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BACKGROUND

Abstract

Background: The use of direct factor Xa inhibitors, such as apixaban and
rivaroxaban, has improved medication adherence. However, in certain situations
during hospital admission, patients on these medications may need to be transitioned
to unfractionated heparin (UFH) infusions. This transition can skew results of
anticoagulation monitoring, such as the anti-Xa assay, due to residual factor-Xa
inhibitor activity. Methods: We conducted this retrospective chart among admitted
patients to St. Vincent’s Medical Center in Bridgeport, CT between December 2020
till June 2022. Patients who were maintained on Apixaban or Rivaroxaban, factor-Xa
inhibitors, and were transitioned to unfractionated intravenous drip were included.
A baseline plasma anti-Xa level was noted. Assessment for thrombotic or bleeding
events during hospitalization was performed. Results: A total of 48 patients were
included in this study. The majority of patients were bridged to UFH for NSTEMI
(31%) or pre-procedure (23%). The mean baseline anti-Xa for all patients was 0.92
U/mL. Twelve patients (25%) and one patient (2%) of patients had bleeding and
thrombotic events, respectively. Although the mean baseline anti-Xa level was higher
for patients who had an adverse event compared to no event, the difference was
non-statistically significant. Fifty seven percent of patients who had an adverse event
had a supratherapeutic plasma anti-Xa baseline level. A gastrointestinal bleed was
the most common type of bleeding event. Conclusions: To prevent thrombotic or
bleeding events, we suggest adopting a standard practice of obtaining a baseline
anti-Xa level in patients with recent exposure to factor Xa inhibitors in order to guide
the timing of UFH initiation, the dosing of heparin, and determine the need for
alternative assays, such as the activated partial thromboplastin clotting time.

coming increasingly popular. Anti-Xa assays offer several
advantages, including a more direct measure of heparin

The transition of care during hospital admission often
necessitates adjustments to patients’ home medications,
including oral hypoglycemics and anticoagulants.1 Direct
factor Xa inhibitors have gained widespread use due to
their efficacy, predictable pharmacokinetics, and ease of
maintenance.> However, during hospitalization, these
agents may need to be switched to different forms of an-
ticoagulation, such as unfractionated heparin (UFH) or
low molecular weight heparin (LMWH). This switch
may be required in cases of acute coronary syndrome,
acute kidney injury, inability to tolerate oral medications,
treatment failure, or surgical procedures.3’4

The transition from direct factor Xa inhibitors to
UFH requires careful monitoring to ensure appropriate
anticoagulation. Commonly used laboratory assays for
monitoring UFH include the activated partial thrombo-
plastin time (aPTT) and anti-Xa assays, with the latter be-

activity, a standardized reference range across all laborato-
ries, and a higher proportion of tests within the therapeu-
tic range compared to aPTT.%> However, direct factor Xa
inhibitors can impact anti-Xa levels and potentially dis-
tort the accuracy of monitoring these levels, particularly
during the initial stages of UFH initiation.®”

Rivaroxaban and apixaban are direct inhibitors of hu-
man factor Xa, and their levels can be measured using lig-
uid chromatography-mass spectrometry or commercially
available anti-Xa chromogenic alssays.g‘12 Factor Xa levels
are interpreted based on factors such as the type and dose
of anticoagulant, as well as the time elapsed since the last
administration. In certain clinical events, such as break-
through thrombosis or bleeding, it may be necessary to
assess relevant factor Xa concentrations and consider the
use of additional assays, such as the activated partial
thromboplastin time.13-15
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This study aims to evaluate the safety of employing
the standard anti-Xa assay protocol in patients who are
receiving apixaban or rivaroxaban as maintenance therapy
and subsequently switched to UFH during their hospital
stay. The primary objective is to determine the incidence
of adverse events, including minor bleeding, major bleed-
ing, and thrombosis.

METHODS

This is a retrospective chart review study that assesses pos-
sible bleeding or thrombotic events in patients who were
started on UFH infusion during hospitalization follow-
ing exposure to apixaban or rivaroxaban.

The study included patient records meeting the fol-
lowing criteria: any gender, any racial/ethnic back-
ground, age 218 and <90 years old, patients who were
transitioned from apixaban or rivaroxaban to intravenous
UFH at St. Vincent’s Medical Center (SVMC) in Bridge-
port, CT, between December 1, 2020, and June 30, 2022,
based on clinical indications. The indications included
non-ST elevation myocardial infarction (NSTEMI), ST
elevation myocardial infarction (STEMI), cerebrovascu-
lar accident, venous thromboembolic event (VTE), new-
onset atrial fibrillation, or pre-operative procedure re-
quiring bridging anticoagulation. Baseline anti-Xa
plasma levels were recorded for all eligible patients. The
therapeutic range for anti-Xa plasma levels in patients re-
ceiving UFH maintenance was set between 0.3 to 0.7 IU/
mL.16 Patients less than 18 or more than 90 years old
who were not using apixaban or rivaroxaban, and patients
who only received a bolus of UFH or prophylactic he-
parin were excluded from the study.

The primary outcome of this study was to assess the
incidence of adverse or serious adverse events. The analy-
sis plan is descriptive in nature, focusing on evaluating
the occurrence of events and examining sample charac-
teristics. For continuous data, normality of distribution
was assessed. Continuous data that exhibited a normal
distribution were presented as mean and standard devi-
ation. Categorical data were presented as frequency and
percentages. An alpha (a) value of 0.05 was used to deter-
mine statistical significance. All analyses were performed
using Excel 2021.

RESULTS

A total of 48 patients were included in this study. The
average age of the patients was 70.52 years. Females ac-
counted for 40% of the study population, while males
constituted 60%. The majority of the study participants
were white. Among the patients, a higher proportion
(83%) were maintained on apixaban compared to rivarox-
aban (17%). The indications for transitioning to intra-
venous unfractionated heparin are displayed in Figure 1.
The average time from admission to the initiation of in-

Indications

W NSTEMI

m Unstable angina
MVD
A fib

mVTE

M Endocarditis

M Pre-op

Figure 1. The indications to transition from direct factor Xa
inhibitors intravenous UFH during hospitalization.

NSTEMI: Non-ST elevation myocardial infarction; MVD: Multi-vessel disease; A fib: Atrial fibrillation;

VTE: Venous thromboembolic event; Pre-op: Pre-operation

travenous UFH was 31 hours, and the average duration
of UFH use during hospitalization was 61 hours.

A total of 13 patients experienced bleeding or throm-
botic complications, with 12 cases (25%) involving bleed-
ing and one case (2%) involving thrombosis, specifically
a myocardial infarction. Half of the bleeding events were
gastrointestinal (GI) bleeds, while 33.3% were soft tissue
bleeds, and 16.67% were genitourinary (GU) bleeds. GI
bleeds encompassed upper or lower GI bleeding, while
GU bleeds included cases of hematuria. Soft tissue bleeds
referred to intracompartment bleeds, such as retroperi-
toneal hemorrhage. Among the patients who experienced
complications, 57% had baseline anti-Xa levels above the
therapeutic range for UFH. The mean baseline anti-Xa
level was 0.92 U/mL. There was no statistically signifi-
cant difference in baseline anti-Xa levels between patients
with complications and those without complications (p-
value 0.26).

DISCUSSION

Coagulation refers to a complex system that maintains
the fluidity of the blood in the vascular system while al-
lowing for the rapid formation of a solid blood clot to
prevent hemorrhaging subsequent to blood vessel injury.
Such system is composed of numerous vessel walls,
platelets, coagulation factors, inhibitors, and the fibri-
nolytic systems.17 Several techniques, including clot-
based tests, chromogenic or color assays, direct chemical
measurements, and ELISAs, are used for coagulation test-
ing.!8 The activating partial thromboplastin time (aPTT)
allows measurement of optimal activation of contact fac-
tors (factor XII, factor XI, prekallikrein, and high-molec-
ular-weight kininogen).!” Low-molecular weight heparin
(LMWH) usually forms an inhibitory complex with an-
tithrombin to inactivate activated factor X (Xa). An anti-

factor Xa assay quantitatively measures the pharmacody-
namic effect of the inhibition of factor Xa by LMWH.20
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One of the benefits of anti-Xa assays is to prevent
over- or under- anticoagulation which can lead to poten-
tial negative outcomes.?! Despite the titration of UFH
infusions guided by anti-Xa levels, adverse outcomes can
still occur, as observed in this study. Although the base-
line difference in anti-Xa levels was not statistically signif-
icant between patients experiencing adverse thrombotic/
bleeding events and those without adverse events, the
mean anti-Xa level was higher in patients with bleeding
outcomes. This finding may suggest the need to initiate
UFH infusions at a lower rate than usual or to delay UFH
initiation until adequate clearance of direct factor Xa in-
hibitors is achieved in cases involving recent use.

Since direct factor Xa inhibitors can lead to suprather-
apeutic anti-Xa levels,21-22 bleeding episodes may be ex-
pected. The incidence of bleeding events in patients with
supratherapeutic anti-Xa levels in the context of recent
direct factor Xa inhibitor use is estimated to be 3% for
major bleeding events and 3% for non-major bleeding
events.22 However, the frequency was higher in our
study. The majority of our patients underwent UFH in-
fusion for acute thrombotic events, including NSTEMI
and VTE. Studies have demonstrated a lower rate of VTE
recurrence when the target therapeutic anticoagulation
values are attained within 24 hours after the initiation of
UFH infusion.23 Therefore, a previous use of a direct fac-
tor Xa inhibitor, which affects baseline anti-Xa, may be a
risk factor for thrombotic recurrence.

There is conflicting data regarding whether prior use
of direct factor Xa inhibitors can increase the rate of in-
hospital bleeding events. For instance, in patients admit-
ted for STEMI, the use of home direct factor Xa in-
hibitors was not found to be associated with an increased
incidence of in-hospital major bleeding.24 On the con-
trary, intracranial bleeds were significantly increased
among admitted patients maintained on apixaban or ri-
varoxaban at home, according to another study.25 Risk
factors for bleeding included age greater than 80 years, in-
appropriately high dosing regimens, and modest anti-Xa
levels.?>

Activated partial thromboplastin time (aPT'T) assays
can also be used to monitor and titrate heparin dosing, as
was historically the case prior to the year 2000.2° How-
ever, it is interesting to note that aPTT levels have been
found to be more strongly associated with an increased
incidence of bleeding than anti-Xa levels,26 particularly
in the pediatric population. Conversely, there was no sig-
nificant difference in clinical outcomes between anti-Xa
and aPTT-based monitoring of unfractionated heparin
(UFH) infusion.2” Direct factor Xa inhibitors might af-
fect aPTT, but aPTT can often still be normal in these
cases.?8

There are several limitations to our study. Firstly, be-
ing a retrospective chart review study, it is challenging to
eliminate potential confounding factors, as the data re-
lies on existing medical records. Secondly, the diagnosis

of bleeding or thrombosis was determined based on chart
documentation, which is subject to potential variations
in accuracy and completeness of the recorded informa-
tion. Additionally, it is unclear whether bleeding events
had already commenced prior to the initiation of UFH
infusion, which could impact the interpretation of
causality. Thirdly, the specific time elapsed since the last
intake of apixaban, or rivaroxaban was not available, lead-
ing to inclusion of patients based solely on self-reporting
of their use of these medications. Lastly, it is worth noting
that normal anti-Xa levels observed in some cases may be
attributable to medication errors or limitations in med-
ication adherence.

CONCLUSION

Patients who are on direct factor Xa inhibitors as part
of their home medication regimen may require bridging
to unfractionated heparin (UFH) when they are admit-
ted to the hospital. This bridging is often necessary for
various reasons, including myocardial infarction or ve-
nous thromboembolic events. Monitoring the bridging
process is crucial, and anti-Xa assays are available to assess
the extent of anticoagulation. However, it should be
noted that the use of apixaban and rivaroxaban, which are
direct factor Xa inhibitors, can potentially impact anti-
Xa levels, increasing the risk of bleeding or thrombotic
events. Therefore, it is essential to establish baseline anti-
Xa levels to guide the subsequent use of UFH or deter-
mine the suitability of alternative assays, such as the acti-
vated partial thromboplastin time (aPTT).
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