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ARTICLE INFO ABSTRACT

Original paper The heparin anti-Xa assay is affected by the use of direct oral anticoagulants (DOACs) and is utilized in the
management of intravenous unfractionated heparin. Patients with non-ST-segment myocardial infarction (NS-
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these laboratory abnormalities. On this background, we evaluate if an elevated heparin anti-Xa assay may lead
to the decision to delay heparin in the management of NSTEMI patients and the outcome of in-hospital mor-
tality. This is a single-center chart review study with patients admitted between January 2019 and December
2020. Patients with a documented DOAC home medication and a diagnosis of NSTEMI were included. Data
was collected for heparin anti-Xa levels at baseline, after 6 and 12 hours of hospitalization, in addition to the
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reason for the delay in the administration of heparin. Statistical analysis included the determination of r-squa-
red correlation and one-way ANOVA using GraphPad Prism 8.0. A total of 44 patients were divided into three
groups based on baseline Xa levels of patients. Elevated Xa level was noted more in patients who were taking

Direct Oral Anticoagulants; Non-
ST-Elevated Myocardial Infarc-

tion; Heparin Anti-Xa Assay apixaban. Heparin infusion was delayed among this sub-group of patients. Elevated baseline heparin anti-Xa

levels were significantly improved after 12 hours. There was no correlation between elevated anti-Xa levels
and activated partial thromboplastin time. No in-hospital mortality was observed among any of the subgroups.
Collectively, this study demonstrates that the high sensitivity of heparin anti-Xa assay to DOACs affect assay
accuracy and result in elevated heparin anti-Xa level with the use of DOACs resulting in delayed start of hepa-
rin therapy in treating NSTEMI patients.
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Introduction events that eventually culminate in fibrin clot development

(9, 10). The activation of the tissue factor (TF) coagula-

Non-ST-segment elevation myocardial infarction (NS-
TEMI) has emerged as the predominant cause of hospitali-
zation in individuals with ischemic heart disease and conti-
nues to be associated with high morbidity and mortality
(1). In the United States, approximately 546,000 patients
are admitted to hospitals each year due to NSTEMI, with
a higher prevalence observed in males (2). The underlying
pathophysiology of NSTEMI typically involves throm-
bus formation or progressive arterial stenosis leading to
subtotal occlusion of an epicardial coronary artery (3, 4).
By virtue of their ability to inhibit factors associated with
thrombosis and reduce ischemic outcomes, the use of anti-
coagulants has contributed to the low in-hospital mortality
rates observed in NSTEMI patients (2, 5).

Significant progress has been made in comprehending
the molecular and cellular mechanisms underlying throm-
bus formation in recent decades, with anticoagulants re-
main the primary approach for managing and preventing
thromboembolic disorders (6-8). The coagulation pathway
is a complex process involving a sequence of molecular

tion pathway appears to be central in arterial and venous
thrombosis leading to acute cardiovascular events, such
as myocardial infarction (11-13). TF binds with circula-
ting Factor Vlla to create the TF-Factor VIla complex,
which triggers Factor IX and Factor X. At the beginning
phase of blood coagulation, tissue factor pathway inhibitor
(TFPI) is a vital physiological inhibitor of Factor Xa. It
binds with Factor Xa and blocks the TF-Factor VIla-Fac-
tor Xa complex (14). Factor Xa converts small quantities
of prothrombin into thrombin, which then boosts coagula-
tion by activating platelets and platelet-bound Factor XI,
as well as Factor V and Factor VIII (on the surface of acti-
vated platelets). The coagulation cascade is amplified by
additional Factor Xa formation via the Factor IXa-Factor
VllIa-Ca*-phospholipid complex. Factor Xa, along with
Factor Va, binds to negatively charged phospholipid sur-
faces, such as activated platelets, creating the prothrom-
binase complex, the primary prothrombin activator that
transforms prothrombin to thrombin (15). Thrombin not
only transforms soluble fibrinogen to fibrin and activates
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platelets but also intensifies it is generation through feed-
back activation of Factor VIII and Factor V, in addition
to activating Factor XIII, which stabilizes the clot further
(16).

In the search for novel anticoagulant strategies, efforts
have been directed towards identifying a singular enzyme
within the coagulation pathway, and Factor Xa has emer-
ged as a particularly encouraging target for effective anti-
coagulation because it is positioned at the convergence
point of the intrinsic and extrinsic coagulation pathways
(17), (18). Therefore, several new oral agents that selecti-
vely target Factor Xa have been developed (19, 20).

The use of direct oral anticoagulants (DOACs), riva-
roxaban, apixaban, edoxaban, and dabigatran, has ex-
panded given the increasing indications and the appealing
efficacy, safety, and convenience when compared to alter-
native therapies (21). DOACS retain advantage primarily
in two areas which include their fixed oral dosing strate-
gies and the lack of routine laboratory monitoring (22-
24). Insurance claims for anticoagulation medications in-
creased by 30% between 2014 and 2019 propelled largely
by increases in prescriptions for apixaban and rivaroxa-
ban. Conversely, the total number of claims during this
period for warfarin had decreased by approximately 40%
among Medicare Part D and Medicaid beneficiaries (25).

Use of DOACs with factor Xa inhibitory effects, in-
cluding apixaban, rivaroxaban and edoxaban may cause
elevations in coagulation assays including thrombin time
(TT), heparin anti-Xa assay, activated partial thromboplas-
tin time (aPTT), and prothrombin time (PT) (26). Monito-
ring unfractionated heparin (UFH) therapy is an institutio-
nal preference, if the heparin anti-Xa assay is utilized in
the monitoring of UFH, the factor Xa inhibitors can yield
inaccurate or unquantifiable results while global coagula-
tion assays measuring aPTT or PT are altered to a lesser
degree (27).

In clinical practice, transitioning from oral factor Xa
inhibitors to UFH in the treatment of NSTEMI has been
challenging since some institutions have transitioned to
the heparin anti-Xa assay to monitor therapeutic levels of
UFH. Elevations in the heparin anti-Xa assay would en-
courage de-escalation of heparin infusion rates or cause
delays in the administration of heparin. DOACs are not
currently approved in the treatment of NSTEMI and gui-
dance for the transition of DOAC:s to parenteral anticoagu-
lation recommends starting the parenteral anticoagulation
at the same time the next dose of DOAC would be admi-
nistered (21). Under this guidance, there is the potential
to delay UFH therapy for six or more hours in NSTEMI
patients. The American Heart Association and American
College of Cardiology guidelines for the management
of patients with NSTEMI recommend initiation of dual
antiplatelet therapy and anticoagulant therapy with either
heparin, enoxaparin, or fondaparinux for ischemia-guided
management (28). Consequently, intravenous unfractiona-
ted heparin is a cornerstone of therapy for the treatment
of NSTEMI and delays in therapy should be mitigated if
possible. Therefore, the purpose of this study was to assess
whether there was any delay in the administration of hepa-
rin infusion in patients who were receiving DOAC:sS in the
outpatient setting. We further aimed to assess whether the
delay in heparin infusion was significant in patients with
elevated heparin anti-Xa levels.

Materials and Methods

Study Design

This single-center study was performed at St. Mary’s
Medical Center, Huntington, West Virginia (WV). The
study was completed by the retrospective chart review
of patients’ electronic medical records (EMR). The study
was approved by the institutional review board (IRB) of
Marshall University Joan C. Edwards School of Medicine,
Huntington, WV (IRB No: 1682796), and a waiver was
obtained for informed consent.

Patient Selection and Data Collection

To ensure an appropriate selection of patients eli-
gible for the study, trained hospital personnel examined
patients’ medical records with appropriate confidentiality
measures and in compliance with the Health Insurance
Portability and Accountability Act of 1996 (HIPAA). Spe-
cifically, patients were identified by the review of (EMR)
using the search period from January 2019 to December
2020. During this search period, patients aged >18 years
old, admitted to the hospital with a clinical diagnosis of
NSTEMI, eligible to receive continuous UFH infusion,
with documented DOAC home medication, including
apixaban, rivaroxaban or edoxaban, were identified and
included in the study. In addition, heparin flow chart docu-
mentation was reviewed to determine UFH administration
times in concordance to heparin anti-Xa levels according
to St. Mary’s Medical Center’s UFH dosing protocol.
Consequently, patients’ inclusion was also based on labo-
ratory measurement of heparin anti-Xa assay at the hos-
pital. Heparin anti-Xa levels were measured using auto-
mated chromogenic HemosIL® Liquid Anti-Xa assay by
Warfen Instrumentation Laboratory based on the standar-
dized protocol at the hospital. Based on the EMR review,
the dose of DOACs was recorded for each patient meeting
the inclusion criteria. Patient’s exclusion criteria included
patients less than 18 years old, those with no documented
use of DOAC as a home medication, patients without ba-
seline heparin anti-Xa level, any patient who received per-
cutaneous coronary intervention prior to UFH infusion, or
any patient presenting as an out-of-hospital cardiac arrest
and patients for whom there was incomplete data. Patients
were also excluded if the EMR review showed confoun-
ding factors that influence heparin anti-Xa levels, such as
administration of low molecular weight heparin (LMWH)
or direct thrombin inhibitors within 48 hours prior to UFH
infusion.

Patients meeting the inclusion criteria were assessed
for the delay in the administration of UFH infusion. He-
parin anti-Xa levels were recorded prior to UFH infusion
(baseline; T0), after 6 hours (T1) and after 12 hours (T2)
of UFH infusion. The data was divided into three prima-
ry groups: 1) patients with baseline (T0) heparin anti-Xa
levels of <0.3 IU/mL, 2) patients with baseline (T0) hepa-
rin anti-Xa levels between 0.3-0.7 IU/mL, and 3) patients
with baseline (T0) heparin anti-Xa levels of >0.7 IU/mL
Demographics data was collected for each patient inclu-
ding sex, age, body mass index (BMI), aPTT, PT, docu-
mented DOAC home medication, and ischemic workup.
Additional data that was collected included the medical
history of cardiovascular diseases, history of chronic ill-
nesses, history of renal dysfunction, including acute kid-
ney injury (AKI) and chronic kidney disease (CKD), crea-
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tinine clearance (CrCl), and level of estimated glomerular
filtration rate (eGFR).

Statistical Analysis

Data were analyzed using GraphPad Prism 8.0. Demo-
graphic and clinical variables are presented as means +
standard error of the mean (SEM) or frequency/percen-
tage. One-way ANOVA was performed to identify statis-
tical significance in the assessed parameters between the
three groups analyzed. All data comparisons are presented
as no statistical significance (NSS), p<0.05 (confidence
interval of 95%) and p<0.01 (confidence interval of 99%),
as described previously (29).

Results

Patient Demographics

A total of 68 patients were identified during the initial
screening of EMR for the patients admitted at St. Mary’s
Hospital, West Virginia. Of these patients, a total of 44 pa-
tients met all inclusion criteria for diagnosis of NSTEMI
and history of DOACs administration, where documented
in EMR. These patients were divided among three groups
based on the baseline (T0) heparin anti-Xa levels. Specifi-
cally, 34% of the patients had baseline (T0) heparin anti-
Xa levels of <0.3 IU/mL (n = 15), 18% of the patients
had baseline (T0) heparin anti-Xa levels between 0.3 — 0.7
IU/mL (n = 8), and 48% of the patients had baseline (T0)
heparin anti-Xa levels of >0.7 IU/mL (n=21) (Table 1 and
Figure. 1A). Due to the small sample size, following sta-
tistics are mainly descriptive only. The mean age in each
group was 72.8 £ 2.4 years, 68.0 £ 4.6 years and 75.9 +
2.3 years, respectively (Table 1), which showed no statis-
tical significance. There was also no statistical significance
with regard to the BMI among the three groups (Table 1).
The medical history of patients in each group, specifically
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Figure 1. Representation for the heparin anti-Xa levels and use of
DOAC:S. (A) Pie chart showing the number as well as the percentage
of patients in each group based on their baseline (T0) heparin anti-
Xa levels. Scatter violin plot showing data distribution in (B) heparin
anti-Xa (<0.3) group, (C) heparin anti-Xa (0.3 — 0.7) group and (D)
heparin anti-Xa (>0.7) group, at baseline (T0). (E) Histogram illustra-
ting the use of DOACSs in each of the groups, shown as a percentage

of patients in each group.

the history of cardiovascular diseases, renal diseases, and
other chronic diseases, is presented in Table 1. Most no-
tably, the population in each group had a relatively higher
percentage prevalence of atrial fibrillation, chronic kidney
disease (varying stages), and comorbidities like diabetes,
hypertension and dyslipidemia, as compared to other pa-
thophysiological conditions (Table 1).

Use of DOACs

The data distribution for the baseline heparin anti-Xa
levels in heparin anti-Xa <0.3 (Figure. 1B), heparin anti-
Xa 0.3-0.7 (Figure. 1C), and heparin anti-Xa >0.7 (Figure.
1D), is shown as scatter violin plots, demonstrating the
skewness in each group. Most of the patients in each group
had a history of the use of apixaban, specifically 53% of

Table 1. Summary of patient demographics and general clinical profile. The table summarizes the basic characteristics of the study population
as well as comorbidities in the population within each group. Values of age and BMI are represented as means + SEM. The quantitative values for
comorbidities are shown as a percentage of the population within each respective group. NSS: no statistical significance.

UFH Anti-Xa <0.3

UFH Anti-Xa 0.3-0.7 UFH Anti-Xa >0.7

Sample Size (n) 8 21
Age (yrs.) 72.8 £ 2.4 (NSS) 68.0 = 4.6 (NSS) 75.9 £2.3 (NSS)
Sex (M/F) 6/9 5/3 14/7

BMI (kg/m2)
Cardiovascular Diseases

31.4 + 1.2 (NSS)

30.4 + 1.9 (NSS) 29.2 + 1.2 (NSS)

Atrial Fibrillation (%) 66.6 75 85.7
Atrial Flutter (%) 133 12.5 9.5

Venous Thromboembolism (%) 12.5 28.5
Stroke (%) 0 23.8
Peripheral Vascular Disease (%) 13.3 0 13.3
Ischemic Cardiomyopathy 37.5 28.5
Coronary Artery Disease

Percutaneous coronary intervention (PCI) (%) 20.0 25 23.8
Coronary artery bypass graft (CABG) (%) 26.6 37.5 23.8
PCI and CABG (%) 26.6 25 38.1
Renal Diseases

Acute Kidney Injury (%) 37.5 23.8
Hemodialysis (%) 133 25 4.8

Chronic Kidney Disease (%) 73.3 75 76.2
Other Chronic Diseases

Diabetes Mellitus (%) 87.5 52.4
Hypertension (%) 100 100 85.7
Hypothyroidism (%) 25 9.5

Dyslipidemia (%) 75 85.7
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the patients in the heparin anti-Xa (<0.3) group, 87% of
patients in the heparin anti-Xa (0.3 — 0.7) group, and 81%
patients in heparin anti-Xa (>0.7) group (Figure. 1E). The
use of DOAC, rivaroxaban, was the second most common
with 40% of the patients in heparin anti-Xa (<0.3) group,
13% of patients in heparin anti-Xa (0.3 — 0.7) group, and
19% patients in heparin anti-Xa (>0.7) group (Figure. 1E).
Only about 6% of the patients in heparin anti-Xa (<0.3)
group had a history for the use of edoxaban (Figure. 1E).

UFH infusion and heparin anti-Xa levels

Next, the administration of UFH was evaluated among
each of the groups. While all patients in heparin anti-Xa
(<0.3) group received heparin infusion, more than 90%
patients also received heparin bolus (Figure. 2A). Simi-
larly, all patients in heparin anti-Xa (0.3 — 0.7) group re-
ceived heparin infusion, however, only about 50% of the
patients also received heparin bolus (Figure. 2B). Finally,
about 95% (20 out of 21 patients) in heparin anti-Xa (>0.7)
group received heparin infusion, about 52% (11 out of 21
patients) also received heparin bolus, while 5% (1 out of
21 patients) received no heparin (Figure. 2C). Our review
of patients’ chart in heparin anti-Xa (>0.7) group also
showed significant decline in the heparin anti-Xa levels
at 12 hours (0.69 + 0.08 IU/mL), as compared to baseline
(initial measurement) (1.33 £ 0.10 IU/mL) and at 6 hours
(1.05 = 0.09 TU/mL) (Figure. 2D). Despite a significant
decline in the mean heparin anti-Xa levels at 12 hours, a
large number of patients in heparin anti-Xa (>0.7) group
still had elevated heparin anti-Xa levels with an overall
range between 0.22 to 1.45 [U/mL at 12 hours.

Delay in administration of UFH infusion

Each group of patients showed a delayed start in the
administration of continuous UFH infusion. Specifically,
about 40% patients (6 out of 15) had a delayed start of
UFH infusion in the heparin anti-Xa (<0.3) group, 75%
patients (6 out of 8) had a delayed start of UFH infusion
in heparin anti-Xa (0.3 - 0.7) group, and approximately
71% patients (15 out of 21) had a delayed start of UFH
infusion in heparin anti-Xa (>0.7) group (Figure. 3A).

A B
100y 100
5 60f 3 8o
e [l
gé sof ES, 0f
£ iz
58 40 35 4
i i
S 2] T 204
=
o 0
Heparin  Heparin  Both No Heparin  Heparin  Both No
Bolus Infusion Heparin Bolus Infusic Heparin
c D
100 - 25
E
g a0 3E 20
23 22
§ = 60 a5 e n
% 33
e =
55 4 2210
®z EL
5 20 z 205
5
o o

—
Both No
Heparin

Heparin  Heparin
Bolus  Infusion

Anti-Xa Anti-Xa Anti-Xa
Baseline (T0)  Bhours (T1)  12hours (12)

Figure 2. UFH infusion and heparin anti-Xa levels. Histograms
illustrating the continuous administration of UFH by heparin bolus,
heparin infusion, both or none in (A) heparin anti-Xa (<0.3) group,
(B) heparin anti-Xa (0.3 — 0.7) group and (C) heparin anti-Xa (>0.7)
group. (D) Heparin anti-Xa levels at baseline (T0), 6 hours (T1) and
12 hours (T2) in the heparin anti-Xa (>0.7) group. Data is shown as
a box and whiskers plot with means and range of heparin anti-Xa
levels. Significance is shown as **p<0.01 vs baseline (T0), p<0.05
vs. 6 hours (T1).

B

[

Delay Start (% of Patients)
(hours)

-

Delay UFH Administration to Xa

UFHARNXa  UFHARL-X3  UFH ARt-Xa
(<03 0.

UFHAR-Xa  UFHARLXa  UFH ARtiXa
0.3-0.7) (>0.7) (<t

0.3) 03-0.7) 0.7

Figure 3. Delay in administration of UFH infusion. (A) Histogram
illustrating the delay start as a percentage of patients in each group.
(B) Delay in UFH administration is shown by the number of hours
in each group. Bar is shown as means + SEM. Significance is shown
as **p<0.01 vs heparin anti-Xa (<0.3), “p<0.05 vs. heparin anti-Xa
(0.3-0.7).

Although, there was a delay in the administration of UFH
in all groups, there was a most significant delay (14.4 +
2.8 hours) in heparin anti-Xa (>0.7) group, as compared
to heparin anti-Xa (<0.3) and heparin anti-Xa (0.3 - 0.7)
group having mean delay of approximately less than 4
hours (Figure. 3B).

Ischemic assessment

Next, we evaluated the ischemic work up among the
patients in each group. About 13% of the patients in the
heparin anti-Xa (<0.3) group, 12% of the patients in the
heparin anti-Xa (0.3-0.7) group and about 24% of the pa-
tients in the heparin anti-Xa (>0.7) group underwent no
left heart catheterization. For the patients that underwent
left heart catheterization, almost 47% of the patients in the
heparin anti-Xa (<0.3) group had undergone percutaneous
coronary intervention (PCI), 20% with coronary artery
bypass graft (CABG) surgery and about 20% of patients
subjected to only medical management. Assessment in
the heparin anti-Xa (0.3-0.7) group showed while none
of the patients had CABG surgery, about 63% of patients
underwent PCI, and about 25% of patients were subjec-
ted to medical management. Consequently, about 47% of
patients in the heparin anti-Xa (>0.7) group underwent
PCI while 10% of patients underwent CABG surgery with
about 19% of patients with left heart catheterization medi-
cally managed.

Correlation analysis in patients with elevated heparin
anti-Xa levels

There was no significant correlation between the BMI
and heparin anti-Xa levels in the heparin anti-Xa (>0.7)
group. There was also no significant positive correlation
noted between the baseline aPTT and baseline heparin
anti-Xa levels in the heparin anti-Xa (>0.7) group. We
also aimed to assess the correlation between the decreased
creatinine clearance as well as eGFR levels and increased
heparin anti-Xa levels. However, our results showed no
significant correlation between creatinine clearance and
eGFR levels in patients with elevated heparin anti-Xa
levels.

Discussion

Institutions that use the heparin anti-Xa assay as the
only method to monitor and titrate UFH creates a dilemma
for patients on DOACs as home therapy with a diagnosis
of NSTEMI. The American Heart Association and Ameri-
can College of Cardiology recommended the use of dual
antiplatelet therapy for Non-ST elevation-acute coronary
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syndrome (NSTE-ACS) as well as anticoagulation therapy
(28, 30). DOAC:s are not currently indicated in the treat-
ment of NSTE-ACS. In the setting of NSTEMI manage-
ment, to our knowledge, the literature has not addressed
the outcome and concerns of residual effects of recent
DOAC use in transitioning to UFH infusions in this subset
of the population. Approximately 10-16% of patients with
the acute coronary syndrome (ACS) that required stenting
have pre-existing conditions necessitating the use of thera-
peutic anticoagulation, which includes the use of DOACs
(31). In the present study, the highest prevalence of atrial
fibrillation of 85.7% was observed among patients with
elevated anti-Xa level assays.

The two most common strategies that are used to moni-
tor the therapeutic effects of UFH include the heparin anti-
Xa and aPTT assays. The aPTT is an overall assessment
of coagulation that reflects both intrinsic and common
pathways of the clotting cascade. On the other hand, the
heparin anti-Xa assay is a chromogenic assay that mea-
sures the inhibition of clotting factor Xa, which reflects
plasma heparin concentration. The heparin calibrated an-
ti-Xa assay is suggested to be the preferred method for
monitoring and titrating UFH compared to the aPTT due
to improved time to therapeutic anticoagulation and fewer
dosage adjustments (32). The use of either monitoring as-
say protocol is based on institutional preference.

Since the heparin anti-Xa assay is highly sensitive in
the presence of DOAC:s, the assay accuracy is affected and
results in elevated levels which are not specific enough
to distinguish between UFH and DOACs neutralizing the
factor Xa, which poses a challenge for transitioning to
UFH infusions (33, 34). It has been shown that, the pre-
valence of initially elevated heparin anti-Xa assay in the
absence of DOAC use was 21% compared to 69% with
recent use of a DOAC (35). Reports have indicated the re-
sidual effect of DOACs may persist for more than 48 hours
from the last administered dose. In our study, the residual
effect of DOACs were observed in approximately 71% of
patients with elevated heparin anti-Xa levels of > 0.7 [U/
mL. According to our institution’s protocol, the anti-Xa
level of > 0.7 IU/mL is within the supratherapeutic range
and the recommendation is to hold UFH therapy, thereby
causing a significant delay of 14.4 hours to initiate UFH
therapy. Interestingly, the delay in initiating UFH was
also observed within the considered subtherapeutic range
of heparin anti-Xa <0.3 IU/mL and therapeutic range of
heparin anti-Xa 0.3 - 0.7 [U/mL according to our institu-
tional protocol as well as based on provider decision and
level of comfort to initiate heparin therapy outside of the
protocol. A mean delay of approximately less than 4 hours
was observed in 40% of patients and 75% of patients, res-
pectively. The discrepancy in the delay of starting UFH
among these subgroups can be explained by the use of
heparin anti-Xa assay protocol for UFH infusion therapy
in our institution as the only method of monitoring, and the
package insert recommendation of transitioning to UFH
at the next DOAC administration time. Although the pac-
kage insert recommendations are rigorously followed, it
is based on known pharmacokinetics in healthy subjects
during the clinical trials and not based on proof of an opti-
mal transition strategy (33).

It has been shown that the cut-off point is 72 hours from
the last administered DOAC dose based on the assump-
tion of near-complete elimination after 5 half-lives (35).

In our study, it was noted that the lack of documentation of
the last administered home dose of DOACs on admission
limited the statistical correlation with the heparin anti-Xa
assay. However, the last administered dose of DOACs
should not interfere with the decision to initiate NSTEMI
management. Even though, clinical decisions had been
made to start UFH at the next scheduled dose of DOACs
on an individualized basis. Further analysis showed no sta-
tistical correlation of the elevated heparin anti-Xa assay
with BMI, creatinine clearance, or eGFR.

Rivaroxaban and apixaban are oral medications that
are directly selective, reversible factor Xa inhibitors (36).
There is no clear guidance for using the heparin anti-Xa
assay during the transition from DOACs to monitor UFH
infusions. The transitioning to UFH from rivaroxaban
should theoretically require less time for the decrease in
heparin anti-Xa levels when compared to apixaban due
to the shorter half-life and longer interval between doses.
Pharmacokinetic studies have demonstrated similar peak-
specific heparin anti-Xa levels for apixaban and rivaroxa-
ban, but significantly lower rivaroxaban through heparin
anti-Xa levels (34). The documented elevated heparin
anti-Xa assay was observed in 81 % of apixaban, as com-
pared to 19% of rivaroxaban which can be explained by
the pharmacokinetics of medications. Nevertheless, in our
study more patients were on apixaban as an outpatient,
therefore correlating with the observational finding of ele-
vated heparin anti-Xa assays.

It is described that in patients with recently administe-
red DOACs, more down-titrations occurred in the initial
6 hours of UFH infusion and subsequently more up-titra-
tions occurred after 36 hours when titrated based on hepa-
rin anti-Xa assays. Infusions held due to elevated heparin
anti-Xa assays in patients previously receiving DOACs
occurred on average 0.841 times per patient. The rate of
the UFH infusion was changed an average of 2.65 times
per patient (33). In another study, Macedo et. al showed
the average time for the heparin anti-Xa assay to reach
the level of < 0.7 IU/mL for apixaban and rivaroxaban
was 52 hours and 39 hours respectively (35). In our study,
consequently, monitoring the heparin anti-Xa assay accor-
ding to the institutional protocol showed a significant de-
cline in the heparin anti-Xa assay at 12 hours, as compared
to baseline and at 6 hours. Despite a significant decline
in the mean heparin anti-Xa assays, the residual effect of
DOAC was still observed at 12 hours with an elevated
heparin anti-Xa assay ranging from 0.22 to 1.45 IU/mL,
which supports our observational findings of delayed ini-
tiating UFH therapy due to continue observing the residual
effect of DOAC:s.

In clinical practice, due to the residual effect of DOACS,
some institutions have implemented a dual protocol to mo-
nitor UFH specitying the use of aPTT monitoring for pa-
tients with recent use of DOACs and elevated heparin anti-
Xa assay, otherwise, the heparin anti-Xa assay would be
considered the primary protocol by default. The use of an
aPTT monitoring protocol requires maintenance and up-
to-date calibration according to available aPTT reagents.
In institutions where aPTT is the monitoring protocol for
UFH infusions, it has a significantly lower risk of labora-
tory confounding by recent DOAC use (35).

However, both assays have limitations. The aPTT lacks
standardization and the sensitivity of reagents and coagu-
lation factors varies among manufacturers. The heparin
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anti-Xa assay has demonstrated less variability but is more
likely to be affected by the use of LMWH, fondaparinux,
DOAC:s, hyperbilirubinemia, and even hypertriglyceride-
mia (37). There are significant issues with the standardiza-
tion of aPTT to heparin anti-Xa assays, given the variabi-
lity between reagents and laboratory detection equipment
used in the aPTT assay. Discordance occurred in 49% of
cases between aPTT and heparin anti-Xa levels. In addi-
tion, it was noted that the aPTT was therapeutic only 35%
of the time while the heparin anti-Xa level was therapeutic
(32).

Despite advances in anticoagulation therapy in recent
years, continuous intravenous UFH remains a cornerstone
for inpatient anticoagulation management of NSTEMI. It
is practical and advantageous in the acute care setting due
to its rapid onset, short half-life, and reversibility (32).

Limitation

Overall, as a single-center, retrospective, observatio-
nal study, we observed a significant delay in the initiation
of UFH infusions for NSTEMI patients with recent use
of DOACs. We are aware that our study population has
a small sample size being a single-center study looking
at a subset of the NSTEMI population on DOACs, which
could be a limitation in observing the immediate outcome
on a larger scale. The lack of an aPTT protocol and sub-
sequent measurements in conjunction with the heparin
anti-Xa assay limited the input of DOACSs effect on aPTT
and the management of UFH.

Conclusion

Monitoring UFH therapy by chromogenic heparin anti-
Xa assay in patients with recent DOAC use posed a delay
in treating NSTEMI at our institution. However, no imme-
diate adverse outcomes were observed during the hospital
stay. Literature addressed the challenge of transitioning
from DOACs to UFH, but to our knowledge, it has not
been documented in the NSTEMI population. Therefore,
long-term outcomes of delayed management with UFH
still remain obscure and close follow-up should be consi-
dered, especially in patients who are denied further ische-
mic evaluation.

Further studies should be considered to validate a single
medication-specific assay protocol in monitoring UFH
therapy with the recent use of DOACs for safe anticoa-
gulation transition. Since heparin anti-Xa assay is the solo
method of monitoring UFH in our institution, upcoming
changes will be implementing an aPTT protocol to monitor
UFH therapy in patients with recent use of DOAC:s, speci-
fically those patients presenting with NSTE-ACS, as well
as evaluating the risk of bleeding and thrombosis. We are
only observing the tip of the iceberg and long-term effects
are unknown. We hope for our concerns to be addressed in
upcoming guidelines to provide further recommendations.

Acknowledgements

We would like to acknowledge Brittany Riley, Pharm.D,
who is a Clinical Associate Professor and Director of the
Center for Pharmacy Education at Cabell Huntington Hos-
pital for her overall guidance.

Interest conflict
The authors declare no competing interests.

Author Contribution
Conceptualization: M.A.T.; writing-original draft prepara-

tion: M.A.T., R.A.S. and H.V.L.; investigation/methodo-
logy: M.A.T and R.A.S.; formal analysis and data cura-
tion: H.V.L.; writing-review and editing: M.A.T., R.A.S.,
H.VL., S.EJ,L.G,R.S,, TD, ET,K.S. B.S.G.,RTS.,
M.E., M.D.L and M.A.S.; supervision: J.P.M.

Funding
The authors received no financial support for the research,
authorship, and/or publication of this article.

References

1. Vallabhajosyula S, Jentzer JC, Prasad A, Sangaralingham LR, Ka-
shani K, Shah ND, et al. Epidemiology of cardiogenic shock and
cardiac arrest complicating non-ST-segment elevation myocardial
infarction: 18-year US study. ESC Heart Fail. 2021;8(3):2259-69.
doi: 10.1002/ehf2.13321

2. Basit H, Malik A, Huecker MR. Non ST Segment Elevation Myo-
cardial Infarction. In StatPearls [Internet]. Treasure Island (FL),
publishing: February 8, 2023.

3. Srikanth S, Ambrose JA. Pathophysiology of coronary
thrombus formation and adverse consequences of throm-
bus during PCI. Curr Cardiol Rev. 2012;8(3):168-76. doi:
10.2174/157340312803217247.

4. Harrington DH, Stueben F, Lenahan CM. ST-Elevation Myo-
cardial Infarction and Non-ST-Elevation Myocardial Infarction:
Medical and Surgical Interventions. Crit Care Nurs Clin North
Am. 2019;31(1):49-64. doi: 10.1016/j.cnc.2018.10.002.

5. Cohen M, Visveswaran G. Defining and managing patients with
non-ST-elevation myocardial infarction: Sorting through type 1
vs other types. Clin Cardiol. 2020;43(3):242-50. doi: 10.1002/
clc.23308.

6. Heestermans M, Poenou G, Hamzeh-Cognasse H, Cognasse F,
Bertoletti L. Anticoagulants: A Short History, Their Mechanism
of Action, Pharmacology, and Indications. Cells. 2022;11(20).
doi: 10.3390/cells11203214..

7. Weitz J1, Jaffer IH, Fredenburgh JC. Recent advances in the treat-
ment of venous thromboembolism in the era of the direct oral
anticoagulants. F1000Res. 2017;6:985. doi: 10.12688/f1000re-
search.11174.1.

8. OttI. Inhibitors of the initiation of coagulation. Br J Clin Pharma-
col. 2011;72(4):547-52. doi: 10.1111/j.1365-2125.2011.03960.x.

9. He S, Cao H, Thalin C, Svensson J, Blombéack M, Wallén H. The
Clotting Trigger Is an Important Determinant for the Coagula-
tion Pathway In Vivo or In Vitro-Inference from Data Review.
Semin Thromb Hemost. 2021;47(1):63-73. doi: 10.1055/s-0040-
1718888.

10. Cubedo J, Ramaiola I, Padré T, Martin-Yuste V, Sabate-Tenas M,
Badimon L. High-molecular-weight kininogen and the intrinsic
coagulation pathway in patients with de novo acute myocardial
infarction. Thromb Haemost. 2013;110(6):1121-34. doi: 10.1160/
TH13-05-0381

11. Mackman N. Role of tissue factor in hemostasis, thrombo-
sis, and vascular development. Arterioscler Thromb Vasc Biol.
2004;24(6):1015-22.doi: 10.1161/01.ATV.0000130465.23430.74.

12.  Wu YH, Chuang LP, Yu CL, Wang SW, Chen HY, Chang YL.
Anticoagulant effect of wogonin against tissue factor expres-
sion. Eur J Pharmacol. 2019;859:172517. doi: 10.1016/j.ej-
phar.2019.172517.

13. Chong SY, Zharkova O, Yatim S, Wang X, Lim XC, Huang C,
et al. Tissue factor cytoplasmic domain exacerbates post-infarct
left ventricular remodeling via orchestrating cardiac inflamma-
tion and angiogenesis. Theranostics. 2021;11(19):9243-61. doi:
10.7150/thno.63354.

196



Mohamed A. Tashani et al. / Management of NSTEMI patients in DOACs, 2023, 69(3): 191-197

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Mann KG, Butenas S, Brummel K. The dynamics of thrombin
formation. Arterioscler Thromb Vasc Biol. 2003;23(1):17-25. doi:
10.1161/01.atv.0000046238.23903.fc.

Weitz JI, Bates SM. New anticoagulants. J] Thromb Haemost.
2005;3(8):1843-53. doi: 10.1111/5.1538-7836.2005.01374 x.
Swieringa F, Spronk HMH, Heemskerk JWM, van der Meijden
PEJ. Integrating platelet and coagulation activation in fibrin clot
formation. Res Pract Thromb Haemost. 2018;2(3):450-60. doi:
10.1002/rth2.12107.

Kim JH, Lim KM, Gwak HS. New Anticoagulants for the Preven-
tion and Treatment of Venous Thromboembolism. Biomol Ther
(Seoul). 2017;25(5):461-70. doi: 10.4062/biomolther.2016.271.
McCarty D, Robinson A. Factor Xa inhibitors: a novel the-
rapeutic class for the treatment of nonvalvular atrial fibril-
lation. Ther Adv Cardiovasc Dis. 2016;10(1):37-49. doi:
10.1177/1753944715605011.

Kustos SA, Fasinu PS. Direct-Acting Oral Anticoagulants and
Their Reversal Agents-An Update. Medicines (Basel). 2019;6(4).
doi: 10.3390/medicines6040103.

Turpie AG. Oral, direct factor Xa inhibitors in development for
the prevention and treatment of thromboembolic diseases. Arte-
rioscler Thromb Vasc Biol. 2007;27(6):1238-47. doi: 10.1161/
ATVBAHA.107.139402.

Chen A, Stecker E, B AW. Direct Oral Anticoagulant Use: A Prac-
tical Guide to Common Clinical Challenges. ] Am Heart Assoc.
2020;9(13):¢017559. doi: 10.1161/JAHA.120.017559.

Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J,
Parekh A, et al. Dabigatran versus warfarin in patients with atrial
fibrillation. N Engl J Med. 2009;361(12):1139-51. doi: 10.1056/
NEJMo0a0905561.

Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W,
et al. Rivaroxaban versus warfarin in nonvalvular atrial fibril-
lation. N Engl J Med. 2011;365(10):883-91. doi: 10.1056/NEJ-
Moal009638.

Stanifer JW, Pokorney SD, Chertow GM, Hohnloser SH, Wojdy-
la DM, Garonzik S, et al. Apixaban Versus Warfarin in Patients
With Atrial Fibrillation and Advanced Chronic Kidney Disease.
Circulation. 2020;141(17):1384-92. doi: 10.1161/CIRCULATIO-
NAHA.119.044059.

Duvalyan A, Pandey A, Vaduganathan M, Essien UR, Halm EA,
Fonarow GC, et al. Trends in Anticoagulation Prescription Spen-
ding Among Medicare Part D and Medicaid Beneficiaries Between
2014 and 2019. J Am Heart Assoc. 2021;10(24):¢022644. doi:
10.1161/JAHA.121.022644.

Cuker A, Siegal DM, Crowther MA, Garcia DA. Laboratory mea-
surement of the anticoagulant activity of the non-vitamin K oral
anticoagulants. ] Am Coll Cardiol. 2014;64(11):1128-39. doi:
10.1016/j.jacc.2014.05.065.

Faust AC, Kanyer D, Wittkowsky AK. Managing transitions
from oral factor Xa inhibitors to unfractionated heparin infusions.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Am J Health Syst Pharm. 2016;73(24):2037-41. doi: 10.2146/
ajhp150596.

Amsterdam EA, Wenger NK, Brindis RG, Casey DE, Jr., Ganiats
TG, Holmes DR, Jr., et al. 2014 AHA/ACC Guideline for the
Management of Patients with Non-ST-Elevation Acute Corona-
ry Syndromes: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines.
J Am Coll Cardiol. 2014;64(24):e139-e228. doi: 10.1016/].
jacc.2014.09.017.

Lakhani HV, Pillai SS, Zehra M, Dao B, Tirona MT, Thompson E,
et al. Detecting early onset of anthracyclines-induced cardiotoxi-
city using a novel panel of biomarkers in West-Virginian popula-
tion with breast cancer. Sci Rep. 2021;11(1):7954. doi: 10.1038/
s41598-021-87209-8.

Robinson A, McCarty D, Douglas J. Novel oral anticoagulants for
acute coronary syndrome. Ther Adv Cardiovasc Dis. 2016. doi:
10.1177/1753944716671484.

Pop C, Tint D, Petris A. Management of antithrombotic therapy
in patients with atrial fibrillation and acute coronary syndromes.
Rev Cardiovasc Med. 2021;22(3):659-75. doi: 10.31083/;.
rcm2203076.

Whitman-Purves E, Coons JC, Miller T, DiNella JV, Althouse
A, Schmidhofer M, et al. Performance of Anti-Factor Xa Ver-
sus Activated Partial Thromboplastin Time for Heparin Moni-
toring Using Multiple Nomograms. Clin Appl Thromb Hemost.
2018;24(2):310-6. doi: 10.1177/1076029617741363.

Smith AR, Dager WE, Gulseth MP. Transitioning hospitalized
patients from rivaroxaban or apixaban to a continuous unfractio-
nated heparin infusion: A retrospective review. Am J Health Syst
Pharm. 2020;77(Suppl 3):S59-S65. doi: 10.1093/ajhp/zxaal43.
Zochert S, Oltman KM, Elgersma BM, Hellwig TR, Gulseth MP.
Use of specific anti-Xa levels in acute kidney injury to transition
patients from oral factor Xa inhibitors to i.v. heparin infusion.
Am J Health Syst Pharm. 2019;76(8):505-11. doi: 10.1093/ajhp/
zxz013.

Macedo KA, Tatarian P, Eugenio KR. Influence of Direct Oral
Anticoagulants on Anti-Factor Xa Measurements Utilized for
Monitoring Heparin. Ann Pharmacother. 2018;52(2):154-9. doi:
10.1177/1060028017729481.

Cheng JW, Barillari G. Non-vitamin K antagonist oral anticoagu-
lants in cardiovascular disease management: evidence and unans-
wered questions. J Clin Pharm Ther. 2014;39(2):118-35. doi:
10.1111/jept.12122.

McLaughlin K, Rimsans J, Sylvester KW, Fanikos J, Dorfman
DM, Senna P, et al. Evaluation of Antifactor-Xa Heparin Assay
and Activated Partial Thromboplastin Time Values in Patients on
Therapeutic Continuous Infusion Unfractionated Heparin The-
rapy. Clin Appl Thromb Hemost. 2019;25:1076029619876030.
doi: 10.1177/1076029619876030.

197



