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Abstract

Patients with acute spinal cord injury (SCI) are at high risk of development of 
complications such as venous thromboembolism (VTE) and pressure ulcers. Clinical 
guidelines recommend certain preventative and prophylactic strategies in order to 
reduce the risk of such complications. We aimed to assess the incidence of VTE and 
pressure ulcers in patients with SCI presenting to a level I trauma center and to evaluate 
potential factors that might be associated with their occurrence. Utilizing a prospective 
centralized trauma database, we identified 94 patients with acute SCI; of these 33% 
had completed SCI (American Spinal Injury Association Impairment Scale (AIS) grade 
A). VTE occurred at a rate of 11.7% with all affected patients being in the surgical 
group. Low Molecular Weight Heparin (LMWH) was administered in 72.1% of patients, 
with 26.9% of these patients developing VTE compared to 75% of patients treated 
with un fractionated heparin (UFH) (X2=3.6, P = 0.058). The incidence of pressure was 
16.0%, with 30% of complete cord injuries being affected (P = 0.022). Development 
of pressure ulcers was associated with a delayed transfer to neurorehabilitation (P = 
0.037). This study illustrates the experience of a level I trauma center in relation to 
development of specific SCI-related complications and emphasizes the role of certain 
parameters in reducing the rate of these complications.

ABBREVIATIONS 
SCI: Spinal Cord Injury; DVT: Deep Vein Thrombosis; PE: 

Pulmonary Embolism; VTE: Venous Thrombo Embolism; ASIA: 
American Spine Injury Association (ASIA); AIS: ASIA Impairment 
Scale; LMWH: Low-Molecular Weight Heparin; UFH: Un-
Fractionated Heparin

INTRODUCTION
The management of acute spinal cord injury (SCI) requires 

a multifaceted approach that integrates surgical and medical 
interventions in order to optimize neurologic recovery and 
reduce post-SCI complications. Patients with SCI are at high 
risk for complications associated with significant morbidity and 
mortality such as venous thromboembolism (VTE) and pressure 
ulcers [1-7]. Such complications are associated with The 
incidence of VTE in SCI has been reported to be as high as 74%, 
with pulmonary embolism (PE) being the most serious form of 
VTE [8,9]. Based on class II evidence, clinical guidelines favor 
early use of chemical and mechanical VTE prophylaxis in SCI 
postoperatively, and support the choice of low-molecular-weight 

heparin (LMWH) over unfractionated heparin (UFH) [10,11]. In 
addition, development of pressure ulcers was considered the 
most common complication associated with SCI in one series 
[12]. Pressure ulcers increase the risk of sepsis and may impede 
neurologic recovery by delaying neurorehabilitation, emphasizing 
the role of primary prevention of these complications post-injury. 
Although a number of complications could be associated with 
SCI including urinary tract infections, cardiac dysrhythmia and 
pneumonia, [4] we aimed to evaluate the incidence of specific 
avoidable complications such as VTE and pressure ulcers in a 
cohort of patients referred to a level I trauma centre. 

MATERIALS AND METHODS

Study sample

All patients, in our province, with acute traumatic SCI are 
transferred to the Queen Elizabeth II Health Sciences Centre in 
Halifax, which is the only level I trauma center in Nova Scotia, 
Canada. Patients with acute traumatic SCI presenting between 
2006 and 2010 were identified through a centralized trauma 
database. A retrospective chart review was completed in 
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order to obtain relevant historical data concerning severity of 
injury, occurrence of VTE, pressure ulcers and alcohol serum 
levels documented on admission. The American Spinal Injury 
Association (ASIA) Impairment Scale (AIS) was used as a 
standardized neurologic assessment to define the extent and 
severity of SCI, and monitor improvement [13].

Determination of VTE and pressure ulcers

The diagnosis of deep vein thrombosis (DVT) or pulmonary 
embolism (PE) was based on diagnostic imaging (Doppler 
ultrasound or CT pulmonary angiography, respectively) and 
was only performed upon clinical suspicion from the treating 
physician. Monitoring for pressure ulcers in our institution 
is performed according to a standardized screening protocol 
for pressure ulcers [14]. The presence of a pressure sore was 
identified on the basis of documentation in chart records as well 
as admission and discharge records from rehabilitations. 

Statistical analysis

Data analysis was performed using SPSS version 21.0. Results 
were summarized as single proportions with 95% binomial 
confidence intervals, calculated using the score method for data 
with a binomial distribution. Differences of proportions of cases 
with SCI in study comparisons were assessed with the Pearson 
chi-squared test. Kolmogorov-Smirnov (for n > 50) or Shapiro-
Wilk (for n < 50) tests were used to determine whether data were 
normally distributed. For normally distributed data, two-sample 
student’s t-test for independent samples or one-way ANOVA 
was applied in comparing means between 2 or more groups, 
respectively. Alternatively, for non-normally distributed data, 
Kruskal-Wallis analysis of variance with post-hoc Mann-Whitney 
U test was used. All levels of significance were two-tailed and set 
at p < 0.05.

RESULTS AND DISCUSSION
We identified102 patients with suspected SCI and included 94 

patients in the analysis after excluding 6 pre-hospital deaths and 
2 patients with incomplete hospital records. Of those, there were 
66 patients with cervical cord injury, among which 31 patients 
had complete SCI (AIS grade A injury). The mean age of patients 
was 47.6 ± 20.7 years, with male patients accounting for 74% of 
SCI cases. Radiographic investigations for suspected VTE were 
performed in 31 patients with SCI based on clinical suspicion. 
VTE occurred in 11 patients (11.7%) all of whom were in the 
surgically treated group. Isolated DVT was diagnosed in 2 cases, 
whereas PE occurred in 9 cases. Of those patients with PE, only 
one case had a Doppler ultrasound positive for DVT whereas the 
remainder was found to have isolated PE. DVT prophylaxis was 
administered in 96.7% of patients with SCI within 72 hours. In 
surgically treated patients, DVT prophylaxis was initiated within 
24 hours postoperatively in 73% of cases with the remainder 
receiving prophylaxis ≥ 24 hours. Although a higher percentage 
of patients with delayed chemical prophylaxis (≥ 24 hours) 
developed VTE compared to early prophylaxis, this difference 
was not statistically significant ([44.4%] vs. [35%], respectively, 
P = 0.62). Of those cases receiving DVT prophylaxis, LMWH (5000 
units once daily) was administered in 72.1%, UFH (5000 units 
twice daily) in 26.7% and warfarin (7 mg once daily) in 1.2%. 

DVT occurred in the only case treated with warfarin. In addition, 
a higher percentage of patients treated with UFH (75%) was 
diagnosed with VTE, compared to 26.9% of those treated with 
LMWH (X2=3.6, P = 0.058). There was no significant difference 
in age, gender or the rate of positive serum alcohol levels on 
presentation between patients with and without VTE (P > 0.05).

Pressure ulcers occurred in 16.0% of SCI patients, affecting the 
sacro-coccygeal area (n=10), calcaneal area (n=3), skin overlying 
the ischial tuberosity (n=1) and malleolus (n=1). Although the 
mean time of transportation from peripheral centers was longer 
in patients with SCI who developed pressure ulcers compared 
to those without ulcers, this difference did not reach statistical 
significance ([12.2 ± 28.9 h] vs. [8.3h ± 7.9 h], P = 0.104). Acute 
care hospital admission was significantly prolonged in patients 
with pressure ulcers compared to those without ([39.7 ± 22.4 
days] vs. [24.8 ± 18.2 days], P = 0.009), as was the length of stay 
at neurorehabilitation ([118.2 ± 68.7 days] vs. [79.1 ± 55.4 days], 
respectively, P = 0.037). Pressure ulcers developed in 30% of 
complete SCI cases, compared to 10.5% of incomplete SCI (X2 
= 5.2, P = 0.022). Patients with a complete injury had an odds 
ratio of 3.6 (95% CI, 1.2–11.5) of developing a pressure ulcer 
compared to incomplete injuries. A higher proportion of cases 
with cervical SCI (22.2%; 95% CI, 10.6–40.7%) were affected by 
pressure ulcers, compared to thoraco-lumbar SCI (14.5%; 95% 
CI, 7.8–25.3%) (X2 = 0.8, P = 0.372). 

To our knowledge, the lowest reported rate of DVT in a 
traumatic SCI population is 7% [15,16]. We found a slightly 
higher but comparable rate of VTE in our study (11.7%), with no 
significant difference in the rate of VTE among patients started 
on prophylactic anticoagulation either within 24 hours or ≥ 24 
hours. Indeed, the vast majority of patients in the late prophylaxis 
group were treated within 72 hours. These data suggest that the 
initiation of VTE prophylaxis in post-operative day 2 is associated 
with the same rate of VTE as in postoperative day 1. In addition, 
UFH was associated with a higher rate of VTE compared to LMWH 
(P = 0.058), which supports clinical trials indicating that LMWH 
be used due to lower incidence of VTE and hemorrhagic events, 
compared to warfarin and UFH [11,15-18]. All patients in our 
series who developed DVT or PE were receiving VTE prophylaxis 
which stresses the notion that all physicians caring for patients 
with SCI are required to exercise a high index of clinical suspicion 
for VTE even among those treated with DVT prophylaxis. There 
was no significant association between VTE and age or gender in 
this study population. However, a retrospective review of 16,240 
adult and pediatric patients with spinal cord injury demonstrated 
that male gender, multiple co-morbidities especially metastatic 
cancer, chronic neurologic disease and obesity were found to be 
significant predictors of VTE, whereas patients aging less than 14 
years had a significantly lower risk for VTE [19].

Pressure ulcers constitute a significant healthcare burden 
with potential septic complications and subsequent delay in SCI 
neuro rehabilitation programs [20,21]. In this study, about 1 in 
6 patients developed a pressure ulcer, with a higher proportion 
of affected cases being complete injuries. The rate of pressure 
ulcer occurrence in SCI has been reported to reach as high as 
49.2% with an estimated incidence of 2.2 per person per year 
[21]. Pressure ulcers are arguably a preventable complication. 
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Our results indicate that prolongation of the transport time 
to a trauma center whilst lying on a hard spinal board maybe 
associated with increased incidence of pressure ulcers. In all 
cases with pressure ulcers, the mean transport time was 12 
hours with 30% of complete injuries developing a pressure ulcer. 
Such concern has been highlighted in the literature [22], and 
these findings call for an evaluation of health policies underlying 
the pre-hospital use of hard spinal boards and their potential 
association with adverse effects.

CONCLUSION
The incidence of VTE in our series of traumatic SCI was 11%, 

with a higher proportion of VTE events occurring in patients 
treated with UFH. In addition, the incidence of pressure ulcers 
was 16%, with patients affected by complete SCI being at a 
higher risk. Development of pressure ulcers in the context of SCI 
is an avoidable complication that was significantly associated 
with prolonged admission and delayed neurorehabilitation. 
Physicians are encouraged to exercise vigilance in monitoring for 
such potential life-threatening complications after SCI in order to 
optimize neurologic recovery post-SCI. 

ACKNOWLEDGEMENTS
The efforts of the Nova Scotia Trauma Registry team are much 

appreciated in facilitating allocation of patients and acquisition of 
clinical data. 

REFERENCES
1.	 Perkash A. Experience with the management of deep vein thrombosis 

in patients with spinal cord injury. Part II: a critical evaluation of the 
anticoagulant therapy. Paraplegia. 1980; 18: 2-14.

2.	 Perkash A, Prakash V, Perkash I. Experience with the management 
of thromboembolism in patients with spinal cord injury: Part I. 
Incidence, diagnosis and role of some risk factors. Paraplegia. 1978; 
16: 322-331.

3.	 Waring WP, Karunas RS. Acute spinal cord injuries and the incidence 
of clinically occurring thromboembolic disease. Paraplegia. 1991; 29: 
8-16.

4.	 Grossman RG, Frankowski RF, Burau KD, Toups EG, Crommett JW, 
Johnson MM, et al. Incidence and severity of acute complications after 
spinal cord injury. J Neurosurg Spine. 2012; 17: 119-128.

5.	 Aito S, Abbate R, Marcucci R, Cominelli E. Endogenous risk factors 
for deep-vein thrombosis in patients with acute spinal cord injuries. 
Spinal Cord. 2007; 45: 627-631.

6.	 Ploumis A, Ponnappan RK, Maltenfort MG, Patel RX, Bassey JT, Alber 
TJ, et al. Thrombophylaxis in patients with acute spinal injuries: an 
evidence-based analysis. J Bone Joint Surg Am. 2009; 91: 2568-2576.

7.	 De Vivo MJ, Krause JS, Lammertse DP. Recent trends in mortality and 
causes of death among persons with spinal cord injury. Arch Phys Med 
Rehabil. 1999; 80: 1411-1419.

8.	 Merli GJ, Herbison GJ, Ditunno JF, Weitz HH, Henzes JH, Park CH, et 
al. Deep vein thrombosis: prophylaxis in acute spinal cord injured 
patients. Arch Phys Med Rehabil. 1988; 69: 661-664.

9.	 Sekhon LH, Fehlings MG. Epidemiology, demographics, and 
pathophysiology of acute spinal cord injury. Spine (Phila Pa 1976). 
2001; 26: 2-12.

10.	Christie S, Thibault-Halman G, Casha S. Acute pharmacological DVT 
prophylaxis after spinal cord injury. J Neurotrauma. 2011; 28: 1509-
1514.

11.	Dhall SS, Hadley MN, Aarabi B, Gelb DE, Hurlbert RJ, Rozzelle CJ, et 
al. Deep venous thrombosis and thromboembolism in patients with 
cervical spinal cord injuries. Neurosurgery. 2013; 72: 244-254.

12.	Joseph C, Wikmar LN. Prevalence of secondary medical complications 
and risk factors for pressure ulcers after traumatic spinal cord injury 
during acute care in South Africa. Spinal Cord. 2015; 53.

13.	Ditunno JF, Young W, Donovan WH, Creasey G. The international 
standards booklet for neurological and functional classification of 
spinal cord injury. American Spinal Injury Association. Paraplegia. 
1994; 32: 70-80.

14.	Houghton PE, Campbell K. Canadian best practice guidelines for the 
prevention and management of pressure ulcers in people with Spinal 
Cord Injury: a resource handbook for clinicians. Toronto, ON: Ontario 
Neurotrauma Foundation. 2013.

15.	Spinal Cord Injury Thromboprophylaxis Investigators. Prevention of 
venous thromboembolism in the acute treatment phase after spinal 
cord injury: a randomized, multicenter trial comparing low-dose 
heparin plus intermittent pneumatic compression with enoxaparin. J 
Trauma. 2003; 54: 1116-11124.

16.	Green D, Lee MY, Ito VY, Cohn T, Press J, Filbrandt PR, et al. Fixed- 
vs adjusted-dose heparin in the prophylaxis of thromboembolism in 
spinal cord injury. JAMA. 1988; 260: 1255-1258.

17.	Hachen HJ. Anticoagulant therapy in patients with spinal cord injury. 
Paraplegia. 1974; 12: 176-187.

18.	Powell M, Kirshblum S, O’Connor KC. Duplex ultrasound screening for 
deep vein thrombosis in spinal cord injured patients at rehabilitation 
admission. Arch Phys Med Rehabil. 1999; 80: 1044-1046.

19.	Jones T, Viviane U, Franks P, Zhou H, White RH. 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: 2240-2247.

20.	Lala D, Dumont FS, Leblond J, Houghton PE, Noreau L. Impact of 
pressure ulcers on individuals living with a spinal cord injury. Arch 
Phys Med Rehabil. 2014; 95: 2312-2319.

21.	Scheel-Sailer A, Wyss A, Boldt C, Post MW, Lay V. Prevalence, location, 
grade of pressure ulcers and association with specific patient 
characteristics in adult spinal cord injury patients during the hospital 
stay: a prospective cohort study. Spinal Cord. 2013; 51: 828-833.

22.	Vickery D. The use of the spinal board after the pre-hospital phase of 
trauma management. Emerg Med J. 2001; 18: 51-54.

Dakson A, Brandman D, Thibault-Halman G, Christie S (2016) Venous Thromboembolism and Pressure Ulcers in Acute Spinal Cord Injury: A Retrospective Re-
view. JSM Spine 1(1): 1001.

Cite this article

http://www.ncbi.nlm.nih.gov/pubmed/6966387
http://www.ncbi.nlm.nih.gov/pubmed/6966387
http://www.ncbi.nlm.nih.gov/pubmed/6966387
http://www.ncbi.nlm.nih.gov/pubmed/733316
http://www.ncbi.nlm.nih.gov/pubmed/733316
http://www.ncbi.nlm.nih.gov/pubmed/733316
http://www.ncbi.nlm.nih.gov/pubmed/733316
http://www.ncbi.nlm.nih.gov/pubmed/2023773
http://www.ncbi.nlm.nih.gov/pubmed/2023773
http://www.ncbi.nlm.nih.gov/pubmed/2023773
http://www.ncbi.nlm.nih.gov/pubmed/22985378
http://www.ncbi.nlm.nih.gov/pubmed/22985378
http://www.ncbi.nlm.nih.gov/pubmed/22985378
http://www.ncbi.nlm.nih.gov/pubmed/17228356
http://www.ncbi.nlm.nih.gov/pubmed/17228356
http://www.ncbi.nlm.nih.gov/pubmed/17228356
http://www.ncbi.nlm.nih.gov/pubmed/19884429
http://www.ncbi.nlm.nih.gov/pubmed/19884429
http://www.ncbi.nlm.nih.gov/pubmed/19884429
http://www.ncbi.nlm.nih.gov/pubmed/10569435
http://www.ncbi.nlm.nih.gov/pubmed/10569435
http://www.ncbi.nlm.nih.gov/pubmed/10569435
http://www.ncbi.nlm.nih.gov/pubmed/3262334
http://www.ncbi.nlm.nih.gov/pubmed/3262334
http://www.ncbi.nlm.nih.gov/pubmed/3262334
http://www.ncbi.nlm.nih.gov/pubmed/11805601
http://www.ncbi.nlm.nih.gov/pubmed/11805601
http://www.ncbi.nlm.nih.gov/pubmed/11805601
http://www.ncbi.nlm.nih.gov/pubmed/20795870
http://www.ncbi.nlm.nih.gov/pubmed/20795870
http://www.ncbi.nlm.nih.gov/pubmed/20795870
http://www.ncbi.nlm.nih.gov/pubmed/23417195
http://www.ncbi.nlm.nih.gov/pubmed/23417195
http://www.ncbi.nlm.nih.gov/pubmed/23417195
http://www.ncbi.nlm.nih.gov/pubmed/26481710
http://www.ncbi.nlm.nih.gov/pubmed/26481710
http://www.ncbi.nlm.nih.gov/pubmed/26481710
http://www.ncbi.nlm.nih.gov/pubmed/8015848
http://www.ncbi.nlm.nih.gov/pubmed/8015848
http://www.ncbi.nlm.nih.gov/pubmed/8015848
http://www.ncbi.nlm.nih.gov/pubmed/8015848
2013.
2013.
2013.
2013.
http://www.ncbi.nlm.nih.gov/pubmed/12813332
http://www.ncbi.nlm.nih.gov/pubmed/12813332
http://www.ncbi.nlm.nih.gov/pubmed/12813332
http://www.ncbi.nlm.nih.gov/pubmed/12813332
http://www.ncbi.nlm.nih.gov/pubmed/12813332
http://www.ncbi.nlm.nih.gov/pubmed/3404638
http://www.ncbi.nlm.nih.gov/pubmed/3404638
http://www.ncbi.nlm.nih.gov/pubmed/3404638
http://www.ncbi.nlm.nih.gov/pubmed/4453422
http://www.ncbi.nlm.nih.gov/pubmed/4453422
http://www.ncbi.nlm.nih.gov/pubmed/10489006
http://www.ncbi.nlm.nih.gov/pubmed/10489006
http://www.ncbi.nlm.nih.gov/pubmed/10489006
http://www.ncbi.nlm.nih.gov/pubmed/16344018
http://www.ncbi.nlm.nih.gov/pubmed/16344018
http://www.ncbi.nlm.nih.gov/pubmed/16344018
http://www.ncbi.nlm.nih.gov/pubmed/16344018
http://www.ncbi.nlm.nih.gov/pubmed/25168376
http://www.ncbi.nlm.nih.gov/pubmed/25168376
http://www.ncbi.nlm.nih.gov/pubmed/25168376
http://www.ncbi.nlm.nih.gov/pubmed/23999106
http://www.ncbi.nlm.nih.gov/pubmed/23999106
http://www.ncbi.nlm.nih.gov/pubmed/23999106
http://www.ncbi.nlm.nih.gov/pubmed/23999106
http://www.ncbi.nlm.nih.gov/pubmed/11310463
http://www.ncbi.nlm.nih.gov/pubmed/11310463

	Venous Thromboembolism and Pressure Ulcers in Acute Spinal Cord Injury: A Retrospective Review
	Abstract
	Abbreviations 
	Introduction
	Materials and Methods
	Study sample
	Determination of VTE and pressure ulcers
	Statistical analysis

	Results and Discussion
	Conclusion
	Acknowledgements
	References

