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Risk Factors for Venous Thromboembolism in Patients with 
Spinal Cord Injury: A Single-Center Turkish Study

Spinal Kord Yaralanmalı Hastalarda Venöz Tromboembolizm için Risk 
Faktörlerinin Ortaya Konması: Tek Merkezli Türkiye Verileri

Objective: Spinal cord injury (SCI) occurs due to trauma 
or non-traumatic conditions may be associated with 
comorbidities related to cardiovascular system and higher 
risk for venous thromboembolism (VTE). This study aimed 
to identify risk factors for VTE in patients with SCI who 
participated the inpatient rehabilitation program.

Material and Method:  The study included 326 patients 
diagnosed as SCI that were admitted to the inpatient 
tertiary research hospital rehabilitation clinic and enrolled 
in a conventional rehabilitation program. The data were 
collected retrospectively. Risk factors for developing VTE 
were identified.

Results: There were no significant differences in age, 
comorbidities or SCI etiology between the patients with 
and without VTE. The groups differed significantly in gender, 
level of injury and duration of SCI. Risk factor for VTE were 
only level of injury.

Conclusions: The present findings show that paraplegic 
injury level may be considered risk factor for developing VTE 
in SCI patients. It should be considered when approaching 
the possibility of VTE in SCI patients.
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ÖzAbstract

Hüma Bölük Şenlikci1, Sevgi İkbali Afşar1

Amaç: Spinal kord yaralanması travmatik veya travmatik 

olmayan nedenlerle oluşur ve kardiyovasküler sistem hastalıkları 

ve yüksek venöz tromboembolizm (VT) riski ile ilişkilidir. Bu 

çalışmanın amacı yatarak rehabilitasyon programına dahil 

edilmiş spinal kord yaralanmalı hastalarda VT gelişimi için risk 

faktörlerini ortaya koymaktır.

Gereç ve Yöntem: Çalışma spinal kord yaralanması tanısı olan 

ve 3. Basamak araştırma hastanesi rehabilitasyon kliniğine 

başvurup konvansiyonel rehabilitasyon programına dahil 

edilen 326 hastadan oluşmaktadır. Veriler retrospektif olarak 

toplanmıştır. Venöz tromboembolizm için risk faktörleri ortaya 

konmuştur.

Bulgular: Yaş, ek sistemik hastalıklar veya spinal kord 

yaralanması etiyolojisi açısından VT olan ve olmayan gruplar 

arasında fark yoktur. Gruplar cinsiyet, yaralanma seviyesi ve 

yaralanma süresi açısından farklılık göstermektedir. Tek risk 

faktörü yaralanma seviyesidir. 

Sonuç: Bu çalışmada spinal kord yaralanmalı hastalarda 

yaralanma seviyesi risk faktörü olarak bulunmuştur. Spinal 

kord yaralanmalı hastalara VT açısından yaklaşımda akılda 

bulundurulmalıdır.

Anahtar Kelimeler: Spinal kord yaralanması, venöz tromboembolizm, 

derin venöz tromboembolizm, pulmoner emboli
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INTRODUCTION
Spinal cord injury (SCI) occurs due to trauma or disease, 
resulting in impairment, including motor-sensory 
deficits, bladder and bowel dysfunction, and pulmonary 
complications. Disability varies with injury level and 
whether or not the injury is complete or incomplete.[1] 
SCI is also associated with comorbidities related to the 
cardiovascular system. Irregularities of cardiac rhythm, 
orthostatic hypotension, or absence of cardiac pain can 
occur. Additionally, the risk of venous thromboembolism 
(VTE) is higher in SCI patients than in general population.
[2] VTE includes deep venous thromboembolism (DVT) and 
pulmonary embolism (PE). Hypercoagulability and stasis are 
the most common factors that lead to deep vein thrombosis 
in SCI patients.[3] 
DVT and PE are associated with multiple factors during 
all phases of SCI. It was reported that patient age and the 
presence of another injury are independent risk factors for 
VTE during the acute phase of SCI,[4] whereas some studies 
reported that patient age, gender, race, completeness of 
injury, and neurosurgery were not associated with VTE.[5]  
One study on the factors related to VTE in acute SCI patients 
in Australia observed that weight, male gender, duration of 
hospitalization, and lower limb fractures are risk factors for 
VTE;[6] however, it was noted that the risk of VTE is higher 
during the acute phase of SCI[7] and a systematic review 
reported that risk of VTE is higher even during the subacute 
phase (3-6 months).[8] The present study aimed to identify 
the risk factors for VTE in SCI patients during all phases of SCI.

MATERIAL AND METHOD 
Patients
This retrospective study included SCI patients that were 
hospitalized in the inpatient rehabilitation clinic of Başkent 
University Medical School, Ankara Hospital, Ankara, Turkey, 
between January 2005 and January 2021. The data were 
collected from the records of the patients kept by the 
health care professionals. Patients with paralysis due to 
rheumatologic diseases, those with SCI accompanying 
traumatic brain injury and those were using anticoagulant 
agents due to atrial fibrillation and valve replacement were 
excluded. In all, data for 358 SCI patients were retrospectively 
analyzed, but due to incomplete data, 32 patients were 
excluded from the study, leaving 326 patients. Only the 
first time hospitalizations of the patients were taken into 
consideration and only complications during hospitalizations 
and venous thromboembolism histories were recorded. 
Patient age, co-morbidity, etiology of SCI (traumatic or non-
traumatic), duration of SCI, completeness of injury, injury 
level, functional and ambulation level, complications of 
SCI, including spasticity, bladder-bowel incontinence and 
urinary tract infections, and the presence of other trauma 
or fracture, were recorded. Spinal cord injuries occurred 

by spinal cord compression, vascular disease, neoplasms, 
hemorrhage, syringomyelia and myelitis were classified as 
non-traumatic spinal cord injuries. Completeness of injury 
was based on the Asia Impairment Scale (AIS), as follows: 
AIS A: complete injury; AIS B, C, and D: incomplete injury. 
Participants with a paraplegia showed a lesion below Th1 
and participants with a tetraplegia a lesion level between 
C1-7. Functional assessment and level of ambulation were 
determined according to the Functional Independence 
Measure (FIM) and the Functional Ambulation Classification 
(FAC), respectively.
FIM is an 18-item scale used to assess physical, cognitive, and 
social functioning, with a focus on disability.[9] The FIM motor 
subscale includes self-care, sphincter control, locomotion, 
and transfer information. The FIM cognitive subscale collects 
information about communication and social functioning. 
Additionally, FIM is used to objectively assess development. 
FAC is a 6-point Likert-type (0-5) scale used to evaluate walking 
ability and the need for human support during ambulation. 
In this study FAC ambulation was categorized as dependent 
(non-ambulatory or ambulatory with physical assistance) (FAC 
score: 0-2) and independent (FAC score: 3-5).[10]  
Duration of SCI was defined as acute SCI (<3 months), 
subacute SCI (3-6 months), and chronic SCI (>6 months). The 
level of spasticity was determined according to the Modified 
Ashworth Scale (MAS). Patients were classified whether they 
had spasticity or not.[11] VTE was diagnosed according to 
establishment of the clinical probability of DVT or PE (pain, 
swelling, and/or dyspnea) based on an elevated D-dimer value, 
venous doppler ultrasonographic findings, and pulmonary 
imaging findings. If the venous doppler ultrasound finding was 
positive with clinical suspicion, the patients were diagnosed 
as deep vein thrombosis. If the venous Doppler ultrasound 
finding was negative, when the D-dimer result was found to 
be high, the patients were planned to have an ultrasound 6-8 
days later. Despite clinical suspicion, deep vein thrombosis was 
excluded in patients with venous Doppler ultrasound findings 
negative and normal D-dimer level. For the diagnosis of PE, 
high-risk suspicion (patients with shock or/with hypotension) 
with positive immediate Computed tomography pulmonary 
angiography is diagnosed as pulmonary embolism. For the 
patients with non-high risk; elevated D-dimer and positive 
multi-detected spiral computed tomography is diagnosed 
also as pulmonary embolism.[12] All patients included in the 
study received thromboprophylaxis during their stay in our 
inpatient rehabilitation clinic (40 mg enoxaparin).[13] The study 
was performed in accordance with the Declaration of Helsinki. 
Ethics committee approval was received from Başkent 
University School of Medicine (Date: 24.05.2022, Decision No: 
KA22/203)

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics 
for Windows v.24.0 (IBM Corp., Armonk, NY, US). Continuous 
variables are shown as mean±SD, and categorical data 
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are shown as number and percentage. The Kolmogorov-
Smirnov test was used to determine the normality of the 
distribution of continuous variables. Normally distributed 
data were compared with chi-square test, non-normally 
distributed data were compared using the Mann Whitney 
U test. For multivariate analysis estimating the risk of DVT/
PE independent predictors of developing DVT/PE were 
tested using binary logistic regression analysis. The Hosmer-
Lemeshow test was used for model concordance. The level of 
statistical significance was set at p<0.05.

RESULTS
Of the 326 SCI patients (mean age of 50.76 years) included 
in the study, 209 were male and 117 were female. In total, 
238 of the patients were paraplegic and 88 were tetraplegic. 
Injuries were motor complete in 119 patients and incomplete 
in 207 patients. In all, 28 of the patients developed VTE, of 
which 7 had both DVT and PE. 
Demographic and clinical characteristics of the patients are 
given in Table 1. There weren’t any significant differences 
in age, co-morbidities (hypertension (HT), diabetes mellitus 
(DM), coronary artery disease (CAD), and malignancy)  
(p=0.574, p=0.858, p=0.477, p=0.096, respectively) or 
etiology between the SCI patients with and without VTE 
(p=0.695). There were significant difference between gender 
and level of injury (p=0.014). There weren’t any significant 
differences in FIM, FAC, completeness of paralysis, urinary 
tract infection, presence of spasticity, presence of heterotopic 
ossification, bladder and bowel continence, decubitus ulcer 
or another injury or fracture between the patients with and 
without VTE. 

The SCI patients with and without VTE showed significant 
difference in duration of SCI (p=0.020) (Tables 2 and 3).
Based on the multivariate logistic regression analysis model, 
the higher odds of VTE were associated with level of injury 
(paraplegia/tetraplegia) (p=0.024). Accordingly, regarding 
the risk of developing VTE paraplegic patients had a 60-fold 
higher risk than tetraplegic patients (p=0.024, 95% CI: 1.7-
2094.7) (Table 4).

Table 1. Demographic and clinical characteristics in the patients with and 
without VT

Without VT
(n=298)

With VT
(n=28)

Total
(n=326) p

Age (Mean±SD) 50.65±19.47 51.85±19.79 50.76±19.47 0.748*
Gender (n, %)

Female
Male

101 (33.9%)
197 (66.1%)

16 (57.1%)
12 (42.9%)

117 (35.9%)
209 (64.1%) 0.014**

Etiology (n, %)
Traumatic
Non-traumatic

192 (64.4%)
106 (35.6%)

17 (60.7%)
11 (39.3%)

209 (64.1%)
117 (35.9%) 0.695**

Injury level (n, %)
Tetraplegia
Paraplegia

85 (28.5%)
213 (71.5%)

3 (10.7%)
25 (89.3%)

88 (27.0%)
238 (73.0%) 0.045**

DM (n, %)
No
Yes

259 (86.9%)
39 (13.1%)

24 (85.7%)
4 (14.3%)

283 (86.8%)
43 (13.2%) 0.858**

HT (n, %)
No
Yes

217 (72.8%)
81 (27.2%)

19 (67.9%)
9 (32.1%)

236 (72.4%)
90 (27.6%) 0.574**

Malignancy (n, %)
No
Yes

280 (94.0%)
18 (6.0%)

24 (85.7%)
4 (14.3%)

283 (86.8%)
22 (6.7%) 0.096**

CAD (n, %)
No
Yes

277 (93.0%)
21 (7.0%)

25 (89.3%)
3 (10.7%)

302 (92.6%)
24 (7.4%) 0.477**

* Chi-square testi, ** Mann Whitney U test

Table 2. Clinical characteristics in the patients with and without VT
Without VT 

(n=298)
With VT 
(n=28)

Total 
(n=326)  p

AIS (n,%)
 A 106 (35.6) 13 (46.4) 119 (36.5)

0.213**
 B 39 (13.1) 6 (21.4) 45 (13.8)
 C 73 (24.5) 3 (10.7) 76 (23.3)
 D 80 (26.8) 6 (21.4) 86 (26.4)

Duration of disease (n,%)
 Acute (<3 months) 149 (50.0) 19 (67.9) 168 (51.5)

0.020** Subacute (3-6 months) 52 (17.4) 7 (25.0) 59 (18.1)
 Chronic (>6 months) 97 (32.6) 2 (7.1) 99 (30.4)

Presence of another injury (n,%)
 Yes 27 (9.1) 24 (85.7) 295 (90.5)

0.323**
 No 271 (90.9) 4 (14.3) 31 (9.5)

FIM scores median (median±SD)
FIM 60 (13-126) 52 (19-101) 59 (13-126) 0.061*

FAC level (n,%)
FAC 

0-2 278 (93.3) 27 (96.4) 305 (93.6)
0.518**

3-5 20 (6.7) 1 (3.6) 21 (6.4)
* Chi-square test ** Mann Whitney U test; FIM: Functional Indepence Measurement, FAC: Functional 
Ambulation Classification

Table 3. Comparison of the clinical characteristics in the patients with and 
without VT

Without VT 
(n=298)

With VT 
(n=28) Total (n=326)  p

Heterotopic ossification (n,%)
 Yes 10 (3.4) 1 (3.6) 11 (3.4)

0.777**
 No 288 (90.9) 27 (96.4) 315 (96.6)

Urinary tract infection (n,%)
 Yes 174 (58.4) 21 (75.0) 195 (59.8)

0.087**
 No 124 (41.6) 7 (25.0) 131 (40.2)

Bladder continence (n,%)
 Yes 129 (43.3) 8 (28.6) 137 (42.0)

0.131**
 No 169 (56.7) 20 (71.4) 189 (58.0)

Bowel continence (n,%)
 Yes 136 (58.4) 10 (35.7) 146 (44.8)

0.313**
 No 162 (54.4) 18 (64.3) 180 (55.2)

Spasticity (n,%)
 Yes 121 (40.6) 8 (28.6) 129 (39.6)

0.213**
 No 177 (59.4) 20 (71.4) 197 (60.4)

Decubitus ulcer (n,%)
 Yes 75 (25.1) 11 (39.2) 86 (26.4)

0.106**
 No 223 (74.9) 17 (50.8) 240 (73.6)

** Mann Whitney U test

Table 4. Determining estimated relative risks for developing VT with 
logistic regression analysis in patients with SCI

Odds 
Ratio

95% Confidence interval 
(Lower-Upper) p

Injury Level    60.0 1.7-2094.7 0.024
* The model included gender, injury level and duration of disease .
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DISCUSSION
The present study aimed to identify risk factors for VTE in 
SCI patients. Since, one-third of our patients were related 
to the non-traumatic etiology, the mean age was 50.76.  
The findings show that only level of injury (paraplegia/
tetraplegia) is an independent risk factor for developing 
VTE in SCI patients. Additionally, there was a significant 
difference in gender, level of injury and duration of SCI 
between the patients with and without VTE. Among the 16 
female patients in the present study with VTE, 4 had both PE 
and DVT. Although, previously, male gender was identified 
as an independent risk factor for developing VTE in SCI 
patients, in the general population there isn’t a significant 
difference between genders in incidence of VTE and that 
female gender is associated with recurrent VTE.[1,6,14-16] 
Among the present study’s 28 SCI patients with VTE, 16 did not 
have any co morbidities, but 2 patients had HT, 2 had DM, 2 
had DM and HT, 1 had HT and CAD, 4 had HT and an undefined 
malignancy, and 1 had neurofibromatosis. According to the 
literature, both in the general population and SCI patients, such 
conditions as malignancy, congestive heart failure, obesity, and 
lower extremity fracture are risk factors for VTE; however, in 
the present study there wasn’t a significant difference in these 
conditions or comorbidities between the patients with and 
without VTE.[6,14,17] It should be noted that the present study did 
not take into consideration patient body mass index. Maung et 
al.[1] reported that SCI patients with high-level thoracic injury had 
the highest risk for VTE, whereas those with high-level cervical 
injury had the lowest risk. Furthermore, earlier studies reported 
that SCI patients with thoracic-level injury have a higher risk for 
developing VTE.[7] Similarly, in the present study injury level was 
determined as an independent risk factor for developing VTE 
and a higher risk of thromboembolism was found in paraplegic 
patients compared to tetraplegic patients. The reason for this 
has not been determined in previous studies.[18]  
Spasticity is known to protect against the development of 
VTE in SCI patients;[19] however, in the present study there 
wasn’t an association between developing VTE and spasticity. 
Similarly, Green et al.[20] observed that SCI patients with flaccid 
paralysis had a higher risk of VTE than those with spasticity. In 
SCI patients immobilization can lead to VTE;[21,22] however, there 
wasn’t a significant difference in FIM or FAC scores between the 
present study’s SCI patients with and without VTE. In addition, 
both patient groups were similar in terms of independence and 
ambulation. It is well-known that immobilization is a risk factor 
for VTE due to stasis in immobilized extremities or paralyzed 
muscles, according to the Virchow triad.[21,22] In the present study 
low FIM and FAC scores were not observed to be risk factors 
for developing VTE, which was unexpected, but might have 
been due to the fact that   all the SCI patients included study 
were inpatients undergoing  conventional rehabilitation  and 
were not considered fully immobile. Due to the same reason, 
completeness of injury was not observed to be a risk factor for 
developing VTE as well.[6,12,23,24]   

In the present study there was a significant correlation 
between duration of SCI. It was reported earlier that VTE 
occurs most commonly in SCI patients within 3 months of 
injury,[7] the risk of VTE remains high in subacute SCI patients,[8] 
and that risk differs in acute- and subacute-phase SCI patients; 
however, according to the present study’s multivariate analysis 
duration of SCI was not a risk factor. 

CONCLUSION
The present study has some limitations, including lack 
of analysis of patient body mass index. In addition, only 
symptomatic VTE was considered, and lower extremity 
venous Doppler ultrasonography was not performed in all of 
the SCI patients. Based on the present findings, we conclude 
that the risk of developing VTE is high in paraplegic patients. 
Although, gender and duration of SCI differed significantly in 
patients with and without VTE, they were not found as risk 
factors for developing VTE in SCI patients. Clinician awareness 
of the risk factor might help yield optimal treatment outcomes 
in SCI patients undergoing rehabilitation.

ETHICAL DECLARATIONS
Ethics Committee Approval: Ethics committee approval was 
received from Başkent University School of Medicine (Date: 
24.05.2022, Decision No: KA22/203)
Informed Consent: Because the study was designed 
retrospectively, no written informed consent form was 
obtained from patients. 
Referee Evaluation Process: Externally peer-reviewed. 
Conflict of Interest Statement: The author(s) declared no 
potential conflicts of interest with respect to the research, 
authorship, and/or publication of this article. 
Financial Disclosure: This study was funded by the authors..
Author Contributions: All of the authors declare that they 
have all participated in the design, execution, and analysis of 
the paper, and that they have approved the final version. 

REFERENCES
1. Maung AA, Schuster KM, Kaplan LJ, et al. Risk of venous 

thromboembolism after spinal cord injury: not all levels are the same. J 
Trauma 2011;71:1241-5. 

2. Hagen EM, Rekand T, Grønning M, et al. Cardiovascular complications of 
spinal cord injury. Tidsskr Nor Laegeforen 2012;132:1115-20. 

3. Merli GJ, Crabbe S, Paluzzi RG, et al. Etiology, incidence, and prevention of 
deep vein thrombosis in acute spinal cord injury. Arch Phys Med Rehabil 
1993;74:1199-205. 

4. Piran S, Schulman S. Incidence and risk factors for venous 
thromboembolism in patients with acute spinal cord injury: A 
retrospective study. Thromb Res 2012;147:97-101. 

5. DiGiorgio AM, Tsolinas R, Alazzeh M, et al. Safety and effectiveness of early 
chemical deep venous thrombosis prophylaxis after spinal cord injury: 
pilot prospective data. Neurosurg Focus 2017;43:E21. 

6. Clements R, Churilov L, Wahab AL, et al. Exploratory analysis of factors 
associated with venous thromboembolism in Victorian acute traumatic 



519 Journal of Contemporary Medicine 

spinal cord-injured patients 2010-2013. Spinal Cord. 2017;55:74-8. 
7. Chung WS, Lin CL, Chang SN, et al. Increased risk of deep vein thrombosis 

and pulmonary thromboembolism in patients with spinal cord injury: a 
nationwide cohort prospective study. Thromb Res. 2014;133:579-84. 

8. Alabed S, Belci M, Van Middendorp JJ, et al. Thromboembolism in the Sub-
Acute Phase of Spinal Cord Injury: A Systematic Review of the Literature. 
Asian Spine J. 2016;10:972-81.

9. Küçükdeveci AA, Yavuzer G, Elhan AH, et al.  Adaptation of the Functional 
Independence Measure for use in Turkey. Clin Rehabil. 2011;15:311‐9. 

10. Holden MK, Gill KM, Magliozzi MR. Gait assessment for neurologically 
impaired patients. Standards for outcome assessment. Phys Ther.1986; 
66:1530-9.

11. Akpinar P, Atici A, Ozkan FU, et al.  Reliability of the Modified Ashworth 
Scale and Modified Tardieu Scale in patients with spinal cord injuries. 
Spinal Cord. 2017;55:944-9. 

12. Meyer G.  Effective diagnosis and treatment of pulmonary embolism: 
Improving patient outcomes. Arch Cardiovasc Dis. 2014;107:406‐14. 

13. Piran S, Schulman S.  Thromboprophylaxis in Patients with Acute Spinal 
Cord Injury: A Narrative Review. Semin Thromb Hemost. 2019;45:150‐6. 

14. Eichinger S, Eischer L, Sinkovec H, et al. Risk of venous thromboembolism 
during rehabilitation of patients with spinal cord injury. PloS One. 
2018;28;13:e0193735. 

15. 15 Mlaco A, Mlaco N, Bejtovic D, et al. Venous Thromboembolism During 
Ten-year Follow up on Clinical Center University of Sarajevo. Mater 
Sociomed. 2019;31:84-7. 

16. Hwang HG, Choi WI, Lee B, et al.  Incidence and Risk Factors of Recurrent 
Venous Thromboembolism after Pulmonary Embolism. Tuberc Respir Dis 
[Seoul]. 2019;82:341-47. 

17. Anderson FA Jr, Spencer FA. Risk factors for venous thromboembolism. 
Circulation 2003; 107: I9-26. 

18. Weidner N, Müller OJ, Hach-Wunderle V, Schwerdtfeger K, Krauspe R, 
Pauschert R, Waydhas C, Baumberger M, Göggelmann C, Wittgruber G, 
Wildburger R, Marcus O. Prevention of thromboembolism in spinal cord 
injury -S1 guideline. Neurol Res Pract. 2020;2:43. doi: 10.1186/s42466-
020-00089-7. 

19. Hopman MT, Nommensen E, van Asten WN, et al. Properties of the 
venous vascular system in the lower extremities of individuals with 
paraplegia. Paraplegia.1994; 32 :810‐16. 

20. Green D, Hartwig D, Chen D, et al. Spinal Cord Injury Risk Assessment for 
Thromboembolism [SPIRATE Study]. Am J Phys Med Rehabil. 2003;82:950-
6. 

21. Born CT, Gil JA, Goodman AD. Joint Contractures Resulting From 
Prolonged Immobilization: Etiology, Prevention, and Management. J Am 
Acad Orthop Surg. 2017;25:110-16. 

22. Zee AA, van Lieshout K, van der Heide M, et al.  Low molecular weight 
heparin for prevention of venous thromboembolism in patients 
with lower-limb immobilization. Cochrane Database Syst Rev. 
2017;8:CD006681.

23. Jones T, Ugalde V, Franks P, et al.  Venous thromboembolism after spinal 
cord injury: incidence, time course, and associated risk factors in 16,240 
adults and children. Arch Phys Med Rehabil 2005;86: 2240-47.

24. Selassie AW, Varma A, Saunders LL. Current trends in venous 
thromboembolism among persons hospitalized with acute traumatic 
spinal cord injury: does early access to rehabilitation matter? Arch Phys 
Med Rehabil  2011;92: 1534-40.


