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RESEARCH ARTICLE

Protocols for perioperative management of direct oral anticoagulants in
hospitals: opportunities for improvement
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Leeuwarden, Leeuwarden, the Netherlands; dDepartment of Emergency Medicine, Medical Center Leeuwarden, Leeuwarden, the
Netherlands; eDepartment of Haematology, University of Groningen, University Medical Center Groningen, Groningen, the Netherlands

ABSTRACT
Objectives: To investigate and describe the protocolized perioperative management in patient using
Direct oral anticoagulants (DOACs) in Dutch hospitals.
Methods: Between August and December 2020, a nationwide survey in 70 hospitals in the
Netherlands was conducted. We asked hospital pharmacists to submit their protocols for peri-
operative management of DOAC (apixaban, dabigatran, edoxaban and rivaroxaban) users. The
protocols were assessed for a number of parameters divided into categories: interruption
and restart timetables DOACs for elective procedures, criteria for the start of an urgent proced-
ure without antidotes, criteria for the use of antidotes and advised antidotes for
urgent procedures.
Results: A total of 49 hospitals (70%) sent a protocol for perioperative management of DOACs. Two
pairs of protocols were identical because hospitals cooperated closely, leaving 47 individual protocols
for analysis. Thirty-five of these protocols contained a policy for both elective and urgent procedure;
five protocols contained only a policy for elective and seven only for urgent procedures. In protocols
for elective procedure, we found great variation in interruption and restart timetables intended for
patients with renal impairment (Estimated Glomerular Filtration Ratio < 80ml/min). In case of urgent
procedures, there is variation in choice of antidote, criteria for administration of an antidote and anti-
dote dosing.
Conclusion: This study provides an overview of the current state of the perioperative protocols in the
Netherlands in patients treated with direct oral anticoagulants. Protocols are often not complete and
show important and unwanted variation. We have found that national guidelines do not provide
unambiguous advice on all points (urgent procedures) and are therefore often elaborated at a local
level. The results of this research can help in improving and harmonizing the perioperative protocols
on a national level.
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Introduction

Direct oral anticoagulants (DOACs) are the most used antico-
agulants in the Netherlands. In newly anticoagulated
patients, the use of DOAC exceeds use of vitamin K antago-
nists (VKA) and DOACs have become the primary treatment
for atrial fibrillation and thrombotic diseases1. Non-valvular
atrial fibrillation (AF) is the most common indication which
requires long-term anticoagulant therapy. It has been esti-
mated that every year 10–15% of these patients will undergo
an elective procedure2,3. Therefore, good perioperative man-
agement of DOAC is necessary.

For perioperative risk management, both bleeding and
thrombotic risk of procedure and patient characteristics are
important to determine the necessity and length of DOAC
interruption4. Several international guidelines and reviews
give recommendations about the interruption and restart of

DOACs for procedures to standardize perioperative manage-
ment of DOAC4–7. The PAUSE (Perioperative Anticoagulant
Use for Surgery Evaluation)-study investigated a stop strat-
egy: interruption of the DOAC therapy 1 day before a low
bleeding risk procedure and twodays before a high bleeding
risk procedure and concluded that this perioperative strategy
for elective procedures was associated with low rates of
major bleeding well as low rates of arterial
thromboembolism8.

Only elective procedures have been included in the
PAUSE-study. Urgent procedures need a different policy
because emergency reversal of the anticoagulant effect of
the DOAC is necessary. However, it is uncertain in what cases
antidotes are indicated and in what cases certain length of
elapsed time since last dose alone is enough to decrease the
bleeding risk. Various guidelines have different requirements
in their recommendations. These requirements vary from
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monitoring DOAC plasma levels and anticoagulant laboratory
coagulant tests to the elapsed time since the last dose. They
are often based on pharmacokinetic properties and expert
opinions5,7,9,10.

In the Netherlands it is common practice that
hospitals make their own perioperative management proto-
col for (specific) elective and urgent procedures based on
international or national guidelines. An example of a national
guideline is the “Guideline Antithrombotic Policy” [Richtlijn
Antithrombotisch Beleid] by the Dutch Association of
Internal Medicine11.

In order to study how perioperative DOAC use in man-
aged in Dutch hospitals and in particular whether they pro-
vide essential information, we have analyzed current hospital
protocols nationwide.

Methods

Between August and December 2020, hospital pharmacists
of all 70 hospitals in The Netherlands were contacted by
phone and email to submit their local hospital protocols for
perioperative management of patients using DOACs (apixa-
ban, edoxaban, rivaroxaban and dabigatran).

In most cases, hospital protocols include policy for elect-
ive and urgent procedures within one same protocol.
Furthermore, we analyzed all of the received protocols with
a distinction between urgent and elective part due to its
specific treatment goals.

The protocols (for elective and urgent procedures) sent
were analyzed for content. After analysis of protocols for
elective procedures, we divided content in two following cat-
egories: interruption timetables and restart of DOACs. For
urgent procedures, protocol content was divided into: criteria
for a start of a procedure without antidotes for DOACs,
criteria for the use of antidotes and advised antidotes. We
also analyzed references upon which protocols are based.

Per content variables are presented in frequency counts and
percentages.

Results

A total of 49 hospitals (70%) sent a protocol for perioperative
management of DOACs. These protocols were most recent
and updated protocols in hospitals at that time. Two pairs of
protocols were identical because a number of hospitals have
merged or cooperate closely regionally and were using the
same protocol, leaving 47 individual protocols for analysis
(Figure 1). Elective and urgent policies are combined in same
protocols in the Netherlands. Thirty-five (74%) of these proto-
cols contained a policy for both elective and acute proced-
ure; five and seven protocols contained only a policy for
elective and urgent procedures, respectively. Therefore, 40
protocols are used for the analysis of elective procedures
and 42 protocols for urgent procedures (Figure 1).

Elective procedures

Interruption timetables
The interruption timetables of a DOAC therapy before elect-
ive procedures is shown in Table 1. All of the protocols dis-
tinguished interruption based on the bleeding risk of the
procedure (low and high) and renal function (eGFR [esti-
mated Glomerular Filtration Ratio eGFR]).

In 75% (N¼ 30) of the protocols a table with examples
per bleeding risk was present to determine the bleeding risk
before and after a procedure.

When eGFR is above 30ml/min for Xa inhibitors and
80ml/min for dabigatran then 93% respectively 95% of the
protocols advice interruption of DOAC therapy of 24 h for
low bleeding risk procedures, respectively, 48 h for high risk
procedures. For Xa inhibitors users with a eGFR under 30ml/
min with low bleeding risk, interruption times of 24 (13%),
36 (60%) and 48 h (10%) are advised. No advice was given in

Hospitals approached 
70

Protocols recieved  
49 

Unique protocols recieved 
47 

Protocol contains only a 
policy for elec�ve 

procedures 
5 

Protocol contains only a 
policy for urgent 

procedures 
7 

Protocol contains a policy 
for both elec�ve and urgent 

procedures 
35 

Excluded double protocols  
2 

Figure 1. Inclusion.
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seven (18%) of the protocols. For patients with eGFR under
30ml/min and high bleeding risk, an interruption of 48 h was
advised in 95% of the protocols. In 5% of the protocols, no
advice was given.

In case of dabigatran users with eGFR between 51 and
80ml/min with high bleeding risk, interruption of 48 h and
72 h was given in 10 (25%) and 28 (70%) of the protocols. In
low bleeding risk patients, interruption of 24, 36, 48 and 72 h
was given in 10 (25%), 26 (65%), 1 (3%) and 1 (3%) of proto-
cols. In both bleeding risks, two (5%) protocols gave no
advice. Interruption time in renal clearance under 30ml/min
was 48 (3%), 72 (20%) and 96 (73%) h for high bleeding risk
an 24 (3%), 48 (90%) and 96 (3%) h for low bleeding risk. In
both cases, two (5%) of the protocolled gave no advice.

Restart
Most of the elective protocols advised the restart of DOAC
therapy 24 h (68%) after low bleeding risk procedure and
48–72 h (78%) after high bleeding risk procedure. Restart
times were not mentioned in 1 (3%) protocol (Table 2).

Urgent procedures

Without antidote
If an urgent procedure in DOAC users is necessary, 91%
(N¼ 38) of the protocols with a policy for this type of pro-
cedure advised when a procedure could take place without
using a specific antidote (Table 3). Fifty-two percent (N¼ 22)
of the protocols mentioned that the procedure can take
place after one half-life of the DOAC expired. In this case,
there is no link with eGFR being an important variable for
the length of the half-life. Other criteria were time range

from the last dose of DOAC (ranging between 8 and 24 h)
and laboratory test such as APTT/PT and minimal DOAC con-
centration in blood.

With antidote
In 83% (N¼ 35) of the protocols, instruction was given how
to reverse the effect of the DOAC with a specific antidote
and under which criteria. (Table 4). The criteria for dabigatran
and Xa inhibitors were almost the same with “abnormal gen-
eral coagulation tests” being the most frequently mentioned
(dabigatran: 48% (N¼ 20); Xa inhibitors: 33% (N¼ 14)).

Advised antidotes
Table 5 shows which antidotes are advised. 81% (N¼ 34) of
the protocols instructed prothrombin complex concentrate
(PCC) for the reversal of Xa inhibitors in a variety of advised
doses, the other gave no advice on use of an antidote.
Advised doses of PCC varied from 500 to 1000 IU and
25–50 IU/kg with the most common dose mentioned 25 IU/
kg (36%; N¼ 15). In 19% of the protocols, no specific dose of
PCC is mentioned. For the reversal of dabigatran 76%
(N¼ 32) of the protocols instructed idarucizumab and 7%
(N¼ 3) PCC. In 17% (N¼ 7) of protocols, the dose of idaruci-
zumab was not specified.

References
Thirty percent (N¼ 14/47) of protocols contained no referen-
ces. The other protocols (70%; N¼ 33) based their policy on
17 different references. Two national guidelines, “Guideline
Antithrombotic Policy” (49%; N¼ 23) and “NOAC guideline of
2012” (36%; N¼ 17) were the most commonly used

Table 1. Interruption of DOACs before elective procedures (N¼ 40).

DOAC eGFRb High bleeding riska Low bleeding riska

Interruption
before procedure

Number of protocols (%) Interruption
before procedure

Number of protocols (%)

Xa inhibitors
(Rivaroxaban,
Apixaban
and Edoxaban)

>30ml/min 48 h 38 (95) 24 h 37 (93)
No advice 2 (5) 48 h 1 (3)

No advice 2 (5)
Total 40 (100) Total 40 (100)

<30ml/min 48 h 38 (95) 24 h 5 (13)
No advice 2 (5) 36 h 24 (60)

48 h 4 (10)
No advice 7 (18)

Total 40 (100) Total 40 (100)
Dabigatran >80ml/min 48 h 38 (95) 24 h 37 (93)

No advice 2 (5) 48 h 1 (3)
No advice 2 (5)

Total 40 (100) Total 40 (100)
51–80ml/min 48 h 10 (25) 24 h 10 (25)

72 h 28 (70) 36 h 26 (65)
No advice 2 (5) 48 h 1 (3)

72 h 1 (3)
No advice 2 (5)

Total 40 (100) Total 40 (100)
30–50ml/min 48 h 1 (3) 24 h 1 (3)

72 h 8 (20) 48 h 36 (90)
96 h 29 (73) 96 h 1 (3)

No advice 2 (5) No advice 2 (5)
Total 40 (100) Total 40 (100)

Abbreviations: DOAC, Direct oral anticoagulant; eGFR, Estimated Glomerular Filtration Ratio.
aHigh and low bleeding risk procedures were classified by local hospital consensus.
beGFR cut points (<30, <30, 30–50, 51–80 and >80ml/min) were used in local hospital protocols.
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Table 3. Criteria for a start of procedure without antidotes (N¼ 42).

Criteria for a start of procedure without antidotes Number of times mentioned (%)

One half-life of the DOAC 22 (52)
Time range
12 h ago 5 (12)
12–24 h ago 12 (29)
24 h ago 1 (2)
8–24 h ago 1 (2)

Coagulation tests
Normal general tests (APTT/PT) 9 (21)
Minimal DOAC concentration (anti-Xa/dTT) 5 (12)

No criteria 4 (10)

Note: Some protocols mentioned multiple criteria.
Abbreviation: APTT/PT, Activated partial thromboplastin clotting time/prothrombin time; DOAC, Direct oral anticoagulant; dTT,
diluted thrombin time.

Table 4. Criteria for the use of antidotes in case of an urgent procedure (N¼ 42).

Criteria for the use of antidotes before an urgent procedure Number of times mentioned (%)

Dabigatran Xa inhibitors (Rivaroxaban, Apixaban and Edoxaban)

Coagulation tests
Abnormal general tests (APTT/PT) 20 (48) 14 (33)
DOAC concentration (anti-Xa/dTT) 7 (17) 9(21)

Last dose of DOAC
< 2 h ago 11 (26) 12 (29)
< 12 h ago 2 (5) 2 (5)
Other 3 (7) 1 (2)

A delay is impossible (life threatening situation) 6 (14) 4 (10)
Consult with a specialist 3 (7) 1 (2)

Note: Some protocols mentioned multiple criteria.
Abbreviation: APTT/PT, Activated partial thromboplastin clotting time/prothrombin time; DOAC, Direct oral anticoagulant; dTT, diluted thrombin time.

Table 5. Advised antidotes for the reversal of Xa inhibitors and Dabigatran before an urgent procedure (N¼ 42).

Antidote for the reversal of Xa
inhibitors before an urgent procedure

Number of protocols (%) Antidote for the reversal of
Dabigatran before an
urgent procedure

Number of protocols (%)

PCC 8 (19) Idarucizumab 32 (75)
PCC 1000 IU 1 (2) PCC 2 (5)
PCC 25 IU/kg 15 (36) PCC 25 IU/kg 1 (2)
PCC 25–50 IU/kg 4 (10) No advice 7 (17)
PCC 50 IU/kg 4 (10)
PCC 500 or 1000 IU 1 (3)
PCC 50 IU/kg (max 2500 IU) 1(3)
Antidote not specified 1 (3)
No advice 7 (17)
Total 42 (100) Total 42 (100)

Abbreviation: PCC, Prothrombin complex concentrate.

Table 2. Restart of DOAC therapy after surgery mentioned in in protocols of Dutch hospitals containing management of
elective surgery (N¼ 40).

Restart after procedure Number of protocols (%)

Low bleeding risk 24 h 27 (68)
24–48 h 11 (28)
48 h 1 (3)

Restart not mentioned 1 (3)
Total 40 (100)

High bleeding risk 24 h 2 (5)
48 h 5 (13)

48–72 h 31 (78)
After consult with primary practitioner 1 (3)

Restart not mentioned 1 (3)
Total 40 (100)

Abbreviation: DOAC, Direct oral anticoagulant.
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references. Other protocols were mostly based on local or
regional guidelines. None of the protocols was based on most
recent ESC or AHA/ACC guidelines.

Discussion

We found that 26% of protocols on perioperative manage-
ment in patients treated with direct oral anticoagulants do
not include policy for both urgent and elective procedures
and were based on wide variety of local, regional or national
guidelines. In protocols for elective procedure, we found
great variation in interruption and restart timetables
intended for patients with renal impairment (eGFR < 80ml/
min) respectively patients with high bleeding risk. In case of
urgent procedures, there is variation in choice of antidote,
criteria for administration of an antidote and antidote dosing.
Protocols did not take thrombotic risk into account.

From literature it is known that protocolized treatment,
especially in urgent situations, lead to less variation in how
nurses and physicians act and prescribe, and that less vari-
ation improves quality of care and the outcome of
the patient12.

We have tried to find an explanation for this large vari-
ation in protocols. We have found that national guidelines
do not provide unambiguous advice on all points (urgent
procedures) and are therefore often elaborated at a local
level. A truly national approach with a guideline that goes a
few steps further in this regard could lead to greater uni-
formity of local protocols (after all, the national guideline is
often referred to as a reference) and thus (closing the circle)
would further improve the uniformity and quality of care.
This also means that further research is needed to scientific-
ally support future policy on urgent procedures in DOAC
users and promotion and implementation of national guide-
line on a local level (harmonization). By filling the knowledge
gaps considering interruption of DOAC before urgent pro-
cedure and optimal use of specific antidotes we can improve
national protocols by adding this data to these same proto-
cols. When these updated national protocols are translated
to local hospital protocols more uniformity could
be expected.

One of the strengths of this study is the high response
rate (70%) on the questionnaire. Protocols analyzed were not
under revision at the time of the study, but in meantime
some of them may have been revised. In the meantime,
there have been no changes in national policy. This is a limi-
tation of our study.

Conclusion

This study provides an overview of the current state of the
perioperative protocols in The Netherlands in patients
treated with direct oral anticoagulants. Protocols are often
not complete and show important and unwanted variation.
We have found that national guidelines do not provide
unambiguous advice on all points (urgent procedures) and

are therefore often elaborated at a local level resulting in
great variation between protocols. The results of this
research can help in improving and harmonizing the peri-
operative protocol on a national level.
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