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ABSTRACT 
The rapid reversal of anticoagulant activity is summarised in this review, which highlights important factors for 
anaesthesiologists handling patients on different anticoagulants, especially in emergency surgical situations. 
Understanding particular reversal techniques and their perioperative implications is crucial for the best possible 
patient care, given the growing use of direct oral anticoagulants and their different pharmacological profiles from 
classic vitamin K antagonists. This narrative review delineates the classifications of antithrombotic agents, 
distinguishing between anticoagulants that modulate thrombin generation and antiplatelet drugs that inhibit 
platelet activation. Despite extensive experience, the perioperative management of these agents continues to pose 
a dilemma in balancing the inherent risks of bleeding against thrombotic complications. The increasing prevalence 
of patients receiving anticoagulant or antiplatelet therapy further complicates surgical planning, with current 
guidelines often recommending significant delays for regional anesthesia in particular. Consequently, a thorough 
understanding of the principles of interruption and resumption of antithrombotic, anticoagulant, and antiplatelet 
therapy is essential for guiding clinical decision-making in diverse surgical contexts. This review will explore 
evidence-based approaches to perioperative anticoagulant management, addressing both elective and urgent 
surgical situations, with a focus on vitamin K antagonists, direct oral anticoagulants, and antiplatelet agents. This 
includes an in-depth analysis of their respective mechanisms of action, available reversal agents, and the clinical 
scenarios necessitating their immediate neutralization. The objective is to provide a comprehensive resource for 
anesthesiologists to navigate the complexities of anticoagulation reversal, ensuring patient safety and optimizing 
surgical outcomes by mitigating both hemorrhagic and thrombotic risks. 
Keywords: Anticoagulation, Reversal, Anesthesia, Direct Oral Anticoagulants, Vitamin K Antagonists, 
Antiplatelet Agents, Perioperative Management. 
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Introduction 
The intricate balance between preventing thrombotic 
events and mitigating hemorrhagic complications 
poses a significant challenge in the perioperative 
management of patients receiving antithrombotic 
medications.1-4 This challenge is further compounded 
by the escalating number of patients on long-term 

antithrombotic regimens for various cardiovascular 
conditions, necessitating careful consideration of 
treatment interruption before surgical or invasive 
procedures. 5,6 Current guidelines often advise 
discontinuing these medications several days prior to 
elective surgery, a period determined by the specific 
agent's pharmacokinetics and the patient's individual 
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risk profile. 7-10. However, emergency surgical 
interventions frequently preclude such planned 
interruptions, thereby necessitating rapid and effective 
reversal strategies to mitigate intraoperative and 
postoperative bleeding risks. This review, therefore, 
aims to consolidate the most recent evidence-based 
recommendations and emerging pharmacological 
strategies for the immediate reversal of both traditional 
and novel anticoagulants in emergent surgical 
contexts. Optimal management necessitates an 
interprofessional approach to determine the 
appropriate duration and discontinuation of temporary 
anticoagulation interruption, sometimes requiring 
parenteral anticoagulation bridging based on 
individualized patient and procedure risks and 
benefits. 11-15 The pharmacology of these agents, 
particularly their impact on hemostasis, is critical for 
anesthesiologists to comprehend when patients 
undergo non-cardiac elective surgery. The diverse 
mechanisms of action of direct oral anticoagulants, 
which include direct thrombin inhibitors and Factor Xa 
inhibitors, necessitate distinct reversal approaches 
compared to traditional vitamin K antagonists, which 
impair the synthesis of vitamin K-dependent 
coagulation factors. 16,17. Navigating these 
differences, including drug half-life and renal function, 
is paramount for guiding periprocedural anticoagulant 
management and determining the optimal timing for 
drug interruption. In emergent scenarios, however, the 
luxury of timed interruption is often unavailable, 
demanding immediate and effective reversal strategies 
to mitigate elevated bleeding risks. 18-21.  This review 
will particularly emphasize direct oral anticoagulants 
given their increasing prevalence and the unique 
challenges they present due to their predictable 
pharmacology, which bypasses routine laboratory 
monitoring, yet complicates perioperative 
management due to the limited availability of specific 
reversal agents and rapid assessment tools for their 
anticoagulant effects.  
Methodology 
This narrative review involved a comprehensive 
search of electronic databases, including PubMed, 
Embase, and Scopus, to identify relevant articles 
published between 2010 and 2023. The search strategy 
employed a combination of Medical Subject Headings 
and free-text terms, including "anticoagulation 
reversal," "perioperative management," "direct oral 
anticoagulants," "vitamin K antagonists," "antiplatelet 
agents," and "anesthesia." Inclusion criteria focused on 
systematic reviews, meta-analyses, randomized 
controlled trials, guidelines, and expert consensus 

statements concerning the perioperative management 
and reversal of antithrombotic therapies. Exclusion 
criteria comprised case reports, observational studies 
with limited generalizability, and articles not published 
in English. The identified literature was critically 
appraised for methodological quality and relevance to 
the review's objectives. Data synthesis was performed 
qualitatively, categorizing findings based on 
anticoagulant class and clinical scenario to highlight 
key considerations for anesthesiologists.  
Literature Search Strategy 
A detailed search string combining Boolean operators 
was constructed to maximize specificity and 
sensitivity, targeting clinical trials and comprehensive 
reviews on the periprocedural management of 
anticoagulated patients undergoing surgical or 
invasive procedures. This approach ensured the 
capture of studies addressing the nuances of 
anticoagulant reversal and perioperative management 
strategies for diverse patient populations.  
Inclusion and Exclusion Criteria 
Studies focusing on novel reversal agents and 
established protocols for managing coagulopathy in 
emergency settings were prioritized, while those 
concentrating solely on long-term anticoagulant 
therapy monitoring without perioperative relevance 
were excluded. Given the rapid evolution of 
anticoagulant therapies and their reversal agents, 
particular attention was paid to publications detailing 
recent advancements and clinical trials evaluating the 
efficacy and safety of new pharmacological 
interventions.  
 
 
Data Extraction Process 
Data pertinent to anticoagulant type, reversal agent 
efficacy, patient outcomes (e.g., bleeding, thrombosis), 
and procedural characteristics were systematically 
extracted from the included studies to inform the 
subsequent synthesis. This rigorous data extraction 
process aimed to capture both qualitative and 
quantitative insights, ensuring a robust foundation for 
discussing the implications for clinical practice and 
future research directions. Risk of Bias Assessment. 
Given the narrative nature of this review, a formal 
quantitative risk of bias assessment using tools like the 
Cochrane Risk of Bias tool for randomized controlled 
trials or the Newcastle-Ottawa Scale for observational 
studies was not performed. However, each included 
study underwent a critical appraisal by at least two 
authors to evaluate methodological rigor and relevance 
to the review's objectives, with any discrepancies 
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resolved through discussion with a third reviewer. This 
qualitative assessment focused on the clarity of 
reporting, appropriateness of study design for the 
research question, and the generalizability of findings 
to the perioperative setting. This qualitative evaluation 
aimed to ensure that the synthesized evidence 
maintained a high degree of internal consistency and 
external validity within the context of anesthetic 
practice. However, limitations arising from the 
heterogeneity of study designs, participant 
populations, and outcome measures across the diverse 
literature precluded a formal meta-analysis.  
 
Overview of Anticoagulation Therapies 
The following sections delineate the pharmacological 
profiles, mechanisms of action, and clinical indications 
for various classes of anticoagulants, including vitamin 
K antagonists, unfractionated heparin, low molecular 
weight heparin, and direct oral anticoagulants, 
providing a foundational understanding for their 
perioperative management. This foundational 
understanding is crucial for optimizing therapeutic 
plans, especially given the rapid evolution in 
anticoagulation pharmacology and the increasing 
complexity of patient care. Specifically, understanding 
the pharmacokinetics and pharmacodynamics of these 
agents is critical for anesthesiologists to appropriately 
time drug interruption or initiate reversal strategies in 
the periprocedural period (20,21,22).  
Direct Oral Anticoagulants (DOACs) 
Direct Oral Anticoagulants, including direct thrombin 
inhibitors (e.g., dabigatran) and factor Xa inhibitors 
(e.g., rivaroxaban, apixaban, edoxaban), have 
increasingly superseded Vitamin K Antagonists due to 
their predictable pharmacokinetics, fewer drug-food 
interactions, and often superior safety profiles, 
particularly concerning intracranial hemorrhage. 
However, their widespread adoption has introduced 
new challenges in perioperative management, 
primarily due to the lack of widely available and rapid 
point-of-care monitoring assays and specific reversal 
agents for all DOACs (23,24).  
Vitamin K Antagonists (VKAs) 
In contrast, Vitamin K Antagonists, primarily 
warfarin, have a well-established history of use, with 
their anticoagulant effect mediated by inhibiting 
vitamin K epoxide reductase, thereby impeding the 
synthesis of factors II, VII, IX, and X, as well as 
proteins C and S. Despite their efficacy, the narrow 
therapeutic window and significant inter-individual 
variability in response necessitate frequent monitoring 

of the International Normalized Ratio to guide dosing 
adjustments (25).  
 
Heparins 
Heparins, encompassing both unfractionated heparin 
and low molecular weight heparins, exert their 
anticoagulant effects primarily by catalyzing the 
inhibition of thrombin and factor Xa through their 
interaction with antithrombin. Unfractionated heparin, 
with its variable anticoagulant response and 
requirement for activated partial thromboplastin time 
monitoring, contrasts with low molecular weight 
heparins, which exhibit a more predictable dose-
response relationship and generally do not necessitate 
routine laboratory monitoring (26,27).  
Assessment of Bleeding Risk in Anaesthesia 
Accurate assessment of a patient's bleeding risk is 
paramount in devising appropriate perioperative 
management strategies for individuals on 
anticoagulation therapy, balancing the imperative of 
hemostasis with the prevention of thrombotic events. 
This assessment involves a comprehensive evaluation 
of patient-specific factors, such as comorbidities, the 
nature of the surgical procedure, and the 
pharmacological characteristics of the anticoagulant 
agents involved, to stratify the risk of both bleeding 
and thrombosis (28).  
Patient-Specific Factors 
These factors include renal and hepatic function, age, 
genetic predispositions, and the presence of concurrent 
antiplatelet therapy, all of which can significantly 
modulate the pharmacokinetics and 
pharmacodynamics of anticoagulant medications. 
Furthermore, individual patient responses to 
anticoagulants can vary based on genetic 
polymorphisms affecting drug metabolism and target 
receptors, requiring a personalized approach to risk 
assessment.  
Procedure-Specific Factors 
Surgical invasiveness, anticipated blood loss, and the 
criticality of uninterrupted anticoagulation for 
preventing thromboembolic events are pivotal 
considerations. For instance, procedures involving 
highly vascularized tissues or confined anatomical 
spaces inherently carry a higher risk of clinically 
significant bleeding. Moreover, neuraxial procedures, 
such as spinal or epidural anesthesia, pose a unique risk 
for epidural hematoma formation, necessitating strict 
adherence to guidelines regarding anticoagulant 
interruption and resumption (29).  
Reversal Strategies for Anticoagulants 
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The advent of novel anticoagulant agents has 
necessitated the development of specific reversal 
strategies to expeditiously restore hemostasis in 
emergent situations, thereby mitigating the risk of 
hemorrhage while minimizing thrombotic 
complications. These strategies range from non-
specific interventions, such as prothrombin complex 
concentrates and fresh frozen plasma, to targeted 
pharmacological antidotes designed to neutralize the 
activity of specific anticoagulants (30).  
Non-Pharmacological Approaches 
These approaches encompass mechanical 
compression, surgical hemostasis, and the transfusion 
of blood products, such as packed red blood cells and 
platelets, to address acute blood loss and improve 
coagulopathy in cases where pharmacological reversal 
agents may be insufficient or unavailable (31).  
Pharmacological Reversal Agents 
The advent of direct oral anticoagulant therapies has 
spurred the development of specific reversal agents, 
such as idarucizumab for dabigatran and andexanet 
alfa for rivaroxaban and apixaban, which directly 
neutralize the anticoagulant effect of these drugs. For 
vitamin K antagonists, vitamin K supplementation or 
administration of prothrombin complex concentrates 
or plasma can achieve reversal, with four-factor PCCs 
being the preferred option for rapid reversal prior to 
emergency surgery. Conversely, the management of 
unfractionated heparin overdose or bleeding often 
involves protamine sulfate, which forms a stable 
complex with heparin, thereby neutralizing its 
anticoagulant activity(32,33). 
Specific Reversal for DOACs 
For direct oral anticoagulants, the primary specific 
reversal agents include idarucizumab for dabigatran 
and andexanet alfa for factor Xa inhibitors like 
rivaroxaban and apixaban. While idarucizumab 
specifically targets dabigatran, andexanet alfa 
functions as a decoy receptor for factor Xa inhibitors, 
binding to and sequestering these agents to restore 
normal hemostasis (34,35).  
Specific Reversal for VKAs 
Reversal of VKAs predominantly involves vitamin K 
administration, which facilitates the synthesis of 
functional clotting factors, and in situations requiring 
more rapid correction of coagulopathy, prothrombin 
complex concentrates are utilized to directly replenish 
these factors. Additionally, Fresh Frozen Plasma can 
be employed, though it typically requires larger 
volumes to achieve comparable factor concentrations 
and is less efficient than PCCs for rapid reversal in 
urgent scenarios. The choice between these reversal 

agents depends on the urgency of the situation, the 
severity of bleeding, and the specific VKA involved 
(36,37,38).  
Specific Reversal for Heparins 
Protamine sulfate remains the primary agent for 
reversing unfractionated heparin, forming a stable 
complex that neutralizes its anticoagulant effects. 
However, its efficacy against low molecular weight 
heparins is less complete and more variable, reflecting 
differences in their molecular structures and 
mechanisms of action. For instances where specific 
reversal agents for DOACs are unavailable or 
unapproved, such as with edoxaban, prothrombin 
complex concentrate or activated prothrombin 
complex concentrate are frequently employed in cases 
of severe bleeding or urgent surgical requirements 
(39,40).  
Clinical Scenarios and Management 
The decision to reverse anticoagulation should 
carefully weigh the benefits of achieving hemostasis 
against the inherent risks of post-reversal thrombosis 
(41). This delicate balance necessitates a nuanced 
understanding of pharmacokinetics, 
pharmacodynamics, and patient-specific 
coagulopathies to tailor an optimal reversal strategy. 
The subsequent management framework typically 
involves a multidisciplinary approach, integrating 
input from anesthesiologists, surgeons, hematologists, 
and critical care specialists to determine the most 
appropriate timing and method of anticoagulant re-
initiation post-reversal. Moreover, the potential for 
rebound hypercoagulability following the 
discontinuation of anticoagulant therapy or the 
administration of reversal agents further complicates 
management, requiring vigilant monitoring and 
individualized thromboprophylaxis strategies. 
Clinicians are increasingly encountering situations 
where anticoagulants need to be withheld, including 
elective or emergency procedures, or in cases of 
significant bleeding due to over-anticoagulation or 
intercurrent illnesses (42). In such scenarios, a 
thorough assessment of the patient's thrombotic risk 
versus their bleeding risk is paramount in guiding the 
decision-making process for anticoagulant reversal or 
temporary interruption (35,38).  
Emergency Surgery 
In the context of emergency surgery, rapid and 
effective reversal of anticoagulation is critical to 
minimize perioperative hemorrhagic complications 
while balancing the risk of thrombotic events. This 
often necessitates the immediate administration of 
specific reversal agents or broad-spectrum hemostatic 
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therapies, with clinical decisions frequently guided by 
the urgency of the procedure and the specific 
anticoagulant employed (43). For instance, patients on 
factor Xa inhibitors requiring urgent surgery may 
receive activated prothrombin complex concentrate to 
counteract anticoagulation, particularly when specific 
antidotes are unavailable (44,45). Similarly, for 
patients on direct oral anticoagulants, delaying surgery 
for at least 12 to 24 hours post-last dose is advisable if 
possible, but immediate life-saving interventions may 
necessitate the use of reversal agents (46). However, 
the choice and timing of these reversal agents are 
complex, requiring careful consideration of the 
surgical bleeding risk and the patient's underlying 
thrombotic risk (11,47).  
Regional Anaesthesia 
Regional anesthesia techniques, while offering 
numerous advantages such as reduced opioid 
consumption and faster recovery, introduce additional 
considerations regarding perioperative anticoagulation 
due to the inherent risk of neuraxial hematoma 
formation (31). Consequently, stringent guidelines 
regarding the timing of neuraxial blockade relative to 
the administration of antithrombotic agents, as well as 
the removal of epidural catheters, are crucial to 
mitigate this serious complication (48). Special caution 
is necessary in all patients with anticoagulation who 
undergo epidural or spinal anesthesia or puncture, as 
bruising has occurred that can lead to long-term or 
permanent paralysis (49). In such scenarios, a thorough 
preoperative assessment, including coagulation tests, 
is crucial to evaluate the patient's hemostatic status and 
ensure an adequate safety margin for neuraxial 
procedures (2). Further, the choice between different 
neuraxial techniques should consider the associated 
bleeding risks; for example, a single-shot spinal 
anesthetic with a small bore needle is generally 
preferred over continuous epidural techniques in 
patients with altered coagulation profiles (31).  
Neurosurgical Procedures 
Given the critical nature of intracranial hemostasis, 
neurosurgical interventions demand an even more 
meticulous approach to anticoagulant management, 
often requiring complete cessation of antithrombotic 
agents and, in emergent cases, aggressive reversal 
strategies. This often involves a multidisciplinary 
discussion to balance the risk of hemorrhagic 
complications during surgery against the ongoing risk 
of thromboembolism, particularly for patients with 
conditions such as atrial fibrillation or mechanical 
heart valves (50). The use of reversal agents, such as 
prothrombin complex concentrates or specific direct 

oral anticoagulant antidotes, is frequently mandated 
prior to neurosurgical procedures to normalize 
coagulation parameters and minimize intracranial 
hemorrhage (51). Conversely, for planned 
neurosurgical procedures in patients receiving direct 
oral anticoagulants, temporary discontinuation of the 
anticoagulant may suffice, although the optimal 
duration of this interruption remains a subject of 
ongoing research and clinical debate (52). Moreover, 
the potential for neurological compromise from even 
minor hematomas within the confined spaces of the 
cranium and spinal canal elevates the need for precise 
and timely anticoagulant reversal in this patient 
population (53).  
Discussion 
The preceding sections have systematically delineated 
the intricate challenges associated with anticoagulant 
reversal in various clinical contexts, highlighting the 
imperative for tailored management strategies.  
Current Challenges in Reversal Management 
A significant challenge lies in the rapid and accurate 
assessment of individual patient coagulation status, 
especially in emergency settings, where immediate 
decisions regarding reversal agent administration are 
necessary (54). The variability in anticoagulant 
pharmacokinetics and pharmacodynamics further 
complicates this assessment, as standard coagulation 
tests may not accurately reflect the anticoagulant 
effect, particularly with direct oral anticoagulants (55). 
Furthermore, the increasing prevalence of an aging 
population on multiple antithrombotic medications 
presents a higher incidence of coagulation-associated 
postoperative complications, underscoring the 
limitations of existing guidelines for coagulation 
management (54). This highlights a critical need for 
enhanced diagnostic modalities and refined algorithms 
for predicting hemorrhagic and thrombotic risks in 
complex patients. The limited availability and high 
cost of specific reversal agents for direct oral 
anticoagulants also present practical challenges, 
particularly in resource-constrained environments 
(56). This includes addressing limitations such as the 
incomplete reversal action of current methods and the 
need to investigate a broader range of potential 
candidates for more comprehensive and effective 
anticoagulation reversal strategies (63).  
For instance, recombinant factor VIIa (rFVIIa) and 
activated prothrombin complex concentrates (aPCCs) 
have shown promise in reversing the effects of certain 
direct oral anticoagulants, but their pro-coagulant 
nature necessitates careful administration due to the 
risk of thrombosis (64). Moreover, ongoing trials, such 
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as those evaluating ciraprantag, aim to introduce 
broad-spectrum reversal agents capable of neutralizing 
the effects of multiple anticoagulant classes, thereby 
simplifying reversal strategies and potentially 
enhancing patient safety (65). The development of 
novel reversal agents like andexanet alfa for factor Xa 
inhibitors represents a significant advancement, 
offering rapid restoration of hemostasis by acting as a 
decoy protein (66–68). These new agents, along with 
the continued exploration of other potential reversal 
compounds, such as ciraparantag, highlight a dynamic 
field of research dedicated to improving patient safety 
through more effective hemostatic control (69). 
Despite these advancements, persistent challenges 
remain, including the need for robust clinical outcome 
data for novel reversal agents in emergency scenarios 
and the optimization of monitoring strategies to detect 
recurrent anti-Xa activity post-reversal (70,71).  
 
Efficacy and Safety of Reversal Agents 
The efficacy and safety profiles of available reversal 
agents vary considerably, necessitating careful 
consideration of their pharmacodynamics, potential 
side effects, and impact on thrombotic risk when 
selecting an appropriate intervention. For instance, 
while prothrombin complex concentrates offer broad-
spectrum reversal for vitamin K antagonists and, to a 
lesser extent, factor Xa inhibitors, their use can be 
associated with thrombogenic potential (57). 
Conversely, specific antidotes such as idarucizumab 
for dabigatran and andexanet alfa for factor Xa 
inhibitors offer targeted reversal with potentially fewer 
thrombotic complications, yet their rapid adoption is 
hindered by economic and accessibility factors (58).  
Future Directions and Research Gaps 
Future research should focus on developing more cost-
effective and universally accessible reversal agents, as 
well as advancing point-of-care testing devices to 
provide immediate and precise coagulation status 
monitoring (59). Furthermore, efforts are needed to 
standardize guidelines for anticoagulant reversal, 
particularly concerning direct oral anticoagulants, as 
current practices demonstrate considerable 
heterogeneity (60).  
 
 
Conclusion 
Despite the availability of treatment recommendations 
and documented treatment algorithms, this review 
emphasizes how different approaches are now used to 
anticoagulation reversal. Treatment protocols are 
difficult to implement because of the constantly 

changing treatment landscape, the ongoing publication 
of new evidence, and other factors like patient 
comorbidities, the cost of reversal agents and any 
necessary testing, the definition of major or life-
threatening bleeding and major surgery, and logistical 
and legal considerations. Evidence and professional 
judgments from healthcare professionals who oversee 
patients getting OACs should serve as the foundation 
for protocols. 
The complex interplay of patient-specific factors, 
anticoagulant pharmacology, and procedural bleeding 
risk necessitates a comprehensive and individualized 
approach to reversal management in clinical practice. 
Continued research into novel reversal agents and the 
refinement of existing protocols is essential to 
optimize patient outcomes and minimize 
complications in emergent and elective scenarios (61). 
Research is ongoing to discover more effective and 
affordable antidotes for novel oral anticoagulants, 
especially as their use becomes more widespread (62).  
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