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FXaIs had a prolonged lag time of TG (p < 0.001). Rivar-
oxaban decreased ETP peak at all time points and reached 
a minimum at day 28 (540 nM/min at rivaroxaban 184 ng/
mL, p < 0.001), while rivaroxaban trough levels were low 
and ETP values normal. However, with apixaban, after an 
initial decrease, ETP did not differ between peak and trough 
levels until decreasing on day 28 at peak (990 nM/min at 
apixaban 112 ng/mL, p = 0.005). In conclusion, due to dif-
ferent dosing and pharmacology rivaroxaban and apixaban 
distinctly inhibited TG under postoperative conditions.
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Introduction

The direct FXa inhibitors (FXaI) apixaban and rivaroxa-
ban are used for preventing deep venous thrombosis (DVT) 
after total hip arthroplasty (THA). The dosages for this 
indication are 2.5 mg BID for apixaban and 10 mg OD for 
rivaroxaban, and they have been reported to be superior 
to enoxaparin for thromboprophylaxis after THA [1, 2]. 
However, the clinical trials of these anticoagulants relied 
on fixed dosages without laboratory monitoring. Variable 
clinical circumstances, i.e., stable versus unstable condi-
tions, the postoperative phase and bleeding complications, 
all added to the concentration ranges in the studies. Labo-
ratory monitoring becomes vital during acute bleeding or 
thrombosis, upon anticoagulation reversal, prior to emer-
gency surgery, or during kidney or liver failure. Addition-
ally, in certain patients, especially the elderly, FXaI moni-
toring is beneficial [3, 4]. It is also important to assess the 
anticoagulation effects when considering reversal with an 
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anti-Xa inhibitor antidote, currently in clinical trials [5]. 
Finally, the emergency interpretation is often complicated, 
when the individual baseline values are unknown.

Several laboratory assays may mirror anti-Xa effects. 
The minor impact of FXaIs on the coagulation screening 
assays of INR, PT, and APTT renders these measures inad-
equate for the drug detection [6, 7]. In contrast, the anti-
Xa assay accurately measured apixaban and rivaroxaban 
with appropriate calibration [6, 8, 9]. Dilute Russel’s Viper 
Venom Time (RVVT), commonly used as part of lupus 
anticoagulant testing, has the potential to detect and moni-
tor FXaIs [10, 11]. Fluorogenic thrombin generation (TG) 
assay readily detects FXaI effects. In TG, FXaIs lengthen 
the lag time (time to initiation of thrombin formation) and 
diminish both the peak of thrombin generation and endog-
enous thrombin potential (ETP; total thrombin generated) 
[12, 13]. To assess thrombin formation more comprehen-
sively, prothrombin fragment release using F1+ 2 assay can 
be used, which correlates with thrombin formation in vivo.

Our patient sample study examined the effects of throm-
boprophylactic doses of apixaban and rivaroxaban using 
a large panel of general and specific coagulation assays 
among unilateral THA patients. Although RVVT is thought 
to be less sensitive, it is widely available in routine in most 
laboratories so we aimed to evaluate it as a potential screen-
ing test. TG measures the overall net effect of anticoagulant 
drugs and native pro- and anticoagulants on the capacity to 
generate thrombin. It is a parameter increasingly linked to 
the development of VTE and has the potential to overcome 
the shortcomings of coagulation assays PT and APTT 
[14–16]. Anticoagulant effects were measured over a broad 
time period with 30-day follow-up. The aim was to gather 
data on the functional drug concentrations, and the effects 
of the postoperative condition on the drug levels, both 
screening and specific coagulation tests, and TG.

Patients and methods

We included patients undergoing THA (using the direct 
posterior surgery technique) with a planned 30-day throm-
boprophylaxis with either apixaban (n = 22) or rivaroxaban 
(n = 20). Patients using apixaban were recruited from the 
Kymenlaakso Central Hospital (Kotka, Finland, by MM), 
and patients using rivaroxaban were recruited from the Hel-
sinki University Hospital Peijas (Vantaa, Finland, by JL). 
The ethical permit from the Oulu University Hospital man-
dated a nationwide study. Written informed consent was 
obtained from all individual participants who were included 
in the study. Apixaban was started on postoperative day 1, 
at 24 h after the operation, and no thromboprophylaxis was 
given on the day of the operation according to the summary 
of product characteristics. Rivaroxaban prophylaxis was 

also started on day 1, at 24 h after the operation. A single 
40  mg dose of enoxaparin preceded rivaroxaban and was 
administered at 6–10 h after the surgery, which is the rou-
tine praxis in the orthopaedic ward to secure early antico-
agulant exposure in case the patient experiences postopera-
tive nausea. The doses were 2.5 mg BID for apixaban and 
10 mg OD for rivaroxaban.

The exclusion criteria consisted active malignancy, 
persistent anticoagulation or antithrombotic medication 
(e.g., warfarin, LMWH, fondaparinux, clopidogrel, dipy-
ridamole, prasugrel, ticagrelor, or any other antithrom-
botic medication except 100 mg aspirin OD), inflammatory 
bowel disease or rheumatic disease, phospholipid anti-
body syndrome or lupus anticoagulant, bleeding tendency, 
severe renal insufficiency (i.e., a glomerular filtration rate 
[GFR] <30 mL/min), liver disease, pregnancy, breastfeed-
ing, a contraindication for apixaban or rivaroxaban and age 
less than 18 years. Patient medications were recorded dur-
ing recruitment and follow-up. None of the patients used 
CYP3A4 or P-glycoprotein inhibiting drugs. A single-
dose iv tranexamic acid 1 g was used during the operation 
to achieve perioperative hemostasis. All the patients used 
either acetaminophen or an NSAID post-operation.

Blood samples

Sample collection occurred at 7 time points: (A) pre-oper-
ation; (B) postoperative day 1 before and (C) 3 h after drug 
intake; (D) postoperative days 2–8 (week 1) before and 
(E) 3 h after drug intake; and (F) 1 month (day 28) post-
operation before and (G) 3 h after drug intake. The samples 
were collected using a large-bore needle (20–21 G) and BD 
 Vacutainer® blood tubes. Coagulation samples were col-
lected in sodium citrate tubes (3.2%, 109  nM) according 
to the local hospital procedures. Blood cell count, C reac-
tive protein (CRP), alanine aminotransferase (ALT), creati-
nine and GFR (MDRD formula), albumin, PT/INR, APTT, 
fibrinogen, antithrombin and D dimer were analysed imme-
diately using the local hospital protocol. Additionally, cit-
rated plasma separated by centrifugation (15 min, 2000 g) 
within 2  h of collection was stored at −40 °C for further 
analyses, including an anti-Xa assay  (Berichrom®, Siemens 
Healthcare Diagnostics) calibrated with apixaban (Anti-Xa 
Apix,  Aniara®) or rivaroxaban (Anti-Xa Riva,  Aniara®), a 
FVIII clotting assay (FVIII:C, Pathromtin  SL®, Siemens 
Healthcare Diagnostics), dilute RVVT (DVVTest  10®, Sek-
isui Diagnostics), prothrombin fragments (F1 + 2, Siemens) 
and thrombin generation with tissue factor (5 pM) with-
out corn trypsin inhibitor using the Calibrated Automated 
Thrombogram  (CAT®, Thrombinoscope, Netherlands) 
method. All 7 plasma samples from the same patient were 
run on a single TG plate to eliminate inter-experiment vari-
ability. Additionally, we analysed normal pooled plasma 
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controls at each TG run: The average lag time was 3.7 min 
(range 2.8–6.7); the endogenous thrombin potential (ETP) 
was 1295 nM/min (871–3095) and peak 167 nM (98–310).

Statistical analysis

For data analysis, the IBM  SPSS® program (Version 24) 
was used. We compared parameter means between the FXaI 
groups using Mann–Whitney’s U test because the normal-
ity of the data in this small sample size may be skewed. For 
longitudinal changes, pair-wise differences at time points 
were compared with the Wilcoxon test. Pearson’s correla-
tions were explored with a 2-tailed test for significance.

Results

Patient characteristics

The average age of the apixaban group was 68 years (range 
52–82). Among the subjects, 12/22 subjects (55%) were 
women, and the average BMI was 27.2 kg/m2 (20.0–40.0). 
The average age of the rivaroxaban group was 67  years 
(44–82). Among those subjects 15/20 (75%) were women, 
and they had an average BMI of 28.8  kg/m2 (21.0–39.0). 
Overall, 4/22 patients in the apixaban group used ASA, and 
5/20 in the rivaroxaban group used ASA. In the apixaban 
group, 3/22 and 4/22 patients used antidiabetic and statin 
medications, respectively, and in the rivaroxaban group, the 
corresponding patient numbers were 1/20 and 5/20. None 
of the patients had a history of VTE or experienced VTE 
during the study, nor were there postoperative bleeds dur-
ing the 30-day follow-up.

Basic laboratory tests

Haemoglobin and albumin decreased post-operation in 
all subjects (p < 0.001), the lowest average values being 
109 g/L (78–132) and 29 g/L (24–37); at week 1 in both 
men and women. These values were below the lower ref-
erence. Leukocytes and CRP initially increased in all 
patients, and then decreased to or towards normal at day 
28 (p < 0.001). Platelet count remained within the reference 
intervals throughout the study. ALT and creatinine also 
stayed stable while remaining within the reference inter-
val (Table 1). GFR was normal in most patients. A single 
patient using rivaroxaban had a decreased GFR (40  ml/
min), which stayed stable.

Drug concentration analysis

Peak and trough levels of apixaban and rivaroxaban var-
ied significantly in individual patients, and the mean val-
ues resembled earlier trial reports and summary of prod-
uct characteristics. The apixaban peak was only 19 ng/mL 
(0–73) after the first dose. The peak at steady state reached 
a maximum of 135 ng/mL (17–301) at week 1, with a mini-
mum trough of 46 ng/mL (0–103) at day 28. One patient 
had undetectable trough level on day 28. Rivaroxaban 
peaked at 111  ng/mL (7–267) after only the first dose; 
however, the single preceding enoxaparin dose could have 
potentiated this anti-Xa activity. The peaks at steady state 
reached a maximum of 184 ng/mL (81–355) at day 28, with 
a minimum trough of 16 ng/ml (0–48) at day 28 (Fig. 1), 
and 3 patients had unmeasurable levels. The drug concen-
trations differed between apixaban and rivaroxaban at all 
time points (p < 0.001). BMI, GFR and the use of ASA did 
not correlate with drug levels.

Table 1  Basic laboratory tests during the study period with mean values, 95% confidence intervals and local reference ranges

Haemoglobin and albumin reached their nadirs at days 2–8, whereas inflammatory markers including leukocytes and CRP increased. ALT and 
creatinine values did not change
ALT alanine aminotransferase, CI confidence interval, CRP C-reactive protein, Hgb haemoglobin, Preop preoperative, Day 1, postoperative day 
1; Week 1, postoperative day 2–8; Day 28, postoperative day 28; Ref. range reference range

Preop Day 1 Week 1 Day 28 Ref. range

Hgb men g/L 142 (135–148) 120 (115–125) 117 (111–122) 131 (123–138) 134–167
Hgb women g/L 131 (127–135) 105 (101–110) 98 (94–103) 120 (115–124) 117–155
Leukocytes × 10E6/mL 6.1 (5.6–6.5) 8.2 (7.5–8.8) 8.0 (7.5–8.5) 6.1 (5.6–6.5) 3.4–8.2
Platelets × 10E6/mL 253 (235–270) 206 (192–220) 225 (209–242) 297 (274–320) 150–450
Albumin men g/L 39.7 (38.1–41.2) 31.9 (30.6–33.3) 31.9 (30.3–33.6) 39.0 (37.4–40.6) 34–45
Albumin women g/L 38.2 (36.9–39.5) 28.8 (27.8–29.8) 27.5 (26.4–28.5) 36.9 (35.6–38.1) 34–45
CRP mg/L 4 (1–7) 50 (42–58) 126 (106–147) 5 (2–8) <3
ALT U/L 25 (20–30) 21 (17–24) 24 (21–28) 22(16–28) <35
Creatinine µM 68 (64–73) 63 (59–68) 64 (60–69) 67 (62–72) 60–90
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Thrombin generation

Apixaban and rivaroxaban distinctly modified throm-
bin generation. With rivaroxaban, the ETP and peak 
diminished after drug intake more compared to apixaban 
(p < 0.05). Both drugs prolonged the lag time, even at low 
concentrations (p < 0.01; Fig.  2a). On day 28, ETP and 
peak remained decreased at apixaban trough levels (sample 
before drug intake). In contrast to patients using rivaroxa-
ban, at 28 days ETP, the peak apixaban values had become 
normal (Fig.  2b, c). The single dose LMWH effect on 
coagulation was negligible, as baseline TG activity in sam-
ples before drug intake were similar for rivaroxaban and 
apixaban.

As shown, apixaban and rivaroxaban generally dimin-
ished the ETP and the peak while prolonging lag time. ETP 
and peak correlated with one another  (R2 = 0.54) Apixaban 
showed a very large inter-individual range on postoperative 
days 2–8, however. In one 68-year-old patient at postoper-
ative week 1, while apixaban levels increased from 50 to 
115 ng/mL (delta 65, 130%), ETP strikingly also increased 
from 1251 to 2036 nM/min (delta 786, 62%). Accordingly, 
the peak also increased with delta 210  nM (106%), and 
the lag time was shortened (delta 30  s, 8%). In contrast, 
in one 73-year-old patient at the same time point, with a 
similar apixaban level change of 59 ng/mL (increase from 
86 to 156, 67%), ETP diminished from 1543 to 1140 nM/

min (delta 401, 26%). The peak TG also decreased by 95 
nM (24%), and the lag time prolonged by 80 s (27%). How-
ever, on day 28, apixaban exhibited similar changes in TG 
as rivaroxaban on weeks 1 and day 28, i.e., decreasing the 
ETP and peak and prolonging the lag time. Overall, ETP 
decreased with increasing drug concentration (p < 0.001).

Coagulation tests

Coagulation screening test PT (the Owren method) mod-
estly correlated with rivaroxaban concentration  (R2 = 0.18, 
p < 0.001) but not with apixaban concentration. Despite 
the correlation, the mean PT remained within the reference 
interval at all time points. Additionally, APTT remained 
within the references for rivaroxaban and apixaban at 
all time points. APTT correlated poorly with apixaban 
 (R2 = 0.09, p = 0.001) levels but instead had a better cor-
relation with rivaroxaban levels  (R2 = 0.43, p < 0.001). In 
contrast to apixaban, rivaroxaban peak levels clearly pro-
longed RVVT (Fig. 2d).

Fibrinogen and FVIII:C activity peaked at week 1, con-
sistent with the postoperative inflammatory state (Fig. 3a, 
b), and they were higher in the apixaban group (p < 0.01). 
D dimer levels were very high at all time points and peaked 
both on postoperative day 1 and again at day 28 (Fig. 3c), 
despite the quite constant F1 + 2 throughout (Fig. 3d). The 
mean antithrombin decreased during the acute phase (week 
1), but not below the lower reference limit at any time in 
either group (data not shown).

Discussion

The most important findings of our study were the wide 
individual variations of effective drug concentrations of 
rivaroxaban and apixaban, and their distinct effects on TG 
ex  vivo using  CAT®, but not in  vivo, using F1 + 2 assay. 
More precisely, the twice-daily versus once-daily dosing 
of apixaban and rivaroxaban, respectively, resulted in sig-
nificant differences of their peak and trough concentrations. 
The TG response in ETP and peak varied among the two 
FXaIs, as well as among individual patients, whereas the 
in vivo TG in form of circulating biomarker F1 + 2 was rel-
atively stable. Yet, D dimer, a marker of fibrin turnover also 
varied individually, increasing towards the end of follow-
up. Finally, the widely available RVVT assay was sensitive 
to rivaroxaban at peak, but not to its trough levels, nor to 
any of the measured apixaban levels. This may imply the 
suitability of diluted RVVT as a screening test for high lev-
els of FXaIs.

The concentrations of apixaban and rivaroxaban dif-
fered significantly, apixaban reaching higher trough levels, 
whereas rivaroxaban exhibited higher peak levels in line 

Fig. 1  Factor Xa inhibitor (FXaI) concentrations at different time 
points at trough and peak levels. The concentrations significantly dif-
fered, with apixaban reaching higher trough levels (pre-drug intake 
samples), whereas rivaroxaban showed higher peak levels (post-drug 
intake samples; p < 0.05). Mean values (dots) and the 95% confidence 
intervals (bars) of FXaI concentrations are shown
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with their BID and OD dosing. The peak levels at steady 
state were 135  ng/mL for apixaban and 184  ng/mL for 
rivaroxaban, with minimum trough levels of on average 
46 ng/mL for apixaban but only 16 ng/mL for rivaroxaban. 
The peak levels are slightly higher and trough levels similar 
than those observed in phase III studies in this indication, 
with an apixaban peak at 77 ng/mL as well as a rivaroxaban 
peak at 101 ng/mL at these studies [17, 18]. Mean apixaban 
concentration at our study at the peak level varied by eight-
fold, and rivaroxaban only by 1.5-fold, while in the phase 
III studies, a fourfold peak for apixaban and a 40-fold peak 
for rivaroxaban were observed. Our findings in orthopaedic 

patient population confirm the previous comparison of 
apixaban and rivaroxaban [19]; both markedly affected 
thrombin-generation variables in  vitro, while F1 + 2 were 
stable in  vivo. As ETP and peak correlated, and are both 
known to associate with VTE [20], we decided to focus on 
the ETP results. The initiation of thrombin generation (lag 
time) was prolonged and, as expected, thrombin formation 
diminished upon challenge with tissue factor. Rivaroxaban 
inhibited ex vivo thrombin generation more than apixaban. 
Thrombin generation diminished well below the preopera-
tive levels at peak concentrations of rivaroxaban. In con-
trast, for the rivaroxaban trough levels, the absolute effect 

a b

c d

Fig. 2  Thrombin generation and RVVT response under apixaban and 
rivaroxaban management. The lag time was sensitive to both apixa-
ban and rivaroxaban by increasing by 23–90%, respectively, after 
only the first drug dose (mean lag time 3.5  min in normal pooled 
plasma, a). The ETP and thrombin peak were inhibited more by rivar-
oxaban than by apixaban at all time points (b, c). Apixaban had only 

a small effect on the ETP and peak until day 28, when they declined. 
RVVT was sensitive to rivaroxaban, whereas it did not respond to 
apixaban (d). Mean values (dots) and 95% confidence intervals (bars) 
are shown, and for RVVT, the upper limit of the local reference inter-
val is shown
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on thrombin generation was small, and the trough level 
at day 28 returned to the preoperative baseline level. This 
result coincided with the low rivaroxaban levels, which 
were below 50  ng/mL, under the trough concentrations 
among all patients. Apixaban, however, initially hardly 
inhibited thrombin generation, and the difference between 
apixaban and rivaroxaban coincided with the higher peak 
level of rivaroxaban at that point (Fig.  1). Thrombin ini-
tiation (lag time) appeared to be the most sensitive to 
FXaIs, since it was clearly prolonged at all drug concen-
trations. The early use of single dose enoxaparin prior to 
administration of rivaroxaban as per hospital praxis, how-
ever, impacted the functional Xa-based concentration, 

precluding comparative conclusions on the absolute drug 
level. However, this one dose did not alter the activity in 
thrombin generation according to the preoperative baseline 
samples prior to LMWH and the first direct FXaI intake.

In the postoperative phase, very large inter-individual 
variation emerged in response to both drugs. The early 
postoperative setting likely induced individual responses 
to surgery and differences in the anticoagulant responses. 
At this time point, the inflammatory markers CRP and 
FVIII:C were highly increased, consisted with previous 
findings [21, 22]. FVIII:C peaked higher with apixa-
ban than rivaroxaban at week 1. This might be due to a 
confounder of the small sample size. Rivaroxaban and 

a b

c d

Fig. 3  Fibrinogen and FVIII:C during the course of the study. Fibrin-
ogen and FVIII both peaked at week 1, with FVIII exceeding 190 IU/
dL, and higher peaks occurred with apixaban (p < 0.01; a, b). In con-
trast, D dimer levels were equally high throughout the study, aside 
from a dip at week 1 with both FXaIs (c). Mean prothrombin frag-

ment F1 + 2 levels remained constant throughout the study (normal 
reference according to the manufacturer <1200 pM; d). Mean values 
(dots) and 95% confidence intervals (bars) and, where applicable, 
local reference intervals are shown. For factor FVIII:C, the reference 
point of 190 IU/dL is shown as well
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apixaban both bind to albumin (95 and 87%, respectively) 
[23]. The perioperative inflammatory response and loss 
of blood and protein associated with the nadir in haemo-
globin and albumin, with low levels of albumin known to 
be associated with intracranial hemorrhage [22, 24, 25]. 
D dimer levels were high throughout the study in most 
patients. The D dimer reached its nadir at postoperative 
week 1 before increasing again at day 28. D dimer levels 
exhibit a sinusoidal pattern that follows THA, with lev-
els increasing again on postoperative days 2–3 [21, 26]. 
The healing process, including fibrin formation and deg-
radation, are still ongoing at 4 weeks, and these activi-
ties may mirror the continued VTE risk, even at 3 months 
after surgery [27, 28]. Increase in TG, best reflected with 
increasing ETP associates with higher risk for thrombosis 
[29].

In the RVVT, rivaroxaban showed a strong response, 
whereas apixaban was ineffective. This outcome con-
trasts with the results of a previous study that used Stago 
screening and confirmation tests, in which spiked apixa-
ban prolonged RVVT at levels exceeding 20  ng/mL [30]. 
This result highlights the differences observed with various 
reagents and the clinical setting in actual patient samples. 
In addition to specific drug-related differences, the differ-
ences in dosing and subsequent differences at peak FXaI 
levels might explain this clinically relevant finding, since 
the RVVT may permit detection of rivaroxaban in patient 
plasma. In the APTT and PT, the correlations between drug 
concentrations were poor, in line with the previous findings 
from in vitro surveys [8, 31].

Study limitations included the use of 5 pM tissue fac-
tor in the TG assay, which promotes the extrinsic pathway, 
but is highly reproducible in the  CAT® assay. Under these 
conditions, distinct activities of FV may have contributed 
since FV inhibits thrombin generation [32]. The role of the 
intrinsic activation system, relevant after orthopaedic sur-
gery and the inflammatory response is undermined under 
high tissue factor conditions [33]. Another confounder was 
the early administration of a single dose LMWH before 
rivaroxaban, which deviates from the current summary of 
product characteristics, but is considered to impact the anti-
coagulant response only on day 1.

In summary, apixaban and rivaroxaban distinctly con-
trol thrombin activity after total hip replacement with 
stronger responses at peak levels with rivaroxaban. In 
contrast, with apixaban, the trough levels are higher, con-
sistent with the once- vs twice-daily dosing. The widely 
used RVVT is impacted with high concentrations of 
rivaroxaban, but not with peak concentrations of apixa-
ban. Our data on covering the impact of FXaI in the labo-
ratory measures after THA may provide a helpful backup, 
in case bleeding or thrombosis would occur among these 
patients during their recovery. Yet, as shown, the effects 

of FXaIs on TG are variable and a holistic approach to 
coagulation, rather than any single assay, is required for 
patient management.
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