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ABSTRACT
Andexanet alfa and 4-factor prothrombin complex concentrate (4F-PCC) are used for the reversal of life-threatening hemorrhages
associated with oral Factor Xa inhibitors. Limited studies have examined factors infuencing reversal agent selection and time to
administration. This retrospective, multicenter cohort study evaluated adult patients who presented with a life-threatening
hemorrhage associated with oral Factor Xa inhibitors (apixaban or rivaroxaban) and were administered either andexanet alfa or
4F-PCC. The objectives of our study were to analyze whether sociodemographic factors were associated with reversal agent
selection, time-to-treatment with the selected reversal agent, and patient outcomes. Among 144 patients (50% andexanet alfa and
50% 4F-PCC), no diferences were found in sociodemographic (age, sex, race and ethnicity, insurance, housing status, marital
status) or logistical factors (time to reversal agent administration and type of arrival to site hospital) associated with reversal agent
selection. There were no diferences between andexanet alfa and 4F-PCC for time to reversal agent administration, mortality,
mechanical ventilation, length of stay, and thromboembolic events. Factors associated with a longer time to reversal agent
administration included patients who were transferred from an outside hospital (RR: 1.27; 95% CI: 1.00, 1.61), patients who
received blood products (RR: 1.30; 95% CI: 1.01, 1.68), and patients who were Black compared to non-Hispanic White (RR: 1.34;
95% CI: 1.02, 1.76) after adjusting for age, sex, reversal agent selection (andexanet vs. 4F-PCC), bleeding event type related to Factor
Xa inhibitors, insurance, and marital status. In conclusion, there were no statistically signifcant disparities found in socio-
demographic factors associated with the selection of andexanet alfa and 4F-PCC.

1 | Introduction

Factor Xa inhibitors are direct oral anticoagulants (DOACs) used
for the treatment and prevention of thromboembolic events as-
sociated with atrial fbrillation and/or a history of deep venous

thrombosis and pulmonary embolism. While DOACs are con-
sidered generally safe, their primary adverse event is the risk of life-
threatening intracranial (ICH), gastrointestinal (GI), or traumatic
hemorrhages [1]. Rivaroxaban seems to be associated with in-
creased risk of hemorrhagic events compared to apixaban [2–4].
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Treatment options for life-threatening hemorrhages occurring in
patients taking apixaban or rivaroxaban include andexanet alfa and
4-factor prothrombin complex concentrate (4F-PCC).
Andexanet alfa is a recombinant modifed Factor Xa protein which
received accelerated approval by the U.S. Food and Drug Admin-
istration (FDA) in May 2018 to reverse the efects of apixaban and
rivaroxaban in patients with life-threatening hemorrhages [5].
Comparative efectiveness studies have yielded mixed results re-
garding the efcacy and safety of andexanet alfa vs. 4F-PCC in
reversing the efects of apixaban and rivaroxaban, though this does
seem to correlate to study design and power. Several studies found
no diferences in achieving hemostatic efcacy between patients
who received andexanet alfa and 4F-PCC, though thesewere limited
based on their smaller sample sizes (under 50 patients) and single-
center design [6, 7]. Comparatively, in a large observational cohort
trial, which included over 4000 patients from multiple hospitals,
treatment with andexanet alfa in patients hospitalized with DOAC-
related bleeds was associated with 50% lower odds of in-hospital
mortality compared to 4F-PCC. However, in this study, the
andexanet group was more homogenous with signifcantly more
patients with moderate (GCS 9–12) or severe (GCS < 8) GCS scores
compared to the 4F-PCC group [8]. With regard to more secondary
outcomes, studies with smaller sample sizes have reported no
diferences between andexanet alfa and 4F-PCC in hospital length of
stay, intensive care unit (ICU) length of stay, and thromboembolic
events [9, 10]; however, several studies, including the ANNEXA-I
randomized trial, have found a higher incidence of thromboembolic
events for andexanet alfa compared to 4F-PCC [11, 12]. In a sys-
tematic review with meta-analysis by White and colleagues that
adjusted for risk of bias and study quality, there was no signifcant
diference in thrombotic events between andexanet alfa and 4F-
PCC, but there was a signifcantly lower 30-day mortality and
improved hemostatic efcacy in patients receiving andexanet alfa
versus 4F-PCC [13]. After considering the higher-quality studies
such as ANNEXA-I that showed a higher risk of thrombotic events,
the FDAcommunicated toAstraZeneca that the risks of this product
outweighed benefts, and AstraZeneca decided to end commercial
sales of andexanet alfa on December 22, 2025.

Sociodemographic factors associated with the selection of
andexanet alfa or 4F-PCChave not been extensively studied. Several
small studies report similar baseline demographic characteristics for
those who receive andexanet alfa and 4F-PCC [9–11, 13].
Andexanet alfa is considerably more expensive than 4F-PCC, which
may present logistical and sociodemographic barriers to treatment.
Most major medical centers have protocols for selection and ad-
ministration of reversal agents in life-threatening hemorrhages to
guide clinicians in standardizing patient care. The primary aim of
our study was to analyze if sociodemographic factors were asso-
ciated with diferences in selection of andexanet alfa versus 4F-PCC
as the reversal agent for life-threatening hemorrhages in patients on
rivaroxaban or apixaban. A secondary objective was to detect
whether these factors were associated with diferent time-to-
treatment intervals with the selected reversal agent. The fnal ob-
jective was to evaluate whether these factors afected patient out-
comes (length of stay, mechanical ventilation, death).

2 | Methods

This retrospective cohort study was approved by a central in-
stitutional review board (IRB), the Western Copernicus Group,

and the respective local IRBs at participating sites. The study
included patients randomly sampled from four Level 1 trauma
centers in urban areas within the Toxicology Investigators
Consortium (ToxIC) program. ToxIC is a multicenter research
and surveillance network led by medical toxicology physicians at
more than 30major medical centers across the United States [12].
Inclusion criteria were cases between January 2019 and July 2024
that were aged 18 years and older with a history of current
apixaban or rivaroxaban use who presented with an acute life-
threatening hemorrhage and were treated with either
andexanet alfa or 4F-PCC. Exclusion criteria included in-
dividuals under 18 years of age, individuals who were in-
carcerated at the time of the event, and patients who died before
receiving treatment for the hemorrhage. Cases were also ex-
cluded if race/ethnicity and sex were not documented in the
electronic medical record (EMR). However, the case was in-
cluded if at least one of either race or ethnicity was documented
in the EMR. Sampling frames were created by obtaining de-
identifed patient lists from each institution of individuals who
received either andexanet alfa or 4F-PCC. Random number
generators were used to conduct proportional sampling from
each site. Data on specifc a priori parameters were abstracted
from the EMR for each randomly selected patient. De-identifed
data were then entered into Research Electronic Data Capture
(REDCap), a secure, web-based software platform [14–16].

2.1 | Study Variables

Sociodemographic variables collected were age, sex, race, eth-
nicity, marital status, insurance, and housing status. Logistical
factors abstracted included arrival time to hospital site and time
from hospital arrival to reversal agent administration. Past
medical history was obtained. Current apixaban or rivaroxaban
treatment was assessed by obtaining characteristics about last
dose taken, reason for DOAC treatment, and length of time on
DOAC treatment prior to presentation. Clinical signs, symptoms,
and treatment received were also documented, including the
bleeding event type, non-PCC blood products administered,
imaging conducted, specialty services or consultations received,
mechanical ventilatory support, length of stay, and vital signs.
Bleeding event types were categorized into ICH (spontaneous or
traumatic), other trauma (excludes head trauma), GI hemor-
rhage, and other hemorrhage (e.g., aortic dissection).

2.2 | Outcomes

The primary outcomes for this study included: (1) Reversal
agent selection, (2) Time to reversal agent administration after
presentation to the initial receiving hospital, (3) Mechanical
ventilation (binary—yes/no), (4) Length of stay (measured in
days), and (5) In-hospital mortality. For those who were
transferred from an outside hospital, time to reversal agent
administration was calculated using the time of presentation
to the original hospital to time of departure (original hospital
length of stay), duration of transport, and time from arrival to
second hospital to reversal agent administration. Time was
measured in minutes and was transformed prior to ftting
a statistical model due to non-normality and several outliers.
The transformation that resulted in optimal model ft was
operationalized using 30-min segments (e.g., < 29 min,
30–59 min, etc.) up until 319 min. For those who had an ad-
ministration time of 319 min or more, these subjects were
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collapsed into the maximum category. The range of this
outcome was 1–12 segments. Length of stay was treated as
a continuous variable and measured in days. The outcome of
reversal agent type was also included to examine predictors
associated with receiving andexanet alfa vs. 4F-PCC.

2.3 | Data Analysis

Data analysis consisted of descriptive statistics computed
between those who received andexanet alfa vs. 4F-PCC and
bivariate statistical tests (e.g., Chi-square tests or Fisher’s
exact tests for categorical variables and independent samples
t-Tests or Wilcoxon rank sum tests for continuous variables).
Analyses also consisted of examining bivariate associations
between sociodemographic, logistical factors, and clinical
characteristics with primary outcomes. Multivariable mod-
eling was conducted to assess statistically signifcant pre-
dictors with the primary outcomes. Logistic regression was
used for binary outcomes (e.g., death, mechanical ventilation),
and negative binomial regression was used for length of stay
and time to reversal agent outcomes due to overdispersion.
Model ft statistics were assessed using goodness-of-ft tests
and log-likelihood tests for nested models. Odds ratios (OR)
and rate ratios (RR) were computed for logistic and negative
binomial models, respectively, with corresponding 95% con-
fdence intervals (CIs). Subgroup analyses were conducted
excluding those who were transferred from outside hospitals
to determine if signifcant diferences existed between those
who were transferred and those who were not. Subgroup
analyses were also conducted for type of bleeding event. All
analyses were conducted in R v4.3.3.

3 | Results

Among the 144 patients included in the study, 50% consisted of
patients who received andexanet alfa and 50% received 4F-PCC.
The median age was 75 years (interquartile range [IQR]: 68.0,
81.0), 61% were male, and 88% were non-Hispanic White (Ta-
ble 1). There were no statistically signifcant diferences for
sociodemographic variables among those who received
andexanet alfa vs. 4F-PCC.

Apixaban and rivaroxaban indication and dosing character-
istics among included patients are presented in Table 2; 22% of
patients were taking rivaroxaban prior to arrival, and 79%
were taking apixaban prior to arrival. There were no statis-
tically signifcant diferences in the choice of reversal agent
between those taking apixaban and rivaroxaban (p = 0.42).
The indication for anticoagulation for the majority of patients
taking either apixaban or rivaroxaban was atrial fbrillation
(76%), followed by deep venous thrombosis (14%), pulmonary
embolism (11%), and ischemic stroke (2%). Over half of pa-
tients (54%) were on apixaban or rivaroxaban for more than
a year prior to the bleeding event. There were also no sta-
tistically signifcant diferences between those who received
andexanet alfa vs. 4F-PCC regarding the time of the last
known DOAC dose or the time of the “last known well” and
arrival at the receiving hospital. Nearly a third of patients had
a “last known well” less than an hour prior to arrival at the
initial healthcare facility, with 17% having a “last known well”
between 1 and 3 h. Individual characteristics stratifed byT
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apixaban or rivaroxaban are displayed in Supporting Tables 1
and 2, respectively.

Clinical characteristics among patients who received either
andexanet alfa or 4F-PCC are displayed in Table 3. There were
statistically signifcant diferences in bleeding event type pre-
cipitating reversal agent administration between those who were
administered andexanet alfa and 4F-PCC. Among those who
were administered andexanet alfa, 64% had an ICH compared to
only 46% of those who were administered 4F-PCC (p = 0.04). A
higher percentage of those who received 4F-PCC had a GI
hemorrhage compared to those who received andexanet alfa
(32% vs. 18%, respectively). This represents an approximately 50%

relative diference in agent selection. However, there were no
statistically signifcant diferences in bivariate comparisons of
length of stay, ICU stay, and patient’s disposition between those
who were administered andexanet alfa vs. 4F-PCC. The in-
hospital mortality rate of those administered andexanet alfa
was 19% compared to 15% of those administered 4F-PCC
(p = 0.26). When comparing those who died with those who
survived (Supporting Tables 3 and 4), there were no statistically
signifcant bivariate diferences in sociodemographic charac-
teristics or clinical factors. Subgroup analyses for bleeding type
showed a slightly higher mortality rate for those with sponta-
neous ICH (27%) compared to other bleeding types (Supporting
Table 5).

TABLE 2 | Apixaban and rivaroxaban treatment characteristics among patients receiving andexanet alfa vs. 4F-PCC.

Andexanet alfa
N= 72

4F-PCC
N= 72

Total
N= 144 p value

Was the patient taking rivaroxaban or apixaban prior to arrival?
Rivaroxaban
Apixaban 13 (18%)

59 (82%)
18 (25%)
54 (75%)

31 (22%)
113 (79%)

0.42

Reason they were taking apixaban or rivaroxabana

Arrhythmias—atrial fbrillation
Deep venous thrombosis
Ischemic stroke
Pulmonary embolism
Other
Unknown

54 (75%)
8 (11%)
3 (4%)
9 (13%)
3 (4%)
1 (1%)

56 (78%)
12 (17%)

0
7 (10%)
3 (4%)
0

110 (76%)
20 (14%)
3 (2%)
16 (11%)
6 (4%)
1 (1%)

0.84
0.47
0.24
0.79
1.00
—

How long have they been taking Rivaroxaban/Apixaban prior to arrival?b

Less than 1month
1–6months
> 6months–1 year
> 1 year
Unknown

7 (10%)
7 (10%)
7 (10%)
36 (50%)
15 (21%)

10 (14%)
9 (13%)
9 (13%)
42 (58%)
2 (3%)

17 (12%)
16 (11%)
16 (11%)
78 (54%)
17 (12%)

0.99

How many hours elapsed between their last rivaroxaban/apixaban dose and
arrival at the initial healthcare facility?b

Less than 1 h
1–3 h
> 3–6 h
> 6–12 h
> 12–24 h
> 24 h
Unknown

2 (3%)
6 (8%)
5 (7%)
11 (15%)
5 (7%)
1 (1%)
42 (58%)

0
9 (13%)
5 (7%)
11 (15%)
13 (18%)
5 (7%)

29 (40.3%)

2 (1%)
15 (10%)
10 (7%)
22 (15%)
18 (13%)
6 (4%)
71 (49%)

0.60

Howmany hours elapsed between the patients “last known well” and arrival at
the initial healthcare facility?b

Less than 1 h
1–3 h
> 3–6 h
> 6–12 h
> 12–24 h
> 24 h
Unknown

27 (38%)
12 (17%)
6 (8%)
10 (14%)
3 (4%)
7 (10%)
7 (10%)

19 (26%)
13 (18%)
6 (8.3%)
7 (9.7%)
5 (6.9%)
12 (16.7%)
10 (13.9%)

46 (32%)
25 (17%)
12 (8%)
17 (12%)
8 (6%)
19 (13%)
17 (12%)

0.64

Abbreviation: 4F-PCC= 4-factor prothrombin complex concentrate.
aNot mutually exclusive categories; percentages may add up to > 100%.
bStatistical testing excludes unknown responses.
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Multivariable models for time to reversal agent administration
are displayed in Table 4. Blood product administration (RR:
1.30; 95% CI: 1.01, 1.68), transportation from an outside
hospital (RR: 1.27; 95% CI: 1.27, 1.00, 1.61), and Black in-
dividuals compared to White/non-Hispanic individuals (RR:
1.34; 95% CI: 1.02, 1.76) were associated with a longer time to
reversal agent administration, after adjusting for socio-
demographic and DOAC characteristics. Patients who were
taking rivaroxaban received the reversal agent 33% faster, on
average, compared to those who were taking apixaban (RR:

0.67; 95% CI: 0.53, 0.85). Those who had non-Medicare in-
surance (e.g., Medicaid, private, uninsured) also had a faster
time on average to reversal agent administration compared to
those with Medicare insurance (RR: 0.69; 95% CI: 0.54, 0.89).
There were no statistically signifcant predictors associated
with mortality in the multivariable model (Table 5). The odds
of receiving mechanical ventilation were lower for traumatic
ICH (adjusted odds ratio [aOR]: 0.28; 95% CI: 0.09, 0.82) and
GI hemorrhage (aOR: 0.06; 95% CI: 0.01, 0.26) compared to
those with spontaneous ICH. Those who received blood

TABLE 4 | Time to reversal agent administration among patients receiving andexanet alfa or 4F-PCC after a major bleeding event across 4 sites.

Time to reversal agent administration
Unadjusted rate ratios

(95% CI)
Adjusted

rate ratios(95% CI)
Age (continuous) 1.00 (0.99, 1.01) 1.00 (0.98, 1.01)
Sex
Male Ref. Ref.
Female 0.97 (0.81, 1.17) 1.02 (0.84, 1.25)

Race and ethnicity
Black 1.23 (0.94, 1.61) 1.34 (1.02, 1.76)
White/non-Hispanic Ref. Ref.

Initial DOACT
Apixaban Ref. Ref.
Rivaroxaban 0.74 (0.59, 0.92) 0.67 (0.53, 0.85)

Reversal agent treatment
Andexanet alfa 1.00 (0.84, 1.20) 0.99 (0.82, 1.18)
4F-PCC Ref. Ref.

Bleeding event type
Spontaneous ICH Ref. Ref.
Traumatic ICH 1.03 (0.81, 1.31) 1.07 (0.84, 1.36)
Other trauma (non-head) 0.99 (0.72, 1.37) 0.98 (0.70, 1.38)
GI bleed 0.92 (0.72, 1.19) 0.86 (0.64, 1.16)
Other bleed 1.01 (0.70, 1.47) 0.95 (0.66, 1.36)

Blood products administered
Yes 1.09 (0.88, 1.34) 1.30 (1.01, 1.68)
No Ref. Ref.

Arrival type
Ambulatory/walk-in 1.17 (0.93, 1.47) 1.18 (0.93, 1.49)
Transfer from another hospital 1.22 (0.95, 1.55) 1.27 (1.00, 1.61)
EMS Ref. Ref.

Insurance
Medicare Ref. Ref.
Other insurance type 0.77 (0.62, 0.96) 0.69 (0.54, 0.89)

Marital status
Married Ref. Ref.
Single, divorced, widowed, or other 1.02 (0.85, 1.23) 1.10 (0.91, 1.34)

Note: Time to reversal agent =measured in 30-min segments as a count variable (range 1–12). Time of reversal agent administration for times > 319min were included as
a maximum value of 12. Model for length of stay ft statistics: Akaike Information Criterion (AIC) 659.51 and goodness-of-ft test (residual deviance: 130.97, df= 107,
p = 0.06), log-likelihood test statistic between negative binomial and Poisson regression was statistically signifcant (p < 0.001). Asian individuals excluded from these
multivariable models because of instability with small cell sizes. Adjusted models included the following variables: age, sex, race and ethnicity, initial DOACT, reversal agent
treatment, bleeding event type, blood products administered, arrival type, insurance, and marital status; GI, gastrointestinal; DOACT, direct oral anticoagulant treatment;
ICH= intracranial hemorrhage. Bold values indicate p < 0.05.
Abbreviations: 4F-PCC, 4-factor prothrombin complex concentrate; CI, confdence interval; EMS, emergency medical services.
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products were also more likely to require mechanical venti-
lation (aOR: 4.40; 95% CI: 1.14, 19.87) compared to those who
did not receive blood products.

The multivariable model for length of stay results are shown in
Table 6. Those with a GI hemorrhage had a 57% shorter length of
stay compared to those with spontaneous ICH (RR: 0.43; 95% CI:
0.27, 0.71), after adjusting for sociodemographic and DOAC
characteristics. Other insurance type (e.g., Medicaid, private,
uninsured) was associated with a 63% longer length of stay

compared to Medicare, when adjusting for other covariates (RR:
1.63; 95% CI: 1.07, 2.50).

4 | Discussion

In our retrospective cohort study of 144 patients treated with
andexanet alfa or 4F-PCC for life-threatening hemorrhages, the
primary aim was to analyze whether sociodemographic factors
were associated with selection of andexanet alfa or 4F-PCC for

TABLE 5 | Sociodemographic and logistical factors associated with death and mechanical ventilation after a bleeding event for patients ad-
ministered either andexanet alfa or 4F-PCC.

Death Mechanical ventilation
Unadjusted odds
ratios (95% CI)

Adjusted odds
ratios (95% CI)

Unadjusted odds
ratios (95% CI)

Adjusted odds
ratios (95% CI)

Age (continuous) 0.98 (0.94, 1.02) 0.98 (0.94, 1.03) 0.98 (0.94, 1.01) 0.99 (0.95, 1.03)
Sex
Male Ref. Ref. Ref. Ref.
Female 0.56 (0.20, 1.38) 0.72 (0.23, 2.08) 0.67 (0.33, 1.32) 0.80 (0.32, 2.00)

Race and ethnicity∗
Black 0.69 (0.10, 2.73) 0.64 (0.08, 3.57) 0.65 (0.19, 1.93) 1.33 (0.29, 5.85)
White/Non-Hispanic Ref. Ref. Ref. Ref.

Initial DOACT
Apixaban Ref. Ref. Ref. Ref.
Rivaroxaban 1.19 (0.40, 3.15) 2.03 (0.58, 6.80) 0.72 (0.31, 1.62) 0.83 (0.28, 2.45)

Reversal agent treatment
Andexanet alfa 1.34 (0.56, 3.25) 1.08 (0.40, 2.86) 1.58 (0.81, 3.10) 1.37 (0.59, 3.22)
4F-PCC Ref. Ref. Ref. Ref.

Time to reversal agent administration in quartiles 0.85 (0.56, 1.26) 0.92 (0.58, 1.44) 0.80 (0.58, 1.09) 0.70 (0.47, 1.02)
Bleeding event type
Spontaneous ICH Ref. Ref. Ref. Ref.
Traumatic ICH 0.43 (0.13, 1.33) 0.34 (0.10, 1.17) 0.32 (0.12, 0.81) 0.28 (0.09, 0.82)
Other trauma (non-head) 0.37 (0.05, 1.68) 0.37 (0.04, 2.14) 0.70 (0.21, 2.26) 0.29 (0.06, 1.37)
GI bleed 0.35 (0.09, 1.20) 0.36 (0.07, 1.61) 0.30 (0.11, 0.81) 0.06 (0.01, 0.26)
Other bleed 1.39 (0.31, 5.65) 0.93 (0.15, 5.16) 3.95 (0.87, 28.29) 1.21 (0.21, 9.89)

Blood products given
Yes 0.44 (0.10, 1.40) 0.43 (0.07, 2.10) 1.42 (0.63, 3.16) 4.40 (1.14, 19.87)
No Ref. Ref. Ref. Ref.

Insurance
Medicare Ref. — Ref. —
Other insurance type 0.81 (0.25, 2.22) 0.75 (0.33, 1.65)

Marital status
Married Ref. — Ref. —
Single, divorced, widowed, or other 0.72 (0.28, 1.76) 0.54 (0.27, 1.09)

Note: Model ft statistics for death include Akaike Information Criterion (AIC) 135.38 and for mechanical ventilation AIC: 164.30. Adjusted models included the following
variables: age, sex, race and ethnicity, initial DOACT, reversal agent treatment, time to reversal agent administration, bleeding event type, blood products given, insurance,
andmarital status. Asian individuals excluded from thesemultivariable models because of instability with small cell sizes. There were no statistically signifcant diferences in
model ft when including insurance and marital status, so these variables were dropped from the multivariable model to compensate for other variables and to increase
statistical power. Bold values indicate p< 0.05.
Abbreviations: 4F-PCC= 4-factor prothrombin complex concentrate, CI = confidence interval, DOACT= direct oral anticoagulant treatment, GI = gastrointestinal, ICH
= intacranial hemorrhage.
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reversal of life-threatening hemorrhages in patients on rivar-
oxaban or apixaban. There were no diferences in sociodemo-
graphic factors associated with reversal agent selection between
patients who received andexanet alfa compared to patients who
received 4F-PCC. Additionally, there were no diferences in
logistical factors associated with reversal agent selection between
andexanet alfa and 4F-PCC (e.g., type of arrival, insurance, time
to reversal agent administration) in this analysis. The lack of

diferences in sociodemographic and logistical factors in reversal
agent selection at these four major medical centers may be due to
clinicians primarily utilizing hospital protocols for selection of
reversal agent. Patients with an ICH were more likely to receive
andexanet alfa compared to 4F-PCC in our study, which is
consistent with the approved indication for andexanet alfa.
Outcomes for those with ICH aremore favorable for patients who
receive andexanet alfa compared to 4F-PCC in previous research,

TABLE 6 | Sociodemographic and logistical factors associated with length of stay after major bleeding event for patients administered either
andexanet alfa or 4F-PCC.

Length of stay
Unadjusted rate ratios Adjusted rate ratios

(95% CI) (95% CI)
Age (continuous) 1.00 (0.98, 1.02) 1.01 (1.01, 1.03)
Sex Ref.
Male 0.83 (0.62, 1.10) Ref.
Female 0.78 (0.56, 1.10)

Race and ethnicity∗
Black 0.98 (0.64, 1.58) 1.42 (0.88, 2.34)
White/non-Hispanic Ref. Ref.

Initial DOACT
Apixaban Ref. Ref.
Rivaroxaban 0.85 (0.61, 1.21) 0.90 (0.61, 1.35)

Reversal agent treatment
Andexanet alfa 0.85 (0.86, 1.49) 1.12 (0.83, 1.51)
4F-PCC Ref. Ref.

Time to reversal agent administration in quartiles 1.12 (0.99, 1.27) 1.09 (0.95, 1.27)
Presentation to site hospital
Transfer from an outside hospital 1.34 (0.95, 1.91) 1.19 (0.77, 1.85)
Walk-in arrival 0.98 (0.68, 1.45) 0.88 (0.58, 1.35)
EMS Ref. Ref.

Bleeding event type
Spontaneous ICH Ref. Ref.
Traumatic ICH 0.68 (0.47, 0.98) 0.79 (0.53, 1.16)
Other trauma (nonhead) 0.94 (0.59, 1.51) 0.74 (0.42, 1.30)
GI bleed 0.53 (0.36, 0.79) 0.43 (0.27, 0.71)
Other bleed 1.18 (0.71, 2.04) 1.41 (0.79, 2.60)

Blood products given
Yes 1.08 (0.78, 1.52) 1.44 (0.93, 2.21)
No Ref. Ref.

Insurance
Medicare Ref. Ref.
Other insurance type 1.08 (0.78, 1.52) 1.63 (1.07, 2.50)

Marital status
Married Ref. Ref.
Single, divorced, widowed, or other 0.80 (0.78, 1.52) 1.03 (0.74, 1.45)

Note: Length of stay was measured as a count variable in days. Adjusted models included the following variables: age, sex, race and ethnicity, reversal agent treatment, initial
DOACT, time to reversal agent administration, presentation to site hospital, bleeding event type, blood products given, insurance status, and marital status. One outlier
excluded in models for length of stay of 337 days. Model for length of stay ft statistics: Akaike Information Criterion (AIC) 815.56 and goodness-of-ft test (residual deviance:
124.36, df= 105, p = 0.10), log-likelihood test statistic between negative binomial and Poisson regression was statistically signifcant (p < 0.001). Asian individuals excluded
from these multivariable models because of instability with small cell sizes; DOACT, direct oral anticoagulant treatment; ICH, intracranial hemorrhage; GI, gastrointestinal.
Bold values indicate p < 0.05.
Abbreviations: 4F-PCC, 4-factor prothrombin complex concentrate; CI, confdence interval.
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whichmay have infuenced providers’ selection of andexanet alfa
for these patients [8, 12]. Selection of reversal agent for ICH may
be infuenced by studies demonstrating superiority in hemostatic
control for andexanet alfa over 4F-PCC [12, 13, 16]. In the recent
ANNEXA-I trial, andexanet alfa had better control in hematoma
expansion in patients with ICH compared to standard
therapies [12].

Patient characteristics that were associated with a delay in ad-
ministration of reversal agents include interhospital transfer,
other blood product administration, and those who identify as
Black compared to non-Hispanic White. The delay from inter-
hospital transfer may be related to the availability of reversal
agents and specialists at the initial receiving hospital. In a ret-
rospective cohort study by Nichols et al., interhospital transfers
were associated with a 6.26-fold increase in time to neurosurgical
admission [17]. The current study found racial diferences in the
time to reversal agent administration. Other research has shown
longer time to emergency treatment for chest pain and stroke for
non-Hispanic Black individuals compared to White individuals
[18, 19]. However, the current study did not fnd racial disparities
associated with reversal agent selection, mortality, or mechanical
ventilation. Site diferences were examined in bivariate analysis,
and there were no statistically signifcant diferences in in-
surance status or race/ethnicity with regard to site. Future re-
search should examine systemic barriers associated with longer
time to reversal agent administration. Although some factors
were associated with faster reversal agent administration, further
investigation with larger samples is needed to clarify the role of
insurance status’ impact on time to treatment.

Additionally, there were no statistically signifcant diferences
between andexanet alfa and 4F-PCC with regard to mortality,
mechanical ventilation, and length of stay. Mortality has pre-
viously been shown to be lower in patients who received
andexanet alfa compared to 4F-PCC in the treatment of life-
threatening hemorrhages; however, we did not detect this as-
sociation in our study, which may be due to the smaller sample
size [8, 13, 16]. In the ANNEXA-I study, there was also found to
be no diference in mortality between andexanet alfa as com-
pared to standard of care [12].

Several studies have shown an increase in the incidence of
thromboembolic events in patients treated with andexanet alfa
compared to 4F-PCC [7, 12, 20]. In a meta-analysis published by
Orso et al., the rate of thromboembolic events after treatment for
ICHwas higher in the andexanet alfa group compared to 4F-PCC
[20]. The ANNEXA-4 multicenter, prospective study of 171 pa-
tients documented a thromboembolic complication rate of 10%
after administration of andexanet alfa compared to the 4.2% in
the 72 patients analyzed in this study [21]. In our study, there was
a relatively low risk of thromboembolic events in the andex-
anet alfa cohort (4%) compared to the 4F-PCC cohort (3%), which
was not statistically diferent. This is more consistent with the
meta-analysis by White and colleagues which did not detect
a statistically signifcant diference in thrombotic events between
andexanet alfa and 4F-PCC [12].

4.1 | Limitations

The limitations of this study are primarily related to its retro-
spective study design and smaller sample size of only 144 pa-
tients. While proportional sampling strategies were implemented

to obtain balanced groups of patients receiving andexanet alfa
and 4F-PCC, there were a limited number of cases receiving
andexanet alfa. This may have reduced the ability to detect small
to moderate diferences in sociodemographic and logistical
factors associated with reversal agent selection. Additionally,
because data were extracted from the EMR, data are limited by
the availability and completeness of documentation at the time of
care. Important clinical details may have been missing or in-
consistently recorded across sites.

5 | Conclusion

Despite possible concerns about sociodemographic and logistical
barriers to accessing andexanet alfa compared to 4F-PCC, there
were no diferences in these variables between those who re-
ceived andexanet alfa compared to those who received 4F-PCC.
This may indicate that factors such as race and ethnicity, sex,
marital status, and housing status did not factor into clinicians’
decisions for selecting a reversal agent. Likewise, despite the
more recent use of andexanet alfa for bleeding reversal compared
to 4F-PCC, and possible familiarity with 4F-PCC, there were no
diferences in length of time to reversal agent administration.
Factors that were associated with longer times to reversal agent
administration included patients transferred from outside hos-
pitals, patients receiving blood products, and patients who were
Black compared to non-Hispanic White. Finally, there were no
diferences in sociodemographic factors with regard to patient
outcomes.
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