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irect factor Xa inhibitors,

such as rivaroxaban

and apixaban, are

anticoagulants that

selectively and reversibly
bind to the active site of factor Xa, an
essential enzyme in the coagulation
process that is responsible for converting
prothrombin to thrombin. In the clotting
cascade, the extrinsic and intrinsic pathways
converge at factor Xa activation, which
subsequently activates prothrombin
to thrombin. Thrombin then converts
fibrinogen into fibrin, leading to clot
formation, as depicted in Figure 1. By
inhibiting factor Xa, medications like
rivaroxaban and apixaban reduce thrombin
generation and prevent clot formation.
Direct factor Xa inhibitors offer several
advantages over other oral anticoagulants,
such as warfarin, including; similar or
improved outcomes related to thrombosis,
predictable pharmacokinetics and
pharmacodynamics, fixed dosing without
routine monitoring, and a favorable safety
profile with lower risk for major bleeding.'

Indications for direct factor Xa

inhibitors include stroke prevention
in atrial fibrillation, treatment and
prevention of venous thromboembolism,
and management of coronary artery
disease. Rivaroxaban also has peripheral
artery disease as an indication. Between
rivaroxaban and apixaban, although efficacy
is similar, apixaban may be preferred due
to its lower risk of major bleeding and its
superior safety profile in elderly patients
and those with impaired kidney function.
However, there are also advantages to
rivaroxaban, such as its once-daily dosing.
Additionally, studies have demonstrated that
rivaroxaban exhibits favorable kinetics in
obese patients when compared to apixaban,

17 The Journal September/October 2025

Reversing anticoagulation in emergency situations is crucial but
challenging, as it requires selecting the correct agent and dosage based on
the specific circumstances. Direct factor Xa inhibitors, such as rivaroxaban
and apixaban, require either andexanet alfa or prothrombin complex
concentrate (PCC) for reversal. For PCC administration, evidence supports
both fixed dosing and weight-based dosing. This literature review’s findings
suggest that a fixed dosing of PCC is non-inferior to the weight-based dose.
Furthermore, utilizing a fixed dose may improve patient outcomes, enhance

safety, and streamline administration.

with similar peak plasma concentrations,
distribution, and half-life in obese patients
to those seen in patients of normal weight.'™

Despite their benefits related to
decreased risk of thrombosis, direct
factor Xa inhibitors are not without risks.
Common side effects include easy bruising,
weakness, dizziness, anemia, and alterations
in liver function tests. More serious
complications, such as major bleeding
events, may occur and necessitate the use
of specialized reversal agents to manage
effectively.??

Prothrombin complex concentrates
(PCCs) are commonly used to reverse
anticoagulation, particularly in bleeding
events associated with vitamin K antagonists
(VKAs).> PCCs function by quickly raising
blood levels of vitamin K-dependent
coagulation factors, primarily factors 11, VII,
IX, and X.° Factor VII starts the extrinsic
pathway, while factors IX and X contribute
in the intrinsic and common pathways;
these ultimately result in the formation
of fibrin and thrombin, essential factors
in the coagulation cascade. For direct oral
anticoagulants (DOACs) like apixaban

and rivaroxaban, specific reversal agents are
preferred when accessible. Andexanet alfa
is Food and Drug Administration (FDA)
approved and recommended for reversing
apixaban and rivaroxaban according to

the 2020 American College of Cardiology
(ACC) Expert Consensus Decision Pathway
on Management of Bleeding in Patients

on Oral Anticoagulants.” However, in the
absence of specific agents, PCCs are often
used off-label for DOAC reversal, with
four-factor PCCs (4F-PCCs) generally
favored over three-factor PCCs (3F-PCCs)
due to their greater efficacy in reversing
anticoagulation. Factors II, IX, and X

are present in 3F-PCCs, but factor VII is
present only in small quantities.” Factor

11, VIL, IX, and X are present in 4F-PCCs,
along with greater amounts of factor VII
than in 3F-PCCs. Comparisons of the
relative safety and effectiveness of 3F-PCCs
and 4F-PCCs are not well documented.
Studies indicate that use of 4F-PCCs shows
comparable effectiveness in mortality when
compared to andexanet alfa in reversing
factor Xa inhibitors. The choice between
PCCs and specific reversal agents is often
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FIGURE 1. The Coagulation Cascade Highlighting the Site of Action of Direct Factor Xa

influenced by factors such as availability, Inhibitors

cost, and clinical context.’

While several guidelines propose
4F-PCC as a suitable option for factor Xa Extrinisic Pathway Intrinsic Pathway

inhibitor reversal, dosing recommendations
(Factor VII) (Factors XII, XI, IX, VIlla)

differ widely.>® Some suggest a fixed dose of

2,000 units for major bleeding, while others
advocate for weight-based dosing ranging \ /

from 25 to 50 units/kg. Ultimately, the ideal Factor Xa
dosing strategy for 4F-PCC in managing T~ -
major bleeding associated with factor. l T Direct Factor Xa
Xa inhibitor reversal remains uncertain. .
Currently, dosing recommendations vary : - Inhibitors
> Prothrombinase Complex -
slightly in the literature; however, general i
recommendations are 2,000 units IV once
or 25-50 units/kg once.>” While the ACC l
guidellines on management of bleeding prothrombin Thrombin
in patients on oral anticoagulants do not —
currently define whether weight-based
or fixed-based dosing is superior, studies ,L
suggest that there may be a difference . L
inigfﬁcacy and OutCOI)IIlCS pertaining to Fibrinogen - Fibrin
mortality or thrombolytic events.>® This
narrative review will describe the evidence
exploring the efficacy and safety of weight-  without a significant increase in thrombotic ~ patients who achieved hemostasis had
based versus fixed-based dosing. events, aligning with guidelines available at  a median dose of 50 units/kg, whereas
. . ) that time. Overall, the authors concluded those who did not achieve hemostasis
Evidence Su pporting We |ght' that a high-dose weight-based 4F-PCC had a median dose of 30 units/kg. The
Based Dosi ng of PCC strategy has greater efficacy than a low-dose  study also conducted a subgroup analysis,
weight-based strategy. They also suggest comparing 4F-PCC with andexanet alfa,
Weight-based dosing of 4F-PCC has that a high-dose strategy may be superior to  which showed no significant difference in
been shown to be an effective and safe fixed dosing if the fixed dose results in a low  overall rates of hemostasis between the two
strategy for reversing major bleeding weight-based dose (<35 units/kg)."! groups, supporting the use of 4F-PCC as an
associated with apixaban and rivaroxaban Similarly, a study by Castillo et effective alternative."
use. A retrospective cohort analysis al., published in 2021 in 7he Journal Overall, there is clear evidence for
conducted by Tao et al. evaluated the of Thrombosis and Thrombolysis, also efficacy in using weight-based dosing with
safety profile of 4F-PCC in patients evaluated the efficacy of weight-based 4F-PCC. Both the 2017 and 2020 ACC
(n=43) requiring emergent reversal of dosing of 4F-PCC compared to activated Expert Consensus Decision Pathway on
anticoagulation, dosed at 25-50 units/kg, prothrombin complex concentrates (aPCC) ~ Management of Bleeding in Patients on
due to major bleeding events associated in patients with intracranial hemorrhage Oral Anticoagulants state that dosing
with factor Xa inhibitors. The results (ICH) associated with the use of rivaroxaban ~ 4F-PCC at 50 units/kg is a reasonable
demonstrated that 4F-PCC was effective or apixaban. Here, they found success in option for emergency reversal of factor Xa
in achieving hemostasis in a significant achieving hemostasis with both high (=30 inhibitors like rivaroxaban and apixaban
proportion of patients, with a low incidence  units/kg) and low (<30 units/kg) 4F-PCC in the setting of major bleeding events.**
of thromboembolic events.' doses in 89% of patients, with no significant ~ There is also emerging evidence suggesting
A study by Davis et al., published in differences between the dosing groups.'? that fixed dosing of 4F-PCC may be
2021 in The Journal of Thrombosis Research, Additionally, a study by Highsmith superior, necessitating additional analyses
compared high-dose (235 units/kg) versus et al., published in 2021 in 7he Journal comparing the two strategies.
low-dose (<35 units/kg) 4F-PCC for factor  of Clinical Pharmacology, performed a ) ) .
Xa inhibitor reversal in patients (n=89) retrospective review of patient electronic Evidence Supporting Fixed-
with intracranial hemorrhage (ICH) who health records (EHRs) to assess the Dose PCC
had been taking apixaban, rivaroxaban, effectiveness of 4F-PCC in reversing the
or edoxaban. The study found hemostasis effects of oral factor Xa inhibitors in 38 Guidance for the reversal of direct oral
was achieved in 82% of all patients. The patients with bleeding. The median dose anticoagulants from the Anticoagulation
high-dose group had significantly higher of 4F-PCC used in the study sample was Forum published in March 2019 states
hemostasis achievement (89.2% vs. 46.7%; 50 units/kg. The study found that 74% that patients with rivaroxaban- and
OR 11.2; 95% CI 2.4-52.6, p = 0.002) of patients achieved hemostasis. Notably, apixaban-associated major bleeding, if
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andexanet alfa is not available, should be
treated with 4F-PCC 2,000 units.’ This
recommendation was derived from two
studies showing a 65-69% effectiveness in
achieving hemostasis. The first study looked
at a total of 84 patients in which a 2,000-
unit dose of 4F-PCC had an effective rate of
69% for patients who had a major bleeding
event. In traumatic vs. nontraumatic
bleeding patients, there was no difference
in efficacy (73.1% traumatic bleeding,
67.2% non-traumatic) (p=0.8)." In the
other study, 66 patients were included who
had received a fixed dose of 2,000 units

of PCC to measure hemostasis, rated on a
scale of good, moderate, and poor utilizing
an assessment guide. The assessment guide
classified “good” as cessation of bleeding
within 1 hour and no additional coagulation
intervention needed. “Moderate” indicated
that it took between 1 and 4 hours to
control the bleeding, while “poor” indicated
more than 4 hours to control the bleeding
or additional intervention required. Results
ranged for good with 43 patients (65%;
95% CI 53-77), moderate with 13 (20%;
95% CI 10-30), and poor/none with 10
patients (15%; 95% CI 6-24). It was also
noted that there was no difference between
apixaban and rivaroxaban patients."
Overall, based on these two studies, it

was concluded that if andexanet alfa is

not available, it is safe and effective to
initiate 2,000 unites of 4F-PCC to reverse
the anticoagulation from apixaban and
rivaroxaban.

Comparison of Weight-Based
vs Fixed-Dose PCC

A meta-analysis published by Chaisakul
et al. in 2023 in Research and Practice in
Thrombosis and Haemostasis, supports the
use of fixed dosing as a safe and effective
alternative to weight-based dosing for
reversal of factor Xa inhibitors. This meta-
analysis included 25 studies with a total
of 1,760 patients (fixed dosing n= 228
and weight-based dosing n=1,532). For
hemostatic effectiveness, weight-based
dosing had a 79.2% effectiveness (95% CI
74.4-83.7), while fixed dosing had 74.2%
(95% CI 52.3-91.3, p = 0.65). In terms
of thromboembolic events, weight-based
dosing had a 4.1% rate of events (95% CI
2.2-6.3) compared to fixed dosing which
had 2.9% (95% CI 0.0-8.7, p = 0.48).
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Lastly, the all-cause mortality rate with
weight-based dosing was 21.4% (95%

CI 16.4-26.8), while fixed dosing had
15.9% (95% CI 10.4-22.3, p=0.14). One
important note was that the hospital stay
was significant longer in the fixed group
with 7.4 days (95% CI 3.6-11.1) compared
to the weight-based dose at 5.9 days (95%
CI 5.5-6.3) (p<0.001).'

Additionally, a systematic review and
meta-analysis by Alwakeal et al., published
in Critical Care Medicine in 2024, explored
the published evidence comparing the
safety and effectiveness of a fixed-dose
regimen of 4F-PCC with a manufacturer-
recommended, weight-based-dose regimen.
Three randomized trials totaling 323
participants (161 in fixed dosage and 162
in weight-based dosage) and sixteen cohort
studies totaling 1,912 patients (858 in fixed-
dose and 1,054 in weight-based dose) made
up the analysis. Compared to a weight-
based-dose regimen, a fixed-dose regimen
might result in a lower 4F-PCC dose (95%
CI, —1.3 to —0.8; low certainty), as well as a
significant reduction in the order-to-needle
time (95% CI, —0.6 to —0.2; high certainty).
A fixed-dose regimen also demonstrated an
increased likelihood of clinical hemostasis,
as well as a decrease in both mortality
and thromboembolic events."” Table 1
summarizes the evidence for fixed and
weight-based dosing of PCC in reversal of

factor Xa inhibitors.

Clinical Implications

The 2020 ACC Expert Consensus on
the Management of Bleeding currently
recommends using andexanet alfa as a
first line therapy, and if it is not available,
it is reasonable to use a dose of 50 units/
kg of aPCC or 4F-PCC, or 2,000 units
of 4F-PCC.’ There is not a clear and
strong recommendation for either fixed
or weight-based dosing, with evidence
supporting either strategy as viable. There
is a non-significant trend suggesting that
fixed dosing may result in higher rates
of hemostasis, but with a low degree of
certainty. The additional benefits of a fixed-
dose regimen based on available evidence
appear to be a trend toward lower mortality
and thromboembolic events, shorter
administration times, and reduced dose
and cost of 4F-PCC per patient. Health
systems need to evaluate the data and work
with stakeholders to decide on a consistent

approach to anticoagulant reversal. This
review should outline medication and
dosing for reversal of anticoagulants that
account for local data, ongoing success, and
preferences.

There is consensus among the subject
mactter experts that there is a need for
additional research to investigate whether
either dosing strategy is superior.>®
Ideally, these future studies should aim to
address gaps by including diverse patient
populations. Additionally, more cost-
benefit analyses comparing both strategies
in different healthcare and geographical
settings could provide further insights into
optimal PCC dosing practices. A study
done in the Netherlands demonstrated
that a low fixed-dose strategy resulted in
savings of approximately €1,634—€2,100
per patient compared to weight-based
dosing for vitamin K antagonist-associated
bleeding emergencies. Therefore, fixed
dosing may decrease costs but should be
further analyzed.'® These analyses should
account for direct and indirect costs, such
as the drug itself, preparation times, staff
training, and potential delays in care. In
general, these future findings could guide
pharmacists and health systems in shaping
guidelines that prioritize both patient
outcomes and resource efficiency.

Conclusion

The evidence presented demonstrates
that both weight-based and fixed dosing
strategies for PCC are safe and effective.
With weight-based dosing, current
guidelines recommend using a dose of
50 units/kg for emergency situations.
However, there is growing interest in
fixed dosing strategies, with evidence
supporting 2,000 units administered once
is non-inferior to weight-based dosing
and may offer advantages such as simpler
administration and reduced overall usage
without compromising efficacy or safety.
While current evidence supports the use of
both strategies, ongoing research is needed
to explore their applications across diverse
patient populations and clinical scenarios.
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TABLE 1. Selected Studies Reporting Outcomes of Anticoagulation Reversal of Direct Factor Xa Inhibitors with Different Dosing Strategies
of 4-Factor Prothrombin Complex Concentrates (4F-PCC)

Study Design

Number of Patients

Type(s) of Bleed

Dosing Strategy

Outcomes

Tao et Retrospective review of | 43 e QGastrointestinal e 25 units/kg (n=22) e Based on data, dose of 25-50 IU/kg in
al.e patients who received bleed e 25-50 units/kg emergent reversal of factor Xa inhibitors
4F-PCC e |ntracranial (n=4) is acceptable.
hemorrhage — e 50 units’kg (n=16) e Only 3 of 43 patients continued to have
traumatic and e >50 units/kg (n=1) active bleeding after 4F-PCC.
non-traumatic e Thromboembolic events within 14 days
e Trauma of receiving 4F-PCC occurred in 1 of 43
e Other patients.
Davis et Multi-center, 89 Intracranial e High dose: >35 e Hemostasis was achieved in 82% of all
al.tt retrospective, cohort hemorrhage units’kg (n=74) patients.
study of patients with e |Low dose: <35 e Hemostasis achievement was
intracranial hemorrhage units/kg (n=15) statistically higher in high dose
who received 4F-PCC compared to low dose (89.2% vs
46.7%; OR 11.2; 95% Cl 2.4-52.6,
P =0.002).

e The high dose strategy has greater
efficacy and may been superior than
fixed dosing if fixed dosing results in
low weight-based dosing (<35 units/kg).

Castillo et | Multi-center, 37 4F-PCC patients | Intracranial e High dose: >30 e Hemostatic efficacy was well achieved
al.t? retrospective study hemorrhage units/kg (n=19) in both high and low dose 4F-PCC.
of patients with (intraparenchymal e |Low dose: <30 e No significant differences were seen
intracranial hemorrhage hematoma, units’kg n=18) between the two groups.
who received aPCC or subarachnoid bleed,
4F-PCC subdural hematoma)
*Analysis focused on
4F-PCC patients
Highsmith | Retrospective, 38 e |Intracranial e Median dose = e 74% of patients achieved hemostasis.
etal.’3 descriptive study hemorrhage 50 units/kg e Of the 38 patients, 28 achieved
analyzing electronic e Gastrointestinal e |QR = 25-50 hemostasis with a median dose of 50
health records for bleed units/kg units/kg.
4F-PCC administration e Other e 10 patients did not achieve hemostasis
and factor Xa inhibitors and had a media dose of 30 units/kg.
Majeed et | Prospective 84 e Intracranial Median dose = 2,000 69.1% of patients achieved hemostasis
al. 1 observational study hemorrhage units
e Gastrointestinal
bleed
e Traumatic bleed
Schulman | Prospective cohort 66 e [ntracranial e Fixed dose of 1,000 | 80.6% of patients achieved hemostasis
etal. ® study hemorrhage units for non-
e QGastrointestinal intracranial bleeding
bleed e Fixed dose of 1500
units for intracranial
hemorrhage
Chaisakul | Meta analysis of 25 e Fixed dosing Various e Fixed ranged e Fixed dosing had a less thromboembolic
et al.1® total studies N=228 between 1,500- events 2.9% vs 4.1% (p=0.48) and
e Weight-based 2,000 units less all cause mortality 15.9% vs
N=1,532 e Weight-based ranged 21.4% (p=0.14).
between 25 units/ e Weight-based dosing had shorter
kg-50 units/kg hospital stays 5.9 days vs 7.4 days
(p<0.001).
Alwakeal Systematic review and e 323 from e Extracranial e Fixed dose ranged Fixed-dose regimen might result in a lower
et al.V’ meta-analysis of 3 randomized trials bleeding between 1,000- 4F-PCC dose (95% CI, -1.3 to -0.8; low
randomized trials and e Fixed dosing e |ntracranial 2,000 units certainty), as well as a significant reduction
16 cohort studies N=161 hemorrhage e Weight- based dose in the order-to-needle time (95% CI, 0.6
e Weight-based ranged between to —0.2; high certainty)
N= 162 15 units/kg- 25
e 1912 from units/kg
cohort studies
e Fixed dosing
N= 858
e Weight-based
N= 1054

aPCC: activated prothrombin complex concentrates, IQR: interquartile range
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