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Background: Concern remains over reliable point-of-care testing to guide 
reversal of rivaroxaban, a commonly used factor Xa inhibitor, in high-acuity 
settings. Thromboelastography (TEG), a point-of-care viscoelastic assay, may 
have the ability to detect the anticoagulant effect of rivaroxaban. The authors 
ascertained the association of apparent rivaroxaban concentration with throm-
boelastography reaction time, i.e., time elapsed from blood sample place-
ment in analyzer until beginning of clot formation, as measured using TEG 
and TEG6S instruments (Haemonetics Corporation, USA), hypothesizing that 
reaction time would correlate to degree of functional factor Xa impairment.

Methods: The authors prospectively performed a diagnostic accuracy study 
comparing coagulation assays to apparent (i.e., indirectly assessed) rivarox-
aban concentration in trauma patients with and without preinjury rivaroxaban 
presenting to a single center between April 2016 and July 2018. Blood sam-
ples at admission and after reversal or 24 h postadmission underwent TEG, 
TEG6S, thrombin generation assay, anti–factor Xa chromogenic assay, pro-
thrombin time (PT), and ecarin chromogenic assay testing. The authors deter-
mined correlation of kaolin TEG, TEG6S, and prothrombin time to apparent 
rivaroxaban concentration. Receiver operating characteristic curve compared 
capacity to distinguish therapeutic rivaroxaban concentration (i.e., greater 
than or equal to 50 ng/ml) from nontherapeutic concentrations.

results: Eighty rivaroxaban patients were compared to 20 controls. 
Significant strong correlations existed between rivaroxaban concentration and 
TEG reaction time (ρ = 0.67; P < 0.001), TEG6S reaction time (ρ = 0.68;  
P < 0.001), and prothrombin time (ρ = 0.73; P < 0.001), however reaction 
time remained within the defined normal range for the assay. Rivaroxaban 
concentration demonstrated strong but not significant association with coag-
ulation assays postreversal (n = 9; TEG reaction time ρ = 0.62; P = 0.101; 
TEG6S reaction time ρ = 0.57; P = 0.112) and small nonsignificant association 
for controls (TEG reaction time: ρ = −0.04; P = 0.845; TEG6S reaction time:  
ρ = −0.09; P = 0.667; PT-neoplastine: ρ = 0.19; P = 0.301). Rivaroxaban 
concentration (area under the curve, 0.91) and TEG6S reaction time (area 
under the curve, 0.84) best predicted therapeutic rivaroxaban concentration 
and exhibited similar receiver operating characteristic curves (P = 0.180).

conclusions: Although TEG6S demonstrates significant strong correlation 
with rivaroxaban concentration, values within normal range limit clinical utility 
rendering rivaroxaban concentration the gold standard in measuring antico-
agulant effect.
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Rivaroxaban, a factor Xa inhibitor, has gained favor 
as an alternative to vitamin K antagonists for the 

treatment of atrial fibrillation and thromboembolism.1 
Advantages include low relative risk of bleeding compli-
cations and fixed dosing for which routine monitoring is 
not necessary.2 Despite increasing familiarity with rivarox-
aban, concern remains over access to immediately available 
pharmacodynamic data to guide administration of reversal 
agents in high acuity settings such as trauma and emergency 

general surgery. Furthermore, although the direct oral anti-
coagulants are considered to have predictable pharmaco-
kinetics, studies have found that drug concentration varies 
significantly depending on compliance, age, sex, the con-
comitant use of certain medications, and renal function.3 

editor’S PerSPective

What We already Know about This Topic

• Measuring the effects of factor Xa inhibitor levels to guide the 
management of patients needing urgent surgery or procedural 
interventions is not readily available. Point-of-care testing would 
provide clinicians with the ability to determine functional factor Xa 
impairment to guide management strategies.

What This article Tells us That Is New

• The use of a modified thromboelastography assay demonstrated 
significant correlations with rivaroxaban concentrations but values 
were within normal ranges, and therefore clinical utility is limited. 
As a result, other methods to assay rivaroxaban and other Xa inhib-
itor concentrations are needed to determine the anticoagulant 
effects of these agents when needed.
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Inability to accurately predict how direct oral anticoagu-
lants contribute to coagulopathy or hemorrhage potentially 
intensifies the risk of thrombosis, a serious adverse event 
potentially associated with administration of reversal agents 
such as andexanet alfa,4,5 idarucizumab,6,7 or prothrombin 
complex concentrate.8,9 Consequently reliable point-of-
care testing is critical to evaluating direct oral anticoagulant 
activity and providing timely and life-saving treatment.10

Unfortunately, direct oral anticoagulant assays such as ecarin 
clotting time, dilute thrombin time, and anti-Xa inhibitor 
monitoring are limited in their availability and utility in clinical 
settings.11,12 None are presently available as point-of-care assays 
or exhibit rapid delivery of results which is critical in emer-
gency care.10 Anti-Xa assays are poorly validated in bleeding 
patients and frequently overestimate drug concentration, espe-
cially at higher plasma concentration.13 Use of assays that detect 
rivaroxaban concentration directly, although the most accurate 
method of detecting drug effect, has similar drawbacks given 
the protracted time to result. Thromboelastography (TEG), 
a point-of-care viscoelastic assay measuring all phases of clot 
formation, has been used as an alternative to standard coag-
ulation assays for guiding post-injury resuscitation.14 Previous 
evidence has shown that TEG reaction time, i.e., time elapsed 
from blood sample placement in analyzer until beginning of 
clot formation, may be prolonged secondary to apixaban and 
dabigatran.15,16 Recent investigations are variable with regard 
to whether TEG parameters have the ability to detect rivar-
oxaban’s anticoagulant effect.17–19 Some have observed that 
the reaction time, which quantifies the enzymatic initiation 
of coagulation, exhibits dose-dependent elongation correlat-
ing with rivaroxaban concentration.16 Others have produced 
conflicting data, however, and raised uncertainty as to the asso-
ciation between TEG and drug-induced coagulopathy.20 Few 
studies have investigated the more recent generation of throm-
boelastography, TEG6S (Haemonetics Corporation, USA; 
recently FDA approved for use in trauma); although compa-
rable to previous iterations, the TEG6S platform has a specific 
anti–factor Xa assay developed for the detection of factor Xa 
inhibitor anticoagulant effect.18 As such, equipoise remains 
concerning routine incorporation of TEG parameters in treat-
ment algorithms for patients taking pre-injury rivaroxaban. To 
address this, we conducted a prospective observational study to 
ascertain the ability of TEG and anti–factor Xa assay TEG6S 
to detect rivaroxaban effect in trauma patients hypothesizing 
that reaction time would correlate to the degree of functional 
factor Xa impairment.

Materials and Methods

Study Design

This observational prospective cohort study compared TEG 
and TEG6S parameters to apparent plasma drug concentra-
tion in trauma patients with and without preinjury rivarox-
aban use who presented to a single quaternary referral center 
between April 2016 and July 2018. The study commenced 

after obtaining approval by the University of Pittsburgh 
Institutional Review Board (Pittsburgh, Pennsylvania; 
PRO15050224). Adult patients with reported/documented 
preinjury rivaroxaban use within 48 h of presentation were 
eligible for inclusion. After enrollment of patients in the 
rivaroxaban arm was complete, demographics were reviewed 
and patients in the control arm were prospectively selected 
for the study based on comparability to cases with regard 
to age, Glasgow coma scale, admission hemodynamics, and 
mechanism of injury. Patients were excluded if pregnant or 
incarcerated; had a history of chronic liver disease, hereditary 
coagulopathy, or nonrivaroxaban anticoagulant use, received 
preinjury blood product administration, nonsurvivable trau-
matic brain injury, or were comfort-measures-only status.

Written informed consent was obtained from the patient 
or a legally authorized representative. Blood samples were 
obtained, first, at time of admission and before resuscitation 
with blood products or hemostatic adjuncts. A second blood 
sample was collected either immediately after reversal with 
four-factor prothrombin complex concentrate (a single dose 
of 50 units/kg, maximum 5000 units), if clinically indicated, or 
at 24 h postadmission. In addition to kaolin TEG and TEG6S, 
samples were submitted for a battery of coagulation testing, 
including thrombin generation assays, anti–factor Xa chro-
mogenic assay (i.e., rivaroxaban assay), prothrombin time with 
Neoplastine, and ecarin chromogenic assay (Supplemental 
Digital Content 1, http://links.lww.com/ALN/C113). All 
assays were performed as single measurements. Clinical vari-
ables of interests that were collected included initial hemody-
namics, admission lab data, assessment of blood consumption 
score, hospital length of stay, intensive care unit length of stay, 
type and timing of thromboprophylaxis initiation, venous 
thromboembolism occurrence as diagnosed on duplex ultra-
sound (deep vein thrombosis) or computed tomography angi-
ography or ventilation-perfusion scan (pulmonary embolus), 
clinically relevant bleeding complications (defined as bleeding 
not present as a result of initial injury and requiring hemo-
static intervention or cessation of thromboprophylaxis), oper-
ative intervention, transfusion, injury complex and severity, 
and need for new dialysis.

Coagulation assays

Specimens for coagulation assays were obtained from 
patients upon presentation to the emergency department 
using 3.2% sodium citrate blue-top tubes. The kaolin TEG 
assay has been previously described and is broadly used to 
guide resuscitation for patients with hemorrhagic shock 
and trauma-induced coagulopathy.21 The TEG6S sys-
tem is a recent iteration of the TEG system that has been 
developed as a point-of-care test, although the TEG6S is 
not yet approved for the use by the U.S. Food and Drug 
Administration in trauma resuscitation or the detection of 
direct oral anticoagulant. Compared to TEG5000, TEG6S 
has new resonance technology, uses less blood volume, has 
a simplified user interface, increased functional stability, and 

Copyright © 2020, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/132/2/280/516331/20200200_0-00014.pdf by guest on 19 April 2024

http://links.lww.com/ALN/C113


282 anesthesiology 2020; 132:280–90 

PerioPerative Medicine

Myers et al.

accommodates multiple assays.22 Approximately 0.4 ml of 
whole blood is transferred into the direct oral anticoagu-
lant-specific Anticoagulant Functional Fibrinogen cartridge 
(Haemonetics Corporation). The sample is subsequently 
measured into four analysis channels containing dried 
reagents. After reconstitution of these reagents, a 20-μl sam-
ple is delivered to each cell chamber. Within the chamber, 
input signals cause the sample to vibrate. The frequencies at 
which vibrations occur differ based on coagulation events 
and are mapped to generate TEG tracings.7

For prothrombin time, thrombin generation assays, 
and rivaroxaban concentration, the plasma was isolated 
by standard centrifugation methods, and then stored fro-
zen and transported at −20°C or colder until testing at the 
Institute for Transfusion Medicine Coagulation Laboratory 
(Pittsburgh, Pennsylvania). At the time of testing, the fro-
zen plasma was thawed and recentrifuged at 1500 × g for 
15 min to remove any residual platelets. Samples were tested 
by two separate prothrombin time assessment procedures 
using two different thromboplastins, including Innovin 
(Siemens, Germany) and Neoplastine CI Plus (Diagnostica 
Stago, France). Siemens Pathromtin SL and BC Thrombin 
reagents were utilized for the activated partial thromboplas-
tin time and thrombin time assays, respectively. Rivaroxaban 
concentrations were detected by the BIOPHEN DiXal 
(Aniara, USA) procedure. Using this technique, apparent 
rivaroxaban concentration was measured indirectly by the 
activity of constant and excess quantity of factor Xa, with 
a reduction in activity of factor Xa that is assumed to be 
due to a direct factor Xa inhibitor. In patients taking rivar-
oxaban, that change in factor Xa activity was assumed to 
be secondary to rivaroxaban. A calibration curve of plasma 
containing exogenous rivaroxaban was used to convert 
reduction in exogenous factor Xa activity to apparent rivar-
oxaban concentration (ng/ml). All coagulation assays were 
performed according to the manufacturers’ directions on a 
Siemens BCSXP coagulation analyzer.

Plasma was also tested for thrombin generation uti-
lizing the diaPharma (USA) Technothrombin Thrombin 
Generation Assay, which uses the phospholipid micelles–
rich Reagent D to stimulate the clotting process as per the 
manufacturer’s instructions. This reagent is recommended 
by the manufacturer to monitor direct Xa inhibitors and 
other anticoagulant therapies. Thrombin generation was 
measured every minute for 2 h on a BioTek (USA) fluo-
rimeter and the manufacturer’s thrombin generation assay 
software spreadsheets were employed for the data analysis. 
Lag time, peak thrombin height, peak thrombin time, veloc-
ity index, and the area under the curve were calculated and 
reported.

Statistical analysis

The primary outcomes of interest were association of 
TEG6S and kaolin TEG reaction time with initial admis-
sion rivaroxaban concentration (ng/ml). Secondary 

outcomes included: association of rivaroxaban concentra-
tion with coagulation assays at discrete time points: 0 h, 
postreversal, and 24 h; effect of time elapsed since most 
recent dose on rivaroxaban concentration and on coagula-
tion assays; hospital and intensive care length of stay; venous 
thromboembolism; and bleeding complications. Based on 
previous literature, we determined that 80 patients taking 
preinjury rivaroxaban and 20 nonanticoagulated controls 
would be required to detect a 3-min difference in reaction 
time (SD, 4 min) with an allocation ratio of 4:1 using an 
α = 0.05 and power of 80% allowing for 10% loss to fol-
low-up.16 Continuous variables were described using mean 
and SD, if normally distributed. Median and interquartile 
range were used for nonnormally distributed data. One-
way ANOVA was used to determine univariate association 
between groups of patients depending on time elapsed (i.e., 
0 to 12 h, greater than 12 to 24 h, or greater than 24 h) since 
most recent rivaroxaban dose and coagulation assays. When 
appropriate (i.e., significant overall difference), post hoc anal-
ysis with the Tukey Honestly Significant Difference test was 
performed to confirm where differences occurred between 
groups. If coagulation assay parameter was found to be 
significant depending on time since last rivaroxaban dose, 
multivariable linear regression was utilized to describe the 
effect of predetermined covariates including dose quantity, 
renal function, and age on continuous outcomes of kaolin 
TEG and TEG6S reaction time. These particular covariates 
were selected based on established and clinically relevant 
factors that alter drug metabolism and effect. Pearson cor-
relation coefficients were used to compare reaction time 
and prothrombin time Neoplastine to rivaroxaban concen-
tration. To accommodate statistical assumptions essential 
to calculating a valid Pearson correlation, data were trans-
formed after testing for normality using Shapiro–Wilk and 
quintile normal plots.23 Outliers that potentially corrupt 
the analysis were detected using Cook’s distance with the 
intent of removing highly influential values (D > 4/N).24 
After this consideration, all data were deemed acceptable 
and retained in the analyses. Pearson coefficient absolute 
values were interpreted as follows: between 0.1 and 0.3 as 
small correlation, greater than or equal to 0.3 and less than 
0.5 as moderate correlation, and greater than or equal to 
0.5 as strong correlation.25 Bland–Altman analysis was used 
to assess for agreement between kaolin TEG reaction time, 
TEG6S reaction time, prothrombin time Neoplastine, and 
rivaroxaban concentration. As the units of these tests are 
not comparable, the data was transformed to normalized 
values (i.e., z-scores).26 Pittman test of difference in variance 
was used as an adjunct to Bland–Altman plots. Receiver 
operating characteristic curve analysis was used to compare 
discriminatory capacity of assays in detecting rivaroxaban 
use. Receiver operating characteristic curve analysis was 
initially performed for assays ability to distinguish between 
the binary endpoint of preinjury rivaroxaban use or no 
use. To correct for inaccuracy that may be introduced by 
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subtherapeutic rivaroxaban concentrations, receiver oper-
ating characteristic curves were regenerated after excluding 
patients who were documented to have preinjury rivarox-
aban use, but presented with rivaroxaban concentrations 
under 50 ng/ml.27 All statistical analyses were performed 
using STATA 15. P values less than 0.05 on two-tailed test-
ing were considered statistically significant.

results
Data from 80 patients taking preinjury rivaroxaban and 20 
controls were analyzed. Missing data was restricted to 24-h 
blood samples that were unavailable for 22 of the 80 rivarox-
aban patients and 11 of the 20 control patients (e.g., patients 
were discharged). There were no significant differences in 
age, sex, reversal, Glasgow coma scale, admission hemody-
namics, or assessment of blood consumption score between 
cases and controls (table 1). Control patients had significantly 
higher injury severity scores than patients taking preinjury 
rivaroxaban (table 1). No patients in the rivaroxaban cohort 
had injury severity scores above 10. Post hoc analysis demon-
strated that there was no difference between controls with 
similar injury severity scores to the rivaroxaban cohort (i.e., 
less than 10) and those with higher injury severity scores 
in kaolin TEG (4.0 ± 0.7 min vs. 4.1 ± 1.4 min; P = 0.871) 
or TEG6S reaction time (3.2 ± 2.1min vs. 4.9 ± 1.5 min; 
P = 0.076). Both cohorts had similar survival, transfusion 
requirements, hospital and intensive care length of stay, 
thromboprophylaxis rates, venous thromboembolism and 
bleeding complication rates, and need for intervention to 
obtain hemostasis (table 2). Nineteen patients had clinically 
evident bleeding on presentation. Two patients presented 
with hemothorax, fourteen with intracranial hemorrhage, 
one with retroperitoneal hematoma, and one with lower 
extremity hematoma. Of these 19, only 2 were not taking 
preinjury rivaroxaban. Indications for reversal of anticoagu-
lant effect with prothrombin complex concentrate included 

retroperitoneal hemorrhage, intracranial hemorrhage, and 
emergent reversal in anticipation of operative repair of per-
forated viscus (table 3). There were no venous thromboem-
bolism or additional bleeding complications among patients 
who received reversal.

Although reaction time remained within the normal ref-
erence range for both cases and controls at all time points 
(table 4), patients in the preinjury rivaroxaban cohort did 
have significantly elevated median reaction time on admis-
sion compared to controls on TEG suggesting slower clot 
formation. Both kaolin TEG and TEG6S reaction time 
were found to be significantly different depending on last 
reported rivaroxaban dose for the 20-mg dose, but not at 
the 10- or 15-mg doses (Supplemental Digital Content 
2, http://links.lww.com/ALN/C114). Post hoc analysis 
demonstrated that kaolin TEG mean reaction time was sig-
nificantly different among between patients whose last dose 
was between 0 to 12 h and those whose last dose was more 
than 24 h before presentation. TEG6S mean reaction time 
was significantly different among between patients whose 
last dose was between 12 to 24 h and those whose last dose 
was more than 24 h before presentation. Apparent rivar-
oxaban concentration and prothrombin time Neoplastine 
were similar when stratified by time and dose of most 
recent rivaroxaban administration. After adjusting for dose 
quantity, renal function, and age, time in excess of 24 h since 
last rivaroxaban dose was found to be significantly associ-
ated with decreased kaolin TEG and TEG6S reaction time 
(Supplemental Digital Content 2, http://links.lww.com/
ALN/C114). Coagulation parameters did not significantly 

table 1. Patient Demographics

variable

rivaroxaban 
cases

(n = 80)

control 
cases

(n = 20) P value

Female sex, n (%) 30 (38) 10 (50) 0.320
age, yr, median (IQr) 70 (57, 81) 73 (68, 85) 0.120
rivaroxaban dose, n (%)    
 10 mg 8 (10) — —
 15 mg 18 (22.5) — —
 20 mg 46 (57.5) — —
 Other 8 (10) — —
reversal, n (%) 9 (11.3) 0 (0) 0.198
GCS on admission* 15 15 —
ISS 5 (2, 9) 10 (4, 13) 0.001
Prehospital antiplatelet use, n (%) 15 (19) 7 (35) 0.136

*all patients in this study had GCS 15. GCS, Glasgow coma scale; IQr, interquartile 
range; ISS, injury severity score.

table 2. Clinical Variables of Interest

variable

rivaroxaban 
cases  

(n = 80)

control 
cases  

(n = 20) P value

Survival, n (%) 80 (100) 19 (95) 0.200
Transfusion requirement 6 (7.5) 0 (0) 0.597
 red blood cells, n (%) 5 (6.3) — —
 Fresh frozen plasma, n (%) 0 (0) — —
 Platelets, n (%) 1 (1.3) — —
Hospital length of stay, median (IQr) 4 (3, 8) 5 (3, 10) 0.245
ICu length of stay 0 (0, 2) 0 (0, 3) 0.203
VTe prophylaxis* 45 (56) 11 (55) 1.000
 enoxaparin 26 (33) 3 (15) —
 Heparin 13 (16.3) 2 (10) —
 Fondaparinux 0 (0) 1 (5) —
 Other 6 (7.5) 5 (25) —
Hospital day VTe prophylaxis initiated 2 (1,3) 1 (1,3) 0.110
VTe complication 4 (5) 1 (5) 1.000
bleeding complications 4 (5) 1 (5) 1.000
ICH 12 (15) 2 (10) 0.730
ICH progression 0 (0) 0 (0) —
Operative intervention for hemostasis 0 (0) 0 (0) —
Interventional radiology for hemostasis 1 (1.3) 1 (5) 0.362

*Patients who did not receive prophylaxis resumed therapeutic anticoagulation. 
ICH, intracranial hemorrhage; ICu, intensive care unit; IQr, interquartile range; VTe, 
venous thromboembolism.
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differ between patients taking preinjury rivaroxaban and 
controls who presented with bleeding (Supplemental 
Digital Content 3, http://links.lww.com/ALN/C115).

Statistically significant strong correlations were noted 
between rivaroxaban concentration and kaolin TEG reac-
tion time, TEG6S reaction time, and prothrombin time 
Neoplastine (table 5). Bland–Altman plots (fig. 1) demon-
strated the limits of agreement for TEG reaction time (mean 
difference, −0.03; 95% CI, −0.3 to 0.2), TEG6S reaction 

time (mean difference, −0.01; 95% CI, −0.3 to 0.3), and pro-
thrombin time Neoplastine (mean difference, 0.0; 95% CI, 
−0.2 to 0.2). No significant difference in variance existed 
in comparisons of TEG reaction time (P = 0.874), TEG6S 
reaction time (P = 0.800), prothrombin time Neoplastine (P 
> 0.999), and rivaroxaban concentration. Post hoc subgroup 
analyses demonstrated that rivaroxaban concentration was 
only significantly associated with coagulation assays for 
blood samples from patients taking preinjury rivaroxaban 

table 3. Demographic and Outcome Data for Patients Who received reversal

variable
reversed cases

(n = 9)

Indication for reversal  
 Intracranial hemorrhage, n (%) 7
 Need for emergent surgery, n (%) 1
 retroperitoneal hematoma, n (%) 1
Transfusion requirement, n (%) 1 (11)
 Prereversal;

Median (iQr)
Postreversal;
Median (iQr)

rivaroxaban level (ng/mL) 106.0 (52.8, 173.1) 41.7 (22.4, 133.9)
PT Neoplastine time (sec); reference range, 10.7–12.5 13.8 (12.3, 16.8) 13.3 (11.4, 14.3)
TeG reaction time; reference range, 5–10 min 5.2 (4.2, 5.8) 4.6 (2.4, 5.7)
TeG6S reaction time; reference range, 5.0–8.6 min 7.2 (6.4, 7.3) 6.8 (6.4, 7.1)

IQr, interquartile range; PT, prothrombin time; TeG, thromboelastography.

table 4. Coagulation assay Data

coagulation assay*

rivaroxaban cases (n = 80) control cases (n = 20)

0-h
Median (iQr)

24-h (n = 58)
Median (iQr)

0-h
Median (iQr)

24-h (n = 11)
Median (iQr)

rivaroxaban concentration (ng/ml)† 87.9 (27.3, 221.4) 30.7 (10.2, 76.7) 0 .0 (0.0,0.0) 0.0 (0.0,0.0)
PT Neoplastine time (sec) 13.2 (11.9, 16.4) 12.9 (11.4, 14.6) 11.8 (11.3, 13.0) 12.4 (11.9, 13.4)
TGa parameters     
 Lag phase (min) 5.1 (4.1,6.1) 5.1 (4.1, 6.6) 5.6 (5.1, 6.6) 7.1 (6.1, 8.1)
 Peak thrombin height (nM)† 477.2 (378.3, 544.8) 447.8 (381.8, 625.6) 585.8 (419.7, 622.1) 511.2 (385.6, 601.1)
 Peak thrombin time (min) 7.6 (6.1, 10.1) 8.1 (6.1, 11.1) 8.1 (7.1, 12.1) 12.1 (9.6, 13.6)
 Velocity index 173.4 (125.2, 253.8) 176.4 (115.1, 271.9) 216.0 (88.9, 299.4) 102.2 (79.6, 178.4)
 endogenous thrombin potential† 5,087.5 (4,360.0, 6,220.0) 5,392.5 (4,486.0,6410.0) 6,595.0 (4,394.0, 7,127.0) 5,981.0 (4,069.0, 6,341.0)
TeG parameters     
 reaction time† 5.5 (4.2, 7.1) 4.8 (4.0, 6.1) 4.2 (3.2, 4.7) 5.0 (4, 7.1)
 K value 1.3 (1.2, 1.7) 1.35 (1.1, 1.7) 1.2 (1.1, 1.4) 1.6 (1.2, 1.9)
 angle† 68 (60.7, 71.9) 67.7 (56.4, 71.5) 72.5 (68.9, 75.2) 66.0 (60.4, 70.0)
 Ma value 68 (65.4, 71.4) 67.4 (62.2, 70.6) 69.9 (62.6, 72.7) 66.1 (63.0, 69.3)
 Ly30% 0.4 (0.0,1) 0.5 (0.0, 1.2) 0.4 (0.0, 1.2) 0.4 (0.0, 0.6)
TeG6S parameters     
 reaction time† 6.8 (5.7. 8.2) 6.2 (5.5, 7.2) 4.8 (3.7, 5.9) 5.5 (4.1, 7.4)
 K value 1.3 (1.1, 1.6) 1.3 (1, 1.6) 1.25 (0.9. 1.35) 1.3 (1.0, 1.6)
 angle 73.6 (70.3, 75.5) 72.6 (69.3, 75.5) 73.8. (72.7, 76.2) 72.0 (69.0, 75.2)
 Ma value† 63.5 (60.3, 65.9) 63.4 (60.5, 65.8) 60.4 (53.7, 65.8) 64.0 (59.1, 65.3)
 Ly30% 0.5 (0.0, 1.0) 0.3 (0.0, 1.1) 0.4 (0.2, 1.1) 0.65 (0.0, 1.6)

*reference ranges for assays as follows: PT-Neoplastine time 10.7–12.5 sec; TGa: lag phase normal mean 5.2 min, peak thrombin height normal mean 492.4 nM, peak thrombin 
time normal mean 10.2 min, velocity index normal mean 192.1; endogenous thrombin potential normal mean 4,754; TeG parameters: reaction time 5–10 min, K value 1–3 min, 
angle 52–72 degrees, Ma value 50–70 mm; TeG6S parameters: r time 5.0–8.6 min, K value 0.8–2.6 min, angle 61.0–78.0 degrees, Ma value 51.0–69.0 mm. †Indicates sig-
nificant difference below threshold P < 0.05 between rivaroxaban and Control cohorts at 0 h. IQr, interquartile range; PT, prothrombin time; TeG, thromboelastography; TGa, 
thrombin generation assay.
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at the time of their initial presentation. Rivaroxaban con-
centration was not significantly associated with prothrom-
bin time Neoplastine, kaolin TEG or TEG6S reaction time 
after reversal, 24 h postadmission, or for controls. Receiver 
operating characteristic curves generated for rivaroxaban 
concentration, prothrombin time Neoplastine, kaolin TEG 
reaction time, and TEG6S reaction time demonstrated that 
rivaroxaban concentration and TEG6S reaction time were 
most accurate for predicting rivaroxaban use (fig. 2, A and 
B). There was no statistically significant difference between 
area under the curve for TEG6S reaction time and rivarox-
aban concentration overall or after excluding patients with 
subtherapeutic rivaroxaban concentration.

discussion
This study evaluates the association between TEG6S, TEG, 
and apparent rivaroxaban concentration in trauma patients. 
Existing literature focuses on the previous generation of 
thromboelastography assays and varies with regard to rivar-
oxaban induced reaction time prolongation. In this pro-
spective observational investigation, we hypothesized that 
apparent rivaroxaban concentration would correlate with 
reaction time as measured by the newer generation of 
thromboelastography that utilizes an anti–factor Xa assay. 
Although TEG6S, TEG, and prothrombin time Neoplastine 
were all found to be significantly associated with rivar-
oxaban concentration, TEG6S had the strongest associa-
tion (table 4). While our hypothesis is supported insofar as 
patients taking rivaroxaban had values that were elevated 
relative to controls, results are restricted with regard to their 
clinical utility as TEG and TEG6S reaction times remained 
within reference range. Bland–Altman plots of data trans-
formed to normalized values for comparison exhib-
ited acceptable agreement (fig.  1). TEG6S reaction times 
demonstrated similar discriminatory capacity with respect 
to rivaroxaban use.

Although several studies have observed reaction times for 
patients on preinjury rivaroxaban within standard reference 
ranges,8,28,29 comparisons to reaction times in appropriate 
controls are lacking. Recently, Kobayashi et al. performed 
a post hoc analysis of admission and postreversal TEG com-
pared to standard coagulation assays for patients from 16 

trauma centers who had been taking preinjury dabigatran, 
apixaban, or rivaroxaban. There was no difference in median 
reaction time and interquartile range among the rivaroxaban 
cohort compared to patients taking apixaban or dabigatran. 
While Rathbun et al. similarly concluded that anticoagulant 
effect on reaction time was minimal overall with only 2 of 
22 cases exhibiting elevated reaction time, data comparing 
case and control reaction time is not presented. In contrast 
to the associations between TEG/TEG6S reaction time and 
rivaroxaban concentration seen in our study, a significant 
correlation was not observed between reaction time and 
rivaroxaban concentration. Since TEG parameters in the 
Rathbun et al. study were assessed at a single random time 
point during the patient’s hospital stay without documen-
tation of the patient’s most recent rivaroxaban dose, antico-
agulant effect may have dissipated leading to normalization 
of reaction time.

Others have reported elongation of reaction time asso-
ciated with rivaroxaban effect.7, 18,30 These studies vary in 
their effect size depending on the patient population, rivar-
oxaban dose, and timing of anticoagulant administration. 
To complicate matters, therapeutic and prophylactic ranges 
for rivaroxaban are still being investigated.25,31 Current 
guidelines recommend considering the administration of a 
reversal agent for drug concentrations greater than 50 ng/
ml and clinically significant hemorrhage.32 In their study, 
Bowry et al.16 were able to detect rivaroxaban effect within 
2 to 4 h from initial dose in serially collected blood sam-
ples obtained from a cohort of 10 patients who had suf-
fered stroke. TEG parameters normalized toward baseline 
concentration at 18 h. The authors suggest that a reaction 
time value threshold of 7 min or more might be an appro-
priate cutoff for patients that are incompletely anticoagu-
lated. We agree that subcategorization of reference ranges 
is necessary in patients who are anticoagulated in light of 
the significant difference between reaction times that we 
observed in patients who had been using rivaroxaban com-
pared to controls, despite these values being within normal 
limits. Reference intervals for these drugs, which are based 
on healthy individuals, do not accommodate the complex 
physiologic changes that occur in trauma or critical illness.33 
As such, relying on reference ranges to guide clinical deci-
sion making is problematic. Our data corroborate findings 

table 5. Pearson Correlation assessing association between rivaroxaban Level and Coagulation assays

variable

rivaroxaban cases ρ (P value)
control cases

ρ (P value)
(n = 20)

all Patients
ρ (P value)
(n = 100)

0 h
(n = 80)

Postreversal
(n = 9)

24 h
(n = 58)

PT Neoplastine 0.73 (< 0.001) 0.17 (0.664) 0.59 (< 0.001) 0.19 (0.301) 0.62 (< 0.001)
TeG reaction time 0.67 (< 0.001) 0.62 (0.101) 0.34 (0.049) −0.04 (0.845) 0.51 (< 0.001)
TeG6S reaction time 0.68 (< 0.001) 0.57 (0.112) 0.38 (0.023) −0.09 (0.667) 0.52 (< 0.001)

PT, prothrombin time; TeG, thromboelastography.
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from the aforementioned studies and contribute much 
needed comparisons to other assays, including prothrom-
bin time Neoplastine,34 which has demonstrated sensitivity 
in discriminating between patients using rivaroxaban and 
those who are not.35

A total of nine patients required prothrombin complex 
concentration administration to address a clinical concern 

Fig. 1. bland–altman analysis for agreement between (A) pro-
thrombin time (PT)-Neoplastine and rivaroxaban concentration, 
(B) kaolin TeG reaction time and rivaroxaban concentration, and 
(C) TeG6S reaction time and rivaroxaban concentration. TeG, 
thromboelastography.

A

B

C

for bleeding. Prothrombin complex concentrate has been 
shown to be an effective agent to reverse the coagulopathy 
associated with rivaroxaban use,36 and has also been used 
in patients presenting with trauma induced coagulopathy.8 
This study was completed before the availability of the spe-
cific reversal agent andexanet alfa. We have, instead, reported 
how TEG6S parameters change after prothrombin complex 
concentrate administration. In our analysis, administration 
of prothrombin complex concentrate was associated with 
an increase in thrombin generation and decrease in TEG 
and TEG6S reaction time, and rivaroxaban concentration. 
No venous thromboembolism or other thrombotic com-
plications were observed in patients receiving prothrombin 
complex concentrate.

Variations in viscoelastic assays may differ in the degree to 
which anticoagulant drug effect can be detected and merit 
consideration. Many trauma centers employ rapid TEG as 
opposed to kaolin TEG for detection of trauma induced 
coagulopathy. While previous studies demonstrating that 
rapid TEG activated clotting time correlates with rivarox-
aban activity19 may resolve issues with in-reference range 
reaction time prolongation, use of rapid TEG can be prob-
lematic in patients who suffer traumatic injury as the tissue 
factor activator may overpower endogenous clot formation 
and conceal the circulating factors that promote posttrau-
matic hemostasis.37 As such, these results should be consid-
ered applicable only to the use of kaolin TEG and require 
further validation in the setting of rapid TEG. Alternatively, 
there is evidence that sample and reagent dilution may result 
in changes to assay sensitivity. Investigations into optimal 
dilution ratios may improve the diagnostic utility of these 
assays.38 Rotational thromboelastography, another leading 
viscoelastic elastic hemostatic assay employs similar princi-
ples to TEG, but with different hardware and reagents that 
generate information about the extrinsic pathway, intrinsic 
pathway, and fibrinogen.39 While some studies have demon-
strated the sensitivity of rotational thromboelastography to 
rivaroxaban and other direct oral anticoagulants,40–42 others 
have shown that standard coagulation assays are better able 
to indicate drug effect than rotational thromboelastogra-
phy.43,44 Though direct comparisons to TEG are few, ex vivo 
studies have demonstrated minimal effect in both rotational 
thromboelastography and TEG.47

This study has several strengths and limitations worth 
addressing. We believe that assessing coagulation assays over 
time (i.e., at admission, postreversal, and/or at 24 h postad-
mission) in both patients taking preinjury rivaroxaban and 
controls is an improvement over previous study designs. 
Unfortunately, not all patients received a second sample (e.g., 
discharged patients). This study adds important insight to 
existing literature regarding clinical outcomes and changes in 
coagulation assays after reversal with four-factor prothrom-
bin complex concentrate. These data, however, are limited in 
that we have not considered alternative hemostatic adjuncts. 
Further investigations are necessary to evaluate how reversal 
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agents modulate rivaroxaban influence on coagulation assays. 
Given the small sample size, we were underpowered to per-
form additional subgroup analyses to determine how dosage, 
indication for anticoagulation, and time of last administered 
dose would affect coagulation assays. We cannot comment 
on the agreement between assays given their discrepant units 
and reference ranges beyond the qualitative assessment pro-
vided by our Bland–Altman analysis.46,47 As these plots were 
generated based on standardized values, the clinical meaning 
assigned to limits of agreement for these assays compared to 
rivaroxaban concentration are not established. This cohort 
represents a minimally injured patient population, as evi-
denced by the normal Glasgow coma scale, hemodynamics, 
and low transfusion requirement. While controls in our study 
had statistically significant difference in injury severity score 
compared to rivaroxaban patients, there was no difference in 

Fig. 2. receiver operating characteristic curve delineating discriminatory capacity of coagulation assays for detecting rivaroxaban use 
for (A) all patients (i.e., 80 rivaroxaban patients and 20 controls); (B) after excluding patients noted to be on prehospital rivaroxaban, but 
presenting with rivaroxaban concentrations more than 50 ng/ml (i.e., 52 rivaroxaban patients and 20 controls). auC, area under curve; PT, 
prothrombin time; TeG, thromboelastography.

TEG or TEG6S reaction time between controls with sim-
ilar scores as rivaroxaban patients compared to those with 
higher scores. It is unlikely that this statistical difference 
reflects a clinically meaningful difference in degree of injury 
as cases and controls exhibited similar clinical parameters on 
presentation.

Although by design our intent was to capture an accu-
rate demographic of all patients presenting to our trauma 
center on preinjury rivaroxaban, the lack of severely 
injured patients limits an assessment of TEG value changes 
attributed directly to coagulopathy after injury, as this 
minimally injured cohort was unlikely to have significant 
trauma induced coagulopathy. These observations may not 
be applicable to critically ill patients or those with more sig-
nificant injury. Most importantly, the finding that the vari-
ation detected by TEG and TEG6S following rivaroxaban 

A

B
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use are within the reported normal range of the device 
limits the present utility of analyzing a single patient sam-
ple using these technologies. Although the use of diluted 
reagents has been shown to increase the sensitivity of these 
assays, and may have resulted in reaction time outside of the 
normal reference range, these modifications were not tested 
in this study. We did not perform certain diagnostic labo-
ratory assays that may be important to consider in future 
studies including fibrinogen concentration; as these assays 
are especially important in severely injury patients with 
profound injury related coagulopathy, limited conclusions 
can be drawn with regard to correlation of reaction time 
and rivaroxaban effect in these patients. Additional studies 
are necessary to define the ideal assessment of rivaroxaban 
effect in the trauma patient. Our study has been restricted 
to patients taking preinjury rivaroxaban; forthcoming inves-
tigations are required to analyze the role of coagulation 
assays in determining anticoagulant effect of alternate direct 
oral anticoagulants.

We have demonstrated that TEG6S reaction time has a 
strong significant correlation with rivaroxaban concentration 
and that compared to traditional thromboelastography exhib-
its improved discrimination of rivaroxaban use. However, as 
all values for the TEG assays fall within a reported normal 
reference range, there is limited value for the clinician in the 
use of TEG to detect the presence of anticoagulant effect by 
rivaroxaban using the present reference values.

acknowledgments

The authors would like to thank the faculty and staff at the 
University of Pittsburgh Clinical and Translational Science 
Institute (Pittsburgh, Pennsylvania) for their assistance 
on this manuscript. In particular, the authors thank Scott 
Rothenberger, Ph.D. (University of Pittsburgh Clinical and 
Translational Science Institute), for his statistical expertise.

research Support

This work was funded by an Investigator Initiated Study 
Grant from Janssen Pharmaceuticals (Beerse, Belgium). Dr. 
Neal receives research funding from, and has served as an 
external scientific advisor to, Janssen. TEG6S devices and 
reagents were provided by Haemonetics, Inc. (Braintree, 
Massachusetts).

Competing Interests

The authors declare no competing interests.

Correspondence

Address correspondence to Dr. Myers: University of 
Pittsburgh Medical Center, F1271.2 PUH, 200 Lothrop 
Street, Pittsburgh, Pennsylvania 15213. myerssp@upmc.
edu. This article may be accessed for personal use at no 
charge through the Journal Web site, www.anesthesiology.
org.

references

 1. Golwala H, Dib C, Tafur A, Abu-Fadel MS: A new era 
of antithrombotic therapy in patients with atrial fibril-
lation. Am J Med Sci 2012; 344:128–35

 2. Myers SP, Dadashzadeh ER, Cheung J, Alarcon L, 
Kutcher M, Brown JB, Neal MD: Management of anti-
coagulation with rivaroxaban in trauma and acute care 
surgery: Complications and reversal strategies as com-
pared to warfarin therapy. J Trauma Acute Care Surg 
2017; 82:542–9

 3. Testa S, Legnani C, Tripodi A, Paoletti O, Pengo V, 
Abbate R, Bassi L, Carraro P, Cini M, Paniccia R, 
Poli D, Palareti G: Poor comparability of coagulation 
screening test with specific measurement in patients 
receiving direct oral anticoagulants: Results from a 
multicenter/multiplatform study. J Thromb Haemost 
2016; 14:2194–201

 4. Sartori M, Cosmi B: Andexanet alfa to reverse the anti-
coagulant activity of factor Xa inhibitors: A review of 
design, development and potential place in therapy. J 
Thromb Thrombolysis 2018; 45:345–52

 5. Shaw JR, Siegal DM: Pharmacological reversal of the 
direct oral anticoagulants-A comprehensive review 
of the literature. Res Pract Thromb Haemost 2018; 
2:251–65

 6. Pollack CV Jr, Reilly PA, van Ryn J, Eikelboom JW, 
Glund S, Bernstein RA, Dubiel R, Huisman MV, Hylek 
EM, Kam CW, Kamphuisen PW, Kreuzer J, Levy JH, 
Royle G, Sellke FW, Stangier J, Steiner T, Verhamme P, 
Wang B, Young L, Weitz JI: Idarucizumab for dabiga-
tran reversal - Full cohort analysis. N Engl J Med 2017; 
377:431–41

 7. Raco V, Ahuja T, Green D: Assessment of patients post 
reversal with idarucizumab. J Thromb Thrombolysis 
2018; 46:466–72

 8. Felton D, Foley EM, Traub SJ, Vodonos A, Ganetsky M: 
Risk of venous thromboembolism after receiving pro-
thrombin complex concentrate for warfarin-associated 
intracranial hemorrhage. J Emerg Med 2016; 50:1–6

 9. Schöchl H, Voelckel W, Maegele M, Kirchmair L, 
Schlimp CJ: Endogenous thrombin potential follow-
ing hemostatic therapy with 4-factor prothrombin 
complex concentrate: A 7-day observational study of 
trauma patients. Crit Care 2014; 18:R147

 10. Hunt BJ, Neal MD, Stensballe J: Reversing anti-fac-
tor Xa agents and the unmet needs in trauma patients. 
Blood 2018; 132:2441–5

 11. Gehrie E, Tormey C: Novel oral anticoagulants: efficacy, 
laboratory measurement, and approaches to emergent 
reversal. Arch Pathol Lab Med 2015; 139:687–92

 12. Miyares MA, Davis K: Newer oral anticoagulants: A 
review of laboratory monitoring options and reversal 
agents in the hemorrhagic patient. Am J Health Syst 
Pharm 2012; 69:1473–84

Copyright © 2020, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/132/2/280/516331/20200200_0-00014.pdf by guest on 19 April 2024

http://www.anesthesiology.org
http://www.anesthesiology.org


 anesthesiology 2020; 132:280–90 289

Correlation of TEG6S with Rivaroxaban Concentration

Myers et al.

 13. Studt JD, Alberio L, Angelillo-Scherrer A, Asmis LM, 
Fontana P, Korte W, Mendez A, Schmid P, Stricker 
H, Tsakiris DA, Wuillemin WA, Nagler M: Accuracy 
and consistency of anti-Xa activity measurement for 
determination of rivaroxaban plasma levels. J Thromb 
Haemost 2017; 15:1576–83

 14. Gonzalez E, Moore EE, Moore HB, Chapman MP, 
Chin TL, Ghasabyan A, Wohlauer MV, Barnett CC, 
Bensard DD, Biffl WL, Burlew CC, Johnson JL, Pieracci 
FM, Jurkovich GJ, Banerjee A, Silliman CC, Sauaia A: 
Goal-directed hemostatic resuscitation of trauma-in-
duced coagulopathy: A pragmatic randomized clinical 
trial comparing a viscoelastic assay to conventional 
coagulation assays. Ann Surg 2016; 263:1051–9

 15. Davis PK, Musunuru H, Walsh M, Mitra R, Ploplis 
V, Castellino FJ: The ex vivo reversibility of dabiga-
tran-induced whole-blood coagulopathy as monitored 
by thromboelastography: Mechanistic implications for 
clinical medicine. Thromb Haemost 2012; 108:586–8

 16. Bliden KP, Chaudhary R, Mohammed N, Muresan 
AA, Lopez-Espina CG, Cohen E, Raviv G, Doubleday 
M, Zaman F, Mathew B, Tantry US, Gurbel PA: 
Determination of non-Vitamin K oral anticoagulant 
(NOAC) effects using a new-generation thrombe-
lastography TEG 6s system. J Thromb Thrombolysis 
2017; 43:437–45

 17. Samuelson BT, Cuker A, Siegal DM, Crowther M, 
Garcia DA: Laboratory assessment of the anticoagu-
lant activity of direct oral anticoagulants: A systematic 
review. Chest 2017; 151:127–38

 18. Bowry R, Fraser S, Archeval-Lao JM, Parker SA, Cai C, 
Rahbar MH, Grotta JC: Thrombelastography detects 
the anticoagulant effect of rivaroxaban in patients with 
stroke. Stroke 2014; 45:880–3

 19. Dias JD, Norem K, Doorneweerd DD, Thurer RL, 
Popovsky MA, Omert LA: Use of thromboelastogra-
phy (TEG) for detection of new oral anticoagulants. 
Arch Pathol Lab Med 2015; 139:665–73

 20. Ali JT, Daley MJ, Vadiei N, Enright Z, Nguyen J, Ali S, 
Aydelotte JD, Teixeira PG, Coopwood TB, Brown CV: 
Thromboelastogram does not detect pre-injury anti-
coagulation in acute trauma patients. Am J Emerg Med 
2017; 35:632–6

 21. Gosselin RC, Estacio EE, Song JY, Dwyre DM: 
Verifying the performance characteristics of the 
TEG5000 thromboelastogram in the clinical labora-
tory. Int J Lab Hematol 2016; 38:183–92

 22. Meledeo MA, Peltier GC, McIntosh CS, Voelker CR, 
Bynum JA, Cap AP: Functional stability of the TEG 6s 
hemostasis analyzer under stress. J Trauma Acute Care 
Surg 2018; 84(6S Suppl 1):83–8

 23. Vittinghoff E, Glidden DV, Shiboski SC, McCulloch 
CE: Regression methods in biostatistics: Linear, logis-
tic, survival, and repeated measures models, 2nd edi-
tion. New York, Springer, 2012

 24. Gelman A, Hill J: Data analysis using regression and 
multilevel/hierarchical models. Cambridge, New York, 
Cambridge University Press, 2007

 25. Cohen, J: Statistical power analysis for the behavioural 
sciences, 2nd edition. Hillsdale, New Jersey, Lawrence 
Erlbaum Associates, 1988

 26. Shieh G: The appropriateness of Bland-Altman’s 
approximate confidence intervals for limits of agree-
ment. BMC Med Res Methodol 2018; 18:45

 27. Rottenstreich A, Zacks N, Kleinstern G, Raccah BH, 
Roth B, Da’as N, Kalish Y: Direct-acting oral anticoag-
ulant drug level monitoring in clinical patient manage-
ment. J Thromb Thrombolysis 2018; 45:543–9

 28. Rathbun S, Tafur A, Grant R, Esmon N, Mauer K, 
Marlar RA: Comparison of methods to determine 
rivaroxaban anti-factor Xa activity. Thromb Res 2015; 
135:394–7

 29. Kobayashi LM, Brito A, Barmparas G, Bosarge P, Brown 
CV, Bukur M, Carrick MM, Catalano RD, Holly-
Nicolas J, Inaba K, Kaminski S, Klein AL, Kopelman 
T, Ley EJ, Martinez EM, Moore FO, Murry J, Nirula 
R, Paul D, Quick J, Rivera O, Schreiber M, Coimbra 
R: Laboratory measures of coagulation among trauma 
patients on NOAs: Results of the AAST-MIT. Trauma 
Surg Acute Care Open 2018; 3:e000231

 30. Casutt M, Konrad C, Schuepfer G: Effect of rivarox-
aban on blood coagulation using the viscoelastic coag-
ulation test ROTEM™. Anaesthesist 2012; 61:948–53

 31. Spyropoulos AC, Ageno W, Albers GW, Elliott CG, 
Halperin JL, Hiatt WR, Maynard GA, Steg PG, 
Weitz JI, Suh E, Spiro TE, Barnathan ES, Raskob GE; 
MARINER Investigators: Rivaroxaban for thrombo-
prophylaxis after hospitalization for medical illness. N 
Engl J Med 2018; 379:1118–27

 32. Levy JH, Ageno W, Chan NC, Crowther M, Verhamme 
P, Weitz JI: Subcommittee on control of anticoagula-
tion. J Thromb Haemost 2016; 14:623–7

 33. Sikaris KA: Physiology and its importance for refer-
ence intervals. Clin Biochem Rev 2014; 35:3–14

 34. Lim MS, Chapman K, Swanepoel P, Enjeti AK: 
Sensitivity of routine coagulation assays to direct oral 
anticoagulants: Patient samples versus commercial 
drug-specific calibrators. Pathology 2016; 48:712–9

 35. Cauchie P, Dierge L, Isabelle C, Alewaeters A, Bernard 
Chatelain: Rivaroxaban safety threshold at 30 ng/mL: 
Are a PT and/or a APTT an alternative to a specific 
test in the real world? Blood 2014; 124: 5087

 36. Levy JH, Moore KT, Neal MD, Schneider D, Marcsisin 
VS, Ariyawansa J, Weitz JI: Rivaroxaban reversal with 
prothrombin complex concentrate or tranexamic 
acid in healthy volunteers. J Thromb Haemost 2018; 
16:54–64

 37. Moore HB, Moore EE, Chapman MP, Gonzalez E, 
Slaughter AL, Morton AP, D’Alessandro A, Hansen 
KC, Sauaia A, Banerjee A, Silliman CC: Viscoelastic 

Copyright © 2020, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/132/2/280/516331/20200200_0-00014.pdf by guest on 19 April 2024



290 anesthesiology 2020; 132:280–90 

PerioPerative Medicine

Myers et al.

measurements of platelet function, not fibrinogen 
function, predicts sensitivity to tissue-type plasmino-
gen activator in trauma patients. J Thromb Haemost 
2015; 13:1878–87

 38. Dias JD, Haney EI, Mathew BA, Lopez-Espina CG, 
Orr AW, Popovsky MA: New-generation thromboelas-
tography: Comprehensive evaluation of citrated and 
heparinized blood sample storage effect on clot-form-
ing variables. Arch Pathol Lab Med 2017; 141:569–77

 39. Tanaka KA, Bolliger D, Vadlamudi R, Nimmo A: 
Rotational thromboelastometry (ROTEM)-based 
coagulation management in cardiac surgery and major 
trauma. J Cardiothorac Vasc Anesth 2012; 26:1083–93

 40. Adelmann D, Wiegele M, Wohlgemuth RK, Koch 
S, Frantal S, Quehenberger P, Scharbert G, Kozek-
Langenecker S, Schaden E: Measuring the activity of 
apixaban and rivaroxaban with rotational thrombelas-
tometry. Thromb Res 2014; 134:918–23

 41. Eller T, Busse J, Dittrich M, Flieder T, Alban S, Knabbe 
C, Birschmann I: Dabigatran, rivaroxaban, apixaban, 
argatroban and fondaparinux and their effects on coag-
ulation POC and platelet function tests. Clin Chem 
Lab Med 2014; 52:835–44

 42. Martin AC, Gouin-Thibault I, Siguret V, Mordohay 
A, Samama CM, Gaussem P, Le Bonniec B, Godier 

A: Multimodal assessment of non-specific hemostatic 
agents for apixaban reversal. J Thromb Haemost 2015; 
13:426–36

 43. Henskens YMC, Gulpen AJW, van Oerle R, Wetzels R, 
Verhezen P, Spronk H, Schalla S, Crijns HJ, Ten Cate H, 
Ten Cate-Hoek A: Detecting clinically relevant rivar-
oxaban or dabigatran levels by routine coagulation tests 
or thromboelastography in a cohort of patients with 
atrial fibrillation. Thromb J 2018; 16:3

 44. Mahamad S, Chaudhry H, Nisenbaum R, McFarlan A, 
Rizoli S, Ackery A, Sholzberg M: Exploring the effect 
of factor Xa inhibitors on rotational thromboelasto-
metry: A case series of bleeding patients. J Thromb 
Thrombolysis 2019; 47:272–9

 45. Herrmann R, Thom J, Wood A, Phillips M, Muhammad 
S, Baker R: Thrombin generation using the calibrated 
automated thrombinoscope to assess reversibility of 
dabigatran and rivaroxaban. Thromb Haemost 2014; 
111:989–95

 46. Altman D, Bland J: Measurement in medicine. The 
analysis of method comparison studies. The Statistician 
1983; 32:307–17

 47. Bland JM, Altman DG: Measuring agreement in 
method comparison studies. Stat Methods Med Res 
1999; 8:135–60

Copyright © 2020, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/132/2/280/516331/20200200_0-00014.pdf by guest on 19 April 2024


