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Background: Whether anticoagulant therapy should be used after spinal-cord injury (SCI) surgery was controversial. The antic
oagulation characteristics of a newly developed anticoagulant, recombinant neorudin (EPR-hirudin (EH)), were explored using a rat 
model of SCI to provide a basis for clinical anticoagulation therapy of SCI.
Methods: A rat model of SCI was developed by Allen’s method. Then, thrombosis in the inferior vena cava was induced by ligation. 
The low-bleeding characteristics of EH were explored by investigating dose–response and time–effect relationships, as well as 
multiple administration of EH, on thrombus formation complicated with SCI.
Results: EH inhibited thrombosis in a dose-dependent manner by reducing the wet weight and dry weight of the thrombus. An inhibiting action 
of EH on thrombosis was most evident in the group given EH 2 h after SCI. After multiple intravenous doses of EH, thrombosis inhibition was 
improved to that observed with low molecular weight heparin (LMWH) (87% vs 90%). EH administration after SCI neither increased bleeding 
in the injured spine nor damaged to nerve function. Bleeding duration and activated partial thromboplastin time were increased in the high-dose 
EH group compared with that in the normal-saline group, but were lower than those in the LMWH group.
Conclusion: EH can reduce thrombus formation in a rat model of SCI, and bleeding is decreased significantly compared with that 
using LMWH. EH may prevent thrombosis after SCI or spinal surgery.
Keywords: recombinant neorudin, rat model, thrombosis, spinal-cord injury, low-bleeding anticoagulation

Introduction
Deep-vein thrombosis (DVT) is a common early complication after spinal-cord injury (SCI) and spinal surgery, but it can 
also occur in the chronic period.1 DVT causes long-term swelling and ulcers in the lower limbs, and affects the 
rehabilitation and prognosis of patients. DVT can even lead to a fatal pulmonary embolism,2 the third most common 
cause of death in patients with SCI, whose worldwide prevalence is estimated to be ≤5%.3 In recent years, the prevalence 
of DVT after SCI has been increasing.4–6 The overall prevalence of symptomatic or asymptomatic DVT in untreated SCI 
patients ranges from 50% to 100%, which is highest within the first 2 weeks following injury.7–11

Full attention should be paid to the evaluation and prevention of DVT after SCI because efficacious treatment is lacking and 
the early clinical symptoms of DVT are not obvious. Whether anticoagulant therapy should be used in surgery for SCI was 
controversial, and different clinical opinions have been documented. Anticoagulant therapy may reduce the risk of DVT, but may 
increase the risk of epidural hematomas.12 Application of anticoagulants before surgery, in general, can lead to bleeding, which 
interferes with anticoagulant therapy for patients with SCI. In particular, some scholars believe that intraoperative use of 
anticoagulants can lead to increased bleeding from wounds, formation of epidural hematomas, and other complications.13

However, many scholars believe that patients with SCI should receive anticoagulants as soon as possible after SCI. 
Clinical studies have indicated that rational use of anticoagulants, such as low-molecular-weight heparin (LMWH), could 
reduce the occurrence of thrombosis without increasing the risk of bleeding.3,14–19
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Recombinant neorudin (EPR-hirudin (EH))20 is a newly developed anticoagulant. It is obtained by adding EPR short peptide 
(which is composed of three amino acids, Glu–Pro–Arg) to the N-terminal of hirudin (the most potent natural inhibitor of 
thrombin). Hirudin has been approved by the US Food and Drug Administration for the prevention of thrombosis after major 
orthopedic surgery. However, its clinical application has been limited because it causes bleeding.21 The anticoagulant effect of EH 
is blocked totally by EPR, which can be identified and cleaved by coagulation factor Xa (FXa) and/or coagulation factor XIa 
(FXIa).22 The anticoagulant action of hirudin is released from EH after hydrolysis by FXa or FXIa at the thrombus site.23 Thus, EH 
exerts its antithrombotic effects by releasing its active metabolite (hirudin) at the thrombus site via FXIa-mediated cleavage of 
EPR, thereby resulting in direct inhibition of thrombin. Through its structure and mechanism of action, EH can be targeted to the 
local thrombus, thereby reducing systemic bleeding. The low-bleeding characteristics of EH have been demonstrated using 
a beagle model of coronary artery thrombosis,24 as well as a rat model of thrombosis due to cerebral infarction25 and thrombosis of 
the posterior vena cava (PVC). Furthermore, the safety and low-bleeding characteristics of EH have been shown in healthy 
volunteers.26

In the present study, the effects of EH on thrombus inhibition and safety were evaluated in a rat model of SCI 
complicated with venous thrombosis. We aimed to provide clues for thrombus prophylaxis in patients with SCI or who 
have undergone spinal surgery.

Materials and Methods
Ethical Approval of the Study Protocol
The experimental protocol was approved (2020021601) by the Animal Ethics Committee of Tianjin Institute of 
Pharmaceutical Research (Tianjin, China) and complied with the Guide for the Care and Use of Laboratory Animals 
published by the Chinese Ministry of Public Health. Experiments were carried out in accordance with relevant 
regulations and guidelines, including Animals in Research: Reporting In Vivo Experiments (ARRIVE) guidelines. 
Rats were killed humanely by cervical vertebrae luxation, according to ARRIVE guidelines.

Materials
EH (lot: 20190428) was obtained from Beijing Institute of Radiation Medicine (Beijing, China). LMWH-sodium 
injection (Fluxum™; AlphaSigma, Covington, LA, USA) was purchased from 307th Hospital (Beijing, China). The 
reagents used to determine the thrombin time (TT) (lot: 031912A), prothrombin time (PT) (lot: 011910A), activated 
partial thromboplastin time (APTT) (lot: 022001A), and fibrinogen (lot: 042003A) were sourced from Mede Pacific 
(Tianjin) Biotechnology (Tianjin, China). A plasma free hemoglobin (fHb) determination kit (lot: 20200612) was 
obtained from Nanjing Jiancheng Bioengineering Institute (Nanjing, China).

A Parber Coagulation Factor Analyzer was purchased from Beijing Shidi Scientific Instruments (Beijing, China). 
A microplate reader (RT6100 series) was obtained from Rayto Life Sciences (Shenzhen, China). An ultrasonic cell 
shredder (SCIENTZ-IID) was sourced from Xinzhi Biological Technology (Zhejiang, China). A 3.0-T magnetic reso
nance scanner (Discovery MR750) was obtained from General Electric (Boston, MA, USA).

Animals
Male Sprague–Dawley rats (license number: SCXK (Beijing) 2019–0010) purchased from Spef (Beijing Biological) 
Technology (Beijing, China) were bred under standard conditions of care (12-h day–night cycle, 40–70% humidity, 22– 
26°C) and had free access to water and chow.

Animal Model of SCI Combined with DVT
Male Sprague–Dawley rats (260 g) were anesthetized with isoflurane and fixed in the ventral-decubitus position. Fur 
around the tenth thoracic vertebra (T10) was shaved and routine disinfection undertaken. The spinous processes of T9– 
T11 were exposed by surgical incision. Then, the spinous process of T10 was resected, and half of the back of the T10 
vertebral body was cleaned to expose the spinal cord. SCI was developed using Allen’s method.27 Briefly, the T10 
thoracic spinal cord was impacted with a 10-g rod by a free fall from a height of 5 cm. At the moment of injury, a spastic 
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swing of the rat tail, as well as retraction and flutter of both hind limbs and trunk, demonstrated that the SCI model had 
been developed.

To initiate DVT, rats were first anesthetized with 3% pentobarbital sodium (60 mg/kg) and then fixed supine on an 
operating table. The abdominal cavity was opened along the midline to expose the inferior vena cava (IVC). PVC 
branches (third lumbar veins, left iliac lumbar veins, fourth lumbar veins, right internal spermatic vein, right iliac vena 
cava) were ligated successively. Then, the PVC was ligated below the branch of the renal vein to induce venous 
thrombosis by venous stagnation. The duration of thrombosis was 1 h.

Dose–Response Relationship
Sixty rats were divided randomly into six groups of 10. They underwent surgery to induce SCI and DVT (except rats in 
the sham-operation group). Rats in the sham-operation group and model control group were injected with physiological 
(0.9%) saline (“normal saline” (NS)) in the tail vein. Rats in treatment groups were injected with EH (0.3, 1.0, 3.0 mg/kg) 
in the tail vein, respectively. Rats in the positive control group were injected (s.c.) with LMWH (440 IU AXa/kg 
bodyweight; clinically equivalent dose). Drugs were administered 2 h after SCI, and the DVT model was created 5-min 
later for 1 h. Thereafter, the dose–effect relationship was evaluated (Figure 1A).

Figure 1 Time-line of EH for the prevention of deep-vein thrombosis after spinal-cord injury. (A) Dose–response relationship. (B) Time–effect relationship. (C) Effect of 
multiple administration of EH.
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Time–Effect Relationship of a Drug
This experiment was divided into five time points (1, 2, 4, 6, 24 h) after SCI modeling, and each time point was divided 
into five groups, which yielded a total of 20 groups with 10 rats in each (A total of 200 rats). Rats underwent surgery to 
induce SCI and DVT (except rats in the sham operation group). Rats in the sham-operation group and model control 
group were injected (i.v.) with NS. Rats in treatment groups were injected (i.v.) with EH (1.0 mg/kg). Rats in the positive 
control group were injected (s.c.) with LMWH (440 IU AXa/kg bodyweight).

Drugs were administered 1, 2, 4, 6, and 24 h after SCI, respectively. A thrombosis in the IVC was created 5-min later 
for 1 h. Thereafter, the time–effect relationship was evaluated (Figure 1B).

Effect of Multiple Administration of EH
Sixty rats were divided randomly into six groups of 10. Rats in each group underwent surgery to induce SCI and DVT 
(except for rats in the sham-operation group). The induction of DVT was identical to that described above except that 
a polyethylene tube was placed under the silk thread used to ligate the PVC and was removed carefully after DVT had 
been induced for 1 h to recover part of the blood flow, and then muscle and skin were sutured.

Rats in the sham-operation group and model control group were injected (i.v.) with NS. Rats intreatment groups were 
injected (i.v.) with EH (0.3, 1.0, 3.0 mg/kg). Ras in the positive control group were injected (s.c.) with LMWH (440 IU 
AXa/kg bodyweight). Two hours after SCI, drugs were administered, and then a thrombosis in the IVC was created 
5-min later for 1 h. Thereafter, the drug was administered once a day for 7 days, and the effect of multiple administration 
of EH was evaluated. The experimental design and time-line were shown in Figure 1C.

Determination of the Wet Weight and Dry Weight of Thrombus
The IVC was clipped 2-cm below the ligation after DVT induction for 1 h, and then dissected to remove the thrombus. 
The wet weight of the thrombus was measured after drainage of residual fluid, and then dried in a 50°C oven. Thereafter, 
the dry weight of the thrombus was measured and percent inhibition of thrombus formation calculated according to the 
following formula:

Determination of Bleeding Duration in the Peripheral Circulation
One hour after IVC ligation, the tail of a rat was cut 2-mm away from the tail tip and placed in 10 mL of NS. Then, the 
bleeding duration was documented.

Determination of Blood Volume in the Injured SC
One hour after IVC ligation, the SC at T9–T11 was removed and made into a 10% homogenate with NS. The volume of 
blood in the SC was measured using the fHb determination kit, according to manufacturer’s instructions.

Determination of Parameters of Plasma Coagulation
After removal of the thrombus, blood was drawn from the abdominal aorta into tubes with 3.8% sodium citrate (ratio of 
whole blood: anticoagulant = 9:1). The tube was centrifuged at 1240 g for 10 min at 4°C to collect plasma for 
determination of TT, PT, APTT, and fibrinogen level by the solidification method, as described previously.24,25

Basso–Beattie–Bresnahan Locomotor Rating Scale (BBBLRS)
Deficits in rat behavior were scored according to the BBBLRS score28 3 and 7 days after treatment in the multiple- 
administration study. The BBBLRS score is composed of three parts: the score in the first part ranges from 0 to 7 and 
evaluates the activity of each joint of hind limbs; the second ranges from 8 to 13 and evaluates the gait and coordination 
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function of hind limbs; the third ranges from 14 to 21 and evaluates fine movement of paws during movement. The total 
score of the three parts is 21.

Detection of SC Pathology by Magnetic Resonance Imaging (MRI)
Three days after treatment in the multiple-administration study, imaging data of the T9–T11 segments of the SC were 
collected using a 3.0-T magnetic resonance scanner and phased array coil for animal studies. Sagittal and transverse 
spin–spin relaxation time T2-weighted images (T2WIs) were obtained.

The scanning parameters for sagittal spin and spin relaxation time T2WIs were repetition time (TR)/echo time (TE) = 
3338/74 ms; field of view (FoV) = 80 mm × 80 mm; matrix = 256 × 256; number of excitations (NEX) = 3; layer 
thickness = 1 mm; interval = 0.5 mm.

The scanning parameters for transverse spin and spin relaxation time T2WIs were TR/TE = 2967/83 ms; FoV = 
60 mm × 60 mm; matrix = 256 × 256; NEX = 3; layer thickness = 1 mm; interval = 0.5 mm.

The criterion for the diagnosis of lesions was a high signal area on a visually distinguishable T2WI. The percentage of 
total lesion volume in the SC was determined using Dcm2niigui and Mricron 12122012.

Determination of Hemorrhage in the Injured SC
Seven days after treatment in the multiple-administration study, T9–T11 SC segments of rats were removed, fixed in 10% 
formaldehyde, and embedded in paraffin along the coronal surface. 5 sections were cut at 1-mm intervals for each tissue 
at a thickness of 5 μm, and conventional hematoxylin and eosin (H&E) staining was undertaken. Each section was 
photographed with a microscope at ×400 magnification. The number of red blood cells (RBCs) in the lesion area was 
counted.

Data Collection and Statistical Analyses
Data are the mean ± standard deviation. Significant differences between groups were analyzed by ANOVA. P < 0.05 was 
considered significant.

Results
Dose–Response Relationship
Effects on the Wet Weight and Dry Weight of the Thrombus
A thrombus was formed in the ligated blood vessels of rats in the NS group. After intravenous administration of EH (0.3, 
1.0, 3.0 mg/kg), the wet weight and dry weight of thrombus were reduced significantly in a dose-dependent manner. 
Compared with the NS group, the wet weight was reduced by 28.0% (P < 0.05), 57.3% (P < 0.01), and 59.2% (P < 
0.001), and the dry weight was reduced by 28.5% (P < 0.05), 57.5% (P < 0.001), and 60.7% (P < 0.001), respectively, 
after EH had been given at 0.3, 1.0, or 3.0 mg/kg. The wet weight and dry weight of the thrombus of rats treated with 
LMWH were reduced significantly by 83.8% (P < 0.001) and 83.5% (P < 0.001), respectively, compared with that in rats 
in the NS group. Percent thrombus inhibition after EH (0.3, 1.0 mg/kg) had been administered was lower than that after 
LMWH had been given (Figure 2A).

Effects on the Blood Volume in the Injured SC
Dark-red blood oozed rapidly on the SC surface at the impact site. The volume of blood in the NS group was 
significantly higher than that in the sham-operation group (P < 0.001) according to the fHb level in the injured SC. 
There was no significant effect upon bleeding in the SC in rats after intravenous administration of EH (0.3, 1.0, 3.0 mg/ 
kg). Blood loss in the LMWH group showed an increasing trend, but not significantly so (Figure 2B).

Effects on Bleeding Duration After Tail Amputation
Intravenous administration of EH (0.3, 1.0, 3.0 mg/kg) in rats had no significant effect on bleeding duration after tail 
amputation (Figure 2C). However, bleeding duration was prolonged significantly after LMWH administration compared 
with that in the NS group (P < 0.01) and in groups administered EH (0.3, 1.0 mg/kg) (P < 0.05).
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Effects on Coagulation Parameters
Intravenous administration of EH (3.0 mg/kg) prolonged TT significantly (P < 0.05), and LMWH administration 
prolonged TT (P < 0.01) and APTT (P < 0.001) significantly, compared with those in the NS group (Figure 2D).

Figure 2 Dose–effect relationship between EH and thrombosis (n=10). (A) Effects on the wet and dry weight of the thrombus. (B) Effects on bleeding in the spinal cord. (C) 
Effects on bleeding duration after tail amputation. (D) Effects on coagulation parameters. ΔΔΔP < 0.001, compared with the sham-operation group; *P < 0.05, **P < 0.01, ***P 
< 0.001, compared with the normal-saline group; #P < 0.05, ###P < 0.001, compared with the LMWH group.
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Time–Effect Relationship
Effects on the Wet Weight and Dry Weight of the Thrombus
After administration of EH (1 mg/kg) and LMWH at each time point after SCI, the wet weight and dry weight of the 
thrombus were reduced significantly compared with those in the NS group (P < 0.01–0.001) (Figure 3A). There was no 
significant difference in thrombus inhibition between 1 h and 6 h, but there was an increasing trend in the wet weight and 
dry weight of the thrombus from 2 h to 6 h. These results implied that thrombosis was closely related to the time of 
damage and anticoagulation therapy; earlier treatment with EH may reduce the thrombus size. The thrombus-inhibition 
effect of LMWH given 2 h and 4 h after SCI was greater than that of EH (P < 0.05).

Figure 3 Time–effect relationship between EH and thrombosis (n=10). (A) Effects on the wet and dry weight of the thrombus. (B) Effects on bleeding in the spinal cord. (C) 
Effects on bleeding duration after tail amputation. ΔΔΔP < 0.001, compared with the sham-operation group; *P < 0.05, **P < 0.01, ***P < 0.001, compared with the normal- 
saline group; #P < 0.05, ##P < 0.01, compared with the LMWH group.
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Effects on Blood Volume in the SC
Blood volume (expressed by the fHb level in the injured SC) was increased significantly at each time point after SCI in 
the NS group compared with that in the sham-operation group (P < 0.001). However, there was no significant increase in 
the blood volume in the group given EH (1 mg/kg) or the group given LMWH, though the extent of bleeding in the 
LMWH group showed an increasing trend (Figure 3B).

Effects on Bleeding Duration After Tail Amputation
The duration of bleeding after tail amputation was not influenced if rats were given EH (1 mg/kg) 1, 2, 4, 6, or 24 h after 
SCI. However, the duration of bleeding was prolonged significantly after LMWH administration at all time points 
compared with that in the NS group (P < 0.05–0.01) at 2 h and 4 h compared with rats treated with EH (P < 0.05) 
(Figure 3C).

Effect of Multiple Administration of EH
Effects on the Wet Weight and Dry Weight of the Thrombus
After drugs had been administered for 7 days, the thrombus was removed for examination. The wet weight and dry weight of 
the thrombus were reduced significantly in groups administered EH (0.3, 1.0, 3.0 mg/kg) on multiple occasions. Compared 
with the NS group, the wet weight was reduced by 87.8% (P > 0.05), 88.3% (P < 0.05), and 89.7% (P < 0.05), and the dry 
weight was reduced by 87.1% (P < 0.001), 86.6% (P < 0.001), and 87.0% (P < 0.001), respectively, for EH given at 0.3, 1.0, 
and 3.0 mg/kg. The wet weight and dry weight of the thrombus were reduced by 95.3% (P < 0.05) and 90.2% (P < 0.001), 
respectively, in the group given LMWH compared with the group given NS (Figure 4A).

Effects on Bleeding Duration After Tail Amputation
Intravenous administration of EH (0.3, 1, 3 mg/kg) for 7 days did not increase bleeding duration (Figure 4B). However, 
bleeding duration was prolonged significantly in rats treated with LMWH (P < 0.05) compared with rats given NS.

Effects on Coagulation Parameters
Intravenous administration of EH (3 mg/kg) for 7 days prolonged TT significantly (P < 0.05) and LMWH administration 
prolonged TT and APTT significantly (P < 0.001) compared with the group given NS (Figure 4C).

Effects on the BBBLRS Score
The BBBLRS score of the NS group was reduced significantly 3 days and 7 days after SCI (P < 0.001) compared with 
the sham-operation group (Figure 5A). These results showed that SC damage was induced and the movement of rats was 
influenced after SCI. The BBBLRS score was not significantly affected in groups given EH (0.3, 1.0, 3.0 mg/kg) multiple 
times, or the group given LMWH.

Effects on Lesions and Bleeding in the Injured SC
The normal and intact tissue structure of SC is displayed in Figure 5Di: there were virtually no RBCs among SC cells. 
The intact tissue structure of the SC was destroyed after SCI, and some cells experienced apoptosis or necrosis, which 
resulted in the infiltration of immune cells (Figure 5Dii). Moreover, many RBCs were in the lesion area of the SC. There 
was no significant difference in the number of SC lesions among treatment groups (Figure 5Dii–Dvi).

The number of RBCs in the injured area of the SC in the NS group was increased significantly compared with that in 
the sham-operation group (P < 0.001), which demonstrated significant bleeding after SCI. The RBC number did not 
increase in groups treated with EH (0.3, 1.0, 3.0 mg/kg) for 7 days, or in the group treated with LMWH (though an 
increasing tendency in the LMWH group was observed) (Figure 5B).

Lesion Analysis in the SC by MRI
Significant spinal lesions were observed by MRI of rats in the NS group 7 days after SCI compared with those in the 
sham-operation group (P < 0.001). There was no significant difference in the number of SC lesions in rats treated with 
EH (0.3, 1.0, 3.0 mg/kg) for 7 days, or those treated with LMWH, compared with rats treated with NS (Figure 5C).
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Discussion
SCI is associated with an increased risk of venous thromboembolism due to Virchow’s triad (stasis, hypercoagulable state 
and intimal injury)29 because patients undergo an invasive surgical procedure and can suffer extensive damage to tissue. 
However, there are greater concerns about hemorrhage or bleeding (especially around nerve tissue) because a minor 
hematoma in spinal cord can lead to devastating consequences (eg, paralysis).12 Hence, implementation of appropriate 
anticoagulation strategies to reduce the risk of DVT and pulmonary embolism without increasing the risk of hemorrhagic 

Figure 4 Effect of multiple administration of EH on thrombus formation (n=10). (A) Effects on the wet weight and dry weight of the thrombus. (B) Effects on bleeding 
duration after tail amputation. (C) Effects on coagulation parameters. *P < 0.05, ***P < 0.001, compared with the normal-saline group; #P<0.05, compared with LMWH 
group.
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Figure 5 Effect of multiple administration of EH on the spinal cord (n=10). (A) The BBBLRS score showed that the movement of rats after SCI was limited in the normal-saline group 
compared with that in the sham-operation group (P < 0.001) and there was no significant effects on the BBBLRS score upon treatment with EH or LMWH. (B) The RBC count in the 
lesion area of the spinal cord revealed obvious bleeding after SCI, and treatment with EH or LMWH did not increase bleeding in the lesion area. (C) The range of spinal lesions (%) 
analyzed by Dcm2niigui and Mricron with MRI showed spinal lesions to be induced and that these lesions were not significantly affected by treatment with EH or LMWH. (D) Pathologic 
sections dyed with H&E. (Di) Normal tissue structure of the spinal cord. (Dii) Intact tissue structure of the spinal cord was destroyed after SCI, and some cells experienced apoptosis or 
necrosis, thereby resulting in infiltration of immune cells (blue arrow), and many RBCs (red arrow) appeared in the lesion area. (Diii) EH (0.3 mg/kg). (Div) EH (1.0 mg/kg). (Dv) EH 
(3.0 mg/kg). (Dvi) LMWH (440 IU AXa/kg bodyweight). After treatment with three doses of EH or LMWH, lesions in the spinal cord were not altered obviously. ΔΔΔP < 0.001, compared 
with the sham-operation group.
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complications is a major task.30 Although American College Chest Physicians Evidence-Based Clinical Practice (9th ed) 
recommends prevention of venous thromboembolism (VTE) in orthopedic surgery patients: antithrombotic therapy and 
prevention of thrombosis.31 However, the similar guideline of the application of anticoagulants such as LMWH to 
prevent DVT in SCI patients has not been formulated so far.

We investigated the role of the EH in preventing DVT after SCI. EH reduced IVC thrombosis in a dose-dependent 
manner without an increase in the risk of hemorrhage in the injured SC.

Consensus regarding the time to start thromboprophylaxis using anticoagulants after injury or surgery is lacking. 
Several authors have suggested that the “ideal” time to start chemoprophylaxis is immediately/very short time after 
injury.7,32 Furthermore, few reports have focused on the effect of duration of anticoagulant use after SCI.33,34 Some 
studies35 have indicated that the risk for DVT is greatest during the first 2 weeks after SCI. Arnold et al30 reported that 
thrombus prophylaxis with anticoagulants and mechanical means initiated within 72 h of SCI resulted in lower risk of 
DVT than after 72 h. Aito et al36 found the risk of DVT to be 13-times greater if prophylaxis (anticoagulant with 
mechanical procedures) was employed 72 h after injury compared with that within 72 h. Hence, administration of 
LMWH within 72 h of SCI is recommended to minimize the DVT risk.6 Furthermore, in a recent propensity score- 
matched analysis, the optimal time of initiation of thromboprophylaxis was investigated in 3554 patients with acute SCI. 
They were divided equally into two groups of early (<48 h after surgery) versus late (≥48 h after surgery) initiation of 
thromboprophylaxis: DVT prevalence was significantly lower in the early group than in the late group (2.1% vs 10.8%, 
respectively, P < 0.01).37,38

In our time effect study, there was an increasing trend of wet weight and dry weight of the thrombus from 2 h to 6 
h after SCI, though there was no significant difference in the thrombus-inhibition effect between 1 h and 6 h. This result 
implied that thrombosis was closely related to the time of damage and anticoagulation therapy and that earlier treatment 
may help to reduce the thrombus size. Therefore, given the combined results of thromboprophylaxis and bleeding in the 
SC, EH could be administered <6 h in clinic after SCI to prevent thrombosis, which is earlier than LMWH.

In terms of the dose response relationship, different from our previous studies,24,25 the percent of thrombus inhibition 
using high-dose EH was lower than that using LMWH (60.7% vs 87.5%), though the bleeding risk of EH was lower than 
that of LMWH. This disparity in results may arise from different thrombus models and different times of intervention. 
However, after multiple administration of EH for 7 days, the thrombus-inhibiting effect of EH was similar to that of 
LMWH (87.2% vs 90.2%) without an increase in bleeding or lesions in the injured SC, or damage to nerve function. EH, 
as a new anticoagulant with low bleeding, can effectively inhibit thrombosis without increasing the risk of bleeding after 
SCI, so it has a good clinical application prospect and multiple administration of EH is recommended to inhibit 
thrombosis in patients with SCI.

Conclusions
EH inhibited thrombosis after SCI in a dose-dependent manner. Application of EH did not increase bleeding in the 
injured SC or damage nerve function. Therefore, it would be beneficial to apply EH to reduce thrombosis after SCI or SC 
surgery. We suggest initiation of EH therapy <6 h after SCI. EH may provide a safe and effective anticoagulant drug 
choice for patients with SCI. The results of this study are promising but require further research before EH is accepted to 
perform clinical trials in SCI patients.
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