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Aim: Anticoagulation is the cornerstone of deep vein thrombosis (DVT) treatment, but in patients with
intracerebral hemorrhage, it requires a delicate balance between preventing thrombosis and minimizing
the risk of rebleeding. To assess the effects of rivaroxaban on short- and long-term clinical prognosis in
patients with DVT who have suffered spontaneous intracranial hemorrhage (sICH). Materials & methods:
The study retrospectively enrolled 327 sICH patients with DVT from 11 October 2019 to 18 September
2023. The primary outcomes were defined as recurrent sICH, bleeding-related events and mortality within
90 days and 1 year. Multivariate logistic regression was conducted to evaluate the association between
rivaroxaban and clinical outcomes based on inverse probability of treatment weighting. Results: Of the
included patients, 230 received low-molecular-weight heparins (LMWH) and 97 received rivaroxaban.
The reoccurrence rate of sICH was 1.30 and 2.06% in the LMWH and rivaroxaban groups, respectively.
Bleeding rates were 8.70% in the LMWH group and 5.15% in the rivaroxaban group. The mortality was less
frequent in patients received rivaroxaban than LMWH, following up 90 days (8.25 vs 15.65%, p = 0.07) and
1 year (10.42 vs 25.22%, p = 0.003). Multivariate and inverse probability of treatment weighting-adjusted
analyses confirmed the association of rivaroxaban with reduced 1-year mortality and better functional
recovery. Conclusion: Rivaroxaban use in DVT patients after sICH was associated with lower long-term
mortality and better functional independence, without significantly increasing the risk of sICH recurrence
or bleeding complications. These findings should be interpreted with caution and require confirmation
through prospective randomized trials.

Plain language summary: Rivaroxaban or low-molecular-weight heparin, which is safer for patients with
intracerebral hemorrhage?

What is this article about? Patients who survive a sudden brain bleed (spontaneous intracerebral
hemorrhage) often develop blood clots in the legs (deep vein thrombosis) due to limited mobility. This
study compared the safety and effectiveness of two blood thinners — an oral medication (rivaroxaban)
and an injectable medication (low-molecular-weight heparins, LMWH) — in these high-risk patients.
What were the results? We analyzed data from 327 patients and found: Patients taking rivaroxaban had
a lower 1-year death rate (10.4 vs 25.2%) and were more likely to regain daily independence (56.7 vs
33.5%) compared with those using LMWH. Both medications showed similar safety: the risk of another
brain bleed (1.3-2.1%) or serious bleeding (5-8%) was not significantly different between the two groups.
Why is this important? Doctors often hesitate to prescribe blood thinners after a brain bleed due to
fears of triggering more bleeding. This study is the first to show that rivaroxaban not only safely prevents
leg clots but may also save lives and improve recovery by reducing deadly complications like lung clots.
These findings provide strong evidence for choosing rivaroxaban, especially for patients who cannot easily s
receive daily injections. It could help more survivors return to normal life with fewer risks. % .Becar|§
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Spontaneous intracerebral hemorrhage (sSICH), a devastating subtype of stroke, accounts for 10-15% of all stroke
cases, and effective interventions remain limited [1]. The mortality rate of sSICH is nearly 50%, and approximately
76% of survivors are left with permanent disabilities [1-3]. Deep vein thrombosis (DVT) is a common complication
in patients with sSICH because of limb paralysis and increased prothrombotic activity (4,5]. Patients with sSICH
have a two- to fourfold higher risk of developing DVT compared with those with acute ischemic stroke, and
the incidence can reach 20-40% when assessed by ultrasonography during hospitalization [6-8]. In patients with
sICH, the occurrence of DVT is not only frequent but also associated with serious complications. Pulmonary
embolism (PE), a potentially life-threatening early complication of DVT, occurs in approximately 10% of cases.
Post-thrombotic syndrome, the predominant long-term sequela, affects up to 30% of patients and is associated
with chronic pain, limb swelling and venous skin ulceration [9). Moreover, DVT is linked to increased long-term
mortality, with 1- and 5-year rates reaching 22% and 39%, respectively [10]. Anticoagulants are the primary
treatment for DVT [11). However, in patients with intracerebral hemorrhage (ICH), formulating an anticoagulation
regimen requires careful consideration of the trade-off between preventing thrombotic progression and avoiding
the risk of recurrent bleeding.

Pooled data supporting anticoagulant therapy have not shown an increased risk of major bleeding events
in patients with sICH [12,13). Low-molecular-weight heparins (LMWH), recommended by the American Heart
Association/American Stroke Association (AHA/ASA) guidelines, are widely used and represent the standard
prophylactic anticoagulant for patients at risk of DVT [14]. Multiple clinical trials and meta-analyses have consistently
shown that LMWH significantly reduces the incidence of venous thromboembolic events (such as DVT and PE)
in patients with ICH, without increasing the risk of hematoma expansion [15]. Recently, the number of sSICH
patients receiving oral anticoagulant therapy has been increasing [16]. Rivaroxaban, an oral anticoagulant that acts
directly on factor Xa, has been approved for the prevention of DVT in postoperative patients [17,18]. Numerous
randomized trials show that rivaroxaban is noninferior to LMWH for preventing DVT and with no significant
differences in major bleeding rate [19,20]. These findings suggest that rivaroxaban may serve as an effective alternative
for the treatment of DVT after ICH, with the potential clinical advantages of oral administration and no need for
routine monitoring. However, a meta-analysis indicates that rivaroxaban might increase the risk of bleeding [21].
The efficacy and safety of rivaroxaban for DVT have not been assessed in patients with sSICH. The effects of
anticoagulant treatment on short- and long-term clinical prognosis are still unclear.

Therefore, our study aims to evaluate the rates of sICH recurrence and bleeding in patients who received
anticoagulants. We also sought to investigate whether patients with DVT suffering from sICH can get short- and
long-term benefits from rivaroxaban therapy.

Materials & methods

Study participants

The study was a retrospective cohort study of patients diagnosed with sSICH and DVT from 1 August 2019 to
18 September 2023. Detailed information for patients was obtained from the electronic medical record system.
Patients were eligible for entry if they were aged 18 years or older, diagnosed with sSICH by radiology, diagnosed with
DVT via lower extremity Doppler ultrasonography or CT venography and treated with rivaroxaban or LMWH.
The procedures followed in this study were in accordance with the ethical standards established by the local ethics
committee (Approval No. 2024010).

DVT, rivaroxaban & LMWH administration

DVT in patients following sSICH was defined based on electronic medical records during inpatient hospitalization.
DVT was diagnosed via lower extremity Doppler ultrasonography or CT venography. Rivaroxaban was administered
orally at a dose of 15 mg twice daily with food for 21 days, followed by 20 mg once daily to maintain the treatment.
LMWH (Clexane, 4000-6000 IU and Nadroparin, 3075-6150 IU) was administered subcutaneously twice daily
for a period of 5-7 days until the DVT was resolved. The dosage of anticoagulants was determined by the physician
according to the patient’s condition.
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Study treatments & interventions

Our study collected data for patients that were extracted from the electronic medical record system, including age,
gender, medical history, admission systolic blood pressure, clinical symptoms, the location of sSICH, the volume of
sICH, admission The National Institutes of Health Stroke Scale (NIHSS) score, admission Glasgow Coma Scale
(GCS) score and history of recent surgery.

Outcomes measures

The primary outcomes were recurrent sSICH, bleeding-related events during hospitalization and mortality within
90 days and 1 year. Recurrent sICH and bleeding-related events occurred during intake of the first dose of anti-
coagulants and 2 days after the last dose. Bleeding-related events included gastrointestinal bleeding, subcutaneous
ecchymosis, requiring an infusion of hemoglobin 2U or more, or a decrease in the hemoglobin level of 2 g/dl. The
other outcomes included the proportion of patients with favorable outcome, functional independence and excellent
outcome at 90 days and 1 year. Favorable outcome was defined as a Modified Rankin Scale (mRS) ranging from
0 to 3, functional independence as an mRS ranging from 0 to 2 and excellent outcome as an mRS ranging from
0o 1.

Statistical analysis

Categorical variables were presented as percentages and compared using the Chi-square test or Fisher exact test,
appropriately. Continuous variables were shown using the median (interquartile range, IQR) and Mann—Whitney
U test to analyze the difference between the rivaroxaban and heparin group. Additionally, we performed inverse
probability of treatment weighting (IPTW) to reduce differences in baseline characteristics between two groups,
assigning a weight of mean of propensity scores (PS)/PS for the rivaroxaban and (1-mean of PS)/1-PS for heparin
group. To evaluate the balance of variables, we utilized the standardized mean difference (SMD). After applying the
weighting, all variables achieved excellent balance, with SMD values less than 0.1. Briefly, we performed multiple
logistic regression to build a propensity score, which took rivaroxaban versus heparin as a binary result. And, the
value of the weighted SMD, which was used to evaluate the balance between treatment groups, of low 20% was
considered appropriate.

Furthermore, we assessed the association between anticoagulants and clinical outcomes using multivariate logistic
regression analysis adjusting sex, age, baseline NIHSS, baseline GCS and surgery. Logistic regression analysis was
also conducted to examine the association between rivaroxaban and clinical prognostics based on the IPTW model.
The Kaplan—Meier survival curve was plotted to describe the survival status of patients treated with rivaroxaban or
heparin.

Subgroup analyses
Subgroup analyses were performed to assess the heterogeneity of associations between mortality within 1 year and
anticoagulants. Clinically relevant subgroups of interest included age, sex, sSICH location and surgical procedure.
Multivariate logistic regression adjusting for sex, age, baseline NIHSS, baseline GCS and surgery was applied.
Additionally, binary logistic regression based on the IPTW model was conducted.

Statistical analysis was performed with the IBM SPSS Statistics, Version 26.0 program. Armonk, NY: IBM Corp.
RStudio software (version 1.4.1106) was applied to build a forest plot and Kaplan—Meier survival curve. Statistical
significance was defined as p < 0.05 (2-tailed).

Results

Baseline characteristic

A total of 395 patients were diagnosed with sICH and DVT between 11 October 2019 and 11 October 2023.
Detailed exclusion criteria of our study were presented in Figure 1. Finally, 327 patients were enrolled in the present
analyses, including 230 patients treated with LMWH and 97 patients with rivaroxaban. Among all participants, 176
(53.82%) were male, and the median age was 64 (IQR, 58-71) years. The proportion of males (63.92 vs 49.57%,
p = 0.02) and patients with a history of smoking (19.59 vs 6.09%, p < 0.001) was higher in the rivaroxaban
group than in the LMWH group (Table 1). In addition, significant differences in clinical symptoms and surgical
procedures were observed between the LMWH and rivaroxaban groups.
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sICH patients who received
anticoagulant therapy for VTE
between 11 October 2019 and
11 October 2023

Excluded (n = 68):
Heparin (n = 32)
Other anticoagulants (n = 18)
Changing anticoagulants (n = 13)
Unknown cause of discontinuation
(n=9)

Patients with sICH received
anticoagulant therapy
(n=327)

Rivaroxaban
(n=97)

Figure 1. Flow of patients in the study.

Clinical outcomes
Of these groups, three patients (1.30%) and two patients (2.06%) reoccurred sSICH events in the LMWH and
rivaroxaban groups, respectively. Further, the proportion of bleeding-related events was 8.70% in LMWH cohorts
and 5.15% in rivaroxaban cohorts. Compared with LMWH, our finding observed that patients could get benefits
from rivaroxaban in favorable outcome (64.95 vs 50.87%, p = 0.02) and functional independence (32.99 vs
18.26%, p = 0.004) as following-up at 90 days (Table 2 & Figure 2). The likelihood of mortality within 90 days
was more frequent in LMWH than in rivaroxaban (15.65 vs 8.25%, p = 0.07), although the difference did not
arrive at a significant level. Additionally, patients receiving LMWH had a low proportion of excellent outcome
(16.96 vs 27.84%, p = 0.03), functional independence (33.48 vs 56.70%, p < 0.001), favorable outcome (61.30
vs 81.44%, p < 0.001) and high rates of mortality (25.22 vs 10.42, p = 0.003) within 1 year compared with the
rivaroxaban group (Table 2). The Kaplan—Meier survival curve also indicated that patients with rivaroxaban had
less frequent mortality (Figure 3).

Rivaroxaban was associated with functional independence (adjusted odds ratio, aOR: 2.31, 95% CI: 1.24-4.28,
p = 0.01) at 90 days after adjusting for covariates. Particularly, the association between rivaroxaban and favorable
outcome at 1 year was identified based on IPTW (OR: 1.45, 95% CI: 1.02-2.05, p = 0.04) and multivariate (OR:
3.00, 95% CI: 1.54-5.86, p < 0.001) logistic regression analyses (Table 3). In addition, rivaroxaban treatment was
associated with reduced 1-year mortality (multivariate analysis, aOR: 0.32, 95% CI: 0.14-0.69, p = 0.004; IPTW
analysis, OR: 0.38, 95% CI: 0.24-0.61, p < 0.001).

Subgroup analyses

Additional analyses stratified by patient characteristics showed that the association between rivaroxaban and reduced
mortality within 1 year was more pronounced in those who were older than 65 years, those with basal ganglia sSICH
events, and those undergoing minimally invasive surgery (Figure 4). IPT'W analyses supported the finding that the
mortality at 1-year follow-up in the rivaroxaban group was lower in patients with basal ganglia sSICH and those
undergoing minimally invasive surgery than in the LMWH group.

Discussion
In our study of 327 patients with DVT, we observed that recurrent sICH occurred in 1.30 and 2.06% of patients
treated with LMWH and rivaroxaban, respectively. The rate of bleeding-related events was 8.70% in the LMWH
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Table 1. Baseline characteristics of intracranial hemorrhage patients with venous thromboembolism in

low-molecular-weight heparins and rivaroxaban.

Variable Unmatched IPTW
LMWH (n =230) Rivaroxaban (n = 97) p-value LMWH (n = 326.8) Rivaroxaban (n = 283)  p-value
Age, years, median (IQR) 65 (58-71) 63 (56-71) 0.29 65.00 (58.00-71.00) 64.00 (57.46-70.00) 0.96
0.37 0.86

18-65 125 (54.35) 58 (59.79) 181.45 (55.52) 161.50 (57.07)
>65 105 (45.65) 39 (40.21) 145.35 (44.48) 121.50 (42.93)
Male, n (%) 114 (49.57) 62 (63.92) 0.02 175.20 (53.60) 155.10 (54.80) 0.89
Hypertension, n (%) 151 (65.65) 72 (74.23) 0.13 222.51 (68.10) 202.06 (71.40) 0.69
Diabetes mellitus, n (%) 18 (7.83) 4(4.12) 0.22 28.18 (8.62) 13.26 (4.69) 0.42
Pre-stroke 63 (27.39) 21(21.65) 0.28 80.26 (24.56) 55.47 (19.60) 0.41
Smoking, n (%) 14 (6.09) 19 (19.59) <0.001 27.97 (8.56) 34.74 (12.28) 0.37
Drinking, n (%) 5(2.17) 3(3.09) 0.62 6.96 (2.13) 3.07 (1.08) 0.36
Baseline NIHSS, median (IQR) 22 (14-32) 22 (15-32) 0.46 21.20 (14.00-32.00) 22.55 (18.00-32.00) 0.35
Baseline GCS, median (IQR) 11(8-13) 11(8-13) 0.73 11.00 (8.00-13.00) 10.00 (7.00-12.00) 0.16
SBP 167 (150-188) 160 (143-181) 0.09 165.00 (147.18-183.94) 161.67 (142.00-182.62) 0.82
DBP 95 (83-107) 91 (82-98) 0.12 94 (82-105) 92 (83-101.51) 0.85
ICH Location 0.35 0.84

Lobar 42 (18.26) 11(11.34) 54.76 (16.76) 35.80 (12.65)

Basal ganglia 115 (50.00) 60 (61.86) 181.36 (55.50) 182.35 (64.44)

Thalamus 39 (16.96) 17 (17.53) 52.55 (16.08) 42.81 (15.13)

Cerebellum 15 (6.52) 4(4.12) 17.00 (5.20) 11.25 (3.98)

Brainstem 7 (3.04) 2 (2.06) 7.99 (2.44) 4.59 (1.62)

Other 12 (5.22) 3(3.09) 13.11 (4.01) 6.16 (2.18)

ICH volume (cm3) at admission, 27 (14-46) 29 (17-39) 0.85 26 (14-46) 29 (20-36) 0.66
median (IQR)

Encephalocele 18 (7.83) 8(8.25) 0.90 19.97 (6.11) 20.50 (7.25) 0.70
Clinical symptom, (n)%

Headache 5(2.17) 10 (10.31) 0.003 12.14 (3.72) 14.06 (4.97) 0.62

Epilepsy 0 2 (2.06) 0.09 0(0) 2.14 (0.76) 0.15

Paralyzed 227 (98.70) 91 (93.81) 0.04 320.09 (97.96) 273.93 (96.80) 0.56

Aphasia 15 (6.52) 18 (18.56) 0.001 41.46 (12.69) 38.05 (13.44) 0.89

Coma 201 (87.39) 45 (46.39) <0.001 243.23 (74.44) 198.65 (70.20) 0.55

Hospital days 38 (28-60) 38 (28-57) 0.54 36 (26-56.69) 38 (30-56) 0.30
Surgery producer 0.002 0.72

Minimally invasive 36 (15.65) 19 (19.59) 165.79 (50.74) 159.62 (56.41)

Craniotomy 62 (26.96) 9(9.28) 53.37 (16.33) 49.06 (17.34)

Craniectomy 19 (8.26) 16 (16.49) 68.89 (21.08) 40.17 (14.20)

No 113 (49.13) 53 (54.64) 38.72 (11.85) 34.1 (12.06)

DBP: Diastolic blood pressure; GCS: Glasgow Coma Scale; ICH: Intracranial hemorrhage; IPTW: Inverse probability of treatment weighting; IQR: Interquartile range;
LMWH: Low-molecular-weight heparins; NIHSS: The National Institutes of Health Stroke Scale; SBP: Systolic blood pressure; VTE: Venous thromboembolism.

group and 5.15% in the rivaroxaban group. Rivaroxaban use was associated with significantly reduced risk of
all-cause mortality and an increased likelihood of a favorable outcome at 1 year.

Nielsen ez al. (12] reported that the rates of recurrent ICH were 8.6 per 100 person-years for patients receiving
anticoagulants versus 8.0 per 100 person-years for those receiving no antithrombotic treatment (adjusted HR:
0.91; 95% CI: 0.56-1.49) in patients following sICH, based on 1 year of follow-up. Among ICH patients, the
rate of major extracranial bleeding was 1.5% in patients treated with anticoagulant therapy [12]. A meta-analysis
investigating the safety of anticoagulants in sSICH patients suggested that there was no significant difference between
anticoagulant and nonanticoagulant cohorts (8.0 vs 4.0%, relative risk: 1.42; 95% CI: 0.57-3.53; p = 0.45) [13].
Based on these data, anticoagulation treatment for DVT in ICH patients appeared to be safe and effective [22].
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Table 2. Comparing the clinical outcomes of spontaneous intracranial hemorrhage patients with venous

thromboembolism in heparin and rivaroxaban.

Outcome Unmatched IPTW
LMWH Rivaroxaban p-value LMWH Rivaroxaban p-value
Recurrent sICH 3(1.30) 2 (2.06) 0.64 3.64 (1.11) 2.54 (0.90) 0.82
Bleeding-related events 20 (8.70) 5(5.15) 0.27 23.35 (7.15) 11.00 (3.89) 0.27
mRS at 90 days 3(3-4) 3(2-4) 0.01 3 (3-5) 3(3-4) 0.65
0-1 8(3.48) 7(7.22) 0.24 11.66 (3.57) 9.1 (3.22) 0.86
0-2 42 (18.26) 32(32.99) 0.004 62.69 (19.19) 61.87 (21.86) 0.63
0-3 117 (50.87) 63 (64.95) 0.02 181.97 (55.69) 147.79 (52.23) 0.69
Mortality within 90 days 36 (15.65) 8(8.25) 0.07 45.42 (13.90) 19.41 (6.86) 0.1
mRS at 1 year 3(2-3) 2(1-3) 0.004 3 (2-5) 3(2-3) 0.15
0-1 39 (16.96) 27 (27.84) 0.03 54.12 (16.56) 55.53 (19.62) 0.56
0-2 77 (33.48) 55 (56.70) <0.001 121.40 (37.15) 113.51 (40.11) 0.70
0-3 141 (61.30) 79 (81.44) <0.001 214.11 (65.52) 207.58 (73.36) 0.37
Mortality within 1 year 58 (25.22) 10(10.42) 0.003 73.98 (22.64) 27.63 (9.76) 0.02

IPTW: Inverse probability of treatment weighting; LMWH: Low-molecular-weight heparins; mRS: Modified Rankin Scale; sICH: Spontaneous intracranial hemor-
rhage; VTE: Venous thromboembolism.

Distribution of modified Rankin Scale score
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Figure 2. Distribution of the Modified Rankin Scale scores. (A) The mRS distribution in the following 90 days, and (B)
the mRS distribution in the following 1 year.
mRS: Modified Rankin Scale.
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Figure 3. Kaplan-Meier survival plot. Kaplan-Meier survival estimate of cumulative mortality during the 1-year
follow-up period in rivaroxaban and LMWH cohorts.
LMWH: Low-molecular-weight heparin.

Table 3. The association of rivaroxaban and short- and long-term clinical outcomes.

Adjusted OR (95% CI) p-value IPTW OR (95% Cl) p-value
mRS 90 days 2.03(1.29-3.18) 0.002 1.14 (0.86-1.52) 0.35
mRS 0-1 2.20 (0.73-6.66) 0.16 0.90 (0.37-2.17) 0.81
mRS 0-2 2.31(1.24-4.28) 0.01 1.18 (0.80-1.75) 0.41
mRS 0-3 1.64 (0.93-2.89) 0.09 0.87 (0.63-1.20) 0.39
Mortality 0.49 (0.21-1.15) 0.10 0.46 (0.26-0.80) 0.01
mRS 1 year 2.40 (1.53-3.76) <0.001 1.29 (0.97-1.71) 0.08
mRS 0-1 1.80 (0.96-3.37) 0.07 1.07 (0.70-1.64) 0.75
mRS 0-2 2.39(1.34-4.25) 0.003 1.04 (0.75-1.44) 0.82
mRS 0-3 3.00 (1.54-5.86) 0.001 1.45 (1.02-2.05) 0.04
Mortality 0.32(0.14-0.69) 0.004 0.38 (0.24-0.61) <0.001

Cl: Confidence interval; GCS: Glasgow Coma Scale; IPTW: Inverse probability of treatment weighting; mRS: Modified Rankin Scale; NIHSS: The National
Institutes of Health Stroke Scale; OR: Odds ratio;
Adjusting for sex, age, baseline NIHSS, baseline GCS and surgery producer.

A meta-analysis, analyzing 9 studies and 4055 patients with sICH noted that anticoagulant therapy was not
associated with a significantly increased risk of hematoma expansion (6.6 vs 3.2%, p = 0.14) in comparison with
no-anticoagulant cohorts [23]. Our findings observed low rates of recurrence of sICH and bleeding-related events,
which indicated that anticoagulant treatment for patients with DVT after sSICH was safe.

Research Article
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Figure 4. Analysis of mortality within 1 year in subgroups. The forest plot shows the effects of rivaroxaban on
mortality within 1 year across four subgroups based on multivariate logistic regression analysis adjusting sex, age,
baseline NIHSS, baseline GCS and surgery (A) and binary logistic regression analysis in the IPTW model (B) LMWH.
GCS: Glasgow Coma Scale; IPTW: Inverse probability of treatment weighting; LMWH: Low-molecular-weight heparins;
NIHSS: The National Institutes of Health Stroke Scale.
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DVT is a common complication in patients with sSICH [24]. In-hospital DVT was associated with a high
risk of poor outcomes in patients with sSICH [25]. Chu et @/ [22) noted that patients with ICH may benefit
from oral anticoagulant therapy, which was associated with decreased mortality during hospitalization (17.86 vs
53.85%), 28-day (21.43 vs 61.54%), 3-month (32.14 vs 69.23%) and 1-year (42.86 vs 76.92%). Furthermore,
Sembill ez al. [26] revealed that initiating anticoagulant therapy after ICH was associated with a more favorable
functional outcome (76.5 vs 33.3%, p = 0.01) and decreased mortality (26.1 vs 60.4%, p < 0.01) compared with
patients who did not receive anticoagulant therapy at 12-month follow-up. Therefore, it is reasonable to suggest
that anticoagulant therapy may help improve functional independence in patients after sSICH [27. Our finding
supported that rivaroxaban was associated with a long-term favorable outcome and reduced risk of mortality. This
may be explained by less frequent recurrent DVT of rivaroxaban therapy. LMWH inhibits factor Xa, thereby
blocking the conversion of prothrombin to thrombin (28,29. Rivaroxaban binds directly to factor Xa and inhibits
its activity, with approximately 10,000-fold selectivity over other related serine proteases.. Rivaroxaban also inhibits
prothrombinase activity (30]. Indeed, SELECT-D trial [31] indicated that patients treated with rivaroxaban had a
lower incidence of DVT, observed in 4% versus 11% of patients (32]. Furthermore, the study also evaluated the
organ bleeding of rivaroxaban, which implied rivaroxaban was associated with a reduced risk of organ bleeding
events versus heparins at 3, 6 and 12 months [33]. Regretfully, our study did not collect information on organ
bleeding events during the follow-up.

Based on multivariate and IPTW logistic regression, subgroup analysis results indicated that patients received
rivaroxaban with basal ganglia sSICH were observed with uncommon mortality within 1 year. A meta-analysis
identified the efficacy of anticoagulant therapy in patients after ICH regardless of ICH location [321. In our study,
the age of the rivaroxaban group was younger (median age, 59 vs 64) in patients with basal ganglia sSICH than
in heparin cohorts. Several studies reported that the oldest have a higher mortality than the younger (34,35).
Additionally, the rates of without suffering surgery (45 vs 40%) and minimally invasive (21.67 vs 14.78%) were
more common in patients treated with rivaroxaban. Clinical data demonstrated that minimally invasive surgery
could facilitate the reduction of hematoma volume and decrease the morbidity of craniectomy (36], which could
reduce the opportunity of mortality.

Multiple limitations need to be considered while interpreting our results. First, the retrospective design of our
study, along with the lack of randomization in anticoagulant therapy, inevitably introduced selection bias. Although
baseline disease severity was comparable between groups (GCS median [IQR]: 11 [s-13], p = 0.73), significantly
more patients received LMWH than rivaroxaban (230 vs 97). This discrepancy likely reflects differences in the
route of administration: rivaroxaban is taken orally, whereas LMWH is administered via subcutaneous injection.
In hospitalized ICH patients with severe conditions, clinicians may prefer injectable therapies due to their greater
controllability, ease of use and lower reliance on patient compliance, which may have introduced treatmentallocation
bias. To reduce this bias, IPTW was applied to balance observed covariates between groups. However, IPTW
cannot fully account for unmeasured confounders such as physician preference or practical considerations in drug
administration. In addition, the inherent limitations of retrospective studies — such as incomplete documentation,
missing data and potential recall bias — may also have impacted the accuracy and completeness of the collected
information. Specifically, the coagulation parameters before and after anticoagulant therapy were incomplete, such
as prothrombin time, activated partial thromboplastin time and thrombin time. Second, our sample size of sSICH
patients with DVT was small, and we could not adjust more confounding factors by performing multivariate
logistic regression. Third, the details of organ bleeding events and recurrent thromboembolism were not recorded
during follow-up. Moreover, to the best of our knowledge, studies directly comparing the efficacy and safety of
rivaroxaban and LMWH in the treatment and prevention of venous thromboembolism following sICH remain
limited. The lack of relevant external studies for comparison limits the generalizability of our findings; therefore,
the conclusions of this study should be interpreted with caution. Considering these limitations, further validation
through randomized controlled trials is required to confirm our findings.

Conclusions

In conclusion, our study revealed the safety of rivaroxaban in the management of DVT in patients with sICH.
Notably, rivaroxaban was associated with a long-term favorable outcome and reduced risk of all-cause mortality in
patients with DVT after sSICH. Future large-scale studies are necessary to confirm the benefits of rivaroxaban for
patients with DV'T.
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Summary points

e During hospitalization, 20-40% of spontaneous intracranial hemorrhage (sICH) patients develop deep vein
thrombosis. Anticoagulation must balance thromboprophylaxis and rebleeding risks.

e Retrospective comparison of rivaroxaban (oral) versus low-molecular-weight heparins (LMWH) (injectable) in 327
sICH patients with deep vein thrombosis (LMWH: 230; rivaroxaban: 97), adjusted via inverse probability of
treatment weighting.

e No significant differences in sICH recurrence (LMWH: 1.30% vs rivaroxaban: 2.06%) or bleeding events (LMWH:
8.70% vs rivaroxaban: 5.15%).

e Rivaroxaban reduced 1-year mortality (10.42 vs 25.22%, p = 0.003) and improved functional independence (mRS
0-2: 56.70% vs 33.48%, p < 0.001).

e Mortality reduction with rivaroxaban was pronounced in basal ganglia hemorrhage (aOR: 0.32, p = 0.004).
Benefits in minimally invasive surgery cohorts were noted but lacked explicit statistical details.

e Potential advantages of rivaroxaban include oral administration and sustained anticoagulation.

e Rivaroxaban is a safe alternative to LMWH post-sICH, offering survival and functional benefits, particularly for
long-term use. Prospective trials are needed.
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