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Abstract
Deep vein thrombosis (DVT) is a complex and multifactorial process arising from a variety of factors,
including recent surgical procedures, traumatic events, and periods of prolonged immobility. The extended
period of stasis post-orthopedic surgery places patients at a notably high risk of developing DVT, and DVT-
related pulmonary embolism (PE) ranks as the third most common cause of death in orthopedic surgery
patients. This review examines the multifaceted risk factors contributing to the development of DVT in
orthopedic patients. Additionally, it addresses the importance of DVT prophylaxis in orthopedic
settings, the efficacy and safety of various prophylactic methods encompassing both mechanical and
pharmacological approaches, and the economic dimensions of DVT prophylaxis, including scrutiny of cost-
effectiveness and the exploration of strategies for optimization.
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Introduction And Background
Deep vein thrombosis (DVT) is a life-threatening medical condition characterized by the formation of blood
clots within deep veins, typically occurring in the lower extremities or pelvis. In the United States, it is
estimated that over 900,000 individuals are susceptible to DVT annually, resulting in a significant public
health concern [1]. Moreover, DVT is associated with a substantial mortality rate, with 60,000 to 100,000
reported deaths attributed to this condition each year. Approximately 33% of individuals who experience
DVT subsequently endure long-term complications, including limb swelling, pain, discoloration, and skin
scaling [1]. Virchow's triad, consisting of endothelial damage, stasis of blood flow, and a hypercoagulable
state, has traditionally been recognized as the primary factor predisposing individuals to DVT development
[2]. These factors collectively increase the risk of venous thrombosis, manifesting with symptoms such as
limb swelling, pain, and tenderness. Of note is the variable incidence of DVT across different populations.
Orthopedic surgical procedures, especially those involving the lower extremities, such as total hip or knee
arthroplasty, present a heightened risk of DVT development. This elevated risk is primarily attributed to the
prolonged postoperative immobilization of patients, which can lead to stasis and significantly increase the
likelihood of DVT occurrence, affecting up to 60% of patients [3].

Deep vein thrombosis is a complex and multifactorial process arising from a variety of factors, including
recent surgical procedures, traumatic events, and periods of prolonged immobility [4,5]. Diagnosing DVT
can present challenges, as many affected individuals may either remain asymptomatic or exhibit nonspecific
symptoms [5,6]. This underscores the importance of conducting appropriate diagnostic tests promptly to
confirm or rule out DVT. Early intervention in cases of DVT is of paramount importance to mitigate the
potential for severe complications. Among these complications, post-thrombotic syndrome and recurrent
venous thromboembolism (VTE) stand out as significant concerns [7].

The extended period of stasis post-orthopedic surgery places patients at a notably elevated risk of
developing DVT [8-11]. In fact, DVT-related pulmonary embolism (PE) ranks as the third most common cause
of death in orthopedic surgery patients [12,13]. As such, the implementation of effective prophylaxis against
DVT assumes paramount importance in mitigating the risk of VTE complications. A multitude of guidelines
and recommendations have been established to assist clinicians in selecting the most appropriate
prophylactic approach, accounting for factors such as individual patient risk, the nature of the surgical
procedure, and other pertinent clinical considerations [14]. Among these recommendations, the American
College of Chest Physicians advises the use of mechanical prophylaxis methods, including graduated
compression stockings (GCS), intermittent pneumatic compression (IPC), or a combination of mechanical
and pharmacological approaches for patients at high risk of DVT [15]. These recommendations are grounded
in a comprehensive understanding of the risk factors associated with orthopedic surgery and aim to optimize
patient outcomes by reducing the incidence of DVT and its associated complications.
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This review is organized into four distinct sections. It begins with an examination of the multifaceted risk
factors contributing to the development of DVT in orthopedic patients. Subsequently, it emphasizes the
paramount importance of DVT prophylaxis in orthopedic settings, highlighting its clinical significance and
direct connection to the previously discussed risk factors. The third section critically assesses the efficacy
and safety of various prophylactic methods, encompassing both mechanical and pharmacological
approaches. Next, the paper explores the economic dimensions of DVT prophylaxis, including scrutiny of
cost-effectiveness and the exploration of strategies for optimization.

Review
Risk factors for DVT in orthopedic surgery patients
Orthopedic surgery patients face an increased risk of DVT when compared to individuals undergoing other
surgical procedures. This increased vulnerability extends to the potential development of PE, chronic
venous insufficiency, and post-thrombotic syndromes [16]. Several factors contribute to this increased risk
in orthopedic patients, encompassing both surgery-related and patient-related elements [17]. Among
surgery-related factors, the duration of the surgical procedure and the extent of immobility experienced by
patients in the postoperative period have been identified as significant contributors to DVT risk in the
orthopedic context [18]. On the other hand, patient-related factors, such as advanced age, obesity, and a
history of prior DVT or PE, represent additional risk factors [11,18,19]. Obesity, for instance, increases the
risk of DVT due to its impact on venous return and the elevation of intra-abdominal pressure [20].
Individuals with a history of VTE are at an increased risk of recurrent events following orthopedic surgery,
underscoring the importance of proactive risk assessment and prophylaxis.

Orthopedic procedures such as total hip arthroplasty, total knee arthroplasty, and hip fracture surgery are
notably associated with an elevated DVT risk when compared to minor orthopedic surgeries, primarily due to
their extended operative times, increased tissue trauma, and prolonged postoperative immobility [14,21-23].
Genetic factors also play a role, with conditions like thrombophilia, factor V Leiden, and prothrombin gene
mutation elevating the propensity for blood clot formation [24-26]. Beyond genetics, medical conditions
such as the use of hormonal therapy, malignancy, and inflammatory disorders such as rheumatoid arthritis
contribute to DVT risk by increasing blood viscosity and coagulation tendencies [2,27,28]. For cancer
patients undergoing orthopedic procedures, additional cancer-related factors, including chemotherapy,
hormone therapy, and metastasis, intensify the susceptibility to DVT [29]. Patients presenting any of these
risk factors require vigilant assessment and may necessitate more aggressive DVT prophylaxis to mitigate
their heightened risk. Identifying and addressing these factors preoperatively is essential in the prevention
of DVT in orthopedic surgery patients.

The importance of DVT prophylaxis in orthopedic surgery patients
Preventing DVT is essential for most orthopedic surgery patients [18]. There are many forms of DVT
prophylaxis. Upholding the gold standard in DVT prophylaxis as defined by the American College of Chest
Physicians (ACCP) [30], current recommendations underscore a multifaceted approach to mitigating DVT
risk in these patients [15,31,32]. The recommended prophylactic methods encompass mechanical
approaches involving graduated compression stockings or intermittent pneumatic compression and/or
pharmacological prophylaxis with low molecular weight heparin (LMWH) or direct oral anticoagulants
(DOACs) [15,31]. Patient risk stratification informs the choice of prophylactic approach, with high-risk
individuals benefiting from combined mechanical and pharmacological prophylaxis.

Mechanical prophylaxis involves external devices like graduated compression stockings and intermittent
pneumatic compression to promote venous blood flow and prevent stasis in the lower extremities.
Graduated compression stockings and intermittent pneumatic compression have shown efficacy in DVT
prevention [33] and are generally safe and well-tolerated, with few complications [14]. However, graduated
compression stockings may not suit patients with peripheral arterial disease or severe edema, while
intermittent pneumatic compression could be contraindicated in certain medical conditions, such as severe
congestive heart failure or acute deep-vein thrombosis [14]. Mechanical prophylaxis can be used alone or in
combination with pharmacological methods, depending on individual patient risk factors.

Pharmacological prophylaxis involves using anticoagulant medications to prevent blood clot formation
through chemical mechanisms. Common options include unfractionated heparin (UFH), LMWH,
fondaparinux, and DOACs [32,34]. LMWH is preferred in orthopedic surgery due to its lower bleeding risk
after procedures like total hip arthroplasty or total knee arthroplasty [35]. DOACs, a newer anticoagulant
class including rivaroxaban, apixaban, edoxaban, and dabigatran, are increasingly used for DVT prophylaxis
in orthopedic surgery patients, targeting specific coagulation factors [14]. DOACs have shown non-inferiority
to LMWH in both efficacy and safety for total hip arthroplasty and total knee arthroplasty patients [14].
Recent evidence supports LMWH's efficacy, reducing DVT incidence by 60% in hip fracture surgery patients
[36]. Rivaroxaban has also demonstrated non-inferiority to LMWH in reducing DVT incidence after total hip
arthroplasty [37], and the combination of graduated compression stockings with intermittent pneumatic
compression effectively reduces DVT incidence in total knee arthroplasty patients [38].
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Combined mechanical and pharmacological prophylaxis involves the simultaneous use of mechanical
prophylaxis methods and anticoagulant medications [35]. This approach is typically reserved for patients
with multiple risk factors for DVT [39]. The most employed combined prophylaxis methods include the use of
graduated compression stockings in conjunction with LMWH or fondaparinux [14]. Randomized trials
support the efficacy of combination prophylaxis, particularly strategies involving LMWH, in reducing VTE
incidence after gynecologic surgery [40]. Additionally, combining graduated compression stockings with
fondaparinux has been associated with a significant reduction in DVT incidence among patients undergoing
total hip arthroplasty and total knee arthroplasty [41]. The combined prophylaxis may elevate the risk of
bleeding [39], and therefore, the timing of prophylaxis initiation should be guided by individual patient risk
factors, medical history, and adherence to evidence-based guidelines. It is imperative to assess the safety,
tolerability, and potential side effects associated with each prophylactic measure before administering
them. 

Efficacy and safety of DVT prophylaxis in orthopedic surgery patients 
Mechanical prophylaxis measures have demonstrated effectiveness in preventing DVT in patients where
pharmacological prophylaxis is contraindicated [42,43]. However, the efficacy of mechanical prophylaxis can
be influenced by patient-specific factors such as age, body mass index, and comorbidities [44]. A study
observed that the effectiveness of intermittent pneumatic compression in preventing DVT was lower in
patients with comorbidities like chronic obstructive pulmonary disease and congestive heart failure [33].
The duration of mechanical prophylaxis remains a topic of debate, but a systematic review and meta-
analysis indicated that extended prophylaxis beyond hospital discharge significantly reduced DVT incidence
in patients undergoing total hip arthroplasty and total knee arthroplasty [39]. Mechanical compression
devices can pose risks, including local soft tissue injury, bleeding, and patient non-compliance [45]. Special
attention should be given to the risk of skin complications, which may be heightened in patients with fragile
skin or peripheral neuropathy, potentially leading to skin necrosis, falls, compartment syndrome, and
peroneal nerve palsy [46-49].

Pharmacological prophylaxis is a widely adopted approach for DVT prevention in orthopedic surgery
patients. The effectiveness of LMWH in reducing DVT incidence following hip fracture surgery is well
established [50]. Similarly, DOACs are non-inferior to LMWH in both efficacy and safety for patients
undergoing total hip arthroplasty or total knee arthroplasty [14]. A systematic review and meta-analysis
have shown that fondaparinux significantly reduces DVT incidence in total hip arthroplasty and total knee
arthroplasty patients [41]. Combined prophylaxis carries a higher risk of bleeding compared to using
prophylactic methods alone [51]. Fondaparinux may be associated with an increased bleeding risk compared
to LMWH [52], and heparin use has been linked to bleeding and heparin-induced thrombocytopenia [45].
Several investigations have explored the efficacy of combined mechanical and pharmacological prophylaxis
compared to either method alone, particularly in high-risk populations, with combination prophylaxis
showing greater effectiveness [53,54]. For instance, a randomized controlled trial found that combining
graduated compression stockings with LMWH was more effective in preventing DVT in total knee
arthroplasty patients than using each prophylactic method alone [54].

Adverse outcomes stemming from pharmacological prophylaxis can range from minor to life-threatening.
Pharmacological prophylaxis, such as LMWH, carries the risk of bleeding complications. The risk of bleeding
is higher in patients with a history of bleeding disorders, renal insufficiency, or concurrent use of other
anticoagulant medications [55]. Therefore, ensuring patient safety is a primary concern in selecting DVT
prophylactic measures for orthopedic patients, and the choice of prophylactic method should be driven by a
thorough assessment of the individual patient's risk factors for both DVT and bleeding.

Cost-effectiveness and implementation challenges in DVT prophylaxis
Cost-effectiveness is a primary concern for healthcare providers when choosing a DVT prophylaxis. A study
by Schousboe and Brown investigating prophylactic medication options for patients undergoing total hip or
knee arthroplasty found aspirin to be a highly effective and cost-efficient choice for thrombosis prevention
[56]. Compared to LMWH, aspirin demonstrated better cost-effectiveness while also boasting a superior
bleeding profile. However, the selection of prophylactic medication involves considerations beyond
economics, and patient-specific factors must weigh into the decision-making process. The American College
of Clinical Pharmacy (ACCP) guidelines suggest alternative methods, like unfractionated heparin (UFH), for
orthopedic surgery patients with additional DVT risk factors [32]. Implementing proper DVT prophylaxis
methods in clinical practice faces various barriers. Various studies underscore the importance of adherence
to mechanical and pharmacological protocols, especially when coupled with accurate patient risk
assessment for DVT [57]. In one study, venous thrombosis incidence was low with prophylaxis, with a single
case occurring in a patient who did not receive pharmacological prophylaxis [57]. To enhance the
effectiveness of DVT prophylaxis, risk stratification is pivotal. As recommended by the American College of
Chest Physicians (ACCP), a risk stratification model adopts a tiered approach to assess patients' overall
thrombotic event risk [58].

Several studies have scrutinized the cost-effectiveness of various DVT prophylactic measures. For instance,
Kapoor et al. conducted a study investigating cost differences among multiple DVT prophylaxis modes for
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patients undergoing total hip or knee arthroplasty [59]. Their findings indicate that extended duration
LMWH following total hip replacement and fondaparinux following both total hip replacement and total
knee replacement stand out as cost-effective prophylactic regimens. This cost-effectiveness is particularly
notable when compared to aspirin and newer oral anticoagulants. Combining aspirin with mechanical
compression devices emerges as another cost-effective strategy for DVT prevention. Notably, their
combined use following limited tourniquet total knee arthroplasty demonstrated an incidence rate of
asymptomatic DVTs reaching as low as 0% [60].

DVT prophylaxis not only curbs the costs linked to DVT treatment but also diminishes the risk of enduring
complications. Despite available methods to bolster adherence to DVT prophylaxis protocols, adherence
rates remain inconsistent. One institution introduced a computer alert program designed to prompt
physicians to prescribe appropriate DVT prophylaxis. This initiative led to increased adherence to relevant
policies and a significant reduction in DVT and pulmonary embolism (PE) rates among hospitalized patients
at risk [61].

Educating patients about the risks, warning signs, and available treatment methods for DVT prophylaxis
represents a cost-effective approach to reducing DVT and PE rates. Research supports this approach, with
one study revealing that a targeted, patient-centered education bundle was associated with a decreased rate
of non-administration of prophylactic DVT medications [62]. However, it is vital to recognize that patient
perceptions of their treatment for DVT prevention play a crucial role. Some studies suggest that patient
education, if inadequate, may potentially hinder patient involvement and adherence to DVT prophylaxis
protocols. Therefore, healthcare providers must engage in open discussions with patients, ensuring their
comprehension of prophylactic treatments and assessing their willingness to participate and comply with
specific measures.

Conclusions
DVT prevention following orthopedic surgery is an integral part of patient care, especially given the fact that
orthopedic patients often have limited mobility and are at an increased risk for developing DVT. In addition
to this, many patient-specific risk factors may increase an individual's odds of experiencing a DVT following
orthopedics surgery. Several methods have been developed to prevent DVT, although not all are equally
effective or cost-effective. Pharmacological measures, such as DOACs, LMWH, and mechanical methods of
DVT prophylaxis, have demonstrated their efficacy in reducing the risk of DVT among orthopedic surgery
patients. Additionally, many patients with multiple risk factors may experience an even more significant
benefit from using combined mechanical and pharmacological methods for DVT prophylaxis. It is essential
to recognize that the patient's understanding and willingness to adhere to a proposed prophylactic measure
is an important step in management. Future studies are needed to assess the efficacy of newer
pharmacological and mechanical approaches in preventing DVT and reducing the risk of PE. More studies
are needed to explore the long-term outcomes of orthopedic surgery patients to help determine the optimal
prophylaxis. A patient-centered approach, integrating tailored patient education, selecting cost-effective
medications personalized for individual patients, and widespread utilization, holds promise for further
reducing DVT rates among orthopedic patients in the future.
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