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Context/objective: To determine the prevalence of deep vein thrombosis (DVT) detected through routine duplex
screening and factors associated with DVT in spinal cord injury (SCI) patients on admission to rehabilitation.
Design: Retrospective chart review of medical records.
Setting: Acute inpatient rehabilitation.
Participants: One hundred and eighty-nine individuals admitted to rehabilitation within 2 weeks of initial
traumatic SCI who underwent routine surveillance with duplex scan for DVT.
Interventions: Duplex scan of lower extremities.
Outcome measures: The dependent variable was positive duplex screening for either any DVT (distal and/or
proximal) or proximal DVT.
Results:Of the 189 patients, 31 patients (16.4%) had a positive scan for any (proximal and/or distal) DVT, with 9
(4.8%) positive for a proximal DVT and 22 (11.6%) positive for isolated distal DVT. Of those with isolated distal
DVT, 31.8% later developed propagation with either proximal DVTs or pulmonary embolism (mean = 22 days).
Factors significantly associated with positive duplex scans for any (proximal and/or distal) DVT include more
severe neurological injury (AIS A, B or C versus AIS D: χ2 = 7.1791, df = 1, P = 0.007) and older age (age
≥50 years old: χ2 = 14.9410, df = 1, P = 0.000).
Conclusion: In acute traumatic SCI, older age and more severe neurological impairment (AIS A, B, and C) are
independent risk factors for positive duplex screening for any (proximal and/or distal) DVT detected on
rehabilitation admission. Individuals with an acute distal DVT have a high likelihood for future thrombus
progression. Routine surveillance for these patients may be warranted.
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Introduction
Individuals with spinal cord injury (SCI) demonstrate
the highest rates of deep vein thrombosis (DVT)
among trauma patients with prior studies reporting
DVT rates ranging from 12 to 100%.1–4 The wide
range in prevalence can be attributed to a host of
factors including screening method, time from injury,
and presence of chemoprophylaxis.4 Patients with
acute SCI are at increased risk of thromboembolic dis-
orders including DVT and pulmonary embolism (PE),
due to the combined presence of Virchow’s risk

factors: stasis, a hypercoagulable state, and intimal
injury.5 Thrombosis can occur as early as 72 h after
initial injury with a peak between 7 and 10 days.4

Regarding DVT risk stratification, the presence of
“SCI with neurological deficit” automatically places a
patient in the highest-risk patient category.6 PE has its
greatest incidence within the first month and is the
third leading cause of death after initial SCI.7,8

Additional complications following DVT include late
DVT reoccurrence, post-thrombotic syndrome with pro-
longed edema, and pressure injuries.9,10

In 1999, clinical practice guidelines (CPG) published by
the Consortium for Spinal Cord Medicine (CSCM) did
not include an official recommendation regarding
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duplex screening for SCI patients on entry to rehabilita-
tion.11 However, four retrospective studies showed a
high rate of asymptomatic DVT on routine duplex scans
performed in SCI patients on admission to a rehabilita-
tion center.12–15 Powell et al. reported that 11.6% of SCI
patients had a newly diagnosed DVT detected by
duplex scan at admission to acute rehabilitation with
only 38.6% receiving preadmission chemoprophylaxis.14

Kaydan et al. reported that 8.7% of patients with trau-
matic SCI were found to have DVT on admission.13

Additionally, in a subsequent report, Kaydan et al.
demonstrated that 6.5% of traumatic SCI exhibited posi-
tive duplex scans on admission to rehabilitation and that
surveillance with duplex ultrasound was a cost-effective
tool for detecting DVT.12 Do et al. reported the occur-
rence of asymptomatic DVT on rehabilitation admission
through routine duplex screening as 27.6%, however,
those receiving chemoprophylaxis were excluded from
this study.15

While several studies have examined possible risk
factors associated with venous thromboembolism, no
definitive agreement has been reached. For instance,
Green et al. found older age, malignancy, flaccid paralysis
and obesity as risk factors for venous thromboembolism.16

Clements et al. found statistically significant associations
between DVT occurrence and completeness of motor
paralysis, male sex, and pelvic or lower limb fractures in
SCI during initial hospitalization.17 Chemoprophylaxis
against DVT significantly decreased the risk of a positive
duplex scan on rehabilitation admission.14

The updated CPG published (2016) by the CSCM rec-
ommend specifically that persons with SCI should not be
routinely screened with duplex ultrasound for clinically
asymptomatic DVT during their admission to rehabilita-
tion.18 Reasons for this included that duplex ultrasound
in asymptomatic patients is considered neither sensitive
nor specific.19,20 Moreover, non-diagnostic essential
deep veins was reported in trauma patients with rates
from 10 to 41%.21,22 The clinical significance of asympto-
matic DVT is also unknown.6 Lastly, there is evidence
that routine duplex scans may fail to reduce the occur-
rence of symptomatic DVT or PE.23

While the updated CPG raise valid arguments against
routine screening with duplex ultrasound, clinically
asymptomatic DVT is challenging to diagnose in the
SCI patient population. Many patients with SCI experi-
ence abnormal or absent sensation that limits the accu-
racy of clinical assessment of calf tenderness, calf pain,
and pain on diagnostic maneuvers, such as Homan’s
sign, associated with DVT.12 Additionally, clinical
symptoms such as leg edema are not specific for
DVT.24,25 Aito et al. reported that 65% of detected

DVTs through duplex scan, regardless of ASIA
Impairment Scale (AIS) classification, did not show
any prior clinical evidence.26

This exploratory study was undertaken to review the
prevalence of DVT found by duplex screening on reha-
bilitation admission in our acute traumatic SCI popu-
lation prior to publication of the new CPG to
specifically identify who might be at greatest risk and
therefore benefit from receiving routine screening.
Better understanding of factors that increase risk of
thromboembolism could influence future clinical prac-
tice guidelines. Specifically, we wanted to assess if age,
severity of injury, and type of chemoprophylaxis were
consistent predictors to continue to consider performing
routine duplex scan on rehabilitation admission. Our
hypotheses were that motor complete injuries (AIS A
and B), as well as those not receiving low molecular
heparin (LMWH) would be at greatest risk for DVT
development, and as such may warrant routine screen-
ing even if they were apparently asymptomatic.

Methods
A retrospective chart review was conducted of all SCI
admissions to our acute rehabilitation facility between
January 1, 2011 and December 31, 2016. Inclusion cri-
teria included admission within two-weeks of initial
traumatic SCI, duplex screening of lower extremities
performed within 72 h of rehabilitation admission, and
successful completion of the International Standards
for Neurological Classification of Spinal Cord Injury
(ISNCSCI) exam with an AIS classification of A
through D. The protocol at this institution before 2016
had been to obtain routine duplex scans on admission
to screen for DVT.
Exclusion criteria included non-traumatic SCI,

inability to complete ISNCSCI exam, and known
DVT/PE diagnosed in acute care transferred to rehabi-
litation on therapeutic anticoagulation. Duplex studies
that reported technical difficulties in full visualization
of deep veins were also excluded.
Data collected included patient demographics, neuro-

logical level of injury, AIS, results of duplex scans,
location of DVTs in positive duplex scans, and presence
of and type of chemoprophylaxis on the admission
medication list to rehabilitation. DVTs located in the
popliteal vein or more proximal veins were categorized
as proximal DVT, while DVTs found in the calf veins
were classified as distal DVT. The term “any DVT”
referred to a positive duplex scan for proximal and/or
distal DVT. For those with duplex scans positive for iso-
lated distal DVTs, results of subsequent duplex scans, if
performed, were also reviewed. Forms of
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chemoprophylaxis included LMWH, unfractionated
heparin (UH), warfarin, fondaparinux, apixaban, dabi-
gatran, rivaroxaban, and prasugrel. Data on co-morbid-
ities was also collected regarding history of malignancy,
history of lower extremity fracture diagnosed in acute
care, presence of inferior vena cava (IVC) filter, and
recent DVT or PE diagnosed in the acute care hospital
that had not been treated with therapeutic
anticoagulation.

Study sample
Of the 804 patients with traumatic SCI who were
admitted for rehabilitation during the time period of
the study, 236 patients met inclusion criteria. In total,

47 subjects were excluded for the following reasons:
absence of duplex scan within 72 h of admission (n =
13), ISNCSCI exam was incomplete or normal (n =
29), or known DVT or PE at the time of admission
and was already on therapeutic anticoagulation (n =
5). Subsequently, 189 people met the criteria for
inclusion in the analysis (see Figure 1).

Statistics
Chi-square analysis was utilized to determine statisti-
cally significant differences in occurrence of both prox-
imal and any (proximal and/or distal) DVT as
detected by duplex scan and several key risk factors.
Participants were grouped by level of injury, severity

Figure 1. Description of the inclusion process of patients in this retrospective study. This figure also describes results of initial
duplex imaging and subsequent surveillance.
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of neurological injury, presence of chemoprophylaxis,
type of chemoprophylaxis, age, and other co-morbid-
ities mentioned previously which were examined inde-
pendently. Fisher exact test (1-tailed) was used for
groups including <5 subjects as necessary.

Results
The average age was 51.2 years (SD = 20.2; range: 16–
85) and 74.1% male, which are similar to prior sample
populations.14,15 Overall, 16.4% (31 of 189) of our sub-
jects had a positive initial duplex scan on admission for
any (proximal and/or distal) DVT; 9 of 31 (29.0%)
(4.8% of total population) had proximal DVT and 22

of 31 (71.0%) had isolated distal DVT. Six of the nine
subjects with proximal DVT also had distal DVT. The
frequency of distal DVT versus proximal DVT is sum-
marized in Table 1. Individuals classified as motor com-
plete (AIS A, B) did not show a significant difference in
either any DVT (χ2 = 1.2348, df = 1, P = 0.266) or
proximal DVT (χ = 0.000, df = 1, P = 1.000) when
compared to motor incomplete (AIS C, D) injuries.
Upon further exploration of severity of injury, persons
classified as AIS A, B or C showed a statistically signifi-
cant higher frequency of any (proximal and/or distal)
DVT compared to those with AIS D (χ2 = 7.1791,
df = 1, P = 0.007), suggesting that people with more

Table 1. This table describes the demographics, clinical characteristics, duplex scan results, and chemoprophylaxis for individuals
admitted to inpatient rehabilitation with acute traumatic SCI.

Category n
Negative
duplex

Positive
duplex

Isolated distal
DVT only as a
% of all DVTs

Proximal
DVT as a %
of all DVTs

Any (proximal
and/or distal)
DVT χ2, P value

Proximal DVT
χ2, P value

Total 189 158 (83.6%) 31 (16.4%) 22 9
AIS classification
AIS A 40 (21.2%) 31 (77.5%) 9 (22.5%) 6 (66.7%) 3 (33.3%)
AIS B 23 (12.2%) 19 (82.6%) 4 (17.4%) 4 (100%) 0 (0%)
AIS C 42 (22.2%) 31 (73.8%) 11 (26.2%) 7 (63.6%) 4 (36.4%)
AIS D 84 (44.4%) 77 (91.7%) 7 (8.3%) 5 (71.4%) 2 (28.6%)
Sex χ2 = 0.8338,

df = 1, P = 0.361
χ2 = 0.2700,

df = 1,
P = 0.603

Male 140 (74.1%) 115 (82.1%) 25 (17.9%) 19 (76.0%) 6 (24.0%)
Female 49 (25.9%) 43 (87.8%) 6 (12.2%) 3 (50.0%) 3 (50.0%)
Age χ2 = 14.9410,

df = 1,
P = 0.000*

χ2 = 1.8900,
df = 1,

P = 0.169
<50 years of age 84 (44.4%) 80 (95.2%) 4 (4.8%) 2 (50.0%) 2 (50.0%)
≥50 years of age 105 (55.5%) 78 (74.3%) 27 (25.7%) 20 (74.1%) 7 (25.9%)
Level of injury χ2 = 0.9353,

df = 1, P = 0.333
χ2 = 0.4233,

df = 1,
P = 0.4233

C1–C8 124 (65.6%) 106 (85.5%) 18 (14.5%) 13 (72.2%) 5 (27.8%)
T1 and below 65 (34.4%) 52 (80%) 13 (20.0%) 9 (69.2%) 4 (30.8%)
Co-morbidities
Presence of IVC filter 29 (15.3%) 22 (75.9%) 7 (24.1%) 5 (71.4%) 2 (28.6%) χ2 = 1.4951,

df = 1, P = 0.221
χ2 = 0.3442,

df = 1,
P = 0.557

History of malignancy 23 (12.2%) 17 (73.9%) 6 (26.1%) 6 (100.0%) 0 (0%) χ2=1.7913,
df = 1, P = 0.181

χ2=1.3093,
df = 1,

P = 0.253
History of DVT or PE
in the acute care

8 (4.2%) 3 (37.5%) 5 (62.5%) 4 (80.0%) 1 (20.0%)

History of lower
extremity fracture
since injury

10 (5.3%) 9 (90.0%) 1 (10.0%) 0 (0.0%) 1 (100.0%) χ2 = 0.3156,
df = 1, P = 0.574

χ2 = 0.6388,
df = 1,

P = 0.424
Chemoprophylaxis
No
chemoprophylaxis

49 (25.9%) 41 (83.7%) 8 (16.3%) 7 (87.5%) 1 (12.5%)

LMWH 67 (35.4%) 59 (88.1%) 8 (11.9%) 7 (87.5%) 1 (12.5%)
UH 67 (35.4%) 56 (83.6%) 11 (16.4%) 6 (54.5%) 5 (45.5%)
Other anticoagulant** 6 (3.2%) 2 (33.3%) 4 (66.7%) 2 (50.0%) 2 (50.0%)

* statistically significant P < 0.05.
**other anticoagulant: warfarin, fondaparinux, apixaban, dabigatran, rivaroxaban, or prasugrel.
AIS, ASIA Impairment Scale; DVT, deep vein thrombosis; PE, pulmonary embolism; χ2, chi-square; LMWH, low molecular weight heparin;
UH, unfractionated heparin; IVC, inferior vena cava; df, degree of freedom.
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severe neurological impairment are disproportionately
at risk for DVT. However, Fisher exact test showed no
significant difference in proximal DVT with respect to
severity of neurological injury (AIS A, B, C versus
AIS D, P = 0.151).
When grouping patients based on age (<50 versus

≥50 years), DVT was more likely to be observed on
admission duplex scan among persons ≥50 years with
25.7% having DVT compared to 4.8% of those < 50
years (χ2 = 14.9410, df = 1, P = 0.000). However, no
significant association was found between proximal
DVT occurrence and age (positive duplex scan: <50
years: n = 2 (2.4%), ≥50 years: n = 7 (6.7%); χ2 =
1.8900, df = 1, P = 0.169) (see Table 1).
At rehabilitation, 67 subjects were receiving LMWH

(positive duplex scan for any DVT: n = 8 (11.9%); prox-
imal DVT: n = 1 (1.5%)), 67 were receiving UH (posi-
tive duplex scan for any DVT: n = 11 (16.4%);
proximal DVT: n = 5 (7.5%)), and 6 were receiving an
alternative anticoagulant which was either warfarin,
fondaparinux, apixaban, dabigatran, rivaroxaban, or
prasugrel (positive duplex scan for any DVT: n = 4
(66.7%); proximal DVT: n = 2 (33.3%)). In total, 140
patients were transferred to rehabilitation with chemo-
prophylaxis. This included 36 of 40 (90.0%) with AIS
A, 14 of 23 (60.9%), 35 of 42 (83.3%), and 55 of 84
(65.5%) with AIS B, C, and D, respectively. A statisti-
cally significant association was noted between AIS
level and use of chemoprophylaxis on admission to
rehabilitation (Fisher’s exact test P = 0.005). Of the
patients transferred to rehabilitation without chemopro-
phylaxis (n = 49), 16.3% (n = 8) had a positive duplex
scan for DVT with 4 persons classified as AIS A and
9, 7, and 29 persons classified as AIS B, C, and D,
respectively. Individuals placed on LMWH demon-
strated fewer proximal DVT and any DVT compared
to those placed on UH, although no statistically signifi-
cant difference was found (proximal: χ2 = 2.7917, df =
1, P = 0.095; any: χ2 = 0.5519, df = 1, P = 0.458).
When comparing LMWH versus alternative anticoagu-
lants, admission on an alternative anticoagulant was a
statistically significant predictor of a positive result for
any (proximal and/or distal) DVT (χ2 = 12.0069,
df = 1, P = 0.001) and even proximal DVT (χ2 =
14.1676, df = 1, P = 0.000) on duplex scan.
When subgrouping patients based on AIS, we found

that the difference in rates of DVT in patients with
AIS A on LMWH (positive duplex: 2 of 20) compared
to those on either another anticoagulant or off of che-
moprophylaxis (positive duplex: 7 of 20) (any DVT:
χ2 = 3.5842, df = 1, P = 0.058) approached statistical
significance. Similarly, patients with AIS A on

LMWH showed zero proximal DVT compared to
those off of LMWH (proximal DVT: 3 of 20 (15.0%))
(χ2 = 3.2432, df = 1, P = 0.072). There was no trend
noted through Fisher exact test in rates of any (proximal
and/or distal) DVT or proximal DVT between those on
LMWH versus off of LMWH in patients classified as
AIS B (any DVT: χ2 = 0.4943, df = 1, P = 0.482), AIS
C (any DVT: χ2 = 0.7402, df = 1, P = 0.390, proximal
DVT: χ2=0.3215, df = 1, P = 0.571), or AIS D (any
DVT: χ2 = 0.6586, df = 1, P = 0.417, proximal DVT:
χ2 = 0.7725, df = 1, P = 0.379).
Sex, level of injury, history of malignancy, IVC filter,

and recent lower extremity fracture were not signifi-
cantly associated with occurrence of any (proximal
and/or distal) or proximal DVT based on duplex scan
findings (see Table 1).
Of the 22 individuals found with isolated distal DVT,

19 individuals underwent follow up duplex scans for
further surveillance. Repeat duplex scans showed
5 of 19 (26.3%) developed new proximal DVT.
Chemoprophylaxis for these five individuals included:
LMWH (n = 1), UH (n = 1), no chemoprophylaxis
(n = 3). Two of three remaining individuals with iso-
lated distal DVT, who were both admitted on LMWH,
were transferred out for acute respiratory distress: one
was diagnosed with PE radiologically, while the other
died of a presumed PE before confirmation testing was
performed. Thus, 31.8% of individuals with isolated
distal DVT eventually developed thrombus propagation
to either proximal DVTor PE (average = 22 days, SD =
32.3). The last individual who did not undergo further
duplex surveillance had an IVC filter placed prior to
admission to acute rehabilitation (see Figure 1).

Discussion
The 2016 CPG recommend SCI patients not be routi-
nely screened with duplex scans for clinically inapparent
DVT on admission to rehabilitation.18 Our findings
suggest that some persons, who are at increased risk
for DVT, may benefit from duplex screening and
further study would be beneficial.
In total, 16.4% (31 of 189) of admissions who under-

went a routine duplex scan were found with any (prox-
imal and/or distal) DVT, which falls within previous
documented reports. The rate of positive duplex scans
for any (proximal and/or distal) DVT is higher than
previously reported by Powell et al. (11.6%) which
may possibly be due to shorter average time between
injury and rehabilitation admission in our study.14 In
our acute traumatic SCI population, almost one-third
of individuals with a positive initial duplex scan were
identified with proximal DVT. Surveillance with
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duplex scan successfully identified 4.8% of our popu-
lation that should receive therapeutic anticoagulation
for proximal DVT.28 By placing these patients on appro-
priate pharmacological treatment, PE, a secondary
complication with significant morbidity and mortality,
could be potentially avoided. In one review, Hiusman
et al., reported duplex scans in those clinically suspected
of having an acute proximal DVT with high sensitivity
(94%) and specificity (98%).27 For individuals found
with isolated distal DVT, 20 of 22 underwent further
duplex surveillance or imaging for PE detection and
almost one-third later developed thrombus propagation
with either proximal DVT or PE. In individuals with
isolated distal DVT provoked by a transient risk
factor, such as acute traumatic SCI, who are at high
risk for bleeding, CHEST guidelines recommend serial
imaging to evaluate for thrombus extension and to
initiate anticoagulation if thrombus extension occurs.28

Compared with proximal DVT evaluation, duplex
scans for distal DVT demonstrate lower sensitivity
(70%) and high risk of false-positive findings.27 While
the accuracy of duplex scans for distal DVT should be
considered if making pharmacological changes to man-
agement, additional duplex scans are a non-invasive and
easy to perform test. Our findings confirm that contin-
ued surveillance to monitor for DVT progression is
important to identify those who may need long-term
anticoagulation in the future.
Prior literature reports immobility as a risk factor for

venous thromboembolism.5 We found that more neuro-
logically impaired patients showed a statistically signifi-
cant increased likelihood of positive duplex scan for any
(proximal and/or distal) DVT on routine screening.
Moreover, these individuals with more neurological
impairment also demonstrated more than twice the
rate of positive duplex scans for proximal DVTs com-
pared to AIS D patients. Persons with AIS A, B, and
C injuries are considered functionally complete versus
those with AIS D injuries.29 Indeed, individuals classi-
fied as AIS D are more likely to be ambulating soon
after injury.30,31 While our initial hypothesis predicted
that motor complete injuries would be associated with
DVT occurrence, our findings suggest that the level of
mobility or degree of motor sparing determined
through the ISNCSCI and the AIS may serve as a risk
factor for any DVT.
Additionally, our results found that older age is also

associated with increased risk of positive duplex scan
for any (proximal and/or distal) DVT on rehabilitation
admission. While 27 of 105 (25.7%) of those ≥50 years
were found to have a DVT, only 4 of 84 (4.8%) of those
<50 years old had positive scans; a rate of DVT more

than 5× higher in the older age group. In trauma
patients, prior meta-analysis found increased age is a
risk factor for venous thromboembolism, although the
specific age that this occurs is debatable.32 One prior
study had identified older age (≥50 years) was a
strong predictor for venous thromboembolism in indi-
viduals with acute SCI who received chemoprophy-
laxis.20 Our findings demonstrated increased risk of
DVT in acute traumatic SCI who are 50 years of age
and older.
In terms of chemoprophylaxis, only 35.4% of individ-

uals in our study were transferred on LMWH, 38.6%
were on another form of chemoprophylaxis and 25.9%
were transferred off of pharmacological prophylaxis.
Currently, the CPG (2016) and others recommend
LMWH for DVT prophylaxis in the acute-care phase
of SCI once there is no evidence of active bleeding.18,33

Subgroup analysis by AIS showed that patients with AIS
A on LMWH had clinically lower rates of DVT com-
pared to individuals on either another form of chemo-
prophylaxis or off of chemoprophylaxis. However, we
did not find a statistically significant difference
between the overall rate of positive duplex scans for
any (proximal and/or distal) or proximal DVT
between patients admitted on LMWH versus UH.
While both a recently published CPG by AOSpine34

as well as a review by Liu et al.2 did not find a signifi-
cant difference in thromboembolism occurrence
between patients on LMWH and UH, the most recent
CSCM-CPG18 does not recommend the use of low-
dose UH in the prevention of thromboembolism.
These findings suggest that further study is needed to
determine whether LMWH offers additional protection
against developing proximal DVTs regardless of AIS
and against developing any (proximal and/or distal)
DVT in individuals with complete injuries.
Additionally, in our study six individuals were dis-
charged from acute care to rehabilitation on other antic-
oagulation. Regarding these six persons, four had atrial
fibrillation, one had chronic DVTs, and no reason could
be determined based on chart review for the last person.
Of the subjects transferred to rehabilitation without

chemoprophylaxis, 59.2% (29 of 49) were classified as
AIS D and 16.3% (8 of 49) had an initial positive
duplex scan for any (proximal and/or distal) DVT.
We found a statistically significant association (P =
0.005) between AIS level and use of chemoprophylaxis
on admission. Our study showed 34.5% of individuals
with AIS D were transferred without chemoprophylaxis
(3 of 29 with positive duplex scan (10.3%)). Our overall
rate of positive DVT found by routine duplex scan is
lower than that previously reported (27.6%) in
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individuals without chemoprophylaxis.15 The reason for
our lower incidence rate may be since more than half of
the subjects who did not receive chemoprophylaxis were
categorized as AIS D in our study, while only 20% were
classified as AIS D in the population studied by Do
et al.15 Despite prior recommendations that patients
with acute injury, regardless of AIS, should receive
pharmacological prophylaxis against thromboembolism
once active bleeding has resolved, more than 25% of
patients in our study were transferred without any
form of chemoprophylaxis.18,33 Although individuals
with AIS D show a significantly lower rate of DVT
than those with more severe neurological injuries, they
are still at increased risk for development of DVT and
should receive appropriate chemoprophylaxis.
Continued education regarding the importance of che-
moprophylaxis in the acute period once hemostasis is
achieved is needed.
We did not find a significant association regarding

sex, level of injury (paraplegia versus tetraplegia), pres-
ence of lower limb fractures, history of malignancy, or
IVC filter with a positive admission duplex scan for
any (proximal and/or distal) DVT or proximal DVT.
However, our lack of significant findings may be second-
ary to an insufficient sample size. Prior studies demon-
strated male sex and lower limb/pelvic fracture were
significantly associated with DVT.17

Power for this analysis was estimated post-hoc, given
that the study design was a retrospective chart review of
existing data and the occurrence of DVT was already
known. We ran a series of power calculations for esti-
mating group differences in two independent pro-
portions assuming unequal groups. Using the
probabilities of DVT for the overall sample (0.16), for
people given LMWH at admission (0.12) and people
50 years and older (0.25), we estimated that group
sizes of 20, 15, and 30, respectively were needed to
obtain 80% power. That is, the numbers observed in
this investigation were adequate to estimate 2-group
differences using Chi-Square analysis and in instances
of smaller subgroups, the more conservative Fisher’s
exact test. However, the sample size precludes these
risk factors in a multivariate framework using logistic
regression. Additionally, while we did have an adequate
sample size to attain a statistically reliable difference in
any DVT by LMWH, our sample size is likely under-
powered to detect further group differences by DVT.
Limitations of this study include that the duration of

chemoprophylaxis in the acute care center prior to trans-
fer was not determined. In trauma patients, delaying
chemoprophylaxis beyond 96 h triples the risk of throm-
boembolic disorders.35 The positive rate of duplex scans

in patients on chemoprophylaxis would be affected by
how soon chemoprophylaxis was started post injury.
In addition, we are unaware if patients who had
duplex scans were symptomatic or asymptomatic for
DVT.

Conclusion
In persons with acute traumatic SCI at admission to
rehabilitation within two weeks of injury, age (≥50
years) and more severe neurological impairment (AIS
A, B, and C) are independent risk factors for a positive
duplex scan for any (proximal and/or distal) lower
extremity DVT. There was no statistically significant
association between proximal DVT and severity of
neurological injury or age. However, individuals with
isolated distal DVTs are at high risk for the development
of additional thrombus and would benefit from serial
imaging because of the high rate of propagation.
Further study is needed to duplicate our findings and
to assess further other risk factors for positive duplex
screening on rehabilitation admission.
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