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A B S T R A C T

Background

Immobilization of the lower limb is a risk factor for venous thromboembolism (VTE). Low molecular weight heparins (LMWHs) are
anticoagulants, which might be used in adult patients with lower-limb immobilization to prevent deep venous thrombosis (DVT) and
its complications. This is an update of the review first published in 2008.

Objectives

To assess the effectiveness of low molecular weight heparin for the prevention of venous thromboembolism in patients with lower-limb
immobilization in an ambulatory setting.

Search methods

For this update, the Cochrane Vascular Information Specialist searched the Specialised Register, CENTRAL, and three trials registers
(April 2017).

Selection criteria

Randomized controlled trials (RCTs) and controlled clinical trials (CCTs) that described thromboprophylaxis by means of LMWH
compared with no prophylaxis or placebo in adult patients with lower-limb immobilization. Immobilization was by means of a plaster
cast or brace.

Data collection and analysis

Two review authors independently selected trials, assessed risk of bias and extracted data. The review authors contacted the trial authors
for additional information if required. Statistical analysis was carried out using Review Manager 5.

Main results

We included eight RCTs that fulfilled our criteria, with a total of 3680 participants. The quality of evidence, according GRADE,
varied by outcome and ranged from low to moderate. We found an incidence of DVT ranging from 4.3% to 40% in patients who
had a leg injury that had been immobilized in a plaster cast or a brace for at least one week, and who received no prophylaxis, or
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placebo. This number was significantly lower in patients who received daily subcutaneous injections of LMWH during immobilization,
with event rates ranging from 0% to 37% (odds ratio (OR) 0.45, 95% confidence interval (CI) 0.33 to 0.61; with minimal evidence
of heterogeneity: I² = 26%, P = 0.23; seven studies; 1676 participants, moderate-quality evidence). Comparable results were seen in
the following groups of participants: patients with below-knee casts, conservatively treated patients (non-operated patients), operated
patients, patients with fractures, patients with soft-tissue injuries, and patients with distal or proximal thrombosis. No clear differences
were found between the LMWH and control groups for pulmonary embolism (OR 0.50, 95% CI 0.17 to 1.47; with no evidence of
heterogeneity: I² = 0%, P = 0.56; five studies, 2517 participants; low-quality evidence). The studies also showed less symptomatic VTE
in the LMWH groups compared with the control groups (OR 0.40, 95% CI 0.21 to 0.76; with minimal evidence of heterogeneity: I²
= 16%, P = 0.31; six studies; 2924 participants; low-quality evidence). One death was reported in the included studies, but no deaths
due to pulmonary embolism were reported. Complications of major adverse events were rare, with minor bleeding the main adverse
events reported.

Authors’ conclusions

Moderate-quality evidence showed that the use of LMWH in outpatients reduced DVT when immobilization of the lower limb was
required, when compared with no prophylaxis or placebo. The quality of the evidence was reduced to moderate because of risk of
selection and attrition bias in the included studies. Low-quality evidence showed no clear differences in PE between the LMWH and
control groups, but less symptomatic VTE in the LMWH groups. The quality of the evidence was downgraded due to risk of bias and
imprecision.

P L A I N L A N G U A G E S U M M A R Y

Low molecular weight heparin for prevention of venous thromboembolism in adults with lower-limb immobilization in an

outpatient setting

Background

Venous thromboembolism is a condition where a blood clot forms in the deep veins (DVT), most commonly of the leg. The concern
is that it can travel up to block the arteries in the lungs (pulmonary embolism). In adult patients, immobilization of the lower limb
with a plaster cast or brace is a risk factor for DVT and pulmonary embolism. To prevent this complication, preventive treatment with
anticoagulants (medication that thins the blood) is often used, most commonly, low molecular weight heparin (LMWH). However,
there is no agreement on this in existing national guidelines. Therefore, we searched the literature for trials on this topic, in order to
assess the evidence.

Study characteristics and key results

We included eight studies in this review (current until April 2017). The studies included a total of 3680 participants. Participants
received either LMWH subcutaneously once daily, or no preventive treatment or placebo. New cases of DVT ranged from 4.3% to
40% in the control groups and ranged from 0% to 37% in the LMWH groups. The risk of DVT was lower in participants who received
LMWH. Further analysis also showed a reduction in the occurrence of DVT when the use of LMWH was compared to no treatment or
placebo in the following groups of participants: patients with below-knee casts, conservatively treated patients (patients not operated),
operated patients, patients with fractures, patients with soft-tissue injuries, patients with above-knee thrombosis, and patients with
below-knee thrombosis. No clear differences were found between the LMWH and control groups for pulmonary embolism. The studies
showed less symptomatic venous thromboembolism in the LMWH groups compared with the control groups. No cases of death due
to pulmonary embolism were reported. One study reported one death in the control group.

There were few reported adverse effects in the treated patients. The main adverse events reported were cases of minor bleeding such as
nose bleeds, blood in urine and dark stool.

Quality of evidence and conclusion

The use of LMWH in adult patients reduced DVT when immobilization of the lower limb was required, compared with no prevention
or placebo. The quality of the evidence was downgraded to moderate due to risks of bias in some trials, such as lack of blinding
of participants, or unclear reasons for excluding participants from the analyses. Low-quality evidence showed no clear differences in
pulmonary embolism between LMWH and the control groups, but fewer symptomatic venous thromboemboli in the LMWH groups.
The quality of evidence was downgraded due to methodological issues and imprecision of the results.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Low molecular weight heparin compared to no prophylaxis or placebo in prevention of venous thromboembolism in patients with lower- limb immobilization

Patient or population: prevent ion of venous thromboembolism in pat ients with lower-limb immobilizat ion

Setting: ambulatory sett ing

Intervention: low molecular weight heparin

Comparison: no prophylaxis or placebo

Outcomes Anticipated absolute effects∗ (95% CI) Relative effect

(95% CI)

of participants

(studies)

Quality of the evidence

(GRADE)

Comments

Risk with no prophy-

laxis or placebo

Risk with lowmolecular

weight heparin

Deep venous thrombo-

sis

Study populat ion OR 0.45

(0.33 to 0.61)

1676

(7 RCTs)

⊕⊕⊕©

MODERATE 1

174 per 1000 87 per 1000

(65 to 114)

Pulmonary embolism Study populat ion OR 0.50

(0.17 to 1.47)

2517

(5 RCTs)

⊕⊕©©

LOW 2

7 per 1000 4 per 1000

(1 to 10)

Symptomatic venous

thromboembolism

Study populat ion OR 0.40

(0.21 to 0.76)

2924

(6 RCTs)

⊕⊕©©

LOW 3

21 per 1000 9 per 1000

(5 to 16)

Mortality due to pul-

monary embolism

Study populat ion - 3111

(8 RCTs)

- No mortality due to pul-

monary embolism was

reportedsee comment see comment

Mortality due to other

causes

Study populat ion OR 0.33

(0.01 to 8.15)

3111

(8 RCTs)

⊕⊕©©

LOW 4
One death (in

no prophylaxis/ placebo

group) was reported in

the included studies

3
L

o
w

m
o

le
c
u

la
r

w
e
ig

h
t

h
e
p

a
rin

fo
r

p
re

v
e
n

tio
n

o
f

v
e
n

o
u

s
th

ro
m

b
o

e
m

b
o

lism
in

p
a
tie

n
ts

w
ith

lo
w

e
r-lim

b
im

m
o

b
iliz

a
tio

n
(R

e
v
ie

w
)

C
o

p
y
rig

h
t

©
2
0
1
7

T
h

e
C

o
c
h

ra
n

e
C

o
lla

b
o

ra
tio

n
.
P

u
b

lish
e
d

b
y

Jo
h

n
W

ile
y

&
S

o
n

s,
L

td
.

http://www.thecochranelibrary.com/view/0/SummaryFindings.html


1 per 1000 0 per 1000

(0 to 5)

Adverse outcomes Study populat ion OR 2.01

(0.83 to 4.86)

3178

(8 RCTs)

⊕⊕©©

LOW 5

40 per 1000 78 per 1000

(34 to 170)

*We calculated the assumed risk of the no prophylaxis or placebo group f rom the average risk in the no prophylaxis or placebo groups (i.e. the number of part icipants with

events divided by total number of part icipants of the no prophylaxis or placebo group included in the meta-analysis). The risk in the intervent ion group (and its 95% conf idence

interval) is based on the assumed risk in the comparison group and the relat ive ef fect of the intervent ion (and its 95%CI).

CI: conf idence interval; OR: odds rat io;

GRADE Working Group grades of evidence

High quality: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate quality: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low quality: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low quality: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

1 Downgraded by one level as 3 out of 7 studies showed considerable risk of bias
2 Downgraded by two levels as 2 out of 5 studies showed considerable risk of bias, and imprecision of pooled results
3 Downgraded by two levels as 3 out of 6 studies showed considerable risk of bias, and imprecision of pooled results
4 Downgraded by two levels due to the low number of events, and imprecision of pooled results
5 Downgraded by two levels as 4 out of 8 studies showed considerable risk of bias, and imprecision of pooled results
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B A C K G R O U N D

Description of the condition

Lower-limb immobilization is associated with deep venous throm-
bosis (DVT) and pulmonary embolism (PE). Predisposing risk
factors for venous thromboembolism (VTE) can be divided into
individual patient factors, trauma, or surgery-related factors. Pa-
tient-related factors include: obesity, thrombophilia (a hereditary
or acquired predisposition to thrombosis), a previous thrombo-
sis, age over 40 years, or cardiac or respiratory failure (Anderson
2003; Clagett 1995; Zagrodnick 1990). Immobilization is con-
sidered a significant risk factor for the development of DVT and
PE (Knudson 1996; Kudsk 1989; Kujath 1991). Other factors as-
sociated with an increased risk of VTE include: blood transfusion,
surgery, fracture of the pelvis, femur, or tibia, spinal cord injury,
head injury, shock on hospital admission, venous injury, more than
three days on ventilation, the time from injury to operation, and
operation time (Abelseth 1996; Knudson 2004).
In a group of 102 patients with lower-limb fractures, Abelseth
found a rate of DVT of 28% (Abelseth 1996). All patients under-
went surgery and were mobilized without the use of a plaster cast.
Proximal fractures were associated with a higher risk of DVT com-
pared with more distal fractures (Abelseth 1996). Other reported
incidences of venographically-proven DVT in patients with lower-
limb fractures range from 27% to 78% (Breyer 1984; Geerts 1994;
Hjelmstedt 1968; Kudsk 1989; Spieler 1972). The percentages in
hospitalized patients are generally higher than in outpatients. In
outpatients immobilized in plaster casts without LMWH, the in-
cidence of DVT on ultrasonography ranges from 4.5% to 16.5%
(Kock 1995; Kujath 1993; Reilmann 1993; Zagrodnick 1990).
The incidence of PE in trauma patients with DVT without pro-
phylaxis is 4.3%, with a high mortality rate (20% to 23.3%). In
patients with DVT receiving thromboprophylaxis, this incidence
can be lowered to 0.3% to 2.0% (Hill 2002).

Description of the intervention

The primary goal of administering thromboprophylaxis is to pre-
vent PE and DVT and their sequelae. Oral anticoagulants, un-
fractionated heparin (UFH) and LMWH, have been studied as
treatment options for this indication. In clinical guidelines, the
recommendations for preventing venous thrombosis in patients
with isolated lower-limb injuries distal to the knee are sparse. The
Italian Intersociety Consensus Statement states that most patients
in orthopedic and traumatological fields, other than knee and hip
replacements, should be considered for thromboprophylaxis after
individual assessment of haemorrhagic risk (Della Rocca 2013).
Guidelines in Emergency Medicine Network in the United King-
dom (GEMNet) only advises the use of thromboprophylaxis in

patients with rigid cast immobilization and a permanent risk fac-
tor for VTE (Roberts 2013).
There remains substantial practice variation amongst surgeons re-
garding the use of anticoagulation measures (Batra 2006). In daily
clinical practice, there remains a huge variation in the way throm-
boprophylaxis is used. A recent survey among Dutch orthopedic
and trauma surgeons showed that 60% to 80% always prescribed
thromboprophylaxis in patients with lower-limb immobilization.
Up to 8% of the participants never treated their patients with pro-
phylaxis (van Adrichem 2015).

How the intervention might work

Low molecular weight heparin is proven to be effective in the
prevention of venous thromboembolism (Weitz 1997). By treating
patients with lower-limb immobilization with LMWH, we expect
to see less venous thromboembolism compared to patients who
do not receive any protection.

Why it is important to do this review

This is the second update of the Cochrane review first published
in 2008 (first update 2014). Since 2014, two additional studies on
this subject have been published (Bruntink 2017; Van Adrichem
2017). Therefore, in order to include the most recent information,
we updated this review.

O B J E C T I V E S

To assess the effectiveness of low molecular weight heparin for the
prevention of venous thromboembolism in patients with lower-
limb immobilization in an ambulant setting.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered all randomized controlled trials (RCTs) and con-
trolled clinical trials (CCTs) that describe thromboprophylaxis, by
means of low molecular weight heparin (LMWH), in adults with
lower-limb immobilization in an ambulatory setting. Treatment
with LMWH could have started during hospital admission.
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Types of participants

Adults treated with a device for lower-limb immobilization, such
as a leg cast or brace, in an ambulatory setting. Weight bearing and
duration of leg cast use were not considered criteria for inclusion
or exclusion.

Types of interventions

Studies comparing LMWH with no prophylaxis or placebo. Stud-
ies including oral anticoagulants, UFH, or aspirin were excluded.

Types of outcome measures

Primary outcomes

Morbidity
• DVT - confirmed by venography or ultrasonography
• PE - confirmed by a ventilation-perfusion scan, a CT scan,

or angiography
• Symptomatic VTE - symptomatic DVT, PE, or

combination

Secondary outcomes

• Mortality - PE-related
• Mortality - other causes
• Adverse outcomes of treatment: bleeding, heparin induced

thrombocytopenia (HIT), allergic reaction, others (definitions of
adverse outcomes as reported by study authors).

Search methods for identification of studies

Electronic searches

For this update, the Cochrane Vascular Information Specialist
(CIS) searched the following databases for relevant trials.

• The Cochrane Vascular Specialised Register (19 April
2017).

• The Cochrane Central Register of Controlled Trials
(CENTRAL; 2017, Issue 3) via the Cochrane Register of Studies
Online (searched 19 April 2017).

See Appendix 1 for details of the search strategy used for CEN-
TRAL.
The Cochrane Vascular Specialised Register is maintained by
the CIS and is constructed from weekly electronic searches of
MEDLINE Ovid, Embase Ovid, CINAHL, and AMED, as well
as through handsearching relevant journals. The full list of the
databases, journals, and conference proceedings searched, as well as
the search strategies used, are described in the Specialised Register
section of the Cochrane Vascular module in the Cochrane Library.

In addition, the CIS searched the following trials registers for de-
tails of ongoing and unpublished studies (19 April 2017). See
Appendix 2

• World Health Organization (WHO) International Clinical
Trials Registry Platform (ICTRP) Search Portal (apps.who.int/
trialsearch).

• ClinicalTrials.gov (clinicaltrials.gov)
• International Standard Randomised Controlled Trial

Number (ISRCTN) registry (www.isrctn.com).

Searching other resources

The review authors searched the reference lists of relevant studies.

Data collection and analysis

Selection of studies

Two review authors (KL and MH) independently assessed all stud-
ies identified by the literature searches, according to the inclusion
criteria. Disagreements were resolved by discussion.

Data extraction and management

Two review authors (MH and AZ) independently extracted data
to ensure objectivity and validity of findings. A third review au-
thor (HJ) cross checked the information, and disagreements were
resolved by discussion. The review authors contacted trial authors
for additional information if required.

Assessment of risk of bias in included studies

Two review authors (KL and AZ) independently assessed the risk of
bias of the included studies by using Cochrane’s ’Risk of bias’ tool
(Higgins 2011). Random sequence generation, allocation conceal-
ment, blinding of participants, personnel, and outcome assessors,
incomplete outcome data, selective outcome reporting, and any
other relevant biases were classified as ’low risk’, ’high risk’ or
’unclear risk’. They resolved any disagreement through discussion
with review authors HJ and LJ.

Measures of treatment effect

We measured treatment effect by calculating odds ratios (OR) with
95% confidence interval (CI) for dichotomous data.

Unit of analysis issues

The individual participant was considered the unit of analysis.
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Dealing with missing data

Where appropriate, we used all randomized participants for the
analysis. However, many of the included studies had participants
excluded after randomization, creating a disparity between the
number of participants randomized and the number available for
assessment of VTE outcomes. Therefore, we used the data from the
populations as reported by the studies. These generally consisted of
all participants who received treatment and had evaluable testing
of VTE at the end of the study. If these values were not available,
we used the reported per-protocol data.

Assessment of heterogeneity

Statistical analysis was carried out using Review Manager 5
(RevMan 2014). Review author LJ coordinated the statistical anal-
ysis. We searched for clinical and statistical heterogeneity by vi-
sually inspecting the forest plots. We quantified statistical hetero-
geneity by means of an I² test (Deeks 2011; Higgins 2011). We
interpreted an I² value higher than 50% as an indicator for sub-
stantial heterogeneity.

Assessment of reporting biases

We had planned to perform funnel plot analyses to assess reporting
bias, when ten or more studies were included.

Data synthesis

We synthesized available data using Review Manager 5 (RevMan
2014). We investigated pooled estimates of the effects of treat-
ment using a fixed-effect model to calculate ORs with 95% CIs
for dichotomous outcomes. When substantial heterogeneity was
detected, we performed a random-effects model analysis instead.
If it was not possible to pool data, we planned to describe the
results reported by the studies in the text.

Subgroup analysis and investigation of heterogeneity

We presented data by different groups of participants. These
groups were selected, as these particular patient categories may
influence the outcome.

• DVT: regardless of type of plaster, whether operated or not
• DVT: in below-knee cast, whether operated or not

• DVT: only non-operated patients
• DVT: only operated patients
• DVT: fractures
• DVT: soft-tissue injuries
• DVT: distal segment
• DVT: proximal segment

Sensitivity analysis

If any trials were judged to be of high risk of bias, we planned to
perform a sensitivity analysis to assess outcomes with and without
trials with high risk of bias.

Summary of findings

We constructed a ’Summary of findings’ table for the comparison
LMWH compared to no prophylaxis or placebo in prevention of
venous thromboembolism with lower-limb immobilization’ using
the GRADEpro GDT software to present the main findings of the
review (GRADEpro GDT 2015). We judged the outcomes deep
venous thrombosis, pulmonary embolism, symptomatic venous
thromboembolism, mortality due to pulmonary embolism, mor-
tality due to other causes, and adverse outcomes, to be the most
clinically relevant to healthcare professionals and patients. We cal-
culated assumed control intervention risks from the mean num-
ber of events in the control groups of the selected studies for each
outcome. We used the system developed by the GRADE Work-
ing Group to grade the quality of the evidence as high, moderate,
low, or very low, based on within-study risk of bias, directness of
evidence, heterogeneity, precision of effects estimates, and risk of
publication bias (Atkins 2004).

R E S U L T S

Description of studies

Results of the search

See Figure 1.
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Figure 1. PRISMA study flow diagram
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Included studies

We included eight RCTs (Bruntink 2017; Jorgensen 2002; Kock
1995; Kujath 1993; Lapidus 2007a; Lapidus 2007b; Lassen 2002;
Van Adrichem 2017). The characteristics of these eight studies are
summarized in the Characteristics of included studies table. All
eight studies were reported as full papers and included a total of
3680 participants (range 105 to 1519). The participants included
in the trials required lower-limb immobilization for the treatment
of leg injuries such as foot and ankle fractures and achilles ruptures.
All studies included participants prospectively, with quite simi-
lar exclusion criteria. The most common exclusion criteria were:
pregnancy, allergy to heparin or contrast media, uncontrolled hy-
pertension, pre-existing bleeding disorders, presence of malignan-
cies, recent brain or gastrointestinal bleeding, previous DVT, and
chronic venous insufficiency. Different LMWHs were used; they
were administered once daily until removal of the plaster cast:
nadroparin (2850 anti-XA IU) (Bruntink 2017; Van Adrichem
2017), nadroparin (36 mg) (Kujath 1993), certoparin (Mono-
Embolex NM; 32 mg) (Kock 1995), tinzaparin (3500 anti-Xa IU)
(Jorgensen 2002), dalteparin (5000 IU) (Lapidus 2007a; Lapidus
2007b), dalteparin (2500 IU or 5000 IU depending on body
weight) Van Adrichem 2017), and reviparin (1750 anti-XA IU)
(Lassen 2002). There were no relevant differences between treat-
ment and control groups regarding demographics or risk factors.
In two studies, plaster cast fitted following surgery was used as
an exclusion criterion (Kock 1995; Kujath 1993). In one study,
patients who underwent surgery before randomization might have
had heparin treatment for up to four days before randomization
(Lassen 2002). Another study treated all patients for one week with

LMWH before randomization (Lapidus 2007b). The included
studies differed in the types of plaster cast (upper-leg, lower-leg,
cylinder, or brace). There was also a variation in the duration of
immobilization, ranging from 15 days (Kujath 1993), to 43 days
(Lapidus 2007a).
In the included studies, the primary outcome parameter was DVT.
Deep venous thrombosis, both symptomatic and asymptomatic,
was diagnosed by means of ascending venography (Jorgensen
2002; Lapidus 2007b; Lassen 2002), or ultrasound (Bruntink
2017; Kock 1995; Kujath 1993; Lapidus 2007a). In these seven
studies, every participant underwent a diagnostic exam. One study
only performed ultrasound in participants who reported symp-
toms (Van Adrichem 2017).
Clinically-suspected PE had to be confirmed by ventilation-perfu-
sion scintigraphy, angiography, or spiral CT-scanning. Informa-
tion concerning the number of patients with symptomatic and
asymptomatic DVT and the extent of the DVT was collected.
Secondary outcome parameters were mortality and side effects in
both treatment and control groups.

Excluded studies

For this update, we excluded an additional nine studies, lead-
ing to a combined total of 47 excluded articles (Ayhan 2013;
Cook 2011; Cvirn 2015; Garcia 2011; Horner 2014; Lim 2015;
Samama 2013; Saragas 2014; Warot 2014). We stated the reasons
for exclusion in the Characteristics of excluded studies table.

Risk of bias in included studies

See Figure 2; Figure 3

Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias domain, presented as

percentages across all included studies
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Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias domain for each

included study
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Allocation

We judged five studies at low risk of random sequence genera-
tion (Bruntink 2017; Jorgensen 2002; Kock 1995; Lassen 2002;
Van Adrichem 2017), and three trials to be of unclear risk of
bias, because insufficient information was provided (Kujath 1993;
Lapidus 2007a; Lapidus 2007b). In two studies, participants were
not recruited when study personnel were off duty (Lapidus 2007a;
Lapidus 2007b).
We judged three studies at low risk of random sequence generation
(Bruntink 2017; Jorgensen 2002; Van Adrichem 2017), and five
trials to be of unclear risk of bias, because information on allocation
concealment was not reported (Kock 1995; Kujath 1993; Lapidus
2007a; Lapidus 2007b; Lassen 2002).

Blinding

We judged four studies at high risk of performance bias, as
they were open-label studies, with the control group receiving
no prophylaxis (Jorgensen 2002; Kock 1995; Kujath 1993; Van
Adrichem 2017). We judged one study at low risk of performance
bias, as participants and personnel were blinded to treatment as-
signment (Lassen 2002). We judged three studies to be of unclear
risk of bias, as the blinding of study personnel was not explicitly
reported (Bruntink 2017; Lapidus 2007a; Lapidus 2007b).
We judged two studies to be of unclear risk of detection bias, be-
cause no information on blinding of outcome assessors was pro-
vided (Kock 1995; Kujath 1993; Lassen 2002). We judged the re-
mainder of the included studies to be at low risk of detection bias
(Bruntink 2017; Jorgensen 2002; Lapidus 2007a; Lapidus 2007b;
Van Adrichem 2017).

Incomplete outcome data

We judged three studies at high risk of attrition bias, because the
number of participants excluded from analysis was either high
(higher than 30%) or reasons were not clearly described per treat-
ment assignment (Bruntink 2017; Jorgensen 2002; Kujath 1993).
We judged the remainder of the included studies to be at low
risk of attrition bias, as the number of participants excluded from
analyses was either low or clearly described (Kock 1995; Lapidus
2007a; Lapidus 2007b; Lassen 2002; Van Adrichem 2017).

Selective reporting

We judged five studies to be at low risk of reporting bias, as all
planned outcome measures, including adverse events, were re-
ported (Bruntink 2017; Lapidus 2007a; Lapidus 2007b; Lassen

2002; Van Adrichem 2017). We judged three studies to be of un-
clear risk of bias, since the methods sections of the study reports did
not describe planned primary and secondary outcomes, therefore,
we were unable to judge if all outcomes were reported (Jorgensen
2002; Kock 1995). Kujath 1993 reported on primary outcomes,
but not on possible adverse events, therefore, we also judged it to
be of unclear risk of reporting bias.

Other potential sources of bias

We identified no other bias in the included studies and therefore,
judged all included studies at low risk of other bias.

Effects of interventions

See: Summary of findings for the main comparison Low
molecular weight heparin compared to no prophylaxis or placebo
in prevention of venous thromboembolism in patients with
lower-limb immobilization
Van Adrichem 2017 used a different study protocol, in which only
patients with symptoms were examined using ultrasound. This can
lead to an underestimation of the number of DVTs. Furthermore,
primary asymptomatic DVT can still lead to late post-thrombotic
syndrome. Therefore, we considered asymptomatic DVT to be
a relevant clinical outcome. However, due to the large number
of included participants, we deemed this study valuable for this
review. In order not to obscure the primary outcome, we only used
the data from Van Adrichem 2017 in the pulmonary embolism
and symptomatic VTE analyses.

Morbidity

Deep venous thrombosis (DVT)

Kujath and colleagues assessed 253 participants in their study, 126
of whom received a subcutaneous injection of Fraxiparin daily;
127 participants received no prophylaxis. Incidences of DVT were
16.5% (n = 21) in the control group and 4.8% (n = 6) in the
LMWH group (odds ratio (OR) 0.25, 95% confidence interval
(CI) 0.10 to 0.65; Kujath 1993). Kock and colleagues assessed 163
participants in the control group (no treatment), and 176 partici-
pants in the LMWH once daily group. The incidence of DVT in
the prophylaxis group was 0% versus 4.3% (n = 7) in the control
group (OR 0.06, 95% CI 0.00 to 1.04; Kock 1995). In 2002, Jor-
gensen and colleagues published the results of their venographic-
controlled study, and diagnosed DVT in 10 out of 99 participants
in the treatment group and in 18 out of 106 participants in the

11Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



control group. This difference was not significant (OR 0.55, 95%
CI 0.24 to 1.26; Jorgensen 2002). In 2002, Lassen and colleagues
found an incidence of 35 of 188 participants randomly assigned
to receive placebo (18.6%) and in 17 of 183 participants (9%) in
the LMWH group (OR 0.45, 95% CI 0.24 to 0.83; Lassen 2002).
Lapidus and colleagues published two studies in 2007. The study
on thromboprophylaxis after surgical treatment of Achilles ten-
don rupture revealed a high incidence of thromboembolic events:
37% (18/49) in the treatment group versus 40% (19/47) in the
placebo group (OR 0.86, 95% CI 0.38 to 1.95; Lapidus 2007a).
The study on prolonged thromboprophylaxis during immobiliza-
tion after ankle surgery also showed a high incidences without a
significant difference between groups: 21% in the treatment group
versus 31% in the placebo group (OR 0.57, 95% CI 0.31 to 1.04;
Lapidus 2007b). In the first study published following the most
recent update of this review in 2014, 719 participants received
either dalteparin or nadroparin, 716 participants did not receive
prophylaxis (Van Adrichem 2017). Incidences of clinical relevant
DVT were 1.0% (n = 7) in the treatment group and 1.3% (n =
9) in the control group (OR 0.77, 95% CI 0.29 to 2.09). The
most recent study assessed 186 participants, 92 of whom received
nadroparin, and 94 of whom received no prophylaxis. The treat-
ment group showed a DVT incidence of 2.2% (n = 2), which was
significantly lower than the DVT incidence of 11.7% (n = 11)
in the control group (OR 0.17, 95% CI 0.04 to 0.78; Bruntink
2017).

Meta-analysis

We conducted a meta-analysis to establish whether there was ev-
idence of a thromboprophylactic effect of LMWH, to estimate
the size of this effect, and to investigate whether it was consis-
tent across the included studies. We combined all participants,
and subsequently assessed the effect for different groups of partici-
pants: surgically-treated patients, patients with conservative treat-
ment, patients with below-knee casts, patients with cylinder or
above-knee casts, patients with fractures, patients with soft-tissue
injuries, PE, distal or proximal DVT, and finally, the number of
patients with symptomatic VTE.

All participants, regardless of type of plaster, whether

operated or not

Seven studies, with a total of 1676 participants, had injuries of
the lower limb immobilized by a plaster cast or brace (Bruntink
2017; Jorgensen 2002; Kock 1995; Kujath 1993; Lapidus 2007a;
Lapidus 2007b; Lassen 2002). The control group (N = 834) re-
ceived no prophylaxis or placebo; the prophylaxis group received
LMWH once daily (N = 842). The incidence of thromboembolic
events ranged from 4.3% to 40% in the control group (145/834),
and from 0% to 37% (77/842) in the prophylaxis group (OR
0.45, 95% CI 0.33 to 0.61, P < 0.001; Analysis 1.1).

Participants with below-knee casts, whether operated or not

We were able to obtain data on specific analyses of DVT in below-
knee casts or braces from six studies (Bruntink 2017; Jorgensen
2002; Kock 1995; Lapidus 2007a; Lapidus 2007b; Lassen 2002).
Lassen 2002 and Kujath 1993 did not study the relationship be-
tween the type of cast and occurrence of thrombosis as part of their
study designs. However, we could still add data from the group
of participants with ruptured Achilles tendons from Lassen 2002.
The incidences of DVT ranged from 0% to 37% in the LMWH
groups, and from 3.6% to 40% in the control groups (OR 0.49,
95% CI 0.34 to 0.72; P < 0.001; Analysis 1.2; N = 1080).
Only Kock 1995 provided data on participants with cylinder or
above-knee casts, with a DVT incidence of 0/24 (0%) in the
LMWH group and 2/24 (8.3%) in the control group.

Only participants with conservative treatment (i.e. non-

operated participants)

Five studies provided details of DVT in conservatively treated
participants (i.e. non-operated participants; Bruntink 2017;
Jorgensen 2002; Kock 1995; Kujath 1993; Lassen 2002). When
analyzed without consideration of type of cast or brace, the inci-
dence ranged from 0% to 11.8% in the LMWH groups and from
4.3% to 17.3% in controls (OR 0.31, 95% CI 0.18 to 0.53, P <
0.001; Analysis 1.3; N = 974).

Only surgically-treated participants

We obtained information about surgically-treated participants
from four studies (Jorgensen 2002; Lapidus 2007a; Lapidus
2007b; Lassen 2002). The incidence of DVT in surgically-treated
participants ranged from 7.2% to 37% in the LMWH group, and
from 18.0% to 40% in the control group (OR 0.54, 95% CI 0.37
to 0.80, P = 0.002; Analysis 1.4; N = 699).

Fractures or soft-tissue injuries

Six studies provided information on participants with fractures
(Bruntink 2017; Jorgensen 2002; Kock 1995; Kujath 1993;
Lapidus 2007b; Lassen 2002). These groups contained both sur-
gically and conservatively treated participants. We found results in
favour of the LMWH groups (OR 0.48, 95% CI 0.33 to 0.70, P
< 0.001; Analysis 1.5; N = 1003). In participants with soft-tissue
injury, we again found results in favour of the LMWH groups
(OR 0.39, 95% CI 0.22 to 0.68, P < 0.001; Analysis 1.6; N =
658; Jorgensen 2002; Kock 1995; Kujath 1993; Lapidus 2007a;
Lassen 2002).

Distal or proximal deep vein thrombosis

Five studies provided information on the segment in which the
thrombus was located (Jorgensen 2002; Kock 1995; Lapidus
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2007a; Lapidus 2007b; Lassen 2002). The incidence of distal
segment DVT, defined as below-knee DVT, ranged from 0% to
34.7% in participants who received LMWH, and from 2.5% to
34.0% in the control groups (OR 0.61, 95% CI 0.42 to 0.89, P
= 0.009; Analysis 1.7; N = 1208). Proximal DVT (above knee)
was rare; there were eight events in a total of 614 participants who
received LMWH (incidence ranged from 0% to 4.0%) versus 20/
603 events in the controls (incidence ranged from 0.9% to 6.4%,
OR 0.41, 95% CI 0.19 to 0.91, P = 0.03; Analysis 1.8; N = 1217).

Pulmonary embolism (PE)

In the studies under review, PE was a rare complication in immo-
bilization of the lower extremity. Lassen 2002 reported that one
participant in the treatment group and four participants in the
control group showed clinical signs of PE; in two of them, both
in the control group, PE was confirmed by a ventilation-perfu-
sion scan. Kujath 1993 reported that one participant in the group
without prophylaxis showed clinical signs of a PE, but this diagno-
sis could not be proven by scintigraphic imaging. Van Adrichem
2017 reported that four participants in the treatment group and
five in the control group developed a PE, diagnosed with a spiral
CT scan. In the PROTECT study, two participants in the con-
trol group developed a pulmonary embolism (Bruntink 2017).
Jorgensen 2002 reported no cases of pulmonary embolism. Over-
all, no clear differences were found between the treatment and
control groups (OR 0.50, 95% CI 0.17 to 1.47, P = 0.21; Analysis
1.9; N = 2517).

Symptomatic venous thromboembolism (VTE) -

symptomatic deep venous thrombosis (DVT), pulmonary

embolism (PE), or combination

All studies but one reported on participants with symptomatic
VTE. Lapidus 2007a did not report on participants with a symp-
tomatic DVT, because it was not clinically possible to differen-
tiate symptoms of a possible DVT from those of normal post-
operative findings. Lapidus 2007b reported on two events in the
LMWH group and six events in the placebo group. Lassen 2002
mentioned two participants with PE and four with symptomatic
DVT, all of them in the placebo group. Kujath 1993 reported on
nine symptomatic participants, however, it was not clear whether
they were in the treatment group or not. For that reason, this
study was not included in the pooled analysis. Kock 1995 did not
report on symptomatic participants in their Lancet publication,
but additional information from participants with thrombosis was
found in an earlier publication. Four participants in the control
group showed symptoms of DVT. Jorgensen 2002 did not find any
symptomatic VTEs. Van Adrichem 2017 reported six participants
with symptomatic DVT, three with PE and one with both DVT
and PE in the LMWH group, and eight with DVT, four with PE,
and one participant with both, in the control group. Bruntink
2017 reported two participants with a PE in the control group.

Symptomatic VTE was observed in 12 of 1469 (0.8%) partici-
pants receiving LMWH compared with 31 out of 1455 (2.1%)
participants in the control group (OR 0.40, 95% CI 0.21 to 0.76;
Analysis 1.10; six RCTs; N = 2924).

Mortality (Pulmonary embolism- (PE)-related and

other causes)

Van Adrichem 2017 reported one death in the no treatment group
during their three-month follow-up after treatment; they reported
that the death was assessed as possibly due to pulmonary embolism.
However, a conclusive diagnosis could not be made because no
autopsy was performed; the participant was over 90 years old and
suffered from heart failure. The remaining seven studies reported
no deaths due to PE (Analysis 1.11; N = 3111), or other causes
(Analysis 1.12; N = 3111).

Adverse outcomes of treatment

Major side effects, such as hematoma, acute major bleeding, aller-
gic reaction, and thrombocytopenia were rare.
Lassen 2002 reported 14 participants in the LMWH group and
12 in the placebo group had a bleeding event. Lassen 2002 also re-
ported major bleeding occurred in two participants in the LMWH
group (retroperitoneal bleeding in one and permanent discontin-
uation of LMWH due to minor bleeding in another) and one in
the placebo group (permanent discontinuation of study medica-
tion due to minor bleeding). Lassen 2002 reported no cases of
heparin induced thrombocytopenia (HIT). Kock 1995 reported
on five participants with minor complications (four small local
hematomas, one facial eczema). Jorgensen 2002 reported no cases
of HIT, hematomas, or severe bleeding. Kujath 1993 did not ob-
serve any side effects. Lapidus and colleagues did not report any
cases of major bleeding (Lapidus 2007a; Lapidus 2007b). Lapidus
2007a reported one participant had a nosebleed after two days
of dalteparin treatment. In Lapidus 2007b, two participants (one
in each group) discontinued treatment due to minor bleeding.
Van Adrichem 2017 reported no major bleeds, one clinically rel-
evant non-major bleed in the LMWH group, 55 minor bleeds in
the treatment group, and 49 minor bleeds in the control group.
Bruntink 2017 reported no major complications. Twenty-two par-
ticipants in the treatment group reported minor bleeding, hema-
turia, or dark stool (Bruntink 2017).
Combining all reported adverse events into a random-effects
model meta-analysis showed an OR of 2.01, 95% CI 0.83 to 4.86,
I² = 57%, 3178 participants; 8 studies; Analysis 1.13).
See also Summary of findings for the main comparison

D I S C U S S I O N
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Summary of main results

We included eight studies in this updated review, with a total of
3680 participants. From these studies, we found that the incidence
of deep venous thrombosis (DVT), diagnosed by compression
ultrasound, venography, or both, in participants with a leg injury
who were immobilized in a plaster cast or brace for at least one
week and received no thromboprophylaxis (or placebo) was 4.3%
to 40%. This was significantly higher than for participants who
received daily subcutaneous injections of low molecular weight
heparin (LMWH) during the entire period of immobilization (0%
to 37%).
Comparable results were seen in the following groups of partici-
pants: patients with a below-knee cast, surgically treated patients,
conservatively treated patients (not surgically treated), patients
with fractures, patients with soft-tissue injuries, and patients with
proximal or distal DVT. The odds ratios (OR) between the in-
dividual participant groups were similar, with an overlap of the
confidence intervals (CI). Therefore, it was not possible to indi-
cate a participant or patient group where prophylaxis was not in-
dicated. No clear differences were found for PE between LMWH
and the control groups. The studies found less symptomatic ve-
nous thromboembolism (VTE) in the LMWH groups compared
with the control groups. One death (in the control group) was
reported in the included studies. Major adverse events were rare;
the main adverse events reported were cases of minor bleeding.

Overall completeness and applicability of
evidence

The studies included in this review all assessed participants with
lower-limb immobilization. Some studies only included conserva-
tively treated participants, whereas, others also included surgically
treated participants. Studies included participants with both frac-
tures and soft-tissue injuries. These differences in inclusion criteria
may have led to a lower external validity.
In addition to using Cochrane’s ’Risk of bias’ tool to assess method-
ological quality, we also assessed the validity and quality of the in-
cluded randomized controlled trials using the scoring scheme pro-
vided on the website of Cochrane Netherlands (www.cochrane.nl).
The overall quality of the eight included studies according to this
scoring system, was rated ’good’, although some remarks should
be added.
The true thromboembolic rate in unprotected patients remains
unknown, as high-risk patients were excluded from participation
in all eight studies, underestimating the incidence of thromboem-
bolism in unprotected patients and the potentially beneficial effect
of LMWHs. Although there is consensus among surgeons that
thromboprophylaxis should be initiated in patients with a mod-
erate to high risk for thromboembolism, there is no uniform def-
inition of this patient group, leading to practice variation. Several
attempts have been made to stratify the risk for VTE of immobi-

lized patients (Gearhart 2000; Zagrodnick 1990). Knudson 2004
developed a scheme, based on analysis of 1602 episodes of VTE
using the National Trauma Data Bank, to identify trauma patients
with a high risk of thrombosis. Lower-limb fracture and age over
40 years were among the factors used for selection. However, this
study also stated that with this scheme, 90% of patients with VTE
would be identified, and 10% would be missed. By contrast, in
another study, patients under 40 years of age, with soft-tissue in-
juries also developed DVT (Kock 1995). Up to now, no strati-
fication method has proven its superiority or has gained general
acceptance. In most studies in this review, investigators did not
include patients with a high risk of DVT. So even in patients with
a low to average risk of DVT, LMWH still provided significant
protection.
In five studies, the included participants had a wide variety of
trauma, ranging from fractures to soft-tissue injuries, and tendon
ruptures (Jorgensen 2002; Kock 1995; Kujath 1993; Lassen 2002;
Van Adrichem 2017). Since the risk of DVT is found to be related
to the presence and type of fracture, the extent of soft-tissue injury,
and type and duration of surgery, heterogeneity might have been
introduced. However, randomization should have minimized this
effect. Three studies focused on participants with a specific trauma
(Bruntink 2017; Lapidus 2007a; Lapidus 2007b). We also ob-
served a high drop-out rate.
Five studies used ultrasound (Bruntink 2017; Kock 1995; Kujath
1993, Lapidus 2007a; Van Adrichem 2017), and three used venog-
raphy (Jorgensen 2002; Lapidus 2007b; Lassen 2002), to diagnose
DVT. The latter is considered the ’gold standard’, but is rarely
used in routine practice as the first line of investigation for DVT.
Duplex ultrasonography and compression ultrasonography have
a lower sensitivity and specificity compared to venography, espe-
cially for diagnosing calf vein thrombosis (CBO 2008; Lensing
1989). This might be the reason for the differences in the results be-
tween Kock 1995 and the studies that used venography (Jorgensen
2002; Lapidus 2007b; Lassen 2002), since there were no other
major differences reported in participant characteristics or inter-
vention. However, it does not explain the differences between the
results of Kock 1995, Kujath 1993 and Lapidus 2007a. By only
examining participants reporting symptoms, Van Adrichem 2017
only reported clinically-relevant DVTs, therefore underestimating
the number of DVTs in the study population. Due to this differ-
ence in study protocol, we only used the results of this study in the
analyses for pulmonary embolism (Analysis 1.9) and symptomatic
VTE (Analysis 1.10).
Lassen 2002 included participants who received up to four days of
LMWH (32% of participants). Another study treated all partici-
pants with LMWH for one week prior to randomization (Lapidus
2007b). This might equalize the effects in the two groups and lead
to an underestimation of the treatment effect. Therefore, Lapidus
2007b only focused on the duration of treatment, and not on the
indication of treatment itself.
The dose of 3500 anti-Xa IU of tinzaparin that Jorgensen 2002
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used might have been too low, since another study showed equal
antithrombotic effect using 4500 anti-Xa IU of tinzaparin com-
pared with 40 mg of enoxaparin, which is the standard dose in
orthopedic surgery (Eriksson 2001). This possibly creates an un-
derestimation of the effect of prophylaxis.

Quality of the evidence

The quality of evidence according GRADE varied by outcome
and ranged from low to moderate with reasons for downgrading
being risk of bias due to attrition and performance bias (DVT),
imprecision and risk of bias due to attrition and performance bias
(PE, symptomatic VTE and adverse outcomes) and low number
of events and imprecision (mortality due to other causes).
See also Summary of findings for the main comparison

Potential biases in the review process

Two review authors independently carried out study selection,
data extraction, and study quality assessment in order to reduce
bias and subjectivity. We are confident that all potential studies
are included in this review. However, the possibility remains that
relevant data exist which have not been published or were not
found in the search.
The total number of included studies in this review was eight.
Since ten studies are required to perform a funnel plot analysis,
reliable funnel plot analysis could not be performed.
By only examining patient reporting symptoms Van Adrichem
2016 only reported clinical relevant DVTs, therefore underesti-
mating the number of DVTs in the study population. Due to this
difference in study protocol the results of this study were only
used in the analyses for ’pulmonary embolism’ (Analysis 1.9) and
’symptomatic VTE’ (Analysis 1.10).

Agreements and disagreements with other
studies or reviews

As early as 1944, the first study on deep venous thrombosis (DVT)
following leg injuries was published, reporting incidence rates of
7% to 18% (Bauer 1944). Nonfatal and fatal pulmonary embolism
(PE) complicate DVT of the lower extremities. Fatal PE used to
be a common cause of death in hospitals, because of the often
clinically occult nature of DVT.
The discussion on the use of LMWH in immobilization of the
lower limb focuses on the following issues: the reduction of symp-
tomatic VTE, the reduction of asymptomatic DVT, the relevance
of asymptomatic DVT, and the incidence of complications. With
meta-analyses, we were able to show that the use of LMWH in
immobilization of the lower limb following leg injury results in a
reduction of symptomatic VTE and of (asymptomatic) DVT.

Over 80% of DVTs diagnosed were located distally. Calf vein
thrombosis propagates and becomes proximal in between 0% and
25% of patients, accounting for a mean of 10%. Up to 10%
of proximal DVTs embolize massively, and are potentially fatal (
Anonymous 1986; Schellong 2007). Opinions differ about the risk
of post-thrombotic syndrome (PTS) after distal DVT. It is stated
that the risk is considerably lower than in proximal DVT. Results
are inconsistent for the relationship between the location of the
initial thrombus and the subsequent development of PTS. Some
prospective studies reported rates of PTS after distal DVT that
were as high as 20% to 80% (McLafferty 1998; Schulman 1986).
Hence, distal DVT appears to be associated with a substantial risk
of subsequent PTS. Further research is indicated to elicit the exact
role of distal DVT in the development of PTS (Kahn 2006).
The incidence of complications in the review seemed to be low
compared with data in the literature. Major bleeding was reported
in 0.27% (two out of 1469 participants) and minor bleeding
in up to 7.8% of participants (Van Adrichem 2017). In con-
trast, Reilmann 1993 reported up to 14% of participants with
hematomas due to injections. Another study even described it up
to 28%, although some of the participants were not treated with
LMWH, but with unfractionated heparin (Zagrodnick 1990). In
our seven included studies, no cases of heparin-induced thrombo-
cytopenia were described, which is in concordance with the ob-
servation that this condition is seldom seen in combination with
LMWH (Bloemen 2012).
The eight studies used different types of LMWH. The total num-
ber of participants was insufficient to evaluate which type of
LMWH to choose. Evidence published so far indicates that any
differences between LMWH preparations, if they exist, must be
extremely small (Geerts 2004). It is unlikely that a properly sized
and designed study comparing the various LMWHs will ever take
place. Sample size calculations quickly reach over 10,000 if one
considers appropriate definitions of ’non-inferiority’ when com-
paring the various antithrombotic regimens (Vaitkus 2004).
Venography is considered the most accurate method of diagnosing
DVT but is now rarely used in clinical practice (Abelseth 1996;
Bergqvist 2002). It is an invasive procedure, and there is a reported
incidence of serious adverse reactions to the contrast media in the
range of 0.4% to 2% (Lensing 1990). Duplex ultrasound is the
most common non-invasive test used to diagnose venous throm-
bosis of the extremities. Compared with venography, ultrasound
has been shown to be reliable in the diagnosis of proximal symp-
tomatic DVT, with a sensitivity and specificity of over 90%. How-
ever, for distal thrombosis, a sensitivity of 73% can be reached
when combining compression ultrasound with color-doppler ul-
trasound (CBO 2008). Considering the properties of the imaging
methods used to diagnose PE, a recent systematic review showed
a sensitivity of 86% for the ventilation-perfusion scintigraphy and
a specificity of 46% compared with pulmonary angiography. For
the CT scan, the percentages were 85% sensitivity and 94% speci-
ficity (Hayashino 2005). Consequently, the number of instances
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of missed DVT and PE seems to be acceptable when including
studies with different diagnostic procedures, and should not influ-
ence our conclusions to a major extent. However, an underestima-
tion of the incidence of VTE can occur when using ultrasound,
CT-scan, or ventilation-perfusion scanning.
Increased incidence of DVT in an untreated population calls for
measures, and thromboprophylaxis seems necessary if immobiliza-
tion in a cast or brace is needed. Post-traumatic DVT can lead
to PE or long-term damage in the form of PTS (Kakkar 1994).
Low molecular weight heparin has been shown to be effective in
reducing the incidence of VTE. The possible complications of
major bleeding events (2/750 participants or 0.3%), and heparin-
induced thrombopenia (none in this review) have been shown to
be extremely rare, and do not outweigh the beneficial effect of the
reduction of thromboses.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Moderate-quality evidence showed that the use of low molecu-
lar weight heparin (LMWH) in outpatients reduced the number
of venous thromboembolic events when a plaster cast or brace
was required, when compared with no prophylaxis or placebo.The
quality of evidence was downgraded to ’moderate’ due to risk of
selection and attrition bias. Low-quality evidence showed no clear
differences in PE between the LMWH and control groups, but less
symptomatic VTE in the LMWH group. The quality of evidence
was downgraded due to risk of bias and imprecision of results.

Implications for research

Even with LMWH as a prophylactic measure, incidence rates of
DVT, ranging from 0% to 10%, indicate a high absolute rate of
morbidity in the population. In order to reduce the number of
venous thromboembolic events, we encourage research to develop
less immobilizing treatment options, and investigate further the
use of other drugs such as the new oral anticoagulants (NOACs).

This review did not focus on the ongoing discussion of the clinical
relevance of calf vein thrombosis. It simply confirmed its more fre-
quent occurrence in immobilized patients. Future research might
bring more clarity to the discussion on the significance of calf vein
thrombosis.

Follow-up studies on long-term effects of DVT after immobiliza-
tion, and the incidence of post-thrombotic syndrome in these pa-
tients, could yield valuable information on the clinical relevance
of primary asymptomatic DVT.

Low molecular weight heparin treatment in all included studies
was administered once daily until removal of the plaster cast. Nev-
ertheless, the optimal period of treatment is unclear, and further
research should be conducted to gain insight into this matter.

We did not focus on scoring systems and individual risk factors in
this analysis. Future research might give more directives on specific
advice for different patients or patient groups, based on patient
and trauma characteristics.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Bruntink 2017

Methods Study design: prospective, randomized, controlled, single-blind, multicenter study
Method of randomization: sealed, numbered envelopes at a ratio of 1:1:1 in blocks of 15,
stratified according to centre, to one of the three study groups, by the treating physician
at the ED
Concealment of allocation: sealed, numbered envelopes by treating physician at the ED,
who was not involved in the remainder of the trial
Losses to follow-up: 124 (62 treatment group, 62 control group). Reasons for withdrawal:
no fracture, no plaster cast, immobilization < 4 weeks, indication for surgery, no duplex
sonography, withdrawal of consent

Participants Country: The Netherlands
Number randomized: 310 (treatment group 154; control group 156)
Number completed study and used in analysis, reported in study publication: 186 (treat-
ment group 92; control group 94)
Age mean (SD): treatment group 47.7 (16.4); control group 44.5 (17.2)
Sex (male/female): treatment group 39/53; control group 38/56
Inclusion criteria: a fracture of the ankle or foot, non-surgical treatment with immobi-
lization in a below-knee plaster cast for a minimum of four weeks
Exclusion criteria: a delay between injury and the emergency department visit of more
than 72 h, a known hypersensitivity to nadroparin or fondaparinux, a history of ve-
nous thromboembolism, continuous anticoagulant therapy, hypercoagulability, a bleed-
ing tendency or disorder, pregnancy or lactation, ‘active’ malignancy, a severe hepatic or
renal impairment (deficiency of clotting factors or creatinine clearance < 30 mL/min),
retinopathy, previous or active bleeding from the digestive tract, a hemorrhagic stroke
within the previous two months, major surgery within the previous two months, intraoc-
ular, spinal, or brain surgery within the previous year, and severe hypertension (systolic
blood pressure above 180 mmHg or diastolic blood pressure above 110 mmHg)

Interventions Treatment group: Nadroparin 2850 IE anti-Xa = 0.3 mL, given once daily
Control group: no prophylaxis

Outcomes A venous duplex sonography of the affected leg after removal of the cast on the final day
of medication administration, or earlier if thrombosis was suspected

Notes A second treatment group receiving Fondaparinux was not included in this review

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk “..patients were enrolled and randomly as-
signed (by use of sealed, numbered en-
velopes, at a ratio of 1:1:1 in blocks of 15,
stratified according to centre) to one of the
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Bruntink 2017 (Continued)

three study groups, by the treating physi-
cian at the ED.”

Allocation concealment (selection bias) Low risk Sealed, numbered envelopes from treating
physician at the ED, who was not involved
in the remainder of the trial

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk Reported as a single-blind study. Blind-
ing of participants was not reported, blind-
ing of personnel other than the ultrasound
technician was not reported

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk The ultrasound technician who assessed the
primary outcome was blinded to the treat-
ment

Incomplete outcome data (attrition bias)
All outcomes

High risk 124/310 participants were excluded from
the analysis after randomization, 62 in both
treatment and control group. Reasons for
withdrawal: no fracture, no plaster cast,
immobilization < 4 weeks, indication for
surgery, no duplex sonography, withdrawal
of consent

Selective reporting (reporting bias) Low risk Primary and secondary outcomes were re-
ported

Other bias Low risk No other bias was detected

Jorgensen 2002

Methods Study design: randomized, controlled, assessor-blinded, open, multicenter trial
Method of randomization: random numbers
Concealment of allocation: sealed envelopes
Losses to follow-up: 95; treatment group 49; control group 46. (discomfort with self-
injection 18, methrorrhagia 1, refused phlebography 12, not possible to perform venog-
raphy 26, miscellaneous 38

Participants Country: Denmark
Number randomized: 300 (treatment group 148; control group 152)
Number reported, included in analysis, presented in study publication: 205 (treatment
group 99; control group 106)
Age: adult patients > 18 years (range 18 to 93)
Sex (male/female): treatment group 79/69; control group 93/59
Inclusion criteria: planned plaster immobilization of the lower leg for at least 3 weeks
Exclusion criteria: pregnancy, allergy to heparin or contrast media, known liver or renal
impairment, uncontrolled hypertension, bleeding disorders, recent GI bleeding, or in-
ability to perform self injection
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Jorgensen 2002 (Continued)

Interventions Treatment group: LMWH 3500 IU anti-Xa of tinzaparin (Innohep) once daily
Control group: no prophylaxis

Outcomes At cast removal, unilateral venography was performed

Notes Dose of tinzaparin relatively low, contained both operated and non-operated patients,
previous DVT was not excluded, 205/300 were included in final assessment

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Random numbers

Allocation concealment (selection bias) Low risk Sealed envelopes

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Patients were either treated with Tinza-
parin, or received no treatment. A placebo
was not used

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk ’ assessor-blinded’; two radiologists, un-
aware of treatment, independently assessed
the venograms

Incomplete outcome data (attrition bias)
All outcomes

High risk 95 out of 300 patients were lost to fol-
low-up. They were evenly divided between
groups (treatment group = 49, no treat-
ment group = 46). Reasons for losses to fol-
low-up were discomfort with self-injection
(18), metrorrhagia (1), refusal of phlebog-
raphy (12), not possible to perform venog-
raphy (26), and miscellaneous (38). Rea-
sons varied between the two groups

Selective reporting (reporting bias) Unclear risk Primary and secondary outcomes were not
described in methods. Therefore, it was un-
clear whether all assessed outcomes were re-
ported

Other bias Low risk No other bias was detected.
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Kock 1995

Methods Study design: randomized, controlled, open trial
Method of randomization: randomization list stratified for varicose veins and obesity
Concealment of allocation: not reported
Losses to follow-up: 5 refused to take part, 32 excluded due to exclusion criteria, data
not evaluated from 52: treatment group 21; control group 31

Participants Country: Germany
Number randomized: 428; 5 refused to take part, 32 excluded due to exclusion criteria,
data not evaluated from 52: treatment group 21; control group 31 (no final examination
(12 treatment; 16 control), surgery performed before final examination (6 treatment, 12
control), changed groups (3 treatment, 3 control))
Number reported, included in analysis, presented in study publication: 339 (treatment
group 176; control group 163)
Age mean (range): treatment group 34.1 years (18 to 63); control group 33.5 years (18
to 64)
Sex (male/female): treatment group 104/72; control group 104/59
Inclusion criteria: age 18 to 65, conservative treatment of injury with below-knee cast
or cylinder cast
Exclusion criteria: previous DVT, pregnancy, clotting disorders or anticoagulation med-
ication, bleeding, chronic venous insufficiency, contraindications for heparin prophy-
laxis, plaster cast after surgery

Interventions Treatment group: LMWH 32 mg (certoparin; Mono-Embolex NM) once daily
Control group: no prophylaxis

Outcomes At randomization and at plaster removal, compression ultrasound and duplex scanning
were performed; suspected positive findings were confirmed by phlebography

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Randomization with lists stratified for vari-
cose veins and obesity

Allocation concealment (selection bias) Unclear risk Not reported

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Open study format, in which no placebo
was used. The treatment group received in-
jections of LMWH, the control group re-
ceived none. Blinding of personnel was not
described

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Not reported
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Kock 1995 (Continued)

Incomplete outcome data (attrition bias)
All outcomes

Low risk Data of 52 out of 428 randomized partici-
pants could not be evaluated, reasons pro-
vided

Selective reporting (reporting bias) Unclear risk Primary and secondary outcomes were
not described. Therefore, it was unclear
whether all assessed outcomes were re-
ported

Other bias Low risk No other bias was detected.

Kujath 1993

Methods Study design: randomized, controlled, open trial
Method of randomization: randomization plan “after Sachs”
Concealment of allocation: not reported
Losses to follow-up: 53 excluded post randomization (12 in treatment group interrupted
prophylaxis without permission, 14 control group patients received prophylaxis, 18 lost
to follow-up, 6 participants operated on before 7th day, and 3 participants had cast
removed before 7th day

Participants Country: Germany
Number randomized: 306, 53 excluded (12 in treatment group interrupted prophylaxis
without permission, 14 control group patients received prophylaxis, 18 lost to follow-
up, 6 participants operated on before 7th day, and 3 participants had cast removed before
7th day
Number included in analysis: 253; treatment group 126; control group 127
Age mean (range): treatment group 32.9 years (16 to 70); control group 35.6 years (16
to 76)
Sex (male/female): treatment group 69/57; control group 77/50
Inclusion criteria: age over 16 years, injury of the lower limb being treated conservatively,
immobilization by a plaster cast applied for at least 7 days
Exclusion criteria: known thrombopathy, oral anticoagulation, recent brain or GI bleed-
ing, acute pancreatitis, inflammatory heart disease

Interventions Treatment group: LMWH 36 mg heparin fraction calcium (nadroparin; Fraxiparin) once
daily
Control group: no prophylaxis

Outcomes After plaster removal, or at occurrence of symptoms, compression ultrasound to diagnose
DVT; in case of doubtful or positive findings, a phlebography was carried out. In case
of suspected PE, scintigraphic analysis was performed

Notes None of the patients were operated on.

Risk of bias
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Kujath 1993 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk “patients were allocated to two groups ac-
cording to a random plan after Sachs”. Un-
clear method of randomization

Allocation concealment (selection bias) Unclear risk Not reported

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Blinding of personnel was not reported.
“Patients of group II did not receive hep-
arin”. A placebo was not mentioned

Blinding of outcome assessment (detection
bias)
All outcomes

Unclear risk Not reported

Incomplete outcome data (attrition bias)
All outcomes

High risk 53 out of 306 patients were excluded for
various reasons. It is unclear how those
were divided over the two groups. Rea-
sons for exclusion were patient interruption
of prophylaxis, patients receiving prophy-
laxis from co-treating practitioner, change
of treating physician, surgery before 7th
day

Selective reporting (reporting bias) Unclear risk Primary outcomes were reported. However,
nothing was reported on possible adverse
events

Other bias Low risk No other bias was detected

Lapidus 2007a

Methods Study design: randomized, controlled, double-blind trial
Method of randomization: by computer
Concealment of allocation: not specifically reported
Losses to follow-up: 4 (withdrawal of consent treatment group 2, control group 2) and
excluded from efficacy analysis

Participants Country: Sweden
Number randomized: 105; treatment group 52; control group 53
Number reported, included in analysis 1 (all participants with negative color duplex
sonography, and all participants with DVT verified by phlebography): 91; treatment
group 47; control group 44
Number reported, included in analysis 2 (all participants with color duplex sonography
for patients with multiple distal DVT or proximal DVT, and all participants with DVT
verified by phlebography): 96; treatment group 49; control group 47
Age mean (SD): treatment group 37 years (8); control group 42 years (9)
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Lapidus 2007a (Continued)

Sex (male/female): treatment group 41/11; control group 42/11
Inclusion criteria: age 18 to 75 years, admitted for an acute (0 to 72 hours) Achilles
tendon rupture, accepted for surgery
Exclusion criteria: inability or refusal to give informed consent, ongoing treatment with
anticoagulant therapy, known allergy for contrast media, kidney disorder, recent throm-
boembolic event, recent surgery, known malignancy, current bleeding disorder, preg-
nancy, treatment with platelet inhibitors

Interventions Treatment group: LMWH dalteparin 5000 units sc once daily until removal of the plaster
cast
Control group: placebo

Outcomes Diagnosis of DVT by means of ultrasound and confirmation by venography

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Randomization by computer, no further
information provided. However, patients
were not included when study personnel
were off duty

Allocation concealment (selection bias) Unclear risk Not reported

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk Study described as double-blind. Each pa-
tient received a box containing 45 pre-
filled syringes with either Dalteparin or
placebo. Syringes of both groups were iden-
tical. Blinding of personnel was not explic-
itly described

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk “evaluation was carried out by an experi-
enced independent radiologist blinded to
the randomization and previous phlebo-
graphic findings”

Incomplete outcome data (attrition bias)
All outcomes

Low risk 4 patients were lost to follow-up, evenly
divided between the two groups

Selective reporting (reporting bias) Low risk Outcome measures were reported, as well
as any adverse event

Other bias Low risk No other bias was detected.
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Lapidus 2007b

Methods Study design: randomized, controlled, double-blind trial
Method of randomization: not reported
Concealment of allocation: not reported
Losses to follow-up: 75 considered non-evaluable for primary analysis (35 treatment
group and 40 in control group), due to: withdrawal of consent (38), technical failure of
phlebography (27), refracture or resurgery (4), failure of protocol compliance (3), minor
bleeding (1), inconclusive phlebography (1), never received allocated treatment due to
DVT before start of treatment (1). Exclusions were evenly divided over the two groups

Participants Country: Sweden
Number randomized: 272; treatment group 136; control group 136
Number reported, included in analysis 1 (assessment using phlebography): 197; treat-
ment group 101; control group 96
Number reported, included in analysis 2 (assessment using phlebography plus color
duplex sonography): 226; treatment group 117; control group 109
Age mean (SD): treatment group 49 years (14); control group 48 years (14)
Sex (male/female): treatment group 62/74; control group 62/74
Inclusion criteria: age 18 to 75 years, admitted for an acute (0 to 72 hours) ankle fracture
and accepted for surgery
Exclusion criteria: inability or refusal to give informed consent, ongoing treatment with
anticoagulant therapy, known allergy for contrast media, kidney disorder, recent throm-
boembolic event, recent surgery, known malignancy, current bleeding disorder, preg-
nancy, treatment with platelet inhibitors, multi-trauma

Interventions Treatment group: LMWH dalteparin 5000 units sc once daily until removal of the plaster
cast
Control group: placebo

Outcomes Diagnosis of DVT by means of ascending venography

Notes All patients treated with LMWH one week before randomization

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Unclear risk Method of randomization was not de-
scribed. Patients were not included when
study personnel were off duty

Allocation concealment (selection bias) Unclear risk Not reported

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk Study described as double-blind. Patients
were blinded by using identical prefilled sy-
ringes. Blinding of personnel was not ex-
plicitly described
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Lapidus 2007b (Continued)

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk Outcome measures were assessed by a radi-
ologist blinded to randomization and pre-
vious imaging findings

Incomplete outcome data (attrition bias)
All outcomes

Low risk 75 out of 272 patients were considered
non-evaluable for primary analysis due to
withdrawal of consent (38), technical fail-
ure of phlebography (27), refracture or
resurgery (4), failure of protocol compli-
ance (3), minor bleeding (1), inconclusive
phlebography (1), never received allocated
treatment due to DVT before start of treat-
ment (1). Exclusions were evenly divided
over the two groups

Selective reporting (reporting bias) Low risk Primary efficacy, secondary efficacy and any
adverse events were assessed and reported

Other bias Low risk No other bias was detected

Lassen 2002

Methods Study design: randomized, controlled, double-blind trial
Method of randomization: computer (blocks of four)
Concealment of allocation: not specifically reported
Losses to follow-up: 69 excluded from efficacy analysis: 2 received no injections (control
group), 2 withdrew consent (treatment group), 4 withdrew because of adverse events
(1 treatment, 3 control group), 61 did not have venograms that could be evaluated (31
treatment, 30 control group)

Participants Country: Denmark
Number randomized: 440; treatment group 217; control group 223
Number reported, included in analysis, reported in study publication: 371; treatment
group 183; control group 188)
Age median (interquartile range): treatment group 47 years (37 to 55); control group 47
years (37 to 56)
Sex (male/female): treatment group 112/105; control group 114/108
Inclusion criteria: age 18 years or older, fracture of the leg or rupture of the Achilles
tendon requiring at least 5 weeks of immobilization in a plaster cast or brace within 4
days of the injury
Exclusion criteria: body weight < 35 kg, pre-existing VTE, systolic BP > 200 mmHg or
diastolic BP > 110 mm Hg, cerebral vascular aneurysm, cerebral vascular accident within
the preceding 3 weeks, active gastroduodenal ulcer, bacterial endocarditis, platelet count
1000,000/cu mm, previous treatment with UFH or LMWH, fibrinolytic agents, or oral
anticoagulants, known hypersensitivity to contrast media, kidney disorder, MI within
the preceding 3 months, multiple myeloma, pregnancy, history of drug or alcohol abuse
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Lassen 2002 (Continued)

Interventions Treatment group: LMWH reviparin (1750 anti-Xa units) once daily
Control group: placebo

Outcomes To diagnose DVT, venography was performed within one week after removal of the
plaster. In cases of suspected PE, ventilation-perfusion lung scanning or pulmonary
angiography was performed

Notes Study contained both operated and non-operated patients; up to four days of LMWH
prophylaxis was allowed before randomization

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk “ randomization was performed by com-
puter in blocks of four”

Allocation concealment (selection bias) Unclear risk Not reported

Blinding of participants and personnel
(performance bias)
All outcomes

Low risk Described as double-blind study. Patients
received identical prefilled syringes in
both groups. Personnel were blinded un-
til database was locked and results were re-
vealed

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk Venograms were evaluated by experienced
radiologists, blinded to the treatment as-
signments

Incomplete outcome data (attrition bias)
All outcomes

Low risk 69/440 participants were excluded, divided
evenly over both groups. Exclusion was
mainly due to the technical impossibility
to perform a venogram in the patient (61
participants)

Selective reporting (reporting bias) Low risk All outcomes were reported.

Other bias Low risk No other bias was detected.
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Van Adrichem 2017

Methods Study design: multicenter, controlled, randomized, open-label with blinded outcome
Method of randomization: computer-generated block randomization with variable block
sizes
Concealment of allocation: data management unit, physicians, and researchers were
unaware of the randomization scheme and block sizes
Losses to follow-up: after randomization, 33 excluded as either failed inclusion or met
exclusion criteria, 23 withdrew consent, and 28 lost to follow-up

Participants Country: The Netherlands
Number randomized: 1519; treatment 761; control group 758
Number reported ,included in analysis, reported in study publication: 1435; treatment
group 719; control group 716
Age mean (SD): treatment group 46.5 (16.5); control group 45.6 (16.4)
Sex (male/female): treatment group 347/372; control group 369/347
Inclusion criteria: patients 18 years of age or older who presented to the emergency
department, and were treated for at least 1 week with casting of the lower leg (with or
without surgery, before or after casting, but without multiple traumatic injuries)
Exclusion criteria: history of venous thromboembolism, contraindications to low molec-
ular weight heparin therapy, pregnancy, current use of anticoagulant therapy for other
indications (use of antiplatelet drugs was allowed)

Interventions Treatment group: LMWH once daily SC injection of 2850 IU nadroparin or 2500 IU
dalteparin for participants ≤ 100 kg, or a double dose for participants weighing > 100
kg (LMWH (nadroparin or dalteparin) chosen according to preference at the hospital)
Control group: no prophylaxis

Outcomes Cumulative incidence of venous thromboembolism within 3 months of the procedure
Safety outcome: cumulative incidence of major bleeding

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection
bias)

Low risk Block randomization with variable block
sizes

Allocation concealment (selection bias) Low risk “To ensure concealment of treatment as-
signment the data management unit, physi-
cians, and researchers were unaware of the
randomization scheme and block sizes.”

Blinding of participants and personnel
(performance bias)
All outcomes

High risk Open-label trial, participants and person-
nel were not blinded

Blinding of outcome assessment (detection
bias)
All outcomes

Low risk All outcomes were assessed by an indepen-
dent committee whose members were un-
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Van Adrichem 2017 (Continued)

aware of assignment

Incomplete outcome data (attrition bias)
All outcomes

Low risk 84/1519 participants lost to follow-up,
withdrew consent, or failed inclusion cri-
teria and were not included in the analy-
sis. 93/719 patients did not adhere to the
LMWH trial regimen

Selective reporting (reporting bias) Low risk Primary and secondary effective. as well as
safety outcomes were reported

Other bias Low risk No other bias was detected.

BP: blood pressure
DVT: deep vein thrombosis
ED: emergency department
GI: gastrointestinal
Hg: mercury
IU: international units
LMWH: low molecular weight heparin
MI: myocardial infarction
PE: pulmonary embolism
sc: subcutaneous
UFH: unfractionated heparin
VTE: venous thromboembolism

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Abelseth 1996 Prospective incidence study, not a randomized or controlled clinical trial, operated patients without plaster
immobilization and LMWH, clinical and not outpatients

Ageno 2004 Survey on thrombosis prophylaxis by Italian orthopedic surgeons

Anonymous 1991 Not a randomized or controlled clinical trial

Anonymous 1995 Not a randomized or controlled clinical trial

Armbrecht 1993 Patients operated on for tendon rupture, one group treated with plaster and LMWH, the other group with early
functional mobilization without prophylaxis. No clinical DVTs seen

Ayhan 2013 No LMWH used; trial was on compression stockings.
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(Continued)

Bauer 1944 Not a randomized or controlled clinical trial

Breyer 1984 Not a randomized or controlled clinical trial

Bridges 2003 LEAP-study (LMWH expedited Anticoagulation Program) to decrease number of inpatient days on warfarin,
and total hospital days for trauma patients requiring DVT; case-control study

Cook 2011 Trial protocol

Cvirn 2015 Patients included did not meet inclusion criteria; no lower extremity trauma or immobilization, only healthy
patients

Eriksson 2001 Randomized controlled trial; comparison of fondaparinux and enoxaparin after hip-fracture surgery

Freeark 1967 Not a randomized or controlled clinical trial

Garcia 2011 Patients included did not meet inclusion criteria: no lower extremity trauma or /immobilization, only ICU
patients

Geerts 1994 Prospective study of VTE after major trauma; no prophylaxis against VTE

Geerts 1996 Randomized controlled clinical trial of LMWH and low-dose heparin; focus on major trauma, not outpatients

Gehling 1994 Prospective clinical study to determine incidence of DVT, no antithrombotic treatment

Gehling 1998 Randomized controlled clinical trial; comparison of acetylsalicylic acid with LMWH in plaster immobilized
trauma patients

Giannadakis 2000 Prospective clinical study to determine incidence of DVT in selected patients, no antithrombotic treatment

Goel 2009 A prospective randomized double-blind controlled trial using LMWH with saline injection as placebo in adults
who had sustained an isolated fracture below the knee that required operative fixation. Study authors did not
focus on immobilization of the lower leg in plaster-cast, so this study did not meet our inclusion criteria. The
study authors included 238 patients, and all underwent bilateral venography for diagnosis of DVT. There was
no statistically significant difference in the incidence of DVT between the patients treated with LMWH or
placebo (P = 0.22). However, owing to a cessation of funding, recruitment had to be ended before the necessary
sample size was established (another reason for exclusion). The study results could not categorically exclude a
potentially beneficial role of LMWH treatment, and the authors recommended a further randomized controlled
trial be undertaken

Greenfield 1997 Randomized controlled clinical trial. Clinical trauma patients were randomized to low-dose UFH, LMWH,
pneumatic compression devices, or foot pumps with or without vena caval filters

Haas 1989 Observational study on the use and tolerance of LMWH in ambulatory patients; not focused on trauma

Harenberg 1998 Prospective cohort study to determine the clinical incidence of VTE and the tolerance to LMWH in operated
and not operated surgical and orthopedic patients
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Hjelmstedt 1968 Not a randomized or controlled clinical trial

Horner 2014 Patients included did not meet inclusion criteria; no lower extremity trauma or immobilization, only patients
with DVT

Kannus 1991 Review on treatment for acute tears of the lateral ligaments of the ankle; not focused on subject of thrombosis
prophylaxis

Knudson 1996 Randomized controlled clinical trial; LMWH in high-risk trauma patients, compared with mechanical methods
of prophylaxis

Knudson 2004 Retrospective study to identify VTE incidence and risk factors in trauma patients using the American College
of Surgeons National Trauma Data Bank

Kudsk 1989 Not a randomized or controlled clinical trial

Lassen 2000 Not a randomized or controlled clinical trial

Lim 2015 Patients included did not meet inclusion criteria; no lower extremity trauma or immobilization, only ICU
patients

Lippert 1995 Not a randomized or controlled clinical trial

Marlovits 2007 This study focused on prolonged thrombosis prophylaxis after arthroscopic surgery rather than immobilization
of the lower leg after trauma, and was excluded for that reason

Martinole 2003 Not a randomized or controlled clinical trial

Micheli 1975 Case report, expert opinion

NCT00843492 The purpose of this ongoing study sponsored by GlaxoSmithKline is to evaluate the efficacy and safety of
fondaparinux in comparison with a LMWH (nadroparin) in preventing VTE in patients with leg injuries below
the knee that require a cast or other type of immobilization, but not surgery. This study does not meet our
inclusion criteria (LMWH versus placebo or no prophylaxis)

Nesheiwat 1996 Case report and literature review

Reilmann 1988 Not a randomized or controlled clinical trial

Reilmann 1993 Not a randomized or controlled clinical trial

Samama 2013 Treatment protocol did not meet inclusion criteria; comparing fondaparinux with LMWH

Saragas 2014 Not a randomized or controlled clinical trial

Schultz 2004 Focus on multiple trauma patients.
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Selby 2010 In this study (known as the D-KAF trial), consecutive patients with isolated fractures of the distal leg requiring
surgery were randomized to dalteparin 5000 IU or placebo once daily SC. Patients were screened using proximal
ultrasound (only of the upper leg, not the calf ) at day 14. The researchers were interested in clinically important
venous thromboembolism (CIVTE). The study authors found that the overall incidence of CIVTE was so low
(1.9%; 95% CI 0.7 to 4.7%), with no observed differences between dalteparin and placebo, that recruitment
was stopped early. For this reason, we did not include this study in our meta-analysis. However, the study
demonstrated the large discrepancy between trials that use venographic outcomes (all DVTs) and CIVTE

Spieler 1972 Not a randomized or controlled clinical trial

Warot 2014 Not a randomized or controlled clinical trial

Wolf 1992 Cohort of 515 patients with plaster immobilization of the lower leg treated with LMWH; no comparison

Zagrodnick 1990 Retrospective data and prospective study to evaluate self-injection of UFH and LMWH

CIVTE: clinically important venous thromboembolism
DVT: deep vein thrombosis
HIT: heparin-induced thrombocytopenia
ICU: intensive care unit
LMWH: low molecular weight heparin
SC: subcutaneous
UFH: unfractionated heparin
VTE: venous thromboembolism
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D A T A A N D A N A L Y S E S

Comparison 1. Low molecular weight heparin versus no prophylaxis or placebo

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Deep venous thrombosis:
regardless of type of plaster,
whether operated or not

7 1676 Odds Ratio (M-H, Fixed, 95% CI) 0.45 [0.33, 0.61]

2 Deep venous thrombosis: in
below-knee cast, whether
operated or not

6 1080 Odds Ratio (M-H, Fixed, 95% CI) 0.49 [0.34, 0.72]

3 Deep venous thrombosis:
conservative treatment (i.e.
non-operated patients)

5 974 Odds Ratio (M-H, Fixed, 95% CI) 0.31 [0.18, 0.53]

4 Deep venous thrombosis:
operated patients

4 699 Odds Ratio (M-H, Fixed, 95% CI) 0.54 [0.37, 0.80]

5 Deep venous thrombosis:
fractures

6 1003 Odds Ratio (M-H, Fixed, 95% CI) 0.48 [0.33, 0.70]

6 Deep venous thrombosis:
soft-tissue injuries

5 658 Odds Ratio (M-H, Fixed, 95% CI) 0.39 [0.22, 0.68]

7 Deep venous thrombosis: distal
segment

5 1208 Odds Ratio (M-H, Fixed, 95% CI) 0.61 [0.42, 0.89]

8 Deep venous thrombosis:
proximal segment

5 1217 Odds Ratio (M-H, Fixed, 95% CI) 0.41 [0.19, 0.91]

9 Pulmonary embolism 5 2517 Odds Ratio (M-H, Fixed, 95% CI) 0.50 [0.17, 1.47]

10 Symptomatic venous
thromboembolism

6 2924 Odds Ratio (M-H, Fixed, 95% CI) 0.40 [0.21, 0.76]

11 Mortality due to pulmonary
embolism

8 3111 Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

12 Mortality due to other causes 8 3111 Odds Ratio (M-H, Fixed, 95% CI) 0.33 [0.01, 8.15]
13 Adverse outcomes 8 3178 Odds Ratio (M-H, Random, 95% CI) 2.01 [0.83, 4.86]
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Analysis 1.1. Comparison 1 Low molecular weight heparin versus no prophylaxis or placebo, Outcome 1

Deep venous thrombosis: regardless of type of plaster, whether operated or not.

Review: Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization

Comparison: 1 Low molecular weight heparin versus no prophylaxis or placebo

Outcome: 1 Deep venous thrombosis: regardless of type of plaster, whether operated or not

Study or subgroup LMWH Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Bruntink 2017 2/92 11/94 8.5 % 0.17 [ 0.04, 0.78 ]

Jorgensen 2002 10/99 18/106 12.5 % 0.55 [ 0.24, 1.26 ]

Kock 1995 0/176 7/163 6.2 % 0.06 [ 0.00, 1.04 ]

Kujath 1993 6/126 21/127 15.9 % 0.25 [ 0.10, 0.65 ]

Lapidus 2007a 18/49 19/47 9.8 % 0.86 [ 0.38, 1.95 ]

Lapidus 2007b 24/117 34/109 22.3 % 0.57 [ 0.31, 1.04 ]

Lassen 2002 17/183 35/188 25.0 % 0.45 [ 0.24, 0.83 ]

Total (95% CI) 842 834 100.0 % 0.45 [ 0.33, 0.61 ]

Total events: 77 (LMWH), 145 (Control)

Heterogeneity: Chi2 = 8.11, df = 6 (P = 0.23); I2 =26%

Test for overall effect: Z = 5.08 (P < 0.00001)

Test for subgroup differences: Not applicable

0.005 0.1 1 10 200

Favours LMWH Favours control
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Analysis 1.2. Comparison 1 Low molecular weight heparin versus no prophylaxis or placebo, Outcome 2

Deep venous thrombosis: in below-knee cast, whether operated or not.

Review: Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization

Comparison: 1 Low molecular weight heparin versus no prophylaxis or placebo

Outcome: 2 Deep venous thrombosis: in below-knee cast, whether operated or not

Study or subgroup LMWH Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Bruntink 2017 2/92 11/94 13.4 % 0.17 [ 0.04, 0.78 ]

Jorgensen 2002 10/99 18/106 19.7 % 0.55 [ 0.24, 1.26 ]

Kock 1995 0/152 5/139 7.2 % 0.08 [ 0.00, 1.46 ]

Lapidus 2007a 18/49 19/47 15.5 % 0.86 [ 0.38, 1.95 ]

Lapidus 2007b 24/117 34/109 35.3 % 0.57 [ 0.31, 1.04 ]

Lassen 2002 3/48 6/28 9.0 % 0.24 [ 0.06, 1.07 ]

Total (95% CI) 557 523 100.0 % 0.49 [ 0.34, 0.72 ]

Total events: 57 (LMWH), 93 (Control)

Heterogeneity: Chi2 = 6.28, df = 5 (P = 0.28); I2 =20%

Test for overall effect: Z = 3.70 (P = 0.00022)

Test for subgroup differences: Not applicable

0.005 0.1 1 10 200

Favours LMWH Favours control
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Analysis 1.3. Comparison 1 Low molecular weight heparin versus no prophylaxis or placebo, Outcome 3

Deep venous thrombosis: conservative treatment (i.e. non-operated patients).

Review: Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization

Comparison: 1 Low molecular weight heparin versus no prophylaxis or placebo

Outcome: 3 Deep venous thrombosis: conservative treatment (i.e. non-operated patients)

Study or subgroup LMWH Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Bruntink 2017 2/92 11/94 20.2 % 0.17 [ 0.04, 0.78 ]

Jorgensen 2002 1/13 2/17 3.0 % 0.63 [ 0.05, 7.75 ]

Kock 1995 0/176 7/163 14.8 % 0.06 [ 0.00, 1.04 ]

Kujath 1993 6/126 21/127 37.9 % 0.25 [ 0.10, 0.65 ]

Lassen 2002 10/85 14/81 24.1 % 0.64 [ 0.27, 1.53 ]

Total (95% CI) 492 482 100.0 % 0.31 [ 0.18, 0.53 ]

Total events: 19 (LMWH), 55 (Control)

Heterogeneity: Chi2 = 4.98, df = 4 (P = 0.29); I2 =20%

Test for overall effect: Z = 4.22 (P = 0.000025)

Test for subgroup differences: Not applicable

0.001 0.01 0.1 1 10 100 1000

Favours LMWH Favours control
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Analysis 1.4. Comparison 1 Low molecular weight heparin versus no prophylaxis or placebo, Outcome 4

Deep venous thrombosis: operated patients.

Review: Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization

Comparison: 1 Low molecular weight heparin versus no prophylaxis or placebo

Outcome: 4 Deep venous thrombosis: operated patients

Study or subgroup LMWH Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Jorgensen 2002 9/86 16/89 19.3 % 0.53 [ 0.22, 1.28 ]

Lapidus 2007a 18/49 19/47 16.8 % 0.86 [ 0.38, 1.95 ]

Lapidus 2007b 24/117 34/109 38.3 % 0.57 [ 0.31, 1.04 ]

Lassen 2002 7/97 21/105 25.6 % 0.31 [ 0.13, 0.77 ]

Total (95% CI) 349 350 100.0 % 0.54 [ 0.37, 0.80 ]

Total events: 58 (LMWH), 90 (Control)

Heterogeneity: Chi2 = 2.65, df = 3 (P = 0.45); I2 =0.0%

Test for overall effect: Z = 3.13 (P = 0.0018)

Test for subgroup differences: Not applicable

0.1 0.2 0.5 1 2 5 10

Favours LMWH Favours control
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Analysis 1.5. Comparison 1 Low molecular weight heparin versus no prophylaxis or placebo, Outcome 5

Deep venous thrombosis: fractures.

Review: Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization

Comparison: 1 Low molecular weight heparin versus no prophylaxis or placebo

Outcome: 5 Deep venous thrombosis: fractures

Study or subgroup LMWH Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Bruntink 2017 2/92 11/94 12.7 % 0.17 [ 0.04, 0.78 ]

Jorgensen 2002 8/73 10/77 10.4 % 0.82 [ 0.31, 2.22 ]

Kock 1995 0/38 2/34 3.1 % 0.17 [ 0.01, 3.64 ]

Kujath 1993 4/39 11/38 11.9 % 0.28 [ 0.08, 0.98 ]

Lapidus 2007b 24/117 34/109 33.4 % 0.57 [ 0.31, 1.04 ]

Lassen 2002 14/134 29/158 28.5 % 0.52 [ 0.26, 1.03 ]

Total (95% CI) 493 510 100.0 % 0.48 [ 0.33, 0.70 ]

Total events: 52 (LMWH), 97 (Control)

Heterogeneity: Chi2 = 4.44, df = 5 (P = 0.49); I2 =0.0%

Test for overall effect: Z = 3.85 (P = 0.00012)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours LMWH Favours control

43Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.6. Comparison 1 Low molecular weight heparin versus no prophylaxis or placebo, Outcome 6

Deep venous thrombosis: soft-tissue injuries.

Review: Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization

Comparison: 1 Low molecular weight heparin versus no prophylaxis or placebo

Outcome: 6 Deep venous thrombosis: soft-tissue injuries

Study or subgroup LMWH Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Jorgensen 2002 2/26 8/29 16.8 % 0.22 [ 0.04, 1.15 ]

Kock 1995 0/132 5/120 13.8 % 0.08 [ 0.00, 1.45 ]

Kujath 1993 2/87 10/89 23.2 % 0.19 [ 0.04, 0.87 ]

Lapidus 2007a 18/49 19/47 29.5 % 0.86 [ 0.38, 1.95 ]

Lassen 2002 3/49 6/30 16.8 % 0.26 [ 0.06, 1.14 ]

Total (95% CI) 343 315 100.0 % 0.39 [ 0.22, 0.68 ]

Total events: 25 (LMWH), 48 (Control)

Heterogeneity: Chi2 = 6.31, df = 4 (P = 0.18); I2 =37%

Test for overall effect: Z = 3.32 (P = 0.00091)

Test for subgroup differences: Not applicable

0.005 0.1 1 10 200

Favours LMWH Favours control
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Analysis 1.7. Comparison 1 Low molecular weight heparin versus no prophylaxis or placebo, Outcome 7

Deep venous thrombosis: distal segment.

Review: Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization

Comparison: 1 Low molecular weight heparin versus no prophylaxis or placebo

Outcome: 7 Deep venous thrombosis: distal segment

Study or subgroup LMWH Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Jorgensen 2002 10/99 17/106 20.1 % 0.59 [ 0.26, 1.36 ]

Kock 1995 0/176 4/163 6.4 % 0.10 [ 0.01, 1.88 ]

Lapidus 2007a 17/49 16/47 14.5 % 1.03 [ 0.44, 2.39 ]

Lapidus 2007b 17/101 24/96 27.9 % 0.61 [ 0.30, 1.22 ]

Lassen 2002 14/183 25/188 31.1 % 0.54 [ 0.27, 1.08 ]

Total (95% CI) 608 600 100.0 % 0.61 [ 0.42, 0.89 ]

Total events: 58 (LMWH), 86 (Control)

Heterogeneity: Chi2 = 3.06, df = 4 (P = 0.55); I2 =0.0%

Test for overall effect: Z = 2.61 (P = 0.0091)

Test for subgroup differences: Not applicable

0.001 0.01 0.1 1 10 100 1000
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Analysis 1.8. Comparison 1 Low molecular weight heparin versus no prophylaxis or placebo, Outcome 8

Deep venous thrombosis: proximal segment.

Review: Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization

Comparison: 1 Low molecular weight heparin versus no prophylaxis or placebo

Outcome: 8 Deep venous thrombosis: proximal segment

Study or subgroup LMWH Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Jorgensen 2002 0/99 1/106 6.9 % 0.35 [ 0.01, 8.78 ]

Kock 1995 0/176 3/163 17.4 % 0.13 [ 0.01, 2.53 ]

Lapidus 2007a 1/49 3/47 14.4 % 0.31 [ 0.03, 3.05 ]

Lapidus 2007b 4/101 3/96 14.2 % 1.28 [ 0.28, 5.87 ]

Lassen 2002 3/189 10/191 47.0 % 0.29 [ 0.08, 1.08 ]

Total (95% CI) 614 603 100.0 % 0.41 [ 0.19, 0.91 ]

Total events: 8 (LMWH), 20 (Control)

Heterogeneity: Chi2 = 3.05, df = 4 (P = 0.55); I2 =0.0%

Test for overall effect: Z = 2.21 (P = 0.027)

Test for subgroup differences: Not applicable

0.001 0.01 0.1 1 10 100 1000

Favours LMWH Favours control
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Analysis 1.9. Comparison 1 Low molecular weight heparin versus no prophylaxis or placebo, Outcome 9

Pulmonary embolism.

Review: Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization

Comparison: 1 Low molecular weight heparin versus no prophylaxis or placebo

Outcome: 9 Pulmonary embolism

Study or subgroup LMWH Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Bruntink 2017 0/92 2/94 24.8 % 0.20 [ 0.01, 4.22 ]

Jorgensen 2002 0/99 0/106 Not estimable

Kujath 1993 0/126 0/127 Not estimable

Lassen 2002 0/217 2/221 24.9 % 0.20 [ 0.01, 4.23 ]

Van Adrichem 2017 4/719 5/716 50.3 % 0.80 [ 0.21, 2.97 ]

Total (95% CI) 1253 1264 100.0 % 0.50 [ 0.17, 1.47 ]

Total events: 4 (LMWH), 9 (Control)

Heterogeneity: Chi2 = 1.16, df = 2 (P = 0.56); I2 =0.0%

Test for overall effect: Z = 1.26 (P = 0.21)

Test for subgroup differences: Not applicable
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Analysis 1.10. Comparison 1 Low molecular weight heparin versus no prophylaxis or placebo, Outcome 10

Symptomatic venous thromboembolism.

Review: Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization

Comparison: 1 Low molecular weight heparin versus no prophylaxis or placebo

Outcome: 10 Symptomatic venous thromboembolism

Study or subgroup LMWH Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Bruntink 2017 0/92 2/94 7.6 % 0.20 [ 0.01, 4.22 ]

Jorgensen 2002 0/148 0/152 Not estimable

Kock 1995 0/176 4/163 14.3 % 0.10 [ 0.01, 1.88 ]

Lapidus 2007b 2/117 6/109 18.8 % 0.30 [ 0.06, 1.51 ]

Lassen 2002 0/217 6/221 19.8 % 0.08 [ 0.00, 1.36 ]

Van Adrichem 2017 10/719 13/716 39.5 % 0.76 [ 0.33, 1.75 ]

Total (95% CI) 1469 1455 100.0 % 0.40 [ 0.21, 0.76 ]

Total events: 12 (LMWH), 31 (Control)

Heterogeneity: Chi2 = 4.75, df = 4 (P = 0.31); I2 =16%

Test for overall effect: Z = 2.79 (P = 0.0052)

Test for subgroup differences: Not applicable

0.001 0.01 0.1 1 10 100 1000

Favours LMWH Favours control

48Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.11. Comparison 1 Low molecular weight heparin versus no prophylaxis or placebo, Outcome 11

Mortality due to pulmonary embolism.

Review: Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization

Comparison: 1 Low molecular weight heparin versus no prophylaxis or placebo

Outcome: 11 Mortality due to pulmonary embolism

Study or subgroup LMWH Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Bruntink 2017 0/92 0/94 Not estimable

Jorgensen 2002 0/99 0/106 Not estimable

Kock 1995 0/176 0/163 Not estimable

Kujath 1993 0/126 0/127 Not estimable

Lapidus 2007a 0/49 0/47 Not estimable

Lapidus 2007b 0/117 0/109 Not estimable

Lassen 2002 0/183 0/188 Not estimable

Van Adrichem 2017 0/719 0/716 Not estimable

Total (95% CI) 1561 1550 Not estimable

Total events: 0 (LMWH), 0 (Control)

Heterogeneity: not applicable

Test for overall effect: not applicable

Test for subgroup differences: Not applicable

0.5 0.7 1 1.5 2

Favours LMWH Favours control

49Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.12. Comparison 1 Low molecular weight heparin versus no prophylaxis or placebo, Outcome 12

Mortality due to other causes.

Review: Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization

Comparison: 1 Low molecular weight heparin versus no prophylaxis or placebo

Outcome: 12 Mortality due to other causes

Study or subgroup LMWH Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Fixed,95% CI M-H,Fixed,95% CI

Bruntink 2017 0/92 0/94 Not estimable

Jorgensen 2002 0/99 0/106 Not estimable

Kock 1995 0/176 0/163 Not estimable

Kujath 1993 0/126 0/127 Not estimable

Lapidus 2007a 0/49 0/47 Not estimable

Lapidus 2007b 0/117 0/109 Not estimable

Lassen 2002 0/183 0/188 Not estimable

Van Adrichem 2017 0/719 1/716 100.0 % 0.33 [ 0.01, 8.15 ]

Total (95% CI) 1561 1550 100.0 % 0.33 [ 0.01, 8.15 ]

Total events: 0 (LMWH), 1 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.68 (P = 0.50)

Test for subgroup differences: Not applicable

0.001 0.01 0.1 1 10 100 1000
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Analysis 1.13. Comparison 1 Low molecular weight heparin versus no prophylaxis or placebo, Outcome 13

Adverse outcomes.

Review: Low molecular weight heparin for prevention of venous thromboembolism in patients with lower-limb immobilization

Comparison: 1 Low molecular weight heparin versus no prophylaxis or placebo

Outcome: 13 Adverse outcomes

Study or subgroup LMWH Control Odds Ratio Weight Odds Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Bruntink 2017 22/92 0/94 7.9 % 60.32 [ 3.60, 1011.32 ]

Jorgensen 2002 0/99 0/106 Not estimable

Kock 1995 5/176 0/163 7.6 % 10.49 [ 0.58, 191.16 ]

Kujath 1993 0/126 0/127 Not estimable

Lapidus 2007a 1/49 0/47 6.4 % 2.94 [ 0.12, 73.94 ]

Lapidus 2007b 1/117 1/109 8.1 % 0.93 [ 0.06, 15.07 ]

Lassen 2002 16/217 13/221 31.8 % 1.27 [ 0.60, 2.72 ]

Van Adrichem 2017 56/719 49/716 38.2 % 1.15 [ 0.77, 1.71 ]

Total (95% CI) 1595 1583 100.0 % 2.01 [ 0.83, 4.86 ]

Total events: 101 (LMWH), 63 (Control)

Heterogeneity: Tau2 = 0.49; Chi2 = 11.59, df = 5 (P = 0.04); I2 =57%

Test for overall effect: Z = 1.54 (P = 0.12)

Test for subgroup differences: Not applicable

0.001 0.01 0.1 1 10 100 1000

Favours LMWH Favours control

A P P E N D I C E S

Appendix 1. CENTRAL search strategy

Search run on Wed Apr 19 2017

#1 MESH DESCRIPTOR Thrombosis 1267

#2 MESH DESCRIPTOR Thromboembolism 921
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(Continued)

#3 MESH DESCRIPTOR Venous Thromboem-
bolism

258

#4 MESH DESCRIPTOR Venous Thrombosis
EXPLODE ALL TREES

2041

#5 (thrombus* or thrombopro* or thrombotic* or
thrombolic* or thromboemboli* or thrombos*
or embol* or microembol*):TI,AB,KY

19731

#6 MESH DESCRIPTOR Pulmonary Embolism
EXPLODE ALL TREES

748

#7 (PE or DVT or VTE):TI,AB,KY 5178

#8 ((vein* or ven*) near thromb*):TI,AB,KY 6943

#9 (blood near3 clot*):TI,AB,KY 3178

#10 (pulmonary near3 clot*):TI,AB,KY 5

#11 (lung near3 clot*):TI,AB,KY 5

#12 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #
7 OR #8 OR #9 OR #10 OR #11

25606

#13 MESH DESCRIPTOR Immobilization EX-
PLODE ALL TREES

630

#14 MESH DESCRIPTOR Mobility Limitation
EXPLODE ALL TREES

255

#15 MESH DESCRIPTOR Splints EXPLODE
ALL TREES

363

#16 MESH DESCRIPTOR Orthopedic Fixation
Devices

61

#17 MESH DESCRIPTOR Casts, Surgical 390

#18 MESH DESCRIPTOR Orthotic Devices 466

#19 MESH DESCRIPTOR Foot Orthoses 79

#20 immobili*:TI,AB,KY 1885

#21 brace*:TI,AB,KY 894

#22 splint*:TI,AB,KY 1350
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(Continued)

#23 plaster*:TI,AB,KY 738

#24 cast*:TI,AB,KY 3420

#25 boot:TI,AB,KY 132

#26 stirrup:TI,AB,KY 29

#27 bracing:TI,AB,KY 290

#28 aircast:TI,AB,KY 53

#29 #13 OR #14 OR #15 OR #16 OR #17 OR #
18 OR #19 OR #20 OR #21 OR #22 OR #23
OR #24 OR #25 OR #26 OR #27 OR #28

8235

#30 MESH DESCRIPTOR Lower Extremity EX-
PLODE ALL TREES

5947

#31 MESH DESCRIPTOR Leg Injuries EX-
PLODE ALL TREES

2736

#32 MESH DESCRIPTOR Achilles Tendon 240

#33 leg:TI,AB,KY 12176

#34 (lower extremity):TI,AB,KY 2916

#35 (lower limb):TI,AB,KY 3036

#36 ankle:TI,AB,KY 5156

#37 achilles:TI,AB,KY 604

#38 #30 OR #31 OR #32 OR #33 OR #34 OR #
35 OR #36 OR #37

23101

#39 MESH DESCRIPTOR Heparin, Low-Molec-
ular-Weight EXPLODE ALL TREES

1522

#40 *parin*:TI,AB,KY 58379

#41 LMWH:TI,AB,KY 866

#42 LMH:TI,AB,KY 7

#43 (Clexane or klexane or lovenox):TI,AB,KY 46
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(Continued)

#44 (Fragmin or normiflo or clivarin* or danaproid
or danaparoid ):TI,AB,KY

245

#45 (antixarin or Zibor):TI,AB,KY 2

#46 (cy 222):TI,AB,KY 14

#47 (embolex or monoembolex or Mono-embolex)
:TI,AB,KY

24

#48 Kabi-2165:TI,AB,KY 39

#49 (pk-10169 or pk10169):TI,AB,KY 8

#50 (cy-216 or cy216):TI,AB,KY 46

#51 (Boxol or Liquemine):TI,AB,KY 2

#52 fr-860:TI,AB,KY 5

#53 (kb-101 or kb101):TI,AB,KY 3

#54 (fluxum or lohepa or lowhepa ):TI,AB,KY 11

#55 (op 2123 or op2123):TI,AB,KY 1

#56 AVE5026 :TI,AB,KY 2

#57 M118:TI,AB,KY 3

#58 (RO-14 or RO14):TI,AB,KY 3

#59 #39 OR #40 OR #41 OR #42 OR #43 OR #
44 OR #45 OR #46 OR #47 OR #48 OR #
49 OR #50 OR #51 OR #52 OR #53 OR #54
OR #55 OR #56 OR #57 OR #58

58468

#60 #38 AND #59 1865

#61 #12 AND #38 1551

#62 #12 AND #29 276

#63 #29 AND #59 655

#64 #60 OR #61 OR #62 OR #63 3438
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Appendix 2. Trials registers searches

Clinicaltrials.gov

73 studies found for: heparin AND leg

WHO ICTRP

16 records for 14 trials found for: heparin AND leg

ISRCTN

20 results found for: heparin AND leg

W H A T ’ S N E W

Date Event Description

7 August 2017 Amended In abstract incorrect I² for PE displayed and P values relating to heterogeneity incorrectly displayed as
P values of effect estimate; text revised

H I S T O R Y

Date Event Description

20 June 2017 New citation required but conclusions have not
changed

Searches were rerun. Two new studies were included.
Nine additional studies were excluded. New authors
joined review team. ’Risk of bias’ and ’Summary of
findings’ tables added. Conclusions not changed

20 June 2017 New search has been performed Searches were rerun. Two new studies were included.
Nine additional studies were excluded

4 September 2013 New search has been performed Searches were rerun. No new studies were included.
Five additional studies were excluded. One ongoing
study added

4 September 2013 New citation required but conclusions have not
changed

Searches were rerun. No new studies were included.
Five additional studies were excluded. One ongoing
study added. Minor edits made. One new author
joined review team. Conclusions not changed

14 February 2011 Amended Link to anticoagulant feedback added
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(Continued)

10 November 2008 Amended Amendment to Plain language summary at the request
of the authors. Amendments to contact details of two
authors

18 July 2008 Amended Converted to new review format.

C O N T R I B U T I O N S O F A U T H O R S

AZ analyzed data, writing

KvL assessed trial quality, extracted data.

MvdH assessed trial quality, extracted data.

LJ co-ordinated and advised on statistical methods, and redirected writing.

HMJJ cross-checked information, supervised and redirected writing

D E C L A R A T I O N S O F I N T E R E S T

AZ: none known

KvL: none known

MvdH: none known

LJ: none known

HMJJ: none known

S O U R C E S O F S U P P O R T

Internal sources

• No sources of support supplied

External sources

• Chief Scientist Office, Scottish Government Health Directorates, The Scottish Government, UK.
The Cochrane Vascular editorial base is supported by the Chief Scientist Office.

• National Institute for Health Research (NIHR), UK.
This project was supported by the NIHR, via Cochrane Incentive Award funding (16/72/06) to Cochrane Vascular. The views and
opinions expressed therein are those of the authors and do not necessarily reflect those of the Systematic Reviews Programme, NIHR,
National Health Service (NHS), or the Department of Health.
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D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

’Risk of bias’ and ’Summary of findings’ tables added

I N D E X T E R M S

Medical Subject Headings (MeSH)

Anticoagulants [adverse effects; ∗therapeutic use]; Cause of Death; Hemorrhage [chemically induced]; Heparin, Low-Molecular-Weight
[adverse effects; ∗therapeutic use]; Immobilization [∗adverse effects]; Leg Injuries [∗therapy]; Pulmonary Embolism [epidemiology;
prevention & control]; Randomized Controlled Trials as Topic; Venous Thromboembolism [∗prevention & control]; Venous Throm-
bosis [epidemiology; prevention & control]

MeSH check words

Adult; Humans
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