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Introduction
VTE is a well-documented and potentially fatal complication 

in patients with SCI. PE has been reported as the cause of death in 
approximately 37% of SCI patients who died within three months of 
injury in the absence of thromboprophylaxis [1, 2]. The introduction 
of prophylactic measures has significantly reduced mortality 
rates. Mackiewicz-Milewska et al. [3], Horiuchi and Fukuoka [4] 
reported a PE-related mortality rate of 4% in patients receiving 
thromboprophylaxis. Similarly, Laginha et al. [5] reported that PE was 
responsible for 9.7% of deaths within the first-year post-injury among 
496 SCI patients. Singh et al. [6] observed a 14% incidence of clinically 
evident DVT in 909 patients with acute SCI, with no significant 
difference between surgically and non-surgically managed patients 
(13% vs 15%, respectively). The incidence of PE was 5% in both groups 
[7].

At our comprehensive spinal injury care center, we implement 
a standardized thromboprophylactic regimen combining 
pharmacological agents-such as low molecular weight heparin 
(LMWH) or warfarin-with mechanical methods for all patients, 
irrespective of neurological status. In this study, we evaluate the efficacy 
of this regimen and examine the variation in VTE incidence based on 

age, sex, injury level, presence or absence of neurological deficit, and 
its severity.

Methods 
We retrospectively reviewed the clinical notes and institutional 

database of all newly admitted patients to our spinal injury center 
over a 3 year period. A total of 467 patients were admitted during 
the study period. Inclusion criteria were: (1) traumatic spinal injury, 
(2) admission within two weeks of injury, and (3) initiation of 
anticoagulation prophylaxis within 72 h of injury. Based on these 
criteria, 374 patients were included in the study. Ninety-three patients 
were excluded: 34 due to non-traumatic spinal pathology and 59 due to 
delayed admission or incomplete thromboprophylaxis.

Of the included patients, 215 sustained spinal column injury 
without neurological deficit, while 159 had SCI with either complete or 
incomplete neurological impairment.

All patients received LMWH (Tinzaparin) within 72 h of injury. 
Oral anticoagulation with warfarin (vitamin K antagonist) was initiated 
once patients could tolerate oral intake. The international normalized 
ratio (INR) was regularly monitored, with a target INR of 2.0 (range: 
2.0 - 3.0). Warfarin was typically discontinued at an average of 7.6 
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weeks post-injury. Patients were monitored for clinical signs of VTE 
throughout hospitalization.

Mechanical thromboprophylaxis included daily passive 
physiotherapy and application of elastic compression stockings 
(TED stockings) from the day of admission, unless contraindicated. 
Daily clinical monitoring for signs of DVT or PE was conducted. 
Suspected DVT was investigated via Doppler ultrasound or ipsilateral 
venography, while PE was evaluated using ventilation–perfusion (V/Q) 
lung scans. Post-mortem examinations were performed for all deaths 
to determine the cause.

Data was recorded in Microsoft Excel and analyzed using SPSS 
software. Categorical variables were assessed using the Chi-square test 
for independence. Differences in means and variances were evaluated 
using the t-test and analysis of variance (ANOVA), with statistical 
significance set at a p < 0.05.

Results
The neurologically intact group

A total of 215 patients met the inclusion criteria for the study. Of 
these, 141 (67%) were male and 74 (33%) were female, with a mean age 
of 38.6 years (standard deviation ± 19.9). The average length of hospital 
stay was 34 days (standard deviation ± 24). Among the cohort, one patient, 
a 70-year-old male, developed symptoms and signs consistent with PE 11 
days post-injury. The diagnosis was confirmed by a V/Q lung scan. This 
patient had sustained a fracture of the L1 vertebra, which was treated 
with surgical stabilization. Notably, no patients in this group developed 
clinically detectable DVT during the study period (Table 1).

The SCI group

The median time to admission at the spinal injury center after 
trauma was 2 days. Among the 215 patients, there were 73 cervical, 
60 thoracic, and 26 lumbar vertebral injuries, with associated injuries 
to the spinal cord or cauda equina. The mean age of patients was 40.7 
years (range: 14 - 88 years). Of the cohort, 121 (76%) were male and 
38 (24%) were female. Neurologically, 68 patients (43%) sustained 
complete spinal cord injuries, while 91 patients (57%) experienced 
incomplete neurological loss (Table 2).

Nineteen patients (11.9%) developed clinically manifest DVT, 
which was confirmed by venography. Of these, four patients developed 
signs of PE, confirmed by a V/Q lung scan. Additionally, four other 

patients exhibited clinical signs of PE without accompanying DVT. The 
total prevalence of PE in the cohort was 5% (Table 1). There were eight 
deaths during the study period, all of which underwent post-mortem 
examination. One death was attributed to PE: an 81-year-old patient 
with central cord syndrome who died on the second day post-injury, 
the same day he was transferred to the spinal center. Importantly, no 
fatal PE occurred among patients who received thromboprophylaxis.

The patient who died from PE had not received thromboprophylactic 
treatment and was therefore excluded from this sample. When the data 
were analyzed by age, the prevalence of VTE was higher in the 40 - 60 
years age group, although no statistically significant correlation was 
found between age and the incidence of VTE.

Gender analysis revealed a higher prevalence of DVT in males 
(13.2%) compared to females (7.9%), while the occurrence of PE 
was similar between both sexes. However, there was no statistically 
significant difference in the overall incidence of VTE between males 
and females.

Patients with complete spinal cord lesions exhibited a higher 
occurrence of VTE (17.7%) compared to those with incomplete 
lesions (11%). This difference was statistically significant (p < 0.001). 
The highest incidence of PE (21.3%) was observed in the complete 
paraplegia group (Table 3).

Two distinct peaks in thromboembolic episodes were observed. 
The first occurred within the first two weeks post-injury, accounting 
for 30% of VTE cases. The second peak occurred after the 8th week, 
once thromboprophylaxis was discontinued, and accounted for 38% 
of cases.

Discussion
Thromboprophylactic regimens for SCI patients vary widely, 

ranging from simple mechanical methods such as TED stockings to 
more invasive approaches like vena cava filter insertion. Data from 
North American model systems report fatal PE as the third most 
common cause of death in the first year following SCI [5]. Similarly, 
Mackiewicz-Milewska et al. [3], Horiuchi and Fukuoka [4] found 
fatal PE in 2 of 41 (5%) and 2 of 48 (4%) SCI patients who were 
treated with thromboprophylaxis. The consortium for spinal cord 
medicine guidelines suggest that combination therapy, involving both 
pharmacological and mechanical methods, is more effective than 
single-modality prophylaxis [7].

LMWHs are the most commonly prescribed pharmacological 
agents, either alone or in combination with mechanical methods. 
Some spinal injury centers in the UK continue to use oral vitamin K 
antagonists for long-term prophylaxis. de Almeida et al. [8] suggested 
that oral AVKs might be a safer option than Enoxaparin in the SCI 
population. In our experience, a combined regimen of LMWH and 
Warfarin, along with mechanical prophylaxis, has proven effective in 
preventing fatal PE and reducing the overall morbidity associated with 
VTE.

Two distinct peaks in VTE incidence were observed in our cohort. 
The first occurred within the first two weeks post-injury, with the 

Total no.
DVT PE

No. (%)
Complete tetraplegic 21 3 (14.3) 0
Complete paraplegic 47 7 (14.9) 5 (10.6)

Incomplete tetraplegic 52 9 (17.3) 2 (3.8)
Incomplete paraplegic 39 0 1 (2.6)

Total SCI group 159 19 (11.9) 8 (5.0)
Intact neurology group 215 0 1 (0.47)

Table 1: Percentage of patients according to SCI, DVT and PE in this study.

Variables
Complete Incomplete

No. (%)
Males 51 (42.1) 70 (57.9)

Females 17 (44.7) 21 (55.3)
Tetraplegic 21 (13.2) 52 (32.7)
Paraplegic 47 (29.6) 39 (24.5)

Table 2: SCI characters.

Lesion
Complete Incomplete

No. (%)
Tetraplegia 3 (14.3) 9 (17.3)
Paraplegia 10 (21.3) 1 (2.6)

Table 3: VTE among patients with complete and incomplete lesions.
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second peak emerging after the 8th week following the discontinuation 
of thromboprophylaxis. This pattern mirrors the findings of [8], who 
also identified an increased incidence of VTE after the cessation of 
prophylactic treatment. Mackiewicz-Milewska et al. [3] reported 
one fatal PE two weeks after discontinuing thromboprophylaxis in a 
cohort of 33 SCI patients. Based on these observations, we recommend 
continuing thromboprophylaxis for at least 12 weeks post-injury 
or until discharge in high-risk patients. This approach aligns with 
the recommendations of the 2004 Seventh ACCP Conference on 
Antithrombotic and Thrombolytic Therapy [9].

Our study also identified a significantly higher prevalence of 
VTE among patients with complete paraplegia (21.3%) compared to 
those with incomplete or minimal neurological deficits (2.6%). These 
findings are consistent with previous reports by Löfvenmark et al. [10] 
and Peterson et al. [11]. Notably, among patients without neurological 
deficits, the majority were treated with 4 - 6 weeks of bed rest. Only 
one patient in this group developed PE, a few days after surgical 
stabilization. The significant statistical difference in VTE incidence 
between neurologically intact and neurologically impaired patients 
(p < 0.01) suggests that neurological impairment, including paralysis, 
is a major risk factor for developing VTE. In contrast, bed rest alone 
with appropriate thromboprophylaxis does not appear to significantly 
increase VTE risk in either group of SCI patients [12, 13].

Conclusion
In this study, we demonstrated that a combination regimen of 

LMWH and Warfarin, alongside mechanical prophylaxis, is effective 
in preventing fatal PE and reducing the overall incidence of VTE 
in patients with SCI. The findings confirm that the prevalence of 
VTE is highest among patients with complete spinal cord lesions, 
particularly in those with complete paraplegia, and lowest in patients 
with minimal neurological deficits. Additionally, we identified two 
distinct peaks in VTE incidence: one within the first two weeks post-
injury and another after the 8th week following the discontinuation of 
thromboprophylaxis. These observations highlight the importance of 
maintaining thromboprophylaxis for at least 12 weeks post-injury, 
particularly for high-risk patients.

Our results also underscore the significant role of neurological 
impairment in increasing VTE risk, with complete spinal cord injuries 
being associated with a higher incidence of both DVT and PE. Notably, 
patients with neurological deficits appear to be at greater risk for 
VTE than those with isolated spinal column injuries, suggesting that 
paralysis may be a key contributor to thromboembolic events.

This study provides further evidence that while thromboprophylaxis 
can be highly effective in preventing VTE in SCI patients, the optimal 
duration of treatment and regimen remain critical for improving 
patient outcomes. We recommend extending thromboprophylaxis 
for at least 12 weeks after SCI, or until discharge, for patients with 

significant neurological impairment or other risk factors for VTE.
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