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Abstract
Background  and  objectives:  Oral  anticoagulants  prevent  thromboembolic  events  but  expose
patients  to  a  significant  risk  of  bleeding  due  to  the  treatment  itself,  after  trauma,  or  during
surgery. Any  physician  working  in  the  emergency  department  or  involved  in  the  perioperative
care of  a  patient  should  be  aware  of  the  best  reversal  approach  according  to  the  type  of  drug
and the  patient’s  clinical  condition.  This  paper  presents  a  concise  review  and  proposes  clinical
protocols for  the  reversal  of  oral  anticoagulants  in  emergency  settings,  such  as  bleeding  or
surgery.
Contents: The  authors  searched  for  relevant  studies  in  PubMed,  LILACS,  and  the  Cochrane
Library database  and  identified  82  articles  published  up  to  September  2020  to  generate  a  review
and algorithms  as  clinical  protocols  for  practical  use.  Hemodynamic  status  and  the  implementa-
tion of  general  supportive  measures  should  be  the  first  approach  under  emergency  conditions.
The drug  type,  dose,  time  of  last  intake,  and  laboratory  evaluations  of  anticoagulant  activity  and
renal function  provide  an  estimation  of  drug  clearance  and  should  be  taken  into  consideration.
The reversal  agents  for  vitamin  K  antagonists  are  4-factor  prothrombin  complex  concentrate

and vitamin  K,  followed  by  fresh  frozen  plasma  as  a  second-line  treatment.  Direct  oral  antico-
agulants have  specific  reversal  agents,  such  as  andexanet  alfa  and  idarucizumab,  but  are  not
widely available.  Another  possibility  in  this  situation,  but  with  less  evidence,  is  prothrombin
complex  concentrates.
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Conclusion:  The  present  algorithms  propose  a  tool  to  help  healthcare  providers  in  the  best
decision making  for  patients  under  emergency  conditions.
© 2021  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  This  is  an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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ral  anticoagulants  are  broadly  used  in  the  prevention  of
hromboembolic  events  and  stroke  in  patients  with  atrial
brillation  and  mechanical  heart  valves,  those  undergo-

ng  treatment  for  deep  venous  thrombosis,  and  patients
ith  pulmonary  embolism,  as  well  as  in  the  prevention  of
enous  thromboembolism  in  medical  and  orthopedic  surgery
atients.1,2 Oral  anticoagulants  have  been  used  for  more
han  60  years,  and  its  use  is  tending  to  increase  worldwide
s  the  population  ages.

The  vitamin  K  antagonist  (VKA)  warfarin  was  the  pioneer
ral  anticoagulation  drug  and  still  has  clinical  importance.
ts  prescription  has  increased  by  3.6  times  in  a  15-year
eriod.3 Warfarin  is  a  VKA  that  inhibits  the  synthesis  of
actors  II,  VII,  IX,  X  and  the  anticoagulant  proteins  C  and
.1 Warfarin  has  a  very  high  bioavailability  and  a  long
alf-life,  and  its  elimination  is  almost  entirely  via  hepatic
etabolism4,5 (Table  1).
More  recently,  direct  oral  anticoagulants  (DOACs)  have

ecome  available  as  an  alternative  to  warfarin.  They  provide
irect,  selective,  and  reversible  inhibition  of  the  coagula-
ion  factors  showing  similar  efficacy  and  a  safer  bleeding
rofile  with  a  faster  onset  of  action,  shorter  duration  after
iscontinuation,  fewer  food  and  drug  interactions,  easier
dministration  with  a  fixed  dose,  and  no  need  for  rou-
ine  laboratory  monitoring  of  the  anticoagulant  effect.6---9

he  drugs  available  are  factor  Xa  inhibitors  (rivaroxaban,
pixaban,  betrixaban,  and  edoxaban)  and  direct  thrombin
nhibitors  (dabigatran).  Rivaroxaban,  apixaban,  and  edox-
ban  have  high  bioavailability,  short  half-lives,  and  a  high
lasma  protein  binding  ability  (54---95%).10---12 The  direct
hrombin  inhibitor  dabigatran  is  rapidly  absorbed  after  oral
dministration,  and  it  has  low  bioavailability,  a  longer  half-
ife  than  Xa  inhibitors,  and  low  protein-binding  ability13

Table  1).
Nonetheless,  warfarin  continues  to  be  the  most  com-

only  used  anticoagulant  in  the  world  because  DOACs  are
ot  globally  accessible,  are  expensive,  and  have  not  yet
een  extensively  studied  with  regard  to  their  use  for  all  VKA
ndications.14

Patients  taking  oral  anticoagulants  could  face  situations
n  which  the  acute  reversal  of  therapy  is  necessary,  such
s  life-threatening  bleeding  due  to  treatment  or  acute
njury,  prior  to  invasive  procedures,  or  other  emergency
ircumstances  with  a  high  risk  of  bleeding.  Coagulation  fac-
or  replacement  with  prothrombin  complex  concentrates

PCCs),  which  consist  of  3-factor  PCC  (II,  IX,  and  X),  4-factor
CC  (II,  VII,  IX,  and  X),  and  activated  PCC  (aPCC)  with  four
oagulation  factors  (in  inactive  and  activated  forms),  as  well
s  fresh  frozen  plasma  (FFP),  are  well-known  nonspecific
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eversal  agents  for  oral  anticoagulants.15 Recently,  specific
eversal  agents  for  DOACs  were  approved,  including  andex-
net  alfa  for  the  reversal  of  apixaban  and  rivaroxaban,  and
darucizumab  for  dabigatran.16

Clinicians  and  surgeons  working  in  emergency  depart-
ents  or  involved  in  the  perioperative  care  of  a  patient

aking  oral  anticoagulants  must  know  the  best  approach
o  the  rapid  reversal  of  anticoagulant  activity  and  should
hoose  the  safest  and  most  efficient  protocol  according
o  the  type  of  drug,  its  pharmacokinetic  profile,  and  the
atient’s  medical  history  and  clinical  condition.  This  paper
rovides  a  concise  narrative  review  regarding  the  reversal
f  anticoagulants  and  recommends  clinical  algorithms  for
atients  taking  oral  anticoagulants  who  need  urgent  reversal
f  the  therapy.  These  protocols  include  emergency  surgical
nd  nonsurgical  scenarios  and  provide  algorithms  for  both
KA  and  DOAC  reversal.

ethods

n  this  review,  the  authors  searched  national  and  interna-
ional  literature  to  identify  currently  available  data  on  the
ain  points  of  the  management  of  oral  anticoagulant  rever-

al  for  the  development  of  this  clinical  protocol.
The  authors  included  systematic  and  nonsystematic  lit-

rature  reviews,  randomized  clinical  trials,  prospective  and
etrospective  cohort  studies  with  or  without  a  control  group,
ase  reports,  case  series,  and  guidelines  addressing  the
eversal  of  oral  anticoagulation  in  humans  under  emergency
ircumstances.  The  studies  were  written  in  Portuguese  or
nglish,  and  published  in  the  last  12  years  up  to  September
020.  They  excluded  in  vitro  investigations  as  well  as  studies
sing  animals.

The  PubMed,  LILACS,  and  Cochrane  Library  databases
ere  used  with  the  following  search  terms  (keywords  and
elimiters):  oral  anticoagulant  and  reversal,  warfarin  and
eversal,  nonvitamin  K  antagonists,  direct  oral  anticoag-
lants  and  reversal,  prothrombin  complex  concentrates,
darucizumab,  and  andexanet  alfa.

esults

he  authors  chose  82  articles  jointly  according  to  their
elevance,  with  full  agreement  among  the  reviewers.
able  2  summarizes  the  most  relevant  evidence  identified

n  the  reversal  of  anticoagulants:  clinical  trials,  systematic
eviews,  cohorts,  and  case  series  studies.  A  flow  chart  doc-
menting  the  process  of  selecting  the  studies  is  presented
n  Figure  1.
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Table  1  Pharmacological  properties  of  oral  anticoagulants.

Warfarin4,5 Rivaroxaban10 Apixaban11 Edoxaban12 Dabigatran13

Target  Vitamin
K-dependent
factors

Factor  Xa  Factor  Xa  Factor  Xa  Thrombin

Prodrug No  No  No  No  Yes
Bioavailability  (%)  79-100  63-79  66  50  3-7
Tmax (hrs)  3-9  2-4  1-2  1-2  1-3
T½ (hrs)  36-42  7-13  8-15  9-11  12-17
Protein binding  (%)  99  95  87  54  35
Dialysis No  No  14%  No  50-60%
Renal elimination  (%) 80  33  25  35  80
Reversal agents Vitamin  K Andexanet  alfa Andexanet  alfa Andexanet  alfa  Idarucizumab

PCC PCC  PCC  PCC  PCC
FFP

Laboratory  INR  Anti-factor  Xa  Anti-factor  Xa  Anti-factor  Xa  ECT
PT DTT

Tmax, time to maximum plasma concentration; T½, half-life; PCC, prothrombin complex concentrate; FFP, fresh frozen plasma; INR,
International Normalized Ratio; PT, prothrombin time; ECT, ecarin clotting time; DTT, diluted thrombin time.

LILACS
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PubMed
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(n= 91)
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No relevant  data
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Figure  1  Stud

mergency  anticoagulation  reversal:  general
onsiderations

n  an  emergency  scenario,  the  strategy  for  oral  anticoag-
lant  reversal  depends  on  the  type  of  drug;  the  presence,
ocation,  and  level  of  bleeding;  and  the  need  for  and  type
f  invasive  procedure.

Patients  taking  oral  anticoagulants  have  a  higher  risk  of
pontaneous  bleeding  due  to  treatment  or  trauma.  Atten-
ion  should  be  given  to  head  injuries;  most  anticoagulated

atients  are  elderly,  with  a  high  risk  of  intracerebral  hem-
rrhage  (ICH).17

The  first  approach  in  a  bleeding  situation  in  anticoagu-
ated  patients  is  the  identification  of  the  bleeding  source

d
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ection  process.

nd  severity  of  bleeding  (Fig.  2).  Evaluation  of  the  patient’s
emodynamic  status  should  be  performed  and  must  be
losely  monitored.

General  measures  providing  supportive  care  with  hemo-
tatic  procedures  (mechanical  compression,  use  of  topical
emostats,  sutures,  vessel  clipping,  etc.),  volume  replace-
ent  and/or  transfusions  should  be  established,  with  an

valuation  of  the  necessity  for  an  invasive  procedure  as
reatment  (surgery/embolization)  and  the  risk  of  bleeding
ue  to  the  procedure  on  its  own  versus  the  thrombotic  risk

ue  to  anticoagulant  withdrawal.

Concomitant  medications,  such  as  antiplatelet  therapy,
ould  interfere  with  anticoagulant  activity.  Patients  taking
arfarin  should  be  questioned  about  the  use  of  antibiotics,

1
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Table  2  Summarized  evidence  regarding  the  reversal  of  warfarin  and  DOACs.

References  Study  design  Population  Reversal  agents  Results

Warfarin  studies
Steiner,  201640 Prospective,

randomized,
open-label,
blinded-endpoint
clinical  study

50  VKA-ICH  patients  4F-PCC  vs  FFP  67%  of  PCC  group  vs  9%  of  FFP
group,  p  =  0.0003

Goldstein,  201530 Prospective,
randomized,
open-label,
clinical  study

181  VKA-treated  patients
needing  urgent  surgical
or  invasive  procedures

4F-PCC  vs  FFP  90%  of  the  PCC  group  vs  75%  of
the  FFP  group.

Rapid  INR  reduction  in  55%  of
the  PCC  group  vs  10%  of  the
FFP  group

Kerebel, 201237 Prospective,
randomized,
open-label  study

59  VKA-associated
intracranial  hemorrhage

4F-PCC  40  IU.kg-1 of  4F-PCC
significantly  decreased  the  INR
compared  to  that  of  the  25
IU.kg-1 group  (p  =  0.001).

Demeyere, 201055 Prospective,
randomized,
open-label,
clinical  study

40  cardiac  surgery
patients

4F-PCC  vs  FFP  Faster  target  INR  with  PCC  (p  =
0.007),  and  less  additional
dose  (p  <  0.001)

Burburry 201133 Prospective
single-arm  clinical
study

178  presurgical  patients
under  warfarin

Vitamin  K  94%  with  INR  levels  1.5  or  less
on  the  day  of  surgery

Chausson, 201841 Pilot  clinical  study  26  acute  ischemic  stroke
patients

4F-PCC  and
vitamin  K

No  symptomatic  ICH  or
thrombotic  events

Pautas, 201134 Prospective,
observational
study

239  elderly  hospitalized
patients  with
over-anticoagulation

Vitamin  K  Decrease  in  INR  levels,
achieving  2.7  ±  1.3  on  Day  1  (p
< .0001)

Bhatia, 201032 Prospective,
observational
study

45  proximal  hip  fracture
patients

Vitamin  K  INR  levels  decreased  to  1.5  or
less  in  2  days  (mean,  38  h;
range,  15---64  h

Rimsans, 201842 Prospective,
observational
study

37  patients  with
continuous  flow  left
ventricular  assistive
devices

4F-PCC  Efficient  reversal,  no  case  of
thromboembolism,  mean  INR
from  2.9  to  1.7  (p  <  0.0001)

Yank, 201162 Systematic  review  64  studies  included  rFVIIa  vs  placebo
or  usual  care

No  mortality  reduction
Increased  thromboembolism
risk

Dentalli, 201138 Systematic  review  27  studies  included  3F-PCC  and
4F-PCC

Incidence  of  thromboembolic
complications:  1.8%  (95%  CI
1.0-3.0)  with  4F-PCC  and  0.7%
(95%  CI  0.0-2.4)  with  3F-PCC

Matino, 201563 Systematic  review  2  studies,  with  69
patients

rFVIIa  vs  aPCC  Similar  hemostatic  effect

No  increase  in  thromboembolic
risk

Chai-Adisaksopha,  201635 Systematic  review  13  studies  included  PCC  vs  FFP  PCC:  significant  reduction  in
mortality,  more  rapid  INR
reduction,  less  volume
overload.  No  statistically
significant  difference  in  VTE
risk

Milling, 201639 Post  hoc  analyses
of  pooled  data

2  randomized  trials,  with
388 patients

4F-PCC  vs  FFP  Incidence  of  thromboembolic
complications:  7.3%  in  the
43
4F-PCC  group  and  7.1%  in  the
FFP  group

2
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Table  2  (Continued)

References Study  design  Population  Reversal  agents  Results

Risk  difference  0.2%;  95%  CI  -5.5%
to 6.0%

Barton, 201860 Retrospective
cohort  study

195  patients  with
life-threatening  bleeding

4F-PCC  vs  3F-PCC
and  rFVIIa

Faster  and  longer  duration  of
reversal  with  4F-PCC  (p  <  0.01)
Higher  mortality  and  VTE  with
3F-PCC  and  rFVIIa  (p  <  0.01)

Rowe, 201651 Retrospective
cohort  study

158  patients  with
warfarin-associated
hemorrhage

aPCC  vs  4F-PCC No  difference  in  effectiveness  and
safety  between  treatments

Holt, 201848 Retrospective
cohort  study

134  patients  with
warfarin-associated
bleeding

4F-PCC  vs  3F-PCC  INR  normalization:  84.2%  with
4F-PCC  vs.  51.9%  with  3F-PCC,  p  =
0.0001

Mattisson, 201844 Retrospective
case-control  study

Patients  with  hip  fractures:
99 taking  warfarin  and  99
controls

4F-PCC  and
vitamin  K

No  significant  differences  in  blood
loss,  adverse  events  or  mortality

Hedges, 201545 Retrospective
chart  review

193  patients  taking  warfarin
and  DOACs

PCC,  4F-PCC  65.8%  achieved  target  INR  in  8.03
h (IQR  3.38---34.07)
4.1%  with  acute  VTE

Voils, 201549 Retrospective
chart  review

165  patients  requiring
emergency  reversal

4F-PCC  vs  3F-PCC  No  difference  in  VTE  events.
Higher  mortality  in  3F-PCC  group
(p <  0.01)

Mehringer,  201861 Retrospective
chart  review

129  cardiac  surgery  patients
with  significant  bleeding

rFVIIa  vs  4F-PCC  No  difference  in  bleeding,
thromboembolic  events,  or
re-exploration

Chapman,  201458 Retrospective
chart  review

106  patients  needing
emergency  reversal

3F-PCC  vs
low-dose  rFVIIa

71.9%  rFVIIa  patients  achieved
target  INR  vs.  33.8%  3F-PCC,  p  =
0.001 No  difference  in  VTE  risk

Carothers, 201850 Retrospective
chart  review

89  patients  with  traumatic
ICH

aPCC  vs  FFP  Reversal  achieved  in  90.3%  with
aPCC  vs  69.7%  with  FFP,  p  =  0.029
Faster  reversal  with  aPCC,  p  =
0.003.  No  difference  in  mortality
and VTE  risk

Woo, 201457 Retrospective
chart  review

63  VKA-ICH  patients FFP  vs  rFVIIa  vs
PCC

PCC  and  rFVIIa  reached  target  INR
faster  than  FFP  (p  <  0.05).
More  rebound  with  FFP  and  rFVIIa
(p =  0.001)

Sarode, 201259 Retrospective
chart  review

46  VKA-ICH  patients  3F-PCC  and  rFVIIa  Rapid  and  effective  reversal

Astrup, 201847 Retrospective
chart  review

37  patients  with  urgent
reversal

Single  fixed  dose
of 1500  IU  of
4F-PCC

75%  achieved  INR  ≤  1.5

100%  achieved  INR  ≤  2
Mačiukaitienė, 201843 Retrospective

chart  review
35  VKA-ICH  requiring  urgent
neurosurgical  procedures

4F-PCC  and
vitamin  K

Decrease  in  INR  (p  <  0.01),  PT  (p  <
0.01),  and  PTT  (p  =  0.02),  no
adverse  effect

Scott, 201846 Retrospective
cohort  study

31  VKA-ICH  patients  4F-PCC  No  significant  difference  between
the  fixed  and  weight-based  doses
of 4F-PCC

DOACs studies
Pollack,  201791 Multicenter,

prospective,
open-label  study

503  patients  under
dabigatran  with  bleeding  or
urgent  surgical  intervention

Idarucizumab  100%  of  median  maximum
percentage  reversal

Siegal, 201568 Prospective,
randomized,
double-blind,

101  healthy  older
volunteers  taking  Xa
inhibitors

Andexanet  alpha  Efficient  reversal  within  minutes
after  administration
placebo-controlled
study

43
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Table  2  (Continued)

References  Study  design  Population  Reversal  agents  Results

Connolly,  2019669 Prospective,
open-label,
single-group  study

352  patients  who  had  acute
major  bleeding  within  18
hours  after  administration
of  a  factor  Xa  inhibitor

Andexanet  alpha  92%  reduction  in  anti-factor  Xa
activity.

Eerenberg, 201171 Prospective,
randomized,
double-blind,
placebo-controlled
study

12  healthy  volunteers  taking
rivaroxaban  or  dabigatran

4F-PCC  Immediate  and  complete  reversal
of  rivaroxaban  anticoagulation
activity  (p  =  0.0001)

No  effect  on  dabigatran
da Luz,  201772 Systematic  review

and  meta-analysis
12  studies  included  DOAC
reversal

PCC  PCC  reversed  the  prothrombin
time  and  endogenous  thrombin
potential  (p  <  0.01)

Andexanet  alfa  Andexanet  alfa,  idarucizumab:
completed  reversal  was  achieved

Idarucizumab
Piran, 201980 Systematic  review

and  meta-analysis
10  case  series  with  340
patients  presenting  direct
Xa  inhibitor---related  major
bleeding

4F-PCC  Effective  management  of
bleeding:  0.69  (95%  CI  0.61-0.76).

Mortality:  0.16  (95%  CI:
0.07-0.26),  VTE:  0.04  (95%  CI:
0.01-0.08)

Majeed, 201774 Prospective  cohort
study

84  patients  under  Xa
inhibitors  presenting  major
bleeding  events

4F-PCC  Efficacy  in  69.1%  of  patients

Dybdahl, 201979 Retrospective  cohort
study

62  patients  taking  factor  Xa
inhibitors  with  traumatic
ICH

4F-PCC  vs  no
reversal

No  difference  in  mortality,
functional  recovery,
hospitalization  duration  or
thromboembolic  events

Allison, 201836 Retrospective,
observational  study

33  patients  taking  Xa
inhibitors  with  major
bleeding  requiring
emergent  reversal

4F-PCC  83.8%  achieved  hemostasis

No  VTE  event
Green, 201982 Retrospective  chart

review
421  patients  with
DOAC-related  major
bleeding

4F-PCC  Low-dose  PCC:  lower  mortality
(hazard  ratio:  0.5;  95%  CI:
0.02---1.19;  p  =  0.07)

Piran, 201873 Retrospective  chart
review

247  Xa  inhibitors  patients
undergoing  emergency
surgery  or  an  invasive
procedure

4F-PCC  85.7%  achieved  good  hemostasis.
No  VTE  events  occurred.

Dager, 201981 Retrospective  analysis  64  patients  with
DOAC-related  bleeding

aPCC  Thromboembolic  complications:
8%.

Tao, 201877 Retrospective  chart
review

43  patients  under  Xa
inhibitors  needing
emergency  reversal

4F-PCC  VTE:  2.1%,  95%  CI:  0.1-12.3

Harrison, 201876 Retrospective  chart
review

42  factor  Xa  inhibitor
anticoagulant  and  VKA-ICH

4F-PCC  No  difference  in  the  mortality,
rates  of  hemorrhagic  expansion,
VTE,  between  Xa  inhibitors  and
VKA  patients  receiving  4F-PCC

Engelbart, 201984 Retrospective  case
series  study

42  patients  with  emergent
reversal  of  DOAC  for
life-threatening
hemorrhage  or  urgent
surgical  interventions

aPCC  Thrombotic  events:  10%;
hemorrhage  progression:  10%;
mortality:  29%
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Table  2  (Continued)

References Study  design  Population  Reversal  agents  Results

Sheikh-Taha,  201975 Retrospective  chart
review

29  patients  taking  factor  Xa
inhibitors  with  major
bleeding

4F-PCC  72.4%  patients  achieved
clinical  hemostasis

Grandhi, 201578 Retrospective  chart
review

18  patients  with  Xa
inhibitors-ICH

4F-PCC  No  hemorrhagic  complications
after  surgery.
One  VTE  event

Senger, 201681 Retrospective  chart
review

17  patients  under
dabigatran  or  rivaroxaban
with  ICH

4F-PCC  Of  6  patients  who  underwent
immediate  surgery,  50%
presented  severe
intraoperative  hemorrhage

Dibu, 201687 Prospective
observational  study

127  patients  with
spontaneous  ICH  under
DOAC:  5  patients  receiving
aPCC

aPCC  No  ICH  expansion,
hemorrhagic,  or  thrombotic
complications

Schulman, 201492 Case  series  4  patients  under  DOAC  with
a major  bleeding  episode

aPCC  Recovery,  no  effect  on
hemostatic  parameters
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VKA, vitamin K antagonist; ICH, intracerebral hemorrhage; INR, i
direct oral anticoagulants; VTE, venous thromboembolism; CI, con

onsteroidal  anti-inflammatory  drugs,  acetaminophen,
etronidazole,  amiodarone,  antiepileptic  drugs,  and  selec-

ive  serotonin  reuptake  inhibitors  and  the  ingestion  of  foods
hat  prolong  the  international  normalized  ratio  (INR).1

atients  taking  DOACs  have  fewer  drug  interactions,  but  a
harmacokinetic  study  showed  that  azole-antimycotics,  HIV
rotease  inhibitors,  phenytoin,  rifampin,  and  amiodarone
ould  interfere  with  drug  activity.18---20

Laboratory  evaluations  help  guiding  the  management  of
atients  during  emergencies  by  detecting  and  quantifying
he  remaining  anticoagulant  activity,  and  are  essential  for
he  assessment  of  hemostasis  before  surgery.  These  evalua-
ions  must  include  the  coagulation  status,  blood  cell  count,
lood  group,  and  hepatic  and  renal  function.  Abnormal  renal
nd  liver  functions  affect  the  metabolism  and  elimination
f  the  drug.  Renal  perfusion  and  urine  output  should  be
aintained  to  help  eliminate  anticoagulant  drugs.  Labora-

ory  evaluation  of  anticoagulation  activity  will  be  further
iscussed  in  this  paper.

The  type,  dosage,  and  time  of  the  last  intake  of  an  oral
nticoagulant  provide  the  time  for  elimination  according  to
ts  half-life  and  patient  renal  function.  The  drug  must  be  sus-
ended  immediately  after  a  bleeding  episode.  At  the  time
f  reintroduction  of  the  drug,  the  need  for  dose  adjustment
ust  be  evaluated  in  cases  of  spontaneous  bleeding.
The  anticoagulant  should  not  be  suspended  in  cases  of  a

mall  invasive  procedure  with  minimal  bleeding  risk,  such  as
lood  tests,  dental  extraction,  dermatological  biopsies,  and
astrointestinal  endoscopic  procedures  without  the  risk  of
leeding.21 However,  in  cases  of  moderate  to  major  bleed-
ng  or  surgical  indication,  the  balance  between  the  risk  of
leeding  and  the  risk  of  a  thromboembolic  event  must  be
onsidered,  and  withdrawal  of  the  drug  is  recommended  in
ases  of  a  high-risk  scenario  such  as  ICH;  neuraxial  anesthe-

ia;  and  abdominal,  cardiothoracic,  intracranial,  orthopedic
perations.22---24 The  possibility  of  postponing  surgery  should
e  evaluated,  with  a  delay  long  enough  to  promote  drug
learance.  Surgery  with  a  high  risk  of  bleeding  must  be

s
w
s

43
ational normalized ratio; IVT, intravenous thrombolysis; DOACs,
ce interval.

ostponed  as  long  as  possible.  In  patients  taking  VKAs,  drug
ithdrawal  is  necessary  for  at  least  5  days  prior  to  surgery

or  drug  clearance.24 The  withdrawal  of  DOACs  will  vary
ccording  to  the  risk  of  bleeding,  and  it  is  recommended  2
ays  before  a  high-risk  procedure  and  1  day  before  a  low-risk
rocedure.25 For  patients  under  dabigatran  with  a  clearance
f  creatinine  less  than  50  mL.min-1,  the  withdrawal  is  4  days
efore  surgery  with  a  high-risk  of  bleeding  and  2  days  for
ow-risk  procedures.25

A  reversal  agent  should  be  used  in  cases  of  bleeding
ot  responding  to  supportive  measures,  uncontrolled,  major,
ife-threatening  bleeding,  bleeding  located  in  critical  organs
central  nervous  system,  abdominal,  thoracic),  trauma,  or
rgent  surgery.26 Urgent  surgery  requires  immediate  rever-
al,  clotting  factor  supplements  (provided  by  PCCs),  and
ntensive  care  support.26

The  use  of  tranexamic  acid  (TXA)  as  a  hemostatic
gent  significantly  reduces  mortality  in  bleeding  trauma
atients,27 and  it  is  inexpensive  with  few  side  effects.28 TXA
an  be  used  in  cases  of  major  bleeding  in  patients  taking
ral  anticoagulants  and/or  trauma  patients  within  3  hours.
ts  mechanism  of  action  is  based  on  competitive  inhibition
f  the  activation  of  plasminogen  to  plasmin,  preventing  clot
ysis.

he  reversal  of  warfarin
he  reversal  of  warfarin  is  based  on  the  clinical  scenario
nd  the  evaluation  of  INR,  with  a  therapeutic  range  of  2
o  3.  For  these  patients,  the  prothrombin  time  (PT)  and
NR  provide  the  status  of  VKA  activity.29 Warfarin  reversal
s  accomplished  with  the  administration  of  PCCs,  preferably
-factor  PCC,  and  vitamin  K.30 If  those  are  not  available,
resh  frozen  plasma  (FFP),  3-PCC,  or  aPCC  could  also  be  used
Fig.  3).
Patients  at  very  high  risk  of  a  thromboembolic  event
hould  use  low  molecular  weight  heparin  (LMWH)  after
arfarin  discontinuation  as  a  bridging  anticoagulation

trategy.24
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Bleedi ng  patie nts u nder  oral  antic oagulant

Evaluation of bleeding severity

Minor  bleedi ng Moder ate  to se vere Life- threateni ng  major  bleedi ng

Overt  bleedi ng  without 
hemodynamic i nstability Important  non li fe- threateni ng 

bleedi ng  resulting in  potential  organs 
damage

Bleedi ng in c ritical  organs, 
hemodynamic i nstability 

requiring treatment 
hemoglobin d rop ≥ 2 g/dL  or 
administration  of ≥ 2 U R BCs

√ Stop  oral  antic oagulant
√ Evaluation  of  last i nta ke
√ Evaluation  of 
concomitant  medi cations
√ Asses  renal  function
√ Hemostatic mesures  to 
control  bleedi ng √ Provide  an i ncreased  supportive 

care
√ Hemostatic mesures  to c ontrol 
bleedi ng √ Requi res im mediate c omple te 

reversal
√ Use  of  reversal  agents, if 
available

*All  the  mesasures  are add ed accordi ng  to  the i ntensity  of  the  bleedi ng
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igure  2  Assessment  of  bleeding  in  patients  taking  oral  antic
f the  bleeding.

Vitamin  K  is  not  a  direct  hemostatic  agent  but  rather  a
ofactor  for  the  activation  of  factors  II,  VII,  IX,  X,  and  the
nticoagulant  proteins  C  and  S.31 The  usual  dose  of  vitamin

 varies  from  5  to  10  mg  or  an  even  lower  dose  (1  to  3  mg)
ia  the  intravenous  route,  and  it  should  be  combined  with
oagulation  factor  administration  in  an  emergency  setting
ecause,  alone,  it  could  take  from  4  to  24  hours  to  normalize
oagulation.32---34

PCCs  are  considered  the  treatment  of  choice  for  VKA
eversal  in  emergency  settings,  such  as  in  patients  with
ignificant  bleeding.35 Four-factor  PCC  is  a  plasma-derived
roduct  that  restocks  the  vitamin  K-dependent  proteins,
actors  II,  VII,  IX,  X,  and  proteins  C  and  S.  It  is  used
or  warfarin  reversal,  and  it  shows  efficacy  in  factor  Xa

nhibitor  reversal  but  limited  evidence  for  thrombin  inhibitor
eversal.36

t
s
m

43
lants.  *  All  the  measures  are  added  according  to  the  intensity

The  administration  of  4-factor  PCC  is  performed  intra-
enously  with  rapid  infusion  and  low  volume,  promoting
eversal  of  warfarin  in  10  minutes.37 The  risk  involved
n  the  use  of  PCCs  is  mainly  allergic  reactions,  heparin-
nduced  thrombocytopenia  (HIT,  for  preparations  containing
eparin),  and  thromboembolic  complications;38,39 however,
roteins  C  and  S  in  4-factor  PCC  may  improve  its  safety  pro-
le  as  they  are  coagulation  inhibitors,  decreasing  the  risk  of
hromboembolic  events  after  reversal.

Prospective,  randomized  clinical  trials  show  the  clini-
al  efficacy  of  4-factor  PCC  in  the  reversal  of  warfarin  as
eing  superior  to  that  of  FFP  in  patients  presenting  VKA-
elated  ICH40 and  achieving  faster  homeostasis  in  patients
eeding  reversal  for  surgical  interventions.30 A  retrospec-

ive  observational  study  demonstrated  the  efficacy  and
afety  of  warfarin  reversal  using  4-factor  PCC  and  vita-
in  K  in  acute  ischemic  stroke  patients  before  undergoing
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Figure  3  Reversal  due  to  bleeding  after  trauma,  due  to  spontaneous  bleeding  and/or  before  surgery  in  patients  taking  warfarin.
VKA, Vitamin  K  antagonist;  BP,  Blood  pressure;  HR,  Heart  rate;  FFP,  Fresh  frozen  plasma.
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* Tranexamic  acid.
**  Low  molecular  weight  heparin.

ntravenous  thrombolysis;41 in  patients  with  continuous  flow
eft  ventricular  assistive  devices  presenting  bleeding  or  the
eed  for  urgent  surgery,  with  no  thromboembolic  event
bserved;42 in  patients  with  intracranial  bleeding  requiring
rgent  neurosurgical  intervention;43 and  in  patients  under-
oing  early  orthopedic  surgery  (within  24  hours)  due  to  hip
ractures.44 In  an  observational  study  of  143  patients  on  war-
arin,  the  use  of  4-factor  PCC  was  safe  as  a  reversal  agent
ainly  for  bleeding  and  prior  to  surgery,  with  5  cases  of

hromboembolic  complications.45 Evidence  regarding  fixed
oses  of  1000  units  and  1500  units  of  4-factor  PCC  showed  a
imilar  efficacy  compared  to  weight-based  dosing.46,47

Four-factor  PCC  is  preferred  over  3-factor  PCC  because
-factor  PCC  leads  to  a  more  significant  reduction  in  the
NR,48 and  the  survival  rate  is  higher.49 aPCC  proved  to  be
ore  effective  and  faster  than  FFP  for  warfarin  reversal  in
atients  with  traumatic  ICH,50,51 but  it  is  not  indicated  for
ll  patients  because  it  may  present  a  higher  thrombotic  risk
ompared  to  4-PCC  due  to  a  high  content  of  both  prothrom-
in  and  thrombin;  however,  no  comparative  safety  study  has
een  identified.

Although  FFP  is  much  less  expensive  than  4-PCC,  cur-
ent  guidelines  recommend  the  use  of  4-factor  PCC  over
FP.52---54,70 Four-factor  PCC  has  a  safer  profile  and  faster
ction  than  FFP  in  patients  undergoing  cardiopulmonary
ypass  surgery.55 A  systematic  review  and  meta-analysis
f  13  studies  showed  that  PCC  significantly  reduces  all-
ause  mortality,  reduces  the  INR  faster  and  is  effective  in
maller  volumes  compared  to  FFP,  without  an  increased

isk  of  thromboembolic  events.35 FFP  is  a  human  product
hat  contains  all  coagulation  factors,  including  fibrinogen,
nd  it  should  be  administered  with  Vitamin  K.31 To  use

t
w
a

43
FP,  it  is  essential  to  verify  ABO  compatibility.  A  larger
nfused  volume  is  required  (15  mL.kg-1),  increasing  the  risk
f  transfusion-associated  circulatory  overload  and  worsen-
ng  renal  function  in  patients  with  renal  impairment.35 All
he  characteristics  of  FFP,  including  long  defrosting  time
nd  long  infusion  time,  show  that  it  is  not  an  ideal  ther-
py  for  urgent  or  emergency  settings.  Additionally,  the  use
f  FFP  requires  consideration  of  the  risk  of  venous  throm-
oembolism,  allergic  reactions,  anaphylactic  reactions,
ransfusion-related  acute  lung  injury  (TRALI),  hemolysis,
nd  infections.56

Recombinant  activated  factor  VII  (rFVIIa)  is  a  hemostatic
gent  that  increases  thrombin  generation  by  activating  fac-
or  X  at  the  site  of  vascular  injury.  It  should  not  be  used  as

 single  agent  to  reversal  because  it  is  usually  not  capable
f  restoring  hemostasis.  The  actual  recommendation  is  not
o  use  rFVIIa  for  warfarin  reversal  unless  no  other  option  is
vailable,  or  in  case  of  failure  with  previous  treatments.  A
eview  of  63  patients  with  warfarin-ICH  showed  that  both
FVIIa  and  PCC,  in  addition  to  vitamin  K,  are  more  effective
ith  faster  reversal  than  FFP  but  are  associated  with  more

NR  rebound  with  rFVIIa.57 rFVIIa  seems  superior  to  3-factor
CC  for  warfarin  reversal,58 and  their  joint  administration
ould  be  an  option  because  3-factor  PCC  has  a  lack  of  ade-
uate  levels  of  factor  VII;  however,  their  efficacy  remains
nferior  to  4-factor  PCC  alone.59,60 rFVIIa  is  more  expen-
ive  than  PCCs  and  has  a  rapid  but  short  duration  of  action.
ata  from  a literature  review  show  that  the  use  of  rFVIIa  as

 prothrombotic  agent  could  result  in  an  increased  risk  of

hromboembolic  events,  especially  in  elderly  patients  and
hen  used  for  off-label  indications  such  as  the  reversal  of
nticoagulant  agents.61---64
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Figure  4  Reversal  due  to  bleeding  after  trauma,  due  to  spontaneous  bleeding  and/or  before  surgery  in  patients  taking  DOACs.
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P, Blood  pressure;  HR,  Heart  rate;  Hb,  Hemoglobin.
 Direct  oral  anticoagulant.
* Tranexamic  acid.

he  reversal  of  DOACs

ctive  charcoal  could  be  useful  by  helping  reduce  the
bsorption  of  DOACs  (if  the  last  dose  was  less  than  2  hours
efore  an  emergency).65 Hemostatic  strategies  using  spe-
ific  DOACs  reversal  agents  should  always  be  considered  for
atients  with  major  bleeding,  if  available.70

he  factor  Xa  inhibitors
ivaroxaban,  apixaban,  and  edoxaban  anticoagulant  action
an  be  monitored  by  anti-FXa  activity.18 The  factor  Xa
nhibitors  at  on-therapy  or  above  on-therapy  levels  may  not
ffect  PT  values  or  may  induce  a  significant  prolongation  of
he  PT.66,67

Andexanet  alfa  is  the  specific  Xa  inhibitor  that  is  currently
n  the  market.  Literature  reports  the  use  of  4-factor  PCC  or
PCC  as  non-specific,  off-label,  Xa  inhibitor  reversal  agents,
f  andexanet  alfa  is  not  available  (Fig.  4).

Andexanet  alfa  binds  Xa  inhibitors  competitively  with
igh  affinity.  It  is  indicated  only  for  patients  with  severe,
ife-threatening  bleeding,  18  hours  within  the  last  dose
f  anticoagulant.68 The  administration  is  performed  intra-
enously,  as  a  bolus  and  via  infusion,  and  the  effect  is
bserved  5  minutes  after  intravenous  administration,  up  to  2

ours  after  administration  of  the  bolus  and  1  to  2  hours  after

 2-hour  infusion.68 The  efficacy  of  andexanet  alfa  regarding
he  reversal  of  rivaroxaban  and  apixaban  was  first  evaluated
n  101  healthy  volunteers,  showing  at  least  80%  reversal  of

(
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43
nti-factor  Xa  activity.68 This  effect  started  2  to  5  minutes
fter  the  bolus  and  lasted  2  hours  after  the  bolus.  In  patients
eceiving  Xa  inhibitors  (n  =  352)  presenting  with  major  acute
leeding  (mostly  gastrointestinal  or  intracranial),  treatment
ith  andexanet  alfa  in  a  bolus  followed  by  a  2-hour  infu-

ion  showed  that  effective  hemostasis  was  achieved  in  82%
f  patients  after  12  hours  of  reversal  administration,  and
0%  of  patients  presented  thromboembolic  events  within  30
ays.69

High  cost,  limited  availability,  and  the  lack  of  clinical
xperience  limit  the  use  of  andexanet  alfa  and  other  specific
eversal  agents.  Anti-factor  Xa  is  almost  all  protein  bound;
herefore,  it  is  not  possible  to  remove  it  by  dialysis.  Four-
actor  PCC  is  the  non-specific  agent  most  commonly  used
or  reversal  and  guidelines  support  its  use  despite  low  evi-
ence  level.22,70,71 Data  on  the  use  of  PCC  for  anti-factor  Xa
re  still  limited.  A  single  bolus  of  50  IU.kg-1 of  4-factor  PCC
ompletely  reversed  the  effect  of  rivaroxaban  in  12  healthy
ubjects,  with  normal  PT  in  12.8  ±  1.0  seconds  and  main-
ained  this  effect  for  24  hours.72 In  a  meta-analysis,  PCCs
fficiently  reversed  the  factor  Xa  inhibitors,  represented
y  a  significantly  decreased  PT  and  increased  endogenous
hrombin  potential.73 Four-factor  PCC  promoted  hemosta-
is  without  any  thromboembolic  event  in  trauma  patients

n  =  33)  presenting  major  bleeding  using  direct  factor  Xa
nhibitors,  mostly  rivaroxaban,36 and  in  21  patients  under-
oing  emergency  surgery/procedures.74 The  use  of  a  fixed
ose  of  2000  IU  (approximately  25  IU.kg-1)  of  4-factor  PCC
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n  84  patients  with  major  bleeding,  mostly  ICH  and  gas-
rointestinal  bleeding,  was  effective  in  69.1%  of  patients
or  the  reversal  of  rivaroxaban  and  apixaban,  with  a  low
ncidence  of  thromboembolic  events  and  death  (3  ischemic
trokes  leading  to  death).75 In  a  prospective  cohort  of  66
atients  on  rivaroxaban  or  apixaban  with  major  bleeding,
5%  achieved  good  hemostasis  with  2000  IU  4-factor  PCC,
ut  8%  presented  thromboembolic  events.76 A  dose-weight-
ased  50  IU.kg-1 to  a  maximum  of  5000  IU  of  4-factor  PCC
as  evaluated  in  the  reversal  of  apixaban  and  rivaroxaban
ction  in  29  bleeding  patients  (most  of  them  exhibiting  ICH
nd  gastrointestinal  bleeding)77 and  14  ICH  patients,78 with
o  thromboembolic  events  observed.  Forty-three  patients
eceived  25  to  50  IU.kg-1 4-factor  PCC  for  the  reversal  of
ivaroxaban  or  apixaban  due  to  major  bleeding  or  inva-
ive  emergency  procedures,  with  only  one  thromboembolic
vent.79 The  efficacy  and  safety  of  4-factor  PCC  for  the
eversal  of  Xa  inhibitors  were  demonstrated  in  18  patients
resenting  with  traumatic  ICH,  hemorrhage  stroke,  sub-
rachnoid  hemorrhage,  and  tumoral  hemorrhage,  with  one
hromboembolic  event.80 In  a  retrospective  cohort,  rever-
al  of  direct  factor  Xa  inhibitors  with  4-factor  PCC  did  not
ncrease  mortality  or  thromboembolic  events  in  patients
ith  traumatic  ICH.81 A  meta-analysis  with  ten  case  series

ncluding  340  patients  receiving  4-factor  PCC  showed  that  it
as  safe  and  effective  for  the  reversal  of  factor  Xa  inhibitor

n  patients  with  major  bleeding.  However,  the  authors  classi-
ed  this  meta-analysis  as  low-quality  evidence  because  they
id  not  identify  comparative  studies.82 The  use  of  PCCs  for
he  reversal  of  factor  Xa  inhibitors  before  immediate  neu-
osurgery  was  reported  in  six  cases,  but  50%  of  the  cases
resented  severe  bleeding  during  the  operation,  with  three
eaths  due  to  bleeding.83 In  the  observation  of  the  rever-
al  of  DOACs  using  PCC  to  manage  bleeding,  the  dose  of
5  IU.kg-1 seemed  to  result  in  a  better  outcome  than  did

 higher  dose.84 Preference  should  be  given  to  nonacti-
ated  PCC  because  it  presents  more  data  available  in  the
iterature  and  probably  has  lower  prothrombotic  activity.
eports  of  case  series  studies  and  retrospective  analyses
how  that  aPCC  was  effective  for  the  reversal  of  rivaroxaban
n  a  patient  with  subdural  hematoma85 and  in  the  setting  of
emorrhage  or  the  need  for  urgent  surgical  procedures.86---89

he  thrombin  inhibitor
he  diluted  thrombin  time  (DTT)  and  the  ecarin  clotting
ime  (ECT)  are  the  assays  suitable  for  quantification  of
abigatran.66,67,90 The  ECT  test  provides  a  consistent  direct
easurement  of  thrombin  inhibitor  activity,  but  it  is  not
idely  available.  Patients  under  dabigatran  may  present
ormal  or  increased  aPTT  and  TT.  A  normal  range  of  these
arameters  does  not  rule  out  the  anticoagulation  effect,
nd  an  increased  range  may  not  indicate  a  more  imminent
leeding  risk.90

Removal  through  dialysis  is  possible,  taking  at  least  4
ours  to  eliminate  approximately  60  to  70%  of  the  drug.91,92

herefore,  patients  who  are  hemodynamically  unstable  due
o  bleeding  are  not  candidates  for  dialysis.
Reversal  of  dabigatran  is  achieved  with  idarucizumab.
f  this  drug  is  not  available,  limited  evidence  supports  the
se  of  aPCC  or  PCC  at  50  U.kg-1 (maximum  dose  4000
nits)  (Fig.  4).  Idarucizumab  is  a  humanized  monoclonal

R
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ntibody  fragment  that  binds  dabigatran  and  acts  as  a  spe-
ific  reversal  agent  in  cases  of  emergency  surgery  or  urgent
rocedures,  or  major  bleeding,  life-threatening  bleeding,
r  uncontrolled  bleeding.93 It  takes  2.5  hours  for  bleeding
essation  after  the  intravenous  administration  of  5 g  and
4  hours  for  complete  reversal.93 However,  some  patients,
specially  those  with  comorbid  renal  failure,  may  rebound
nd  need  a  repeated  dose.93 Idarucizumab  was  evaluated
or  the  reversal  of  dabigatran  in  a clinical  study  with
61  patients  exhibiting  uncontrolled  bleeding  or  present-
ng  before  an  urgent  procedure.93 The  results  showed  100%
f  the  median  maximum  percentage  reversal,  assessed  by
ither  DTT  or  ECT.  Of  203  patients  assessed  for  bleeding,
7.7%  had  confirmed  bleeding  cessation  within  24  hours,  and
eriprocedural  hemostasis  was  normal  in  93.4%.

The  literature  shows  controversial  results  for  the  use  of
CCs  as  a  reversal  agent  for  dabigatran.  Limited  evidence  of
fficacy  was  observed  in  reported  case  series  in  which  aPCC
eversed  dabigatran,  controlled  bleeding,  with  no  throm-
oembolic  events.94,95 One  patient  was  reported  to  have

 rapid  response  after  the  administration  of  aPCC  during
ardiac  ablation,96 and  one  patient  responded  to  PCCs  and
FP.97 Other  reported  cases  showed  the  inefficacy  of  PCCs
nd  aFVII.72,98

onclusion

mergency  situations,  such  as  trauma,  bleeding,  and  urgent
urgery,  involve  the  reversal  of  anticoagulants.  Reversal  is
chieved  by  the  administration  of  hemoderivatives  such  as
CCs  and  FFP,  and  specific  agents  for  DOACs.  PCCs  and
itamin  K  have  the  highest  benefit-risk  ratio  for  warfarin
eversal  in  emergency  settings;  the  preferred  choice  is  4-
actor  PCC.  Patients  taking  DOACs  should  receive  specific
eversal  agents  (andexanet  alfa,  idarucizumab).  In  cases
f  non-availability  of  specific  reversal  agents,  PCC  or  aPCC
ould  be  considered  based  on  limited  evidence.
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