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Abstract
Apixaban is effective and safe for preventing stroke, and its usage has increased exponentially in recent years. However, data 
concerning the therapeutic range of apixaban is limited. This study determined the trough and peak levels of apixaban-specific 
anti-factor Xa activity (AFXaA) in acute ischemic stroke patients with non-valvular atrial fibrillation (NVAF) in Korea. 
The study included 85 patients who received apixaban. Blood samples were taken to measure the trough and peak levels of 
AFXaA using a chromogenic anti-factor assay, as well as prothrombin time (PT) and activated partial thromboplastin time 
(aPTT). We also reviewed complications such as major bleeding of patients treated with apixaban. In patients given a 5.0-
mg apixaban dose, the median trough and peak levels of AFXaA were 104.5 and 202.0 ng/mL. In patients given a 2.5-mg 
apixaban dose, the median trough and peak AFXaA levels were 76.0 and 151.0 ng/mL. The PT showed a positive correla-
tion with increased AFXaA activity at both levels (Trough R = 0.486, Peak R = 0.592), but the aPTT had no relationship 
with AFXaA activity at both levels (Trough R = 0.181, Peak R = 0.129). Two cases with intracranial bleeding belonged to 
the highest AFXaA quartile (Trough, p = 0.176; Peak, p = 0.053). In conclusion, we determined the trough and peak levels 
of AFXaA in patients with NVAF while being treated with the apixaban in Korea. Our results could be used as a starting 
point when setting the reference ranges for laboratories using anti-Xa assay. Large-scale studies are needed to establish the 
reference range for AFXaA in patients with NVAF.
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Introduction

Direct factor Xa inhibitors, such as rivaroxaban, apixaban, 
and edoxaban, have been shown to be equivalent or superior 
to warfarin for the prevention of stroke or systemic embo-
lism and have lower rates of major bleeding in patients with 
non-valvular atrial fibrillation (NVAF). They also have less 

dosing variability and a rapid onset of action, and stability 
without drug monitoring [1–3]. Because of these advan-
tages, they are being rapidly adopted for the prevention of 
stroke, both locally and nationally [4].

Of the factor Xa inhibitors, apixaban has the favorable 
profile in terms of bleeding risk, which is a serious risk for 
all patients receiving anticoagulants. And it is well tolerated 
with pharmacokinetic variability such as fewer interactions 
with concomitant drugs than other direct factor Xa inhibitors 
[5–7]. Additionally, it does not require routine coagulation 
monitoring. However, the plasma drug concentration should 
be measured in patients who have some situations such as 
trauma, emergency surgery, bleeding or embolic events, 
and concomitant treatment [8, 9]. Dose monitoring is also 
needed to reduce side effects such as re-infarction due to 
failure to reach the therapeutic dose or major bleeding due 
to overdose. In addition, dose monitoring can be used to 
assess the drug compliance of patients. Therefore, laboratory 
dose monitoring may be essential in those special situations. 

 *	 Eun‑Ha Koh 
	 ehkohmd@gnu.ac.kr

1	 Department of Laboratory Medicine, Gyeongsang 
National University College of Medicine, 79, Gangnam‑ro, 
Jinju 660‑702, South Korea

2	 Department of Neurology, Gyeongsang National University 
College of Medicine, Jinju, South Korea

3	 Research Department, Gyeongnam Regional Cancer Center, 
Jinju, South Korea

4	 Institute of Health Sciences, Gyeongsang National 
University, Jinju, South Korea

http://orcid.org/0000-0002-4625-1396
http://crossmark.crossref.org/dialog/?doi=10.1007/s11239-017-1590-1&domain=pdf


251Laboratory measurement of apixaban using anti-factor Xa assays in acute ischemic stroke patients…

1 3

However, few studies have investigated apixaban levels in 
the plasma of patients, and it is consequently difficult to 
determine the therapeutic range of apixaban.

The majority of published data on the effects of apixaban 
on laboratory tests of hemostasis are based on studies where 
the drug is added to plasma or blood in vitro. These studies 
showed a linear correlation between the levels of apixaban 
concentration and apixaban-specific anti-factor Xa activity 
(AFXaA) [10, 11]. However the results of global coagula-
tion tests, such as prothrombin time (PT) or activated partial 
thromboplastis time (aPTT) were not sensitive enough to 
determine the apixaban concentration in plasma since the 
sensitivity mainly depends on the reagents [12–15].

There are few published data on the levels of AFXaA 
in the Korean population. Thus, this study aimed to deter-
mine levels of apixaban-specific AFXaA in acute ischemic 
patients with NVAF to assist with drug monitoring. In addi-
tion, we assessed the association between levels of AFXaA 
and PT/aPTT results to determine the apixaban sensitivity 
of our PT and aPTT tests. We also reviewed complications 
such as major bleeding of patients treated with apixaban in 
hospitalization.

Materials and methods

Study participants

This study included a total of 85 patients who were seen at 
the Gyeongsang National University Hospital from January 
2016 to February 2017. All patients started to treat with 
apixaban immediately after admission with acute ischemic 
stroke to prevent secondary stroke. At that time, they were 
diagnosed with NVAF and belonged to a CHA2DS2-VASC 
score > 2 based on the anticoagulant therapy guidelines 
[16]. The standard recommended dose of apixaban is 5.0-
mg taken orally twice daily, but is set at 2.5-mg if at least 
two of the following criteria are met: age ≥ 80 years, body 
weight ≤ 60 kg, and serum creatinine level ≥ 1.5 mg/dL [17, 
18]. The main patient exclusion criteria were contraindi-
cation to anticoagulation treatment, such as active bleed-
ing, severe thrombocytopenia, major trauma and invasive 
procedure. Also excluded were patients with severe hepatic 
impairment or renal impairment (total bilirubin > 3.0 mg/
dL, serum creatinine level > 2.5 mg/dL). Before the study 
was initiated, all patients provided informed consent and the 
study received approval from the institutional review board.

Measurements of anti‑factor Xa activity, PT 
and aPTT

Blood samples were collected in 3.2% sodium citrate tubes 
after 3–4 days of apixaban therapy. The peak AFXaA levels 

were measured 3 h after apixaban administration, and the 
trough levels were measured immediately prior to apixaban 
administration. The levels of AFXaA, PT, and aPTT were 
measured using a STA R Max® analyzer (Diagnostica Stago, 
Asnieres, France). Specifically, AFXaA levels were deter-
mined using a one-stage chromogenic assay with STA-Liq-
uid Anti-Xa reagents (Diagnostica Stago, Asnieres, France). 
This assay has excellent correlation with the reference 
method (LC–MS) according to a comparison study [10, 11]. 
Additionally, we measured PT using the STA®-Neoplastine® 
CI Plus PT assay and aPTT using the STA®-PTT A aPTT 
assay (Diagnostic Stago, Asnieres-sur-Seine, France).

Renal‑ and liver‑function assessment

For all patients, blood urea nitrogen (BUN) and creatinine 
were measured immediately after admission (Cobas® 8000 
modular analyzer series, Roche-Diagnostics, Switzerland), 
and renal function was evaluated using CCr as estimated 
from the Cockcroft-Gault equation. Liver function tests (e.g., 
aspartate aminotransferase [AST], alanine aminotransferase 
[ALT], total bilirubin, alkaline phosphatase and PT) were 
also performed to assess hepatic dysfunction.

Complications such as major bleeding

Major bleeding was defined as clinically overt bleeding 
accompanied by one or more of the following criteria: (1) a 
decrease in the hemoglobin level of at least 2 g per deciliter 
over a 24-h period, (2) transfusion of 2 or more units of 
packed red cells, (3) bleeding at a critical site (i.e., intracra-
nial, intraspinal, intraocular, pericardial, intraarticular, intra-
muscular with compartment syndrome, or retroperitoneal), 
or (4) fatal bleeding [19].

Statistical analysis

Continuous variables are presented as the median and 
range, and categorical variables are presented as frequen-
cies and percentages. Because no variables satisfied the 
assumption of a normal distribution or equal variances 
by the Shapiro–Wilk test and Levene’s test, respectively, 
the Mann–Whitney U test was used to compare age, body 
weight, body mass index, and laboratory tests between the 
patients treated with either 5.0- or 2.5-mg of apixaban. 
Fisher’s exact test was used to compare the sex and medical 
history ratios between the groups, as well as the incidence 
of complications. Spearman’s correlation analysis was used 
to examine the association between AFXaA levels and PT/
aPTT results. The AFXaA level at the trough and peak times 
was categorized in quartiles for both dosages. SPSS software 
for Windows, version 21 (SPSS Inc., Chicago, IL) was used 
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for all statistical analysis. p value < 0.05 was considered sta-
tistically significant.

Results

Clinical characteristics of the subjects

A total of 85 patients who experienced a stroke with NVAF 
while under treatment with apixaban were enrolled in this 
study. The baseline demographic and clinical characteris-
tics are summarized in Table 1. The median age was 74.5 
years, and 43.5% of the subjects were female. A total of 
12.9% of the patients had a history of stroke or transient 
ischemic attack (TIA), and 4.7% of the subjects had an 
acute myocardial infarction (AMI). The median value of 
the CHA2DS2-VASC score (the clinical prediction rules for 
estimating the risk of stroke in patients with NVAF) was 3.8.

Anti‑factor Xa activity, PT, and aPTT

All of the coagulation assays, including AFXaA, PT and 
aPTT, were performed within 2–9 days (3.9 ± 1.6 days) 
after the first administration of apixaban, and the results are 
summarized in Table 1. In patients receiving the 5.0-mg 
dose, the median levels of AFXaA at the trough and peak 
times were 104.5 and 202.0 ng/mL, respectively. In patients 
receiving the 2.5-mg dose, the median levels of AFXaA 
at the trough and peak times were 76.0 and 151.0 ng/mL, 
respectively.

Relationship between anti‑factor Xa activity and PT/
aPTT

The relationship between AFXaA and PT/aPTT is pre-
sented in Fig. 1. The PT showed a positive correlation with 
increased AFXaA activity at both levels (Trough R = 0.486, 
Peak R = 0.592, p < 0.001), but the aPTT had no relation-
ship with AFXaA activity at both levels (Trough R = 0.181, 
p = 0.112 Peak R = 0.129, p = 0.262). Based on our labora-
tory’s own reference values, 30.0 and 81.9% of the samples 
had a normal PT and aPTT, respectively (data not shown) 
(Fig. 2).

Case presentation

During the course of this study, two patients experienced 
major bleeding in hospitalization. These two patients were 
under apixaban treatment at 2.5 mg twice daily and suddenly 
presented clinical signs of hemorrhage as intracranial bleed-
ing. At that time, the levels of PT were slightly increased 
(14.5 and 13.7 s at the trough, 15.2 and 14.5 s at the peak, 
reference range 11.9–14.3 s), but the levels of aPTT were 

within the reference range (30.1 and 32.6 s at the trough, 
31.4 and 32.7 s at the peak, reference range 29.1–43.5 s). It 
is notable that the levels of AFXaA activity were markedly 
higher in these cases (270 and 387 ng/mL at the trough and 
450 and 491 ng/mL at the peak) than in the other cases. 
When the 85 patients were divided into quartiles based on 
AFXaA levels, the cases with complications belonged to 
fourth quartile for both dosages (Table 2).

Discussion

The present study determined for the first time the median 
trough and peak levels of AFXaA in NVAF patients treated 
with apixaban in Korea. The median trough and peak levels 
of AFXaA were 104.5 and 202.0 ng/mL, respectively, at 
the 5.0-mg dose and 76.0 and 151.0 ng/mL, respectively, 
at the 2.5-mg dose. Compared with previous studies, the 
median level of AFXaA at the peak was significantly higher 
than the level of apxiaban concentration in previous stud-
ies. (5.0-mg p = 0.01, 2.5-mg p = 0.015) [5]. Frost et al. 
reported the median trough and peak levels of apixaban on 
treatment day seven, which they predicted to be steady-state 
concentrations, for a total of 11 healthy subjects in the USA 
(5.0-mg 49.6 and 128.5 ng/ml, 2.5-mg 21.0 and 62.3 ng/ml, 
respectively) [5]. Data from the manufacturer showed the 
predicted apixaban steady-state exposure and reported that 
the median trough and peak levels of apixaban were 103.0 
and 171.0 ng/mL, respectively, for the 5-mg dose and 79.0 
and 123.0 ng/mL, respectively, for the 2.5-mg dose in NVAF 
[20]. One source of this variation may be due to the method-
ology implemented in each study. Ethnic, geographical and 
environmental elements may also contribute to this varia-
tion. Drug distribution also has the potential for variability 
related to ethnic differences [21]. Among the characteristics 
of our clinical patients, one of several factors may have led 
to the high levels of AFXaA. These findings suggest that the 
trough and peak reference levels of AFXaA should be cali-
brated independently in each hospital’s laboratory. However, 
our results could be used as a starting point when setting 
the reference ranges for other laboratories using AFXaA, 
not LC–MS method. Further clinical studies are necessary 
to determine an appropriate fixed dose of apixaban (as pro-
posed by the manufacturer).

Chromogenic anti-factor Xa assays could be useful for 
the assessment of apixaban; however, laboratory monitor-
ing techniques lag behind new drug development, specifi-
cally regarding factor Xa inhibitors. Knowing the association 
between routine coagulation tests, such as PT and aPTT, and 
AFXaA levels is helpful to manage patient care in emer-
gency situations. PT and aPTT are not sensitive enough for 
quantitative measurement of apixaban concentrations at the 
plasma level. However, some earlier studies demonstrated 
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that, depending on the specific reagent used, PT was mod-
estly prolonged by factor Xa inhibitors [8, 9, 15]. Our results 
also showed that increased PT was associated with increased 
AFXaA, but aPTT was insufficient to accurately determine 
the level of AFXaA. Even though PT was associated with 
AFXaA, there was very little evidence that the AFXaA 
could be quantitatively estimated using the PT. Moreover, 
some patients under apixaban therapy still had normal PTs. 

Therefore, PT and aPTT results can be easily misinterpreted 
if the results are not fully understood, which could have clin-
ical implications. Additionally, clinicians should also con-
sider the possibility of factitious reporting of other coagula-
tion assays in the presence of factor Xa inhibitors, which 
may lead to incorrect result interpretation and improper 
diagnosis and management.

Fig. 1   Relationship between anti-factor Xa activity and PT or aPTT at the trough and peak times. a PT at trough, R = 0.486, p < 0.001; b aPTT at 
trough, R = 0.181, p = 0.112; c PT at peak, Peak R = 0.592, p < 0.001; d aPTT at peak, R = 0.129, p = 0.262

Fig. 2   Comparison the median 
anti-factor Xa activity between 
our study and other studies at 
both trough and peak times. 
a Data from the manufacturer 
[20], b Frost et al. [5]
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A previous study reported that frequent monitoring of 
anticoagulation in patients treated with apixaban is unneces-
sary and that apixaban measurement is particularly useful in 
some clinical situations including cases of stroke recurrence, 
urgent surgery, bleeding events, and suspected overdose 
[8, 9]. In this study, there were two cases with complica-
tions, specifically major bleeding, which were associated 
with high AFXaA. In two cases in which patients received 
2.5 mg of apixaban twice daily, cerebral hemorrhage sud-
denly appeared. At that time, the AFXaA levels were two to 
three times higher than the average in both cases. It should 
be noted that in these two cases the PT and aPTT were never 
higher than the study average. However, despite the overall 
higher AFXaA levels in this study compared to previous 
studies, the majority of the cases did not present with any 
side effects, highlighting the difficulty in using AFXaA as a 
predictor for overdose. Further studies are needed to define 
the relationship between AFXaA and clinical outcomes.

There remains a need for an apixaban antidote for emer-
gency situations. In the absence of a specific antidote, cli-
nicians typically use prothrombin complex concentrates in 
emergency apixaban-overdose situations. Currently, apixa-
ban antidotes are undergoing clinical trials [22].

This study has several limitations. First, it was conducted 
at a single center with a small number of enrolled patients. 
Second, the investigation period and the number of cases 
with side effects were insufficient for a detailed study on the 
relationship between AFXaA and re-infarction or bleeding. 

Finally, we did not use the gold standard method, LC–MS, 
to measure the plasma levels of apixaban, because of its dif-
ficult accessibility.

In conclusion, we determined the trough and peak levels 
of AFXaA in patients who had experienced a stroke with 
NVAF while being treated with the apixaban. Our results 
could be used as a starting point when setting the reference 
ranges for laboratories using AFXaA. Large-scale studies 
are needed to establish the reference range for AFXaA in 
patients with NVAF.
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