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Abstract

Objectives:This studydescribes clinical characteristics andmanagement strategies for

patients with factor Xa (FXa) inhibitor–related traumatic non-intracranial bleeds who

were treatedwithandexanet alfaor four-factorprothrombin complex concentrate (4F-

PCC).

Methods:An observational cohort study (ClinicalTrials.gov Identifier: NCT05548777)

was conducted using electronic health records from 354 US hospitals. Included

patients were hospitalized with rivaroxaban- or apixaban-related bleeding, had

received andexanet alfa or 4F-PCC treatment during their hospitalization, and were

discharged between May 2018 and September 2022. This analysis was performed in

the subgroup of patients with traumatic non-intracranial critical compartment/non-

compressible bleeds or other traumatic bleeds.

Results: The study population included 250 patients (andexanet alfa, n= 116; 4F-PCC,

n= 134). Critical compartment bleeds were themost common (86.8%), with retroperi-

toneal bleeds the most common subtype (30.9%). Most patients were admitted via

the emergency department (82.0%). The median time from presentation to rever-

sal/replacement treatmentwas2.7 (interquartile range, 1.2, 6.6) h. For patients treated

with andexanet alfa, 63.8% were administered the low-dose regimen. For 4F-PCC, a

median of 2000 total units was administered per patient. Other treatment strategies

used included intravenous fluids (26.0%), fresh frozen plasma (16.0%), and packed red

blood cells (13.2%). Prior to hospital discharge, oral anticoagulants were restarted in

20.4% of patients. Overall, 25 (10.0%) patients died in hospital.
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Conclusion:This analysis provides insights into the clinical characteristics andmanage-

ment strategies, including time to treatment, for patients treated with andexanet alfa

or 4F-PCCwhile hospitalized for FXa inhibitor–related traumatic bleeds.
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1 INTRODUCTION

1.1 Background

Trauma is estimated to account for 8% of deaths per year worldwide.1

Bleeding accounts for approximately 40% of the potentially pre-

ventable deaths associated with trauma, with most deaths occurring

within 24 h.2,3 The risk of major bleeding is further exacerbated

by the use of anticoagulants, such as oral factor Xa (FXa) inhibitors

(FXai), resulting in increasedmorbidity andmortality.2,4 A recentmeta-

analysis of 19 studies found that preinjury anticoagulation in trauma

patients was associated with an approximately two-fold higher risk of

in-hospital mortality comparedwith no preinjury anticoagulation.5

1.2 Importance

Inactive four-factor prothrombin complex concentrate (4F-PCC) is

approved for the management of bleeding associated with vitamin

K–dependent coagulation factors and is also used off-label for the

management of FXai-related major bleeding, despite limited clini-

cal trial evidence and lack of a rational pharmacologic mechanism

of action.4,6–8 Andexanet alfa, a recombinant protein specifically

designed to reverse the anticoagulant effects of oral FXai, received

accelerated approval in the United States and conditional approval

in Europe for use as a specific reversal agent for rivaroxaban- or

apixaban-related, life-threatening or uncontrolled bleeding. In patients

with major bleeding associated with use of FXai who were enrolled in

the Andexanet Alfa, a Novel Antidote to the Anticoagulation Effects

of Factor Xa Inhibitors (ANNEXA-4) study, treatment with andexanet

alfa reduced anti-FXa activity by >90% among patients treated with

rivaroxaban or apixaban and was associated with good or excellent

hemostatic efficacy at 12 h in 80% of patients.9,10 In the ANNEXA-I

study of andexanet alfa versus usual care (PCC for 86%) in patients

with intracranial hemorrhage (ICH) while taking FXai, the proportion

of patients achieving hemostatic efficacy was significantly higher with

andexanet alfa (67.0%) versus usual care (53.1%; p = 0.003), as was

reduction inmedian anti-FXa activity (94.5% vs. 26.9%; p< 0.001).11

Guidelines issued in 2023 by the European Task Force for Advanced

Bleeding Care in Trauma suggest reversal with andexanet alfa in cases

of life-threatening bleeding in the presence of an apixaban or rivarox-

aban effect, with administration of PCC suggested if andexanet alfa is

not available.12 Similarly, theWestern Trauma Association Algorithms

Committee guidelines issued in 2021 suggest that in the management

of life-threatening bleeding or injury with FXai use, either andex-

anet alfa or 4F-PCC should be used, with the acknowledgment that

andexanet alfa is the only US Food andDrug Administration–approved

reversal agent for FXai.13

The clinical guidelines further emphasize the need for timely and

appropriatemanagement of traumatic bleeds12,13; however, data from

routine clinical practice on the current management of patients with

FXai-related traumatic bleeds are limited.

1.3 Goals of this investigation

The present analysis describes the clinical characteristics and man-

agement strategies used for patients treated with either andexanet

alfa or 4F-PCC while hospitalized for a FXai-related traumatic non-

intracranial bleed.

2 METHODS

2.1 Study design and setting

This is a subgroup analysis of a multicenter observational cohort study

(ClinicalTrials.gov Identifier:NCT05548777) that included4395adults

hospitalized with rivaroxaban- or apixaban-related acute major bleed-

ing at 354 US hospitals who received treatment with andexanet alfa or

4F-PCC; the methods for this study have been detailed previously.14

Via a study-specific survey, patient datawere retrospectively extracted

from electronic health record data deidentified in compliance with

the Health Insurance Portability and Accountability Act. Institutional

review board exemption was obtained by Advarra Institutional Review

Board Services, Inc. per Department of Health and Human Services

regulations found at 45 Code of Federal Regulations 46.104(d)(4).

2.2 Selection of participants

In brief, the study included adult patients with a diagnosis of hem-

orrhagic disorder due to extrinsic circulating anticoagulants (Interna-

tional Classification of Diseases, 10th Revision diagnosis code: D68.32)

as part of an inpatient admission who were taking rivaroxaban or

apixaban at the time of the bleeding event, who received treat-
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ment with andexanet alfa or 4F-PCC during hospitalization, and who

were discharged between May 2018 and September 2022. The cur-

rent analysis included patients with traumatic non-intracranial criti-

cal compartment/non-compressible bleeds (including retroperitoneal,

intramuscular with compartment syndrome, intraarticular, intraocular,

pericardial, and intraspinal bleeds) or other traumatic bleeds, hereafter

referred to as traumatic bleeds. Patients with ICH in this observa-

tional study were evaluated in a separate subgroup, as presented

previously14; thus, patients with traumatic ICH were excluded from

this analysis.

2.3 Measurements and outcomes

Evaluated patient and clinical characteristics included age, sex, bleed

type, impaired mental status on admission, do-not-resuscitate order,

comorbidities, systolic bloodpressure, prothrombin time, international

normalized ratio, oral FXai used, time since last anticoagulant dose, and

location of presentation. Time from presentation to treatment (“door-

to-treatment time”) and dose of andexanet alfa or 4F-PCC treatment

were recorded, as were other management strategies used, including

intravenous fluids, blood products, and the restart of anticoagulation.

Hospital length of stay and in-hospital mortality were also recorded.

2.4 Data analyses

Continuous variables were summarized as medians with interquartile

ranges (IQRs); categorical variables were summarized as counts and

percentages. The low number of patients precluded adequate statisti-

cal comparisons between groups; thus, these analyses are descriptive

only.

3 RESULTS

3.1 Patient and clinical characteristics

This analysis included 250 patients hospitalized for traumatic bleeds,

116 of whom were treated with andexanet alfa and 134 with 4F-PCC.

Demographic and clinical characteristics at admission are shown in

Table 1. Most patients (82.0%) presented directly to the emergency

department, while 12.8% were transferred from another hospital and

4.8% were directly admitted. The median (IQR) age was 62.0 (53.0,

74.0) years, and 64.0% of patients were men. The most common

comorbidities were hypertension (51.6%), diabetes (40.8%), chronic

kidney disease (20.0%), heart failure (18.0%), and history of stroke

(17.8%). Overall, 52.4% of patients had received apixaban, and 47.6%

had received rivaroxaban; the majority of patients (82.0%) had taken

their last anticoagulant dose ≤18 h prior to presentation. Bleeding in

a critical compartment represented 86.8% of events. Among patients

with critical compartment bleeds, the most common locations were

retroperitoneal (30.9%), intramuscular with compartment syndrome

(23.5%), and intraarticular (17.1%).

The Bottom Line

The current study evaluated the clinical characteristics and

management strategies used for patients who received a

commonly used off-label replacement agent, 4-factor pro-

thrombin complex concentrate, or a specific reversal agent,

andexanet alfa, for factor Xa inhibitor–associated traumatic

non-intracranial bleeds. In this study, 82% of patients pre-

sented directly to the emergency department, suggesting the

urgency of treatment; however, time from presentation to

treatment was approximately 3 hours. Patients most com-

monly received intravenous fluids as additional treatment,

and 10% of patients died in hospital. This study provides

valuable insights into an undercharacterized and critically ill

patient population.

3.2 Andexanet alfa and 4F-PCC treatment

Characteristics of the reversal/replacement treatments are shown in

Table 2. The median (IQR) door-to-treatment time was 2.7 (1.2, 6.6)

h overall. Most patients treated with andexanet alfa received low-

dose treatment (63.8%). Themedian (IQR) dose of 4F-PCCwas 2000.0

(1500.0, 3362.5) total units, and most (84.3%) patients received a

single dose of 4F-PCC treatment.

3.3 Other management strategies

Other management strategies used for traumatic bleeds were intra-

venous fluids (26.0%), fresh frozen plasma (16.0%), packed red blood

cells (13.2%), and vitamin K (10.4%; Table 2), with numerically lower

use in those treated with andexanet alfa than in those treated with 4F-

PCC.Oral anticoagulants were restarted prior to discharge in 20.4% of

patients.

3.4 Length of stay, discharge status, and mortality

In patients discharged alive, the median (IQR) length of hospital stay

was 6.0 (4.0, 9.0) days overall (Table 2). A total of 52.8% of patients

were discharged home, and 37.2% were discharged to another or to

an unknown discharge destination. Overall, 25 (10.0%) patients died in

hospital.

4 LIMITATIONS

Key limitations of this study include the non-randomized study design,

as well as limitations inherent to the extraction of data from electronic

health care records, including dependency on the availability and gran-

ularity of the recorded data.15 In this study, certain key covariates
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TABLE 1 Patient and anticoagulant dosing characteristics for traumatic non-intracranial bleeds.

All patients (N= 250) Andexanet alfa (n= 116) 4F-PCC (n= 134)

Age (years), median (IQR) 62.0 (53.0, 74.0) 62.0 (55.0, 72.2) 63.5 (51.0, 75.0)

Sex, n (%)

Male 160 (64.0) 78 (67.2) 82 (61.2)

Bleed types, n (%)

Critical compartment 217 (86.8) 102 (87.9) 115 (85.8)

Other bleed 33 (13.2) 14 (12.1) 19 (14.2)

Critical compartment subtype, n (%) N= 217a n= 102a n= 115a

Retroperitoneal 67 (30.9) 23 (22.5) 44 (38.3)

Intramuscular with compartment syndrome 51 (23.5) 23 (22.5) 28 (24.3)

Intraarticular 37 (17.1) 20 (19.6) 17 (14.8)

Intraocular 24 (11.1) 18 (17.6) 6 (5.2)

Pericardial 21 (9.7) 15 (14.7) 6 (5.2)

Intraspinal 16 (7.4) 7 (6.9) 9 (7.8)

Other 10 (4.6) 1 (1.0) 9 (7.8)

Impairedmental status (yes), n (%) N= 235b n= 108b n= 127b

66 (28.1) 31 (28.7) 35 (27.6)

DNR order, n (%) 45 (18.0) 26 (22.4) 19 (14.2)

First SBPmeasurement (mmHg), median (IQR) 120.0 (100.0, 142.8) 120.0 (100.0, 145.0) 120.0 (100.0, 140.0)

INR, median (IQR) N= 191b n= 84b n= 107b

1.7 (1.2, 3.0) 1.7 (1.2, 3.0) 1.7 (1.2, 3.2)

PT (s), median (IQR) N= 129b n= 57b n= 72b

15.0 (12.0, 30.0) 14.0 (11.0, 20.0) 16.2 (12.0, 32.2)

Comorbidities, n (%)

Hypertension 129 (51.6) 59 (50.9) 70 (52.2)

Diabetes 102 (40.8) 44 (37.9) 58 (43.3)

CKD 50 (20.0) 23 (19.8) 27 (20.1)

Heart failure 45 (18.0) 21 (18.1) 24 (17.9)

Stroke historyc 44 (17.8) 22 (19.1) 22 (16.7)

Liver disease 28 (11.2) 11 (9.5) 17 (12.7)

Peptic ulcer disease 15 (6.0) 6 (5.2) 9 (6.7)

Oral FXai, n (%)

Apixaban 131 (52.4) 55 (47.4) 76 (56.7)

Rivaroxaban 119 (47.6) 61 (52.6) 58 (43.3)

Time since last anticoagulant dose, n (%)

<8 h 93 (37.2) 43 (37.1) 50 (37.3)

8‒18 h 112 (44.8) 57 (49.1) 55 (41.0)

>18 h 45 (18.0) 16 (13.8) 29 (21.6)

Location of presentation, n (%)

Emergency department 205 (82.0) 98 (84.5) 107 (79.9)

Hospital transfer 32 (12.8) 9 (7.8) 23 (17.2)

Directly admitted 12 (4.8) 8 (6.9) 4 (3.0)

Other/unknown 1 (0.4) 1 (0.9) 0

Abbreviations: 4F-PCC, four-factor prothrombin complex concentrate; CKD, chronic kidney disease; DNR, do-not-resuscitate; FXai, factor Xa inhibitor; INR,

international normalized ratio; IQR, interquartile range; PT, prothrombin time; SBP, systolic blood pressure.
aPatients with critical compartment bleeds.
bPatients with available data.
cAll patients,N= 247; andexanet alfa, n= 115; 4F-PCC, n= 132.
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TABLE 2 Management and outcomes of traumatic non-intracranial bleeds.

All patients (N= 250) Andexanet alfa (n= 116) 4F-PCC (n= 134)

Door-to-treatment time (h), median (IQR) 2.7 (1.2, 6.6) 2.9 (1.4, 6.1) 2.5 (1.0, 8.1)

Andexanet alfa initial dose, n (%)

Low dosea ‒ 74 (63.8) ‒

High doseb ‒ 42 (36.2) ‒

4F-PCC total dose (IU), median (IQR) ‒ ‒ 2000.0 (1500.0, 3362.5)

4F-PCC dosing, n (%)

Single ‒ ‒ 113 (84.3)

Multiple ‒ ‒ 11 (8.2)

Missing ‒ ‒ 10 (7.5)

Other treatment strategies, n (%)

IV fluids 65 (26.0) 23 (19.8) 42 (31.3)

Fresh frozen plasma 40 (16.0) 12 (10.3) 28 (20.9)

Packed red blood cells 33 (13.2) 11 (9.5) 22 (16.4)

Vitamin K 26 (10.4) 6 (5.2) 20 (14.9)

Tranexamic acid 7 (2.8) 3 (2.6) 4 (3.0)

Protamine sulfate 6 (2.4) 3 (2.6) 3 (2.2)

Desmopressin 4 (1.6) 1 (0.9) 3 (2.2)

Factor VIIa 2 (0.8) 2 (1.7) 0

Feiba NF 2 (0.8) 2 (1.7) 0

3F-PCC 0 0 0

Restart of anticoagulation, n (%)

Oral anticoagulation 51 (20.4) 27 (23.3) 24 (17.9)

Unfractionated or lowmolecular weight heparin 35 (14.0) 17 (14.7) 18 (13.4)

Anticoagulation not restarted 164 (65.6) 72 (62.1) 92 (68.7)

LOS (days), median (IQR) 6.0 (4.0, 9.0) 6.0 (4.0, 9.0) 6.0 (4.0, 9.8)

LOS excluding death (days), median (IQR)c 6.0 (4.0, 9.0) 6.0 (4.0, 9.0) 7.0 (5.0, 10.0)

Discharge status, n (%)

Discharged home 132 (52.8) 65 (56.0) 67 (50.0)

Death 25 (10.0) 10 (8.6) 15 (11.2)

Other/unknown destination 93 (37.2) 41 (35.3) 52 (38.8)

Abbreviations: 3F-PCC, three-factor prothrombin complex concentrate; 4F-PCC, four-factor prothrombin complex concentrate; IQR, interquartile range; IV,

intravenous; LOS, length of stay.
a400mg bolus (delivered at a target rate of 30mg/min, followed by a 4mg/min infusion over 120min).
b800mg bolus (delivered at a target rate of 30mg/min, followed by an 8mg/min infusion over 120min).
cAll patients,N= 225; andexanet alfa, n= 106; 4F-PCC, n= 119.

(e.g., some laboratory parameters such as anti-FXa levels, indication for

and dose of anticoagulation) were underreported. The current study

population may not be representative of all patients with FXai-related

traumatic bleeds, since it included only those who received andex-

anet alfa or 4F-PCC.14 Furthermore, while this study represents a

large cohort of patients with traumatic bleeds, the majority (87%) of

patients in this analysis had critical compartment hemorrhages, pri-

marily retroperitoneal. The subset of patients with blunt abdominal

solid organ injury is of special interest due to the common use, but

lower success rate, of non-operative treatment for these types of

injuries, aswell as the increased risk ofmortality associatedwith prein-

jury chronic anticoagulation,16 but this population was not specifically

investigated in the current study.

Statistical comparisons between the two treatment groups were

not deemed appropriate given the small sample size and low sta-

tistical power, as well as our limited ability to rigorously adjust

for baseline confounders that may affect outcomes in a trauma

population.

Finally, certain outcomes of interest, such as thrombotic events or

functional outcomes, were beyond the scope of the current study due

to limited reporting, need for endpoint adjudication, and as patient

follow-up ended at hospital discharge.14
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5 DISCUSSION

This study provides insights into clinical characteristics and manage-

ment strategies, including time to treatment, among patients treated

with andexanet alfa or 4F-PCC while hospitalized with rivaroxaban-

or apixaban-related traumatic bleeding events. A literature search for

studies of reversal or replacement agent use in patients with trau-

matic bleeds while taking direct oral anticoagulants (DOACs) found

limited evidence on themanagement of these type of bleeds. In a study

that included 75 trauma patients taking DOACs who received rever-

sal treatment, 60 received 4F-PCC and only one received andexanet

alfa.17 This multicenter study, including 250 patients with traumatic

bleeds treated with andexanet alfa or 4F-PCC, may help fill this evi-

dence gap.

In the current study, patients with rivaroxaban- or apixaban-related

traumatic bleeds most commonly presented directly to the emergency

department, suggesting the urgency of treatment for their traumatic

bleeds. Prompt use of a reversal agent is a crucial part of the recom-

mended treatment strategy for trauma patients with severe bleeding

while on FXai.12,13 Data on how timing of reversal treatment impacts

outcomes in patients with anticoagulant-related traumatic bleeding

are lacking; however, earlier anticoagulant reversal has been associ-

ated with improved outcomes in patients with ICH.14,18 In a recent

study in patients with anticoagulant-related ICH, door-to-treatment

times of ≤1 h were associated with a reduced mortality risk.18 In the

current analysis, the median time from presentation to treatment was

approximately 2.7 h in patients with traumatic non-intracranial bleeds,

suggestingmore rapid treatment as a potential area for improvement.

The most commonly used treatment strategies other than andex-

anet alfa or 4F-PCC were intravenous fluids, packed red blood cells,

fresh frozen plasma, and vitamin K, with consistent and numerically

lower use in those treated with andexanet alfa than with 4F-PCC.

This pattern was also observed in the overall study population that

included all bleed types,14 and may suggest lower resource utilization

with andexanet alfa compared with 4F-PCC for anticoagulant reversal

in FXai-related bleeds.

Overall, 10.0% of patients died in hospital: 8.6% of patients in the

andexanet alfa group and 11.2% in the 4F-PCC group. This was consis-

tent with the in-hospital mortality reported previously in patients who

experienced traumatic injurieswhile takingDOACs,which ranged from

3% to 19%, although those studies included patients with intracra-

nial bleeding.19–24 In-hospital mortality in the current population with

traumatic bleeds was numerically higher than in the overall study pop-

ulation across both the andexanet alfa (6.0%) and 4F-PCC (10.6%)

groups.14 While mortality differed by bleed location and was highest

for ICH and lowest for gastrointestinal bleeds,14 in-hospital mortal-

ity was consistently lower among patients treated with andexanet alfa

than with 4F-PCC, regardless of bleed type, including after adjust-

ment for baseline confounders.14 These findings are consistent with

those of other recent indirect comparative studies of patients with

FXai-related acute major bleeding treated with andexanet alfa or 4F-

PCC, which showed significantly lower mortality with andexanet alfa

comparedwith PCC, although those populations also included patients

with intracranial bleeding.25,26

In conclusion, this analysis provides insights into the clinical char-

acteristics and current management strategies, including time to

treatment, for patients treated with andexanet alfa or 4F-PCC while

hospitalized for rivaroxaban- or apixaban-related traumatic bleeds.
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