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Abstract.
BACKGROUND: Venous thromboembolism (VTE) is a concern following the onset of spinal cord lesions (SCL).
OBJECTIVES: To assess the current efficacy and risks of anticoagulation after SCL and consider changes in thrombopro-
phylaxis.
METHODS: This retrospective cohort study included individuals admitted to inpatient rehabilitation within 3 months of
SCL onset. Main outcome measures were the incidence of deep vein thrombosis (DVT), pulmonary embolism (PE), bleeding,
thrombocytopenia, or death, which occurred within 1 year of the SCL onset.
RESULTS: VTE occurred in 37 of the 685 patients included in the study (5.4%, 95% CI 3.7–7.1%, 2.8% PE), and in 16 of 526
patients who received prophylactic anticoagulation at rehabilitation (3%, 95% CI 1.6–4.5%, 1.1% PE, with at least 1 fatality).
Of these 526, 1.3% developed clinically significant bleeding and 0.8% thrombocytopenia. Prophylactic anticoagulation, most
commonly 40 mg/day, continued until a median period of 6.4 weeks after SCL onset (25%–75% percentiles 5.8–9.7), but in
29.7%, VTE occurred more than 3 months after SCL onset.
CONCLUSION: The VTE prophylaxis used for the present cohort contributed to a considerable but limited reduction of
VTE incidence. The authors recommend conducting a prospective study to assess the efficacy and safety of an updated
preventive anticoagulation regimen.
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1. Introduction

Deep vein thrombosis (DVT) is the formation of a
blood clot in the deep veins, most commonly in the
lower legs. Persons with DVT may contract a pul-
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monary embolism (PE) when a part of the clot reaches
the lungs and blocks a pulmonary artery, which may
be life-threatening. Risk factors for venous throm-
boembolism (VTE = DVT and/or PE) in the general
population include older age, former VTE, hyper-
coagulability, pelvic or lower extremity fracture,
cancer, tobacco use, obesity, pregnancy, immobi-
lization, congestive heart failure, and recent major
surgery (Anderson & Spencer, 2003; Galson, 2008).

VTE is an important concern in persons with trau-
matic spinal cord lesion (SCL), where it can occur
because of alternation of blood vessels, hypercoagu-
lability, and venous stasis due to paralysis (Hassouna,
2000; Miranda & Hassouna, 2000; Yue et al., 2017).
Without adequate prophylaxis, VTE rates following
traumatic SCL may range between 7% and 100%
(Dhall et al., 2013; Fujii et al., 1992; Wei et al., 2023).
Older age, male gender, complete paralysis, and con-
current traumatic injuries are risk factors for VTE in
people with SCL. Spinal surgery, personal or family
history of VTE, smoking, and diabetes are also risk
factors (Piran & Schulman, 2016; Tator et al., 1987;
Wei et al., 2023). Individuals with non-traumatic SCL
may be similarly at risk for VTE, which can appear
before or after surgery (Chung et al., 2011; Yamada
et al., 2019).

Current recommendations include preventive anti-
coagulation following SCL, predominantly with
low-molecular-weight heparin (LMWH), starting
within 72 hours after lesion onset (Fehlings et al.,
2018). Some studies have recommended continuing
prophylaxis for at least 12 weeks after patient stabi-
lization, at which point the risk of DVT after SCL
declines considerably (Giorgi Pierfranceschi et al.,
2013). Recently, a direct oral anticoagulant (DOAC)
has been considered for SCL VTE prophylaxis, but
satisfactory research on its safety and efficacy follow-
ing SCL is lacking (Weidner et al., 2020).

The benefit of preventive anticoagulation is always
weighed against the risk of bleeding, which may be a
considerable side effect of anticoagulation (Eichinger
et al., 2018). The assessment of relative risks and
the adapted anticoagulant regimens vary between
patients, spinal units, and studies (de Almida et al.,
2019; Hamidi et al., 2019).

Despite efforts to reduce VTE morbidity with
current anticoagulant regimens, VTE and bleeding
events still occur and may be fatal, suggesting that
prophylaxis is not optimal yet (Arnold et al., 2017;
Bĕlohlávek et al., 2013; Klemen et al., 2020; Søgaard
et al., 2014). We conducted the present study to
evaluate the need and possibility to improve VTE pro-

phylaxis, after assessing the effectiveness and risks
of anticoagulation in adult SCL patients undergoing
rehabilitation.

2. Methods

2.1. Patients

We retrospectively collected the data of patients
admitted to the Spinal Department of a Rehabilitation
Medical Center between 2010 and 2019. Inclusion
criteria were age ≥ 18 and admission up to 3 months
after traumatic or non-traumatic SCL onset. For trau-
matic SCL, we defined the lesion onset date as the
date of the event, and for non-traumatic SCL, the date
on which the neurological deficit first appeared in the
medical records. Exclusion criteria were being dis-
charged from the department after less than 1 week
and lack of data required for the study analyses.

2.2. Procedure

The sources of participant and SCL data were
the records of the Rehabilitation Medical Center
and a shared hospital-community database. The data
included information on clinical follow-up 1 year or
more after SCL onset, and on VTE prevention and
outcomes for all participants. The main outcomes
were the incidence of clinically diagnosed DVT, PE,
clinically significant bleeding events or thrombocy-
topenia related to anticoagulant treatment, and death,
which occurred within 1 year after SCL onset.

The DVT and PE diagnoses were made by clini-
cians who cared for the participants. They screened
the rehabilitation inpatients for SCL complications,
including VTE, on a weekly basis. They based DVT
diagnosis on clinical symptoms, including swelling,
redness, warmth, pain, or tenderness of the limb. They
frequently verified the diagnosis with ultrasound.
They based PE diagnosis on shortness of breath,
unexplained new tachycardia, chest pain, bloody spu-
tum, and/or laboratory blood gas tests, frequently
verified by pulmonary CT-angiography.

2.3. Statistical analyses

Patient characteristics and outcomes are described
by means and standard deviations (SD) of contin-
uous normally distributed variables; by medians,
25%–75% percentiles, for variables not normally
distributed; and by counts and percentages for cat-



V. Bluvshtein et al. / VTE and anticoagulation in SCL rehabilitation inpatients 145

Table 1
Characteristics of the study population

Characteristic All patients (n = 685) Admitted without VTE (n = 666)

Age at admission, mean (SD) 54 (17) 54 (17)
Men, n (%) 450 (65.7) 437 (65.6)
BMI>30, n (%) 95 (19.5) (n = 486) 91 (19.3) (n = 472)
SCL etiology, n (%)

Traumatic 270 (39.4) 259 (38.9)
Non-traumatic 415(60.6) 407 (61.1)

Disc herniation 195 (28.5) 190 (28.5)
Spinal stenosis 71 (10.4) 70 (10.5)
Tumor 37 (5.4) 37 (5.5)
Vascular lesion 29 (4.2) 29 (4.4)
Myelopathy UO 30 (4.4) 30 (4.5)
Infection 27 (3.9) 25 (3.8)
Multiple sclerosis 12 (1.8) 12 (1.8)
Syringomyelia 3(0.4) 3(0.5)
Other 11(1.6) 11(1.6)

Days SCL, median (25–75 percentiles) 22(14–37) 21 (14–36)
Patients after spinal surgery, n (%) 527 (76.9) 511 (76.7)
Days surgery, median (25–75% percentiles) 16 (10–27) 15 (10–26)
SCL level, n (%)

Tetraplegia 290 (42.3) 280 (42)
Paraplegia 395 (57.7) 386 (58)

Admission AIS grade, n (%)
A 79 (11.5) 78 (11.7)
B 29 (4.2) 28 (4.2)
C 134 (19.6) 131 (19.7)
D 443 (64.7) 429 (64.4)

LOS, mean (SD) 90(55) 90 (55)

Abbreviations and terms: VTE, Venous thromboembolism; Admitted without VTE, Patients admitted without VTE diag-
nosis; BMI, Body mass index; SCL, Spinal cord lesion; Myelopathy UO, Myelopathy of unknown origin; Days SCL, Time
from SCL onset to admission; AIS grade = American Spinal Injury Association impairment scale grade.

egorical variables with confidence intervals (CI) for
important outcomes. To assess the association of
VTE with continuous variables such as age, we
used independent samples T-tests with appropriate
transformations for not normally distributed data. To
examine relationships between VTE incidence and
categorical variables, we used Chi-square analysis,
the Fisher’s exact test when expected counts were
less than 5, or we calculated odds ratios (OR) with
95% CI. We assessed the association between the
duration of prophylactic anticoagulation (after a natu-
ral logarithm transformation) and SCL characteristics
with analysis variance (ANOVA). We determined sta-
tistical significance at P < 0.05 and performed all
statistical analyses with SPSS v 27 (IBM Corp.,
Armonk, NY, USA).

2.4. Ethical consideration

The ethics committee of the Rehabilitation Med-
ical Center approved the study (approval number
003-13-LOE) and waived the requirement to obtain
informed consent from the patients because the study

was retrospective and investigators anonymized the
data before analysis.

3. Results

3.1. Participants

Of 1,298 persons admitted to the department dur-
ing the 10-year study period, 221 suffered from
conditions other than SCL, such as Guillain-Barré
syndrome or low back pain disability, 266 were
admitted to rehabilitation more than 3 months after
SCL onset, and 1 was younger than 18 years. Of
the remaining 810, who conformed to the inclu-
sion/exclusion criteria, we excluded 93 because they
were less than 1 week in rehabilitation, and 32
because data about the anticoagulation received or
follow-up for one year after SCL onset were miss-
ing. Six hundred eighty-five men and women were
included in the final analysis. Of these, 666 arrived
at rehabilitation without a VTE diagnosis. Table 1
shows patient characteristics.
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Table 2
Characteristics of patients with venous thromboembolism

Characteristic VTE at any time (n = 37) VTE after admission (n = 18)

Age at admission, mean (SD) 52 (17) 55 (18)
Men, n (%) 24 (65) 11 (61.1)
BMI>30, n (%) 6 (22.2) (n = 27) 2 (15.4) (n = 13)
SCL etiology, n (%)

Trauma 17 (46) 6 (33.3)
Not trauma 20 (54) 12 (66.7)

Disc herniation 12 (32.4) 7 (38.9)
Spinal stenosis 1 (2.7)
Tumor 2 (5.4) 2 (11.1)
Vascular 2 (5.4) 2 (11.1)
Infection 2 (5.4)
Syringomyelia 1 (2.7) 1 (5.6)

SCL level, n (%)
Tetraplegia 14 (37.8) 5 (27.8)
Paraplegia 23 (62.2) 13 (72.2)

Patients after spinal surgery, n (%) 29 (78.4) 13 (72.2)
Admission AIS grade, n (%)

A 5 (13.5) 4 (22.2)
B 3 (8.1) 2 (11.1)
C 9 (24.3) 6 (33.3)
D 20 (54.1) 6 (33.3)

Personal history of VTE, n (%) 4 (10.8) 3 (16.7)
VTE Risk factors other than SCL, n (%) 8 (21.6) 7 (38.9)
Type of VTE, n (%)

Deep vein thrombosis (DVT) 18 (48.6) 12 (66.7)
Pulmonary embolism (PE) 17(45.9) 5 (27.8)
DVT+PE 2 (5.4) 1 (5.6)

Abbreviations and terms: At any time, Before admission, after admission, or after discharge; Admission, Admission
to rehabilitation; AIS grade, American Spinal Injury Association impairment scale grade; SCL, Spinal cord lesion;
VTE, Venous thromboembolism; BMI, Body mass index; DVT, Deep vein thrombosis; PE, Pulmonary embolism.

3.2. VTE risk, timing, and effect on length of stay
in rehabilitation (LOS)

VTE was diagnosed in 37 patients, 5.4%, of all
participants (95% CI 3.7–7.1%). Eighteen patients
(2.6%) had a diagnosis of DVT, 17 (2.5%) of PE,
and 2 (0.3%) of both DVT and PE. Clinical DVT
diagnosis was verified by ultrasound at least in 65% of
the patients, and clinical PE diagnosis by pulmonary
CT-angiography at least in 58%.

Of the VTE diagnoses, 19 had been made before
admission to rehabilitation, 9 after admission but
before discharge, and 9 after discharge but within 1
year from SCL onset. Of the 18 (2.7%) patients who
contracted VTE after admission to rehabilitation, 12
patients (1.8%) had a diagnosis of DVT, 5 (0.75%) of
PE, and 1 (0.15%) of both DVT and PE. Sixteen of
the 18 who contracted VTE after admission to reha-
bilitation amounted to 3% (95% CI 1.6–4.5%) of the
patients who received preventive anticoagulation dur-
ing rehabilitation. Table 2 details the characteristics
of persons who contracted VTE.

Figure 1 shows the time from SCL onset to VTE.
In 11 participants (29.7% of all the patients with VTE
and 61% of those diagnosed after admission), VTE
occurred 3 months or more after SCL onset (in all
of them after the admission). Of them, 4 had an AIS
grade A, 1 B, 3 C, and 3 D. None of them walked with-
out aids at admission, and 1 was walking without aids
3 months after SCL onset. The SCL level was above
C5 in 2 of them, T7-T12 in 8, and below L2 in 1. Eight
of the 11 (73%) had risk factors other than the SCL,
such as active cancer (Anderson & Spencer, 2003),
severe infection (Crous-Bou et al., 2016), previous
VTE (Anderson & Spencer, 2003; Piran & Schulman,
2016), chronic kidney disease (Wattanakit & Cush-
man, 2009), hip surgery (Anderson & Spencer, 2003;
Galson, 2008), or drug abuse (Coull et al., 2021). Of
the 26 patients who contracted VTE within 3 months
of SCL onset, 1 had an AIS grade A, 2 B, 6 C, and
17 D. Two of them walked without aids at admission,
and 5 were walking without aids 3 months after SCL
onset. The SCL level was above C5 in 10 of them,
C5-C8 in 2, T1-T6 in 2, T7-T12 in 2, and below L2
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Fig. 1. Time from SCL onset to VTE diagnosis (months). Dark
gray represents individuals with risk factors for VTE other than
SCL. Light gray represents individuals with no documented risk
factors.

in 10. Only 4 of the 26 (15%) had additional risk fac-
tors (P = 0.001). Two of them had active cancer, and
2 had a previous VTE. Of the 7 patients who con-
tracted VTE within 3 months of SCL onset but after
admission, 1 (14%) had additional risk factors.

Of the 11 participants who contracted VTE 3
months or more after SCL onset, in 10 VTE occurred
despite preventive anticoagulation, lasting 3.7–9.3
weeks, 35–262 days after discontinuing it, either
at rehabilitation (3 patients) or after discharge. Of
the 11, 8 patients received prophylactic anticoagula-
tion with Enoxaparin 40 mg/day, 1 with Enoxaparin
60 mg/day and 1 was treated with Coumadin.

LOS was 89 ± 55 days for the patients without
a VTE diagnosis in the first year after SCL onset,
compared with 103 ± 61 days for all the patients
with a VTE diagnosis after SCL onset (P > 0.1), and
118 ± 53 days for the patients who contracted VTE
after admission to rehabilitation (P < 0.04).

3.3. Risk of death

Thirteen patients (1.9% of those included in the
study) died within a year from SCL onset. Causes of
death were infection (n = 7), cancer (n = 1), and PE
(n = 1). The person who died after contracting clin-
ically diagnosed PE was a 58-year-old woman with
advanced cancer. She received preventive enoxaparin
until 6.5 weeks after SCL onset, and PE occurred
after discharge from rehabilitation, and 8.5 months
after SCL onset. The cause of death of 4 individuals
is unknown, but all of them suffered from medical
problems in addition to the SCL.

3.4. VTE risk factors

In the entire group of included individuals, as well
as among the patients admitted to rehabilitation with-
out a VTE diagnosis, those with former VTE were
more likely to develop DVT or PE (OR = 8.6, 95%
CI = 2.5–29.4; OR = 14.2, 95% CI = 3.5–57.8, respec-
tively). Among the patients admitted to rehabilitation
without a VTE diagnosis, VTE occurred in 5.1%,
7.1%, 4.6%, and 1.4%, in patients with AIS grades
A, B, C, or D, respectively. The SCL level of the
patients with AIS grades A–C was cervical in 35.9%,
thoracic in 35.9%, and lumbar in 28.2%. In those with
D, 45.4%, 15.4%, and 39.2%, respectively. The VTE
risk was higher in those with AIS grades A–C than
in those with grade D (OR = 3.8, 95% CI = 1.4–10.1).
VTE risk was lower in patients who were walking
with or without aids (OR = 0.14, 95% CI = 0.02–1.06,
P = 0.026) and higher in patients with thoracic lesions
(P = 0.022). However, both not-walking and thoracic
level of lesion were associated with the AIS grades
A–C (P < 0.001).

In all the patients, as well as in those admitted
to rehabilitation without a VTE diagnosis, we found
no significant relationships between VTE incidence
and age, gender, BMI > 30, traumatic or non-
traumatic etiology, or spinal surgery (P > 0.1, Tables 1
and 2).

3.5. Prophylactic anticoagulant therapy

Of the 666 patients who arrived at rehabilita-
tion without a VTE diagnosis, 526 (79%) received
preventive anticoagulation during inpatient reha-
bilitation (some of them at therapeutic doses).
As shown in Table 3, 480 (72%) received low-
dose enoxaparin (≤60 mg/day), most commonly
40 mg/day. Enoxaparin prevention ended before dis-
charge from inpatient rehabilitation for 97% of the
patients receiving it. Enoxaparin at higher doses
(≥80 mg/day), heparin, warfarin, or direct oral anti-
coagulants (DOACs) were prescribed for 46 patients
(6.9%), 87% of whom had comorbidities such as
atrial fibrillation. Ninety-four percent of the individ-
uals treated with warfarin or DOACs were instructed
to continue taking those medications after discharge,
probably because of comorbidities. Of the 18 patients
who contracted VTE during or after inpatient reha-
bilitation, 15 (83.3%) received preventive enoxaparin
(most commonly 40 mg/day), 1 (5.6%) received war-
farin for prevention, and 2 (11.1%) did not receive
prophylactic anticoagulation, one because of good
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Table 3
Prophylactic anticoagulant therapy administered to the patients admitted to rehabilitation

with no VTE diagnosis (n = 666)

Medication n (%) Reasons for
anticoagulation besides
SCL, n

None 140 (21.0)
Enoxaparin ≤ 60 mg/day 480 (72)
Enoxaparin ≥ 80 mg/day 6 (0.9) Artery dissection, 3
Warfarin 9 (1.4) Cardiac, 5

Coagulation disorder, 2
Spinal cord thrombosis, 1
Past VTE,1

UFH 2 (0.3)
DOACs 7 (1.1) Cardiac, 6

Past VTE,1
Enoxaparin+Warfarin 10 (1.5) Cardiac, 3

Past VTE, 2
Artery dissection, 2
Spinal cord thrombosis, 2
Coagulation disorder, 1

Enoxaparin+DOACs 8 (1.2) Cardiac, 6
Past VTE, 1

Enoxaparin+UFH 2 (0.3) Cardiac, 1
Artery dissection, 1

Enoxaparin Warfarin+UFH 1 (0.15) Artery dissection, 1
or Enoxaparin+Warfarin+DOACs 1 (0--.15) Cardiac, 1

Abbreviations and terms: UFH, Unfragmented heparin; SCL, Spinal cord lesions; DOACs,
Direct Oral Anticoagulants (Dabigatran, Apixaban or Rivaroxaban); VTE, Venous thromboem-
bolism.

mobility at admission and the other because of rela-
tive contraindication for anticoagulation.

In 4 of the 16 patients who received preventive
anticoagulation and contracted VTE after admission,
VTE occurred during anticoagulation, and in 12,
7–262 days after its discontinuation.

Table 3 also shows that 140 people with SCL (21%)
did not receive preventative anticoagulation during
rehabilitation. Reasons were a good level of mobil-
ity or strong muscle power (n = 92, 65.7%) more
than 4–6 weeks from the onset of SCL or surgery to
admission to rehabilitation (n = 34, 24.3%), medical
reasons (n = 8, 5.7%), refusal of suggested treatment,
(n = 3, 2.1%), and lack of contribution of the SCL
to the decrease in mobility (n = 3, 2.1%). The dif-
ference in VTE incidence between the patients who
received (3%) or did not receive (1.4%) preventive
anticoagulation was non-significant (OR 2.2 95% CI
0.5–9.6).

Prophylactic anticoagulation at rehabilitation
started on the first day after admission in 94.7% of
patients; only in 1.7% of patients it started 7–68 days
after admission. The median duration of prophylactic
anticoagulation during rehabilitation was 4.6 weeks
(25%–75% percentiles = 3.1–6.6), and it continued
until a median period of 6.4 weeks after SCL onset

Fig. 2. Duration (weeks) of prophylactic therapy during impatient
rehabilitation. Light gray bars represent patient with AIS grades
A–C; dark gray bars represent patients with AIS grade D. The
figure refers to patients admitted without a VTE diagnosis.

or spinal surgery (25%–75% percentiles = 5.8–9.7).
Figure 2 demonstrates the duration of prophylac-
tic anticoagulation during rehabilitation. Patients
with AIS grades A–C received prophylaxis for 5.9
(4.1–8.6) weeks and those with grade D for 4.1
(2.7–5.3) weeks (P < 0.001) Lesion level did not
affect the duration of preventive anticoagulation
(P > 0.7). The average duration of preventative anti-
coagulation was 5 weeks for patients who contracted
VTE and 5.6 weeks for those who did not (P > 0.4).
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Table 4
Characteristics of patients who suffered side effects of preventive anticoagulation during SCL rehabilitation (n = 8)

Age Gender SCL level AIS grade SE SE timing Anticoagulation at side effect onset

72 Male Paraplegia C Bleeding (ureter) 31 Rivaroxaban 20 mg
46 Male Paraplegia B Bleeding (hematuria) 1 Enox 80 mg
71 Male Paraplegia D Bleeding (upper GI) 2 Enox 40 mg
67 Male Paraplegia D Bleeding (upper GI) 12 Enox 40 mg
77 Male Tetraplegia C Bleeding (GI) 4 Enox 40 mg
84 Female Paraplegia B Thrombocytopenia 8 Enox 40 mg
59 Male Tetraplegia A Bleeding (GI) 62 Enox 20 mg
75 Male Tetraplegia D Bleeding (hematuria) 12 Enox 120 mg+Warfarin

Abbreviations and terms: SCL, Spinal cord lesion; AIS, American Spinal Injury Association impatient scale grade; SE, side effect; SE
timing, days from admission; Admission, Admission to rehabilitation; GI, Gastrointestinal; Enox, Enoxaparin.

3.6. Side effects of preventive anticoagulation

Side effects were recorded for 8 of the 526 patients
who received preventive anticoagulation during SCL
rehabilitation (1.5%, 95% CI 0.5–2.6%) as shown in
Table 4. Seven patients (1.3%) had clinically sig-
nificant bleeding and one (0.2%) had a diagnosis
of thrombocytopenia. Of the major bleeding events
and thrombocytopenia after SCL onset, 6 occurred
following enoxaparin and 2 could be attributed to
warfarin or DOACs, administered because of a spinal
thrombus or atrial fibrillation (Table 4).

4. Discussion

4.1. Main findings

The main findings of this study show that VTE
prophylaxis in the investigated spinal rehabilitation
department was effective relative to historic VTE
rates without prophylaxis, but limited. In this study,
VTE incidence in the patients who received preven-
tive anticoagulation after arriving at rehabilitation
was much lower than it may have been without anti-
coagulation, and it was not fatal in patients whose
SCL was the only VTE risk factor (Dhall et al., 2013;
Fujii et al., 1992; Wei et al., 2023). VTE at reha-
bilitation prolonged LOS, however, and the present
prophylaxis was insufficient. More than 5% of all the
SCL patients who arrived at rehabilitation and 3%
of those who received preventive anticoagulation in
rehabilitation still contracted VTE, which was fatal
in a patient with an additional risk factor, despite the
preventive measures.

VTE and mortality percentages presented here are,
respectively, compatible with rates described previ-
ously for persons with SCL or following surgery,

who received preventive anticoagulation (Arnold et
al., 2017; Junqueira et al., 2017), or for patients at
elevated risk of VTE, who received preventive anti-
coagulation and who contracted PE (Bĕlohlávek et
al., 2013; Klemen et al., 2020; Søgaard et al.,2014).

4.2. Possible shortcomings of the
anticoagulation regimen used

Several possible shortcomings of the anticoagula-
tion regimen used may have contributed to limiting
the reduction in VTE rate. These include lack of pro-
phylactic anticoagulation in certain patients, short
duration, inadequate dose, and inadequate attention
paid to VTE risk factors.

4.2.1. No prophylactic anticoagulation for 21%
of the patients

Although physicians considered that in the group
of 140 patients who did not receive preventive anti-
coagulation during rehabilitation the risk of VTE
was low because of the relatively mild SCL or the
long time after SCL onset, 2 of these individuals
developed VTE. The lack of significant difference
in VTE rate between the patients who received pro-
phylaxis and those who did not, shows that preventive
anticoagulation decreased VTE incidence in patients
considered to have a higher risk to that of patients who
were presumed to be in the low-risk group. The VTE
rate in both groups indicates that both groups were
insufficiently anticoagulated. The data suggest that
anticoagulation of all SCL patients without contra-
indication during rehabilitation, regardless of SCL
severity, may improve VTE prevention.

4.2.2. Short duration of anticoagulation
Fewer than 20% of the patients continued prophy-

laxis more than 3 months after SCL onset, but in
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10 of 16 patients who contracted VTE after receiv-
ing preventive anticoagulation, VTE occurred after
that period, that is, after prophylaxis was discontin-
ued. This suggests that the duration of preventive
anticoagulation was too short. Yet, in 2 prospective
studies, with a median VTE prophylaxis duration
longer than that in our study, VTE rate was similar or
higher. With preventive 40 mg enoxaparin daily for
8 weeks, starting within 5 days of SCL onset, VTE
appeared in 5.4% of patients (Halim et al., 2014).
With prophylactic LMWH for a median duration of 7
months, throughout rehabilitation, VTE rate was even
higher (Giorgi Pierfranceschi et al., 2013). Based on
these studies, it appears that prolonging anticoagu-
lation at the standard preventive dose for the entire
SCL patient group may not improve VTE prevention.
Prolongation of preventive anticoagulation may be
beneficial, however, for SCL patients with additional
VTE risk factors, such as those who were involved in
many of the late VTE events, in the present study.

4.2.3. Inadequate dose of anticoagulation
Despite a standard preventive regimen of 40 mg

enoxaparin daily for most SCL patients, VTE events
were more frequent than those of bleeding and throm-
bocytopenia, and one VTE case was fatal. The risk of
clinically significant bleeding was lower than that of
VTE, in this study, and none of the bleeding patients
died. This suggests that the customary preventive
enoxaparin dose may be rather low. Yet, a retrospec-
tive study showed that an increased preventive dose
of 60 mg enoxaparin daily was not more effective
than the standard 40 mg dose (Hebbeler et al., 2004).
Based on this study, it appears, therefore, that using a
higher fixed preventive dose of anticoagulation may
not improve VTE prevention either.

It is possible, however, that an adjusted dose,
adapted to body weight, will improve VTE pre-
vention. This was demonstrated in patients with
burns (Cronin et al., 2019), and SCL VTE preven-
tion guidelines recommended an adjustment of the
LMWH dose for patients with low or very high body
weight (Weidner et al., 2020). Such adjustment can
be adapted to any body weight and may limit the risk
of bleeding (Cronin et al., 2019; Martin et al., 2021;
Thomas et al., 2015).

4.2.4. Inadequate attention paid to VTE risk
factors

Except for refraining from anticoagulation in
the case of many patients with mild SCL, in the
present sample anticoagulation was not adapted to

the patients’ VTE risk factors. Former VTE, how-
ever, was found to be a significant VTE risk factor.
Higher AIS grades increased the risk among patients
admitted to rehabilitation without a VTE diagnosis.
In patients who contracted VTE more than 3 months
after lesion onset, the rate of additional risk factors
was high. Previous studies showed that a complete
lesion (AIS grades A or B) and factors such as hyper-
coagulability, femoral fracture, or cancer were risk
factors in SCL patients (Clements et al., 2017; Wei
et al., 2023). We suggest, therefore, that anticoagu-
lation be adapted to the patients’ VTE risk factors to
enhance VTE prevention after SCL.

4.3. Recommendation

Based on our findings and the above discussion, we
recommend conducting a prospective study aimed at
assessing the efficacy and safety of:

1. Starting or continuing preventive enoxaparin
for all SCL patients arriving to rehabilitation
without a contra-indication for anticoagulation
immediately after admission. This is the earli-
est start possible in rehabilitation, although it
may not comply with the recommendation to
start prophylaxis within 72 hours of SCL onset
(Aito et al., 2002).

2. Administering a preventive enoxaparin dose of
40 mg daily for patients with AIS grade D and
those with grade C who walk without aids,
weigh 50 Kgs or more, and have no major VTE
risk factors.

3. Administering a preventive enoxaparin dose of
0.8 mg/Kg body weight for patients who weigh
less than 50 Kgs, and for patients with major
VTE risk factors, or those with AIS grades
A or B and those with grade C who do not
walk without aids. The suggested dose is higher
than that used in this study for most patients,
but lower for low-weight patients. It is 40% of
the recommended therapeutic dose, follows rec-
ommendations for adapting the dose to body
weight after SCL, and fits the dose that showed
efficacy and safety in obese patients (Smythe
et al., 2016; Wang et al., 2014; Weidner et al.,
2020).

4. In case of renal failure, all doses should be
reduced according to current guidelines.

5. Discontinuing prophylactic anticoagulation
after 6 weeks of walking without aids but
not longer than 24 weeks after SCL onset,
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for SCL patients with no significant VTE
risk factors besides the SCL. Discontinuing
anticoagulation 12 weeks after SCL onset
for patients who walk without aids and have
significant VTE risk factors besides the SCL,
and those who do not walk without aids and
have no significant VTE risk factors besides
the SCL. Discontinuing anticoagulation 24
weeks after onset for patients who do not walk
without aids and have additional significant
VTE risk factors. The suggested durations
of anticoagulation are compatible with our
findings and with the duration recommended
in the guidelines (Weidner et al., 2020).

We expect the suggested enoxaparin regimen to
reduce VTE incidence, with a limited increase in
bleeding. We also expect that administering enoxa-
parin to all SCL patients arriving in rehabilitation
without a contra-indication, with the suggested doses,
timing for starting and discontinuing it, and the
adjustment to VTE risk factors will improve the effi-
cacy of prophylaxis.

In addition to seeking ways of improving LMWH
VTE prevention, studies are needed to test the safety
and efficacy of DOACs for preventive anticoagulation
(Weidner et al., 2020). If DOACs prove at least as safe
and effective for this purpose as LMWH, they may
provide more convenient VTE prophylaxis.

4.4. Study limitations

As a result of the retrospective nature of the
study, information on VTE incidence and prophylaxis
before admission to rehabilitation is missing, and in
many cases, documentation of objective VTE imag-
ing was not found. Nevertheless, there is no reason
to assume that VTE incidence was lower in patients
who were not referred to the studied rehabilitation
department, and a rate of 3–5%, probably represents
the minimal VTE incidence after SCL in the entire
study population. Objective VTE imaging for PE and
DVT was documented in 58% and 65% of patients,
respectively, and in the patients without it, the clini-
cal diagnosis would have been confirmed in at least
an additional 14% and 21% (Line, 2001; Markel et
al., 1995). This means that at least 72% and 86% of
the VTE diagnoses were solid, and VTE incidence
after SCL and standard anticoagulation remains con-
siderable, higher than bleeding, and warrants the
prospective study we recommend.

5. Conclusions

The VTE prophylaxis used for the cohort described
here contributed to a considerable but limited reduc-
tion of VTE incidence. Several possible shortcomings
of the anticoagulation regimen used may have con-
tributed to the limited reduction in VTE rate. To
overcome these shortcomings, we recommend con-
ducting a prospective study to assess the safety and
efficacy of enoxaparin starting immediately after
admission to rehabilitation, with a dose and duration
adapted to patient VTE risk factors and contra-
indications for anticoagulation. We also support
conducting studies with DOACs following SCL to
improve the safety and efficacy of VTE prevention.
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