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5.1 Introduction

The perioperative management of patients receiving anticoagulant represents a real
challenge in a daily clinical setting, especially in case of emergency invasive proce-
dure. Interruption of anticoagulant increase thromboembolic risk; however, con-
tinuing anticoagulation increases the risk of bleeding associated with invasive
procedures, both affecting mortality. The perioperative management is based on the
balance between reducing the risk of thromboembolism and prevevnting excessive
bleeding. The decision and the timing of the interruption are influenced by patient’s
characteristic, type of surgery, type of anesthesia (i.e., general anesthesia, neuraxial
anesthesia), and type of anticoagulants. Even if not conclusive, preliminary data
suggests that the bleeding rate differs between different types of anticoagulants [1,
2]. Unfortunately, especially in the emergency setting, there is a lack of well
designed clinical trials, consequently, the decision of anticoagulant interruption and
reversal is often based on scarce evidence or routine clinical experience.

Once the decision of anticoagulant interruption has been made, additional issues
to cope with are represented by the timing of the interruption and the necessity of
bridging with a shorter-acting drug. The timing is strictly related to specific antico-
agulant used, due to its half-lives and metabolism. Premature withdrawal is strictly
connected to an increased risk of thromboembolism events (e.g., venous
thromboembolism-VTE); however, at the same time, the agent should be stopped in
sufficient time to obtain marginal or no residual anticoagulant effect to minimize
bleeding complications [3-5]. Moreover, not only the appropriate time of
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interrupting perioperatively but also the proper time to resume anticoagulants post-
operatively is challenging. Bridging anticoagulation consists of the administration
of short-acting anticoagulant drugs, generally, subcutaneous injection of low-
molecular-weight heparin (LMWH) or intravenous administration of unfractionated
heparin (UFH), started on the day of vitamin K antagonists (VKAs) interruption in
order to reduce thromboembolic complications [6, 7]. Unfortunately, bridging anti-
coagulation may increase periprocedural bleeding, then, bridging has to be reserved
for patients with high thromboembolic risk (e.g., mechanical valve, high CHADS,
score, VTE in the previous 3 months) [8, 9].

Warfarin and other vitamin k antagonists are extensively used. The indications of
VKAs are represented by prophylaxis and treatment of thromboembolic complica-
tions associated with atrial fibrillation (AF) and/or cardiac valve replacement; pro-
phylaxis and treatment of venous thrombosis and pulmonary embolism (PE);
Antiphospholipid syndrome; and high-risk post Myocardial infarction [10]. VKAs
present several disadvantages. They require frequent monitoring (i.e., INR), have a
narrow therapeutic range, and present several drug and food interactions. In the last
years, in addition to heparin and VKAs, several new agents for the prevention and
management of thromboembolic disease are released in the market. Direct oral anti-
coagulants (DOACs) include direct thrombin inhibitors (dabigatran, lepirudin, arg-
atroban, desirudin, bivaluridin) and direct factor Xa inhibitors (rivaroxaban,
apixaban, and edoxaban). DOACs are currently approved for the treatment of VTE,
VTE prophylaxis in orthopedic surgery, prevention of stroke, and thromboembo-
lism in non-valvular atrial fibrillation [11, 12]. These drugs are not indicated in
patients with severe renal impairment, with prosthetic heart valve, pregnancy, and
antiphospholipid syndrome. DOACS pose specific new challenge because they pres-
ent individual characteristics, pharmacokinetics, pharmacodynamics, and bleeding
risks [12]. The advantages of DOACs include rapid onset, wide therapeutic window,
shorter half-lives, and no food interactions without the necessity of coagulation
monitoring. However, these drugs present liver or renal metabolism, consequently,
DOAC:S have to be used with caution in patients with liver or renal impairment [13].
Not to be underestimated, recent studies have found interindividual variability in
plasma drug levels of DOACs. The patients have a higher bleeding risk when the
serum concentration of these drugs is high, whereas the patients present a high risk
of thromboembolism when the serum concentration is low. Consequently, pharma-
cogenomics of DOACs and drug interaction can contribute to increasing the bleed-
ing risk or the thrombotic risk of patients [14]. Even more, besides for Dabigatran,
no specific antidote is available for DOACs.

Finally, the reversal of the anticoagulant could be required for emergency proce-
dures, not only to prevent but also to treat perioperative bleeding. Conventionally,
fresh frozen plasma (FFP) has been widely used as VKAs reversal agent.
Furthermore, Prothrombin complex concentrates (PCC) represents an alternative
strategy in order to reverse the effects of anticoagulation treatment. PCC contains
coagulation factors II, IX, X, and VII derived from pooled plasma. Comparison
between FFP and PCC [15, 16] shows that the use of PCC allows the reduction of
volume requirements, thus preventing fluid overload, and the decrease of adverse
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immune-related risks. Other anticoagulant reversal option includes protamine, phy-
tonadione, hemodialysis, oral-activated charcoal, antifibrinolytic agents (tranexamic
agents, desmopressin). Even more, a specific reversal agent, Idarucizumab, is avail-
able for the reversal of Dabigatran [17].

5.2 Thrombotic Risk Vs. Bleeding Risk

Interruption of anticoagulant temporarily increases thromboembolic risk, conse-
quently, it is vital to estimate the thromboembolic risk of a patient in order to decide
whether to interrupt it or not. Evaluating thromboembolic risk is the first step in
order to optimize perioperative antithrombotic management. Thromboembolic risk
is categorized into low, moderate, and high-risk categories (Table 5.1).

The major factors that increase thromboembolic risk are:

— Patients with atrial fibrillation: CHA,DS,VASCc (Congestive heart failure,
Hypertension, Age > 75 years, Diabetes mellitus, Stroke or transient ischemic
attack, or thromboembolism, vascular disease, sex category) calculates the stroke
risk for patients with AF [18]. CHA,DS,VASc represented the updated version of
CHADS, score, providing a better stratification of low-risk patients [19, 20].
CHA,DS,VASc score includes the following stroke risk factors: congestive heart
failure/left ventricular dysfunction, hypertension, age > 75, diabetes, stroke, vas-
cular disease, age 65-74, and sex category (female). The maximum score is 9. A
CHA,DS,VASc of 0 (or 1 in female) outlines a low-risk patient not requiring

Table 5.1 Thromboembolic risk stratification

Thromboembolic risk

Low risk Intermediate risk High risk
AF CHA,DS,VASc CHA,DS,VASc score 3—4 CHA,DS,VASc score
score 0-2 6 and above
Recent stroke (within
3 months)
Prosthesis ~ Mechanical Mechanical bileaflet aortic valve and Any mitral valve
heart valve bileaflet aortic one of the following risk factors: AF, Any caged-ball or
valve prior stroke, hypertension, diabetes,  tilting disc aortic
No history of congestive heart failure, valve prosthesis
stroke or AF Age > 75 years Multiple mechanical
valve
Prior
thromboembolic
event
VTE VTE > 12 months  VTE within 3—12 months VTE within 3 months
No other risk No severe thrombophilia Active cancer
factors Recurrent VTE Severe thrombophilia

AF atrial fibrillation, CHA,DS,VASc Congestive heart failure, Hypertension, Age > 75 years,
Diabetes mellitus, Stroke or transient ischemic attack, or thromboembolism, vascular disease, sex
category, VTE venous thromboembolism
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anticoagulant agents. In males with CHA,DS,VASc of 3—4 the risk is moderate
and oral anticoagulation should be considered. Finally, in case of a patient with
a CHA,DS,-VASc score of 6 and above, oral anticoagulation therapy with a
Vitamin K Antagonist (in case of valvular AF) or one of the non-VKA oral anti-
coagulant drugs (in case of non-valvular AF) is recommended [18]. The decision
for thromboprophylaxis needs to be balanced with the risk of major bleeding,
especially ICH. Above all HAS-BLED (Hypertension, Abnormal renal and liver
function, Stroke, Bleeding, Labile INR, Elderly, Drugs or alcohol) is recom-
mended for bleeding risk assessment (see below). It is important to highlight that
CHA,DS,-VASc score has not been prospectively validated in the perioperative
setting; however, it can be used to assess thromboembolic risk and the necessity
of heparin bridging.

Prosthetic heart valves: prosthesis-related complications include embolic events,
thrombosis, regurgitation, hemolytic anemia, patient-prosthesis mismatch. The
anticoagulant agents indicated to prevent thrombosis and thromboembolic events
are VKASs and heparin [21]. The risk of thrombosis is highest in the first months
after surgical valve repair, consequently, all elective invasive procedures have to
be postponed at least 3 months after valve surgery. In case of VKAs interruption,
bridging with heparin has to be considered. In particular, International Normalized
Ratio (INR) value should guide the decision on drug interruption, the necessity
of bridging, or reversal agents. Even more, there are several elements to take into
account in order to assess thromboembolic risk: the number, the type, and the
location of the valvular prosthetic in addition to the presence of further cardiac
risk factor (e.g., AF, congestive heart failure, previous stroke, hypertension, dia-
betes, age > 75 years) [22].

Recent venous thromboembolism: the risk of recurrent thrombosis is highest in
the first 3 months after VTE events and declines over time, consequently, all
elective invasive procedures have to be postponed at least for 3 months [23, 24].
The risk of VTE reoccurrence is also related to whether the VTE was due to a
detectable factor (i.e., surgery, hospital admission), and whether this factor is
transient (major surgery, immobility, pregnancy, estrogen therapy), or permanent
risk factors (inherited thrombophilia, chronic heart failure, inflammatory bowel
disease, malignancy). Thromboembolic risk is categorized into low, moderate,
and high-risk categories [25]. Bridging anticoagulants has to be considered in
case of interruption.

Recent arterial thromboembolism: due to AF, paradoxical embolism, thrombotic
endocarditis, dilated contractile left ventricle, left ventricle aneurysm [26]. The
risk of thrombosis is highest in the first month after the acute event and declines
over time, consequently, all elective invasive procedures have to be delayed when
possible.

The continuation of anticoagulants increases the risk of bleeding related with

invasive procedures. In 2010, the International Society on Thrombosis and
Haemostasis for surgical studies [27] has defined major bleeding as:
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— A fatal bleeding;

— A symptomatic bleeding in a critical organ (i.e., intracranial, intraspinal, intra-
ocular, retroperitoneal, pericardial, non-operated joint, intramuscular with com-
partment syndrome);

— Bleeding in an extra surgical site causing a decrease in hemoglobin of >2 g/dL
or requiring transfusion of >2 units of blood within 2448 h to the bleeding;

— Surgical site bleeding requiring a second intervention or a hemarthrosis respon-
sible for delaying mobilization, wound healing;

— Unexpected and prolonged surgical site bleeding responsible for hemodynamic
instability, associated with a decrease in hemoglobin of >2 g/dL or requiring
transfusion of >2 units of blood within 24 h to the bleeding.

This definition was followed by the definition of perioperative bleeding in adult
cardiac surgery in 2014 [28].

The estimation of the bleeding risk is based on the type of surgery, urgency, and
the type of anesthetic technique. Some types of procedures are associated with
higher bleeding tendencies, like cardiovascular, urological, neuraxial, and intracra-
nial surgery. Invasive procedures are categorized into low, moderate and high bleed-
ing risks (Table 5.2) [29]. In particular, neuraxial anesthesia/surgery, as well as
intracranial and cardiac surgery are specifically concerning regarding bleeding risk
because of the serious complication linked to the bleeding.

Table 5.2 Bleeding risk stratification related with invasive procedures

Bleeding risk:
Low Intermediate High
* Dental procedures * Spine surgery: arthrodesis, e Thransurethral resection
* Hernia repair laminectomy of the prostate/

* Cholecystectomy

* Appendicectomy

* Breast surgery

* Ear Nose Throat procedures

without planned flap or neck

dissection
* Gastrointestinal endoscopy
* Cystoscopy
* Bronchoscopy

 Laparoscopic
hysterectomy

* Prostate or bladder biopsy

* Intra-abdominal surgery
without bowel resection

* Intra-thoracic surgery
without lung resection

* Anal surgery

* Minithoracotomy

* Splenectomy

* Gastrectomy

» Pacemaker implantation

transurethral resection of
the bladder

* Colorectal surgery with
bowel resection

* Neuraxial anesthesia

e Thoracic surgery

* Kidney transplant

e Intracranial surgery

* Major abdominal and
gynecological cancer
surgery

* Major joint replacement
(shoulder, knee, and hip)

* Open radical
prostatectomy, cystectomy

* Hepatic surgery

* Major oncologic head and
neck surgery

* Esophagectomy

* Aortic surgery

* Infective endocarditis
surgery

* Major transplant surgery
(heart, lung, liver)
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Patients characteristics and medical history (e.g., age, renal function) also influ-
ence the bleeding risk; any comorbidities that may influence the coagulation cas-
cade are all important elements to take into account [30]. HAS-BLED score is a
scoring system developed for the evaluation of bleeding tendency in anticoagulated
patients [31, 32]. HAS-BLED score assigns one point for each seven parameters
included; hypertension, abnormal renal or liver function, stroke, bleeding tendency,
labile INR, elderly age, antiplatelet drugs, or alcohol. The total score ranges between
0 and 9. HAS-BLED is recommended by the European Society of Cardiology
(ESC) guidelines for the bleeding risk assessment in AF patients [18]. An HAS-
BLED score of >3 indicates a high risk of bleeding [33].

By combining risk scores for patient comorbidity and type of surgery, we can
stratify overall perioperative risk. In the case of high bleeding risk, the anticoagulant
must be discontinued. If the patient presents also a high risk of thromboembolism,
the anticoagulant has to be stopped for the shortest feasible time, bridging has to be
considered and the anticoagulant has to be resumed as soon as possible. Furthermore,
elective invasive procedures have to be postponed at least 3 months after valve sur-
gery and recent episodes of arterial or venous thromboembolism, due to the highest
risk of thrombosis during this period. However, if surgery cannot be postponed, a
temporary vena cava filter has to be considered in patients with recent episodes of
acute venous thromboembolism. On the other hand, in case of low bleeding risk
procedure, anticoagulant agents can often be continued (e.g., dental procedure, skin
biopsy, implantation of cardiac electronic device, catheter ablation for AF) [34-36].
When the decision to not interrupt VKAs agents has been taken, INR has not to be
within the therapeutic range.

In elective surgery, preoperative evaluation process can include optimization of
risk factors for bleeding (e.g., blood pressure control, anticoagulant management,
treatment of anemia) in order to reach the best possible health status before surgery.
In an emergency setting, the reversal may be required for urgent surgery/procedure
or to treat perioperative bleeding (as discussed below). In this case, physicians have
to choose specific agents with prothrombotic effects (i.e., vitamin K, PCC, FFP,
Idarucizumab).

5.3  Timing of Anticoagulant Interruption and Resuming

Besides the intrinsic bleeding risk of the procedure, the main factor influencing the
timing of stopping anticoagulant agents is represented by the elimination half-life of
the drugs. Determining the time of anticoagulation interruption depends on the
pharmacokinetic properties of the specific agent; particular attention has to be given
to the renal function. Even more, laboratory tests (i.e., standard coagulation assays,
quantitative assay of plasma drug concentration) can guide clinicians in decision-
making [37]. An overview of pharmacokinetic properties, laboratory tests, and
reversal strategy for anticoagulant agents is shown in Table 5.3.
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VKAs: Warfarin competitively inhibits the enzyme vitamin K epoxide reductase,
a protein essential for activating vitamin K [10]. Vitamin K is required for the
synthesis of active clotting factors, such as coagulation factors II, VII, IX, and X,
as well as protein C and protein S. Consequently, the depletion of Vitamin K due
to warfarin action leads to a reduction of coagulation factors. INR is routinely
used for VKASs in order to assess the coagulation status and the residual pharma-
codynamic effects of VKAs. In order to obtain a good hemostatic status and
reduce bleeding risk at the time of the surgery, Warfarin has to be discontinued
5 days before elective surgery [38]. Restart warfarin 12-24 h after surgery, gen-
erally the evening of the day after surgery, if an adequate hemostatic status has
been obtained intraoperatively. Normalization of the INR may differ among
patients, especially in the elderly, consequently, it is important to check
Prothrombin time (PT) and INR prior to surgery and invasive procedure (e.g.,
neuraxial anesthesia) in order to confirm normalization of INR. Bridging has to
be reserved in patients at very high risk of thromboembolism and in case of pro-
longed period of anticoagulant interruption.

DOACs: Thrombin has a fundamental role in hemostasis. Once activated, throm-
bin can activate factors XI, which in turn can lead to further generation of factor
IXa, Xa, VIlIa, and Va; this mechanism serves as an amplification pathway for
thrombin generation. Thrombin is central in sustaining the coagulation cascade
by feedback activation of coagulation factor. Even more, Thrombin (Ila) converts
soluble fibrinogen to insoluble fibrin and it also activates factor XIII; a protein
with clot stabilization function. Finally, Thrombin activates platelet. Thrombin
can be inhibited by the binding of different drugs to one or two of its three
domains (i.e., the active site and exosites 1 and 2). Direct thrombin inhibitors
(Dabigatran, Lepirudin, Argatroban, Desirudin, Bivaluridin) bind directly the
thrombin to the active site or to the active site and Exosite I [39]. Exosite I is the
site of the interaction between Thrombin and fibrinogen, factor V, protein C
thrombomodulin, and thrombin receptors on platelets. On the other hand, direct
factor Xa inhibitors (Rivaroxaban, Apixaban, and Edoxaban) bind the active site
of factor Xa with a direct inhibitor mechanism [40]; inhibition of Xa prevents the
amplification of thrombin generation. In fact, factors Xa acts at the convergence
between the intrinsic and extrinsic coagulation cascade and it cleaves prothrom-
bin to thrombin.

Elimination half-life of DOACs can be prolonged in renal and liver dysfunc-
tion, in the elderly and due to drug interactions. Consequently, renal and liver
function has to be checked before surgery. DOACs generally do not require rou-
tine laboratory test monitoring; however, in an emergency setting, it is important
to determine plasma drug concentration and their effect on coagulation.
Laboratory tests can provide information on the residual anticoagulant effect of
the anticoagulant agents. A normal PT/INR cannot be used for this purpose.
Direct measurement of anti-factor Xa levels, calibrated to the specific anticoagu-
lant, used to monitor anticoagulant effect can be misleading due to interindivid-
ual variability [41]. Especially in emergency clinical scenarios, viscoelastic tests
have to be considered in order to obtain a global view of coagulation status and
bleeding risk.
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Dabigatran: an orally administered direct thrombin inhibitor with a half-life
of 12-17 h. Absorption is not influenced by food intake. Eighty percent of the
drug is eliminated unchanged by renal excretion, consequently, patient with
renal impairment requires drug dose adjustment (patient with Creatinine clear-
ance between 15-30 mL/min). Even more, interaction with G-glycoprotein
inhibitors (e.g., rifampin, ketoconazole, verapamil) has to keep in mind due to
the possible consequent increase of the anticoagulant effect of Dabigatran [42].
Dabigatran has to be discontinued 2-3 days before elective surgery, a longer
interruption (2—4 days) is required in patients with severe renal impairment.
Restart Dabigatran after surgery if an adequate hemostatic status has been
obtained intraoperatively. However, due to the rapid onset of this drug (peak
effects 23 h after administration), particular attention has to be given in resum-
ing Dabigatran after procedures with a high risk of bleeding. Generally, bridging
is not required due to intrinsic pharmacokinetic properties of Dabigatran; how-
ever, bridging has to be considered in patients at very high risk for postoperative
thromboembolism and in case of prolonged anticoagulant interruption.

Rivaroxaban: an orally administered direct factor Xa inhibitor, with a half-life
of 7-11 h. Patients with renal or hepatic impairment require drug dose adjust-
ment. Rivaroxaban should not be used in severe renal impairment (creatinine
clearance <15 mL/min) and in patients with severe hepatic dysfunction (Child-
Pugh class B and C). Rivaroxaban shows interaction with dual G-glycoprotein
and CYP-3A4 inhibitors effects (e.g., voriconazole, ketoconazole) [43].
Rivaroxaban has to be discontinued 2-3 days before elective surgery/invasive
procedure; a longer or shorter interruption may be required in patients with
severe renal impairment or for low bleeding risk procedures, respectively. Restart
Rivaroxaban after surgery if an adequate hemostatic status has been achieved.
Due to the rapid onset of action, postpone for 2-3 days the resuming of
Rivaroxaban after procedures with high risk of bleeding. Bridging has to be
reserved in patients with very high risk for postoperative thromboembolism and
in case of prolonged anticoagulant interruption.

Apixaban: an oral direct factor Xa inhibitor with a half-life of 8—12 h. Patients
assuming dual inhibitors of G-glycoprotein and CYP-3A4 and with severe renal
impairment (Creatinine Clearance 15-30 mL/min) require drug dose adjustment
[44]. Interrupt Apixaban 2-3 days before invasive procedures in patients with
normal renal function; longer/shorter interval in case of high or low bleeding
risk, respectively. Resume Apixaban when good hemostasis has been obtained.
Similarly to Dabigatran and Rivaroxaban, Apixaban presents a rapid onset of
action, consequently, postpone the recommencing of Rivaroxaban after proce-
dures with high risk of bleeding. Bridging is generally not required; it has to be
considered in patients at high risk of thromboembolism and in case of extended
anticoagulant interruption. Endoxaban: an oral direct factor Xa inhibitor with a
half-life of 10-14 h. Dose reduction is required in patients with renal impairment
(Creatinine Clearance 15-50 mL/min). Discontinue Endoxaban 2-3 days before
a procedure in patients with normal renal function; longer/shorter interval in case
of high or low bleeding risk, respectively. Restart Endoxaban when hemostasis
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has been reached. Likewise, the aforementioned DOACsS, postpone the resuming
of Endoxaban after procedures with high risk of bleeding and bridging has to be
considered in patients at high risk of thromboembolism and in case of extended
anticoagulant interruption.

5.4 Bridging

Bridging consists of replacing long-acting with short-acting anticoagulants
(LMWH/UFH) in order to minimize the risk of thromboembolism in high-risk
patients or patients requiring a prolonged anticoagulant interruption. The goal of
heparin bridging is to reduce the period the patient is not anticoagulated; thus,
decreasing the risk for perioperative thromboembolism. Due to peculiar pharmaco-
kinetics of DOACs (rapid onset and short half-life), bridging is generally reserved
in patients assuming VKAs. Not to be underestimated, when prescribing heparin
bridging therapy, it is important to monitor for heparin-induced thrombocytope-
nia [45].

Unfractionated heparin and low-molecular-weight heparin inhibit thrombin indi-
rectly by binding antithrombin(AT). The binding of AT induces a conformational
change in AT. The complex heparin—antithrombin can bind the exosite 2 on throm-
bin. UFH presents a much more efficient inactivator mechanism of Thrombin due to
its intrinsic molecular conformation. LMWH lacks the longer chains of UFH and,
consequently, has less binding efficacy to thrombin thus decreasing its ability to
neutralize thrombin [46]. Even more, UFH, LMWH, and Fondaparinoux can inac-
tivate factor Xa.

LMWHs have progressively substituted UFH; however, in patients with renal
insufficiency, UFH has to be chosen because UFH dosing is not affected by renal
clearance. Therapeutic dose of LMWH (1 mg/Kg subcutaneous) used for bridging
should be stopped 12-24 h before surgery, whereas 4-6 h in case of therapeutic
UFH administration (80 units/Kg bolus, 18 units/Kg/h intravenous continuous infu-
sion). If an adequate hemostatic status has been obtained intraoperatively, restart
bridging 24 h after surgery. In case of risk of bleeding, bridging should be delayed
48-72 h [38].

Patients at particular risk of thromboembolism and in which bridging is particu-
larly appropriate are [47, 48]:

— Mechanical mitral valve;

— Non-bileaflet aortic valve;

— >2 Mechanical valves;

— Aortic valve replacement and previous stroke;
— Cardioembolic events;

— VTE within the past 3 months;

— VTE while in therapeutic anticoagulation;

— AF with a very high risk of stroke.
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5.5 Reversal and Management of Severe Bleeding

In case of emergency surgery or invasive procedures, there is not enough time to
stop anticoagulant agents and, consequently, the risk of bleeding complications is
increased. In this scenario, specific reversal factors are available; however, the deci-
sion to reverse is based on the balance between stopping and treat the bleeding
versus the risk of clotting [48]. Unfortunately, there is a lack of strong evidence,
consequently, the decision of reversal strategies is often based on expert panel or
routine clinical experience.
The main indications of reversal are represented by [49];

— Emergency invasive procedure;

— Overdose (due to excessive intake, reduced drug elimination, or drug
interactions);

— Bleeding.

Obviously, in an emergency setting, the first approach to a patient on antico-
agulant agents is based on the appropriate resuscitation support. Airway manage-
ment, intravenous access placement, evaluation and treatment of the hemodynamic
status, the management of hemorrhagic shock, the correction of body tempera-
ture, and pH/electrolyte disorders represent the initial management of unstable
patients. It is vital to identify and treat quickly the site of bleeding (e.g., endos-
copy, surgery, interventional radiology) [50]. Even more, bleeding assessment
(site, rate of hemorrhage, amount of blood loss, bleeding into closed space-intra-
cranial/retroperitoneal/compartment syndrome) is fundamental to decide whether
to reverse anticoagulant effects or not. Packed red blood cell transfusion has to be
considered depending on the rate of blood loss. Parallelly, a methodological man-
agement of patients on anticoagulant agents requires an accurate evaluation of
medical and pharmacological history including: the type of anticoagulant, timing
of last ingestion, the dose, other medications (possible interactions), and the eval-
uation of renal/liver function [51, 52]. This global evaluation aids clinicians to
establish when choosing reversal. Routine anticoagulation (e.g., PT/INR) can be
used to evaluate residual anticoagulation effects and orientate the reversal strategy
in patients on VKAs or UFH [53]. However, these tests cannot be used to deter-
mine the degree of anticoagulation in patients on other anticoagulants.
Measurement of plasma anti-factor Xa activity, calibrated to the specific antico-
agulant, is generally used to monitor the anticoagulant effect; however, it can be
deceiving due to interindividual variability [54]. For Dabigatran, ecarin clotting
time (ECT) and diluted thrombin time (TT) can be used as surrogate to plasma
drug concentration. However, those tests are not widely and promptly available
[54, 55]. In an emergency setting, point of care viscoelastic test can provide useful
aids of the anticoagulation status of patients; however, data are lacking on the cor-
relation between drug concentration and anticoagulant effects [56].

Then, agent-specific strategies include:
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UFH/LMWH: due to its short half-life, UFH reversal is rapidly achievable by
stopping continuous infusion. However, UFH can be reversed using Protamine
(1 mg Protamine/100 units UFH) [49]. No specific antidotes are available for
LMWH; Protamine presents a partial effect on LMWH. In clinical trials,
Ciraparantag has shown efficient reversal effects for LMWHs [57].

VKAs: several agents are available for VKAs reversal; vitamin K, PCC, and
FFP. The strategy of reversal warfarin effects consists of omits warfarin and
monitor INR. Then in case of supratherapeutic INR and minor bleeding, con-
sider oral administration of Vitamin K (2.5-5 mg/day) and monitor INR after
24 h as long as bleeding control strategies. Repeat Vitamin K if needed. In major
bleeding or emergency surgery, immediate reversal is required, then, administer
PCC (25-50 units/kg) plus intravenous Vitamin K (5-10 mg) [48]. Vitamin K
provides substrates to coagulation factors synthesize (e.g., factors II, VII, IX, X,
protein C, and S). VKAs rapid reversal should be accomplished using PCC rather
than FFP [48]. Four factors PCC contain factors II, VII, IX, and X. PCC is rap-
idly available, it provides rapid INR reversal, it allows the reduction of volume
requirements thus preventing fluid overload, and the decrease of adverse immune-
related risks in comparison to FFP [58]. Limitations of the use of PCC are repre-
sented by cost and availability.

DOACs: Given the short half-lives, interruption of these drugs can represent the
only therapeutic strategy in case of minor bleeding. However, in major bleeding
or emergent invasive procedure, an aggressive treatment is needed in order to
achieve a good coagulation status. In patients with normal renal and hepatic
function, drug elimination can require up to 24-48 h, whereas, this interval can
be prolonged in patients with severe renal and/or hepatic dysfunction. Determine
the residual anticoagulation effect of DOACs can be challenging and specific
laboratory tests are not widely available. For Dabigatran and Rivaroxavaban a
plasma concentration of 30 ng/mL or below is considered compatible with sur-
gery [59]. Above this threshold, surgery must be postponed, and plasma drug
concentration must be monitored. Otherwise, in emergency surgery and actively
bleeding patients, a reversal has to be considered. A plasma level above 400 ng/
mL represents a major hemorrhagic risk. Several reversal strategies can be cho-
sen for DOAC:s. If the last drug dose was taken in the previous 2 h, gastric lavage
with oral-activated charcoal can be used to reduce the plasma concentration of
DOAC:s. Furthermore, hemodialysis can be considered for the elimination of
supratherapeutic levels of Dabigatran; however, it is not always feasible, espe-
cially in hemodynamically unstable patients. A specific antidote is available only
for Dabigatran; Idarucizumab, an FDA-approved human antibody fragment.
Idarucizumab provides an immediate reversal of the anticoagulant effect of
Dabigatran [60]. Due to its cost, the use of Idarucizumab has to be reserved in
case of significant plasma drug levels and undergoing emergency procedures.
For Rivaroxaban/Apixaban/Edoxaban, Andexanet alfa is currently under investi-
gation as reversal agent. Furthermore, the administration of PCC (25-50 U/Kg)
has to be reserved for active bleeding and life treating conditions due to the
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possible thromboembolic risk and when specific antidotes are not available.
However, the evidence on the real risk of thromboembolism using PCC in emer-
gency situations is scarce [61]. Due to its cost, short half-life, and a higher risk
of INR rebound, recombinant factor VIla is not recommended for emergency
reversal [59]. Finally, the use of antifibrinolytic agents (i.e., tranexamic acid) and
pro-hemostatic therapy (e.g., Desmopressin) to enhance hemostasis have to be
considered in major bleeding [62]. The evidence regarding the role of these
agents in DOACs-related bleeding is poor. However, their low risk of thrombosis
and wide accessibility make these agents reasonable in the case of life-threaten-
ing bleeding or emergency settings.

5.6 Conclusions

The complex management of anticoagulants in patients undergoing surgery or inva-
sive procedures required a deep knowledge of pharmacokinetics and pharmacody-
namics of the different agents. It is vital to carry out a detailed anamnesis of the
patients in order to identify possible interactions or comorbidities responsible for pro-
longed anticoagulant effects of these drugs. Furthermore, it is important to take into
account the interindividual variability in plasma drug levels. A precise estimation of
the bleeding versus thromboembolic risk has to be made in order to reach a clinical
decision on whether to interrupt these drugs preoperatively or not. Laboratory tests
can aid in clinical decision-making; however, these tests present specific limitations to
bear in mind, especially for DOACs. In an emergency setting, a precise reversal strat-
egy has to be chosen in order to prevent or treat bleeding complications.
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