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Abstract: Lower extremity fractures is a common clinical condition that significantly affects patients' daily activities and work.

These patients are often accompanied by major risk factors for deep vein thrombosis (DVT), such as venous wall injury, slow

blood flow, and a hypercoagulable state. As a result, the incidence of DVT is high in this population. If prevention and

intervention are not promptly implemented, DVT can lead to thromboembolism, which may travel to the pulmonary artery,

resulting in pulmonary embolism and posing a serious threat to the patient's life. Therefore, it is crucial to gain a deeper

understanding of the pathogenesis and risk factors of DVT. This review summarizes the mechanisms and risk factors of DVT.

This review summarizes the mechanisms and risk factors associated with DVT in lower extremity fractures, aiming to provide a

reference for clinicians in the early identification and management of DVT.
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Lower extremity fracture is a common clinical disease
that significantly affects patients' daily life and work.
These patients often combine the Virchow’s: endothelial
damage, abnormal blood flow, and hypercoagulability,
and thus have a high incidence of deep vein thrombosis
(DVT) [1]. The development of DVT significantly affects
the venous blood circulation in the lower extremity, and
some patients suffer from distal ischemia and hypoxia
due to the impaired blood flow in the affected limbs,
which may lead to distal tissue necrosis or even
amputation. If the thrombus is dislodged and travels with
the blood flow to the right heart and pulmonary arterial
system, it may cause fatal pulmonary embolism (PE) [2].
Previous literature has reported significant differences in
the incidence of DVT at various sites of lower extremity
fractures. Among them, the incidence of DVT in patients
with pelvic acetabular fracture, hip fracture, femoral stem
fracture, periprosthetic knee fracture, tibiofibular fracture,
and ankle fracture was 3%-48%, 38.25%-56.83%,
40%-86%, 50.4%, 30%, and 18.97%, respectively
[3-6].The incidence of DVT has a significant impact on
perioperative outcomes in patients with lower extremity
fracture and prognosis, and during this period, DVT
shows the characteristics of susceptibility, high disability
rate and high mortality. Therefore, an in-depth discussion
of the pathogenesis of DVT and its risk factors is
necessary for patients with lower extremity fractures.
Currently, there is a lack of systematic research on the

pathogenesis and risk factors of DVT in the clinic, and
this article will comprehensively review these two aspects,
with a view to providing further reference for the clinical
prevention and treatment of DVT.

1 Pathogenesis of DVT

The main pathogenesis of DVT can be summarized
as the three factors of thrombosis proposed by Virchow:
endothelial damage, abnormal blood flow, and
hypercoagulability. ~Venous stagnation caused by
prolonged bed rest, hypercoagulable state after surgery,
and vascular wall damage caused by trauma in patients
with lower extremity fracture can all lead to DVT.

1.1 Endothelial damage

The vein wall consists of an outer layer, an
intermediate layer and an inner layer. When the inner
layer is damaged, the endothelial cells are defective or
stripped, which can lead to Ilocalized blood cell
aggregation in the body and adhesion to platelets, and
ultimately the formation of blood clots. Damage to the
vein wall can be categorized into three types: physical,
chemical, and infectious injuries. Physical injury is
usually caused by external trauma, such as local vascular
tear or contusion, commonly seen in violent extrusion,
repeated venepuncture, fracture block compression,
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surgical operation injury, etc.; chemical injury mainly
occurs in the injection of a wvariety of antibiotics,
hypertonic solutions, and other irritating solutions;
infectious injury can be directly caused by phlebitis, or
may be indirectly induced by other foci of infection. The
endothelium plays a pivotal role in the hemostatic
response and is integral to the vascular reaction to injury
that culminates in thrombosis. Endothelial damage
significantly elevates the risk of DVT [7]. Studies have
demonstrated a marked increase in the expression levels
of interleukins, tumor necrosis factor-o, and fibrinogen in
DVT patients, with a positive correlation between these
levels and the extent of vascular damage [8]. This
relationship is critical for the clinical assessment of DVT
severity and the degree of associated vascular injury.
Furthermore, a notably high incidence of DVT has been
observed in patients with iliac and femoral vein injuries,
likely attributable to venous vascular damage [9].

1.2 Abnormal blood flow

Patients with lower extremity fracture often suffer
from pain, postoperative muscle relaxation, and the use of
anesthesia drugs, resulting in a slowing of systemic
peripheral venous blood circulation. In addition,
prolonged bed rest and activity limitation can also further
reduce the rate of venous blood flow in the lower
extremities. tudies have demonstrated that prolonged bed
rest significantly elevates the risk of DVT, primarily
attributable to venous stasis resulting from reduced lower
extremity mobility [10].

1.3 Hypercoagulable state

The hypercoagulable state of blood is caused by the
interaction of vascular endothelial cells, platelets,
thrombin, anticoagulant and fibrinolytic systems. When a
hypercoagulable state of the blood occurs, clotting factors
and platelets in the blood are more likely to aggregate
together to form a thrombus. This thrombus may form in
the deep veins of the lower extremities, leading to DVT
[11]. Some studies have reported that the incidence of
preoperative DVT in patients with fracture is about 18.4%
due to the hypercoagulable state, and the incidence of
DVT in patients with fractures of the lower extremities is
40%-60% [12]. Lin et al. [13] have shown that in the
fracture state, reduced activity increases the risk of
bleeding, blood viscosity, and infections, which leads to
hypercoagulability of the blood; which, in turn, increases
the chances of DVT. You et al. [14] wused
thromboelastography to detect coagulation status in 35
patients with hip fracture and found that 11 patients were
in a hypercoagulable state at the time of admission. All
patients showed evident hypercoagulability at 2 weeks
and persisted up to 6 weeks. In addition, more than 50%
of patients remaining hypercoagulable for 6 weeks after
fracture, despite thromboprophylaxis.

2 Risk factors for DVT

Combined with the disease characteristics of patients
with lower extremity fractures, the risk factors for DVT
of lower extremity fractures can be summarized as gender,
age, body mass index (BMI), underlying disease, surgical
method, surgical time, surgical site, anesthesia method,
endograft use, and tourniquet use.

2.1 Gender

Ling et al. [15] analyzed the clinical data of 307
hospitalized patients with lower extremity fractures
complicated by venous thrombophilia (VTE), and found
that there were 202 male patients, of which 31 cases were
complicated by VTE, with a VTE incidence rate of 15.3%.
There were 105 female patients, of which 23 cases were
complicated by VTE; the difference between males and
females was statistically significant in terms of DVT and
the incidence rate was higher in females. In terms of DVT,
the difference between men and women is statistically
significant, and the incidence rate of women is higher. A
foreign study found that the overall incidence of DVT
was higher in women than in men, but the incidence of
proximal DVT was higher in men than in women [16].
According to the literature review, the incidence of DVT
is significantly higher in female patients. Therefore, more
attention should be paid to DVT prophylaxis in female
patients in clinical practice. Meanwhile, close monitoring
and effective measures to reduce the risk of DVT are
needed in special circumstances such as pregnancy,
postpartum, and when receiving estrogen replacement
therapy.

2.2 Age

Age is an independent risk factor for DVT [17-18].
Cao et al. [19] found that age was an independent risk
factor for DVT in elderly patients with intertrochanteric
femoral fractures. Age >45 was reported to be one of the
major risk factors for DVT [20]. Sloan et al.[21] found
that age >45 influenced the risk factors for DVT . Li et al.
[22] noted that the risk of DVT in hip fracture patients in
the age groups of 45-59, 60-74, and >75 years was 3.12,
3.20, and 6.45 times higher than that in patients <45 years,
respectively. Despite the different views on age as a factor,
it is now established as an important preventive factor in
current clinical guidelines. Therefore, it is important to
take age as a key factor into account when developing
preventive measures and therapeutic regimens, and to
adopt targeted measures.

2.3 BMI

Overweight or obese patients are more likely to
develop DVT compared to those with normal weight [23].
Yang et al. [24] collected clinical data from 136
orthopedic patients who underwent surgical treatment,
and after the study, BMI >24 kg/m2 was found to be an
independent risk factor for the development of lower
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extremity DVT in orthopedic patients after surgery. Tang
[25] found that the risk factors for postoperative DVT in
patients undergoing major lower extremity orthopedic
surgery included increased age, higher BMI, higher
cholesterol and  triacylglycerol, and increased
intraoperative bleeding. Su [26]analyzed the statistical
data of 400 patients undergoing lower extremity fracture
surgery using univariate and logistics regression, and the
results showed that obesity is is a high-risk factor for
postoperative complications of DVT. Numerous studies
have shown that overweight or obesity significantly
increases the incidence of postoperative DVT in lower
extremity fracture surgery, and the mechanism may be
related to chronic elevated intra-abdominal pressure and
slow blood flow in obese patients. In addition, decreased
antioxidant capacity of vascular endothelial cells and
dysregulated adipocyte metabolism in obese individuals
may also be important factors [27]. Other studies have
shown that the level of platelet-derived microparticles
(pDMP) is significantly higher in obese patients than in
normal individuals, and the level is positively correlated
with BMI and body fat, so that obese individuals are
often in a state of platelet activation [28].

2.4 Underlying Diseases

Elderly patients have low vascular elasticity and are
also comorbid with a variety of underlying diseases, such
as hypertension, and coronary artery disease, which
greatly exacerbate vascular injury and increase the risk of
DVT. Literature reports confirm that underlying diseases
such as hypertension, hyperlipidemia, diabetes mellitus,
coronary artery disease, and pulmonary disease are
closely related to the development of DVT in patients
with lower extremity fractures, and that these underlying
disecases lead to poor blood circulation and increase the
risk of DVT in patients with lower extremity fractures
[29]. Therefore, patients should be thoroughly evaluated
before and after surgery, and appropriate measures should
be taken to prevent and minimize the development of
DVT.

2.5 Duration of surgery

Prolonged duration of surgery increases the chance
of postoperative complications of DVT in patients. Dong
et al. [30] showed that the duration of surgery >2 h
increases the development of postoperative DVT and PE.
In patients with elderly hip fracture, prolonged operative
time greatly increases the risk of postoperative
complication of DVT, and Bai et al. [31] found that an
operative duration of >2 h was an independent risk factor
for perioperative DVT in elderly hip fracture patients.
Another study concluded that operation time >1 h was a
risk factor for postoperative DVT formation in femoral
neck fracture [32]. For patients with femoral neck fracture
with diabetes mellitus. Liu et al. [33] concluded that an
operation time of >2 h increased the risk of postoperative
complication of DVT. In addition to elderly hip fractures,

other types of lower extremity fractures such as fractures
in the foot and ankle, around the knee and other locations
of postoperative complication of DVT have a close
relationship with the length of the operation time, which
has been reported by different scholars, but the vast
majority of them are that the operation time of >1 h
and >2 h is closely related to the formation of DVT.
Therefore, it is necessary to carry out a scientific and
rational assessment of the operation time when choosing
the surgical method in order to minimize the development
of DVT.

2.6 Anesthesia

Most of the literature has shown that general
anesthesia has a high incidence of postoperative DVT
compared to intrathecal anesthesia [34-35]. Xu et al. [36]
grouped 90 elderly patients with lower extremity fractures
into a control group (general anesthesia) and an
observation group (intrathecal anesthesia) by a
randomized numerical table, and performed a
postoperative lower extremity vascular ultrasound review,
which showed that six cases of DVT occurred in the
control group, whereas the observation group did not
have the complication; the results of the study showed
that the use of intrathecal anesthesia can effectively
reduce the incidence of postoperative DVT compared to
general anesthesia in elderly patients with lower
extremity fractures. The results of this study suggest that
the use of intrathecal anesthesia can effectively reduce the
incidence of postoperative DVT compared with general
anesthesia in elderly patients with lower extremity
fractures. Zeng et al. [37] used the same method to
compare the incidence of postoperative DVT under
different anesthesia methods in patients with
intertrochanteric fractures, and found that intrathecal
anesthesia could reduce the incidence of postoperative
DVT in the lower extremity of elderly patients with
intertrochanteric femur fractures. At present, general
anesthesia or intralesional anesthesia is usually chosen as
the commonly used methods for patients with lower
extremity fractures, and other types of anesthesia are less
commonly used. Avoiding general anesthesia is a viable
option for patients who are more suitable for intrathecal
anesthesia and hope to reduce the risk of postoperative
DVT complications.

2.7 Endoprosthesis use

Commonly used endoprostheses for lower
extremity  fractures include  plates, screws,
intramedullary pins, artificial bone, and artificial joints.
Endoprostheses cause adverse reactions such as
allergic reactions and thermal polymerization reactions
that may damage the vascular lining or activate the
coagulation system causing DVT [38)

2.8 Tourniquet use
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Tourniquets are widely used in lower extremity
fracture surgery for their ability to provide a clear surgical
field of view; however, according to the Chinese
Guidelines for Prevention of Venous Thromboembolism
in Major Orthopedic Surgery, the use of tourniquets is a
high-risk factor for the development of DVT after
fracture surgery [39]. Intraoperative use of tourniquet
blocks blood return to the distal limb, which tends to lead
to venous blood stasis, which is more likely to form DVT
[40]. According to the results of a foreign study, in
anterior cruciate ligament reconstruction, compared with
the use of a tourniquet, the absence of a tourniquet
significantly reduces the incidence of postoperative DVT,
and also significantly reduces the amount of drainage and
the amount of blood loss [41]. Therefore, avoiding the use
of a blood band can help reduce the risk of DVT when
visibility of the surgical area is adequate.

3 Summary

DVT is a common and serious complication in
patients with lower extremity fractures, which has a
significant impact on both recovery and life. This article
summarizes recent studies on the risk factors and
pathogenesis of DVT in patients with lower extremity
fractures. In terms of pathogenesis, the main mechanisms
of DVT in patients with lower extremity fractures include
venous injury, hypercoagulability, and slow venous blood
flow, which together promote the development of DVT.
In terms of risk factors, female patients, advanced age,
overweight or obesity, prolonged operation time, general
anesthesia, use of endografts, and use of intraoperative
tourniquets are all risk factors for DVT. The prevention of
DVT should be emphasized in patients with such risk
factors. In conclusion, the pathogenesis and risk factors of
DVT in patients with lower extremity fractures are
complex and diverse, and should be fully emphasized in
clinical practice, and corresponding measures should be
taken to reduce the development of DVT.
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