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A B S T R A C T

Background: Oral factor Xa inhibitors (FXaI) can be administered in fixed doses without the need for routine
laboratory monitoring. Anti-Xa assays can estimate anticoagulant effect for specific FXaI's. The aim of this study
was to characterize anti-Xa levels in patients taking apixaban or rivaroxaban with major bleeding events.
Methods: Apixaban and rivaroxaban anti-Xa assays ordered within our hospital system from May 2016 to
September 2019 were evaluated. The primary outcome was major bleeding events defined by International
Society of Thrombosis and Haemostasis criteria. Median anti-Xa levels for each FXaI were calculated for those
with and without major bleeding, as well as those who did and did not receive reversal agents.
Results: A total of 606 anti-Xa levels were analyzed. There were 146 major bleeding events documented, with
the most common site being intracranial (63%). Median anti-Xa levels in patients with and without major
bleeding were similar, whereas those on apixaban therapy who received reversal agents typically had higher
anti-Xa levels (73 ng/mL vs. 153 ng/mL, p=0.0019). Factors significantly associated with increased odds of
bleeding were an age > 80 years, inappropriately high dosing regimens, and modest anti-Xa levels
(100–300 ng/mL) for rivaroxaban specifically.
Conclusions: Older age and inappropriately high dosing regimens were associated with major bleeding in pa-
tients taking apixaban and rivaroxaban. Further investigation into the utility of anti-Xa levels for FXaI is war-
ranted.

1. Introduction

Oral factor-Xa inhibitors (FXaI) have become widely used for both
venous thromboembolism (VTE) treatment and prophylaxis, as well as
stroke prevention in non-valvular atrial fibrillation. Several large-scale
clinical trials have shown that edoxaban, apixaban, and rivaroxaban are
as or more effective than warfarin with a more favorable bleeding
profile [1–5]. Attributes owing to their widespread use include minimal
drug-drug interactions (DDI), tolerability, and lack of routine labora-
tory monitoring requirements [6]. Liquid chromatography (LC)-mass
spectrometry (MS) can accurately quantify FXaI plasma concentrations
and is considered the gold standard of assessing FXaI plasma con-
centrations [7], however not all laboratories have 24-hour access to
perform this type of analysis. Commercially available anti-Xa chromo-
genic assays may be utilized for FXaI levels with appropriate drug ca-
librators [8,9], and have demonstrated good correlation between

plasma FXaI concentration and anti-factor Xa activity across a range of
plasma concentrations [10]. Some researchers have attempted to es-
tablish “on therapy” anti-Xa level ranges for apixaban and rivaroxaban
in a pragmatic setting [11], whereas other pharmacokinetic studies
conducted in healthy volunteers suggest expected plasma levels based
on FXaI type, dose, and time since last dose [12,13]. Certain clinical
scenarios such as breakthrough thrombosis, bleeding events, and he-
patic and renal insufficiency may warrant assessment of physiologically
relevant FXaI concentrations [14–18], and there is some evidence
correlating plasma concentrations of certain direct oral anticoagulants
(DOAC) such as dabigatran and edoxaban with bleeding events [19,20].
However, there is a paucity of data describing the relationship between
FXaI anti-Xa levels and clinical outcomes in patients taking apixaban
and rivaroxaban in a real-world setting. The objective of this study was
to evaluate anti-Xa levels for apixaban and rivaroxaban and their as-
sociation with major bleeding events.
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2. Methods

2.1. Study design

This retrospective, observational cohort study was approved by the
Houston Methodist Research Institute Institutional Review Board (IRB).
All anti-Xa levels for apixaban and rivaroxaban ordered at Houston
Methodist, a seven-hospital system, from May 2016 to September 2019
were evaluated regardless of whether there was a documented inpatient
dose of apixaban or rivaroxaban. Of note, all anti-Xa level tests for FXaI
were performed at one laboratory in the Texas Medical Center Hospital.
Levels were excluded if any of the following factors were identified:
unfractionated heparin (UFH) or low molecular weight heparin
(LMWH) product administration within 24 h prior to an anti-Xa level
being drawn; the level was deemed to be ordered in error (i.e., incorrect
assay ordered based on drug exposure or the patient was not taking a
FXaI); or critical information was missing from the electronic health
record (EHR). The EHR was also queried for patient demographic in-
formation, baseline laboratory values, and all FXaI administrations.
Reasons for anti-Xa level ordering and clinical decisions regarding FXaI
were chart reviewed by two investigators (NJ and AD). If patients had
multiple levels obtained during the same encounter, only initial levels
were included in final analyses.

2.2. Study endpoints

The primary endpoint of this study was the prevalence of major
bleeding events as defined by the International Society on Thrombosis
and Haemostasis (ISTH) which included bleeding that was fatal, located
in a critical area or organ (i.e., intracranial, intraspinal, retroperitoneal,
intraocular, pericardial, or intramuscular), caused a drop in he-
moglobin of ≥2 g/dL, or led to the transfusion of two or more units of
blood [21]. Major bleeding events were reviewed and adjudicated by
two of the authors (NJ and AD) was confirmed either by presence of
pertinent laboratory or imaging findings, as well as provider doc-
umentation for each patient. Median anti-Xa levels were determined
both in patients with and without a major bleeding event. Anti-Xa levels
obtained at the time of, or within 24 h after a bleeding event, were
considered to be in the context of a major bleed and categorized as
such. Secondary endpoints consisted of reversal agent use (four-factor
prothrombin complex concentrate (4F-PCC) and andexanet alfa), rea-
sons for obtaining an anti-Xa level, changes in FXaI therapy at hospital
discharge, and all anti-Xa levels following a documented inpatient dose.
Pre-specified subgroup analyses were planned in order to compare
patients with and without a major bleeding event on the basis of age,
body mass index (BMI), baseline creatinine clearance (estimated with
the Cockcroft-Gault equation), presence of AKI as defined by the Kidney
Disease Improving Global Outcomes (KDIGO) criteria [22], use of renal
replacement therapy (RRT), dose appropriateness based on approved
package labeling [23,24], and concomitant use of antiplatelet drugs or
inhibitors of FXaI metabolism.

2.3. Chromogenic anti-Xa assay

Apixaban and rivaroxaban anti-Xa levels were determined using a
calibrated STA® - Liquid Anti-Xa Assay that is calibrated with com-
mercial apixaban and rivaroxaban calibrators, and are available 24 h a
day, seven days a week at our institution. In this assay, exogenous
factor Xa is added to a patient's plasma sample which can then complex
with any present FXaI. A substrate that is specific for factor-Xa is then
added to the sample, and the factor-Xa-substrate complex then cleaves a
chromophore to produce color, with the amount of color produced
being inversely proportional to FXaI presence. Expected peak levels
(2–4 h post-dose) are provided in the result details as well. The lower
limit of the reportable range of our assays for both apixaban and riv-
aroxaban are< 20 ng/mL, and the upper limit 451 ng/mL and 472 ng/

mL for apixaban and rivaroxaban, respectively. Expected peak levels for
apixaban are 16–108 ng/mL and 102–155 ng/mL following a 2.5mg
and 5mg dose, respectively. Likewise, typically observed peak levels for
rivaroxaban are 90–190 ng/mL and 180–340 ng/mL following a 10mg
and 20mg dose, respectively. These ranges have been adopted from
previously conducted pharmacokinetic studies [13,25].

2.4. Statistical analysis

Continuous data were reported as mean and standard deviation or
median and interquartile range (IQR) as appropriate. Categorical data
were compared with the chi-squared or Fisher's exact test. Differences
between two groups were assessed with a student's t-test or Mann-
Whitney U test depending on the data distribution, with a p-value of
≤0.05 indicating a statistically significant difference at the two-sided
level. Binary logistic regression was performed in order to ascertain any
factors that predisposed patients to increased odds of experiencing a
major bleeding event. A backwards stepwise selection method was
implemented utilizing the following variables: age > 80 years,
weight < 60 kg, baseline CrCl< 50mL/min, AKI within 48 h of level,
strong CYP3A4 or P-gp inhibitor use, antiplatelet use, inappropriately
high dosing regimen, and anti-Xa level stratified into tertiles (< 100,
100–300, and>300 ng/mL). Variables with a p-value of< 0.2 were
included into the final models. Three models were constructed, one
combining both apixaban and rivaroxaban, and two for each individual
FXaI. Descriptive and comparative analyses were performed with
GraphPad Prism version 6.0 (GraphPad Software, San Diego, CA), and
binary logistic regression was carried out using STATA version 14.2
(StataCorp, College Station, TX).

3. Results

3.1. Patient characteristics

During the study period, a total of 979 anti-Xa levels for apixaban
and rivaroxaban were ordered. After applying inclusion and exclusion
criteria, 606 anti-Xa levels remained for full analysis (Fig. 1). Of 412
patients receiving apixaban, 89 patients had more than one level drawn
during their hospitalization. Out of the 194 patients receiving rivar-
oxaban, 35 patients had multiple levels drawn during their hospital
stay. Baseline information can be found in Table 1. The majority of
patients were elderly, on apixaban, and had an indication of atrial fi-
brillation for anticoagulation therapy.

Anti-Xa levels ordered during 

study period (n=979)

UFH or LMWH administration within 

24 hours prior to level (n=117)

Anti-Xa levels reviewed for 

final analysis inclusion

(n=862)

Excluded (n=58)

• Erroneously ordered (n=50)

• Information missing in EHR (n=8)

Anti-Xa levels included

(n=804)

Anti-Xa levels 

analyzed

(n=606)

Serial anti-Xa levels on encounter

• Apixaban (n=147)

• Rivaroxaban (n=51)

Fig. 1. Flow diagram for anti-Xa level inclusion for final analysis.
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3.2. Major bleeding events

There were 146 confirmed major bleeding events, occurring in 26%
(105/412) of patients treated with apixaban and 21% (41/194) with
rivaroxaban. Fatal bleeding events occurred in 10 patients on apixaban
therapy and seven patients on rivaroxaban therapy. Sixteen of these
fatal bleeds were neurological and one was pulmonary. The most
common site of bleeding was neurological (n=92), with specific types
of intracranial bleeding including: subdural hematoma (SDH; n=42),
intracerebral hemorrhage (ICH; n=35), and subarachnoid hemorrhage
(SAH; n=13). The second most common major bleeds were gastro-
intestinal (21%). Other major bleeds consisted of skin and soft tissue
bleeding, pericardial effusions, retroperitoneal, and oropharyngeal
bleeding. Observed anti-Xa levels in patients with and without major
bleed are represented in Fig. 2. The median (10–90th percentile) anti-
Xa level for patients taking apixaban with a major bleeding event was
86 ng/mL (<20–317.5 ng/mL) compared to 105 ng/mL (< 20–323 ng/
mL) in those without a major bleeding event (p=0.37). The median
anti-Xa level in patients taking rivaroxaban with a major bleed was
110 ng/mL (<20–432 ng/mL) compared to 60 ng/mL (<20–387.4 ng/
mL) in those without a bleed (p=0.078). In the subgroup analysis,
patients with major bleeding displayed a significantly higher propor-
tion of individuals with advanced age and inappropriately high dosing
regimens at the time of anti-Xa level obtainment (Table 2). The results

of binary logistic regression are displayed in Table 3. Only variables
with a p-value<0.2 in univariate analyses are displayed in the final
models. In the model with both FXaI's, an age of 80 years or greater and
inappropriately high dosing regimen were associated with an increase
in the odds of experiencing a major bleeding event. Factors associated
with an increase in odds for major bleeding were an age of 80 years or
greater for apixaban, and inappropriately high dosing regimen and an
anti-Xa level of 100–300 ng/mL for rivaroxaban.

3.3. Reversal agent use

A total of 59 patients with a documented major bleeding event re-
ceived a reversal agent, with 54 patients receiving 4F-PCC, and five
patients receiving andexanet alfa. The indications for reversal in pa-
tients receiving 4F-PCC for a major bleed were: SDH (31%), ICH (31%),
SAH (9%), upper/lower GI bleed (20%), genitourinary bleed (4%), or
other. Five patients received andexanet alfa for the following major
bleed types: ICH (60%), SDH (20%), and GI bleed (20%). Patients who
received 4F-PCC or andexanet alfa had statistically significant higher
median anti-Xa levels than those who did not receive a reversal agent
for apixaban (73 ng/mL vs. 153 ng/mL, p=0.0019), but not for riv-
aroxaban (76 ng/mL vs. 131 ng/mL, p=0.21). There were 12 patients
who received 4F-PCC (n=8) and andexanet alfa (n=4) outside the
context of major bleeding. Three patients who were given 4F-PCC also
received fresh frozen plasma (FFP), and six patients received only FFP.
In addition, two patients received aminocaproic acid for a major bleed.

Table 1
Baseline characteristics.

Total
(n=606)

Apixaban
(n=412)

Rivaroxaban
(n=194)

Age in years, median (IQR) 72 (61–81) 73 (60–82) 72 (64–80)
Female gender, n (%) 313 (52) 225 (55) 88 (45)
Weight in kg, median (IQR) 80.7

(67.1–98.4)
79.3
(66.7–94.9)

85.9 (69.2104.7)

Race, n (%)
Caucasian 424 (70) 277 (67) 147 (76)
African American 149 (25) 111 (27) 38 (19)
Asian 20 (3) 13 (3) 7 (4)
Missing or declined 13 (2) 11 (3) 2 (1)

BMI classification, n (%)
Underweight
(< 18.5 kg/m2)

20 (3) 15 (4) 5 (3)

Normal (18.5–24.9 kg/
m2)

175 (29) 124 (30) 51 (26)

Overweight (25–29.9 kg/
m2)

187 (31) 132 (32) 55 (28)

Obese (≥ 30–39.9 kg/
m2)

167 (28) 108 (26) 59 (30)

Morbidly obese
(≥40 kg/m2)

57 (9) 33 (8) 24 (12)

CrCl in mL/min, median
(IQR)

≥50 338 (56) 207 (50) 131 (68)
30–49 149 (24) 98 (24) 51 (26)
<30 119 (20) 107 (26) 12 (6)

Indication for
anticoagulation, n (%)

Stroke prevention in AF 358 (59) 242 (59) 116 (60)
DVT 109 (18) 76 (18) 33 (17)
PE 41 (7) 21 (5) 20 (10)
DVT/PE 38 (6) 28 (7) 10 (5)
Other 33 (5) 27 (7) 6 (3)
Multiple 27 (3) 18 (4) 9 (5)

Concomitant antiplatelet
use, n (%)

183 (30) 133 (32) 50 (26)

Unit where level ordered, n
(%)

Acute care floor 245 (40) 162 (39) 83 (43)
Intensive care unit 182 (30) 123 (30) 59 (30)
Emergency department 179 (30) 127 (31) 52 (27)

BMI, body mass index; CrCl, creatinine clearance; AF, atrial fibrillation; DVT,
deep vein thrombosis; PE, pulmonary embolism.

Fig. 2. Distribution of anti-Xa levels in patients with and without major
bleeding events for apixaban – A and rivaroxaban – B.
The expected levels are for peak measurements [13,25], and the results for
certain individual patients may reflect random levels based on the time of last
dose or if the time of last dose is unknown.
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3.4. Reasons for obtaining level and changes to therapy

Indications for anti-Xa levels for apixaban and rivaroxaban are
shown in Fig. 3. All anti-Xa levels were obtained in the inpatient setting,
with the majority being ordered on an acute care floor and a similar
distribution between the emergency department and intensive care
units (ICU) (Table 1). The most common ordering service or providers
were clinical pharmacists (126; 21%), ED physicians (111; 18%), ICU
intensivists (90; 15%), and neurosurgery (76; 13%). Other ordering
service lines included hematology, neurology, cardiology, and pulmo-
nology. Although there may have been multiple reasons for obtaining a
considerable proportion of anti-Xa levels, only the most pertinent
reason as ascertained by chart review was categorized as the primary
reason (Fig. 3). The most frequently encountered reasons for obtaining
anti-Xa levels were confirmed or suspected bleeding, clearance for a
procedure, and heparin initiation or fibrinolytic therapy consideration.
Of note, of the 110 anti-Xa levels ordered for surgical clearance, 51%

(56/110) of these were emergent procedures including neurosurgical,
spinal, and other time-sensitive procedures. Final changes to FXaI
therapy for all patients alive at hospital discharge (n=562) consisted
of: no change (59%), discontinue FXaI (23%), switch to alternative
anticoagulant (11%), decrease FXaI dose (4%), or increase FXaI dose
(3%). In 145 (24%) patients, there was provider documentation in-
dicating that an anti-Xa level played a role in the final change in
therapy. For the patients with a major bleeding event and alive at
discharge (n=129), the final changes to FXaI therapy were as follows:
discontinue FXaI (69%), no change (25%), switch to alternative antic-
oagulant (3%), decrease FXaI dose (2%), or increase FXaI dose (1%).

3.5. Levels following a dose

There were 143 anti-Xa levels following an inpatient dose of apix-
aban and 15 anti-Xa levels following a dose of rivaroxaban (Fig. 4).
There were 9 patients taking apixaban who still had detectable
(> 20 ng/mL or greater than the lower limit of assay quantification)
anti-Xa levels beyond 30 h (not depicted), all of whom had AKI or were
on hemodialysis, but none had a major bleeding event. Median
(10–90th percentile) anti-Xa levels observed 2–4 h after a dose of
apixaban were as follows: 2.5mg, 120 ng/mL (76–238 ng/mL); 5mg,
200 ng/mL (78–>451 ng/mL). One rivaroxaban level was drawn
within 2–4 h after a 15mg dose (448 ng/mL), and four levels following
a 20mg dose, ranging from 51 ng/mL to>472 ng/mL. None of the
patients with detectable anti-Xa levels for rivaroxaban beyond 4 h had a
major bleeding event, although three patients had AKI.

4. Discussion

Several studies have commented on reasons for obtaining anti-Xa
levels for apixaban and rivaroxaban in clinical practice [9,17,26,27]. To

Table 2
Subgroup analysis comparing patients with and without a major bleeding event.

No major bleed
(n=460)

Major bleed
(n=146)

P value

Age in years, median (IQR) 71 (59–80) 77 (66–84) <0.001
Dose inappropriately higha, n (%) 11 (2) 10 (7) 0.017
BMI in kg/m2, median (IQR) 28.2 (28.2–33.5) 27.2 (23.7–31.1) 0.17
CrCl in mL/min, median (IQR) 55.9 (32.7–92.7) 51.4 (36.5–69.9) 0.13
AKI within 48 h of level, n (%) 60 (13) 13 (9) 0.19
Renal replacement therapy, n (%) 62 (13) 14 (10) 0.25
Antiplatelet use, n (%) 143 (31) 40 (27) 0.39

CrCl, creatinine clearance; AKI, acute kidney injury; BMI, body mass index.
a Dose appropriateness was assessed based on the indication for anticoagulation, CrCl for rivaroxaban, and serum creatinine, age, and body weight for

apixaban as reported in respective FDA-package approved labeling.

Table 3
Binary logistic regression results for risk factors associated with major bleeding.

Model Variable Odds ratio
(95% CI)

P value

BOTH FXaI's Age≥ 80 1.67 (1.11–2.51) 0.013
Dose high 2.94 (1.20–7.22) 0.019

APIXABAN Age≥ 80 1.92 (1.19–3.11) 0.008
AKI 0.47 (0.21–1.05) 0.066

RIVAROXABAN Dose higha 18.8 (3.36–105.4) 0.001
Anti-Xa 100–300 ng/mL 2.73 (1.18–6.28) 0.018

FXaI, factor-Xa inhibitor, AKI, acute kidney injury.
a Dose appropriateness was assessed based on the indication for antic-

oagulation, CrCl for rivaroxaban, and serum creatinine, age, and body weight
for apixaban as reported in respective FDA-package approved labeling.

Fig. 3. Indications for ordering an anti-Xa level.
DDI, drug-drug interaction, ESRD, end-stage renal disease, CKD, chronic kidney disease, BMI, body mass index.
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our knowledge, this is one of the largest cohorts of patients with anti-Xa
levels for both apixaban and rivaroxaban available in the context of
major bleeding at the time of a bleeding event. Several other reports
have attempted to describe the association between anti-Xa levels and
clinical outcomes in a real-world setting. One study examined 411 C-
peak anti-Xa levels for patients taking apixaban, rivaroxaban, and da-
bigatran for atrial fibrillation [28]. In a multivariate regression ana-
lysis, higher C-peak plasma concentrations were significantly associated
with development of bleeding events (OR=2.7, 95% CI=1.3–5.4)
[28]. Likewise, Japanese patients taking rivaroxaban for atrial fi-
brillation who experienced a major (n=3) or non-major (n=19) bleed
had higher peak anti-Xa levels (2.40 IU/mL vs. 1.85 IU/mL, p=0.001)
and lower baseline creatinine clearance (46.2 mL/min vs. 58.8 mL/min,
p=0.024) [29]. Within our cohort, subgroup analyses and logistic
regression models showed that advanced age was associated with major
bleeding, which is in alignment with findings from other analyses of
ROCKET-AF and ARISTOTLE [30,31], but did not demonstrate that
lower baseline renal function, AKI, or antiplatelet use were associated
with increased odds of major bleeding. Given that the timing of last
dose was not always known, this may influence the sensitivity of these
analyses specific to renal function. Moreover, increasing anti-Xa levels
in our study were not necessarily associated with an increased risk of
odds for major bleeding, with the exception of modest anti-Xa levels
(100–300 ng/mL) for rivaroxaban. This finding also mirrors the anti-Xa

rivaroxaban levels seen in patients with acute major bleeding events
who received andexanet alfa in the ANNEXA-4 trial [32]. In addition,
we identified that patients with inappropriately high-dose regimens of
FXaI had increased odds of experiencing major bleeding. This finding is
not surprising, and remains in line with evidence-based recommenda-
tions to dose adjust based on patient-specific factors for certain in-
dications when clinically indicated [33].

In the ANEXXA-4 trial, the median anti-Xa levels for patients taking
apixaban and rivaroxaban were 149.7 ng/mL and 211.8 ng/mL, re-
spectively [32]. Our study found similar median FXaI levels, many of
which may be considered as abnormally elevated given that our ranges
are based on levels seen 2–4 h after a dose and many patients presented
with an unknown last dose of FXaI. Interestingly, the investigators of
ANNEXA-4 did not demonstrate a correlation between anti-Xa activity
reduction and hemostatic efficacy with receiver operator characteristic
(ROC) curve analyses. This is an important consideration, and although
anti-Xa activity reduction may not be a strong predictor of clinical re-
sponse to andexanet alfa, assessment of the extent of residual antic-
oagulation in patients treated with FXaI's may help guide the use of
other reversal strategies. Furthermore, anti-Xa levels may be useful in
guiding decisions for reversal of anticoagulation in emergent settings,
especially in the absence of a complete history from a patient or when
the last dose of drug is unknown and they have risk factors for drug
accumulation [9,34]. Given that andexanet alfa is not widely accessible
across all institutions, it is vital to consider the role of other reversal
strategies and agents including fresh frozen plasma, blood products,
and 4F-PCC [35–37]. Some comparative data between andexanet alfa
and 4F-PCC are emerging [36], and further studies investigating the
utility of anti-Xa levels to guide reversal agent use in the setting of
unknown last dose of FXaI are needed [38]. Nonetheless, it may still be
appropriate to utilize 4F-PCC for FXaI-associated major bleeding if
andexanet alfa is not available, and this is endorsed by a recent con-
sensus statement from the American College of Cardiology [39]. In the
absence of a known or estimated last dose, drug specific anti-Xa levels
may be invaluable during certain situations such as emergent surgery
which may require rapid correction of anticoagulant effect. In our
current investigation, obtaining a level for this purpose was common,
and facilitated coordination of neurosurgical procedures and use of
reversal agents in patients with major bleeding. Nonetheless, it is also
important to consider the fact that waiting for an anti-Xa level result
should not delay potentially life-saving interventions for the patient
[40].

The most common reasons for obtaining an anti-Xa level in our
study were similar with reports from other centers [14–16,41] and in-
cluded new bleeding, prior to a surgical procedure, and prior to heparin
or fibrinolytic therapy. One study included 102 patients taking either
apixaban or rivaroxaban examined anti-Xa levels prior to cardiac ab-
lation. The investigators found detectable plasma DOAC concentration
(> 30 ng/mL) measured 24 h after the last intake in 51.3% of patients
[42]. In more severely ill patients, residual anticoagulation resulting
from decreased drug clearance may have important implications,
especially when transitioning patients to parenteral anticoagulants
[43]. Anti-Xa levels were frequently utilized to assess for residual an-
ticoagulation or potential drug accumulation in our study, and we si-
milarly observed some patients with detectable anti-Xa levels beyond
24 h after a dose, most often with concomitant renal impairment. The
addition of strong inhibitors of FXaI metabolism may warrant the
checking of anti-Xa levels to assess drug exposure. This was evidenced
in a study including 12 hospitalized patients being treated for novel
coronavirus infection COVID-19, where lopinavir/ritonavir adminis-
tration resulted in an average 6.14-fold increase in trough plasma
concentrations of apixaban and rivaroxaban [44]. Our analysis did not
show an association of potential drug interactions and adverse events,
however overall exposure for unique drugs was low and impact of
different dosing regimens was not assessed. Further investigation is
warranted into exploring the impact of drug interactions on adverse

Fig. 4. Anti-Xa levels after a documented dose of apixaban – A and rivaroxaban
– B.
The peak anti-Xa levels in the above figure are following a documented dose of
apixaban or rivaroxaban. The expected peak levels boxes refer to the expected
anti-Xa levels seen 2–4 h after a given dose of FXaI and are adopted from
previously conducted studies [13,25].
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events on a larger scale. Currently no guidelines endorse changes in
therapy in response to anti-Xa levels for apixaban and rivaroxaban,
however there were instances in our cohort where changes to FXaI
therapy were in part due to an anti-Xa level in addition to the overall
clinical context. Our results for all anti-Xa levels following a docu-
mented dose of FXaI underscores the importance that peak levels have a
large inter-patient variability, which may be partly due to differences in
anti-Xa assays and reagents used across different laboratories. Despite
the fact that the expected level ranges currently utilized at our in-
stitution were derived from pharmacokinetic studies in healthy volun-
teers, growing evidence illustrates that in a real-world setting patient
exhibit a wide range of levels after a given dose. For example, in a study
of Korean patients, median peak levels for a 5mg and 2.5 mg dose of
apixaban were 202 ng/mL and 151 ng/mL, respectively [18]. The peak
anti-Xa levels seen in our patients differed from those studies from
which our expected level ranges were derived, highlighting the im-
portance that hospitals may opt to develop and validate institution-
specific ranges if anti-Xa levels are utilized on a consistent basis.

This study has several important limitations to consider, a major
limitation being that anti-Xa testing was done in the clinical context of
the patient, and not by randomization. The decision to assess anti-Xa
levels for specific FXaI was therefore patient- and provider-specific, and
it is possible that routine anti-Xa testing in unselected patients may
yield different results. Second, the inherent limitations of a retro-
spective cohort study cannot be ignored, and although outcomes and
changes to therapy were carefully chart reviewed in an objective
manner, there may have been other contributing factors that were not
captured. Third, certain risk factors that may predispose patients to
develop bleeding (i.e., history of prior bleeding, concomitant co-
morbidities, and bleeding risk calculator tools such as HAS-BLED
scores) were not included in our baseline demographic information.
Therefore, it is uncertain how these risk factors may influence the odds
of bleeding irrespective of corresponding anti-Xa levels within our pa-
tient population. Additionally, the majority of anti-Xa levels obtained in
this study would be considered peak or random levels based on the time
that they were drawn. Therefore, we cannot make any observations
regarding trough levels which have been described in other studies and
may display less inter-patient variability. Lastly, the reported upper
limit of our institution's anti-Xa assay for apixaban and rivaroxaban is
451 ng/mL and 472 ng/mL, respectively. It is not typical practice at our
institution to further dilute samples that exceed this upper limit,
therefore the full extent of FXaI exposure may be underestimated in
certain patients.

5. Conclusion

In conclusion, this study captured FXaI-specific anti-Xa levels in
patients taking apixaban and rivaroxaban who experienced a major
bleeding event. Both patients with and without major bleeding events
exhibited levels that indicated circulating drug, however higher levels
were not necessarily associated with increased odds of major bleeding
within our cohort. We did identify advanced age, inappropriately high
dosing regimens, and modest peak anti-Xa rivaroxaban levels as being
associated with major bleeding. Management of selected patients with
major bleeding events included the use of reversal agents such as 4F-
PCC and andexanet alfa, and those who received a reversal agent
tended to have higher anti-Xa levels than those who did not. The most
common reason for obtaining anti-Xa levels seen in our cohort included
confirmed or suspected bleeding, heparin or fibrinolysis clearance, and
clearance for a procedure. While our study may highlight the utility of
anti-Xa levels for apixaban and rivaroxaban in certain clinical situations
including confirmed or suspected bleeding, clearance for heparin or
fibrinolytic therapy, and prior to a surgical procedure, changes to FXaI
therapy should always be made in the context of each patient and take
into account other factors.
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