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Abstract

Anticoagulation is key to the treatment/prevention of thromboembolic events. The primary 

complication of anticoagulation is serious or life-threatening hemorrhage, which may necessitate 

prompt anticoagulation reversal; this could also be required for nonbleeding patients requiring 

urgent/emergent invasive procedures. The decision to reverse anticoagulation should weigh 

the benefit–risk ratio of supporting hemostasis versus post-reversal thrombosis. We appraise 

the available guidelines/recommendations for vitamin K antagonist (VKA) and direct oral 

anticoagulant (DOAC) reversal in the management of major bleeding, and also assess recent 

clinical data that may not yet be reflected in official guidance. In general, available guidelines 

are consistent in their recommendations, advocating administration of vitamin K and 4-factor 

prothrombin complex concentrates (4F-PCCs) rather than fresh frozen plasma to patients with 

VKA-associated intracranial hemorrhage and life-threatening bleeding, and specific reversal 

agents as essential therapy for DOAC reversal in those same severe conditions. However, 

guidelines also recommend off-label use of PCCs for DOAC reversal when specific reversal 

agents are unavailable. Limited recent evidence generally support the latter recommendation, but 

guidelines are likely to evolve as more data become available.
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1. Introduction

Anticoagulant therapy is fundamental for the prevention and treatment of thromboembolic 

diseases [1]. With an aging population, the number of people requiring chronic oral 

anticoagulation to manage conditions such as atrial fibrillation is increasing [2]. Options 

for anticoagulation have been increasing – currently available options include vitamin K 

antagonists (VKAs, primarily warfarin) and the newer direct oral anticoagulants (DOACs; 

dabigatran, rivaroxaban, apixaban, edoxaban, and betrixaban) [1,2]. However, several studies 

describe the risk of hemorrhage in patients taking anticoagulants. VKA use has been 

associated with more than double the risk of intracerebral hemorrhage (ICH) versus non-use 

[3], while patients receiving DOAC therapy have a lower or comparable risk of ICH or 

major bleeding compared with VKA therapy [4]. While DOACs have significantly changed 

the anticoagulation therapy landscape, DOAC-treated patients remain at some risk of major 

bleeding (up to 5% of patients, based on clinical trial data) [4].

Prompt anticoagulation reversal during severe/life-threatening bleeding events is a key 

component of multimodal therapy in these complex and fortunately rare clinical scenarios 

[3]. However, the decision to reverse anticoagulation should weigh the benefit–risk 

ratio of supporting hemostasis and potentially promoting post-reversal thrombosis. The 

advisability of administering reversal agents depends upon several clinical factors, including 

patient stability, timing of last anticoagulant dose, baseline coagulation assays (particularly 

international normalized ratio [INR] in the case of VKA-related hemorrhage), and 

product availability [5]. Reversal and other management strategies are often administered 

sequentially if required to obtain adequate control of bleeding.

VKA reversal can be achieved by various treatment approaches including fresh frozen 

plasma (FFP) and prothrombin complex concentrates (PCCs; including 3- or 4-factor PCC 

[3F-PCC or 4F-PCC] and activated PCC [aPCC]) [5,6]. Historically, clinicians used FFP for 

VKA reversal, but PCCs have taken precedence in this setting [3]. In contrast to FFP, PCCs 

require a lower infusion volume and shorter infusion time, are associated with a lower risk 

of pathogen transmission, and have a more rapid impact on INR [7]. Several clinical trials 

have found 4F-PCCs to be effective agents for urgent VKA reversal in patients with major 

bleeding or prior to emergency surgery [8-10]. The potential for increased post-treatment 

risk of thromboembolic events (TEEs) with 4F-PCCs is a concern, though several studies 

have shown this risk to be similar to that with FFP [8,10].

Since DOACs have shorter half-lives compared with warfarin, many non-life-threatening 

bleeding events are adequately controlled through supportive care (e.g. temporarily 

withholding DOAC therapy, blood product transfusion, etc) [11]. However, during a 

life-threatening bleed, DOAC reversal may become necessary in addition to supportive 

therapy and, in the recently dosed patient, oral activated charcoal administration. Vigorous 

resuscitation encompasses surgical control of bleeding when direct pressure cannot be 

applied, along with other stabilizing measures, such as FFP, 3F- or 4F-PCCs, and aPCCs 

[5,6,12]. Emergency hemodialysis may remove dabigatran from the circulation but is often 
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logistically challenging or not available; dialysis is not effective for anti-FXa anticoagulants 

[13,14].

Unlike VKA reversal, DOAC reversal has, until recently, been a clinical challenge due to 

limited availability of/access to specific reversal agents [15]. Two specific reversal agents 

are now available: idarucizumab for dabigatran [16], and andexanet alfa for apixaban 

and rivaroxaban [17]. Idarucizumab was approved in 2015 (US and Europe) [18,19]. 

Data from a large clinical study show that idarucizumab was associated with cessation 

of bleeding and normal periprocedural hemostasis in the majority of patients with major 

bleeding/requirement for urgent surgery, respectively [20]. Andexanet alfa (approved in 

the US in 2018 [21] and approved conditionally in Europe in 2019 [22]) is a relatively 

recent addition to the reversal agent armamentarium and is not mentioned in a majority 

of current guidelines. Limited availability and high cost may have constrained its use in 

clinical practice [23]. Clinical trial evidence suggests that andexanet alfa reduces anti-factor 

Xa activity by >90% in patients with major bleeding events [24].

In this narrative review, we appraise available guidelines and recommendations on bleeding 

management for VKA and DOAC reversal, and examine recent efficacy and safety data 

supporting use of reversal agents in this setting.

2. Methodology

This is a narrative review based on relevant US and international anticoagulation 

management and reversal guidelines published prior to April 2020; these were identified 

through PubMed and Internet searches, using the search terms “(anticoagulant reversal 

guidelines) OR anticoagulation reversal guidelines”. Where appropriate, the authors 

supplemented the searches according to their own understanding of the subject area. Clinical 

studies and reviews/meta-analyses published after January 1, 2018 were identified using 

similar search terms in PubMed: ((anticoagulant reversal) OR anticoagulation reversal) 

AND (“2018/01/01”[Date - Publication]: “3000”[Date - Publication]). Clinical studies and 

key reviews/meta-analyses focusing on the efficacy/safety of non-specific anticoagulation 

reversal agents in VKA and DOAC reversal were included, as were articles focusing on the 

efficacy/safety of idarucizumab in dabigatran reversal and the efficacy/safety of andexanet 

alfa in rivaroxaban/apixaban reversal. We selected the Jan. 1, 2018 cut-off, to capture recent 

important studies reported after the guidelines were published and thus not considered by 

those panels.

3. Consensus and divergence between the recommendations

3.1. Methodology of guideline development

Methodologies employed by guideline authors to generate recommendations on 

anticoagulant reversal strategies are summarized in Table 1. Most recommendations are 

based on a systematic review of the literature and acknowledge the lack of irrefutable 

evidence to fully support their recommendations, as specific reversal agents were either still 

in development or only recently approved at the time the guidance was developed. While 

clinical trial data support recommendations for PCC use in VKA reversal, recommendations 
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for PCC use in DOAC reversal were mainly based on expert opinion extrapolated from a 

small evidence base primarily in animal and in vitro models, healthy volunteers, and two 

small prospective cohorts of bleeding patients [25-27].

3.2. Anticoagulant reversal recommendations

3.2.1. Vitamin K antagonists—All guidelines recommend or suggest administering 

PCCs for VKA reversal only in cases of severe and life-threatening bleeding or prior to 

emergency surgery (Table 2).

3.2.1.1. Intracranial hemorrhage (ICH).: The European Stroke Organisation guideline 

recommends PCC at 30 IU/kg (along with vitamin K) for VKA reversal in ICH without 

distinguishing between 3- and 4-factor products [28]. The Neurocritical Care Society and 

the Society of Critical Care Medicine (NCS/SCCM), recommend discontinuation of VKAs 

and administration of vitamin K at a dose of 10 mg intravenously (IV) in cases of ICH [3]. 

Furthermore, these guidelines indicate the limited utility of FFP-based strategies in ICH due 

to the prolonged time to INR reversal, and acknowledge the low cost of FFP and its use 

in circumstances where PCCs are contraindicated (e.g. allergies or known adverse reaction 

to PCCs or their components) [3,29]. Treatment with FFP and vitamin K is recommended 

only if no other treatments are available. FFP should be administered at 10–20 mL/kg IV in 

combination with one dose of vitamin K 10 mg IV. The NCS/SCCM guidelines recommend 

4F-PCC over 3F-PCC [3], with co-administration of vitamin K generally advised to ensure 

durable INR reversal. Initial reversal with PCCs alone rather than use in combination with 

FFP or recombinant Factor VIIa (rFVIIa) is also recommended. The dose of PCC should be 

weight-based and vary according to admission INR and type of PCC used.

Due to low-quality evidence and its association with thrombosis, rFVIIa is currently not 

recommended for VKA reversal in patients presenting with ICH (Table 2). Furthermore, 

American Heart Association/American Stroke Association (AHA/ASA) guidelines state that 

although rFVIIa administration rapidly reduces INR, it may not restore thrombin generation 

effectively as it does not replenish all of the vitamin-K dependent factors [30].

3.2.1.2. Life-threatening bleeding/surgery.: PCCs (primarily 4F-PCCs) are 

recommended or preferred for VKA reversal (Table 2), and several guidelines support 

usage of FFP for VKA reversal in life-threatening bleeding only if PCCs are unavailable 

[5,6,31,32]. The majority of guidelines also recommend co-administration of vitamin K. The 

European Society of Anaesthesiology (ESA) guideline recommends that patients on oral 

anticoagulant therapy should be given PCCs and vitamin K before any other coagulation 

management steps for severe perioperative bleeding. This guideline specifies 4F-PCC 

administration at a dose of 20–40 IU/kg for VKA reversal. Due to their thrombogenic 

profile, aPCCs are not indicated for VKA reversal, even in emergency bleeding situations 

[33]. Guidelines from the Association of Anaesthetists of Great Britain and Ireland also 

recommend against administration of rFVIIa in this setting (Table 2) [34].

3.2.2. Direct-acting oral anticoagulants—Most guidelines advocate using specific 

reversal agents as treatment, where available, and particularly in life-threatening situations. 
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Several guidelines recommend the use of PCCs for non-specific DOAC reversal when 

specific reversal agents are not available (Table 3).

3.2.2.1. ICH.: In patients with dabigatran-associated ICH and renal insufficiency, or 

dabigatran overdose, NCS/SCCM guidelines state that hemodialysis can be considered 

if idarucizumab is not available [3]. Hemodialysis is postulated to be ineffective for 

rivaroxaban and apixaban because of their high degree of protein binding, which can 

result in lower dialysis clearance. Charcoal can be considered as an option to diminish 

the effects of all DOACs in patients who present within 2 h of dosing (Table 3) [3]. The 

AHA and European Stroke Organisation guidelines describe FFP as having no clear utility 

for DOAC reversal in ICH [28,30]. The NCS/SCCM guidelines recommend administration 

of aPCC (50 IU/kg) or 4F-PCC (50 IU/kg) in patients with dabigatran- and direct factor 

Xa inhibitor-associated ICH [3]. These guidelines do not currently recommend rFVIIa 

for dabigatran-related ICH, but do recommend administering idarucizumab (5 g IV in 

two divided doses) with redosing of idarucizumab and/or hemodialysis during clinically 

significant bleeding [3]. Idarucizumab is generally recommended for dabigatran reversal 

in patients presenting with an ICH (Table 3). There are no recommendations in the NCS/

SCCM guidelines regarding andexanet alfa use, as these documents were developed before 

its approval [3]; other guidelines have been appropriately updated to include these agents 

and are listed further on.

3.2.2.2. Life-threatening bleeding/surgery.: Similar to ICH management, hemodialysis 

may have a role for patients receiving dabigatran. Charcoal is generally recommended if the 

timing of the last DOAC dose is known (i.e. within ~2 h of last dose; Table 3), while FFP 

is not recommended for DOAC reversal by any of the guidelines included in this report. 

The Anticoagulation Forum (ACF) states that the volume of FFP required for the inhibition 

of thrombin or Factor Xa would likely cause adverse effects such as fluid overload, and 

states that the time taken to administer the high volume required would preclude its use 

in emergency/urgent settings [13]. If the patient needs volume support in the management 

of hemorrhagic shock, however, FFP can still be employed, though not explicitly as a 

reversal agent [35]. In the absence of a vitamin K deficiency or VKA treatment, none of the 

guidelines included here indicate a role for vitamin K administration in the management of 

DOAC-associated bleeding.

Despite being off-label, most guidelines suggest (or propose consideration of) aPCC or 3-/

4F-PCC administration at doses 25–50 IU/kg in cases of serious or life-threatening bleeding 

when specific reversal agents are not available [5,6,13,14,31,35-42]. The mechanism of 

PCCs in DOAC reversal is not well understood, and studies of the effectiveness of 

PCCs in DOAC reversal have largely included healthy volunteers. However, recent clinical 

studies show that treatment with 4F-PCCs is associated with a low risk of TEEs and has 

similar efficacy to that shown for VKA reversal [42,43]. Some guidelines recommend the 

administration of rFVIIa for DOAC reversal; however, they note that rFVIIa should only be 

considered if other hemostatic measures have been ineffective, due to its relatively high risk 

of thrombosis [3,13,14,40].
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Following the approval of idarucizumab and andexanet alfa, most guidelines recommend 

the use of these reversal agents in patients with severe or life-threatening bleeding events, 

or prior to emergency surgery (Table 3). For dabigatran reversal, idarucizumab 5 g IV is 

recommended [5,14,32,35,36,39,41,45,46]. Less guidance is available for andexanet alfa, 

but the American College of Cardiology recommends its usage in rivaroxaban/apixaban 

reversal and suggests the dose (high versus low) should be based on FXa inhibitor dose 

and time since last administration of FXa inhibitor [5]. This is supported by guidance from 

the ACF, which suggests treatment with andexanet alfa in patients with rivaroxaban- or 

apixaban-associated major bleeding, or prior to surgery in patients receiving these agents 

[46]; however, it should be noted that the FDA/Europe labels for andexanet alfa do not 

currently specify pre-surgical use [17]. There are significant uncertainties with andexanet 

alfa in periprocedural populations as it has not yet been extensively studied in urgent 

surgery, and optimal andexanet alfa infusion times during longer procedures are unknown 

[46]. As andexanet alfa is not indicated for edoxaban reversal, several guidelines still 

recommend using PCCs for this purpose [35,46,47]. However, the ACF recommends off-

label treatment with either high-dose andexanet alfa or 4F-PCC in patients with edoxaban-

associated major bleeding, or prior to surgery in patients receiving edoxaban [46].

4. Recent evidence for anticoagulant reversal

To identify any gaps between the available guidelines and currently available clinical 

evidence, we conducted a search to identify key clinical studies and reviews/metanalyses, 

focusing on efficacy/safety of non-specific and specific anticoagulation reversal agents for 

VKAs and DOACs. Key data for all articles are provided in Supplementary Table 1. There 

is recent evidence that 4F-PCCs effectively reduce INR in patients with VKA-associated 

bleeding, with TEE rates ranging from 1.8 to 6.5% [48,49] data from a meta-analysis 

of PCC use in VKA-associated ICH support these findings [50]. 4F-PCC was shown to 

reduce INR more effectively compared with 3F-PCC alone [48], but not compared with 

3F-PCC + rFVIIa [49]; however, 4F-PCC has also been associated with a significantly lower 

rate of TEEs compared with 3F-PCC + rFVIIa [49]. In contrast, one recent retrospective 

study of emergency department data reported an increased rate of TEEs in patients on 

warfarin who received 4F-PCC compared with FFP [51]. aPCC appears to be similarly 

effective to 4F-PCC [52], and more effective than FFP [53], in reversing INR in patients 

with hemorrhage and traumatic ICH, respectively, with no significant different in TEE 

rate between treatments. One meta-analysis assessed the use of vitamin K for VKA 

reversal in patients with elevated INR (4.5–10) but no bleeding, concluding that vitamin 

K administration was not significantly associated with achieving the goal of timely INR 

reduction in this population [54].

Various studies have evaluated the safety and efficacy of 4F-PCCs in DOAC reversal, 

in settings including major bleeding and requirement for urgent surgery [27,44,55-61]. 

4F-PCC was generally effective in achieving hemostasis in patients with major bleeding, 

with TEE rates ranging from 0% to 8% [27,44,56-60,62], and appeared to be associated 

with a mortality benefit versus no reversal treatment in patients with traumatic ICH [61]. 

However, one meta-analysis (including 10 case series) reported that it was difficult to 

assess whether the addition of 4F-PCCs was more effective in managing major bleeding 
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compared with cessation of DOAC therapy alone [63]. Another meta-analysis compared 

anticoagulant reversal rates for non-specific and specific reversal agents, reporting that 

patients on Factor Xa inhibitors generally experienced higher reversal rates compared with 

patients on dabigatran; reversal rates were highest in each case when a specific reversal 

agent was used [64]. Activated PCC was also shown to be effective in reversing DOAC 

anticoagulation due to bleeding or requirement for urgent surgical intervention, with TEE 

rates ranging from 8 to 10% [65,66].

A retrospective study investigated the safety and efficacy of 4F-PCC in patients with major 

bleeding, comparing outcomes according to baseline anticoagulation therapy (warfarin, 

rivaroxaban, or apixaban). Here, 4F-PCC effectively reversed warfarin, rivaroxaban, and 

apixaban anticoagulation, with <6% of patients experiencing TEEs; no between-group 

difference was observed in terms of either efficacy or safety for any treatment [55]. 

Another retrospective study of 4F-PCC in patients on warfarin or DOAC therapy with major 

bleeding/requiring emergent surgery supported these results, but reported a higher overall 

TEE rate (10.4%) [67]. Findings from a systematic review of studies including patients 

on VKA or DOAC therapy who received acute reversal management favored the use of 

PCC (particularly 4F-PCC) for VKA reversal, noting that TEE rates were higher in VKA 

patients receiving FFP versus those who received 4F-PCC; the authors did not recommend 

any particular therapy for DOAC reversal [68].

The safety and effectiveness of the specific reversal agents idarucizumab and andexanet alfa 

have been evaluated in several studies. The largest study (RE-VERSE AD; n = 503) reported 

that the majority of patients with uncontrollable/life-threatening bleeding experienced 

bleeding cessation within 24 h of idarucizumab administration, while >90% of patients 

requiring surgery reported normal hemostasis following idarucizumab administration [20]. 

These findings are supported by results from smaller studies in patients with bleeding or 

a requirement for urgent surgical procedure(s), along with a systematic literature review 

[69,70]. Other studies assessed the use of idarucizumab following acute ischemic stroke 

and immediately prior to thrombolysis treatment, reporting that idarucizumab effectively 

reversed the effects of dabigatran in this population [71,72].

The ANNEXA-4 study, which assessed the use of andexanet alfa in 352 patients with acute 

major bleeding within 18 h of rivaroxaban or apixaban administration, supported FDA and 

EMA approval of this reversal agent [24]. Treatment with andexanet alfa markedly reduced 

anti-factor Xa activity and was associated with good or excellent clinical hemostasis in 82% 

of cases with a 30-day TEE rate of 9.7% [24].

5. Discussion/summary

While VKAs have traditionally been the mainstay for anticoagulation, DOACs represent 

a major development in treating and preventing venous thromboembolic disease and in 

suppressing stroke risk in atrial fibrillation. Interest in DOAC therapy has increased 

significantly over time, with prescription claims rising from 15.4% to 31.0% of all oral 

anticoagulant claims between 2013 and 2015, according to US Medicare data [73]. Google 

Trend data also indicate an increasing global interest in DOAC therapy; the greatest 
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number of searches for dabigatran, rivaroxaban, and apixaban between 2012 and 2017 were 

conducted in North America, central/eastern Europe, and Australia. Interest in edoxaban was 

less pronounced and restricted to Germany, Japan, and the USA. Interest in warfarin therapy, 

in contrast to DOAC therapy, has decreased significantly over time [74].

A key issue with guidelines is that they become out of date as soon as they are published, 

due to the continuous publication of new clinical data. This is especially relevant for DOAC 

reversal, with several current guidelines published prior to the approval of andexanet alfa. 

Attempts are being made to update guidelines to address use of this agent. Recent clinical 

data support the use of 4F-PCC in VKA reversal and also DOAC reversal if specific agents 

are not available, while currently available clinical data on idarucizumab and andexanet 

alfa supports their use in specific DOAC reversal. It is likely that anticoagulation reversal 

guidelines will continue to evolve, particularly in the case of specific DOAC reversal agents, 

as more evidence becomes available on their appropriate use.
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e 
di

ag
no

si
s 

an
d 

tr
ea

tm
en

t o
f 

sp
on

ta
ne

ou
s 

IC
H

. A
n 

up
da

te
 o

f 
th
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l o
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 c
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C
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 D
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 c
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l o
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 f
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 c
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E
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 p
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R
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at
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t c
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 f
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 o
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 o
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N
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[4

5]
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e 

in
di

vi
du

al
 r

ev
er

sa
l a

ge
nt

s 
sh

ou
ld

 b
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 s
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 k
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 d
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 p
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 f
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 m
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 p
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[3
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ee

di
ng

E
le

ct
ro

ni
c 

da
ta

ba
se

s 
w

er
e 

se
ar

ch
ed
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at
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e 
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g 
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G
R
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D

E
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T
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it 
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, 
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 d
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 f
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n
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ra
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 o
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ra
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[3
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 p
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 p
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[5
]
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 p
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 d
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l. 
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ui
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 c
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e 
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t d
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pe

nd
en

t 
sy

st
em

at
ic
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w
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m
en

da
tio

n/
le
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ra
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 f
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 b
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ra
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 b
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at
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[7

4]
To

 p
ro

vi
de

 g
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 th
e 

m
an
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t o

f 
an
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gu
la

tio
n 
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 p
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s 
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l 
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n

T
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 p
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m
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e 
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d 
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n 
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 p
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l 
an

tic
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en
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s 
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 r
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ev
an

t f
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ge
nt
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m

er
ge
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 p
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ce

du
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s)

N
ar

ra
tiv

e 
re

vi
ew

 o
f 

th
e 

lit
er

at
ur

e 
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 o
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er
 d

ir
ec

t g
ui
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e 
w

he
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va

ila
bl

e.
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re
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 in
 w

hi
ch

 c
lin

ic
al

 ju
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em
en
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s 

ne
ed

ed
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 h
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ig
ht

ed

G
ui

da
nc

e 
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 th

e 
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rm
 o

f 
st

at
em

en
ts
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nd

 
al

go
ri

th
m

s 
co

ve
ri

ng
 th

e 
de

ci
si

on
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f 
w

he
th

er
 

an
d 

ho
w

 to
 in

te
rr

up
t a

nt
ic

oa
gu

la
tio

n;
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he
th
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an
d 

ho
w
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nt
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oa

gu
la
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 b
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in
g 
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ou

ld
 b

e 
pe

rf
or

m
ed

; a
nd

 w
he

n 
an

d 
ho

w
 a

nt
ic

oa
gu
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nt

 
th

er
ap

y 
sh

ou
ld

 b
e 

re
st

ar
te

d

E
ur

op
ea

n 
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ci
et

y 
of

 
A

na
es

th
es

io
lo

gy
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K
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ek
-

L
an

ge
ne

ck
er

 e
t a

l. 
20

17
) 

[3
2]

A
n 

up
da

te
 o

f 
th

e 
20

13
 E

SA
 e

vi
de

nc
e-

ba
se

d 
gu

id
el

in
es

 o
n 

th
e 

m
an

ag
em

en
t o

f 
se

ve
re

 
pe

ri
op

er
at

iv
e 

bl
ee

di
ng

 to
 a

id
 p

hy
si

ci
an

s 
to

 
pr

ep
ar

e 
fo

r 
po

te
nt

ia
l b

le
ed

in
g 

ri
sk

s,
 p

la
n 

fo
r 

an
y 

E
le

ct
ro

ni
c 

da
ta

ba
se

s 
w

er
e 

se
ar

ch
ed

 f
ro

m
 2

01
1 

to
 2

01
5.

 
T

he
 G

R
A

D
E

 s
ys

te
m

 w
as

 u
til

iz
ed

T
he

 r
ep

or
t i

nc
lu

de
s 

ge
ne

ra
l r

ec
om

m
en

da
tio

ns
, 
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 w

el
l a

s 
sp

ec
if

ic
 r

ec
om

m
en

da
tio

ns
 in

 v
ar

io
us

 
fi

el
ds

 o
f 

su
rg

ic
al

 in
te

rv
en

tio
n
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So
ci

et
y/

gr
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p 
(c

it
at

io
n)

A
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s
E

vi
de

nc
e 

us
ed

 a
nd

 g
ra

di
ng

 s
ys

te
m

F
or

m
at

 o
f 

gu
id

el
in

es

in
tr

ao
pe

ra
tiv

e 
bl

ee
di

ng
 a

nd
 ta

ke
 a

ny
 n

ec
es

sa
ry

 
ac

tio
n

B
ri

tis
h 

So
ci

et
y 

fo
r 

H
em

at
ol

og
y 

(K
ee

lin
g 

et
 a

l. 
20

16
) 

[7
5]

T
he

 g
ui

de
lin

e 
co

ns
id

er
s 

w
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th
er

 a
nd

 w
he

n 
an

tic
oa

gu
la

nt
s 

an
d 

an
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la
te

le
t a

ge
nt

s 
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ou
ld

 b
e 

st
op

pe
d 
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 e

le
ct

iv
e 

su
rg

er
y 

an
d 

in
va

si
ve

 
pr

oc
ed

ur
es

, w
he

n 
ag

en
ts

 c
an

 b
e 

re
st

ar
te

d 
an

d 
ho

w
 

to
 m

an
ag

e 
pa

tie
nt

s 
on

 th
es

e 
dr

ug
s 

w
ho

 r
eq

ui
re

 
em

er
ge

nc
y 

su
rg

er
y

E
le

ct
ro

ni
c 

da
ta

ba
se

s 
w

er
e 

se
ar

ch
ed

 u
p 

to
 2

01
5.

 T
he

 
G

R
A

D
E

 s
ys

te
m

 w
as

 u
se

d 
to

 e
va

lu
at

e 
le

ve
ls

 o
f 

ev
id

en
ce

 
an

d 
as

se
ss

 th
e 

st
re

ng
th

 o
f 

re
co

m
m

en
da

tio
ns

G
ui

de
lin

es
 a

re
 b

ro
ke

n 
do

w
n 

in
to

 s
ec

tio
ns

 w
ith

 a
 

re
vi

ew
 o

f 
th

e 
lit

er
at

ur
e 

fo
llo

w
ed

 b
y 

a 
se

ri
es

 o
f 

re
co

m
m

en
da

tio
ns

 f
or

 e
ac

h 
se

ct
io

n

‘G
ro

up
e 

d'
In

té
rê

t e
n 

H
ém

os
ta

se
 

Pé
ri

op
ér

at
oi

re
’ (

G
IH

P,
 w

or
ki

ng
 

gr
ou

p 
on

 p
er

io
pe

ra
tiv

e 
he

m
os

ta
si

s;
 F

ar
ao

ni
 e

t a
l. 

20
15

) 
[3

6]

U
pd

at
es

 to
 th

e 
m

an
ag

em
en

t o
f 

D
O

A
C

s.
 T

he
 a

rt
ic

le
 

br
ie

fl
y 

re
vi

ew
s 

cu
rr

en
t e

vi
de

nc
e 

an
d 

pr
op

os
es

 a
n 

al
go

ri
th

m
 b

as
ed

 o
n 

pu
bl

is
he

d 
in

fo
rm

at
io

n 
fo

r 
th

e 
pe

ri
op

er
at

iv
e 

m
an

ag
em

en
t o

f 
pa

tie
nt

s 
tr

ea
te

d 
w

ith
 

D
O

A
C

s

N
ar

ra
tiv

e 
re

vi
ew

 o
f 

lit
er

at
ur

e 
of

 p
re

op
er

at
iv

e,
 

in
tr

ao
pe

ra
tiv

e,
 a

nd
 p

os
to

pe
ra

tiv
e 

m
an

ag
em

en
t o

f 
D

O
A

C
s 

up
 to

 2
01

5

R
ec

om
m

en
da

tio
ns

 o
n 

th
e 

pe
ri

op
er

at
iv

e 
m

an
ag

em
en

t o
f 

pa
tie

nt
s 

tr
ea

te
d 

w
ith

 D
O

A
C

s 
ar

e 
fo

rm
at

te
d 

as
 a

n 
al

go
ri

th
m

, l
ar

ge
ly

 b
as

ed
 

on
 e

xp
er

t o
pi

ni
on

 d
ue

 to
 la

ck
 o

f 
go

od
 c

lin
ic

al
 

st
ud

ie
s 

av
ai

la
bl

e 
at

 th
e 

tim
e

G
en

er
al

A
m

er
ic

an
 C

ol
le

ge
 o

f 
C

ar
di

ol
og

y/
A

m
er

ic
an

 H
ea

rt
 

A
ss

oc
ia

tio
n 

Ta
sk

 F
or

ce
 o

n 
C

lin
ic

al
 P

ra
ct

ic
e 

G
ui

de
lin

es
 

an
d 

th
e 

H
ea

rt
 R

hy
th

m
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(J
an

ua
ry
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t a

l. 
20

19
) 

[7
6]

T
hi
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n 
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f 
th

e 
20
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e 
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r 
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e 

m
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f 
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w
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l f
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n

T
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s 
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e 
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 m
od
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s 
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e 

m
et
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n 
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e 
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s 
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 p
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d 
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an
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s 
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or
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ns
, i
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 th
e 

In
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itu
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 o
f 

M
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ic
in

e 
an

d 
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th

e 
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s 
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e-
ev
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n

T
hi

s 
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el
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e 
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w
s 

C
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f 
R
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m
en
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L

ev
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 o
f 

E
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e
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e 

d'
In

té
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n 

H
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os
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se
 

Pé
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G
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 p
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io
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tiv
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m
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s;
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o 
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l. 
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) 
[3

5]

T
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s 
up
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 o
f 
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e 
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on
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e 

m
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m
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y 
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y 
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at
ie
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s 
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d 

w
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 d
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at
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w
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m
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io
n 
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 p
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N
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tiv
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f 
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t o
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 m
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ge
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y 
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ve
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s 
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d 

w
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 d
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n

G
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nc

e/
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m

m
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ad
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R
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m

en
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 d
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e 
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d 
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m
m

ar
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ed
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s 
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m
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s

C
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ad
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n 
C

ar
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[4

4]

T
he

 g
ui

de
lin

es
 c
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m
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ee

 p
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de

s 
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 r
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w
s 
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 d
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a 
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s 
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l f
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ri
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n 

m
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T
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e 
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 D
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R
ec
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m
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G

R
A

D
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ra

tu
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d,

 a
lo

ng
 w

ith
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ra
tio

na
le

E
ur

op
ea

n 
H

ea
rt

 R
hy

th
m

 
A

ss
oc

ia
tio

n 
(S

te
ff

el
 e

t a
l. 

20
18

) 
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4]

T
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 th
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 G
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bl
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t D
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l f
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e 
co

nt
ex

t o
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m
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en

t o
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ng
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 D

O
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C
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A
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[4
1]

D
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t o
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ui

de
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e 

pa
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D

O
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ed

in
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ry

R
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m
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 o
n 
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e 
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m
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n 
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iv
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G
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 p
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w
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el
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es

T
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 g
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 c
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t s
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 D
O

A
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bo
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 m
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O
A
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(3
) 

m
an

ag
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ee
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ic
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ns

 o
r 

re
ve

rs
e 

th
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nt

 e
ff

ec
ts

 f
or

 u
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e 

co
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t b
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