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ABSTRACT

Background: The incidence of Venous Thromboembolism (VTE) and its prophylaxis in patients
with an ankle injury and cast immobilization are controversial.
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1. Introduction

he overall incidence of lower limb in-
juries is increasing due to population
growth rates and possibly increased
participation in sports activities [1]. Im-
mobilization is the main management of
isolated below-knee injuries, including
fractures, ligament or cartilage injuries,
and ankle sprain. This management increases the risk
of Deep Vein Thrombosis (DVP) [2]. According to the
literature, below-knee cast immobilization is strongly
associated with thrombosis [3]. The prevalence of ve-
nous thromboembolism (VTE) has been reported to vary
from 1.1% to 20% in patients with below-knee cast im-
mobilization [4-9]. VTE significantly increases morbid-
ity (including post-thrombotic syndrome and pulmonary
hypertension) and mortality rate [8, 9].

Regarding the variable incidence of VTE after below-
knee cast immobilization, the use of prophylaxis is
controversial. American College of Chest Physicians
Guidelines does not suggest pharmacological thrombo-
prophylaxis in these patients [10]. In contrast, national
guidelines or expert recommendations published in sev-
eral Western European countries recommend thrombo-
prophylaxis, at least in certain patients with other VTE
risk factors [11-19].

Enoxaparin is Low Molecular Weight Heparin
(LMWH) and widely used to prevent VTE in patients
with lower limb injury and immobilization cast [20-
22]. However, enoxaparin has some serious side effects,
such as major bleeding episodes and Heparin-Induced
Thrombocytopenia (HIT) [23]. These side effects limit
the use of enoxaparin in low-risk outpatients [12, 24].

Aspirin is a Nonsteroidal Anti-Inflammatory Drug
(NSAID) and suppresses the normal function of plate-
lets. The role of aspirin in the primary prevention of VTE
has been evaluated in various studies [25-28]. Recently,
some orthopedic research suggested that aspirin can
reduce the VTE rate [29-31]. Also, aspirin is a simple,
inexpensive, and widely available treatment and can be
safely used in outpatients [32].

Because the type, dose, or duration of thrombopro-
phylaxis therapy in patients with below-knee cast im-
mobilization are still unclear, this study was designed to
investigate the effect of aspirin and enoxaparin on the
prevention of deep venous thrombosis in patients with
an ankle sprain and cast immobilization.

Orthopedic Science

2. Patients and Methods

Patients aged >15 years, with nonsurgical, unilateral
ankle sprains grade 2 and 3 who need rigid immobiliza-
tion (e.g., by plaster cast) for at least 21 days and up to 30
days from March 2018 to February 2019, were enrolled
in the study. The exclusion criteria included ankle insta-
bility, single or multiple fractures, history of anticoagu-
lant therapy, previous active or currently treated peptic
ulcer disease, pregnancy, breastfeeding, history of stroke
in last year, under chronic treatment with other NSAIDs,
risk factors of VTE, including body mass index >30 kg/
m?, estrogen-containing hormone replacement therapy or
oral contraception, active cancer, VTE history, and con-
genital or acquired hypercoagulable state [11, 18, 33].

According to the prevalence of venous thrombosis
in the Testroote et al. study (4.3% to 40%), the num-
ber of samples was calculated at least 21 persons per
group (totaling 63 people) based on n=[(Z w2+Zﬁ)2><{(p1
(1-pD)+p2 (1-p2)} 1/ (p1-p2)* formula, with the power
of 80% and a error of 5%. However, with a 30% chance
of loss, a sample size of 90 patients (30 patients per
group) was determined in the study [12].

This research was a double-blind, randomized clinical
trial study. All ankle sprains were treated by a short leg
cast from the fibula’s head to the metatarsophalangeal
joint. Then, the patients were randomly assigned into
three groups; 1) without prophylactic treatment (the con-
trol group), 2) enoxaparin sodium (Clexane) 40 mg/d
subcutaneously for 3 weeks (the enoxaparin group),
and 3) Aspirin 325 mg/d for 3 weeks (the ASA group).
The face-to-face visit was scheduled for the 1%, 15", and
30" day of study. Non-weight bearing ambulation with
crutches was maintained during the first 3 days. Full
weight-bearing was initiated when patients could walk
on various surfaces and up and downstairs with mini-
mal discomfort. All patient’s essential data such as age,
gender, height (m), weight (kg), past medical and drug
history, history of smoking, and thrombosis history were
recorded. The patients were informed about the signs
and symptoms of venous thrombosis and drug side ef-
fects at the beginning of treatment.

Serum D-dimer level was measured on the 1% and 13*
day of study. The D-dimer level of greater than 0.2 pg/
mL has been considered a positive result. All patients
underwent bilateral lower-limb Complete Compression
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Figure 1. Study consort flowchart

Ultrasonography (CCUS) and color Doppler ultrasonog-
raphy after cast removal. Besides, whenever the patients
got symptomatic, the D-dimer level was checked, and
bilateral lower-limb CCUS and color Doppler ultraso-
nography were done. Also, appropriate confirmation di-
agnostic tests were performed for suspected Pulmonary
Embolism (PE).

The study was conducted according to the ethical prin-
ciples of the Declaration of Helsinki. The protocol was
approved by the Ethics Committee of Mazandaran Uni-
versity of Medical Sciences and the Iranian Registry of
Clinical Trials (IRCTID: IRCT20120726010405N5).
Before the start of the study, all patients signed informed
consent.

The obtained data were analyzed by SPSS v. 20. The
quantitative data were expressed as mean and standard
deviation and compared by t-test. The qualitative data
were expressed as a percentage and compared by the
Chi-squared test (if needed Fisher exact-test). Also, the
Relative Risk (RR) was calculated with 95% confidence
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intervals (95% CI). The P-values less than 0.05 were
considered a statistically significant level.

3. Results

Of 118 patients with an ankle sprain, 90 patients were
enrolled based on the inclusion and exclusion criteria and
randomly assigned to one of the three groups (control,
ASA, or enoxaparin). Five patients in the control group, 4
patients in the ASA group, and 6 patients in the enoxapa-
rin group were excluded from the study because of their
reluctance to continue the research. Furthermore, 2 pa-
tients in the ASA group and 5 patients in the enoxaparin
group were excluded from the study due to discontinua-
tion of the medication. Finally, data of 25 patients in the
control group, 24 patients in the ASA group, and 19 pa-
tients in the enoxaparin group were analyzed (Figure 1).

The sex and age were not significantly different between
the control and ASA groups (P=0.666 and P=0.981, re-
spectively). However, in both control and ASA groups,
the number of men was significantly greater than that in
the enoxaparin group (P=0.002 and P=0.001, respective-
ly). Also, the age of the enoxaparin group was signifi-
cantly higher than the control and ASA group (P<0.001
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Table 1. Initial patient data based on their groups
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Patients Data Control Group ASA Group Enoxaparin Group P
Female No. (%) 13 (52) 11 (45.8) 18(94.7)
Gender 0.002
Male No. (%) 12 (48) 13 (54.2) 1(5.3)
Age, MeanzSD (y) 34.24+11.15 34.16+10.31 48.3617.74 <0.001
Weight, MeanSD (kg) 73.1248.76 71.8319.08 69.89+4.62 0.417
Height, Mean1SD (cm) 172.88+6.80 173.04+6.12 166.84+3.51 0.001
BMI, MeantSD (kg/m?) 24.23+2.13 23.73+2.06 25.33+2.07 0.048
History of heart disease No. (%) 0 1(4.2) 0 0.394
Smoking No. (%) 2(8) 0 1(5.3%) 0.386
Injury to visit time (h) MeanSD 4.00+1.22 4.25+2.28 4.73+1.79 0.411
Orthopedic Science
Table 2. Comparison of the outcomes of patients
Outcome Control ASA Enoxaparin P
0.33+0.47
D-Dimer, Mean#SD (ug/dL) 0.3240.14 0.3240.25 0.997
S.E:0.13
Positive No. (%) 2 (8) 2(8.3) 2 (10.5)
D-Dimer 0.953
Negative, No. (%) 23(92) 22(91.7) 17 (89.5)
Positive, No. (%) 0 0 0
Ultrasonography 1
Negative, No. (%) 25 (100) 24 (100) 19 (100)
Orthopedic Science

VTE: Venous Thromboembolism; DVT: Deep Venous Thrombosis; ASA: Acetylsalicylic Acid; CCUS: Complete Compression
Ultrasonography; VTE: Venous Thromboembolism; LMWH: Low Molecular Weight Heparin; HIT: Heparin-Induced Throm-
bocytopenia; NSAID: Nonsteroidal Anti-inflammatory Drug; PE: Pulmonary Embolism; IRCTID: Iranian Registry of Clinical
Trials; RR: Relative Risk/Risk Ratio; CI: Confidence Intervals; BMI: Body Mass Index.

and P <0.001, respectively). The history of heart disease
(P>0.05), smoking (P>0.05), OCP (P>0.05), and the
time between injury and referral to the hospital (P>0.05)
were not significantly different between the three groups.
The Body Mass Index (BMI) of the control and ASA
patients and the control and enoxaparin groups were not
statistically significant (P=0.401 and P=0.096, respec-
tively). But the BMI of the patients in the enoxaparin
group was significantly higher than that in the ASA
group (P=0.016) (Table 1).

No symptomatic patient was observed during the study.
There was no statistically significant difference between
the 3 groups regarding the mean D-dimer level of pa-
tients at the end of the study (P>0.05). Relative risk was
similar (Aspirin RR=1.04, 95%CI: 0.15-6.18 vs enoxa-

parin RR=1.31, 95%CI: 0.203-8.51). The results of
CCUS and color Doppler ultrasonography of all patients
were normal (Aspirin RR=1.04, 95%CI: 0.21-50.43 vs
enoxaparin RR=1.33, 95%CI: 0.027-64.05) (Table 2).

4. Discussion

Various risk factors for VTE are listed, including envi-
ronmental and genetic factors [34, 35]. One of these risk
factors is cast immobilization, especially in the lower
extremity [12, 13]. However, there is no consensus on
prophylactic treatment and the type of prophylaxis [4].
So, we investigated the effect of aspirin and enoxaparin
on the prevention of VTE in patients with an ankle sprain
and below-knee cast immobilization.
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In this study, only 6 patients (2 patients in each group)
had abnormal D-dimer status. There was no difference
between the groups in the positivity of the D-dimer test.
However, ultrasonography was normal, and VTE was not
observed in this study. In patients who were treated with
below-knee cast immobilization, various numbers have
been reported to show the incidence of VTE. Rasi et al.
investigated the incidence of Deep Venous Thrombosis
(DVT) in subclinical immobility and the need for drug
prophylaxis in patients with an ankle sprain or stable an-
kle fracture. In this study, 95 patients had 22.1% positive
D-dimer levels (higher than 0.2 pg/mL), and DVT was
confirmed only in 3.1% of patients based on Doppler ul-
trasonography [36]. Shibuya et al. reported the incidence
of DVT and pulmonary embolism in patients with foot
and ankle trauma of 0.28% and 0.21%, respectively [37].
These results showed the incidence of VTE was low in
ankle injury, especially in an ankle sprain.

There is no consensus on the treatment of anticoagu-
lant prophylaxis in patients with ankle sprain who treat-
ed with below-knee cast immobilization. Van Straien et
al. believed that the incidence of DVT in patients with
lower extremity injury was significantly higher than that
in the control group, and given that the prevalence of
lower extremity injury is high, it can be an essential fac-
tor in the occurrence of venous thrombosis and probably
needs prophylactic treatment [38]. Similarly, Samama et
al. compared the effect of fondaparinux with LMWH in
preventing thromboembolism in patients with a below-
knee injury who were treated non-surgically.

The incidence of VTE in fondaparinux (nadroparin) pa-
tients was 2.6 (8.2%). They suggested that fondaparinux
at a dosage of 2.5 mg/d could be more suitable than nad-
roparin for VTE prevention after below-knee injury with
long-time immobilization [11]. Also, in 2018, Hickey et
al. reviewed the effect of LMWH on the prevention of
DVT in the ankle and below-knee injury and stated that
LMWH would protect against DVT [22]. However, Patil
et al. [7], Shibuya et al. [37], and Rasi et al. [36], similar
to the present study, believed that DVT in below-knee
cast immobilization was not a common complication
and drug prophylaxis in these patients is unnecessary
and has a huge economic burden on the health system.

According to the results of these studies, the incidence
of VTE in ankle injuries, especially ankle sprain, is far
less than other lower extremity injuries. However con-
founding effect of sex and BMI must be considered as
the groups were not matched in the present study. Post
hoc power analysis showed limited power because the
incidence of venous thromboembolism was lower than
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expected, although this incidence is in line with other
similar studies [12, 21-25]. It is considered a limitation
of the present study. Another limitation was the short
time of follow-up due to lack of compliance, so further
studies with a bigger sample size and longer follow-up
period are recommended.

5. Conclusion

Regarding the absence of VTE incidence during our
30 days follow-up period in this study, it seems that the
use of prophylactic drugs such as aspirin or enoxapa-
rin does not appear to be necessary for patients with an
ankle sprain that requires long-term below-knee cast im-
mobilization. Further studies with larger sample size and
longer follow-up periods are recommended.
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