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Abstract
Background

Spontaneous intracerebral hemorrhage (ICH) is the most devastating type of stroke but lacks the
established time-critical treatment guidelines available for acute ischemic stroke. This study
investigated the system-level delays in anticoagulation reversal for patients with anticoagulation-
associated ICH to identify opportunities for quality improvement.

Methods

We conducted a retrospective study of patients with anticoagulation-associated ICH admitted to our
medical center between January 1, 2020, and December 31, 2025. Patients with warfarin- or direct oral
anticoagulant (DOAC)-associated ICH were identified from clinical trial screening log, Vizient, and AHA's
Get With The Guidelines-Stroke registry. Code Stroke activation, warfarin or DOAC use, door to CT, INR
results or anticoagulation reversal times, and the causes of delay were analyzed.

Results

Of 892 ICH admissions, 50 patients had confirmed anticoagulation-associated ICH. Among those who
underwent reversed at our center (n = 34), Code Stroke activation (n = 24) significantly reduced median
door-to-CT time (16.5[12.8-22.0] vs 172.5 [49.0-261.5] minutes, p < 0.001), anticoagulation reversal
order-to-needle time (37.5 [24.7-56.9] vs 57.0 [39.0-85.0] minutes, p = 0.042), and door-to-treatment
(DTT) time (64 [48-98] vs 277 [159-305] minutes, p < 0.001) compared to non-activation (n = 10).
Conversely, warfarin use was associated with higher international normalized ratios (INR) (2.7 [2.2-3.6]
vs 1.3 [1.2-1.9], p = 0.003) and significantly longer DTT time (95 [51-108] vs 64 [48—77] minutes, p =
0.007) due to waiting for INR results (38 [36.5-57.0] minutes). Primary DTT delays stemmed from the
absence of a time-critical treatment protocol, weight-based dosing for 4F-PCC, waiting for INR results,
and a lack of Code Stroke activation for patients with mild symptoms or unresponsiveness.

Conclusions

Our findings suggest that Code Stroke activation for all suspected cases of ICH, a time-critical ICH
algorithm targeting a DTT time of less than 60 minutes, and immediate anticoagulation reversal with
fixed-dose 4F-PCC without waiting for INR results may optimize the acute management of
anticoagulation-associated ICH.

INTRODUCTION
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Spontaneous intracerebral hemorrhage (ICH) accounts for 28.8% of all strokes worldwide.l"l
Uncontrolled hypertension, cerebral amyloid angiopathy, and oral anticoagulant use are the most
common causes of ICH.[2781 Hematoma expansion is an independent predictor of poor functional
outcome.”~8l Several randomized controlled trials (RCTs) of intensive blood pressure control, emergent
anticoagulation reversal, or hemostatic therapy with recombinant activated factor VII (rFVlla) have
demonstrated reductions in hematoma expansion without significant improvement in functional
outcomes.!8~1 However, a few recent studies have showed that ultra-early bundled care, including
simultaneous blood pressure control, anticoagulation reversal within 60 minutes, or minimal hematoma
evacuation, reduces the risk of hematoma expansion and improves functional outcome.[15718l

Anticoagulation-associated ICH is linked with a higher risk of hematoma expansion and mortality.[4' 5]

Among all stroke subtypes, warfarin-associated ICH carries the highest mortality (43—52%).[4' 6l Despite
these devastating outcomes, ICH lacks established, time-critical management guidelines in contrast to

acute ischemic stroke (AIS).['972"] This consensus view prompted experts in the field to call for a
[21]

standardized “Code ICH” protocol.
In a retrospective study using data from 11 comprehensive stroke centers participating in the American
Heart Association’s Get With The Guidelines (GWTG) Stroke registry, the time-to-treatment for patients
with ICH was significantly longer than for patients with AIS.22 Only 37% of patients with anticoagulation-
associated ICH received anticoagulation reversal with a door-to-treatment (DTT) time < 90 minutes.
Similarly, in a cohort study of 7469 patients with anticoagulation-associated ICH from 465 US hospitals
participating in the GWTG-Stroke registry, only 27.7% patients achieved a DTT time < 60 minutes. 23]
Notably, a DTT time of < 60 minutes for anticoagulation reversal was associated with decreased
mortality and discharge to hospice. These findings underscore the critical need to identify factors
contributing to DTT delays and to optimize the acute management of anticoagulation-associated ICH.

We implemented a Code Stroke algorithm incorporating anticoagulation reversal in 2015.24 25 This
study aimed to evaluate the system-level delays in anticoagulation reversal for patients with
anticoagulation-associated ICH to identify concrete opportunities for quality improvement.

METHODS
Study Design and Ethical Approval

This retrospective study was approved by the Institutional Review Board (IRB) of the University of
California, Irvine. The requirement for informed consent was waived due to the study’s retrospective
design and the minimal risk to participants. All methods were conducted in accordance with applicable
regulations and the STROBE reporting guidelines for observational studies. De-identified data are
available from the corresponding author upon reasonable request.
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Patient population

Consecutive patients with spontaneous ICH admitted to the University of California, Irvine Medical
Center between January 1, 2020, and December 31, 2025, were screened for inclusion. The patient list,
including demographic information and admission dates, was generated from our program'’s screening
log for the Anticoagulation in Intracerebral Hemorrhage Survivors for Stroke Prevention and Recovery
(ASPIRE) trial, the Vizient database, and the AHA's GWTG-Stroke registry.l26-271 All patients with
suspected warfarin- or direct oral anticoagulant (DOAC)-associated ICH were included for manual chart
review by 2 co-authors (H.T. and M.C.) and independent verification by senior author (W.Y.).

The following data were abstracted from the electronic medical record (EPIC): age, race, past medical
history, home medications, indication for anticoagulation, time of last anticoagulant dose, time of
symptom onset or last-known-well, emergency department (ED) arrival time, National Institutes of Health
Stroke Scale (NIHSS) score, ICH score, international normalized ratio (INR), onset-to-treatment time
(OTT), DTT time for anticoagulation reversal, and functional outcome at hospital discharge as assessed
by the modified Rankin Scale (mRS).

All patients underwent standard diagnostic evaluation and treatment, including anticoagulation reversal
in accordance with treatment guidelines.24 25 281 Qur institutional protocol for anticoagulation reversal
includes intravenous (1V) four-factor prothrombin complex concentrates (4F-PCC; 25-50 units/kg) for
factor Xa inhibitor-associated ICH, idarucizumab for dabigatran-associated ICH, and IV 4F-PCC (25-50
units/kg) combined with IV vitamin K (10 mg) for warfarin-associated ICH, with dosing guided by the
INR.25] An additional dose of 4F-PCC and/or vitamin K was administered if the repeat INR remained
elevated.

Statistical analysis

Continuous variables with a normal distribution were described by mean + standard deviation (SD). Non-
normally distributed variables were reported as median with interquartile ranges (IQR). Categorical
variables were expressed by counts and percentages. Baseline characteristics and functional outcomes
at hospital discharge were compared between study groups using the independent student T test or the
Mann-Whitney U test as appropriate. Due to the small sample size, Fisher's exact test was used to
evaluate categorized data. Statistical significance was set at p < 0.05. Multivariable logistic regression
modeling was not performed due to sample size constraints. All statistical analyses were conducted
using SPSS version 29.0.

RESULTS

Among 892 consecutive patients admitted with spontaneous ICH to our medical center between January
1, 2020, and December 31, 2025, 103 were initially flagged as having suspected anticoagulation-
associated ICH. Fifty patients (5.6%) were confirmed to have true anticoagulation-associated ICH via
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manual chart review and independent verification (Figure 1). Fifty-three patients were excluded for the
following reasons: not actively taking anticoagulants (n=35), traumatic intracranial hemorrhage (n=9),
hemorrhagic transformation of an ischemic stroke (n=5), brain metastasis (n=1), severe
thrombocytopenia (n=1), cerebral venous sinus thrombosis (n=1), or hemorrhagic stroke from infectious
endocarditis (n=1).

Among the 50 patients with confirmed anticoagulation-associated ICH, the most common comorbidities
were hypertension (92%), atrial fibrillation or atrial flutter (78%), and hyperlipidemia or dyslipidemia
(52%). Apixaban was the most frequently used anticoagulant (60%), followed by warfarin (22%) and
rivaroxaban (16%). Forty-one patients (82%) received anticoagulation reversal therapy, whereas nine
patients (18%) did not.

As shown in Table 1, there were no statistically significant differences between the reversal and non-
reversal groups regarding demographics, past medical history, type of oral anticoagulant, NIHSS score,
ICH score, INR, or functional outcomes at hospital discharge. Twenty-seven patients received 4F-PCC
alone for anticoagulation reversal, 10 received 4F-PCC plus vitamin K, 2 received 4F-PCC plus fresh
frozen plasma (FFP), 2 received low-dose vitamin K alone for warfarin-associated ICH with an INR < 2.0.
One patient with a history of atrial fibrillation on Eliquis and end-stage-renal disease (ESRD) on
hemodialysis developed an acute left arm arteriovenous (AV) fistula clot and an occlusive deep vein
thrombosis (DVT) in the left brachiocephalic and subclavian veins following anticoagulation reversal
with 4F-PCC at an outside facility. An additional 3 patients developed nonocclusive, indwelling catheter-
associated DVTs in either the common femoral vein (n=2) or internal jugular vein (n=1). No cases of
pulmonary embolism, acute ischemic stroke, or myocardial infarctions occurred in patients who received
anticoagulation reversal.

Of the 9 patients who did not receive anticoagulation reversal, 4 were transitioned to comfort or palliative
care following family discussion in the ED. These patients presented with severe ICH accompanied by
brain herniation and hydrocephalus, alongside advanced age and/or pre-existing dementia. The
remaining 5 patients did not receive anticoagulation reversal because of small hemorrhage volume or
because their last anticoagulant dose fell outside the recommended therapeutic reversal window (Table
2).

Table 2. The reasons anticoagulation reversal was not administered
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Reasons n

Comfort care or palliative care in ED 4
Stable neurological examination from small hemorrhages 2
Last anticoagulant dose outside recommended reversal window 3
Apixaban > 24 hours since last dose (2)
LMWH > 12 hours since last dose (1)

Among the 41 patients who received anticoagulation reversal, 7 were treated at an outside hospital ED
before transfer to our medical center for a higher level of care. Of the remaining 34 patients who
presented directly to our ED, 24 (70.6%) had a Code Stroke activation upon arrival, whereas 10 did not.
Reasons for the lack of Code Stroke activation included mild symptoms (n=5), unresponsiveness on
arrival (n=4), and symptom onset exceeding 24 hours (n=1). The Non-Code Stroke group was
significantly younger than the Code Stroke group (65.0 + 14.5vs 75.9 £ 11.8, p = 0.028), likely due to a
few young patients presenting with mild symptoms (Table 3).

There were no significant differences in clinical severities (measured by NIHSS and ICH scores),
indications for anticoagulation, anticoagulant type (warfarin vs DOAC), INR, or mRS scores at hospital
discharge between the Code Stroke activation and non-activation groups. However, patients with Code
Stroke activation on arrival had statistically significantly shorter door-to-CT times (16.5 [12.8-22.0] vs.
172.5[49.0-261.5] minutes, p <0.001), anticoagulation reversal (ACR) order-to-needle times (37.5 [24.7-
56.9] vs. 57.0 [39.0-85.0] minutes, p =0.042), OTT time (160 [113-316] vs. 734 [652—-1216] minutes, p <
0.001), and DTT time (64 [48-98] vs. 277 [159-305] minutes, p < 0.001) compared to those without
Code Stroke activation. The shorter DTT time in the Code Stroke group was mostly attributable to
reductions in door-to-CT time, door-to-ACR order time, and ACR order-to-needle times. All these
important time metrics were significantly delayed in the patients without Code Stroke activation. Notably,
the median ACR order-to-needle time in the Code Stroke group was 37.5 minutes, likely due to the delay

from the mixing and preparing weight-based dosing for 4F-PCC.12°]

Table 3. Times to anticoagulation reversal between Code Stroke activation and No Code Stroke
Activation groups
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Code Stroke Activation = No Code Stroke Activation P value

(n=24) (n=10)
Age, years 759+11.8 65.0+14.5 0.028
NIHSS score (IQR) 16.0 (8.8-23.3) 9.5 (1.3-24.0) 0.316
ICH score (IQR) 2 (1-3) 1.5(1-4) 0.653
Indication for AC
A Fib/A Flutter 19 (79.2%) 8 (80%) 1.000
AVR, PE or DVT 5(20.8%) 2 (20%) 1.000
Warfarin Use 7 (29.2%) 2 (20%) 1.000
DOAC Use 17 (70.8%) 8 (80%) 0.547
INR (IQR) 1.69 (1.2-2.2) 1.21 (1.2-1.4) 0.108
Door to CT time (IQR) 16.5(12.8-22.0) 172.5 (49.0-261.5) < 0.001
ACR order-to-needle time (IQR)  37.5(24.7-56.9) 57.0 (39.0-85.0) 0.042
OTT (IQR), min 160 (113-316) 734 (652-1216) < 0.001
DTT (IQR), min 64 (48-98) 277 (159-305) <0.001
mRS score at discharge 5 (4-6) 5 (4-6) 0.798

Abbreviations: AC, anticoagulation; ACR, anticoagulation reversal; AVR, aortic valve replacement; DOAC,
direct oral anticoagulant; DTT, door-to-treatment time; DVT, deep vein thrombosis; INR, international
normalized ratio; IQR, interquartile ranges; PE, pulmonary embolism; OTT, onset-to-treatment time.

In the Code Stroke activation group, 9 patients (37.5%) achieved a DTT time of less than 60 minutes.
Anticoagulation reversal was ordered by ED physicians (n=11, 45.8%), Neurology/Stroke residents (n=7,
29.2%), and Neurosurgery residents (n=6, 25.0%), highlighting the need for a standardized, time-critical
ICH management protocol across the multidisciplinary Code Stroke team.

Table 4. Times to anticoagulation reversal between Warfarin and DOAC groups
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Warfaringroup DOAC Groups  p-value
(n=7) (n=27)
Age, years 71.0+12.6 799+11.2 0.214
Median NIHSS score (IQR) 18 (9.5-23.5) 22 (9.0-23.0) 0.923
Median ICH score (IQR) 1(0-2) 3(1-3) 0.096
INR (IQR) 2.7 (2.2-3.6) 1.3(1.2-1.9) 0.003
Door to CT time (IQR) 15(10.5-16.5) 17 (13.0-22.0)  0.239
Door to INR result time 38 (36.5-57.0) N/A
Door to ACR order time (IQR) 60 (45.5-83.0) 36 (24.0-44.0) 0.042
Median OTT (IQR), minutes 140 (123-449) 165(114-302) 0.949
Median DTT (IQR), minutes 95 (51-108) 64 (48-77) 0.007

Abbreviations: ACR, anticoagulation reversal; DOAC, direct oral anticoagulant; DTT, door-to-treatment
time; INR, international normalized ratio; IQR, interquartile ranges; PE, pulmonary embolism; OTT, onset-
to-treatment time.

We also compared the door to reversal times between the Warfarin and DOAC subgroups in the Code
Stroke activation cohort (Table 4). There were no significant differences in patient ages, NIHSS scores,
ICH scores, door-to-CT time, or onset-to-door time between the 2 subgroups. However, the warfarin
group had significantly higher INR values (2.7 [2.2-3.6] vs. 1.3 [1.2-1.9], p =0.003), longer door to
anticoagulation reversal (ACR) agent order time (60 [45.5-83.0 vs 36 [24.0-44.0] and DTT times (95 [51—
108] vs 64 [48-77] minutes, p = 0.007) for ACR than the DOAC group. This difference was primarily
driven by logistical delays associated with door-to INR result time (38 [36.5-57.0] minutes.

DISCUSSION

Among the 892 ICH admissions at our comprehensive stroke center between January 1, 2020, and
December 31, 2025, 50 (5.6%) were confirmed cases of anticoagulation-associated ICH. Due to

proportionally higher ethnic Asians with ICH (18/50, 36%) at our center, the rate of anticoagulation-
associated ICH in this study was higher than the estimated rate of 3.6% observed across the entire

GWTG Stroke registry database between 2015 and 2021.123]

In this single-center study, we identified several potential opportunities for quality improvement in the
current management of anticoagulation-associated ICH. Although Code Stroke activation was
associated with significantly shorter median DTT time for anticoagulation reversal, treatment remained
substantially delayed compared to historical benchmarks for IV thrombolysis in AIS, particularly among
patients with warfarin-associated ICH. The primary drivers of delayed anticoagulation reversal included:
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the absence of a time-critical treatment protocol specific for ICH, a failure to activate Code Stroke on
arrival in a substantial proportion of eligible patients (29.4%), the prolonged preparation time required for
weight-based 4F-PCC dosing and waiting for laboratory INR results in patients with warfarin-associated
ICH.

Of note, the lack of observed outcome benefit from earlier anticoagulation reversal in this retrospective
study is likely attributable to limited statistical power (n=34) and baseline presentation (younger ages
and smaller baseline hemorrhage in non-code group). A large cohort study of 7469 patients with
anticoagulation-associated ICH from 465 US hospitals participating in the GWTG-Stroke registry
demonstrated that rapid anticoagulation reversal (DTT < 60 minutes) was independently associated with
reduced mortality and lower rates of discharge to hospice.[23] These findings underscore the urgent need
to develop a time-critical treatment protocol for ICH with the same programmatic urgency commonly
implemented for patients with AIS.

Although Andexanet alfa provides superior hemostasis in patients with factor Xa inhibitor-associated
ICH, it carries a significantly higher risk of thromboembolic complications without establishing improved
functional outcomes compared to 4F-PCC.I""3% Conversely, data from GWTG-Stroke showed that the
reversal of subtherapeutic warfarin in patients presenting with acute spontaneous ICH and a baseline
INR of 1.5 to 1.9 did not improve functional outcomes.!3 Together, these findings suggest that rapid,
rather than completely normalized, correction of coagulation parameters is the critical factor in
managing anticoagulation-associated ICH.

In a study of 46 patients with intracranial hemorrhage, a fixed-dose 4F-PCC regimen (1,500 units)
combined with 10 mg IV vitamin K achieved more rapid warfarin reversal without increasing hospital
length of stay, mortality, or redosing requirements compared to a weight-based regimen.[32] The time
required to prepare and mix weight-based 4F-PCC dosing can range from 20 to 45 min depending on
site-specific pharmacy or ED Iogistics.[zg] Our study showed that the median reversal agent order-to-
needle time was 37.5 [24.7-56.9] minutes in the Code Stroke group. This delay could be reduced
significantly if institutional protocols transitioned from weight-based 4F-PCC dosing to fixed-dose
strategies for anticoagulation reversal. Multiple studies spanning patients with major intracranial and
gastrointestinal bleeding have similarly demonstrated that a fixed dose of 4F-PCC (1,500 or 2,000 units)
is just as effective as variable weight-based dosing (25-50 units/kg) at establishing hemostasis for most
patients on warfarin or Factor Xa-inhibitors.[33-37]

Based on these discussions, recent AHA recommendations, and expert consensus, 2021 we propose a
simplified emergency department ICH algorithm with clear, time-critical treatment targets for
anticoagulation reversal, blood pressure control, and emergent neurosurgical interventions (Figure 2). In
this proposed ICH treatment paradigm, Code Stroke activation is recommended for all patients with
suspected ICH, including those presenting with mild or atypical stroke symptoms, sudden onset of
severe headache, or unexplained unresponsiveness. A non-contrast head CT should be performed within
15 minutes of ED arrival. Once ICH is confirmed on CT, patients with anticoagulation-associated ICH
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should receive anticoagulation reversal, systolic blood pressure (SBP) reduction to 130-150 mmHg, and
neurosurgery consultation within 60 minutes, as outlined in Figure 2. A fixed dose of 4F-PCC (2,000
units) alone for Factor Xa inhibitor-associated ICH or alongside 10 mg of IV vitamin K for warfarin-
associated ICH, should be administered immediately after CT confirmation without waiting for laboratory
INR or other test results. Additional doses of 4F-PCC or vitamin K may be administered as clinically
indicated in patients with supratherapeutic INRs or ongoing bleeding.

This study has several limitations. First, given the small sample size, our single-center findings may not
be generalizable to the broader population of patients with anticoagulation-associated ICH. Second, as
expected for a single-center Brief Communication, there is an inherent risk of Type | or Type Il errors in
the interpretation of baseline demographics and clinical results. For example, the age difference
observed between the Code Stroke activation and non-activation groups may represent a false positive
(Type | error) due to the limited sample size. Third, due to sample size constraints, multivariable
modeling could not be performed; potential confounders (e.g., age, baseline NIHSS, or baseline ICH
score) likely influenced the clinical decision to activate Code Stroke. Lastly, despite rigorous screening
and chart reviews, the retrospective design and relatively small sample size may have introduced
selection bias.

CONCLUSIONS

Our findings and published evidence support Code Stroke activation for all suspected cases of ICH, the
implementation of a time-critical treatment protocol targeting a DTT time of less than 60 minutes, and
immediate anticoagulation reversal with fixed-dose 4F-PCC without waiting for laboratory INR results.
These represent key operational strategies to optimize the acute management of anticoagulation-
associated ICH.

DECLARATIONS

Author contributions:

HT contributed to chart review, data acquisition and manuscript revision. MC contributed to data
acquisition, chart review and preliminary statistical analysis. DD contributed to data acquisition and
screening anticoagulation-related ICH. JC and MS contributed to data interpretation and manuscript
revision. WY contributed to study design, data verification and interpretation, statistical analysis, and
drafting and finalizing the manuscript.

Sources of Funding

University of California Irvine Stroke Research Fund and Xiaogi Cheng & Dongmei Liao International
Stroke Research Scholarship

Additional Statements

Page 10/16



a). We confirm that this manuscript has not been published elsewhere and is not under consideration by
another journal.

b). This retrospective study adheres to ethical guidelines and was approved by the Institutional Review
Board (IRB) of the University of California, Irvine. The requirement for informed consent was waived due
to the study’s retrospective design and the minimal risk to participants.

c). Disclosures

Heidi Tan: no conflict of interest

Michael Carrillo: no conflict of interest

Diana Dench: no conflict of interest

Jefferson Chen: no conflict of interest

Mohammad Shafie: no conflict of interest

Wengui Yu: no conflict of interest.

d). We used Strobe reporting check list, which is uploaded with our submission.

e). Artificial intelligence tool was only used for English language and grammar editing.

REFERENCES

1. GBD 2021 Stroke Risk Factor Collaborators. Global, regional, and national burden of stroke and its
risk factors, 1990-2021: a systematic analysis for the Global Burden of Disease Study 2021. Lancet
Neurol. 2024;23(10):973-1003.

2. Flaherty ML, Haverbusch M, Sekar P, Kissela B, Kleindorfer D, Moomaw CJ, Sauerbeck L, Schneider
A, Broderick JP, Woo D. Long-term mortality after intracerebral hemorrhage. Neurology.
2006;66:1182-6. 10.1212/01.wnl.0000208400.08722.7c.

3. Sheth KN. Spontaneous Intracerebral Hemorrhage. N Engl J Med. 2022;387(17):1589-96.
10.1056/NEJMra2201449.

4. Qureshi Al, Ezzeddine MA, Nasar A, Suri MF, Kirmani JF, Hussein HM, et al. Prevalence of elevated
blood pressure in 563,704 adult patients with stroke presenting to the ED in the United States. Am J
Emerg Med. 2007;25:32-8. 10.1016/j.ajem.2006.07.008.

5. Rosand J, Eckman MH, Knudsen KA, Singer DE, Greenberg SM. The effect of warfarin and intensity
of anticoagulation on outcome of intracerebral hemorrhage. Arch Intern Med. 2004;164(8):880-4.
10.1001/archinte.164.8.880.

6. Purrucker JC, Haas K, Rizos T, Khan S, Wolf M, Hennerici MG, Poli S, Kleinschnitz C, Steiner T,
Heuschmann PU, Veltkamp R. Early Clinical and Radiological Course, Management, and Outcome of

Page 11/16



10.

11.

12.

13.

14.

15.

16.

17.

18.

Intracerebral Hemorrhage Related to New Oral Anticoagulants. JAMA Neurol. 2016;73(2):169-77.
10.1001/jamaneurol.2015.3682.

. Davis SM, Broderick J, Hennerici M, Brun NC, Diringer MN, Mayer SA, Begtrup K, Steiner T.

Hematoma growth is a determinant of mortality and poor outcome after intracerebral hemorrhage.
Neurology. 2006;66:1175-81. 10.1212/01.wnl.0000208408.98482.99.

. Flaherty ML. Anticoagulant-associated intracerebral hemorrhage. Semin Neurol. 2010;30(5):565-72.

10.1055/s-0030-1268866.

. Anderson CS, Heeley E, Huang Y, Wang J, Stapf C, Delcourt C, Lindley R, Robinson T, Lavados P, Neal

B. Rapid blood-pressure lowering in patients with acute intracerebral hemorrhage. N Engl J Med.
2013;368:2355-65. 10.1056/NEJMo0a12146009.

Qureshi Al, Palesch YY, Barsan WG, Hanley DF, Hsu CY, Martin RL, Moy CS, Silbergleit R, Steiner T,
Suarez JI, et al. Intensive blood-pressure lowering in patients with acute cerebral hemorrhage. N
Engl J Med. 2016;375:1033-43. 10.1056/nejmoa1603460.

Connolly SJ, Crowther M, Eikelboom JW, Gibson CM, Curnutte JT, Lawrence JH, Yue P, Bronson MD,
Lu G, Conley PB, et al. Full study report of andexanet alfa for bleeding associated with factor Xa
inhibitors. N Engl J Med. 2019;380:1326—-35. 10.1056/nejmoa1814051.

Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN, Skolnick BE, Steiner T.
Recombinant activated factor VIl for acute intracerebral hemorrhage. N Engl J Med. 2005;352:777-
85.10.1056/nejmoa042991.

Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN, Skolnick BE, Steiner T. Efficacy and
safety of recombinant activated factor VIl for acute intracerebral hemorrhage. N Engl J Med.
2008;358:2127-37.10.1056/nejmoa0707534.

Broderick JP, Naidech AM, Elm JJ, et al. Recombinant factor Vlla versus placebo for spontaneous
intracerebral haemorrhage within 2 h of symptom onset (FASTEST): a multicentre, double-blind,
randomised, placebo-controlled, phase 3 trial. Lancet. 2026;407(10530):773-83. 10.1016/S0140-
6736(26)00097-8.

Ma L, Hu X, Song L, Chen X, Ouyang M, Billot L, Li Q, Malavera A, Li X, Munoz-Venturelli P, et al. The
third Intensive Care Bundle With Blood Pressure Reduction in Acute Cerebral Haemorrhage Trial
(INTERACTS3): an international stepped-wedge cluster- randomized controlled trial. Lancet.
2023;402:27-40. 10.1016/S0140-6736(23)00806-1.

Li G, Lin Y, Yang J, Anderson CS, Chen C, Liu F, Billot L, Li Q, Chen X, Liu X. Intensive ambulance-
delivered blood-pressure reduction in hyperacute stroke. N Engl J Med. 2024;390:1862-72.
10.1056/NEJMo0a2314741.

Wang X, Ren X, Li Q, Ouyang M, Chen C, Delcourt C, Chen X, Wang J, Robinson T, Arima H. Effects of
blood pressure lowering in relation to time in acute intracerebral haemorrhage: a pooled analysis of
the four INTERACT trials. Lancet Neurol. 2025;24:571-9. 10.1016/S1474-4422(25)00160-7.
Pradilla G, Ratcliff JJ, Hall AJ, et al. Trial of Early Minimally Invasive Removal of Intracerebral
Hemorrhage. N Engl J Med. 2024;390(14):1277-89.

Page 12/16



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

Yu W, Alexander MJ. Spontaneous intracerebral hemorrhage: Recent advances and critical thinking
on future clinical trial design. Chin Med J (Engl). 2024;137(24):2899-906.
10.1097/CM9.0000000000003408.

Ruff IM, de Havenon A, Bergman DL, Dugue R, Frontera JA, Goldstein JN, Hemphill JC, Marulanda-
Londono E, Prabhakaran S, Richards CT. AHA/ASA performance and quality measures for
spontaneous intracerebral hemorrhage: a report from the American Heart Association/American
Stroke Association. Stroke. 2024;55:e199-230. 10.1161/STR.0000000000000464.

Li Q, Yakhkind A, Alexandrov AW, et al. Code ICH: A Call to Action. Stroke. 2024;55(2):494-505.
10.1161/STROKEAHA.123.043033.

Melmed KR, Lele AV, Ayodele M, et al. Time to Acute Treatment in Intracerebral Hemorrhage Lags
Significantly Behind Ischemic Stroke: A Multicenter, Observational Retrospective Study. Stroke.
2025;56(11):3268-79. 10.1161/STROKEAHA.125.051422.

Sheth KN, Solomon N, Alhanti B, Messe SR, Xian Y, Bhatt DL, Hemphill JC, Frontera JA, Chang RC,
Danelich IM. Time to anticoagulation reversal and outcomes after intracerebral hemorrhage. JAMA
Neurol. 2024,81:363-72. 10.1001/jamaneurol.2024.0221.

Dastur CK, Yu W. Current management of spontaneous intracerebral haemorrhage. Stroke Vasc
Neurol. 2017;2(1):21-9. 10.1136/svn-2016-000047. Published 2017 Feb 24.

Bower MM, Sweidan AJ, Shafie M, Atallah S, Groysman LI, Yu W. Contemporary Reversal of Oral
Anticoagulation in Intracerebral Hemorrhage. Stroke. 2019;50(2):529-36.
10.1161/STROKEAHA.118.023840.

Zhu Z, Osman S, Stradling D, Shafie M, Yu W. Clinical characteristics and outcomes of
methamphetamine-associated versus non-methamphetamine intracerebral hemorrhage. Sci Rep.
2020;10(1):6375. Published 2020 Apr 14. 10.1038/s41598-020-63480-z

Tsutsumi K, Nguyen M, Nguyen V, et al. Comparison of functional outcome after intracerebral
hemorrhage in patients with or without end stage renal disease on hemodialysis: a propensity-score
matched study. BMC Neurol. 2024;24(1):451. 10.1186/s12883-024-03932-5. Published 2024 Nov
18.

Greenberg SM, Ziai WC, Cordonnier C, Dowlatshahi D, Francis B, Goldstein JN, Hemphill [1lJC,
Johnson R, Keigher KM, Mack WJ. Guideline for the management of patients with spontaneous
intracerebral hemorrhage: a guideline from the American Heart Association/American Stroke
Association. Stroke. 2022;53:€282-361. 10.1161/STR.0000000000000407.

Li M, Frontera JA. Emergency Reversal of Antithrombotics in Intracerebral Hemorrhage: An Update.
Curr Neurol Neurosci Rep. 2025;25(1):81. 10.1007/s11910-025-01469-9. Published 2025 Nov 18.
https://. Accessed July 20, 2026.

LacKamp AN, Weber JM, Mac Grory B, Caye AJ, Stenuf C, Smith EE, Daniels JD, Barkley TT, Messe
SR, Alhanti B, Sheth KN, Blanco RG, Fonarow GC, Xian Y, Mangat HS. Intracerebral Hemorrhage
Outcomes After Reversal of Subtherapeutic Warfarin: Analysis of Data From GWTG-Stroke. Stroke.
2025;56(11):3223-34. 10.1161/STROKEAHA.124.050281.

Page 13/16



32. Riha GM, Englehart MS, Walton KZ, Saunders ME, Carter BT, Thompson SJ. A retrospective
comparison of the emergent use of fixed-dose four-factor prothrombin complex versus weight-
based dosing for intracranial hemorrhage assessing medication delivery time and cost. Int J Physiol
Pathophysiol Pharmacol. 2023;15(3):98-104.

33. Endres K, St Bernard R, Chin-Yee |, Hsia C, Lazo-Langner A. Efficacy and safety of four-factor
prothrombin complex concentrate fixed, weight-based dosing for reversal of warfarin
anticoagulation. Hematology. 2020;25(1):489-93. 10.1080/16078454.2020.1855745.

34. McMahon C, Halfpap J, Zhao Q, Bienvenida A, Rose AE. Evaluation of a Fixed-Dose Regimen of 4-
Factor Prothrombin Complex Concentrate for Warfarin Reversal. Ann Pharmacother.
2021;55(10):1230-5. 10.1177/1060028021992142.

35. Al HomssiA LR, Powers R, Jung B, ChunaraF, Szabo A, Baumann Kreuziger L. Fixed-Dose Four-Factor
Prothrombin Complex Concentrate for Reversal of Anticoagulation: Evaluation of Efficacy, Safety,
and Cost Savings. J Hematol. 2025;14(4):234-9. 10.14740/jh2078.

36. Schrader E, Zinser B, Kulhari A, Craven C. Evaluating the use of fixed versus variable dosing of 4-
factor prothrombin complex concentrate in anticoagulant-related major bleeding. Am J Emerg Med.
2026;99:276-9. 10.1016/j.ajem.2025.10.019.

37. Alwakeal A, Maas MB, Naidech AM, Jahromi BS, Potts MB. Fixed- Versus Variable-Dose Prothrombin
Complex Concentrate for the Emergent Reversal of Vitamin K Antagonists: A Systematic Review and
Meta-Analysis. Crit Care Med. 2024;52(5):811-20. 10.1097/CCM.0000000000006212.

TABLE

Table 1 is available in the Supplementary Files section.

Figures

Page 14/16



Suspected Anticoagulation-Associated ICH [ 2020-2025)
[n=103)

L

Excluded [n=53):

* Mot taking anticoagulant (35)

* Traumatic intracran ial hemo rrhage (5)

= Hemorrhagic transformation of ischemic stroke (5)

* Hemorrhages from braln metastasis or thrombocytopenia (2)
* Hemorrhage from CVST or endocarditis (2)

Confirmed Anticoagulation-Associated ICH

(500
|
¥ h J
Received anticoagulation reversal Mo anticoagulation reversal
(41) (9
AtourED At outside Hosp ED Comfort care Other reasons
(34] (7 (4} (5
Code Stroke Activation Mo Code Stroke Activation

[24)

(10

Figure 1

Fig 1. The study flowchart
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Figure 2

Legend not included with this version.
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