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Context/Objective: Deep venous thrombosis (DVT) is a well-known complication of an acute spinal cord injury
(SCI). However, the prevalence of DVT in patients with chronic SCI has only been reported in a limited number of
studies. The aim of our study was to examine the prevalence of DVT in patients with SCI beyond three months
after injury.
Design: Cross-sectional study.
Setting: Rehabilitation Department at the Bydgoszcz University Hospital in Poland.
Participants: Sixty-three patients with SCI that were more than 3 months post injury. The patients, ranging in age
from 13 to 65 years, consisted of 15 women and 48 men; the mean age of the patients was 32.1 years. The time
from injury varied from 4 to 124 months.
Outcome measures: Clinical assessment, D-dimer and venous duplex scan.
Results: The venous duplex scan revealed DVT in 5 of the 63 patients. The post-injury time in four of the patients
varied between 4 and 5 months; one patient was 42 months post-injury.
Conclusion: DVT occurred in patients with chronic SCI, mainly by the 6th post injury month.
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Introduction
Deep venous thrombosis (DVT) and pulmonary embo-
lism (PE) are severe early complications of spinal cord
injury (SCI).1–3 The high risk of venous thromboembo-
lism (VTE) results from the presence of all elements of
Virchow’s triad: endothelial abnormality, stasis of
blood flow, and hypercoagulability.1–5

According to various reports, the incidence of DVT
among patients with SCI ranges from 5.3–64% when
prophylaxis is implemented and from 47 to 100%
when no prophylactic measures are applied.2,3,5–8

Inpatient rehabilitation centers treat both acute and

chronic SCI. In these patients, the risk of DVT
remains permanently increased secondary to immobiliz-
ation, which raises the subject of the appropriate
duration of DVT prophylaxis. Not many clinical
studies have been conducted regarding DVT prophy-
laxis in patients with chronic SCI. In Poland, there are
no clear guidelines regarding the duration of DVT pro-
phylaxis after SCI. This aspect is typically based on the
experience of the clinical staff in the inpatient rehabilita-
tion centers. The aim of our study was to examine the
prevalence of DVT in patients with patients with SCI
beyond three months after injury.

Methods
This cross-sectional study involved all inpatients with
SCI beyond the time frame of three months after the
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injury admitted for inpatient rehabilitation at the
Rehabilitation Department of the Bydgoszcz
University Hospital, Poland, during the years of
2007–2009 and 2011–2013, who gave informed
consent. Initially the study was planned to last for 2
years (2007–2009) however during this time frame
there were not enough patients meeting the study entry
criteria so the study was restarted in 2011. The time
frame of the study is disjointed as in 2010 there were
no SCI admissions. The study was approved by the
Local Bioethical Committee. There were 63 patients
(15 females and 48 males), mean age 32 years (13–65).
Among the sample, 33 patients (52.3%) had cervical
spine injury, 24 (38.7%) thoracic spine injury, and 6
(9.5%) lumbar spine injury. The neurological status
was assessed according to American Spinal Cord
Injury Association (ASIA) Impairment Scale (AIS)
guidelines. The mean time from injury to admission
was 21 months (3.5 to 124 months).
The details of pre-admission DVT prophylaxis and

comorbidities were obtained from the medical docu-
mentation from previous institutions or from the
patients’ primary medical doctors’ reports. Clinical
examination was used to detect typical DVT symptoms
like swelling of the lower limbs, redness, warmth, pain,
and tenderness. All patients had a venous ultrasound

duplex scan (US scan) between 5th and 7th day after
admission performed by the same examiner. D-dimer
was also measured. The diagnosis was based on the
detection of acute deep vein thrombus through US
scan. The D-dimer values were analyzed with
Wilcoxon test. Standard protocol of venous ultrasound
of lower extremities consisted of examination of deep
veins from the groin to the ankle. The examination con-
sisted of a compression B-scan, evaluation of the pres-
ence of an intravascular thrombus and color Doppler
flow imaging.
The study assessed the relationship between occur-

rence of lower extremity DVT and comorbidities,
patients’ age, the time of the injury, utilization of DVT
prophylaxis, and neurological status assessed using the
AIS scale.

Results
In the analyzed group, 17 patients were 3–6 months
post-injury, 14 patients 6–12 months post-injury, and
26 patients more than 12 months post-injury.
Lower limb swelling was present in 35 patients

(55.5%) and redness in 3 (4.7%). The characteristic of
the studied group is shown in Table 1. As a result of
US exam, DVT was diagnosed in 5 individuals
(Table 2). The mean age of these patients was 40

Table 1 SCI patients more than 3 months post injury

Level of
spine
injury

Number
of
patients

Average
age (years) DVT Edema Redness Tenderness

AIS
A

AIS
B

AIS
C

DVT
in the
past HO* DM*

Average
time from
injury
(months)

Cervical 33 28 (13–55) 2 16 0 0 6 16 11 2 4 13 11 (3–124)
Thoracic 24 37 (13–65) 3 15 3 0 14 7 3 1 3 14 18 (3–84)
Lumbal 6 29 (20–46) 0 3 0 0 4 1 1 1 1 4 29 (4–87)

AIS= ASIA Impairment Scale; HO=Heterotopic ossification; DM=Diabetes mellitus.

Table 2 Patients with deep venous thrombosis

Injury level Age

DVT in
venous
duplex
scan Female Male Redness Edema

Time
from
injury
(months)

Low
molecular
heparin
prior to
admission Co- morbidities

AIS
Grade

D-dimer
(normal
value
55–228 ug/l)

Cervical spine 30 1 1 0 0 0 48 0 Urinary tract infection B 531
Cervical spine 23 1 0 1 0 1 4 1 None C 88
Thoracic spine 41* 1 0 1 1 1 4 1 Urinary tract infection A 1201
Thoracic spine 55 1 0 1 1 1 5 1 Hypertension C 1000
Thoracic spine 49 1 0 1 0 1 4 1 Urinary tract

infection+ pressure
sore

A 800

AIS= ASIA Impairment Scale; * thrombosis in another lower extremity and pulmonary embolism prior to admission.
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years, while of the remaining individuals, the mean was
32 years. All of the diagnosed cases of DVT involved
either deep veins of the lower leg or popliteal vein. In
all of the patients, the DVTwas limited to one extremity.
Four of the DVT patients had swelling in the limbs and
two had limb redness; none of them reported pain. One
individual showed no symptoms of DVT.

One of the four DVT patients had a very high risk of
thrombosis secondary to the history of DVT in contral-
ateral lower extremity and PE. This patient also had a
urinary tract infection during hospitalization. Another
patient had a large sacral decubitus, urinary tract infec-
tion. He also had a history of septicemia during the
acute post injury period. The decubitus certainly inter-
fered with patient’s rehabilitation what might have
resulted in an increased risk of thrombosis. The
subject who developed DVT 42 months post injury suf-
fered from a urinary tract infection. Infections of the
urinary tract are common in SCI and temporarily
disrupt rehabilitation, which may result in an increased
immobilization which leads to a higher risk of DVT.

The mean value of D-dimer in DVT patients was
724 μg/l (88–1201), whereas in the group without
DVT, this value was 702 μg/l (35–7200); laboratory
normal value: 55–228 μg/l. Only one individual in the
DVT group had a normal D-dimer value (88 μg/l).
Among the patients without acute DVT, 16 individuals
had elevated D-dimer up to 7200 μg/l. In the patients
with markedly elevated D-dimer, PE was also ruled
out. There were no statistically significant relationships
between elevated D-dimer in non-DVT patients and
ongoing infections (mainly urinary tract infections).
There were no statistically significant differences in D-
dimer level among DVT and non-DVT patient groups.
Secondary to the small number of DVT patients, the
study did not reveal statistical relationships between
the presence of acute DVT and the post injury time,
the level of injury, AIS scale, comorbidities, and prophy-
laxis with low molecular weight heparin (LMWH). At
admission, 21 patients (33.3%) were on LMWH, and 1
person was taking acenocoumarol. Patients receiving
LMWH were studied from 3 to 10 months post injury.

The duration of DVT prophylaxis with LMWH is pre-
sented in Table 3.

Despite such prolonged prophylaxis, DVT was diag-
nosed in four of them. DVT was also diagnosed in one
patient with no prior prophylaxis 42 months after
injury. Moreover, the US study revealed features of
lower extremity venous insufficiency in five patients,
three of whom had DVT diagnosed earlier, acutely
post injury. Two others had no history of DVT. No
cases of PE were diagnosed.

Non-pharmacologic DVT prophylaxis consisted on
physical therapy, mobilization with passive and active
exercises aimed to improve circulation in lower extremi-
ties. The scope of these exercises depended on the level
and completeness of the injury. The patients were also
sat upright and the wheelchair trained. No other non-
pharmacologic interventions such as thigh high com-
pression stockings, pneumatic calf compression boots
were utilized.

Discussion
The most severe form of VTE is PE.9,10 In patients with
diagnosed DVT, its rate may be as high as 24%.2 Apart
from the recurrence (7–20% of DVT cases), late DVT
complications include post-thrombotic syndrome,
trophic skin changes, and ulcerations (20–50%). In
patients with SCI, DVT may also increase spasticity
and trigger autonomic dysreflexia.8 Spinal cord injury
is considered one of the major risk factors of DVT.11

The majority of DVT cases in patients with SCI (up to
88%) are seen within the first three months (acute
stage)—from the 3rd day12 to the end of the 3rd
month,1,3,7,10,13,14 with its peak occurrence between the
7th and the 14th day post injury.8 Following the acute
phase, DVT frequency decreases, though it is still
reported, as the risk factors of immobilization and
stasis of blood flow are present.2,3,7,10

The problem of DVT in chronic SCI is rarely dis-
cussed. Jones surveyed patients from the 3rd to the
12th month after trauma and found DVT in 12% of
the surveyed patients2; in our surveys, this value was
8%. Similar results were reported by others.3,7,14,15 In
our study, the time from the injury ranged from 3.5 to
124 months. Four patients were diagnosed with DVT
between the 4th and the 5th month post injury, although
one patient was diagnosed 42 months post injury. This
confirms the results of others3,7 that DVT does occur
past the 3rd month, usually up to the 6th month. Age
is a well-known risk factor of DVT.11 In our study, the
mean age of DVT patients was higher than in other
surveyed patients with SCI.

Table 3 DVT prophylaxis on admission to the inpatient
rehabilitation unit

Level of inury
Number of patients
on DVT prophylaxis

Mean duration of DVT
prophylaxis (months)

Cervical spine 10 6
Thoracic spine 9 4.8
Lumbar spine 2 5.5
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Some authors2,8,9 report that DVT occurs in paraple-
gic patients more frequently than in tetraplegic ones,
and we also found this in our group, whereas in our
study, most DVT patients demonstrated thoracic spine
injury; however, the small number of DVT diagnosed
patients makes it difficult to draw a conclusion.
Green et al.16 found contradictory results, while
Yelnik et al.17 reported no difference between patients
with paraplegia and tetraplegia.
It is interesting to note that all of our patients with

paraplegia with DVT had spastic paralysis. Deep vein
thrombosis after SCI may be clinically asympto-
matic.2,3,18 Aito et al.1 reported that it may be clinically
mute in 65% of cases.
In our study, the typical clinical symptoms (swelling,

redness, and tenderness) were present only in two
patients. The significance of tenderness as a clinical
symptom of DVT in patients with SCI is controversial,
as pain sensation is absent or impaired in these
individuals.
Swelling also seems to be an uncertain sign. Swelling in

the lower limbs occurred in 34 individuals (54%) in our
group, and among them, as many as 30 had no DVT.
D-dimer level can also be helpful in the diagnostic

process. This test is highly sensitive; however, it lacks
specificity.5 Boudaoud et al. found that most of the
patients with SCI without DVT had elevated D-dimer
levels.7 Our study also revealed elevated D-dimer
levels in 16 patients without DVT or PE. Some of
those patients had urinary tract infections; however,
no statistically significant correlation was found
between the infections and DVT levels. Presumably
patients with SCI develop thrombosis in very small
blood vessels which cannot be visualized on US scan.
Elevated D-dimer levels may be present after major
surgery, trauma, neoplasms, and infections and in indi-
viduals above 80 years old or with pressure sores.13,19 In
our study, one patient had normal D-dimer, despite
being diagnosed with DVT by US scan.
The diagnostic process of DVT consists of clinical

examination and imaging studies like contrast venogra-
phy and US scan. Venography is considered a gold stan-
dard in the diagnosis of DVT, although US scan is the
most commonly utilized test secondary to being non
invasive and relatively cheap.3,5,9,12,20 Specificity of US
scan in detecting symptomatic DVT of proximal veins
(femoral and popliteal) is 96.8–99% while sensitivity is
96.1–100%. However, detection of DVT in distal veins
has lower specificity and sensitivity, respectively
50–70% and 60%.21,22 According to various authors,
the percentage of detected distal DVT ranges from 5
to 76.5%.23,24

DVT pharmacological prophylaxis with LMWH
decreases its rate of what has been reported through mul-
tiple studies.5,14,25,26 Most of the authors recommend the
aforementioned level of prophylaxis until the end of the
2nd1,25 or 3rd month post-injury.3,5,14 Among our
patients admitted from various institutions or from
home only, 21 (33.3%) had been on prophylactic dose
of LMWH. Their mean post-injury time was 5.3
months. The long duration of prophylaxis may be
related to the fact that, in Poland, there are no guidelines
on the duration of anti-thrombotic prophylaxis in
patients with SCI with paraplegia or tetraplegia.
Despite such prolonged prophylaxis, DVT was
diagnosed in four patients in this group. DVT was also
diagnosed in one patient who was 42 months
post-injury and without prophylaxis. More frequent
occurrence of DVT in the subgroup of patients on anti-
thrombotic prophylaxis is likely related to the relatively
short time post injury—5.3 months, while in the sub-
group off prophylaxis this time longer—25.6 months.
Our study confirms that DVToccurs mostly in “early”

chronic SCI (i.e. up to the end of the 6th month). In the
literature, the DVT prophylaxis in chronic SCI has been
rarely discussed. Bravo et al.10 assert that prophylaxis
should be prolonged throughout the whole year if the
platelet rate is increased, while Mc Kinney et al.20 rec-
ommend reinstitution of prophylactic measures in
patients with chronic SCI who have acute medical ill-
nesses or undergo surgical procedures if they are immobi-
lized with a bed rest regime for prolonged periods of time.
This might be in concordance with our findings, as four
of five patients with DVT presented with co-morbidities.
A limitation of this study was admission of the

patients at disparate times to the rehabilitation depart-
ment. The patients were admitted in these disparate
times for various reasons. First of all, patients with
SCI in Poland besides outpatient rehabilitation have
an option of so called chronic inpatient rehabilitation,
which may be granted even several years after the
injury. This is why they were admitted long after the
initial trauma. The patients were selected according to
the post-injury time and only those more than 3
months post-injury were enrolled in the study. For
most of the patients it was a second admission to our
facility as they had previously undergone an acute
post-injury rehabilitation. Indeed, two of the patients
with DVT had a history of a prolonged acute post-
injury rehabilitation. One of them suffered from a decu-
bitus and urinary tract infection while the other had a
PE. The remaining three DVT patients were admitted
to our center for so called late stage rehabilitation
after having completed an acute rehabilitation.
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Conclusion
In our opinion, the study should be continued, especially
in patients between 3 and 6 months post injury. If
further studies confirm our preliminary findings that
the risk of DVT is relatively high, prolonged prophylaxis
should be considered up to 6 months.
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