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AbstrACt 
Objective To explore the risk factors of perioperative deep 
vein thrombosis (DVT) in patients with traumatic fracture 
after orthopaedic surgery and their potential diagnostic 
values in clinical.
Design Retrospective cohort study.
setting Clinical Laboratory of Honghui Hospital, Xi’an 
JiaoTong University College of Medicine, Xi’an, Shaanxi, 
China.
Materials and methods A retrospective cohort study 
was conducted with surgically treated fracture patients 
in Honghui Hospital from 1 May 2016 to 31 February 
2017. χ2 test, independent sample t test and regression 
analysis were applied to examine the correlation between 
perioperative DVT and the factors of preoperative time, 
fracture sites, D-dimer value and chronic diseases 
(hypertension, diabetes and coronary disease).
results 462 patients were enrolled for analysis. The 
preoperative time of patients with DVT was significantly 
longer than that of non-DVT patients (7.14±5.51 vs 
5.45±3.75) (P<0.01). χ2 test showed the significant 
differences in the rate of DVT among patients with 
different fracture sites (P<0.01). By the receiver-
operating characteristic curve analysis, the cut-off value 
of preoperative D-dimer and postoperative D-dimer in 
diagnosing perioperative DVT was 4.01 µg/mL and 5.03 µg/
mL, respectively. Area under the curve was 0.593 (95% 
CI 0.533 to 0.652) and 0.728 (95% CI 0.672 to 0.780), 
respectively. The sensitivity and specificity of preoperative 
D-dimer for DVT diagnosis were 71.30% and 44.83%, and 
as for postoperative D-dimer were 63.90% and 70.51%.
Conclusions Fracture site was correlated to the incidence 
of DVT; prolonged preoperative time and increased 
D-dimer value were independent risk factors for DVT in 
patients with lower extremity traumatic fractures.

IntrODuCtIOn 
Deep vein thrombosis (DVT) is a serious 
complication of the major orthopaedic 
surgery, especially to lower extremities, 
which could potentially result in significant 
morbidity and possible mortality for the 
patients with traumatic fracture.1 2 The inci-
dence of perioperative DVT could reach 

50%–60%, and seriously it may cause pulmo-
nary embolism (PE) after trauma.1 3 The 
optimal mode of prophylaxis has yet to be 
determined. Rivaroxaban or low molecular 
heparin (LMH) represent pharmacological 
treatment modality for prophylaxis against 
DVT.4 However, rivaroxaban and LMH have 
not been shown to be particularly effective 
in preventing DVT in patients with trauma; 
the DVT incidence still remains high to 
20%–30%.5–8 

The incidence of DVT correlates with 
multifactorial risks and complex patho-
genesis,9 10 such as age, sex, fracture sites 
and waiting period before fracture fixa-
tion.11 For example, elderly female patients 
undergoing major orthopaedic surgery in 
postoperative period are more prone to 
DVT.12 13 In the postoperative period, the 
incidence of DVT is caused by pre-existing 
factors such as surgical orthopaedic proce-
dures, the condition of infection and the 
level of mobility.12 14–16 Major surgery and 
especially undergoing major orthopaedic 
surgery (such as total hip arthroplasty, total 
knee arthroplasty, hip fracture surgery) 
confer the greatest risk for DVT.17 18 

strengths and limitations of this study

 ► A retrospective cohort study was conducted in pa-
tients with lower extremity traumatic fracture to ex-
plore the potential risk factors for perioperative deep 
vein thrombosis (DVT).

 ► Our study indicated that preoperative time might 
be included in DVT risk assessment scale and ad-
vanced prophylaxis could be applied to patients with 
DVT during the preoperative time.

 ► Efficient prophylactic strategies for perioperative 
DVT are currently under evaluation.

 ► The main limitation of the study is the use of rela-
tively small group of traumatic fracture population.
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Additional factors increasing the incidence of DVT has 
also been identified, such as hypertension, obesity, 
myocardial infarction, congestive heart failure and 
immobility.15 19 20 Moreover, the prolonged operation 
(≥2 hours), prolonged immobility and larger build/
body mass index (BMI) are found to be significantly 
responsible for the development of DVT.21 Therefore, 
an in-depth analysis of risk factors in perioperative DVT 
patients may help to diagnose and prevent the disease 
from progressing any further. Although various risk 
factors have been existed in DVT risk assessment scales, 
some factors such as preoperative time and different 
site of trauma may not be included.

The study intended to evaluate the risk factors that were 
correlated to DVT in patients with traumatic fracture who 
underwent orthopaedic surgery in Honghui Hospital. 
More specifically, we would explore the factors such as 
preoperative time, fracture sites, chronic diseases and 
D-dimer levels to assess their potential diagnosis value for 
DVT in patients with lower extremity traumatic fracture 
by a retrospective cohort study.

MAterIAl AnD MethODs
Design, sample and criteria for participation
The retrospective cohort was conducted in the clinical 
laboratory of Honghui Hospital, the Medical School of 
Xi’an JiaoTong University in Xi’an between May 2016 and 
February 2017. The study sample consisted of 462 patients 
who met the inclusion criteria. The following inclusion 
and exclusion criteria were applied. Patients (aged ≥50 
years) who were hospitalised for orthopaedic surgery were 
the initial included subjects. All the patients who received 
the same prophylactic procedures during the postopera-
tive period (LMH via hypodermic injection), graduated 
physical prophylaxis and early ambulation 24-48 hours 
postoperatively, were admitted to the study. The following 
patients were excluded: patients whose medical records 
were lost or incomplete; patients who had suffered 
haemorrhagic stroke, aortic dissection, cerebrovascular 
disease or otherwise local vascular anomalies; patients 
with previous vascular surgery history; patients who were 
taking LMH or rivaroxaban anticoagulant agent for other 
diseases at admission; malignant neoplasms patients and 
patients with uncontrolled hypertension; patients with 
underlying coagulopathy and severe cardiopulmonary 
dysfunction; patients whose ultrasound images were not 
judged by a senior physician. The selection process is 
illustrated in figure 1.

Patient and public involvement
In our retrospective cohort study, only medical records 
and case information were analysed, no patients were 
directly involved in setting the research questions or the 
outcome measures, nor were they involved in the recruit-
ment to or implementation of the study.

DVt diagnosis
According to the guidelines for the prevention of venous 
thromboembolism in Chinese orthopaedic surgery, 
Colour Doppler ultrasound examination has gradually 
superseded venography as the primary diagnostic proce-
dure, which is a preferred method for the diagnosis of 
DVT with high sensitivity and accuracy. All the patients 
had received Colour Doppler ultrasound (GE’s Vivid 
07) detection to diagnose DVT perioperatively from May 
2016 to February 2017 in Honghui Hospital, the Medical 
School of Xi’an JiaoTong University (Youyi East Road No. 
555, Beilin District, Xi’an, Shaanxi province). The DVT 
was diagnosed by 2D-heart views and colour Doppler flow 
image and the diagnostic criteria for DVT includes: (1) 
low, weak or medial echoes; (2) in injured part, incom-
pressibility of the vein with probe pressure; (3) absence 
of flow signal in the venous thrombosed segments; (4) 
increased width and blood flow of the vessels of the 
affected limbs. All the subjects were divided into DVT 
group (337 patients) and non-DVT group (125 patients). 
In DVT group, all the patients suffered from acute deep 
vein thrombosis within 2 weeks after surgery. According to 
the guidelines for the prevention of venous thromboem-
bolism in Chinese orthopaedic surgery, prophylaxis with 
LMH was administered in these patients postoperatively. 
In fact, no serious postoperative venous thromboembolic 
complication or post-thrombotic syndrome (PTS) such 
as PE was observed in DVT cases. Other associated symp-
toms, such as swelling and pain of the leg, enlarged thigh 
or calf girth and a positive Homans’ sign or Neuhof’s sign 
were variably present in 10 patients.22

D-dimer test
Vein blood samples were collected in vacuum tubes 
containing sodium citrate anticoagulant, which were 
centrifuged to separate plasma for testing. All the vein 
blood samples were tested within 6 hours by the Colour 
Doppler ultrasound. Then, D-dimer value detection was 
completed within 2 hours by immune scatter turbidimetry 
with Sysmex 5100 and related reagents.

Figure 1 Process of selecting the study subjects.
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Data collection and statistical analysis
Demographic information (age and gender), type of 
surgery and other medical records and characteristics 
such as chronic diseases, perioperative time and D-dimer 
level of patients were collected. Categorical variables 
were presented as numbers or percentages and analysed 
by the χ2 tests for statistical comparisons between the two 
groups. Independent sample t tests were used to analyse 
the discontinuous variables and described as mean±SD 
Receiver-operating characteristic (ROC) curve analysis 
was conducted to evaluate the diagnostic value of D-dimer 
for DVT. Data were analysed using the Statistic Package 
for Social Science for Windows V.23.0 and Med-Calc 
15.2.2 online software.23 In this study, P<0.05 was consid-
ered as significant differences.

results
Patient information
Patient characteristics were provided in table 1. In total, 
462 patients with traumatic fracture fell into two groups: 
DVT group (337) and non-DVT group (125), aged 50–102 
years. The mean age was 70.49±11.38 years for DVT and 
71.66±12.53 years for non-DVT patients. Concerning 
the age and gender, independent sample t tests indi-
cated that no statistically significant correlations were 
observed between the two groups (P>0.05). In addition, 
preoperative time was longer in DVT group than that in 
non-DVT group (7.14±5.15 vs 5.45±3.75 days), and there 

was statistically significant difference between DVT group 
and non-DVT group (P<0.01).

The distribution of fracture sites of patients in DVT and 
non-DVT groups is shown in table 2. In this study, frac-
tures of the lower extremities were classified according to 
the site of trauma, either in the hip area, femoral shaft, 
knee joint, tibiofibula or plateau, patella and pelvis. In the 
462 patients, 351 were hip fracture, 37 were femoral shaft 
fracture, 50 were tibiofibula or tibial plateau fracture, 22 
were patella fracture and the rest were pelvis fracture. 
In addition, up to 71.2% of patients with DVT suffer a 
hip fracture, 11.9% patients were tibiofibula fracture and 
10.4% DVT cases have femoral shaft fracture, showing 
that hip fracture group presented with the highest rate 
of DVT (figure 2). The χ2 test analysis results indicated 
that there were significant differences in the rate of DVT 
among patients with different fracture sites (P<0.01).

Table 1 Risk factors associated with the development of 
deep vein thrombosis (DVT)

Variable
Patients with 
DVT

Non-DVT 
patients P value

Number of patients 
(%)

337 125 /

Male gender (%) 139 (41.1%) 46 (38.1%) 0.088

Age (mean 
years±SD)

70.49±11.38 71.66±12.53 0.362

Preoperative time 7.14±5.15 5.45±3.75 <0.01**

Preoperative 
D-dimer

9.86±11.05 9.35±12.53 0.684

Preoperative 
diagnosis time

2.75±1.83 2.62±1.41 0.564

Postoperative 
D-dimer

8.21±6.98 4.73±4.20 <0.01**

Postoperative 
diagnosis time

2.74±1.78 2.35±1.44 0.087

Chronic diseases included hypertension, diabetes and coronary 
disease.
DVT versus non-DVT; *P<0.05, **P<0.01; /: no corresponding data.
Preoperative time: the period from injury to the diagnosis of 
traumatic fractures.
Preoperative diagnostic time: the period from diagnosis to surgery.
Postoperative time: the period following a surgical operation to 
discharge.

Table 2 Correlation between fracture sites and deep vein 
thrombosis (DVT)

Fracture sites
DVT patients 
(n=337)

Non-DVT 
patients (n=125)

P value
<0.01**

Hip (n, %) 240 (71.2%) 111 (88.8%) /

Tibiofibula or 
plateau (n, %)

40 (11.9%) 10 (8.0%) /

Femoral shaft 
(n, %)

35 (10.4%) 2 (1.6%) /

Patella (n, %) 19 (5.6%) 3 (2.4%) /

Pelvis (n, %) 2 (0.6%) 1 (0.8%) /

**P<0.01; /: no corresponding data.
n, the number of patients.

Figure 2 The distribution of deep vein thrombosis (DVT) in 
different fracture sites.
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Multivariate analysis of risk factors
Multivariate logistic regression analysis was used to 
further illustrate the correlation of perioperative DVT 
with preoperative time, preoperative and postoperative 
plasma D-dimer. As shown in table 3, the ORs of preop-
erative time, preoperative and postoperative plasma 
D-dimer were 3.059, 1.992 and 4.265, respectively, indi-
cating that they were independent high-risk factors for 
DVT in patients with lower extremity fractures (P<0.01).

rOC curve analysis for D-dimer value
ROC curve analysis was introduced to determine the 
diagnostic value of D-dimer in patients with perioperative 
DVT (figure 3). The detailed results were listed in table 4, 
which showed that preoperative D-dimer value greater 
than 4.01 µg/mL was considered as significant predictor 
for perioperative DVT in patients with traumatic fracture 
(P<0.05). The area under the curve (AUC) of preopera-
tive D-dimer value was 0.593 (95% CI 0.533 to 0.652), with 
the sensitivity at 71.30% and the specificity at 44.83%. 
As for the postoperative D-dimer, the cut-off value was 
5.03 µg/mL, and the AUC was 0.728 (95% CI 0.672 to 
0.780). Besides, the sensitivity and specificity of postop-
erative D-dimer were 63.90% and 70.51%, respectively. 

Moreover, both perioperative and postoperative D-dimer 
levels were significantly different between DVT and 
non-DVT group (P<0.05), suggesting that D-dimer value 
was an important indicator of DVT in patients with trau-
matic fracture.

Perioperative DVt and chronic diseases
In patients with traumatic fracture, 216 of 337 patients 
with DVT suffered from chronic diseases, whereas there 
was 88 in the 125 non-DVT patients (table 5). Further-
more, to identify the effect of chronic diseases on DVT, all 
the patients were classified into three categories: patients 
with one chronic disease, two chronic diseases and three 
chronic diseases. χ2 tests analysis manifested that (shown 
in table 5) there was no significant association between 
chronic diseases and DVT (P>0.05). These results indi-
cated that the medical correlation between chronic 
diseases and perioperative DVT was not observed in this 
study.

DIsCussIOns
DVT, a subclinical disease, is a blood clot that forms 
within a deep vein in the body, typically in the lower 
extremities.2 24 25 The occurrence of DVT generally relates 
to Virchow’s triad, which states three prime reasons: 
stasis, hypercoagulability and endothelial changes.26 27 

Table 3 Multivariate logistic regression analysis

Risk factors OR (95% CI) P value

Preoperative time 3.056 (1.032 to 1.188) <0.01**

Preoperative D-dimer 1.992 (0.533 to 0.652) <0.01**

Postoperative D-dimer 4.265 (1.104 to 1.341) <0.01**

**P<0.01.

Figure 3 The receiver-operating characteristic (ROC) curves 
of the preoperative time and D-dimer value.

Table 4 Receiver-operating characteristic curve analysis of 
D-dimer

Risk factors
Preoperative 
D-dimer

Postoperative 
D-dimer

Area under the 
curve (AUC) 

0.593 0.728

95% CI 0.533 to 0.652 0.672 to 0.780

P value 0.01886* <0.01**

Cut-off value 4.01 5.03

Sensitivity (%) 71.30 63.90

Specificity (%) 44.83 70.51

*P<0.05.
**P<0.01.

Table 5 Results of χ2 test for chronic diseases

Variable
DVT 
group

Non-DVT 
group Total P value

All the patients 337 125 462 /

Patients with one 
chronic disease

118 43 161 0.521

Patients with two 
chronic diseases

77 38 115 0.079

Patients with three 
chronic diseases

21 7 28 0.814

DVT, deep vein thrombosis. 
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For patients with traumatic fractures, enormous external 
energy such as fall injury or traffic traumas may lead to 
vascular injuries. Besides, immobilisation combined 
with long-time bedridden would slow down the venous 
return and make the patients be susceptible to sponta-
neous intravascular coagulation.28 The development 
of DVT might trigger symptomatic PE and PTS, which 
could result in paralysis of the lower limbs and even lead 
to death.29 30 Despite LMH or rivaroxaban, as anticoagu-
lants, has been extensively applied to patients with trau-
matic fracture,4 31 32 the incidence of perioperative DVT is 
still high, posing a challenge for the disease prevention.33 
Nowadays, some factors in the DVT risk assessment scales 
were widely used for the thrombosis prophylaxis, while 
the factors such as preoperative time and fracture sites 
were rarely defined as risk factors in most of the assess-
ment scales.34 Therefore, we investigated some poten-
tial risk factors including preoperative time, different 
fracture sites, chronic diseases and their effect on the 
incidence of DVT in patients with traumatic fracture by 
a retrospectively research to provide more evidence for 
clinical prophylaxis on DVT.

Multiple documented DVT risk assessment scales such 
as Autar and Caprini risk assessments have been widely 
used for the evaluation of DVT in many trauma centres.35 
Factors such as age, BMI, orthopaedic surgery and history 
of DVT have been included in both Autar and Caprini 
scales on the risk assessment of DVT. In the present study, 
multivariate analysis showed that there were significant 
differences of preoperative time and plasma D-dimer 
between the DVT and non-DVT patients (P<0.05) 
(table 3), which is consistent with the previous studies, 
36–38 while the assess scale ignored the preoperative 
time as a potential risk factor for DVT. In our study, we 
found that prolonged preoperative time combined with 
increased plasma D-dimer could be as a high-risk factor 
for DVT. While, sometimes the prolonged preoperative 
time is inevitable. For example, some patients in devel-
oping countries must be referred to higher authority 
medical institutions due to the poor medical resources in 
primary hospital, which greatly increases the incidences 
of perioperative DVT.8 For patients undergoing transfer 
treatment or elective operation, it is beneficial to take 
antithrombotic drugs early after the risk assessment of 
bleeding for DVT prevention.

Moreover, in the cohort study, we performed a χ2 test 
to determine the correlation between fracture sites and 
the incidence of perioperative DVT. The analysis results 
implied that the rate of DVT after a major orthopaedic 
surgery seems to range between 0.6% and 71.2% in 
various fracture sites, while hip fractures bear the highest 
risk of DVT, followed by tibiofibular fracture and femoral 
shaft fracture. Many authors also demonstrated that hip 
fracture was a considerable risk factor for DVT and had 
a significant correlation with the occurrence of DVT.39 In 
general, patients who undergo a hip fracture exhibit all 
three risk factors associated with Virchow’s triad, which 
contribute to the high occurrence of DVT.40 Besides, we 

observed statistical differences in the incidence of DVT 
of different fracture sites (P<0.01), indicating a similar 
result as Awadalla Adam’ research, which found that the 
incidence of DVT after orthopaedic trauma appears to 
be associated with the sites of fractures.41 Of the multiple 
fracture sites, we found hip fracture presented with the 
highest rate of DVT, demonstrating that hip fracture may 
be a risk factor for DVT. This finding may help ortho-
paedic surgeons make reasonable treatment strategy 
based on the trauma sites and minimise prevent the 
occurrence of this disease effectively.42

According to the ROC curve analysis, the cut-off point 
of preoperative plasma D-dimer was 4.01 µg/mL, the 
sensitivity was 71.30% and the specificity was 44.83%. 
The postoperative plasma D-dimer was 5.03 µg/mL; 
the sensitivity and specificity were 63.90% and 70.51%, 
respectively. Usually, plasma D-dimer level increases 
when a thrombus or blood clot develops in the venous 
circulation, which could be an independent predictor of 
early DVT.43–45 However, it is infeasible to rely solely on 
D-dimer values for the screening or diagnosis of periop-
erative DVT in patients with traumatic fracture, owing to 
that both trauma and open wound would greatly increase 
the D-dimer value due to its high sensitivity.46 Therefore, 
making modest adjustments to cut-off threshold was 
necessary and valuable for clinical diagnosis of periop-
erative DVT, for example, age-adjusted D-dimer value 
has been widely applied to DVT diagnosis.47 Dynamic 
monitoring of the plasma D-dimer could be used for the 
evaluation of the clinical effect of anticoagulant therapy 
and might act as an indicator for the prediction of acute 
thrombosis.

The incidence of DVT is affected by multiple chronic 
diseases, such as rheumatoid arthritis, haematological 
diseases, chronic kidney diseases and so on.48 Among of 
them, hypertension, cardiovascular disease and diabetes 
are the three typical diseases that influence the incidence 
of DVT, which have been well studied.44 49 50 Other research 
showed patients with hypertension suffer a higher inci-
dence rate of deep venous thrombosis after total knee 
arthroplasty compared with those with normal blood 
pressure.51 Whereas, in this study, the χ2 tests demon-
strated that no statistically significant association between 
chronic disease and DVT incidence were observed in 
patients aged 50 and older (P>0.05). There are two biases 
that possibly influenced the study results: the first is the 
small sample size in the trial; the other is that all patients 
aged 50 and older in our study; thus, chronic diseases are 
more susceptible to develop. Further large-scale cohort 
studies would be performed on the correlation of periop-
erative DVT and chronic diseases to explore the instruc-
tional clinical value in the prevention of DVT.

We concluded that preoperative time, fracture sites and 
increased D-dimer are potential risk factors for DVT in 
patients with traumatic fracture; therefore, we suggest 
that physicians should pay more attention to the DVT 
detection in special fracture sites (such as hip and tibio-
fibula) properly and in time. In addition, for patients with 
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selective operation due to the restricted conditions, the 
physicians must assess the bleeding risk of patients at first. 
And then combining with the D-dimer test, anticoagulant 
therapy should be implemented as soon as possible. In 
summary, orthopedists should take measures to reduce 
DVT risk as soon as possible by shortening the preopera-
tive time, detecting the D-dimer levels and providing indi-
vidualised anticoagulant measures for patients during the 
perioperative period.

strengths and limitations of this study
The highlight of our study is that preoperative time might 
be included in DVT risk assessment scale and be applied 
to DVT prophylaxis. We suggest that physicians should pay 
more attention to the DVT detection in special fracture 
sites (such as hip and tibiofibula) properly and in time. 
In addition, for patients with selective operation due to 
the restricted conditions, the physicians must assess the 
bleeding risk and D-dimer of patients, and they should 
offer anticoagulant therapy as soon as possible. Never-
theless, some limitations still exist. First, bias in patient 
selection and the short follow-up period would influence 
the results of retrospective analysis. Second, due to the 
minor specimen, the further researches based on more 
large survey samples are needed to do. Third, it is difficult 
to eliminate the inherent defects of cohort studies, which 
might have effect on the statistical analysis results.

COnClusIOns
In conclusion, all the results indicated that preoperative 
time, fracture sites and increased D-dimer are potential 
risk factors and indicators for DVT in patients with trau-
matic fracture. In addition, the retrospective cohort study 
suggested that preoperative time might be included in 
DVT risk assessment scale. The increased plasma D-dimer 
value combined with the risk assessment scales is benefi-
cial to the prediction and diagnosis of DVT in advance. 
Hence, we recommend that orthopedist evaluate the 
preoperative time, fracture sites and D-dimer levels of 
patients during the perioperative period, which is condu-
cive to the development of reasonable individualised 
treatment plan.
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