
Received: 2021.08.09
Accepted: 2021.10.24

Available online: 2021.11.09
Published: 2022.02.10

 2650   3   2   27

A Single-Center, Randomized, Double-Blind 
Study of 94 Patients Undergoing Surgery for 
Cerebral Glioma to Compare Postoperative 
Thromboprophylaxis with and without 
Rivaroxaban

 ABC 1 Zi-Yan Wang
 CDEF 2 You-Dong Wan
 EFG 1 Xian-Zhi Liu
 AD 1 Hao Wang
 ABF 1 Guang-Yi Jiang
 ABCDEFG 1 Bo Yang

 Corresponding Author: Bo Yang, e-mail: yangbozhengzhou@163.com
 Financial support: None declared
 Conflict of interest: None declared

 Background: Venous thrombosis (VTE) is a common adverse event among inpatients, which can cause pulmonary embolism, 
and greatly increases mortality. The effects of rivaroxaban in patients undergoing brain glioma surgery have 
still not been explored. This single-center study of 94 patients undergoing surgery for cerebral glioma aimed 
to compare postoperative thromboprophylaxis with and without rivaroxaban.

 Material/Methods: We designed a randomized, controlled, double-blind study to evaluate the effect of rivaroxaban on 94 patients 
undergoing brain glioma surgery. These patients were divided into a rivaroxaban group (administered at 10 mg 
per day from admission to discharge) and a placebo group. The primary study endpoint was incidence of VTE at 
discharge. The secondary endpoints included safety outcomes of major bleeding, allergy, or VTE-related death.

 Results: A total of 94 patients were enrolled in the study: 47 in the rivaroxaban group and 47 in the placebo group. 
Baseline characteristics of participants were well-matched in both groups. A significant reduction was found 
in the incidence of VTE in the rivaroxaban treatment group versus the placebo group (1/47 vs 10/47 patients, 
P=0.008). The rate of major bleeding events was quite low in both group (1/47 vs 1/47 patients). One patient 
in the placebo group died due to a pulmonary embolism and intractable concomitant underlying diseases.

 Conclusions: Our results indicate that treatment with rivaroxaban is a safe and effective thromboprophylaxis treatment in 
patients undergoing surgery for malignant cerebral glioma.
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Background

Venous thromboembolism (VTE) is a common adverse event 
among inpatients, and immobilized patients are more likely 
to develop VTE [1]. Thrombus formation can cause pulmonary 
embolism (PE), which greatly increases the mortality of hospi-
talized patients [1]. Patients with brain tumors are at an even 
higher risk of VTE because of neurological dysfunction, par-
ticularly limb movement disorders, and hypercoagulability [1]. 
Khaldi et al [2] examined 555 high-risk neurosurgical patients 
and found that the VTE incidence rate in the first week of hos-
pitalization was 49%; furthermore, even after using mechani-
cal deep-vein thrombosis (DVT) prophylaxis, the incidence rate 
remained at 16%. Glioma is the most common intracranial tu-
mor, accounting for approximately 80% of all central nervous 
system malignancies [3]. Patients with malignant glioma with 
VTE had a 30% increased risk of death within 2 years, mak-
ing VTE the second leading cause of mortality, second only to 
death owing to cancer itself [4]. Thus, considering the high in-
cidence of VTE and its associated mortality, thromboprophy-
laxis, especially for patients confined to bed after glioma sur-
gery, has become an urgent problem.

Mechanical assist devices and anticoagulants are the main pro-
phylactic modalities used [5]. However, because of the ineffi-
ciency of mechanical assist devices, drug prevention and VTE 
treatment are the current standard of care [6]. Unfractionated 
heparin, low-molecular-weight heparin (LMWH), warfarin, and 
novel oral anticoagulants such as rivaroxaban are recom-
mended for the initial prevention and treatment of VTE [6]. 
Rivaroxaban has the following advantages: it can be admin-
istered orally without intravenous administration, it does not 
require frequent laboratory monitoring, and its dose adjust-
ments are rarely necessary [7]. All the aforementioned agents 
can effectively prevent VTE after orthopedic surgery or atrial 
fibrillation [8,9]. However, because of limited evidence in the 
patients with brain glioma, the use of rivaroxaban is limited. 
Considering the potential benefits of rivaroxaban in preventing 
VTE, we hypothesized that rivaroxaban can decrease the risk 
of VTE in patients undergoing brain glioma surgery. Therefore, 
this study of 94 patients undergoing surgery for cerebral glioma 
was conducted at a single center and aimed to compare post-
operative thromboprophylaxis with and without rivaroxaban.

Material and Methods

Patients were randomly allocated to receive rivaroxaban tab-
lets or placebo orally from study inclusion to discharge. The 
first dose of the trial drug (rivaroxaban 10 mg) or placebo was 
administered after admission. Next, the patients were admin-
istered one 10-mg tablet of rivaroxaban or placebo orally dai-
ly until discharge from the neurosurgical ward. The American 

Society of Clinical Oncology (ASCO) guidelines now recommend 
all patients with malignant disease undergoing major surgi-
cal intervention should be offered pharmacologic thrombopro-
phylaxis with either unfractionated heparin (UFH) or LMWH, 
and prophylaxis should be commenced preoperatively [10]. 
Pharmacologic thromboprophylaxis should be continued for at 
least 7 to 10 days. Another clinical practice guideline from the 
German Society of Hematology and Medical Oncology (DGHO), 
the Society of Thrombosis and Hemostasis Research (GTH), 
and the Austrian Society of Hematology and Oncology (ÖGHO) 
recommend that the available evidence is in favor of primary 
pharmacological prevention with LMWH or apixaban 2×2.5 mg 
or rivaroxaban 1×10 mg in patients with high-risk factors for 
VTE. Thromboprophylaxis with LMWH, UFH, or fondaparinux 
is recommended for most cancer patients undergoing surgery 
with a duration of more than 30 min and without contraindi-
cations for the duration of their hospitalization (in general, for 
6-10 days) [11]. Additionally, if prophylactic anticoagulation is 
indicated, the choice of optimal oral drug should be consid-
ered on an individual basis taking into account drug interac-
tions and the bioavailability. Based on the above guidelines, 
and because brain glioma surgery does not affect gastroin-
testinal function and drug absorption, taking rivaroxaban 10 
mg once a day from admission to discharge for perioperative 
thromboprophylaxis might be reasonable.

Inclusion and Exclusion Criteria

Adults admitted to the hospital for brain glioma surgery were 
eligible for enrollment. Patients aged ³18 years signed a dated 
informed consent form. They also needed to have an intend-
ed treatment duration of at least 7 days and no signs of VTE 
at the time of hospitalization. Patients with contraindications 
to rivaroxaban, mainly including those with clinically signifi-
cant active bleeding, those with liver cirrhosis reaching Child 
Pugh grades B and C, those with severe renal insufficiency, or 
pregnant and lactating women, were excluded. Patients with 
recent intracranial hemorrhages, intracranial arteriovenous 
malformations, and vascular aneurysms were also excluded. 
Patients considered by surgeons to have complex intracranial 
conditions during surgery, resulting in high risk of postopera-
tive intracranial hemorrhage, were also excluded. Additionally, 
patients taking antiplatelet or anticoagulant drugs, including 
aspirin, clopidogrel, or warfarin, were excluded.

Data Collection

We collected the clinical data of patients after they signed the 
informed consent and authorization form. We collected basic 
medical data such as sex, age, body mass index (BMI), plate-
lets, hemoglobin, brain glioma histological findings, medi-
cal history, World Health Organization (WHO) glioma grade, 
and therapeutic and diagnostic outcomes such as incidence 
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of VTE, bleeding events, and mortality. All the measurements 
were made by the same doctor and then checked by anoth-
er researcher.

Outcome

The primary endpoint was the incidence of VTE at discharge. 
VTE was confirmed using compression ultrasonography for 
DVT; PE was confirmed using computed tomographic pulmo-
nary angiography, ventilation-perfusion lung scanning, or pul-
monary angiography [12]. All patients were examined for VTE 
on the last day of hospital stay. The secondary outcome was 
the presence or absence of major bleeding. The severity of 
major bleeding events was graded on a 3-point scale: heavy, 
moderate, and light were considered fatal, critical, and clinical-
ly overt bleeding, respectively. Fatal bleeding events were de-
fined as bleeding directly leading to a patient’s death. Critical 
bleeding events included non-surgery-related intracranial, in-
traocular, intraspinal, pericardial, and retroperitoneal bleed-
ing. Clinically, overt bleeding decreased hemoglobin levels 
by >2 g/dL. The secondary outcomes were rivaroxaban-relat-
ed mild bleeding and thrombocytopenia, rivaroxaban allergy, 
and VTE-related death. The patients were monitored for 30 
days to determine mortality. All outcomes were prespecified 
according to the protocol. Thrombocytopenia was defined as 
a platelet count <100 giga/L or a decrease of ³50% compared 
with the count before surgery [13].

Sample Size Estimation

The sample size estimation used data from similar studies 
published previously [2,14], according to which the incidence 
of venous thromboembolism in the control group was about 
40%, with the usage of rivaroxaban, and we estimated that 
the risk of venous thromboembolism would decrease by about 
25%. We set the significance level (alpha) as 0.05, with power 
of test (1-b) 0.80, and the Pearson chi-square test was used 
to calculate the sample size [15]. The results showed that we 
needed 94 patients, with 47 in each group.

Statistical Analysis

To assess whether continuous variable data such as age and 
BMI were normally distributed, we used the Kolmogorov-
Smirnov test (P>0.05). Continuous variable data conforming 
to normal distribution are represented by the mean±standard 
deviation. Binary variables, such as sex, are expressed as a 
percentage. For the statistical calculation of continuous vari-
ables, the t test was used for data with normal distribution, 
and the Mann-Whitney U test for data with non-normal dis-
tribution was used to compare differences between groups. 
For categorical variables, differences between groups were 
assessed using the c2 test. To avoid the effects of crossover 
and drop-out, all analyses were performed based on the in-
tention-to-treat principle. The significance P values was set as 

Assessed for eligibility (n=154)

Randomized (n=94)

Enrollment

Excluded (n=60)
• Not meeting inclusion criteria (n=39)
   – Liver or kidney failue (n=5)
   – History of recent bleeding (n=20)
   – Taking unsuitable drugs (n=14)
• Declined to participate (n=21)

Allocated to rivarixaban group (n=47)
• Received allocated intervention (n=47)
• Did not receive allocated intervention
  (give reasons) (n=0)

Allocated to placebo group (n=47)
• Received allocated intervention (n=47)
• Did not receive allocated intervention
  (give reasons) (n=0)

Enrollment

Lost to follow-up (n=2)
• Change the contact number (n=1)
• Phone no answer (n=1)
• Discontinued intervention (n=0)

Lost to follow-up (n=3)
• Change the contact number (n=1)
• Phone no answer (n=2)
• Discontinued intervention (n=0)

Follow-up

Analysed (n=47)
• Excluded from analysis (n=0)

Analysed (n=47)
• Excluded from analysis (n=0)

Analysis

Figure 1. Screening and grouping in 94 patients.
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P<0.05. SPSS 23.0 software was used for all statistical analy-
sis (IBM, IL, USA).

Results

Participant Characteristics

At the patient enrollment stage, 154 patients considered suit-
able for randomization were selected, among whom 60 were 
excluded. Twenty-one patients refused to sign the informed 
consent form, mainly because of concerns regarding adverse 
drug reactions, the risk of bleeding outweighing potential ben-
efits, and other unpredictable drug-related risks. Thirty-nine 
patients were excluded because of their recent physical con-
dition such as recent active bleeding of various organs, includ-
ing gastrointestinal ulcer bleeding and intracranial bleeding, 
and because they received antiplatelet or anticoagulant drugs 
before surgery. Finally, we enrolled 94 randomized patients, 
with 47 patients in the rivaroxaban and placebo groups each. 
The enrollment process with the CONSORT standardized flow 

diagram is shown in Figure 1. The 30-day mortality rate was 
determined by telephone follow-up, and 5 patients were lost 
to follow-up because their contact number changed or they 
did not respond to the calls. All data of 94 patients were ana-
lyzed based on the intention-to-treat principle.

The baseline characteristics of patients in the rivaroxaban 
and placebo groups were well matched (Table 1). There were 
no significant differences between the 2 groups with respect 
to age, sex, BMI, laboratory test results, medical history, and 
WHO glioma grade. The average age of patients at brain gli-
oma surgery was approximately 54 years, and women ac-
counted for a slightly higher percentage of patients. Platelet 
counts and hemoglobin levels of patients were normal before 
surgery. Approximately 16% of patients had common chron-
ic diseases such as hypertension and diabetes. A relatively 
high proportion of patients with the WHO classifications of III 
and IV suggested that most patients had malignant gliomas. 
The final pathology revealed oligodendrogliomas (grade II), 
astrocytes (grade II), mixed glioma (grade II), anaplastic glio-
ma (grade III), glioblastoma (grade IV), and other malignant 

Parameter Rivaroxaban (n=47) Placebo (n=47) P value

Age (year) (mean±SD)  53.87±7.66  54.10±6.46 0.87

Sex (Female(  29 (61.7%)  26 (55.3%) 0.53

BMI (mean±SD)  22.04±2.48  22.04±3.02 0.62

Laboratory tests 0.31

 Platelets (×109/L)  177.57±43.02  171.06±37.59 0.43

 Hemoglobin (g/L)  150.09±12.77  149.38±9.02 0.76

Medical history  8 (17.0%)  7 (14.9%) 0.77

 Diabetes  3 (6.4%)  2 (4.3%)

 Coronary artery disease  1 (2.1%)  2 (4.3%)

 Venous thromboembolism  1 (2.1%)  0

 Stroke  1 (2.1%)  4 (8.5%)

 Hypertension  5 (10.6%)  2 (4.3%)

WHO Glioma grade

 I, II  11 (23.4%)  14 (29.8%) 0.48

 III, IV  36 (76.6%)  33 (70.2%) 0.48

Histological type

 Oligodendroglioma  2 (4.3%)  4 (8.5%)

 Astrocytoma  5 (10.6%)  6 (12.8%)

 Mixed glioma  4 (8.5%)  4 (8.5%)

 Anaplastic glioma  10 (21.3%)  11 (23.4%)

 Glioblastoma  23 (48.9%)  18 (38.3%)

 Other malignant glioma  3 (6.4%)  4 (8.5%)

Table 1. Baseline characteristics of participants with rivaroxaban and placebo.

SD – standard deviation; BMI – body mass index.
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gliomas (grade IV). Postoperative results showed that all pa-
tients received total resection.

Primary Efficacy Endpoint

The primary composite outcome occurred in 1 (2.1%) of 47 pa-
tients and in 10 (21.3%) of 47 patients in the rivaroxaban and 
placebo groups, respectively. The results are shown in Figure 2 
and Table 2. In the rivaroxaban group, the only patient with VTE 
had distal DVT, as detected on ultrasound, and was asymptom-
atic. In the placebo group, a high percentage of patients had 
VTE, but most patients were asymptomatic, only 1 patient had 
PE, and there were 6 distal DVTs and 3 proximal DVTs. However, 

because of the combination of severe diabetes and complex mul-
tivessel coronary artery disease, the patient with PE could not 
be surgically treated and eventually died owing to PE-related 
heart failure. Two patents were symptomatic, with symptoms of 
lower-limb edema or ache, but no PE was found in these 2 pa-
tients. In brief, patients in the rivaroxaban group had a signifi-
cantly lower VTE incidence rate than those in the placebo group 
(P=0.008). No significant results were obtained with respect to 
the effect of rivaroxaban on PE because of its low incidence.

Safety Outcomes

The study safety endpoints in the rivaroxaban and placebo 
groups are shown in Table 3. Major bleeding events were not-
ed in 1 patient each in the rivaroxaban and placebo groups, 
with no significant difference between groups. No fatal bleed-
ing or critical bleeding was observed in our study. Patients in 
the rivaroxaban group had hematuria, and after discontinu-
ing the drug, urine and hemoglobin levels returned to normal. 
Similarly, patients in the placebo group also had hematuria, 
and after further examination, they were confirmed to have 
bladder tumors. No thrombocytopenia or allergy was noted in 
either group. One patient in the placebo group died because 
of PE and complex and intractable concomitant underlying dis-
eases. Two patients in the rivaroxaban group had mild bleed-
ing, including nosebleeds and bloody sputum; however, the 
symptoms were mild and transient.

Figure 2.  Comparison of incidence of VTE between rivaroxaban 
and placebo groups.
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Parameter Rivaroxaban (n=47) Placebo (n=47) P value

 Major bleeding events  1 (2.1%)  1 (2.1%)

Fatal bleeding  0  0

Critical bleeding  0  0

Clinically overt bleeding  1 (2.1%)  1 (2.1%)

Mild bleeding  2 (4.2%)  0

Thrombocytopenia  0  0

VTE-related death  0  1 (2.1%)

Allergy  0  0

Table 3. Comparison of safety outcomes between rivaroxaban and placebo groups.

Parameter Rivaroxaban (n=47) Placebo (n=47) P value

Venous thromboembolism  1 (2.1%)  10 (21.3%) 0.008*

Distal deep-vein thrombosis  1 (2.1%)  6 (12.8%) 0.11*

Proximal deep-vein thrombosis  0  3 (6.4%)

Pulmonary embolism  0  1 (2.1%)

Symptomatic deep-vein thromboses  0  2 (4.2%)

Table 2. Comparison of primary endpoint between rivaroxaban and placebo groups.

* Fisher’s exact probability test was used for analysis.
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Discussion

This is the first study to explore the effectiveness and safety of 
rivaroxaban in patients undergoing brain glioma surgery. Vein 
thrombosis occurred in 1 out of 47 patients (2.1%) in the riva-
roxaban group, and in the placebo group it occurred in 10 out 
of 47 patients (21.3%). The incidence decreased by approxi-
mately 20%. The safety of rivaroxaban in preventing VTE was 
also assessed, but no significant difference was found because 
of the limited sample size.

Several studies have reported the effect of pharmacological 
thromboprophylaxis in adult patients undergoing neurosurgical 
interventions for preventing VTE. A cohort study [16] including 
2638 neurosurgical patients found that most DVTs occurred 
within the first week after a neurosurgical procedure. The use 
of early subcutaneous heparin (at either 24 or 48 h) was as-
sociated with a 43% reduction in DVT development, without 
an increase in surgical site hemorrhage. Constantini et al [17] 
conducted a randomized study to evaluate the safety of mini-
dose heparin (5000 U of heparin per day) in patients under-
going surgery for supratentorial brain tumors and found that 
the perioperative administration of heparin was safe and did 
not significantly alter bleeding risk. Hamidi et al [18] exam-
ined 89 patients who received either LMWH or no prophylax-
is before elective instrumental spinal surgery and found that 
preoperative prophylactic LMWH was not associated with 
major bleeding complications that altered the postoperative 
course. Our study included 94 patients undergoing brain glio-
ma surgery and found that the novel oral anticoagulant rivar-
oxaban was associated with a 20% reduction in DVT develop-
ment, without an increase in major bleeding events. A recent 
systematic review [19] including 7 randomized controlled tri-
als and 3 non-randomized controlled studies suggested that 
pharmacologic thromboprophylaxis can decrease the risk of 
asymptomatic proximal DVT by approximately 50%. However, 
no study has yet reported the effect of rivaroxaban in neuro-
surgical procedures, which has limited its usage. Rivaroxaban 
is a highly selective direct oral inhibitor of factor Xa. Inhibitor 
Xa can interrupt the endogenous and exogenous pathways of 
coagulation waterfall-cascade and inhibit the production of 
thrombin and thrombosis [20]. Compared with other oral an-
ticoagulants such as warfarin, rivaroxaban does not require 
laboratory monitoring or frequent dose adjustments [21]. We 
found that rivaroxaban has been studied in patients with pe-
ripheral artery disease [7], nonmajor orthopedic surgery [8], 
nonvalvular atrial fibrillation [9], acute ischemic stroke [22], 
and stable cardiovascular disease [23]. Patients with cancers, 
particularly those with malignant tumors, have changes in 
the homeostatic mechanism of coagulation and fibrinolysis, 
predisposing them to hypercoagulation [24]. The incidence of 
VTE can be as high as 20% in patients with brain metastases 
and primary central nervous system lymphoma and as high 

as 30% in patients with high-grade glioma [25,26]. Our study 
showed that VTE occurred in 21.3% of patients undergoing 
brain glioma surgery; however, most patients were asymp-
tomatic and only 20% were symptomatic. Heidrich et al [27] 
examined the incidence of venous thrombosis in tumor pa-
tients and found that 31.3% of patients with venous throm-
boses were symptomatic and 68.7% were asymptomatic, and 
they mostly occurred during chemotherapy, surgery, or radia-
tion therapy. If asymptomatic VTE is untreated, it can lead to 
PE; therefore, asymptomatic VTE should be treated as symp-
tomatic venous thrombosis.

This study had some limitations. First, the conclusions may not 
be appropriate for all patients undergoing neurosurgery proce-
dures because the study strictly limited enrollment to patients 
who underwent brain glioma surgery. Although we showed that 
rivaroxaban can be beneficial for patients undergoing brain gli-
oma surgery, clinicians should alert for adverse reactions to ri-
varoxaban. Moreover, we strictly limited the scope of inclusion 
to patients with gliomas, and we did our best to exclude pa-
tients at risk for bleeding, based on preoperative or intraoper-
ative evaluation results. Therefore, rivaroxaban should not be 
administered to patients who are determined by clinicians to 
be at risk for bleeding. Second, our results cannot be general-
ized to the use of all new oral anticoagulants. Currently, there 
are several kinds of anticoagulants corresponding to different 
treatment outcomes and adverse reactions that may differ 
from those reported in our study. Therefore, caution should be 
exercised when considering our results. In addition, our study 
is limited by its small sample size and single-center design, 
which may have biased our results. Surgical impairment of 
brain function areas resulting in limb dyskinesia was not con-
sidered when patients were enrolled. The accuracy of ultraso-
nography and patient compliance could also have biased the 
results. Subsequent studies should have a larger sample size 
and use different doses of rivaroxaban to better understand 
the effect of rivaroxaban in patients undergoing brain glioma 
surgery or other neurosurgical procedures.

Conclusions

The administration of rivaroxaban is safe and is associated 
with a lower VTE incidence rate in patients undergoing brain 
glioma surgery. This preventive application with evidently low-
er incidence should be regularly used perioperatively in glio-
ma cerebral surgery.
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