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Abstract 

Background: Preoperative deep vein thrombosis (DVT) of the lower extremities delays surgery in patients with 
femoral shaft fractures and impairs functional recovery. However, studies on preoperative DVT in patients with femo-
ral shaft fractures are still rare. This study was aimed to retrospectively analyze the preoperative incidence, location 
and risk factors associated with DVT in patients with femoral shaft fractures.

Methods: Data of patients with femoral shaft fractures and treated with surgery at the Third Hospital of Hebei 
Medical University were retrospectively collected from January 2013 to December 2019. The information collected 
included demographic data, comorbidities, injury-related data and laboratory tests. Patients were divided into DVT 
and non-DVT groups. Univariate and multivariate logistic regression analyses were performed to determine inde-
pendent risk factors.

Results: A total of 432 patients were included in this study, of whom 114 (26.4%) patients were diagnosed with 
preoperative DVT (all asymptomatic) and injured extremities of 78.1% (89/114) were investigated. Multivariate analysis 
showed that older age (increase in each 10 years), delay time from injury to operation (in each day), FIB > 4 g/L were 
independent risk factors for preoperative DVT.

Conclusion: Patients with femoral shaft fractures (especially the elderly and patients with the above-mentioned con-
ditions) are at the risk of DVT right from admission to surgery hence should be intensively monitored and provided 
with prompt treatment to prevent DVT.
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Introduction
Femoral shaft fractures account for 3.5% of all fractures 
in adults [1]. This type of fractures have a population-
based incidence rate of between 19 and 21 per 100,000 
person every years [2, 3]. Femoral shaft fractures, accom-
panied by soft tissue injuries that require surgical treat-
ment, usually occur during high-energy trauma, such as 
traffic injuries [4]. However, emergency anesthesia and 
surgery often results in secondary trauma such as bleed-
ing, requiring a delay in surgery [5]. During the wait-
ing period for surgery, due to the fixation of the injured 
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extremity, the lower extremity blood circulation can slow 
down. On the other hand, after trauma, the circulatory 
system is in a state of high coagulation and is hence prone 
to deep vein thrombosis (DVT) [6].

The use of rivaroxaban and low molecular heparin have 
now led to a marked improvement in the incidence of 
DVT [7]. Even so, the incidence of perioperative DVT in 
trauma patients is still as high as 5%–58% [8, 9]. Moreo-
ver, because asymptomatic DVT is easily overlooked by 
clinicians, pulmonary embolism resulting from throm-
bus extending proximally is fatal, with studies showing a 
global incidence of fatal pulmonary embolism of 0.66% to 
7.50% [11].

Early detection and effective treatment of DVT can 
help reduce the incidence of death and adverse events. 
Previous studies of preoperative DVT in the orthope-
dic trauma field have mainly focused on hip fractures, 
tibial plateau fractures and calcaneal fractures and the 
reported incidence rate varies greatly, from 2.6 to 13% 
[12–14]. Moreover, the risk factors identified in the pre-
vious studies are not consistent and even contradictory 
[15]. Accordingly, it is possible that the findings available 
from these studies are not applicable or inappropriate for 
femoral shaft fractures.

To the best of our knowledge, there is no data regard-
ing the preoperative incidence and risk factors of DVT in 
patients with femoral shaft fractures. This study aimed to 
retrospectively collect data of patients with femoral shaft 
fractures and investigate the incidence, location and risk 
factors associated with preoperative DVT.

Methods
Ethical considerations
This study was approved by the Ethics Committee of 
the Third Hospital of Hebei Medical University and 
the requirement for informed consent of all subjects 
was waived due to the retrospective design and the 
anonymized data. The study sample included patients 
with femoral shaft fractures admitted to the Third Hos-
pital of Hebei Medical University between January 2013 
and December 2019. The data of patients with femo-
ral shaft fractures who received surgical treatment were 
collected.

Inclusion and exclusion criteria
Patients aged 18  years and above, with an admission 
diagnosis of an isolated femoral shaft fracture that was 
finally surgically treated and with no anticoagulant use 
for 3 months before admission were included. The exclu-
sion criteria were multiple fractures; open fractures; 
prior fractures (> 3 weeks from injury); pathological frac-
tures; combined severe head, chest or abdominal trauma; 
fracture non-union; dyskinesia; history of autoimmune 

disease and thrombosis as well as incomplete medical 
records.

Patient data and variables
The data covered four main areas: demographic data, 
comorbidities, injury-related data, and laboratory tests. 
General information collected was: sex, age, height, 
weight and calculated BMI as well as smoking and alco-
hol consumption history. The patients’ comorbidities 
included histories of cerebrovascular disease, lung dis-
ease, kidney disease, heart disease, hypertension, dia-
betes, surgery at any site for any reason; the American 
Society of Anesthesiologist (ASA) score. Data related to 
injury included injury mechanism (low or high-energy 
trauma), fracture type based on AO/OTA classification 
system, the time from injury to admission, the time from 
injury to DUS scanning and to operation as well as total 
hospital stay.

Laboratory examination indicators: blood samples 
were drawn from the patient’s median cubital vein before 
any treatment after admission. Laboratory tests were 
performed to include the test indicators in this study. 
The indicators included the levels of total protein (TP), 
albumin (ALB), alanine transaminase (ALT), aspartate 
aminotransferase (AST), total bilirubin (TBIL), cho-
linesterase (CHE), high C-reactive protein (HCRP), 
lactic dehydrogenases (LDH), total cholesterol (TC), tri-
glycerides (TG), glucose (GLU); counts of the following 
blood-cell types: white blood cells (WBC), neutrophiles 
(NEU), lymphocytes (LYM), red blood cell (RBC), plate-
lets (PLT); hemoglobin (HGB), hematocrit (HCT), fibrin-
ogen (FIB), fibrinogen degradation products (FDP) and 
D-dimer level.

Management protocol of DVT
According to the institutional policy, after admission and 
blood drawing, all patients were treated with low-molec-
ular weight heparin (3800  IU, subcutaneous injection, 
once per day) to prevent DVT (except patients with con-
traindications) and elevate of the injured lower extrem-
ity. All patients underwent routine Doppler ultrasound 
(DUS) bilateral lower extremity DVT tests 48  h after 
admission. The participants then underwent DUS tests 
every 72  h or when any symptoms suggestive of DVT 
was observed until surgery was carried out. The “Guide-
lines for diagnosis and treatment of deep vein thrombo-
sis (2016 3rd Edition)” issued by the Chinese Medical 
Association were followed for diagnosis and treatment of 
DVT [14]. Positive diagnostic criteria for DVT included 
loss or incompressibility of the vein, lumen obstruction 
or filling defects, lack of respiratory variability in the vein 
segments above the knee and insufficient flow of blood 
during compression of the leg and foot. According to 
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the thrombotic test criteria, the ultrasound physician 
examined femoral vein trunk, femoral deep, superficial, 
popliteal, tibial and fibular veins of both lower extremi-
ties and reported the findings. Thrombi located in the 
femoral vein trunk, superficial femoral vein, deep femo-
ral vein and popliteal vein, each or combined, were con-
sidered proximal DVT. On the other hand, thrombi 
in the tibial vein and fibular vein are defined as distal 
DVTs and mixed DVTs (both proximal DVTs and distal 
DVTs). According to DUS test results, patients with DVT 
were treated with anticoagulant therapy (enoxaparin, 
20–40 mg or dalteparin, 2500–5000 IU, twice daily). For 
all the patients, timing of surgery was determined by a 
senior orthopaedic surgeon based on the patient’s exami-
nation results and physical condition. Thrombi located in 
the small saphenous vein or great saphenous vein were 
excluded from this study because of their low clinical sig-
nificance [16]. All the included patients were divided into 
DVT and non-DVT groups according to DUS results.

Statistical methods
SPSS 25.0 software (IBM, Armonk, New York, USA) 
was used for statistical analysis. The measurement 
data were first determined using the Shapiro–Wilk 
test to determine their distribution status, normal or 
non-normal. Normal distribution data were expressed 
by mean ± standard deviation (SD) and an independ-
ent sample t-test was used to compare the differences 
between the two groups. The Mann–Whitney U test 
was used for non-normally distributed data. Categori-
cal variables were evaluated using the Chi-square or 
Fisher’s exact tests. Multivariate logistic regression was 
performed to analyze the P values < 0.10 in the univari-
ate analyses. Statistically significant difference for all the 
analyses were set at P values < 0.05. Hosmer–Lemeshow 
(H–L) test was used to evaluate the fitting degree of the 
final model and P values > 0.05 represented the accept-
able result.

Results
During the study window period, it was found that there 
were 618 patients with femoral shaft fractures. A total 
of 186 patients were excluded from the study based on 
inclusion and exclusion criteria. At last, a total of 432 
patients with femoral shaft fractures, including 295 
males and 137 females were involved in this study. The 
average age of the included patients was 44.8 years (SD, 
17.8  years; range, 18–90  years and median, 43.0  years) 
whereby 85.2% of patients were aged between 18 and 
65  years. The average body mass index (BMI) of the 
patients was 23.8 (SD 4.1; range 14.6–43.2). The fractures 
which caused by high-energy trauma were 335(77.5%) 
of. It was found that there were 315 (72.9%) fractures 

classified as types A, 82 (19.0%) types B and 35 (8.1%) 
types C. The mean time from injury to admission for all 
patients was 1.6 days (SD, 3.3; range 0–21 days) whereas 
the mean time from admission to operation for all 
patients was 7.7 days (SD, 6.5, range: 0–45 days). Further 
it was found that the mean total hospitalization stay was 
23.6 days (SD, 23.2; range 4–341 days). Details for DVT 
and non-DVT groups are as presented in Table 1.

A total of 114 patients were found to have preopera-
tive DVT (all asymptomatic), indicating an incidence 
of 26.4%. However, there was no pulmonary embolisms 
detected in this study. The average interval between 
injury and initial diagnosis of DVT was 6.4 days (median, 
4  days), ranging from 0 to 30  days. The patients drag-
onized with preoperative DVT within 2 days were 35.1% 
(40/114), 71.9% (82/114) were diagnosed within 7  days 
whereas 86.8% (99/114) were diagnosed within 14 days. It 
was noted that the time from injury to operation was sta-
tistically significant in both DVT and non-DVT groups 
(13.8 ± 8.5 vs 7.7 ± 6.5, P < 0.001). It was found that the 
patients with a preoperative DVT had a significantly 
longer total hospitalization stay compared with patients 
without DVTs (26.8 ± 16.6 vs 22.4 ± 25.2, P = 0.040).

Results of this study show that 93 (81.6%) patients had 
DVT in the injured extremity, 11 (9.6%) in the unin-
jured extremity and 10 (8.8%) patients had DVT in bilat-
eral extremities (Table  2). Further, it was found that 14 
(12.2%) patients developed proximal DVT, 50 (43.9%) had 
distal DVT and 50 (43.9%) had mixed DVT. It was noted 
that there was no thrombosis in the anterior tibial veins 
of the patients. However, a total of 256 clots were found 
in the other six veins, representing an average of 2.25 
(range, 1–6) for each patient. This represented 13 clots in 
the femoral common vein, 21 in the superficial femoral 
vein, 4 in the deep femoral vein, 54 in popliteal vein, 72 in 
the posterior tibial vein and 92 clots in the peroneal vein.

The results of this study show that there were signifi-
cant differences between DVT and non-DVT patients in 
terms of age, time from injury to operation, levels of ALB, 
RBC count, levels of HGB, levels of HCT, the levels of 
FIB and FDP and D-dimer (P < 0.05, Table 1). Further, the 
multivariate analyses showed that three risk factors were 
identified to be independently associated with DVT, age 
(increase in each 10  years) (OR = 1.20, P = 0.003), x the 
levels of FIB and FDP and D-dimer (OR = 1.46, P = 0.003) 
(Table 3). The results of H–L test demonstrated the good 
fitness of the final model  (X2 = 8.797, P = 0.360; Nagel-
kerke  R2 = 0.236).

Discussion
This is the first retrospective cohort study to evaluate 
the preoperative incidence of DVT in patients with iso-
lated femoral shaft fractures. The study focused on the 
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Table 1 Univariate analyses of risk factors associated with preoperative DVT following Femoral shaft fracture

ALT, Alanine transaminase, reference range: female, 7–40 U/L; male, 9–50 U/L; AST, aspartate transaminase, reference range: female, 13–35 U/L; male, 15–40 U/L; 
RBC, red blood cell, reference range: Female, 3.5–5.0*1012/L; male, 4.0–5.5*1012/L; HGB, hemoglobin, reference range: Female, 110–150 g/L; male, 120–160 g/L; HCT, 
hematocrit, reference range: Female, 35–45%; male, 40–50%

Variables Number (%) of DVT (n = 114) Number (%) of non-DVT (n = 318) P

Age (years) 49.4 ± 17.9 43.2 ± 17.4 0.001

Gender 0.504

 Male 75 (65.8) 220 (69.2)

 Female 39 (34.2) 98 (30.8)

BMI (kg/m2) 0.292

 18.5–23.9 63 (55.3) 158 (49.7)

 < 18.5 3 (2.6) 10 (3.1)

 24.0–27.9 28 (24.6) 107 (33.6)

 ≥ 28.0 20 (17.5) 43 (13.5)

Alcohol consumption 12 (10.5) 36 (11.3) 0.817

Current smoking 13 (11.4) 43 (13.5) 0.563

Hypertension 33 (28.9) 68 (21.4) 0.102

Diabetes mellitus 16 (14) 29 (9.1) 0.140

The history of cerebrovascular disease 7 (6.1) 29 (9.1) 0.323

History of any surgery 31 (27.2) 79 (24.8) 0.621

Time from injury to operation 13.8 ± 8.5 7.7 ± 6.5  < 0.001

Total hospital stay (days) 26.8 ± 16.6 22.4 ± 25.2 0.040

ASA (III and above) 36 (31.6) 81 (25.5) 0.208

Mechanism (high-energy) 86 (75.4) 249 (78.3) 0.530

Fracture type (AO/OTA) 0.135

 A 75 (65.8) 240 (75.5)

 B 27 (23.7) 55 (17.3)

 C 12 (10.5) 23 (7.2)

TP (< 65 g/L) 97 (85.1) 262 (82.4) 0.510

ALB (< 35 g/L) 100 (87.7) 247 (77.7) 0.021

ALT (> upper limit) 35 (30.7) 95 (29.9) 0.869

AST (> upper limit) 45 (39.5) 106 (33.3) 0.238

TBIL (> 21 umol/L) 30 (26.3) 81 (25.5) 0.860

CHE (< 5 ku/L) 42 (36.8) 99 (31.1) 0.265

HCRP (> 8 mg/L) 94 (82.5) 238 (74.8) 0.098

LDH (> 250 U/L) 60 (52.6) 155 (48.7) 0.476

TC (> 5.2 mmol/L) 5 (4.4) 17 (5.3) 0.689

TG (> 1.7 mmol/L) 14 (12.3) 46 (14.5) 0.563

GLU (> 6.1 mmol/L) 62 (54.4) 150 (47.2) 0.186

WBC (> 9.5*109/L) 57 (50.0) 151 (47.5) 0.645

NEU (> 6.3*109/L) 70 (61.4) 200 (62.9) 0.778

LYM (< 1.1*109/L) 49 (43) 134 (42.1) 0.876

RBC < lower limit 102 (89.5) 256 (80.5) 0.029

HGB < lower limit 102 (89.5) 244 (76.7) 0.003

HCT < lower limit 105 (92.1) 262 (82.4) 0.013

PLT (> 300*109/L) 21 (18.4) 60 (18.9) 0.916

FIB (> 4 g/L) 46 (40.4) 76 (23.9) 0.001

FDP (> 5 ug/L) 48 (42.1) 91 (28.6) 0.008

D-dimer (> 0.5 mg/L) 86 (75.4) 179 (56.3)  < 0.001
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incidence, location and risk factors associated with DVT 
after femoral shaft fractures. It was found that the pre-
operative incidence of DVT was 26.4% (114/432) and 
78.8% (100/114) had distal and mixs DVT. The average 
time from injury to initial diagnosis of DVT was 3.9 days 
whereby 43 (37.7%) patients were diagnosed within 
2  days after the fracture, 85 (74.6%) were diagnosed 
within 5  days and 96 (84.2%) were diagnosed within 
7 days. It was evident that the increased age, delayed time 
from injury to operation and FIB > 4  g/L were indepen-
dently correlated with preoperative DVT following iso-
lated femoral shaft fracture.

In previous studies, the incidence of preoperative 
DVT in lower extremity fractures ranges from 16.3% to 
52.5% [10, 17–19]. This could be caused by differences 
in study methods, fracture types, sample sizes and diag-
nostic indicators. In a study by Wang et al. [17] DUS was 
used to detect lower limbs of 129 patients with femoral 
shaft fracture and the incidence of preoperative DVT 
was 40.3%. Elsewhere, Zhang et al. prospectively studied 
160 patients over 65 years of age with distal femoral frac-
tures and found that the incidence of preoperative DVT 
detected by DUS was 52.5% (84/160) [18]. The results of 
the current study showed a low incidence of preoperative 
DVT (26.4%, 114/432).

The lower incidence of preoperative DVT observed in 
the present study may be due to the following reasons: 
First, the sample size of our study was larger than those 
of the previous studies (432 vs 129–160); Second, the 
average age of the included patients was 44.8 years old, 

which was lower than that in the study by Zhang et al. 
(58.8  years old). It was also found that DVT mainly 
occurred in the injured extremity and distal, with the 
incidence of 81.6% (93/114) and 87.8% (100/114), 
respectively. The results were in consonance with the 
findings of Wang et al. [17], who reported the incidence 
of 83.3% and 87.3% in the injured extremity and in the 
distal, respectively.

Age is an important factor in the formation of DVT, 
especially in patients with trauma [10, 18, 20]. Among 
the 432 patients (aged 18–90 years) with femoral shaft 
fractures in the present study, it was evident that each 
additional 10  years of age was associated with a 20% 
increase in risk of preoperative DVT (P < 0.002). In a 
previous study, Zhang et  al.[10] analyzed the risk fac-
tors for perioperative DVT in 404 patients with lower 
extremity fractures and found that age was a risk fac-
tor for preoperative DVT (OR: 1.03; 95% CI: 1.01–1.04; 
P < 0.0001). According to Makhdom et al. [21] and Goel 
et al. [22] the age of patients over 40 years old was an 
important risk factor for DVT in lower extremity inju-
ries. The findings of the two studies corroborates with 
those of the present study. That the increase in age, 
decreased elasticity of blood vessels and increases the 
risk of thrombosis, suggests that orthopedists should 
formulate reasonable treatment measures according to 
the age of patients with femoral shaft fractures to effec-
tively prevent the occurrence of thrombosis.

It has been found that hypercoagulability occurs 24  h 
after trauma and can remain until 10–30 days after injury 
[23, 24]. This may be the physiological basis for DVT in 
fracture patients. Delayed injury to operation time for 
patients with fracture, is an important factor that con-
tributes to the high incidence of preoperative DVT. It has 
been reported that the incidence of preoperative DVT 
was between 11.9 and 62% in patients with hip fracture 
who delayed surgery by 1 to 2 days [25–27]. In the cur-
rent study, it was found that the incidence of DVT before 
femoral shaft fracture was 26.4%. The different incidence 
may be due to the different fracture sites, as mentioned 
early. A study by Smith et  al. [27] found that the inci-
dence of postoperative DVT in patients with lower limb 
fracture was 14.5 and 33.3% after 1 and 7  days, respec-
tively. In the present study it was found that for each day 
delayed from injury to surgery, the risk of preoperative 
DVT increased by 12% and this confirmed that delayed 
operation is a risk factor for preoperative DVT. There-
fore, operation time is the only controllable risk factor 
among the many risk factors. It is hence suggested that 
orthopedic surgeons should operate the patients as early 
as possible under the premise of safety. However, DVT 
should be timely and effectively prevented, diagnosed 
and treated.

Table 2 Distribution of DVT and femoral shaft fracture location 
in 114 patients with DVT

Femoral shaft 
fracture location (N)

DVT location (N/%)

Injured extremity Non-injured 
extremity

Bilateral

Left fracture (57) 48 (42.1) 4 (3.5) 5 (4.4)

Right fracture (56) 45 (39.5) 7 (6.1) 4 (3.5)

Bilateral fracture (1) – – 1 (0.9)

Total (114) 93 (81.6) 11 (9.6) 10 (8.8)

Table 3 Multivariate analyses of risk factors associated with SSI 
following femoral shaft fracture

OR, odd ratio; CI, confidence interval

Variable OR and 95%CI P

Age (increase of every 10 years) 1.20 (1.10 to 1.30) 0.003

Time from injury to operation (in each 
day delay)

1.11 (1.07 to 1.15)  < 0.001

FIB (> 4 g/L) 1.33 (1.04 to 1.71) 0.003



Page 6 of 7Yang et al. BMC Surgery           (2022) 22:83 

It was also evident that, peripheral blood FIB > 4 g/L at 
admission were a risk factor for preoperative DVT. The 
FIB are related markers of coagulation and fibrinolysis 
system, which reflect the equilibrium state of coagulation 
and fibrinolysis in body. Several studies have shown that 
elevated levels of FIB is associated with high risk of DVT 
[28]. For instance, FIB has been reported as a major fac-
tor of blood viscosity and red blood cell aggregation [29]. 
Furthermore, this may also explain the reason why blood 
is hypercoagulable in the early stages of after trauma 
[24, 30]. According to Koster et  al. [31] and Kamphu-
isen et  al. [32] patients with FIB > 5  g/L have a fourfold 
increased risk of DVT compared with normal patients 
(FIB < 3 g/L). Therefore, that results of the current study 
show FIB > 4  g/L in 40.4% (46/114) of DVTs is consist-
ent with the findings in the previous studies. That the 
patients with FIB > 4 g/L had a 46% increased risk of pre-
operative DVT suggests that special attention should be 
paid to patients with elevated FIB and high risk of DVT 
when reviewing the preoperative examination results of 
patients.

Although this study is the first to retrospectively ana-
lyze the incidence of preoperative DVT in femoral shaft 
fractures, it had some inevitable limitations. First, it 
was a retrospective study, which might have led to inac-
curacy in data collection. Secondly, the data on blood 
transfusion, prescribed drug use for perioperative medi-
cal optimization or number of smoking cigarettes can-
not be captured, which potential also had effect on DVT 
formation. Third, angiography is the gold standard for 
the diagnosis of thrombi. However, due to the invasive 
examination of intravenous angiography, this study used 
non-invasive Doppler ultrasound to diagnose the DVT. 
Hence there may be some missed cases, which might 
have underreported the incidence of DVT.

Conclusion
In summary, this study found that the incidence of DVT 
after femoral shaft fracture is 26.4%. It was evident that 
most of the thrombosis occurred in the injured extremity 
and was more likely located in the distal extremity. Fur-
ther, the independent risk factors for preoperative DVT 
were older age, delayed time to operation and FIB > 4 g/L. 
Therefore, it is suggested that orthopedists who manage 
patients with femoral fracture should emphasize on the 
possibility of blood clots and timely detection of throm-
bosis after admission. Further, to develop and implement 
effective thrombosis prevention and treatment emphasis 
should be put on reducing long waiting times for surgery 
and paying attention to changes in the blood clot index, 
particularly in elderly patients.
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