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Abstract
Background: Anticoagulant assumption is a concern in neurosurgical patient that implies a delicate balance
between the risk of thromboembolism versus the risk of peri- and postoperative hemorrhage.
Methods: We performed a survey among 129 different neurosurgical departments in Italy to evaluate practice
patterns regarding the management of neurosurgical patients taking anticoagulant drugs. Furthermore, we
reviewed the available literature, with the aim of providing a comprehensive but practical summary of current
recommendations.
Results: Our survey revealed that there is a lack of knowledge, mostly regarding the indication and the strategies of
anticoagulant reversal in neurosurgical clinical practice. This may be due a lack of national and international guidelines
for the care of anticoagulated neurosurgical patients, along with the fact that coagulation and hemostasis are not
simple topics for a neurosurgeon.
Conclusions: To overcome this issue, establishment of hospital-wide policy concerning management of
anticoagulated patients and developed in an interdisciplinary manner are strongly recommended.
Keywords: Anticoagulant, Reversal therapy, Neurosurgery, Traumatic brain injury, Spontaneous intracerebral
hemorrhage
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Background
Surgical population has increasing medical complexity,
with special regards to the implemented use of antiplatelets agents and anticoagulants for the prevention of
thrombotic events in selected patients [1]. Neurosurgical
procedures are classified as very high hemorrhagic surgical procedures, making the management of anticoagulation in neurosurgery one of the toughest challenges. The
Food and Drug Administration (USA) estimated that 2
millions of people each year start using vitamin K antagonist. The use of anticoagulants is expected to continue
growing in the near future [2, 3]. In recent years, directacting anticoagulants (DOACs) showed a safer profile
when compared to vitamin K antagonists (VKAs), both
in term of pharmacokinetics and reduced necessity of
periodical blood monitoring, thus becoming the first
choice in several cases. In neurosurgery, the implemented use of DOACs reduced the rate of spontaneous
bleeding complications [4]. Otherwise, the lack of selective reversal drugs and specific test for adequate monitoring confirmed the existence of several limitations even
for these novel anticoagulant drugs [4].
The use of anticoagulants is of extreme interest both in
the setting of acute traumatic brain injury (TBI) or intracerebral hemorrhage (ICH) and in case of elective surgery,
complicating the maintenance of the delicate balance between thromboembolic and hemorrhagic events [5]. In
2015, an update from the French Working Group on Perioperative Hemostasis (GIHP) suggested an interruption
time of DOACs up to 5 days in case of elective neurosurgical procedures in the absence of renal disease, while longer in case of kidney injury and elderly age [6]. Moreover,
recent recommendations on the management of anticoagulants and reversal therapy are mostly managed in medical
practice and published in cardio-vascular journals, although neurosurgeons must deal with coagulation-related
issues almost daily in clinical practice. Nevertheless, comprehensive guidelines on how to manage anticoagulated
neurosurgical patients are lacking.
We therefore performed a national survey in Italy to
depict current clinical practice for the management of
anticoagulation in neurosurgical patients. Furthermore,
we reviewed the available literature, with the aim of providing a comprehensive and practical summary of
current recommendations.
Methods
Survey preparation

This national survey was endorsed by the Italian Society
of Neurosurgery (SINCH) and promoted by the Department of Neuroscience, Rehabilitation, Ophthalmology,
Genetics and Maternal and Child Health (DINOGMI),
University of Genoa, Italy. The questionnaire was created by using an electronic software (SurveyMonkey®).
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With the aid of the bureau of the SINCH, a mailing list
including the e-mail addresses of all the chiefs of different neurosurgical departments in Italy for a total number of 129 participants was extracted. All participants
received a hyperlink for participating to the Survey. The
link was sent to the mailing list in September 2017 and
remained active until November 2017.
The survey consisted in 20 questions regarding the
management of hemostasis, antiplatelet therapies and
anticoagulation as experienced in neurosurgical care
practice. The questionnaire was developed by a panel of
expert neurosurgeons and hematologists highly experienced in coagulation disorders.
Ten questions regarded the use of antiplatelet therapy
(previously discussed by our group [7]), while ten questions regarded the use of anticoagulants, as discussed in
the current paper. Table 1 summarizes the questions
raised in our Survey.

Literature review

An extensive non-systematic literature review was independently assessed by two authors (AP, PF) on two electronic databases (PubMed, Scopus). Controversies were
solved by discussion with other authors.

Data analyses and statistical methods

Data were extrapolated from the SurveyMonkey® online
software package and stored as an excel file (Microsoft
Corp, Redmond, WA®). The results are presented as numbers and percentages. Descriptive statistics was computed
for each question. All statistical analyses were assessed by
using the SPSS statistical software® (Version 23).

Results
Overall, 129 chiefs of 129 Italian neurosurgical departments were preliminary included, of whom only 47
(36%) answered to the questions raised by this Survey.

Epidemiology of anticoagulation in neurosurgery

Question 1: In the last year, indicate the approximate percentage of patients admitted in your department with “acute”
neurosurgical indication -e.g. acute/chronic epiduralsubdural hematomas, ICH, Subarachnoid Hemorrhage
(SAH), Traumatic Subarachnoid Hemorrhage (tSAH)- in
anticoagulant therapy.
The majority of participants (60%) affirmed that 10–
25% of patients with acute surgical indication were on
anticoagulant therapy, while 26% of participants affirmed
that less than 10% of patients were on anticoagulant
therapy (Supplementary Fig. 1).
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Table 1 The survey

Table 1 The survey (Continued)

Question 1: In the last year, indicate the approximate percentage of
patients admitted in your department with “acute” neurosurgical
indication (e.g. acute/chronic epidural-subdural hematomas, ICH,
SAH, Traumatic Subarachnoid Hemorrhage), in anticoagulant
therapy.

Question 1: In the last year, indicate the approximate percentage of
patients admitted in your department with “acute” neurosurgical
indication (e.g. acute/chronic epidural-subdural hematomas, ICH,
SAH, Traumatic Subarachnoid Hemorrhage), in anticoagulant
therapy.

Possible answers

o frequently

o less than 10%

o rarely

o between 10 and 25%

o never

o between 25 and 50%

Question 4: In the eventuality of the clinical scenario of the above
mentioned (“acute neurosurgical pathologies”), how do you reverse
DOAC patients? For every option listened, please choose among
routinely, frequently, rarely and never

o between 50 and 75%
o more than 75%.
Question 2: In the clinical scenario of the above mentioned acute
neurosurgical pathologies, in which conditions do you apply a
“forced” emergency reversal of anticoagulant agents?
Possible answers:
o Only if a surgical treatment is plenned
o Also If a conservative treatment is planned
Question 3: In the eventuality of the clinical scenario of the above
mentioned “acute neurosurgical pathologies”, how do you reverse
VKA patients? For every option listened, please choose among
routinely, frequently, rarely and never

Vitamin K
o routinely
o frequently
o rarely
o never
Vitamin K plus Fresh Frozen Plasma
routinely
o frequently

Vitamin K

o rarely

o routinely

o never

o frequently

Vitamin K plus Prothrombin Complex Concentrate

o rarely
o never
Vitamin K plus Fresh Frozen Plasma
routinely
o frequently
o rarely
o never
Vitamin K plus Prothrombin Complex Concentrate
o routinely
o frequently

o routinely
o frequently
o rarely
o never
Prothrombin Complex Concentrate alone
o routinely
o frequently
o rarely
o never
Activated Prothrombin Complex Concentrate

o rarely

o routinely

o never

o frequently

Prothrombin Complex Concentrate alone

o rarely

o routinely

o never

o frequently

Recombinant Activated Factor VII

o rarely

o routinely

o never

o frequently

Recombinant Activated Factor VII

o rarely

o routinely
o frequently
o rarely
o never
Recombinant Activated Factor VII plus Vitamin K
o routinely

o never
Recombinant Activated Factor VII plus Vitamin K
o routinely
o frequently
o rarely
o never
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Table 1 The survey (Continued)
Question 1: In the last year, indicate the approximate percentage of
patients admitted in your department with “acute” neurosurgical
indication (e.g. acute/chronic epidural-subdural hematomas, ICH,
SAH, Traumatic Subarachnoid Hemorrhage), in anticoagulant
therapy.
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The option “yes, also if a conservative treatment is
planned” was answered by 51% of the responders, while
49% of the participants choose the option “only if a surgical treatment is planned”.

Specific Reversal Agent (if available)

VKAs reversal therapy

o routinely

Question 3: In the eventuality of the clinical scenario of
the above mentioned “acute neurosurgical pathologies”,
how do you reverse VKA patients?
Most of the responders stated that they frequently or
routinely use Vitamin K (45 and 29% respectively) or
Vitamin K and FFP (46 and 30% respectively). The association vitamin K and PCC is frequently/routinely used
in 37–21% and, of note, rarely or never used in 33 and
9% respectively. Recombinant activated factor VII
(rFVIIa) is rarely used (Fig. 1).

o frequently
o rarely
o never
Question 5: How do you assess anticoagulant effects in patients on
DOACSs with acute neurosurgical pathologies? (multiple answers possible)
o Drug’s half-life
o Time from the last intake of the drug
o PT/aPTT
o INR
o Specific assay
Question 6: What is the optimal timing for initiating venous
thromboembolism chemoprophylaxis after intracranial bleeding or
after elective surgery?
o less than 2 days
o between 2 and 4 days
o between 4 and 7 days
o more than 7 days
Question 7: In your opinion, what is the optimal timing for antithrombotic therapy resumption in patients at high thrombotic risk
(e.g. valvular atrial fibrillation, ventricular devices)?
o less than 5 days

DOACs reversal therapy

Question 4: In the eventuality of the clinical scenario of
the above mentioned (“acute neurosurgical pathologies”),
how do you reverse DOAC patients?
A specific reversal agent (if available) is used frequently or routinely by 56% of the responder; 37,5 and
42% of responders stated that they used frequently or
routinely Vitamin K and Vitamin K and FFP respectively. PCC and aPCC are used frequently or routinely
only by 19 and 10% of responders respectively (the vast
majority of the responders stated that they rarely or
never use these agents, Fig. 2).

o between 5 and 10 days

Coagulation tests in DOACs

o more than 10 days

Question 5: How do you assess anticoagulant effects in
patients on DOACSs with acute neurosurgical pathologies? (multiple answers possible).
Most of the participants (66%) indicated that they try
to determinate when the last dose was taken and 51%
that they evaluate the half-life of the drug. The answer
prothrombin time (PT) and activated partial thromboplastin time (aPTT) was chosen by 34% of the participants. Only 23% of responders used to assess the
anticoagulant effect with a specific assay (Fig. 3).

Question 8: In your opinion, what is the optimal timing for antithrombotic therapy resumption in patients at moderate thrombotic
risk (e.g. non-valvular atrial fibrillation)?
o less than 5 days
o between 5 and 10 days
o more than 10 days
Question 9: In your opinion, what is the optimal timing for antithrombotic therapy resumption in patients atlow-thrombotic risk
(e.g. previous history of deep venous thrombosis)?
o less than 5 days
o between 5 and 10 days
o more than 10 days
Question 10: Do you usually ask for a cardiological evaluation for
the perioperative management of anticoagulated patients?
o Yes
o No

Anticoagulated patients in emergency neurosurgery

Question 2: In the clinical scenario of the above mentioned acute neurosurgical pathologies, do you apply a
“forced” emergency reversal of anticoagulant agents?

Anti-thrombotic therapy resumption

Questions 6, 7 and 8: In your opinion, what is the optimal timing for anti-thrombotic therapy resumption in
patients at high thrombotic risk (e.g. valvular atrial fibrillation, ventricular devices), moderate thrombotic risk
(e.g. non-valvular atrial fibrillation) and low-thrombotic
risk (e.g. previous history of deep venous thrombosis)?
In patients at high thrombotic risk, 34% of participants
re-initiateanti-thrombotic therapy less than 5 days after
an intracranial bleeding or after elective surgery, 47%
after 6 to 10 days and 19% after more than 10 days. In
patients at moderate thrombotic risk, 15% of responders

Prior et al. BMC Neurology

(2021) 21:98

choose the answer “less than 5 days”, 38% the answer
“between 6 to 10 days” and 47% the answer “more than
10 days”. Finally, in patients at low-thrombotic risk the
majority (62%) of participants re-initiateanti-thrombotic
therapy after more than 10 days, while 17% of participants after less than 5 days and 21% between 6 to 10
days (Supplementary Fig. 3).
Perioperative management

Question 9: What is the optimal timing for initiating
venous thromboembolism prophylaxis after intracranial
bleeding or after elective surgery?
Most of the participants (64%) initiate chemoprophylaxis less than 2 days after intracranial bleeding or after
elective surgery, 28% after 2 to 4 days, 2% after 4 to 7 days
and 6% after more than 7 days (Supplementary Fig. 2).
Question 10:Do you usually ask for a cardiological
evaluation for the perioperative management of anticoagulated patients?
Neurosurgical patients usually undergo cardiological
evaluation (87%).

Discussion
This national survey provides pivotal information regarding the management of anticoagulation among distinct
neurosurgical departments in Italy. The main findings of
our survey can be summarized as follow: 1) patients who
undergo acute neurosurgical procedures are on anticoagulation in 10–25% of cases; 2) both in planned and unplanned
neurosurgical
procedures
reversal
of
anticoagulation is frequently adopted; 3) Vitamin K or
Vitamin K and FFP are mostly used for reversal of VKAs,
while rFVIIa is rarely adopted; 4) when available, a specific
reversal agent is preferred, although most of participants
frequently or routinely use Vitamin K or Vitamin K and
FFP; 5) Pharmacokinetic of anticoagulants is frequently investigated, general coagulation test are commonly used,
while specific blood dosages of DOACs are adopted in
about 20% of cases; 6) Prophylactic antithrombotic agents
are most commonly prescribed between 6 to 10 days after
intracranial bleeding or elective surgery; 7), 8), and 9) In
patients with high thrombotic risk, antithrombotic agents
in therapeutic dosage are commonly prescribed between 6
to 10 days after intracranial bleeding or elective surgery. In
case of moderate risk, antithrombotic agents in therapeutic dosage are most frequently prescribed after 10 days
from the surgical event, while for low-thrombotic risk antithrombotic drugs are reinitiated 10 days thereafter; 10) A
perioperative cardiological evaluation is considered part of
daily clinical practice in 87% of cases.
1) Epidemiology of anticoagulation in neurosurgery

Even though the exact prevalence of antithrombotic
therapy in neurosurgical patients is unknown, data from
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recent studies suggested that many neurosurgical patients are on anticoagulation at the time of both elective
and emergent presentation. Importantly, an increasing
number of patients are treated with DOACs. In patients
with atrial fibrillation (AF) who are eligible, DOACs are
recommended over vitamin K antagonist (VKA) [8] .
One of the major concerns related to DOACs is the lack
of antidotes compared to VKAs; nevertheless in 2015
the FDA approved Idaracizumab for the reversal of
dabigatran-induced coagulopathy in patients with lifethreatening or uncontrolled bleeding and in patients requiring emergent/urgent procedures. Very recently,
Andexanet Alfa has been approved by FDA for reversal
of anti-activated factor X (FXa) drugs.
Spontaneous ICH in Anticoagulated patients

In a recent large registry-based retrospective cohort study
including patients with intracerebral hemorrhage, 10.6%
of patients received warfarin and 3.5% received DOACs
prior to ICH [9]. Similarly, in a retrospective cohort study
at 19 German tertiary care centers including 10.208 consecutive patients with ICH authors found a period prevalence rate of 13.0% of anticoagulant-related ICH [10].
Warfarin use increases the risk of primary ICH by 2–5%
[11]). Of all spontaneous ICH cases 15–20% are anticoagulated by warfarin. Risk of ICH for patient taking Warfarin is approximately 1% per year [12–15] and as high as
1.9% in a cohort study [16]. Anticoagulant-associated
intracranial hemorrhage is predictive of larger hematoma
volumes, higher rates of hematoma expansion, and worse
clinical outcomes as compared with spontaneous intracerebral hemorrhage in nonanticoagulated patients [2, 17].
DOACs seems to carry half the risk for ICH compared
to vitamin K antagonists [18–21]. Moreover, a recent
multicenter cross-sectional observational study suggests
that DOAC-related ICHs appear to have more favorable
neuroimaging (lower baseline median ICH volume) and
clinical profiles (lower median NIH Stroke Scale scores
-NIHSS- at admission and higher median admission
Glasgow Coma Scale scores) on hospital admission compared to VKA-related ICH [22]. DOAC-related ICH was
also associated with lower odds of 3-month disability
and greater likelihood of 3-month functional improvement. In the context of ICH expansion, the literature
provides conflicting results; some studies recorded lower
rate of hematoma expansion in DOACs related versus
VKA-related ICH [22–24] whereas others showed similar radiological evolution [25, 26].
TBI in Anticoagulated patients

Data regarding TBI in anticoagulated patients are more
difficult to obtain. In a retrospective cohort study including 384 patients 55 years of age or older with closed head
injuries over an 8-year period (April 1993–2001) 9% of
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Fig. 1 QUESTION 3: How do you reverse VKA patients in “acute neurosurgical pathologies”? For every listed reversal agent, participants had to state if
they use it routinely, frequently, rarely or never

patients were receiving warfarin before their trauma [27].
Gaist et al. extrapolate from the Danish National Patient
Register 10,010 patients with a first-ever subdural
hematoma discharge diagnosis from 2000 to 2015; 14.3%
of patients were taking VKA and 1.0% were taking
DOACSs [28]. Authors noted increasing incidence of

subdural hematoma during the study period, especially
among older patients; this fact seems to be temporally related to an increase in the use of antithrombotic drugs. In
a more recent retrospective study conducted in Frankfurt
am Main, Germany, authors analyzed 116 consecutive patients with acute SDH treated from January 2007 to June

Fig. 2 QUESTION 4: How do you reverse DOAC patients in “acute neurosurgical pathologies”? For every listed reversal agent, participants had to state
if they use it routinely, frequently, rarely or never
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Fig. 3 QUESTION 6: How do you assess anticoagulant effects in patients on DOACSs with acute neurosurgical pathologies? Possible answers: drug’s
half-life, time from the last intake of the drug, PT/aPTT, INR, specific assay. Multiple answers

2016 and they found that 54.1% of patients were on vitamin K antagonists and 8.1% were on DOACs at the time
of TBI [29]. Anticoagulated patients who experienced a
traumatic brain injury have higher risk of intracranial
bleeding [29], a higher risk of hematoma expansion or delayed hematoma formation and increased morbidity and
mortality [30–33]. Patients that have sustained a head injury while on Warfarin had a 2 to 6 times higher mortality
than non-anticoagulated patients [34, 35]; outcome severity seems to be related to the degree of anticoagulation
achieved by warfarin measured by international normalized ratio (INR) [36].
DOACSs patients seems to have the same initial
hematoma volume, midline shift and functional outcome
when compared to VKA related TBI [29].

intracerebral hemorrhage [44] authors stated that, due
to the absence of RCTs, they cannot make strong recommendation about reversal therapy for patients with
spontaneous ICH taking anticoagulant drugs. However,
they suggest stopping anticoagulant medication if INR
was elevated, to give intravenous vitamin K and to add
fresh-frozen plasma (FFP) or prothrombic complex concentrates (PCC) to prevent hematoma expansion. Rapid
reversal of VKA and normalization of INR, alongside
with specific systolic blood pressure management, leads
to lower rates of hematoma enlargement and to reduced
mortality [45–47]. In a large retrospective cohort study
Kuramatsu et al. [10] noted that INR reversal to values
below 1.3 achieved within 4 h after admission was associated with fewest rates of hematoma enlargement.

2) Anticoagulated patients in emergency neurosurgery
Management of VKA patients

VKA associated TBI There is little consensus regarding
management of patients with TBI taking anticoagulants.
Discontinuation of anticoagulant therapy is recommended but it is not clear if rapid INR reversal is associated with a better outcome. Ivascu et al. [38] reported
11% rates of hematoma expansion in patients taking
Warfarin and with an initial positive CT scan rapidly
treated with FFP and vitamin K versus 40% of progression rate in patients without FFP infusion. Mortality also
decreased significantly in reversed patients (10% compared with the 50% rate noted in controls). Hans Andrews et al. [48] retrospectively review 100 patients with
traumatic intracranial hemorrhage taking prehospital
anticoagulant medication; they stated that reversal of elevated INR levels in less than 10 h significantly decreases

As stated by the Neurocritical Care Society [37] prompt
reversal therapy is mandatory for patients with Vitamin
K antagonists-related intracranial hemorrhage (both
traumatic and spontaneous), irrespective of hematoma
size, location or the indication for anticoagulation. Only
for patients with negative neurological examination and
very mild INR elevation (< 2) a conservative management may be evaluated, and risk and benefit of Vitamin
K reversal must be balanced [17, 38–43]..
VKA associated spontaneous Intracerebral hemorrhage
(sICH) In the European Stroke Organization (ESO)
guidelines for the management of spontaneous
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the likelihood of intracranial hemorrhage expansion. In
a recent published article Watson et al. [49] proposed
interesting guidelines for the management of TBI patients on antithrombotic therapy initially considered
non-operative. Reversal therapy was guided by INR
values, Platelet Function Assays, CT scan and neurological examination. This comprehensive evaluation enables a simple and individualized approach to the
patient assuming anticoagulant or antiplatelet drugs; this
could lead to a better and faster management for this
kind of patients.
Management of DOACs patients

Similarly to patients with VKA associated intracranial
hemorrhage, discontinuation of the drug, blood pressure
management and correction of the coagulation status is
needed to limit hematoma enlargement in TBI patients
under DOACs [50]. If a DOAC-treated patients require
an urgent surgical procedure it is important to determine which DOACs is taken and when the last dose was
taken; if the last DOAC dose was taken at least 24 h before urgent surgery, it is likely that more than 80%of the
therapeutic effect will be gone in the presence of normal
kidney function (because of the short half-lives of this
medications) [51]. Measuring the anticoagulant effect of
DOACs with specific coagulation tests (see next chapter)
may be helpful in these situations. If the procedure cannot be delayed and the patient’s coagulation status indicates a high risk of bleeding, DOAC reversal should be
considered before the procedure [52].
3) VKAs reversal therapy

VKAs: Vitamin K antagonists exert their effect by antagonizing vitamin K in the synthesis of clotting factors II,
VII, IX and X. Vitamin K normalizes the INR by providing
the necessary substrate to synthesize these coagulation
factors [53, 54]; nevertheless reduction of INR to values
less than 1.4 may take up to 24 h [55, 56] because Vitamin
K effect is delayed by the requirement of de novo synthesis
of clotting factors by the liver [57]. For this reason in the
acute setting vitamin K monotherapy is not adequate and
should be supplemented with vitamin K-dependent coagulation factors [53, 55, 56, 58–63].
FFP, PCC and rFVIIa FFP is plasma isolated from a
unit of whole blood and contains all clotting factors.
PCC contains a mixture of vitamin K-dependent clotting
factors (II, IX and X in the three factor PCC -3PCC-, II,
VII, IX and X in the four factor PCC -4PCC-). Traditionally, FFP in combination with vitamin K was considered as first choice treatment for VKA reversal.
Recently, the INCH trial stated that patient with VKAICH were more likely to normalize INR within 3 h after
administration of 4PCC in comparison to administration

Page 8 of 14

of FFP. Patients treated with PCC had significantly less
hematoma and lower mortality while no effect was seen
on the mRS at 90 days between the two groups [43]. FFP
requires longer time for INR normalization in comparison to PCC because of the lower concentration of clotting factors and the time needed to safely transfuse
larger volumes of FFP [64, 65];most of the patients require more than 1 unit of FFP to normalize INR and this
could lead to excessive amounts of volume given to the
patient, which can cause volume overload and result in
pulmonary edema especially in patient with impaired
cardiac function [46]. Other drawbacks of using FFP are
the potential for transfusion-related reaction such as
acute lung injury; moreover, FFP need to be crossmatched before used [66]. On the other hands FFP has
lower cost and widespread availability compared to PCC
[44]. Both FFP and PCC carries a small risk of viral infection transmission [57] and similar rates of thrombotic
complications (3–8%) [67, 68]. Four-factor PCC seems
to be superior to three-factor PCC for INR reversal, but
only two retrospective studies have directly compared
3PCC with 4 PCC and there are no data from prospective randomized trials [69, 70]. Of note pharmacologic effects of PCC begin to wane after approximately 12–24 h
[60]. Despite little data are available, PCC multiple dose
is not recommended [71]; in case of inadequate INRvalue after a full dose of PCC, the administration of FFP
may be considered [44].
rFVIIa is a vitamin K-dependent glycoprotein structurally similar to human-derived factor VII that enhances
thrombin generation [57]. It is fast in reduce INR but
has been associated with higher thrombosis rate (12,8–
24%) [72–75]. Another drawback is the high cost of
treatment [76, 77].
4) DOACs reversal therapy
Non-specific reversal agents

Prothrombic complex concentrates (PCCs) are the preferred non-specific hemostatic agent for DOACS reversal
[8]. Animal experiments and studies in healthy volunteers
have indicated the efficacy of PCCs and aPCC for the
normalization of coagulation parameters under DOACs
treatment [50] but it is still unclear if normalization of coagulation parameter translates to improved outcomes in
patients with acute bleeding. Indeed, in a recent German
retrospective multicenter cohort study authors demonstrated that hemostatic treatment with PCC was not associated with a reduced risk of hematoma enlargement,
mortality, or unfavorable functional outcome either in
overall DOACS-related ICH or specifically in factor Xa inhibitor–related ICH [47]. Of note in this study patients
received a PCC weight-adjusted dosage ≥25 IU/kg bodyweight while updated guidelines now refers to dosages
≥50 IU/kg bodyweight [37].
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Specific reversal agents

A specific reversal agent is available for dabigatran (idarucizumab, a humanized antibody fragment that specifically binds dabigatran) [78]. Specific agents for FXa
inhibitors are andexanet alfa (a recombinant human FXa
analogue that competes with FXa to bind FXa inhibitors)
[79] and ciraparantag [80]. Importantly, even after direct
reversal therapy significant DOACs concentrations may
reappear in some patients and contribute to recurrent or
continued bleeding (particularly after andexanet alpha,
less frequently after Idarucizumab administration),
underlining the necessity for continued clinical and laboratory monitoring [50].
Idaracizumab: Idaracizumab was approved in 2015 by
FDA for the reversal of dabigatran-induced coagulopathy. In a phase 3, global, prospective, cohort study [78]
Idaracizumab completely reversed the anticoagulant activity of dabigatran within minutes in almost all patients.
As stated before continued clinical and laboratory monitoring is recommended, since a dose of Idarucizumab
may not completely neutralize an exceptional high level
of dabigatran [50].
Andexanet Alfa: this reversal agent has been approved
recently (May 2018) by FDA on the basis of two Phase 3
ANNEXA studies (ANNEXA-R and ANNEXA-A) that
demonstrated that Andexanet Alfa rapidly and significantly reversed anti-Factor Xa in healthy volunteers. The
ANNEXA-4 study [81] confirmed the hemostatic efficacy of andexanet in patients with acute major bleeding
associated with the use of a factor Xa inhibitor.
Conclusions/recommendations

Patients with Vitamin K antagonists or DOACs-related
intracranial hemorrhage should be promptly reverted
(except in very selected cases). A target value of < 1.5 for
INR is recommended [63]. Vitamin K is a mainstay for
reversal therapy of VKA and should be administered immediately to patients with VKA-associated intracranial
hemorrhage; nevertheless, it must be supplemented with
FFP or PCC. PCC (preferably 4 factors PCC) is recommended [63]; PCC dosing should be weight-based and
vary according to the INR values38. FFP may be considered when PCC is not available, in those with a history
of allergy or adverse reaction to PCC or its components
or in patients that have already received a full dose of
PCC but do not have adequate INR correction. rFVIIa
use for VKA reversal in patients with intracranial
hemorrhage is not recommended except in selected
circumstances.
In patients on DOACs therapy, measuring the anticoagulant effect of DOACs may be helpful to guide
emergency care. In dabigatran-treated patients, Idarucizumab should be considered as the first-line option,
while in direct factor Xa inhibitor-treated patients
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Andexanet Alfa is now available. If specific reversal
agents are not available, administration of PCC should
be considered, or alternatively, administration of aPCC
or rFVIIa may be considered. FFP should not be used as
a reversal agent unless no coagulation factor concentrate
is available. Haemodialysis may be considered in
dabigatran-treated patients, particularly in case of impaired renal function, if Idarucizumab is not available.
5) Coagulation tests in DOACs

Routine coagulation tests do not provide an accurate assessment of DOACs anticoagulant effects [63]. Prolonged activated partial thromboplastin time (aPTT)
indicates an anticoagulant effect of dabigatran, and a
prolonged prothrombin time (PT) indicates anticoagulant effect of the FXa inhibitors. However, the clinical
utility of these common tests is limited due to the fact
that a normal aPTT or PT does not exclude clinically
relevant plasma levels of dabigatran and FXa inhibitors
[82, 83]. More accurate tests to measure plasma dabigatran include the diluted thrombin time assay, the ecarin
clotting time assay, or the ecarin chromogenic assay [84,
85], while measurement of the anticoagulant activity of
direct factor Xa inhibitors can be determined with calibrated chromogenic anti-FXa assays [86, 87]. Unfortunately, these more sensitive tests are hampered by lack
of standardization and limited availability [88, 89].
6), 7), 8) anti-thrombotic therapy resumption

Resumption of antithrombosis postoperatively requires
balancing the risks of rebleeding with the risks of
thromboembolic complications if antithrombotic are not
resumed. Postoperative hemorrhagic risk can be categorized as low (2- day risk of major bleeding 0–2%) or high
(2-day risk of major bleeding 2–4%) and neurosurgical
procedures are considered to have a high risk of bleeding. Thromboembolic risk can be estimation by calculate
the CHA2DS2-VASc score (low risk if or 1), with an
additional increase in risk in case of recent stroke or recent pulmonary embolism [8].
Optimal timing for the resumption of VKA after elective
surgery is not precisely provided by the literature. In the
“2017 Expert Consensus Decision Pathway for Periprocedural Management of Anticoagulation in Patients With
Nonvalvular Atrial Fibrillation” authors stated that if
hemostasis is achieved, VKA can be restarted in the first
24 h after the procedure in most situations, also because
VKA anticoagulant effect typically begins 24 to 72 h after
initiation of therapy and the full therapeutic effect occurs
5 to 7 days after re-initiation [90]. Nevertheless in the setting of a procedure at high risk for bleeding delayed
re-initiation of anticoagulation may be considered [90].
In a review that considered anticoagulated patients
undergoing neurosurgical procedures, authors developed
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recommendations based on thromboembolic risk status
(high risk, e.g. onset of deep venous thrombosis or pulmonary embolism within the three months before surgery,
moderate risk, e.g. patients with mechanical valves, and
low risk). Authors recommended that high-risk patients
should receive a vena cava filter and subcutaneous heparin, and oral anticoagulation should be restarted on postoperative days 3–5. Moderate-risk patients should receive
subcutaneous heparin postoperatively, and oral anticoagulation should be restarted on postoperative days 5–7.
Low-risk patients should receive subcutaneous heparin
postoperatively, and oral anticoagulation should be
restarted on postoperative days 7–14 [91]. The European
Heart Rhythm Association Practical Guide on DOACs
management suggests, after planned surgery, initiation of
post-operative thromboprophylaxis 6–8 h after surgery
and restarting the DOACSs 48–72 h postoperatively [50].
In a German survey regarding the perioperative management of anticoagulated patients most of the responders
restarted VKA or DOACs 8–14 days after surgery [92].
Regarding TBI, literature demonstrate that resumption
of anticoagulant treatment was associated with a net
benefit for patients in terms of a reduction in risk of
stroke [93, 94]; patients with a history of prior antithrombotic therapy experience thromboembolic complications earlier after TBI, with a peakin the first 10 days
post-trauma [95]. Nevertheless, the optimal time of anticoagulant therapy resumption is not clear. In a recent
literature review, authors stated that after TBI it might
be reasonable to resume anticoagulation (warfarin/
DOACs) from day 3 after the hemorrhage in patients at
high risk of thromboembolism with bridge therapy, and
from day 7 in patients at low risk [96]; this approach
may carry an acceptably low risk of hemorrhagic complications (of note hemorrhagic complications may be
lower with the introduction of NOACs than with VKAs).
In “The 2018 European Heart Rhythm Association Practical Guide on the use of non-vitamin K antagonist oral
anticoagulants in patients with atrial fibrillation authors
stated that after evacuation of traumatic epidural or subdural hematoma anticoagulation could be safely reinitiated about 4 weeks after surgery [50].
A very frequent dilemma for neurosurgeon is the time
of anticoagulant resumption in patients under chronic
anticoagulant therapy operated for chronic subdural
hematoma (cSDH). It seems that anticoagulant could be
associated with higher postoperative recurrence rate [97,
98], but risk of rebleeding has to be balanced with the
risk of thromboembolic complications. In a retrospective
analysis Guha et all evaluated patients under either antiplatelets or anticoagulants drugs that underwent surgical
evacuation of cSDH; they found that patients with a history of preoperative antithrombotic therapy experienced
thromboembolic complications significantly earlier than
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patients without antithrombotic drugs. They stated that
resuming chronic anticoagulant therapy early following
the surgical evacuation of cSDH (3 days postoperatively)
may be safe [97], but the literature is not conclusive
about timing of anticoagulant resumption, ranging from
3 to 5 days to 7 days to several weeks.
Another major clinical dilemma is if and when resume
antithrombotic therapy after spontaneous ICH; anticoagulated patients that survives after sICH are at risk of
ICH recurrence, but also of ischemic stroke. The risk of
ischemic stroke in people with AF is should be estimated
using the CHA2DS2VASC score and it seems reasonable
to use this score in populations of ICH survivors [99],
but the risk of ICH recurrence is more difficult to estimate. In a recent systematic review the rate of recurrence was between 1.8 and 7.4% [100], and it was higher
after “lobar” ICH in comparison with “deep” ICH [100].
The difference is related to the different underlying
small vessel disease, being lobar ICH more frequently associated with cerebral amyloid angiopathy (CAA) [101].
Beyond the ICH location defined by the CT scan, MRI
can be used to diagnose CAA with high specificity in
ICH patients with the identification of biomarkers of
small vessel disease, including distribution of cerebral
microbleeds (CMBs) [102]. Given the high risk of ICH
recurrence, some authors recommend that a patient with
AF and a probable CAA should not be anticoagulated
[50, 103]; nevertheless a recent meta-analysis indicate
decreased mortality and favorable functional outcome
after resumption of oral anticoagulation after intracerebral bleeding [104]. Given the fact that DOACs have a ~
50% lower ICH risk than VKA, anticoagulation with
DOACSs should be preferred in most ICH survivors, except where warfarin is indicated (e.g. in those with metallic mechanical heart valves) [8]. An important recent
development approved by FDA is the left atrial appendage occlusion (LAAO). As LAAO seems to have similar
efficacy to oral anticoagulation in patients with AF, it
could be a potential substitute for long-term anticoagulation in AF patients post-ICH and an option for ICH
survivors at high risk of recurrent ICH (e.g. those with
probable cerebral amyloid angiopathy). Nevertheless randomized trials are needed to definitively determine the
safety and efficacy of LAAO in ICH survivors [50]. Regarding the timing of anticoagulant resumption, there
are no reliable randomized trial data to guide clinicians;
resumption should be delayed beyond the acute phase
(~ 48 h) and probably for at least 4–8 weeks [8, 50].
9), 10) perioperative management

Perioperative management of anticoagulation therapy is
a delicate balance between the risk of thrombotic complications versus bleeding risk; in this view, a multidisciplinary team consensus is advocated [50, 63, 105]. We
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already discussed about the issue of anticoagulant therapy resumption, therefore in this chapter we’ll briefly review the management of anticoagulant suspension
before planned surgery.
Timing of anticoagulant suspension before planned
surgery and bridging

Neurosurgical procedures are considered “high hemorrhagic
risk surgery”; this means that the risk of bleeding both in the
intra-operative and immediate post-operative period is substantial and that anticoagulant interruption is mandatory to
minimize the hemorrhagic risk [8, 50].
VKA

Discontinuation of warfarin is usually instituted 5 days
before an elective surgical intervention, with INR
checked before surgery. Surgery can be regularly planned
if the INR is ≤1.4–1.5 the day before surgery or the same
day of surgery [106].
DOACS

High hemorrhagic risk surgery should be performed
when less than 10% of the residual anticoagulant effect
exists [51]. It is therefore recommended to take the last
DOACS dose 48 h or longer before surgery [50]. In patients in whom DOACS clearance is unclear (e.g. patient
with impaired renal function, older patients or patients
assuming medication with potential DOACs interaction)
measurement of DOACs plasma levels with specific coagulation tests may be considered [50].
Venous thromboembolism prophylaxis

Neurosurgical patients are considered at moderate-high
risk for venous thromboembolism (VTE), both after
acute conditions such as TBI or hemorrhagic stroke [57]
and following elective neurosurgical procedures [107].
After TBI, the most appropriate approach for VTE
prophylaxis is the use of mechanical prophylaxis, in the
form of graduated compression stockings (CS) and intermittent pneumatic compression (IPC) devices, together
with low molecular-weight heparin (LMWH) or lowdose unfractionated heparin [96]. After TBI or
hemorrhagic stroke, early administration of low-dose
subcutaneous heparin decrease the risk of thromboembolism without increasing the risk of rebleeding [108,
109]; chemical prophylaxis may be initiated 24 h after
CT documenting stability of intracranial blood and the
absence of new hemorrhage [57, 108]. Chemoprophylaxis along with mechanical prophylaxis is suggested
after elective neurosurgical procedures [57]; in a recent
meta-analysis, Khan et al. concluded that chemoprophylaxis is beneficial in preventing VTE with no significant
increase in either major or minor bleeding complications
[107]. Initiating chemoprophylaxis 24 h following a

Page 11 of 14

cranial or spinal surgical procedure has been shown to
be safe [57].
Bridging periods

The BRIDGE trial (a trial performed in patients on warfarin candidate to an invasive procedure, patients with
mechanical valves were excluded), demonstrated that
perioperative anticoagulation with heparin/LMWH
didn’t reduce cardiovascular events when compared to
no bridging [110]. Notably, a significantly higher risk of
major bleeding was observed; the results of this trial discourage pre-operative bridging in patients without high
risk of thromboembolism or without a mechanical valve
[8]. Pre-operative bridging (LMWH at therapeutic doses
starting 3 days before the procedure) can be considered
in patients receiving VKA who are particularly high risk
of TE (e.g., recent stroke, mechanical heart valve) [106].

Conclusions
Anticoagulation therapy is gaining attention in neurosurgical practice. Our survey revealed that there is lack
of uniformity concerning the management of anticoagulation in Italy, mostly regarding the indication and strategies for the reversal of anticoagulants. This may be due
to lack of national and international guidelines for the
care of anticoagulation in neurosurgical patients. Meanwhile, establishment of a multidisciplinary hospital-wide
policy concerning the management of anticoagulated
neurosurgical patients is strongly recommended.
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