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Abstract
Background: When venous thromboembolism (VTE) includes deep-vein thrombosis (DVT) and pulmonary
embolism (PE), patients with acute traumatic spinal cord injury (SCI) have the highest incidence of VTE
among all hospitalized groups, with PE the third most common cause of death. Although low–molecular-
weight heparin (LMWH) outperforms low-dose unfractionated heparin (LDUH) in other patient populations,
the evidence in SCI remains less robust.

Objective: To determine whether the efficacy for LMWH shown in previous SCI surveillance studies (eg,
routine Doppler ultrasound) would translate into real-world effectiveness in which only clinically evident VTE
is investigated (ie, after symptoms or signs present).

Methods: A retrospective cohort study was conducted of 90 patients receiving LMWH dalteparin (5,000 U
daily) or LDUH (5,000 U twice daily) for VTE prophylaxis after acute traumatic SCI. The incidence of
radiographically confirmed VTE was primarily analyzed, and secondary outcomes included complications of
bleeding and heparin-induced thrombocytopenia.

Results: There was no statistically significant association (p¼0.7054) between the incidence of VTE (7.78%
overall) and the type of prophylaxis received (LDUH 3/47 vs dalteparin 4/43). There was no significant
differences in complications, location of VTE, and incidence of fatal PE. Paraplegia (as opposed to
tetraplegia) was the only risk factor identified for VTE.

Conclusions: There continues to be an absence of definitive evidence for dalteparin (or other LMWH) over
LDUH as the choice for VTE prophylaxis in patients with SCI. Novel approaches to VTE prophylaxis are
urgently required for this population, whose risk of fatal PE has not decreased over the last 25 years.
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INTRODUCTION

When venous thromboembolism (VTE) includes deep-

vein thrombosis (DVT) and pulmonary embolism (PE),

patients with acute traumatic spinal cord injury (SCI)

have the highest incidence of VTE among all hospitalized
groups (1). In this population, PE accounts for 37% of all
deaths in those not receiving VTE prophylaxis (2) and
remains the third most common cause of death (3). The
risk of fatal PE has not decreased over the last 25 years
(3), being 210 times that in a similar healthy population
(4). Depending on the diagnostic investigation, the
incidence of asymptomatic DVT is 60% to 100% in acute
SCI when surveillance techniques (routine screening) are
applied (5–7). In contrast, clinically evident DVT (ie, with
apparent symptoms and/or signs) occurs in only 10% and
PE in 3% of patients with acute SCI (8), with a blended
VTE 91-day incidence of 5.4% (9).

Please address correspondence to Christine Short, MD, Division
of Physical Medicine and Rehabilitation, Dalhousie University,
Nova Scotia Rehabilitation Centre, Department of Medicine,
1341 Summer Street, Room 208, Halifax, Nova Scotia B2T 1H7,
Canada; phone: 902.473.1409; fax: 902.473.3204 (e-mail:
christine.short@cdha.nshealth.ca).

Q 2008 by the American Paraplegia Society

Prophylaxis of VTE in Acute Traumatic SCI 379

#4



Methods of VTE prophylaxis include mechanical
(pressure-graded elastic stockings [GES], external pneu-
matic compression stockings, venous foot pump, and
neuromuscular electrical stimulation), pharmacologic
(aspirin, dipyridamole, warfarin, adjusted-dose or low-
dose unfractionated heparin [LDUH], low–molecular-
weight heparin [LMWH]), and surgical/invasive (inferior
vena cava filters) (1,10,11).

There is a significant body of literature presenting the
incidence of VTE in SCI using surveillance techniques and
comparing LMWH with LDUH. Retrospective trials sug-
gest a correlation between increased use of LMWH and a
lower incidence of VTE (12,13). Prospective trials have
shown a nonstatistically significant trend towards fewer
thrombotic events and a significant reduction in bleeding
complications with LMWH (14,15). Randomized con-
trolled trials after major trauma (16) demonstrate fewer
VTE events in the LMWH group, but no conclusions could
be drawn with the subgroup of patients with SCI.
Randomized controlled trials in SCI (7,17) revealed no
difference in overall VTE during the acute phase (within 2
weeks), but fewer PEs were recorded in the LMWH group
(17). During the rehabilitation phase of patients with SCI
(weeks 2–8), LMWH outperformed LDUH with fewer VTE
events (5/59 vs 13/60, respectively), although statistical
significance was not quite reached (p ¼ 0.052) (7). This
latter study was criticized because it included an exclusion
rate of .75% and the use of ultrasound as the surveillance
diagnostic test, which has been shown not to be highly
sensitive in asymptomatic postoperative patients (18–20).

There has only been 1 prospective, randomized trial
of clinically evident VTE in patients with SCI comparing
LMWH with LDUH (21). Despite not reaching statistical
significance, this German study identified trends in the
ability of LMWH to prevent VTE compared with LDUH (6/
80 vs 12/86, respectively) and promote fewer proximal
VTEs (21). The literature is not yet definitive, as evidenced
by the aforementioned studies and other descriptive
studies (22–27). LMWH has become the standard of care
for pharmacologic VTE prophylaxis in acute SCI. This is

reflected in various guidelines (1,10,28) and the shift in
clinical practice within our center from LDUH to the
LMWH dalteparin during the mid to late 1990s. This led
to our historical cohort chart review to compare these 2
pharmacologic agents, and we hypothesized that the
incidence of VTE and prophylaxis complications (major
bleeding and heparin-induced thrombocytopenia [HIT])
would decrease with the use of dalteparin vs LDUH when
used in acute traumatic SCI. In essence, the purpose of
our study was to determine whether the efficacy of
LMWH shown in previous surveillance studies would
translate into real-world effectiveness in which only
clinically evident VTE is investigated.

METHODS
Study Design and Patients
Ethics approval was received from our institution. All
patients who sustained acute traumatic SCI from 1994 to
2004 and received care at our institution were included in
the study. However, during 1997 and 1998, there was a
transition from the routine use of LDUH to LMWH
dalteparin for VTE pharmacologic prophylaxis within our
center. The treatment of most of these patients would
have been switched from LDUH to dalteparin during the
prophylaxis period (usually occurring upon transfer from
the acute care facility to the rehabilitation facility).
Therefore the patients admitted in 1997 and 1998 were
excluded from our study. The acute care (including the
use of intravenous methylprednisolone) of patients with
acute traumatic SCI was unchanged from 1994–2004.

A total of 189 patient charts were reviewed. Ninety-
nine patients were excluded (Table 1), with 47 remaining
in the LDUH group (heparin 5,000 U subcutaneous twice
daily) and 43 in the LMWH group (dalteparin [Fragmin]
5,000 units subcutaneous daily). There were 43 patients
who did not receive pharmacologic prophylaxis primarily
because they had mild injuries, were ambulatory, and
were expected to be discharged within a few days.
Epidemiological data have never been published on
patients with traumatic SCI who were injured within
the Province of Nova Scotia, Canada. Table 2 provides
this data for the 9 years that data were collected.

Outcome Measures
Our primary analysis was the incidence of radiographi-
cally confirmed clinically evident VTE (ie, after the
development of symptoms or signs). The diagnostic
criterion for DVT was failure to compress a deep-venous
segment involving the proximal (at or above the popliteal
fossa) or distal (calf) veins. PE was diagnosed by
ventilation-perfusion lung scan (high probability), com-
puted tomographic scan of the chest, or pulmonary
angiography. Secondary outcome measures included the
development of HIT and bleeding complications. Bleed-
ing episodes were classified as major or minor (29). Major
bleeding required one of the following criteria: a fall in
hemoglobin (Hgb) of 20 g/L or more, transfusion of 2 or

Table 1. Reasons for Exclusion

Reason
No. of

Patients

1. Initial care (.72 hours) outside of our facility 12
2. Transfer to another facility prior

to discontinuation of prophylaxis
11

3. Death within 72 hours of injury 5
4. Prior history of venous thromboembolism 1
5. Premorbid anticoagulation 1
6. Prophylaxis not provided within 72 hours of

injury
14

7. Prophylaxis switched from low-dose
unfractionated heparin to dalteparin

12

8. No pharmacologic prophylaxis provided 43

Total 99
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more units of packed cells, retroperitoneal or intracranial

bleeding, or bleeding warranting treatment cessation.

Minor bleeding was defined as clinically overt bleeding

but not meeting the criteria for major bleeding.

Statistical Analysis

Our primary and secondary analyses required the use of

Fisher’s exact tests due to small cell counts. A p value

,0.05 was considered statistically significant. When

comparing demographic variables, a Bonferroni adjusted

p value was used to correct for multiple comparisons

(p¼ 0.05/13 variables¼ 0.003846). Cause of injury used

a Fisher’s exact test for ‘‘sports-related injury’’ and

‘‘other,’’ whereas ‘‘motor vehicle collision’’ and ‘‘fall’’

categories required a chi-square test. Demographic

variables were evaluated for an association with VTE (ie,

risk factors) using Fisher’s exact test for categorical

variables, and the nonparametric Wilcoxon rank sum test

was used for continuous variables.

RESULTS

Demographic Variables and VTE Data

The 2 groups were similar except for cause of injury, with

more motor vehicle collisions in the dalteparin group

Table 2. Patient Demographics

LDUH Group (%) Dalteparin Group (%) Statistical Significance Nova Scotia Statistics (%)

Gender

Male 40 (85.1) 39 (90.7) p ¼ 0.4186 145 (81.9)
Female 7 (14.9) 4 (9.3) 32 (18.1)

Age (years)

Mean 6 SD 46.0 6 19.9 38.0 6 16.4 p ¼ 0.0413 43.8 6 19.8

Cause of Injury*

Motor vehicle collision (MVC) 11 (23.4) 27 (62.8) p ¼ 0.0002� 62 (35.2)
Fall 24 (51.1) 10 (23.3) p ¼ 0.0089 72 (40.9)
Sports-related injury 8 (17.0) 1 (2.3) p ¼ 0.0315 25 (14.2)
Intentional violence 1 (2.1) 1 (2.3) 2 (1.1)
Other 3 (3.3) 4 (9.3) p ¼ 0.7320 15 (8.5)
Unknown 0 (0.0) 0 (0.0) 1 (0.6)

Level of injuryz
Tetraplegia C1-C4 16 (34.0) 11 (25.6) 54 (30.5)
Tetraplegia C5-T1 19 (40.4) 14 (32.6) 70 (39.5)
Paraplegia T2-T12 8 (17.0) 14 (32.6) p ¼ 0.1007 36 (20.3)
Paraplegia L1-S5 4 (8.5) 4 (9.3) 17 (9.6)

ASIA ID§

A 19 (40.4) 17 (39.5) p ¼ 0.3816 50 (28.2)
B 5 (10.6) 3 (7.0) 13 (7.3)
C 7 (14.9) 12 (27.9) 30 (16.9)
D 16 (34.0) 10 (23.3) 79 (44.6)
E 0 (0.0) 1 (2.3) 5 (2.8)

Comorbidities

Fracturejj 39 (83.0) 36 (83.7) p ¼ 0.9248 122 (68.9)
Traumatic brain injury 11 (23.4) 7 (16.3) p ¼ 0.3986 29 (16.4)
Hemo/pneumothorax 3 (6.4) 11 (25.6) p ¼ 0.0121 19 (10.7)
Intra-abdominal injury 1 (2.1) 2 (4.7) p ¼ 0.6043 4 (2.3)

Surgical fixation

Yes 18 (38.3) 26 (60.5) p ¼ 0.0356 72 (40.7)
No 29 (61.7) 17 (39.5) 105 (59.3)

* MVC and Falls used Chi-square, Sports and Other used Fisher’s Exact Test, Violence was incorporated into Other as only 1 patient
per group.
� Statistically significant p , 0.003846.
z Tetraplgia vs paraplegia.
§ ASIA A/B/C vs D/E.
jj Spinal or long bone fracture.
LDUH ¼ low-dose unfractionated heparin.
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(Table 2). Seven VTEs were identified among the 90
patients enrolled in the study (7.78% incidence). There
was no statistically significant association between the
incidence of VTE and the type of prophylaxis received
(Table 3). There was also no association between the
location of DVT (proximal vs distal) and the 2 treatment
groups (Table 3). The standard of care for all patients was
to receive GES upon admission as part of routine
nonpharmacologic VTE prophylaxis. Three patients on
LDUH and 2 patients on dalteparin were not recorded to
have worn GES, but none of these patients developed a
VTE. A subgroup analysis was conducted excluding
patients with ASIA D and E injuries. When considering
only ASIA A/B/C injuries, 3 of 31 patients (9.7%) in the
LDUH group and 3 of 32 (9.4%) in the dalteparin
developed VTE, a nonstatistically significant association
(p ¼ 1.000).

In our study, paraplegia (compared with tetraplegia)
was the only risk factor identified to increase the
incidence of VTE (Table 4).

Complications and Deaths
No patients in this study were diagnosed with HIT (Table
3). There was no statistically significant association
between bleeding complications and treatment group
(p¼1.0000) (Table 3). The single major bleeding episode
was in the dalteparin group. This patient suffered a
concomitant severe traumatic brain injury and 22 days
after his injury was shown to have an ICU stress ulcer
upon investigation with gastroscopy. Temporary dalte-
parin cessation was required for 9 days, and he did not
have a significant drop in Hgb.

Of note, 1 patient receiving dalteparin who was
excluded from the study because his initial care was
outside of our facility had a gluteal hematoma 50 days

after his injury. This required his VTE prophylaxis to be
discontinued. Hgb fell to 78 g/L, but he did not require a
blood transfusion.

There was a total of 9 deaths, 7 in the LDUH group
and 2 in the dalteparin group. None of these was felt to
be secondary to a VTE. However, the causes of death
were not confirmed by autopsy. Details of each case will
therefore be provided below.

There were 7 patient deaths within the LDUH group.
(a) A 70-year-old man suffered cardiac arrest on transfer
to the acute care facility. He developed acute renal failure
secondary to rhabdomyolysis. Seven days after his injury,
he died of a respiratory arrest during dialysis. (b) A 26-
year-old man with a high cervical ASIA A injury was
admitted with hypothermia and hypotension. Four days
after his injury, his family withdrew care and his
ventilation was discontinued. (c) A 74-year-old man
had a very high cervical injury and lower medulla ASIA
A injury and wished not to be ventilator dependent. His
care was withdrawn 6 days after his injury. (d) A 69-year-
old man with end-stage renal disease experienced a high
cervical ASIA A injury. He suffered an acute myocardial
infarction in hospital with subsequent hypotension. A
decision was made to palliate, and he died 11 days after
his injury. (e) An 85-year-old man developed a low
cervical ASIA A SCI after a fall in addition to an
intraventricular hemorrhage. During intubation, he
experienced aspiration pneumonia and a cardiac arrest
on transfer to the acute care facility. He succumbed to a
respiratory arrest 6 days after his injury. (f) A 67-year-old
woman with frontal lobe dementia suffered a high
cervical ASIA C SCI. She developed respiratory failure 3
days after her injury and possibly aspiration pneumonia.
After she did not respond to antibiotics, her care was
changed to comfort measures only, and she died 10 days
after her injury. An autopsy was performed, but the
results were not made available for our study. (g) A 68-
year-old man with a very high cervical ASIA C SCI suffered
cardiac arrest and subsequent anoxic brain injury on
transfer to the acute care facility. His care was withdrawn
in the fourth day after his injury.

The 2 deaths within the dalteparin group were
reviewed. (a) A 73-year-old man with a C5 ASIA A SCI
and a do-not-resuscitate order died secondary to
respiratory failure 77 hours after his injury. An autopsy
was not performed. (b) A 35-year-old man with a high
cervical ASIA A or B SCI suffered a concomitant severe
traumatic brain injury. Off of the ventilator, he scored a
3T on Glasgow Coma Score with brainstem reflexes only.
His care was withdrawn, and he died 78 hours after
injury.

Investigations and Presentation
The 4 PEs were diagnosed by ventilation-perfusion scan
(2 cases), chest computed tomographic scan (1 case),
and pulmonary angiography (1 case). All 4 DVTs were
diagnosed by compression ultrasound. The average time

Table 3. Incidences of Venous Thromboembolism and
Complications

LDUH Dalteparin p Value

VTE 3 4* 0.7054

Deep-vein thrombosis 1 3 0.3451
Proximal 1 2 1.0000
Distal 0 1 1.0000

Pulmonary embolism 2 2 1.0000
Fatal pulmonary

embolism
0 0 1.0000

Complications 1 1 1.0000

Heparin-induced
thrombocytopenia

0 0 1.0000

Bleeding 1 1 1.0000
Major 0 1
Minor 1 0

*Patient had both a deep-vein thrombosis and a pulmonary
embolism occurring as a single VTE event.
LDUH ¼ low-dose unfractionated heparin.
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from injury to onset of symptoms and/or signs that led to
a positive investigation for VTE was 38.1 6 26.6 days
(range 8–98 days) after injury. A total of 58 episodes were
investigated (occurrences in which symptoms and/or
signs were investigated for VTE), with 8 being positive for
VTE (Table 5). Therefore, 0.65 episodes were investigated
per patient, of which 8 of 58 (13.8%) led to the diagnosis
of a DVT or PE. Of note, screening (ie, surveillance
testing) for VTE was not routine but was carried out on 11
patients. Three had a d-dimer, 3 had a compression
ultrasound, and 5 had both. None of these screening
procedures led to the positive identification of a VTE.

DISCUSSION
The 7.78% incidence of VTE among the 90 patients
enrolled compares similarly to other reports of primarily
clinically evident VTE (8,9,21). Our study found no
difference in the incidence of overall VTE, proximal VTE,
or VTE among more severe injuries (ASIA A/B/C),
regardless of the type of heparin used. We may conclude
from this that dalteparin may not be as efficacious vs
LDUH as it is in other patient populations. Alternatively,
given the number of patients, it may be that our study
was underpowered to achieve this conclusion. We also
failed to demonstrate a significant reduction in bleeding
and HIT complications in the dalteparin group, as did
other investigators (14,15). The largest randomized study
of VTE prophylaxis in patients with SCI also found only
trends in reduced bleeding complications with LMWH
and did not show a significant difference when compar-
ing with LDUH (7,17). Perhaps, then, LMWH is safer in
some clinical populations but not the SCI population.

A review of the pathophysiology of VTE in SCI may
help us understand why LMWH does not appear to be as
efficacious or safe as in other populations. The etiology of
VTE in acute traumatic SCI can be conceptualized by
Virchow’s triad of venous stasis, endothelial integrity, and
hypercoagulability. Venous stasis can be caused by
immobilization related to weakness, operating room
time, comorbid fractures requiring casting, orthoses
(eg, halo, TLSO), and sedatives (30,31). Immobilization
and weakness may explain some of the increased VTE risk
as noted by a 10-fold increase in the DVT risk of a paretic
leg in stroke compared with the nonparetic leg (32).
However, in SCI, there is also a loss of sympathetic input
to vasoconstrict blood vessels (33). Decreased venous
competence may be secondary to decreased venous
distensibility/capacity and an increase in venous flow
resistance (30,31). Given these changes, some postulate
that anticoagulation alone is not effective in patients with
SCI and therefore advocate multiple mechanical and
pharmacologic methods of VTE prophylaxis (26).

Endothelial integrity may also be compromised by
trauma. However, in acute traumatic SCI, researchers
have also noted decreased fibrinolytic reactivity (which is
closely related to endothelial integrity), increased d-
dimer, and impaired rhythmical circadian variations in

fibrinolytic parameters possibly secondary to a deregu-
lated autonomic nervous system (30,31). A decrease in
fibrinolysis may explain the increased proximal migration
of DVTs (31), persistence and recurrence of VTEs despite
adequate anticoagulation (34), and low rates of venous
recanalization in the SCI population (35,36).

Hypercoagulability represents the last component of
Virchow’s triad and is especially interesting in patients
with SCI. Documented changes to coagulation include
an increase in platelets, factor VIII, vWF, platelet
aggregation (returns to normal in later stages of injury),
fibrinogen, euglobulin clot lysis time, plasma alpha-1
antitrypsin activity, and antigen concentration (30,31).
Decreased are plasma alpha-2 antiplasmin antigen
concentration and total antiplasmin activity. Although
the pathophysiology behind all of these changes has not
been fully elucidated, many of them are felt to be related
to neurohormonal factors induced by the SCI (30,31).

The aforementioned VTE etiologic risk factors specific
to SCI may explain one study’s increased incidence of
clinically evident VTE in patients with acute SCI (64%)

Table 4. Risk Factors for Venous Thromboembolism
(VTE)

Risk Factor VTE p Value

Gender

Female 0/11 0.5908
Male 7/79 (8.9%)

Age (years) mean 6 SD

VTE 41.4 6 17.1 0.9641
No VTE 42.3 6 18.9

Level of injury
Tetraplegia 2/60 (3.3%) 0.0388*
Paraplegia 5/30 (16.7%)

Completeness of injury

Motor complete
(ASIA A/B)

5/44 (11.4%) 0.2614

Motor incomplete
(ASIA C/D/E)

2/46 (4.3%)

Comorbidities

Fracture (spinal or long
bone)
Present 5/75 (6.7%) 0.3301
Absent 2/15 (13.3%)

Traumatic brain injury
Present 2/18 (11.1%) 0.6236
Absent 5/72 (6.9%)

Hemo/pneumothorax
Present 2/14 (14.3%) 0.2977
Absent 5/76 (6.6%)

Intra-abdominal injury
Present 1/3 (33.3%) 0.2179
Absent 6/87 (6.9%)

*p , 0.05.
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compared with immobilized trauma patients with
vertebral fracture but no paralysis (0%) (37). Although
there is good evidence for LMWH in other patient
groups, including trauma and joint arthroplasty (1),
individuals with SCI may need special considerations
given these specific etiologic factors.

Numerous variables have been associated with an
increased risk of VTE in patients with SCI. These include
but are not limited to advanced age (1,10,12,17,38,39),
male gender (9,39), level of injury (paraplegia vs
tetraplegia) (9,39), completeness of injury (motor
complete vs motor incomplete) (21,39), history of
thrombosis (10,38), lower extremity fracture
(1,10,38,40), dehydration (38), flaccid paralysis (12),
obesity (10,12,15,38), delayed thromboprophylaxis (1),
estrogen therapy (38), pregnancy (38), heterotopic
ossification (41) and various comorbidities, such as
cancer (10,12), congestive heart failure (9,10,38),
chronic obstructive pulmonary disease (9), and diabetes
mellitus (9). The largest epidemiological study of VTE in
SCI by Jones et al (9) of 16,240 patients found male sex,
African American race, complete paraplegia vs tetraple-
gia, and the presence of 3 or more (of 30) comorbid
conditions vs none to be significant predictors of VTE.
Being younger than 14 years of age was predictive of not
developing VTE. Paraplegia (vs tetraplegia) was the only
risk factor identified in our study to show an association
with increased incidence of VTE. However, it is likely that
due to the small numbers in our study, we were
underpowered to show a significant association with
any of the other variables investigated.

Although there were only 7 VTE events found within
our study population, a few points of interest may be
gleaned from further analysis. Notably, the mean

duration to VTE presentation was 38.1 6 26.6 days
(range 8–98 days) after injury. This is consistent with
other reports and highlights the fact that most VTEs will
occur within the timeframe of pharmacologic prophylaxis
proposed within guidelines (10). However, some VTEs
may still occur outside of this window, after VTE
prophylaxis has been discontinued secondary to an
unfavorable risk-benefit ratio. The ideal duration of
prophylaxis and stratification of subgroups requiring a
longer duration based on VTE risk factors within the SCI
population require further study.

Only 13.8% of episodes investigated for VTE actually
led to the diagnosis of a VTE in our study. Models have
been identified to stratify outpatient individuals to high,
medium, or low probability for a positive VTE depending
on certain risk factors, symptoms, or signs (42). Within
our study, the only symptoms/signs that led to a positive
investigation for DVT were fever, unilateral increased leg
diameter, and unilateral leg pain. Each of these
symptoms/signs was present in 50% of the positive DVT
symptom events. For PE, the symptom/signs were
dyspnea, decreased oxygen saturation, pleuritic chest
pain, and tachycardia. These occurred in 100%, 75%,
50%, and 50% of the positive PE symptom events,
respectively. If clinical models are ever developed for
inpatients with SCI, these symptoms may be used to
increase the pretest probability of VTE diagnostic tests
within this population.

Among the notable articles comparing LDUH with
LMWH, patients with lumbosacral injuries, ASIA C and/or
D classifications, and concomitant traumatic brain injury
have been excluded from study (7,14,15,17). These
populations represent a significant proportion of SCI
patients who are typically provided pharmacologic VTE

Table 5. Episodes Leading to Investigations for Venous Thromboembolism*

Symptom
Episodes Investigated

for VTE
Episodes With Positive
Deep-Vein Thrombosis

Episodes With Positive
Pulmonary Embolism

Fever 21/58 (36.2%) 2/4 (50%) 0/4
Unilateral increased leg

diameter 20/58 (34.5%) 2/4 (50%) 0/4
Unilateral leg pain 9/58 (15.5%) 2/4 (50%) 0/4
Autonomic dysreflexia 2/58 (3.4%) 0/4 0/4
Unilateral leg redness 1/58 (1.7%) 0/4 0/4
Increased spasticity 1/58 (1.7%) 0/4 0/4
Dyspnea 17/58 (29.3%) 0/4 4/4 (100%)
Decreased oxygen

saturation 12/58 (20.7%) 0/4 3/4 (75%)
Pleuritic chest pain 9/58 (15.5%) 0/4 2/4 (50%)
Tachycardia 6/58 (10.3%) 0/4 2/4 (50%)
Hemoptysis 0/58 (0.0%) 0/4 0/4
Other 3/58 (5.2%)� 0/4 0/4

Total 58* 4 4

*One episode investigated may have .1 symptom.
�Reduced level of consciousness, right lower quadrant pain, fatigue/anorexia/nausea.
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prophylaxis. One strength of our study is improved
generalizability with the inclusion of SCI patients of all
spinal and ASIA levels and those who suffer concomitant
traumatic brain injury. In addition, our study provided all
patients with GES, whereas 1 large randomized con-
trolled trial of patients with SCI in rehabilitation (7) did
not use GES in the LMWH group.

Among those excluded from our study, 6 were
diagnosed with VTE, each of which raises important
issues for VTE prophylaxis. Patients whose injury occurred
elsewhere and were later transferred to our facility were
excluded because we could not guarantee consistency in
their acute care. Of the 12 patients in this category, 3
developed VTE.

Fourteen patients had their prophylaxis started more
than 72 hours after their injury. One of these patients was
diagnosed with a DVT and a concomitant PE 2 weeks
after his injury. His prophylaxis was initiated on day 4,
shortly after he developed symptoms of VTE. This
reinforces the importance of the guideline to perform
an ultrasound of the legs if prophylaxis has not been
started within the first 72 hours of injury (10).

Of 12 patients switched from LDUH to dalteparin, 1
patient whose switch occurred on day 17 after injury
developed a DVT on day 37. Another patient excluded
due to a previous history of DVT and PE developed a DVT.
This raises the controversial options of prophylactic
anticoagulation or inferior vena cava filter in this unique
population of patients with traumatic SCI and a
premorbid diagnosis of VTE.

We would argue that compared with surveillance
testing, evaluating for clinically evident VTE is more
appropriate within both clinical and research settings.
This represents the ‘‘real-world’’ situation in which
patients are only investigated upon presentation of VTE
symptoms or signs. Therefore, research in this context is
more generalizable. Moreover, the accuracy of ultra-
sound in postoperative asymptomatic individuals is poor
(1,19,20), and DVTs are more likely to be proximal if they
are symptomatic (at or proximal to the popliteal vein)
(18). Clinically evident DVTs therefore represent a more
significant form of VTE given the increased likelihood of
proximal migration/extension (18). Because VTE surveil-
lance detects approximately 4 times as many VTEs (80%
vs 20%), perhaps most DVTs in surveillance studies are
clinically insignificant or false positives (43). The 2004
American College of Chest Physicians VTE prophylaxis
guidelines for patients with acute traumatic SCI suggest
the need for future studies to include clinically evident
VTE (1).

Although some advocate surveillance testing, the
level of evidence has not become a standard of care
within VTE prophylaxis guidelines (1,10). However, some
advantages of screening for VTE include the inaccuracy of
the clinical assessment in the diagnosis of DVT, with a
sensitivity of only 30% (44,45). This figure may drop
further in patients with SCI due to reduced sensation and

the horizontal position decreasing obvious leg swelling.
Dyspnea, as a symptom of PE, may often be presumed
clinically to represent atelectasis or pneumonia. On the
other hand, spasticity and autonomic dysreflexia may act
as sensitive (but nonspecific) indicators of VTE. Screening
techniques may identify a preclinical DVT, reducing the
likelihood of sudden PE (possibly during sleep) and
potential mortality. In fact, a 2002 study showed
surveillance ultrasound to detect DVT in 27% of SCI
patients, and 0.77% of patients in this group suffered
nonfatal PE. In contrast, when clinical diagnosis was used
in the same population, DVT was only detected in 9%,
and 4.3% of patients suffered PE, including 3.5% with
fatal PE (24).

Some authors propose surveillance with d-dimer
testing upon admission to a rehabilitation center. This
has been shown to have 100% sensitivity and 100%
negative predictive value in 29 patients with SCI (46).
However, a high false-positive rate was associated with
comorbidities, such as urinary tract infection, pneumo-
nia, heterotopic ossification, and pressure ulcers (46).
Another study found that d-dimer screening can decrease
the need for screening ultrasound by 31% if ultrasound is
carried out only on patients with a positive d-dimer (47).
Studies of VTE surveillance with duplex ultrasound in
patients with SCI at rehabilitation admission have found
incidences of 8 of 92 (8.7%) (48) and 22 of 189 (11.6%)
(49). However, in the latter series, ,40% of patients had
appropriate VTE prophylaxis at the time of their
rehabilitation admission. Surveillance ultrasound at ad-
mission to rehabilitation has been shown to be cost
effective in the SCI population (50) and has been
recommended by some authors to be completed upon
changing facility (12).

The main limitations of our study include the lack of
causality and biases inherent in retrospective cohort
designs. This was most evident in the number of patients
excluded secondary to their prophylaxis not being
provided within 72 hours of injury and those switched
from LDUH to dalteparin partway through their course of
VTE prophylaxis. The latter scenario was still present
despite the exclusion of the primary 2 years of data in
which this clinical shift in practice occurred. The number
of patients enrolled provides relatively low support to
determine a significant difference in our primary and
secondary outcome measures. In addition, subgroup
analyses, such as comparison of demographic variables
between groups and VTE risk factor identification, were
limited by the sample size.

In our series, although there were more deaths in the
LDUH group (9 vs 2 in the dalteparin group), none were
attributed to VTE.

However, autopsies were not performed given the
retrospective nature of our study, whereas a prospective
design could include autopsy as a requirement. Our
findings are limited to dalteparin and cannot necessarily
be generalized to other forms of LMWH, despite the
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current absence of documented efficacy differences
between the various types of LMWH for VTE prophylaxis
in the patients with SCI. We may only comment on the
use of LDUH at a dose of 5,000 U twice daily. Other
authors have used higher doses, such as 5,000 U 3 times
daily (7,12–14,17) or 7,500 U twice daily (21).

In fact, the incidence of VTE in the SCI population is
still alarmingly high despite our best treatments.
Therefore, we urgently need novel approaches (or
combinations of approaches) toward VTE prophylaxis in
the acute traumatic SCI population. New anticoagulant
considerations include direct thrombin inhibitors or
indirect factor Xa inhibitors (51). Various combinations
of approaches may also be warranted. For example, an
Italian study combined LMWH, early mobilization, GES,
and external pneumatic compression stockings during
the first 30 days after SCI and found that only 2% of 99
patients developed DVT as detected by clinical means or
ultrasound surveillance after 30 to 45 days (24). These
combinations may or may not include clinical models to
alter pretest probability of diagnostic tests and screening
investigations, such as d-dimer testing. Head-to-head
trials comparing LDUH (perhaps at higher doses) with
other forms of LMWH could also be considered.

CONCLUSIONS
Among 90 patients with acute traumatic SCI admitted to
our facility over 9 years, there was no significant
association between the type of heparin used (dalteparin
vs LDUH) and the incidence of VTE (7.78% overall, no
fatal PE) or complications of VTE prophylaxis (bleeding
and HIT). There continues to be an absence of definitive
evidence for LMWH over LDUH in these patients.
Paraplegia was associated with an increased incidence
of VTE when compared with tetraplegia. Novel approach-
es to VTE prophylaxis are urgently required for this
population, whose risk of fatal PE has not decreased over
the last 25 years (3).
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