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Anicoagulants in the perioperative setting - oral
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t1/2 (h)

accumulation in

antidote

renal insufficiency

Phenprocoumon

80-240

-

Vitamin K, PCC

Acenocoumarol

8-11

-

Vitamin K, PCC

Rivaroxaban

7-11

↑

Andexanet alfa

Apixaban

10

↑

Andexanet alfa

Edoxaban

10-14

↑

Dabigatran

9-13

↑↑

Idarucizumab

UFH kont. iv.

1-2

(↑)

Protamin

LMWH sc.

3-7

(↑) - ↑

(Protamin)

Danaparoid

19-25

↑↑

Fondaparinux

17-21

↑↑

Argatroban

1

Bivalirudin

0.5

(↑)
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Assessment of residual DOAC eﬀect

Urgent surgery in patients taking oral anticoagulants (OAC)
• Asses the OAC´s residual effect

VKA

• Asses its impact on the planned surgery (bleeding risk)
• Asses a possible reversal
Vitamin K antagonists (VKA)
• Phenprocoumon (Marcoumar®), Acenocoumarol (Sintrom®)
• Warfarin (Coumadin®)
Direct oral anticoagulants (DOAC)
• Thrombin antagonist: Dabigatran (Pradaxa®)
• Xa antagonists: Rivaroxaban (Xarelto®), Apixaban (Eliquis®),

Rivaroxaban pharmacokinetics (according to age, renal function, body weight);

Edoxaban (Lixiana®)
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from: SGAR Leitlinie zur Anwendung von Rivaroxaban
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Assessment of residual DOAC effect

VKA
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Fig. 3 Correlation of rivaroxaban plasma concentration and INR. A statistically significant correlation is observed (Pearson's correlation coefficient
0.5, p < 0.001; R2 linear 0.25). INR = international normalized ratio, RXA = rivaroxaban

to INR increased the variability and resulted in reduced cannot be used to quantify RXA plasma concentraRXA responsiveness (Siegal and Konkle 2014). This is tion. At most, these assays - with some but not all
not surprising since INR was designed for the monitor- reagents – may permit a crude estimation of the ining of anticoagulation with vitamin K antagonists, with a tensity of anticoagulation (Kitchen et al. 2014). Antifocus on the usual target range of INR 2.0–3.0. Interest- Xa chromogenic assays should be used instead to deingly, only 25% of our patients with a normal INR (< 1.2) termine RXA plasma concentration (Kitchen et al.
had a RXA plasma concentration above 50 mcg/l which 2014; Adcock and Gosselin 2015).
is the lowest proportion compared to patients with normal aPTT and/or PT/Quick.
Fig.line
2 Correlation
of rivaroxaban
concentration
andGuidance
Quick. A statistically
significant correlation is observed (Pearson's correlation
In
with the
findings plasma
of our
study, the
Limitations
coefficient − 0.59, p < 0.001; R2 linear 0.35). Quick = prothrombin time expressed as % of normal plasma pool, RXA = rivaroxaban
from the British Committee for Standards in Haema- Data of our study were collected retrospectively. Nevertology by Kitchen et al. concluded that PT and aPTT theless, documentation and data collection followed
invasive procedures or thrombolysis may be the conse- peak plasma levels of 389 ± 106 mcg/l to 617 ± 149 mcg/l
quence. Furthermore, factors were identified such as (Hillarp et al. 2014). Moreover, Ikeda and Tachibana
renal insufficiency or amiodarone co-medication that showed in patients receiving RXA for atrial fibrillation that
may result in a higher-than-expected residual RXA aPTT tends to be prolonged (Ikeda and Tachibana 2016).
concentration even if standard preoperative interrup- The correlation of aPTT and RXA plasma level does not
tion intervals are observed (Kaserer et al. 2018). Fast and only depend on the latter since there is considerable varireliable quantification of a DOAC’s plasma concentra- ability among laboratories and various aPTT reagents
tion is therefore crucial for the clinical management. (Samuelson et al. 2017; Samama et al. 2013). Although the
While many universities or other large hospitals have in- reagent used in our laboratory (Actin FS, Siemens Healthtroduced routine anti-Xa assays for RXA, smaller hospi- care) is comparatively sensitive to RXA (Samama et al.
tals often have to rely on standard coagulation assays 2013), aPTT was not prolonged in 80% of patients with a
such as PT/Quick, INR, or aPTT. Although we observed residual RXA level > 50 mcg/l.
The effect of RXA plasma level on aPTT was weaker
a statistically significant (but moderate) correlation of
the results of these standard assays with RXA plasma than for PT/Quick and INR. It was shown, that RXA proconcentration, these were not sufficient to exclude a sur- longs PT/Quick in a linear and concentration-dependent
manner (Samama et al. 2010). Baglin et al. demonstrated
gically relevant residual RXA level.
In line with our results, a close correlation of anti-Xa ac- that normal PT cannot exclude an anticoagulant effect of
tivity, PT, and aPTT has been observed previously in DOAC, but can indicate a subtherapeutic plasma level
healthy individuals (Turkoglu 2015). APTT showed a (Baglin 2013). Results vary according to the thromboplastin reagent
al. 2010;(Pearson's
Dale etcorrelation
al. 2014).coefficient
Innovin
slight
moderate
prolongation
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0.53, p < 0.001; R2(Samama
linear 0.28).et
aPTT
activated
RXA = rivaroxaban
Healtcare), which is used in our laboratory, has
concentration
al.=2010).
Inpartial
an inthromboplastin
vitro studytime,(Siemens
simulating RXA peak plasma concentrations in healthy an intermediate sensitivity towards RXA as compared with
volunteers, the aPTT was prolonged two-fold by RXA other reagents, e.g., recombiplastin, neoplastin, or neoplastin plus (Samama et al. 2010). The RXA plasma concentration required to prolong the PT two-fold is 301 mcg/l
using neoplastin plus compared with 700 mcg/l using
Table 2 Patients with normal standard coagulation assays but
residual RXA level > 50 mcg/l
Innovin (Samama et al. 2010; Perzborn et al. 2005). A systematic review of 49 articles showed that the prolongation
RXA > 50 mcg/l
RXA plasma concentration mcg/l
of PT depends on the plasma concentration of RXA, but
n
%
Mean
SD
Min
Max
that the correlation was weaker above 50–100 mcg/l
Quick > 70% 264
50%
77
57
20.4
407
(Samuelson et al. 2017).
INR < 1.2
133
25%
63
42
20.5
268
Although a significantly elevated INR was noted in paaPTT < 36 s
333
80%
100
79
20.4
437
tients taking DOAC (Ofek et al. 2017), conversion of PT

• Quick/PT and INR
DOAK
• Dabigatran (thrombin antagonist)
• thrombin time (for exclusion)
• calibrated anti-IIa assay (for quantitation)
• Rivaroxaban, Apixaban, Edoxaban (Xa antagonists)
• anti-Xa assay (calibrated or „universal“)

Fig. 3 Correlation of rivaroxaban plasma concentration and INR. A statistically significant correlation is observed (Pearson's correlation coefficient
0.5, p < 0.001; R2 linear 0.25). INR = international normalized ratio, RXA = rivaroxaban

to INR increased the variability and resulted in reduced
RXA responsiveness (Siegal and Konkle 2014). This is
not surprising since INR was designed for the monitoring of anticoagulation with vitamin K antagonists, with a
focus on the usual target range of INR 2.0–3.0. Interestingly, only 25% of our patients with a normal INR (< 1.2)
had a RXA plasma concentration above 50 mcg/l which
is the lowest proportion compared to patients with normal aPTT and/or PT/Quick.
In line with the findings of our study, the Guidance
from the British Committee for Standards in Haematology by Kitchen et al. concluded that PT and aPTT

cannot be used to quantify RXA plasma concentration. At most, these assays - with some but not all
reagents – may permit a crude estimation of the intensity of anticoagulation (Kitchen et al. 2014). AntiXa chromogenic assays should be used instead to determine RXA plasma concentration (Kitchen et al.
2014; Adcock and Gosselin 2015).

↑ Quick/PT and INR
Limitations

Data of our study were collected retrospectively. Nevertheless, documentation and data collection followed

← aPTT

Normal coagulation times of global assays do not exclude residual DOAC plasma
levels relevant for surgery

7

(Kaserer A. Perioperative Medicine 2019; 8: 15)

Fig. 4 Correlation of rivaroxaban plasma concentration and aPTT. A statistically significant correlation is observed (Pearson's correlation coefficient
0.53, p < 0.001; R2 linear 0.28). aPTT = activated partial thromboplastin time, RXA = rivaroxaban
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Fontana P. Thromb Res 2017; 153: 65
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For PT, the ratio is different from the international normalized
ratio (INR), which is the same ratio corrected by an international
sensitivity index (ISI) specific to each batch of each reagent.
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DABIGATRAN 150 mg BID
NVAF CTROUGH : 91 (61 – 143 ng mL–1) – mean (25th – 75th percentile)
NVAF CMAX : 175 (117 – 275 ng mL–1) – mean (25th – 75th percentile)
VTE CTROUGH : 60 (39 – 95 ng mL–1) – mean (25th – 75th percentile)
VTE CMAX : 175 (117 – 275 ng mL–1) – mean (25th – 75th percentile)

TT
dTT† - ECA

APTT‡
PT‡
RIVAROXABAN 20 mg OD
NVAF CTROUGH : 44 (12 – 137 ng mL–1) – mean (5th – 95th percentile)
NVAF CMAX : 249 (184 – 343 ng mL–1) – mean (5th – 95th percentile)
VTE CTROUGH : 26 (6 – 87 ng mL–1) – mean (5th – 95th percentile)
VTE CMAX : 270 (189 – 419ng mL–1) – mean (5th – 95th percentile)

Calibrated chromogenic anti-Xa assays
PT‡
APTT‡
APIXABAN 5 mg BID

NVAF CTROUGH : 103 (41 – 230 ng mL–1) – median (5th – 95th percentile)
NVAF CMAX : 171 (91 – 321 ng mL–1) – median (5th – 95th percentile)
VTE CTROUGH : 63 (22 – 177 ng mL–1) – median (5th – 95th percentile)
VTE CMAX : 132 (59 – 302 ng mL–1) – median (5th – 95th percentile)
Calibrated chromogenic anti-Xa assays
PT‡

APTT‡
EDOXABAN 60 mg OD
NVAF CTROUGH : 36 (19 – 62 ng mL–1) – median (IQR)
NVAF CMAX : 170 (125 – 245 ng mL–1) – median (1.5 × IQR)
VTE CTROUGH : 19 (10 – 39 ng mL–1) – median (IQR)
VTE CMAX : 234 (149 – 317 ng mL–1) – median (IQR)

Dabigatran: expected plasma levels and applicability of different assays

Calibrated chromogenic anti-Xa assays
PT‡

(Douxfils J. J Thromb Haemost 2018; 16: 209)

APTT‡
Fig. 2. Laboratory testing of direct oral anticoagulants and expected plasma concentrations after therapeutic doses. Red and blue lines represent plasma concentrations at peak and trough in NVAF and VTE, respectively. Orange boxes represent ranges of applicability of the corresponding test. †Depending on the dTT procedure used, the LOQ may be higher (i.e. 50 ng mL!1 instead of 10 ng mL!1). ‡This represents the
range of quantitation for sensitive reagents. Depending on the reagent, the sensitivity may be lower. Please refer to Fig. 1 for more details on
relevant testing. APTT, activated partial thromboplastin time; CMAX, maximum plasma concentration during the dosing interval;
CTROUGH, minimum plasma concentration during the dosing interval; dTT, diluted thrombin time; ECA, ecarin chromogenic assay; IQR,
interquartile range; LOQ, limit of quantitation; NVAF, non-valvular atrial fibrillation; PT, prothrombin time; TT, thrombin time; VTE, venous
thromboembolism. Notes: (i) Data on plasma concentration were extracted from current SmPC for dabigatran etexilate and apixaban or
according to Mueck et al. [19] for rivaroxaban and to Ruff et al. [54], Weitz et al. [53] and Verhamme et al. [61] for edoxaban. (ii) For dabigatran edoxaban, plasma concentration ranges are expressed as mean or median (" IQR) representing only 50% of the population studied (except for edoxaban NVAF CMAX extracted from Weitz et al., for which the range represents 75% of the population). Thus, for all dabigatran
and edoxaban concentrations, the 5th to 95th percentile ranges are broader than the results expressed here. [Color figure can be viewed at
wileyonlinelibrary.com]

Xa antagonists: expected plasma levels and applicability of different assays
(Douxfils J. J Thromb Haemost 2018; 16: 209)
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Which oral anticoagulant?
Fast and reliable assessment by 3 routine assays in the emergency setting
Quick/PT and INR

TT

anti-Xa assay

VKA

é

¢

¢

Dabigatran

v

é

¢

Xa antagon.

v

¢

é

Quantitation of anti-Xa DOAC by LMWH-calibrated universal anti-Xa assay
Willekens G & Studt JD et al. Br J Haematol 2021; 193: 1203
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Kaserer et al.

Risk Factors for Elevated Rivaroxaban Plasma Concentrations

Table 3 Independent risk factors for RXA plasma concentrations > 50 mcg/L between 24 and 48 hours after last intake (n ¼ 85)
Raw

Adjusted

OR

95% CI

p-Value

OR

95% CI

Sex (male)

1.07

0.68–1.68

0.77

0.97

0.59–1.57

Age (y)

1.01

1.00–1.02

0.22

0.99

0.98–1.01

p-Value
0.89
0.46

BMI (kg/m2)

1.00

0.96–1.04

0.85

0.99

0.95–1.03

0.53

GFR < 60 mL/min

2.15

1.34–3.44

0.001

2.22

1.30–3.78

0.003

Amiodarone intake

2.38

1.34–4.24

0.003

1.97

1.04–3.72

0.036

ﬁrst two valid measurements. Since there is no validated cutoff value for pre-operative RXA concentration, we chose a
value of < 50 mcg/L which is recommended by the Swiss
National Anaesthesia Guidelines. At our university hospital,
this cut-off is used for 10 years now with favourable experience. As the aim of our study was to identify factors associated with an elevated RXA concentration as well as their
pharmacokinetic interaction, we did not investigate for
correct RXA dosing of the patients.

have been affected by additional factors which were not
documented, thereby going unnoticed. To minimize a potential bias, we included only those patients where the time of
last RXA intake was exactly known and documented. A
minor discrepancy between the documented and the actual
time of the last RXA intake cannot be excluded, though. Also,
the patients’ compliance regarding RXA intake is not beyond
doubt. Nevertheless, documentation and data collection
followed Good Clinical Practice guidelines and we assume
that the data quality is high. Besides speciﬁc indications, RXA
plasma concentration was routinely determined in the emergency department upon admission in all patients in critical
condition, and also in thrombophilia testing to detect factors
interfering with certain assays. A signiﬁcant selection bias is
therefore considered unlikely. To avoid a bias of patients who
received multiple consecutive determinations of their RXA
plasma concentration, the number of quantiﬁcations per
patient included in our analysis was further limited to the

Risk Factors for Elevated Rivaroxaban Plasma Concentrations

Kaserer et al.

Conclusion

In our group of real-life patients, impaired kidney function
with a GFR < 60 mL/min and co-medication with amiodarone were independently associated with higher-thanexpected residual RXA plasma concentrations. In these
patients, standard intervals of RXA discontinuation before
elective surgery may not always be sufﬁcient, and routine
pre-operative determination of the residual RXA concentraKASERER
ET AL.
tion could be advisable.

Downloaded by: UZH Hauptbibliothek / Zentralbibliothek Zürich. Copyrighted material.

Abbreviations: BMI, body mass index; CI, conﬁdence interval; GFR, glomerular ﬁltration rate; OR, odds ratio; RXA, rivaroxaban.
Note: Raw and adjusted multivariable logistic regression with RXA plasma concentrations > 50 mcg/L between 24 and 48 hours as dependent
variable and the following explanatory variables: age, sex, BMI, kidney function and amiodarone intake. Signiﬁcant p-Values (<0.05) are depicted in
boldface.

explained by the inhibitory effect of amiodarone on CYP3A4,
GFR
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> 60
512
512
lization. Steinberg
et al showed that treatment with antiarLow expected blood loss
: R2 Linear = 0.005
What is known about this topic?
rhythmic drugs was not associated with increased morbidity
21
or mortality in anticoagulated patients, whereas Chang
Pearson: 0.07
2000• Rivaroxaban is a direct oral factor Xa antagonist with a
256
256
et al recently identiﬁed an increased risk of major bleeding
p = 0.33
short half-life and a fast onset and offset of effect.
20
for amiodarone co-medication. In this context, our data
• Before elective surgery, discontinuation is recomsupport that 1elevated
RXA plasma concentrations due to
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500• Impaired kidney function with a GFR < 60 mL/min
regression model, but did not ﬁnd an interaction of AF and
amiodarone Kaserer
co-medication.
Risk Factors for Elevated Rivaroxaban Plasma Concentrations
et al.Patients with AF are likely to be
and co-medication with amiodarone are indepenolder, and the1 6 RXA dose may be different from other
dently associated with higher-than-expected residual
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p-Value
ORhours after RXA
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Fig. 3. Bar diagram comparing RBC loss (mL) in surgeries with
low (<500 mL) and high (≥500 mL) expected blood loss.
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RXA plasma concentration (mcg/L)

No
Yes

RBC loss (mL)

≤20 μg/L
21-50 μg/L
51-100 μg/L
>100 μg/L

213 (!260)
164 (!189)
211 (!182)
302 (!397)

• Rivaroxaban is a direct oral factor Xa antagonist with a
Surgery with high expected blood loss
short half-life and a fast onset and offset of effect.
Calculated RXA concentration
≤20 μg/L
575 (!365)
21-50 μg/L
688 (!693)
• Before elective surgery, discontinuation is recom51-100 μg/L
984 (!1499)
mended with an interval of at least > 24 hours.
>100 μg/L
1400 (!1300)
• In clinical practice, this is not always sufﬁcient to
Calculated RBC loss (mL) is presented as mean with standard deviation (! SD) and median with interquartile range [IQR].
achieve residual RXA plasma concentrations deemed
appropriate for surgery, deﬁned as ! 50 mcg/L.

What does this paper add?
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• Impaired kidney function with a GFR < 60 mL/min
and co-medication with amiodarone are independently associated with higher-than-expected residual
RXA plasma concentrations.

119 [35-295]
134 [9-201]
192 [20-296]
133 [0-451]
486 [358-817]
518 [237-989]
606 [267-941]
847 [503-2421]
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Reversal of OAC

Anwendung von
Dabigatran in der
Anästhesiologie

VKA
• Vitamin K (within hrs.)

Erarbeitet durch die Expertengruppe
«Dabigatran and Anaesthesiology»

• Prothrombin complex concentrate (PCC; within min.)

Prof. Dr. D. R. Spahn
Prof. Dr. A. Borgeat
Prof. Dr. W. Korte
Prof. Dr. C. Kern
Prof. Dr. J.H. Beer

DOAC
• DOAC have a short half-life (approx. 9-13 hrs)

Anwendung von Apixaban
Die Expertengruppe «Dabigatran
and Anaesthesiology» wird von Boehringer Ingelheim
Guidelines
der Expertengruppe
(Schweiz) GmbH unterstützt. Die Inhalte dieser Guideline geben ausschliesslich die
Meinungen der Mitglieder der Arbeitsgruppe wieder. Ausgabe September 2016.
«Apixaban
und Anästhesiologie»

Anwendung von Edoxaban
im perioperativen Setting –
Guidelines für Anästhesisten

• PCC (off label), high dose of 25-50 U/kg bw
• Specific reversal agents

Update 2020

• Dabigatran → Idarucizumab (Praxbind®)

Erarbeitet von der Expertengruppe der Schweizerischen
Gesellschaft für Anästhesiologie und Reanimation (SGAR/SSAR):
Prof. Dr. D. R. Spahn, Prof. Dr. U. Eichenberger,
Dr. C. Globas, Prof. med. M. L. Licker, Prof. Dr. C. Kern,
Prof. Dr. W. Korte, Prof. Dr. J. Steffel

• Rivaroxaban, Apixaban → Andexanet alfa (Ondexxya®)
• Non-selective reversal is not indicated → specific indications
and limitations → consult SOP and algorithms

SGAR guidelines covering DOAC use in the perioperative setting
Ausgabe November 2015
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Erarbeitet durch die Expertengruppe «Apixaban und Anästhesiologie»:
Prof. Dr. Donat R. Spahn, Prof. Dr. Alain Borgeat, Prof. Dr. Wolfgang Korte,
Prof. Dr. François Mach, Prof. Dr. Krassen Nedeltchev
Die Expertengruppe «Apixaban und Anästhesiologie» wird von
Bristol-Myers Squibb SA und Pfizer AG unterstützt. Die Inhalte dieser Guideline
geben die Meinungen der Mitglieder der Arbeitsgruppe wieder.
*Die aktuellste Version der Guidelines finden Sie auf der Website
http://www.sgar-ssar.ch/

Überarbeitete Ausgabe April 2020
Die aktuellste Version der Guidelines finden Sie auf der Website
www.sgar-ssar.ch. Die Expertengruppe wird von Daiichi-Sankyo
unterstützt. Die Inhalte dieser Guideline geben nur die Meinungen
der Autoren wieder.

Reversal of OAC
SOP - example University Hospital Zürich
Summary

• Idarucizumab (Praxbind®): selected patients anticoagulated
with Dabigatran

•

• urgent surgery

Urgent surgery in patients taking OAC requires

• life-threatining or uncontrolled bleeding

• Rapid and reliable assessment of the OAC´s residual effect

• thrombolysis in ischemic stroke

• Assessment of the expected bleeding risk related to this
residual effect and the type of surgery

Andexanet alfa (Ondexxya®)

• Assessment of possible OAC reversal in selected patients

• life-threatening or uncontrolled bleeding

according to SOP

• Rivaroxaban or Apixaban intake within 24 hrs
• no preceeding PCC treatment
• prognosis not unfavorable
• board authorization required
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