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The Incidence and Location of Deep Vein
Thrombosis in Lower Extremity Fracture
Patients Receiving Sequential
Chemical Prophylaxis
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Abstract
To investigate the incidence and location of deep vein thrombosis (DVT) in patients with lower extremity fractures receiving
pharmacological thromboprophylaxis with LMWH followed by rivaroxaban. All patients aged �18 years with lower extremity
fractures were included in the study. Duplex ultrasonography (DUS) was performed in the lower extremities before and after
surgery for DVT evaluation. According to the location, the DVT was divided into proximal, distal, and mixed thromboses.
According to fracture location, patients were classified as having fractures proximal, around, and distal to the knee. All patients
received sequential chemical prophylaxis. A total of 404 patients with a mean age of 44.2 + 13.8 years were included. The
incidence of DVT postoperatively was higher than that preoperatively and at 1 month postoperatively. Patients with fractures
proximal and around the knee had higher DVT incidences detected on DUS postoperatively and at 1 month postoperatively. Most
DVTs were located in the distal vein. DVT incidence and severity were the highest immediately after surgery. DVT incidence in
fractures around and proximal to the knee increased after surgery and at 1 month postoperatively. Although with chemical
thromboprophylaxis, distal DVT was the most variable during the early stage.
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Introduction

Deep vein thrombosis (DVT) of the lower extremity is a com-

mon complication in traumatic patients. The prevalence of

post-traumatic DVT is reported as approximately

9.1%–11.1%.1,2 Meanwhile, the prevalence of DVT increases

after surgery. DVT should be prevented and treated in a timely

manner; otherwise, it can lead to chronic pain, secondary var-

icose veins, or ulcers, which seriously affect the patients’ qual-

ity of life. Even fatal pulmonary embolism (PE) can occur in

some cases.3 In recent years, orthopedists have paid increasing

attention to the prophylaxis and treatment of DVT.

At present, chemical thromboprophylaxis is considered

among the most effective methods to avoid lower extremity

DVT.4 Traditionally, low-molecular-weight heparin (LMWH)

is a popular choice.5 However, the dose of LMWH for the pre-

vention of DVT and the treatment duration are controversial.6,7

In addition, LMWH can lead to local pain and even subcuta-

neous induration, while some patients develop heparin-induced

thrombocytopenia leading to bleeding and other adverse events.
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Selective factor Xa inhibitors (rivaroxaban8 and apixaban9),

which are new oral anticoagulants, are making postoperative

anticoagulant therapy more convenient. Rivaroxaban provides

a short-term and sustained treatment strategy for venous throm-

bosis.10 Rivaroxaban decreases the risk of bleeding compared to

LMWH without statistical significance.8

For patients at a high risk of thrombosis, perioperative

prevention is needed in addition to continued anticoagulant

therapy after discharge to prevent fatal PE, which is caused

by DVT. However, there was no study on sequential chemical

prophylaxis to prevent the DVT after patients discharged from

the hospital. Therefore, this study aimed to investigate the

incidence and severity of DVT in patients with lower extremity

fractures who were receiving LMWH and rivaroxaban after

surgery.

Materials and Methods

This study was approved by the institutional review board. The

informed consent was obtained from the patients prior to study

participation. This retrospective, single-center study was con-

ducted at our level 1 trauma center from June 1, 2016 to March

31, 2017. The inclusion criteria were as follows: (1) patients

with lower extremity fractures and (2) age �18 years. The

exclusion criteria were (1) pathological fractures, (2) anticoa-

gulant use before injury, and (3) fractures associated with an

open injury that required an emergency surgical intervention.

After admission, all patients were placed on mechanical

thromboprophylaxis using an intermittent pneumatic compres-

sion device. Chemical prophylaxis was administered with

LMWH while in the hospital (4100 U once a day, GlaxoS-

mithKline Co, UK). After discharge, patients were prescribed

rivaroxaban (10 mg/day) for 2 weeks postoperatively for frac-

tures around and distal to the knee. Patients were prescribed

rivaroxaban (10 mg/day) for 5 weeks postoperatively for frac-

tures proximal to the knee. DVT screening of the lower extre-

mities was performed with DUS before and after the operation.

Patients diagnosed with DVT were administered LMWH at a

therapeutic dose (4100 U, twice a day), and mechanical throm-

boprophylaxis was discontinued immediately. Patients diag-

nosed with proximal DVT (popliteal vein or more proximal)

underwent preoperative placement of a retrievable inferior

vena cava filter. CT arteriography was conducted in patients

with suspected PE. Blood samples were collected on admission

(2 h after admission), at 1 day preoperatively, and at 1, 3, and

5 days postoperatively. The blood samples were tested using an

automatic blood coagulation analyzer (CA1500, Sysmex Cor-

poration, Japan). We also evaluated the patients’ D-dimer level

and performed routine blood tests. The positive threshold of the

D-dimer level was >1.4 mg/L.11

Screening for DVT with DUS is routinely performed at our

institution for all trauma patients. One senior sonographer per-

formed DUS of the bilateral lower extremities before and after

surgery with Philips IU 22 duplex scanners (Royal Phillips Elec-

tronics, Amsterdam, The Netherlands). The criteria of positivity

for VTE included non-compressibility, presence of intraluminal

defect, absent or non-phasic Doppler signal, lack of respiratory

variation above the knee segments, and inadequate flow aug-

mentation to the calf and foot compression maneuvers.11,12

According to the location, the DVT cases were divided into

proximal, distal, and mixed thromboses. The DVT located in

the distal vein was classified as a distal thrombosis (calf muscle

vein, fibular vein, and anterior/posterior tibial vein), whereas

the DVT located in the proximal vein was referred to as a

proximal thrombosis (iliac vein, femoral vein, and popliteal

vein). The presence of both proximal and distal thromboses

was considered as a mixed thrombosis.

According to the DUS results, the patients were divided into

2 groups: DVT group and no DVT group. For the no DVT

group, LMWH (GlaxoSmithKline, 4100 IU, once per day) was

continuously injected subcutaneously to prevent DVT. For the

DVT group, LMWH (GlaxoSmithKline, 4100 IU, twice per

day) was subcutaneously injected to treat DVT. When DUS

detected a proximal or a mixed thrombosis preoperatively, an

inferior vena cava filter was used to prevent fatal PE. Antic-

oagulant therapy was discontinued at 12 h preoperatively and

restarted at 24 h postoperatively.

Statistical Analysis

Statistical analysis was performed using IBM SPSS 19.0 (SPSS

Inc., USA). The Shapiro-Wilk test was used to determine

whether the measurement data were normally distributed. The

Chi-square and Fisher’s exact tests were performed to compare

the categorical variables between the DVT and no DVT groups.

Moreover, Student’s t-test was performed for continuous vari-

ables. Repeated measures analysis of variance (ANOVA) or

data conversion was used for repeated measures data. Differ-

ences were statistically significant at a P-value < 0.05.

Results

Patients’ Demographic and Clinical Characteristics

During the study period, 843 patients with lower extremity

fractures were admitted to our department via the emergency

department. A total of 404 patients who met the inclusion and

exclusion criteria were enrolled. Patients’ demographic and

clinical characteristics are shown in Table 1. There were

208 women and 196 men with a mean age of 58.57 +
19.06 years (18–88 years). In total, 193 patients had left lower

extremity fractures, 185 had right lower extremity fractures, 5

patients had bilateral lower extremity fractures, and 21 patients

had pelvic and acetabular fractures. There were 263 fractures

proximal to the knee, 69 fractures around the knee, and 72

fractures distal to the knee. Fifty cases were diagnosed as asso-

ciated multiple injuries. The numbers of patients with specific

comorbidities were as follows: 68 with hypertension, 76 with

coronary heart disease, 12 with diabetes, and 14 with delayed

cerebral infarction. Eight patients had �2 comorbidities.
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Incidence and Location of DVT

The incidence of DVT in fractures proximal and around the

knee immediately postoperatively was 58.93% (155/263) and

59.42% (41/69), respectively, whereas the incidence at 1 month

postoperatively was 44.48% (117/263) and 39.13% (27/69),

respectively. For fractures distal to the knee, the incidences

immediately postoperatively and at 1 month postoperatively

Table 1. Patients’ Demographic and Clinical Characteristics.

No. of patients 404

Age(years) 58.57 + 19.06
Sex(n)

Female 208
Male 196

Unilateral / bilateral(n)
Left lower extremity fractures 193
Right lower extremity

fractures
185

Bilateral lower extremity
fractures

5

Pelvic and acetabular fractures 21
Types of fracture
fractures proximal to the

knee (n)
Intertrochanteric fracture 114
Femoral neck fracture 113
Femoral head fracture 2
Pelvic fracture 10
Acetabular fractures 11
Femoral shaft fracture 13

Fractures around the knee(n)
Distal femoral fracture 7
Patellar fracture 18
Tibial plateau fracture 41
Anterior/posterior cruciate

ligament avulsion fractures
3

fractures distal to the knee (n)
Tibial and fibular shaft fracture 29
Ankle fracture 17
Calcaneus fracture 11
Pilon fracture 15

Comorbidity(n)
Hypertension 68
Diabetes 12
Coronary heart disease 76
Arrhythmia 23
Stroke 14
Previous VTE 3
Tumor 7
Mean Charlson comorbidity

index
2.62 + 0.11

Multiple injuries 50
BMI 22.81 + 4.24
Days between injury and

admission (days)
1.48 + 3.61

Days between injury and
operation (days)

6.29 + 4.44

operation time (mins) 123.35 + 70.62
Days to mobilization(days) 7.61 + 1.83
Length of hospital(days) 9.94 + 3.72

Serum markers
HGB at admission (g/L) 122.21 + 18.61
HCT at admission (%) 36.57 + 5.40
HGB at preoperative

1 day (g/L)
117.57 + 18.11

HCT at preoperative 1 day (%) 35.04 + 5.70
HGB at postoperative

1 day (g/L)
111.75 + 57.89

(continued)

Table 1. (continued)

No. of patients 404

HCT at postoperative
1 day (%)

32.96 + 14.42

HGB at postoperative
3 day (g/L)

104.44 + 15.90

HCT at postoperative
3 day (%)

31.16 + 4.66

HGB at postoperative
5 day (g/L)

104.10 + 16.50

HCT at postoperative
5 day (%)

30.94 + 4.73

D-Dimer at admission (mg/L) 11.81 + 13.84
D-Dimer at preoperative

1 day (mg/L)
4.86 + 4.97

D-Dimer at postoperative
1 day (mg/L)

7.56 + 9.02

D-Dimer at postoperative
3 day (mg/L)

5.69 + 4.93

D-Dimer at postoperative
5 day (mg/L)

7.31 + 5.91

CRP on admission (mg/L) 21.23 + 31.47
CRP on discharged (mg/L) 28.45 + 38.03
Creatinine Clearance

(Cockcroft-Gault formula)
Male 119.31 + 45.21 (ml/min 1.73m2)
Female 91.74 + 38.72 (ml/min 1.73m2)

Figure 1. DVT cases preoperatively, postoperatively, and at 1 month
post-operatively. Compared to that preoperatively, the incidence of
DVT increased immediately postoperatively. Compared to that
postoperatively, the incidence of DVT decreased at 1 month post-
operatively. DVT ¼ deep vein thrombosis.
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were 33.33% (24/72) and 23.61% (17/72), respectively. The

results showed that the incidence of DVT postoperatively was

higher than that preoperatively (t¼ 7.905, P¼ 0.000). Further-

more, the incidence of DVT at 1 month after surgery was lower

than that immediately after surgery (t ¼ �5.686, P ¼ 0.000).

There was no significant difference between the incidence of

DVT at 1 month postoperatively and that preoperatively

(t ¼ 1.787, P ¼ 0.075) (Figure 1). From the preoperative to

postoperative period, new DVT developed in 99 (24.50%) and

DVT disappeared in 19 patients. From the immediate post-

operative to the 1-month postoperative period, new DVT

occurred in 30 (7.43%) patients, and DVT disappeared in 90

patients (22.28%).

We divided DVT cases into distal, proximal, or mixed

thrombosis to describe the severity of DVT. Distal DVT

occurred in 31.18% (126/404), 48.51% (196/404), and

36.13% (146/404) of patients preoperatively, immediately

postoperatively, and at 1 month postoperatively, respectively.

Distal DVT accounted for 88.11% (126/143), 87.89%

(196/223), and 90.12% (146/163) of the overall DVT cases

preoperatively, immediately postoperatively, and at 1 month

postoperatively, respectively.

The results indicated that DVT occurring immediately post-

operatively was more serious than DVT occurring preopera-

tively (t ¼ 6.404, P ¼ 0.000), whereas DVT occurring at

1 month postoperatively was less severe than that occurring

immediately postoperatively (t ¼ �5.150, P ¼ 0.000). The

severity of DVT was not significantly different between the

1-month postoperative and preoperative periods (t ¼ 1.159,

P ¼ 0.247) (Figure 2). These results were similar to the above-

mentioned outcomes.

We analyzed DVT in patients with proximal knee fractures,

fractures around the knee, and distal knee fractures. Preopera-

tive DUS showed that the occurrence of DVT in the different

fracture sites had no significant difference (w2 ¼ 5.95,

P ¼ 0.051). DUS performed immediately postoperatively and

at 1 month postoperatively showed that the occurrence of DVT

at different fracture sites had significant differences

(w2 ¼ 16.95, P ¼ 0.0002; w2 ¼ 9.88, P ¼ 0.007; respectively)

(Table 2). We used an a-value of 0.0167 (0.05/3) to explore the

difference among the different fractures. We found that frac-

tures proximal to the knee and fractures around the knee had

greater incidences of DVT on postoperative DUS (compared to

the fractures distal to the knee, w2 ¼ 16.29, P ¼ 0.00005;

w2 ¼ 9.65, P ¼ 0.002; respectively) and on 1-month postopera-

tive DUS (compared to knee distal fractures, w2 ¼ 9.82,

P ¼ 0.002; w2 ¼ 5.19, P ¼ 0.023; respectively).

Serum D-Dimer Levels

Repeated measures ANOVA was used to detect the differences

among the 3 time points. The results showed that there were

statistically significant differences in the D-dimer levels pre-

operatively, postoperatively, and at 1 month postoperatively

(F ¼ 463.536, P ¼ 0.000) (Figure 3).

The serum D-dimer levels were compared among the dif-

ferent fractures, and we found that D-dimer levels were higher

in the DVT group than in the No DVT group, except for the

patients with fractures proximal to the knee immediately post-

operatively and at 1 month postoperatively (Table 3).

Table 2. DVT in Different Fractures and Stages.

Fractures proximal
to the knee

Fractures around
the knee

Fractures distal
to the knee Total w2 P

Preoperative DUS
DVT 96 29 17 143 5.95 0.051
No DVT 166 40 55 261
Postoperative DUS
DVT 158 41 24 223 16.95 0.0002
No DVT 105 28 48 181
1 month

postoperative DUS
DVT 117 29 17 163 9.88 0.007
No DVT 146 40 55 241

Figure 2. Location of DVT preoperatively, postoperatively, and at
1 month post-operatively. Compared to that preoperatively, the
severity of DVT increased immediately postoperatively. Compared to
that immediately postoperatively, the severity of DVT decreased at
1 month postoperatively. DVT ¼ deep vein thrombosis.
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Discussion

We retrospectively investigated the effects of LMWH followed

by rivaroxaban in the prevention of DVT in patients with lower

extremity fractures. Our main findings were as follows: (a) the

incidence and severity of DVT postoperatively are the highest

in the early postoperative period; (b) the incidence of DVT

fractures around and proximal to the knee is markedly

increased immediately postoperatively and at 1 month post-

operatively; (c), most of the DVTs occurring immediately post-

operatively were located in the distal vein; (d) similar to DVT,

the serum D-dimer level was at its peak immediately

post-operatively; (e) serum D-dimer level in the DVT group

was higher than that in the no DVT group in most fractures.

Many factors contribute to the formation of DVT after

trauma,13,14,15 including age, tourniquet use, hypertension, dia-

betes, cerebral infarction, myocardial infarction, and so on.

Patients with these factors are at risks for DVT, especially in

those with fractures and those who had undergone sur-

geries.16,17 In this study, we found that the incidence and sever-

ity of DVT were the highest immediately following surgery.

Compared to that preoperatively, the incidence of DVT

increased postoperatively. The severity also increased in 89

patients with new distal DVT and 7 patients with new mixed

DVT, including 3 new proximal DVT. In 10 patients, the loca-

tion of the DVT changed from distal to mixed veins, and in one

patient, it changed from distal to proximal vein. Immobility due

to severe pain after a fracture and operation may cause venous

stasis in the lower extremities, thereby increasing the risk of

DVT in these patients.18

The incidence at 1 month postoperatively showed a decreas-

ing tendency compared to that immediately operatively. It

should be noted that the increased risk of DVT is maintained

with the 1-month postoperative period. Selby et al. measured

several markers of in vivo coagulation and fibrinolysis and

their regulation serially for 2 weeks after multi-system trauma

in a prospective cohort of patients who received no anticoagu-

lant prophylaxis. Asymptomatic DVT was assessed by routine

bilateral venography. They noted a significant hypercoagul-

ability within the first 24 h following trauma, a state that was

maintained for 5–14 days.19 Meissner et al. conducted a pro-

spective study with 101 patients enrolled. They suggested that

this hypercoagulation state persists for at least 1 month post-

operatively in 80% of the patients.20 This may explain why

40.44% of our patients had DVT at 1 month postoperatively

despite the use of rivaroxaban for prophylaxis or therapy. We

found that the incidence of preoperative thrombosis was similar

among fractures proximal to the knee, fractures around the

knee, and fractures distal to the knee. This is the first DVT

study to analyze patients according to the fracture site. We

found that fractures proximal to the knee and around the knee

had high incidences of DVT. The rates of DVT were low for

fractures distal to the knee. Basques et al. conducted a retro-

spective national-cohort study with 4412 patients and reported

that the incidence of DVT in ankle factures was 0.8%,21 and

Pelet et al. conducted a retrospective study with 1540 patients

were enrolled,they reported that the incidence was 2.66%.22

Shin et al. retrospectively investigated 208 patients and

reported that the prevalence of hip preoperative DVT was

11.1%.1 These findings suggest that patients with fractures

proximal and around the knee are more likely to develop DVT

than those with fractures in the other regions of the lower

extremity.

Most of the DVTs were located in the distal vein including

the calf muscle veins, fibular vein, and anterior/posterior tibial

vein. Palareti et al. reported that the proportion of distal DVTs

varied from 23.4% to 59.7%.23 The calf muscle veins are

among the most frequent areas for DVT.24 This is why distal

Figure 3. Differences in Serum D-dimer Level among pre-operation,
post-operation, and 1-month post-operation.

Table 3. Serum D-Dimer in Different Fractures.

DVT No DVT t P

Preoperation
Fractures proximal to

the knee
6.33 + 5.68 4.96 + 5.70 1.33 0.185

Fractures around the
knee

5.16 + 3.61 2.84 + 1.84 2.49 0.018

Fractures distal to the
knee

5.70 + 3.01 2.75 + 1.99 2.96 0.006

Postoperation
Fractures proximal to

the knee
11.26 + 12.32 5.18 + 4.11 5.55 0.000

Fractures around the
knee

6.63 + 5.05 3.66 + 3.88 2.42 0.018

Fractures distal to the
knee

7.17 + 5.73 3.39 + 3.26 3.51 0.001

1 month
postoperation

Fractures proximal to
the knee

3.00 + 4.60 1.57 + 2.08 3.07 0.003

Fractures around the
knee

1.26 + 0.92 0.90 + 0.56 1.93 0.570

Fractures distal to the
knee

1.31 + 1.08 0.67 + 0.47 2.19 0.046

Wang et al 5



DVT is variable and changeable. Galanaud et al. reported that

the mortality rate is significantly lower in patients with isolated

distal DVT than in those with proximal DVT.25 Thus, distal

DVT is relatively safe compared to proximal DVT. Distal DVT

must be prevented from transitioning to proximal DVT or

mixed DVT. In clinical practice, the LMWH and rivaroxaban

were the most effective chemical prophylactic agents. Com-

pared with the LMWH, rivaroxaban, a new oral anticoagulant,

was more convenient to use than LMWH. Performing blood

tests to check for the patients’ coagulation status in not required

for rivaroxaban. However, rivaroxaban is much costly com-

pared to LMWH, which limited its use.

The D-dimer assay is a useful and sensitive test for detecting

post-traumatic DVT.26-28 The serum D-dimer level was at the

highest immediately postoperatively, reflecting DVT inci-

dence. D-dimer levels were higher in the DVT group than in

the no DVT group in most fracture types. However, the

D-dimer level could not predict DVT. Novel mediators and

biomarkers of thrombosis are needed in the future.29

There are some limitations to this study. First, the DUS is not

the “gold standard” method for the diagnosis of DVT. However,

it is very convenient and non-invasive compared to radiography,

and orthopedists have accepted DUS for the diagnosis of DVT.

Second, we did not analyze symptomatic DVT, because in a

recent study, asymptomatic DVT accounted for the vast major-

ity of overall DVT cases.23 In this study, we only focused on the

incidence and severity of DVT; thus, we only analyzed the over-

all DVT cases, not the symptomatic DVTs in particular.

Conclusions

The incidence and severity of DVT were the highest immedi-

ately postoperatively in patients with lower extremity fractures.

The incidence of DVT in fractures around and proximal to the

knee increased immediately postoperatively and at 1 month

postoperatively. Although with chemical thromboprophylaxis,

distal DVT was the most variable during the early stage.

Authors’ Note

Ping Liu and Kun Zhang contributed equally to this study. Ping Liu

and Kun Zhang conceived and designed the study. Yan Zhuang,

Zhong Li, Yangjun Zhu, Hanzhong Xue followed the patients col-

lected the data. Ping Liu analyzed the data, Peng-Fei Wang and

Bin-Fei Zhang wrote the manuscript. All authors have read and

approved the final manuscript.

Acknowledgments

We thank all of our colleagues from the Department of Orthopedic and

Traumatology, HongHui Hospital, Xi’an Jiaotong University Health

Science Center.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This study

was supported by the Social Development Foundation of Shaanxi

Province (grant numbers 2017ZDXM-SF-009).

ORCID iD

Kun Zhang https://orcid.org/0000-0001-8075-5873

References

1. Shin WC, Woo SH, Lee SJ, Lee JS, Kim C, Suh KT. Preoperative

prevalence of and risk factors for venous thromboembolism in

patients with a hip fracture: an indirect multidetector CT veno-

graphy study. J Bone Joint Surg Am. 2016;98(24):2089-2095.

doi:10.2106/JBJS.15.01329 PubMed PMID: 28002372.

2. Karcutskie CA, Meizoso JP, Ray JJ, et al. Association of mechan-

ism of injury with risk for venous thromboembolism after trauma.

JAMA Surg. 2017;152(1):35-40. doi:10.1001/jamasurg.2016.

3116 PubMed PMID: 27682749.

3. Brill JB, Badiee J, Zander AL, et al. The rate of deep vein throm-

bosis doubles in trauma patients with hypercoagulable thromboe-

lastography. J Trauma Acute Care Surg. 2017;83(3):413-419.

doi:10.1097/TA.0000000000001618 PubMed PMID: 28598908.

4. Di Nisio M, van Es N, Buller HR. Deep vein thrombosis and

pulmonary embolism. Lancet. 2016;388(10063):3060-3073.

doi:10.1016/S0140-6736(16)30514-1 PubMed PMID: 27375038.

5. Testroote M, Stigter WA, Janssen L, Janzing HM. Low molecular

weight heparin for prevention of venous thromboembolism in

patients with lower-leg immobilization. Cochrane Database Syst

Rev. 2014;(4):CD006681. doi:10.1002/14651858.CD006681.

pub3 PubMed PMID: 24771319.

6. Bates SM, Jaeschke R, Stevens SM, et al. Diagnosis of DVT:

antithrombotic therapy and prevention of thrombosis, 9th ed:

American College of Chest Physicians Evidence-Based Clinical

Practice Guidelines. Chest. 2012;141(2 Suppl):e351S-e418S.

doi:10.1378/chest.11-2299 PubMed PMID: 22315267; PubMed

Central PMCID: PMCPMC3278048.

7. Bang SM, Jang MJ, Kim KH, et al. Prevention of venous throm-

boembolism, 2nd edition: Korean Society of Thrombosis and

Hemostasis Evidence-Based Clinical Practice Guidelines.

J Korean Med Sci. 2014;29(2):164-171. doi:10.3346/jkms.2014.

29.2.164 PubMed PMID: 24550640; PubMed Central PMCID:

PMCPMC3923992.

8. Long A, Zhang L, Zhang Y, et al. Efficacy and safety of rivaroxaban

versus low-molecular-weight heparin therapy in patients with lower

limb fractures. J Thromb Thrombolysis. 2014;38(3):299-305.

doi:10.1007/s11239-013-1046-1 PubMed PMID: 24402194.

9. Riva N, Donadini MP, Bozzato S, Ageno W. Novel oral antic-

oagulants for the prevention of venous thromboembolism in

surgical patients. Thromb Res. 2013;131(Suppl 1):S67-S70.

doi:10.1016/S0049-3848(13)70026-4 PubMed PMID: 23452747.

10. Yamada N, Hirayama A, Maeda H, et al. Oral rivaroxaban for

Japanese patients with symptomatic venous thromboembolism—

the J-EINSTEIN DVT and PE program. Thromb J. 2015;13:2.

doi:10.1186/s12959-015-0035-3 PubMed PMID: 25717286;

PubMed Central PMCID: PMCPMC4339301.

6 Clinical and Applied Thrombosis/Hemostasis

https://orcid.org/0000-0001-8075-5873
https://orcid.org/0000-0001-8075-5873
https://orcid.org/0000-0001-8075-5873


11. Wang P, Kandemir U, Zhang B, et al. Incidence and risk factors of

deep vein thrombosis in patients with pelvic and acetabular frac-

tures. Clin Appl Thromb Hemost. 2019;25:1076029619845066.

doi:10.1177/1076029619845066 PubMed PMID: 31014089;

PubMed Central PMCID: PMCPMC6714909.

12. He W. Ultrasonic examination of deep venous thrombosis of

lower extrimities. Natl Med J China. 2003;83(7):2.

13. Wada M, Iizuka M, Iwadate Y, Yamakami I, Yoshinaga K, Saeki

N. Effectiveness of deep vein thrombosis screening on admission

to a rehabilitation hospital: a prospective study in 1043 consecu-

tive patients. Thromb Res. 2013;131(6):487-492. doi:10.1016/j.

thromres.2013.04.022 PubMed PMID: 23664632.

14. Chen F, Xiong JX, Zhou WM. Differences in limb, age and sex of

Chinese deep vein thrombosis patients. Phlebology. 2015;30(4):

242-248. doi:10.1177/0268355514524192 PubMed PMID:

24531804.

15. Park MS, Perkins SE, Spears GM, et al. Risk factors for venous

thromboembolism after acute trauma: a population-based case-

cohort study. Thromb Res. 2016;144:40-45. doi:10.1016/j.

thromres.2016.03.026 PubMed PMID: 27284980; PubMed

Central PMCID: PMCPMC5124558.

16. Song K, Yao Y, Rong Z, Shen Y, Zheng M, Jiang Q. The

preoperative incidence of deep vein thrombosis (DVT) and its

correlation with postoperative DVT in patients undergoing elec-

tive surgery for femoral neck fractures. Arch Orthop Trauma

Surg. 2016;136(10):1459-1464. doi:10.1007/s00402-016-2535-4

PubMed PMID: 27535672.

17. Park SJ, Kim CK, Park YS, Moon YW, Lim SJ, Kim SM. Inci-

dence and factors predicting venous thromboembolism after

surgical treatment of fractures below the hip. J Orthop Trauma.

2015;29(10):e349-e354. doi:10.1097/BOT.0000000000000336

PubMed PMID: 25816326.

18. Nam JH, Kim DH, Yoo JH, Hwang JH, Chang JD. Does preo-

perative mechanical prophylaxis have additional effectiveness in

preventing postoperative venous thromboembolism in elderly

patients with hip fracture?—Retrospective case-control study.

PLoS One. 2017;12(11):e0187337. doi:10.1371/journal.pone.

0187337 PubMed PMID: 29121664; PubMed Central PMCID:

PMCPMC5679592.

19. Selby R, Geerts W, Ofosu FA, et al. Hypercoagulability after

trauma: hemostatic changes and relationship to venous throm-

boembolism. Thromb Res. 2009;124(3):281-287. doi:10.1016/j.

thromres.2008.10.002 PubMed PMID: 19041119.

20. Meissner MH, Chandler WL, Elliott JS. Venous thromboembo-

lism in trauma: a local manifestation of systemic hypercoagul-

ability? J Trauma. 2003;54(2):224-231. doi:10.1097/01.TA.

0000046253.33495.70 PubMed PMID: 12579044.

21. Basques BA, Miller CP, Golinvaux NS, Bohl DD, Grauer JN.

Risk factors for thromboembolic events after surgery for ankle

fractures. Am J Orthop (Belle Mead NJ). 2015;44(7):E220-E224.

PubMed PMID: 26161767.

22. Pelet S, Roger ME, Belzile EL, Bouchard M. The incidence of

thromboembolic events in surgically treated ankle fracture.

J Bone Joint Surg Am. 2012;94(6):502-506. doi:10.2106/JBJS.J.

01190 PubMed PMID: 22437998.

23. Palareti G, Schellong S. Isolated distal deep vein thrombosis:

what we know and what we are doing. J Thromb Haemost.

2012;10(1):11-19. doi:10.1111/j.1538-7836.2011.04564.x

PubMed PMID: 22082302.

24. Henry JC, Satiani B. Calf muscle venous thrombosis: a review of

the clinical implications and therapy. Vasc Endovascular Surg.

2014;48(5-6):396-401. doi:10.1177/1538574414541704 PubMed

PMID: 25027613.

25. Galanaud JP, Sevestre-Pietri MA, Bosson JL, et al. Comparative

study on risk factors and early outcome of symptomatic distal

versus proximal deep vein thrombosis: results from the

OPTIMEV study. Thromb Haemost. 2009;102(3):493-500.

doi:10.1160/TH09-01-0053 PubMed PMID: 19718469.

26. Bakhshi H, Alavi-Moghaddam M, Wu KC, Imami M, Banasiri

M. D-dimer as an applicable test for detection of posttraumatic

deep vein thrombosis in lower limb fracture. Am J Orthop

(Belle Mead NJ). 2012;41(6):E78-E80. PubMed PMID: 228

37995.

27. Yang Y, Zan P, Gong J, Cai M. d-Dimer as a screening marker for

venous thromboembolism after surgery among patients younger

than 50 with lower limb fractures. Clin Appl Thromb Hemost.

2017;23(1):78-83. doi:10.1177/1076029615588784 PubMed

PMID: 26045546.

28. Niikura T, Sakai Y, Lee SY, et al. D-dimer levels to screen for

venous thromboembolism in patients with fractures caused by

high-energy injuries. J Orthop Sci. 2015;20(4):682-688. doi:10.

1007/s00776-015-0711-y PubMed PMID: 25797331.

29. Sexton T, Smyth SS. Novel mediators and biomarkers of throm-

bosis. J Thromb Thrombolysis. 2014;37(1):1-3. doi:10.1007/

s11239-013-1034-5 PubMed PMID: 24356857; PubMed Central

PMCID: PMCPMC4086911.

Wang et al 7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


