org/10.1097/MBC.0b013e3282f185c9
http://dx.doi.org/10.1016/j.thromres.2015.07.023
http://dx.doi.org/10.1016/j.jemermed.2015.07.024
http://dx.doi.org/10.1097/01.blo.0000246548.25811.2d
http://dx.doi.org/10.1097/AAP.0b013e31820d4376
http://dx.doi.org/10.1097/ALN.0b013e3181ca6cfc
www.WarfarinDosing.org
http://dx.doi.org/10.7326/0003-4819-127-1-199707010-00010
http://dx.doi.org/10.7326/0003-4819-127-1-199707010-00010
http://dx.doi.org/10.1001/archfami.6.2.181
http://dx.doi.org/10.4065/74.5.443
http://dx.doi.org/10.1097/00006123-199005000-00026
http://dx.doi.org/10.1212/wnl.48.4.1137
http://dx.doi.org/10.1212/wnl.50.6.1933
http://dx.doi.org/10.1212/wnl.46.6.1775
http://dx.doi.org/10.1016/S0140-6736(05)79516-7
http://dx.doi.org/10.1097/00000542-200609000-00007
http://dx.doi.org/10.1097/00000542-200609000-00002
http://dx.doi.org/10.1016/S2214-109X(14)70227-X
http://dx.doi.org/10.1213/ANE.0000000000001569
http://dx.doi.org/10.1097/AOG.0000000000002706
http://dx.doi.org/10.1016/j.chest.2016.05.021
http://dx.doi.org/10.7326/0003-4819-143-10-200511150-00006
http://dx.doi.org/10.1055/s-0040-1714211
http://dx.doi.org/10.1016/s1521-6926(03)00021-5
http://dx.doi.org/10.1213/ANE.0000000000001143
http://dx.doi.org/10.1016/0002-9378(95)91362-9
http://dx.doi.org/10.1016/0002-9378(95)91362-9
https://pubmed.ncbi.nlm.nih.gov/11848463
http://dx.doi.org/10.1016/s0002-9378(99)70091-8
http://dx.doi.org/10.1016/s0002-9378(99)70091-8
http://dx.doi.org/10.1038/clpt.2008.73
http://dx.doi.org/10.1038/clpt.2008.73
http://dx.doi.org/10.1213/ANE.0b013e318251daed
http://dx.doi.org/10.1016/s0959-289x(98)80021-6
http://rapm.bmj.com/


29Kopp SL, et al. Reg Anesth Pain Med 2025;0:1–29. doi:10.1136/rapm-2024-105766

Special article

	259	 Leffert LR, Dubois HM, Butwick AJ, et al. Neuraxial Anesthesia in Obstetric Patients 
Receiving Thromboprophylaxis With Unfractionated or Low-Molecular-Weight 
Heparin: A Systematic Review of Spinal Epidural Hematoma. Anesth Analg 
2017;125:223–31. 

	260	 Pujic B, Holo-Djilvesi N, Djilvesi D, et al. Epidural hematoma following low molecular 
weight heparin prophylaxis and spinal anesthesia for cesarean delivery. Int J Obstet 
Anesth 2019;37:118–21. 

	261	 Guglielminotti J, Landau R, Li G. Adverse Events and Factors Associated with 
Potentially Avoidable Use of General Anesthesia in Cesarean Deliveries. 
Anesthesiology 2019;130:912–22. 

	262	 The American College of Obstetricians and Gynecologists. Inherited Thrombophilias 
in Pregnancy. Pract Bull 2018;197.

	263	 Clendenen SR, Robards CB, Wang RD, et al. Continuous Interscalene Block 
Associated with Neck Hematoma and Postoperative Sepsis. Anesth Analg 
2010;110:1236–8. 

	264	 Parvaiz MA, Korwar V, McArthur D, et al. Large retroperitoneal haematoma: an 
unexpected complication of ilioinguinal nerve block for inguinal hernia repair. 
Anaesthesia 2012;67:80–1. 

	265	 Rodríguez J, Taboada M, García F, et al. Intraneural hematoma after nerve 
stimulation-guided femoral block in a patient with factor XI deficiency: case report. J 
Clin Anesth 2011;23:234–7. 

	266	 Warner NS, Duncan CM, Kopp SL. Acute Retroperitoneal Hematoma After Psoas 
Catheter Placement in a Patient with Myeloproliferative Thrombocytosis and Aspirin 
Therapy. A A Case Rep 2016;6:28–30. 

	267	 Idestrup C, Sawhney M, Nix C, et al. The incidence of hematoma formation in 
patients with continuous femoral catheters following total knee arthroplasty while 
receiving rivaroxaban as thromboprophylaxis: an observational study. Reg Anesth 
Pain Med 2014;39:414–7. 

	268	 Ben-David B, Stahl S. Axillary block complicated by hematoma and radial nerve 
injury. Reg Anesth Pain Med 1999;24:264–6.

	269	 Bergman BD, Hebl JR, Kent J, et al. Neurologic Complications of 405 Consecutive 
Continuous Axillary Catheters. Anesthesia Analgesia 2003;96:247–52. 

	270	 Amory C, Mariscal A, Guyot E, et al. Is ilioinguinal/iliohypogastric nerve block always 
totally safe in children? Pediatr Anesth 2003;13:164–6. 

	271	 Frigon C, Mai R, Valois-Gomez T, et al. Bowel hematoma following an 
iliohypogastric-ilioinguinal nerve block. Paediatr Anaesth 2006;16:993–6. 

	272	 Vaisman J. Pelvic hematoma after an ilioinguinal nerve block for orchialgia. Anesth 
Analg 2001;92:1048–9. 

	273	 Ekatodramis G, Macaire P, Borgeat A. Prolonged Horner syndrome due to neck 
hematoma after continuous interscalene block. Anesthesiology 2001;95:801–3. 

	274	 Borgeat A, Ekatodramis G, Dumont C. An evaluation of the infraclavicular block via a 
modified approach of the Raj technique. Anesth Analg 2001;93:436–41. 

	275	 Wheatley JK, Motamedi F, Hammonds WD. Page kidney resulting from massive 
subcapsular hematoma. Complication of lumbar sympathetic nerve block. Urology 
1984;24:361–3. 

	276	 Thomas PW, Sanders DJ, Berrisford RG. Pulmonary haemorrhage after percutaneous 
paravertebral block. Br J Anaesth 1999;83:668–9. 

	277	 Kurzel RB, Au AH, Rooholamini SA. Retroperitoneal hematoma as a complication 
of pudendal block. Diagnosis made by computed tomography. West J Med 
1996;164:523–5.

	278	 Mishio M, Matsumoto T, Okuda Y, et al. Delayed severe airway obstruction 
due to hematoma following stellate ganglion block. Reg Anesth Pain Med 
1998;23:516–9. 

	279	 Singh SK, Katyal S, Kumar A, et al. Massive hemothorax: A rare complication after 
supraclavicular brachial plexus block. Anesth Essays Res 2014;8:410–2. 

	280	 Gogarten W, Vandermeulen E, Van Aken H, et al. Regional anaesthesia 
and antithrombotic agents: recommendations of the European Society of 
Anaesthesiology. Eur J Anaesthesiol 2010;27:999–1015. 

	281	 Keegan MT, Horlocker TT. Epidural catheter removal before unanticipated 
anticoagulation: the pharmacy fail-safe. Anesthesiology 1999;91:328. 

	282	 Tsui BCH, Kirkham K, Kwofie MK, et al. Practice advisory on the bleeding risks 
for peripheral nerve and interfascial plane blockade: evidence review and expert 
consensus. Can J Anaesth 2019;66:1356–84. 

	283	 Benzon HT, Nelson AM, Patel AG, et al. Literature review of spinal hematoma case 
reports: causes and outcomes in pediatric, obstetric, neuraxial and pain medicine 
cases. Reg Anesth Pain Med 2024. 

	284	 Douketis JD, Spyropoulos AC, Murad MH, et al. Perioperative Management of 
Antithrombotic Therapy: An American College of Chest Physicians Clinical Practice 
Guideline. Chest 2022;162:e207–43. 

	285	 Cohen AT, Harrington R, Goldhaber SZ, et al. The design and rationale for the 
Acute Medically Ill Venous Thromboembolism Prevention with Extended Duration 
Betrixaban (APEX) study. Am Heart J 2014;167:335–41. 

	286	 Turpie A, Bauer K, Davidson B, et al. A randomized evaluation of betrixaban, an 
oral factor Xa inhibitor, for prevention of thromboembolic events after total knee 
replacement (EXPERT). Thromb Haemost 2009;101:68–76. 

	287	 Bevyxxa full prescribing information. Portola. Available: https://www.accessdata.​
fda.gov/drugsatfda_docs/label/2017/208383s000lbl.pdf [Accessed 13 Mar 
2024].

	288	 Chang M, Yu Z, Shenker A, et al. Effect of renal impairment on the pharmacokinetics, 
pharmacodynamics, and safety of apixaban. J Clin Pharma 2016;56:637–45. 

	289	 Savaysa: full prescribing information. Available: http://dsi.com/prescribing-​
information-portlet/getPIContent?productName=Savaysa&inline=true [Accessed 14 
Mar 2022].

	290	 Ridout G, Motte S, Niemczyk S, et al. Effect of renal function on edoxaban 
pharmacokinetics (pk) and on population pk/pk-pd model. J Clin Pharmacol 
2009;49:1091–130.

	291	 Kubitza D, Becka M, Mueck W, et al. Effects of renal impairment on the 
pharmacokinetics, pharmacodynamics and safety of rivaroxaban, an oral, direct 
Factor Xa inhibitor. Brit J Clinical Pharma 2010;70:703–12. 

	292	 Dias C, Moore KT, Murphy J, et al. Pharmacokinetics, Pharmacodynamics, and 
Safety of Single-Dose Rivaroxaban in Chronic Hemodialysis. Am J Nephrol 
2016;43:229–36. 

	293	 Stangier J, Stähle H, Rathgen K, et al. Pharmacokinetics and Pharmacodynamics 
of the Direct Oral Thrombin Inhibitor Dabigatran in Healthy Elderly Subjects. Clin 
Pharmacokinet 2008;47:47–59. 

	294	 Stangier J, Rathgen K, Stähle H, et al. Influence of renal impairment on the 
pharmacokinetics and pharmacodynamics of oral dabigatran etexilate: an open-
label, parallel-group, single-centre study. Clin Pharmacokinet 2010;49:259–68. 

	295	 Guglielminotti J, Wong CA, Landau R, et al. Temporal Trends in Anesthesia-related 
Adverse Events in Cesarean Deliveries, New York State, 2003–2012. Anesthesiology 
2015;123:1013–23. 

	296	 D’Angelo R, Smiley RM, Riley ET, et al. Serious complications related to obstetric 
anesthesia: the serious complication repository project of the Society for Obstetric 
Anesthesia and Perinatology. Anesthesiol 2014;120:1505–12. 

	297	 Kinsella SM, Winton AL, Mushambi MC, et al. Failed tracheal intubation 
during obstetric general anaesthesia: a literature review. Int J Obstet Anesth 
2015;24:356–74. 

	298	 Knight M, Nair M, Brocklehurst P, et al. Examining the impact of introducing 
ICD-MM on observed trends in maternal mortality rates in the UK 2003–13. BMC 
Pregnancy Childbirth 2016;16:178. 

	299	 Pandit JJ, Andrade J, Bogod DG, et al. The 5th National Audit Project (NAP5) on 
accidental awareness during general anaesthesia: summary of main findings and risk 
factors. Anaesthesia 2014;69:1089–101. 

	300	 Chang C-C, Wang I-T, Chen Y-H, et al. Anesthetic management as a risk factor 
for postpartum hemorrhage after cesarean deliveries. Am J Obstet Gynecol 
2011;205:462. 

	301	 Dyer RA, Els I, Farbas J, et al. Prospective, Randomized Trial Comparing General 
with Spinal Anesthesia for Cesarean Delivery in Preeclamptic Patients with a 
Nonreassuring Fetal Heart Trace. Anesthesiology 2003;99:561–9. 

	302	 Lertakyamanee J, Chinachoti T, Tritrakarn T, et al. Comparison of general and regional 
anesthesia for cesarean section: success rate, blood loss and satisfaction from a 
randomized trial. J Med Assoc Thai 1999;82:672–80.

	303	 Tsai PS, Hsu CS, Fan YC, et al. General anaesthesia is associated with increased 
risk of surgical site infection after Caesarean delivery compared with neuraxial 
anaesthesia: a population-based study. Br J Anaesth 2011;107:757–61. 

	304	 Landau R, Bollag L, Ortner C. Chronic pain after childbirth. Int J Obstet Anesth 
2013;22:133–45. 

	305	 Nikolajsen L, Sørensen HC, Jensen TS, et al. Chronic pain following Caesarean 
section. Acta Anaesthesiol Scand 2004;48:111–6. 

	306	 Moore ER, Anderson GC, Bergman N, et al. Early skin-to-skin contact for mothers 
and their healthy newborn infants. Cochrane Database Syst Rev 2012;5:CD003519. 

	307	 Smith J, Plaat F, Fisk NM. The natural caesarean: a woman‐centred technique. BJOG 
2008;115:1037–42. 

	308	 Algert CS, Bowen JR, Giles WB, et al. Regional block versus general anaesthesia for 
caesarean section and neonatal outcomes: a population-based study. BMC Med 
2009;7:20. 

	309	 Beckmann M, Calderbank S. Mode of anaesthetic for category 1 caesarean sections 
and neonatal outcomes. Aust NZ J Obst Gynaeco 2012;52:316–20. 

	310	 Palanisamy A. Maternal anesthesia and fetal neurodevelopment. Int J Obstet Anesth 
2012;21:152–62. 

 on January 29, 2025 by guest. P
rotected by copyright.

http://rapm
.bm

j.com
/

R
eg A

nesth P
ain M

ed: first published as 10.1136/rapm
-2024-105766 on 29 January 2025. D

ow
nloaded from

 

http://dx.doi.org/10.1213/ANE.0000000000002173
http://dx.doi.org/10.1016/j.ijoa.2018.09.008
http://dx.doi.org/10.1016/j.ijoa.2018.09.008
http://dx.doi.org/10.1097/ALN.0000000000002629
http://dx.doi.org/10.1213/ANE.0b013e3181cf03b4
http://dx.doi.org/10.1111/j.1365-2044.2011.06971.x
http://dx.doi.org/10.1016/j.jclinane.2010.03.009
http://dx.doi.org/10.1016/j.jclinane.2010.03.009
http://dx.doi.org/10.1213/XAA.0000000000000261
http://dx.doi.org/10.1097/AAP.0000000000000127
http://dx.doi.org/10.1097/AAP.0000000000000127
https://pubmed.ncbi.nlm.nih.gov/10338180
http://dx.doi.org/10.1213/00000539-200301000-00050
http://dx.doi.org/10.1046/j.1460-9592.2003.01005.x
http://dx.doi.org/10.1111/j.1460-9592.2006.01909.x
http://dx.doi.org/10.1097/00000539-200104000-00045
http://dx.doi.org/10.1097/00000539-200104000-00045
http://dx.doi.org/10.1097/00000542-200109000-00040
http://dx.doi.org/10.1097/00000539-200108000-00040
http://dx.doi.org/10.1016/0090-4295(84)90212-7
http://dx.doi.org/10.1093/bja/83.4.668
https://pubmed.ncbi.nlm.nih.gov/8764634
http://dx.doi.org/10.1016/s1098-7339(98)90038-4
http://dx.doi.org/10.4103/0259-1162.143170
http://dx.doi.org/10.1097/EJA.0b013e32833f6f6f
http://dx.doi.org/10.1097/00000542-199907000-00061
http://dx.doi.org/10.1007/s12630-019-01466-w
http://dx.doi.org/10.1136/rapm-2023-105161
http://dx.doi.org/10.1016/j.chest.2022.07.025
http://dx.doi.org/10.1016/j.ahj.2013.11.006
http://dx.doi.org/10.1160/TH08-07-0460
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/208383s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/208383s000lbl.pdf
http://dx.doi.org/10.1002/jcph.633
http://dsi.com/prescribing-information-portlet/getPIContent?productName=Savaysa&inline=true
http://dsi.com/prescribing-information-portlet/getPIContent?productName=Savaysa&inline=true
http://dx.doi.org/10.1111/j.1365-2125.2010.03753.x
http://dx.doi.org/10.1159/000445328
http://dx.doi.org/10.2165/00003088-200847010-00005
http://dx.doi.org/10.2165/00003088-200847010-00005
http://dx.doi.org/10.2165/11318170-000000000-00000
http://dx.doi.org/10.1097/ALN.0000000000000846
http://dx.doi.org/10.1097/ALN.0000000000000253
http://dx.doi.org/10.1016/j.ijoa.2015.06.008
http://dx.doi.org/10.1186/s12884-016-0959-z
http://dx.doi.org/10.1186/s12884-016-0959-z
http://dx.doi.org/10.1111/anae.12826
http://dx.doi.org/10.1016/j.ajog.2011.06.068
http://dx.doi.org/10.1097/00000542-200309000-00010
https://pubmed.ncbi.nlm.nih.gov/10511769
http://dx.doi.org/10.1093/bja/aer262
http://dx.doi.org/10.1016/j.ijoa.2013.01.008
http://dx.doi.org/10.1111/j.1399-6576.2004.00271.x
http://dx.doi.org/10.1002/14651858.CD003519.pub3
http://dx.doi.org/10.1111/j.1471-0528.2008.01777.x
http://dx.doi.org/10.1186/1741-7015-7-20
http://dx.doi.org/10.1111/j.1479-828X.2012.01457.x
http://dx.doi.org/10.1016/j.ijoa.2012.01.005
http://rapm.bmj.com/

