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Abstract: 

Blood conservation in orthopaedic surgeries has gained significant importance in recent years 

due to the risks associated with allogeneic blood transfusion, such as infections, 

immunosuppression, and increased healthcare costs. Several techniques have been developed 

and implemented to minimize perioperative blood loss, improve patient outcomes, and enhance 

recovery. The application of preoperative, intraoperative, and postoperative strategies, 

including pharmacological agents, meticulous surgical techniques, and blood salvage methods, 

has transformed orthopaedic surgical procedures. Preoperative measures such as patient 

optimization, iron supplementation, and erythropoietin administration have proven to be 

effective in enhancing hemoglobin levels before surgery. Intraoperatively, minimizing blood 

loss through meticulous hemostasis, controlled hypotension, antifibrinolytic agents, and 

modern surgical techniques such as minimally invasive surgery has been widely adopted. 

Additionally, the use of intraoperative cell salvage, hemodilution, tourniquets, and topical 

hemostatic agents further reduces the need for transfusion. Postoperative measures, including 

restricted blood transfusion protocols, patient monitoring, and anemia management strategies, 

contribute to improved recovery and reduced complications. These blood conservation 

techniques play a crucial role in enhancing surgical outcomes, reducing hospital stay, and 

improving the overall patient experience. 
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Introduction: 

Orthopaedic surgeries, particularly major procedures such as joint replacements, spinal 

surgeries, and fracture fixations, are often associated with significant blood loss. Traditionally, 

allogeneic blood transfusions were the primary solution to counteract perioperative anemia.[1,2] 

However, the risks associated with transfusions—such as infections, immunosuppression, and 

increased healthcare costs—have led to the development and implementation of alternative 

blood conservation methods. [3-6] With advancements in medical science, there has been a 
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significant shift towards patient blood management (PBM) strategies, which aim to enhance 

surgical safety and efficiency while minimizing the need for transfusions. [7] 

The need for blood conservation is driven by several factors, including the increasing demand 

for surgeries, the shortage of blood supplies, and the high costs associated with transfusions. 

Additionally, patients with comorbidities such as anemia, cardiovascular diseases, and renal 

impairment are at a higher risk of complications due to blood loss. Thus, implementing 

comprehensive strategies to minimize blood loss and improve hemoglobin levels 

preoperatively has become a crucial aspect of modern orthopaedic practice. [8,9] 

This article provides a detailed exploration of the various techniques employed in orthopaedic 

surgeries to conserve blood, highlighting their benefits, efficacy, and impact on surgical 

outcomes. The discussion includes a comprehensive analysis of preoperative, intraoperative, 

and postoperative interventions that contribute to successful blood management and improved 

patient prognosis. 

 

Preoperative blood conservation strategies: 

Preoperative optimization is a critical component of blood conservation in orthopaedic 

surgeries. A thorough preoperative assessment is necessary to identify patients at risk of anemia 

and excessive bleeding. One of the primary strategies in this phase is the correction of 

preoperative anemia. Iron supplementation, both oral and intravenous, is widely used to 

increase hemoglobin levels before surgery. In cases where iron deficiency is severe, 

intravenous iron therapy is preferred due to its rapid and effective absorption. [10,11] 

Another essential intervention is the administration of erythropoiesis-stimulating agents 

(ESAs), such as recombinant human erythropoietin, which stimulate red blood cell production. 
[12] These agents are particularly beneficial for patients with chronic anemia or those 

undergoing major orthopaedic surgeries, such as total hip or knee replacements. Studies have 

demonstrated that patients receiving ESAs exhibit significantly higher hemoglobin levels at the 

time of surgery, thereby reducing the need for transfusions. 

 

Autologous blood transfusion: 

Autologous blood transfusion involves the collection and reinfusion of a patient’s own blood, 

thereby reducing the reliance on allogeneic transfusions. This method includes preoperative 

autologous donation (PAD), intraoperative blood salvage, and postoperative blood recovery. 

PAD is particularly useful for elective orthopaedic surgeries, allowing the patient to donate 

blood weeks before surgery, which can be reinfused when needed. [13] Intraoperative and 

postoperative cell salvage techniques collect and process shed blood, reducing overall 

transfusion requirements. 

 

Cell saver technique: 

The cell saver technique is a vital intraoperative blood conservation method used to collect and 

reinfuse blood lost during surgery. This technique involves the suctioning, filtration, and 

reinfusion of autologous blood, reducing the need for allogeneic transfusions. The collected 

blood is processed using specialized devices that remove debris and anticoagulants, making it 

safe for reinfusion. The cell saver technique is particularly beneficial in orthopaedic procedures 

with high anticipated blood loss, such as total joint arthroplasty and spinal surgeries. Studies 

indicate that the use of intraoperative cell salvage significantly decreases transfusion rates, 
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reduces immunologic risks, and enhances patient recovery by maintaining hemoglobin levels. 

[14] 

 

Use of tourniquets for blood conservation: 

Tourniquets are widely used in orthopaedic surgeries, particularly in procedures involving the 

lower extremities, to reduce intraoperative blood loss. By applying controlled pressure to a 

limb, a tourniquet temporarily occludes blood flow, thereby maintaining a bloodless surgical 

field and minimizing perioperative bleeding.[15,16] Tourniquet use has been shown to 

significantly reduce intraoperative transfusion rates and improve visualization for surgeons, 

leading to more efficient and precise surgical procedures. 

However, careful management is essential to prevent complications such as nerve damage, 

ischemic injury, and postoperative pain. Prolonged tourniquet application can lead to tissue 

hypoxia and reperfusion injuries upon release. Thus, surgeons must adhere to recommended 

time limits and pressures to maximize the benefits of tourniquets while minimizing potential 

risks. When used appropriately, tourniquets play a crucial role in orthopaedic blood 

conservation strategies. [17] 

 

Tranexamic acid in blood conservation: 

Tranexamic acid (TXA) is an antifibrinolytic agent that helps reduce blood loss during 

orthopaedic surgeries by inhibiting fibrinolysis, thereby stabilizing clot formation. TXA is 

widely used in procedures such as total hip arthroplasty (THA) and total knee arthroplasty 

(TKA), where significant blood loss is expected. Studies have shown that TXA effectively 

reduces intraoperative and postoperative bleeding, leading to lower transfusion rates and 

improved recovery outcomes. [18] 

 

Minimally Invasive Surgery (MIS): 

Minimally invasive surgery (MIS) has revolutionized orthopaedic procedures by reducing 

tissue trauma, blood loss, and recovery time. MIS techniques involve smaller incisions, 

specialized instruments, and advanced imaging technologies, allowing surgeons to perform 

complex procedures with minimal disruption to surrounding tissues. The reduced tissue trauma 

associated with MIS leads to less intraoperative bleeding and a lower risk of postoperative 

complications. [19] Additionally, MIS promotes quicker recovery, shorter hospital stays, and 

improved patient satisfaction. 

 

Hemodilution: 

Hemodilution is another intraoperative blood conservation technique that involves the removal 

of a portion of the patient’s blood before surgery and its replacement with crystalloid or colloid 

solutions. This process dilutes the blood, reducing the concentration of red blood cells lost 

during surgery. The removed blood is then reinfused postoperatively, helping to maintain 

hemoglobin levels and reduce the need for allogeneic transfusions. Hemodilution is particularly 

useful in surgeries with anticipated significant blood loss, such as major joint replacements and 

spinal surgeries. [20] 
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Topical hemostatic agents: 

Topical hemostatic agents are applied directly to the surgical site to control bleeding and 

promote clot formation. These agents include fibrin sealants, gelatin sponges, and thrombin-

based products. Topical hemostatics are particularly useful in orthopaedic surgeries where 

traditional hemostatic techniques may be insufficient. By enhancing local clot formation, these 

agents reduce intraoperative blood loss and the need for transfusions. Additionally, they can be 

used in conjunction with other blood conservation strategies to achieve optimal hemostasis. 

 

Postoperative blood conservation strategies: 

Postoperative blood conservation strategies focus on managing anemia and minimizing the 

need for transfusions. Restricted blood transfusion protocols, based on evidence-based 

guidelines, help ensure that transfusions are only administered when absolutely necessary. 

These protocols consider factors such as hemoglobin levels, patient symptoms, and 

comorbidities to determine the need for transfusion. [21] 

Patient monitoring is another critical aspect of postoperative blood conservation. Regular 

assessment of hemoglobin levels, vital signs, and clinical symptoms helps identify patients at 

risk of complications due to anemia. Early intervention, such as iron supplementation or ESA 

administration, can help manage anemia and promote recovery without the need for 

transfusions. Anemia management strategies also include nutritional support and the use of 

pharmacologic agents to stimulate red blood cell production. Iron therapy, either oral or 

intravenous, is commonly used to treat postoperative anemia. In cases where iron deficiency is 

not the primary cause of anemia, ESAs may be administered to stimulate erythropoiesis. 

 

Recent advances in blood conservation: 

Recent advancements in blood conservation techniques have further enhanced the ability to 

minimize blood loss and reduce transfusion requirements in orthopaedic surgeries. One such 

advancement is the development of advanced hemostatic agents and sealants that provide more 

effective control of bleeding. These agents, such as fibrin patches and synthetic sealants, offer 

improved adhesion and durability, making them highly effective in managing surgical bleeding. 

Another significant advancement is the use of point-of-care testing (POCT) to monitor 

coagulation and hemoglobin levels in real-time during surgery. POCT allows for immediate 

assessment of a patient’s coagulation status, enabling timely interventions to manage bleeding 

and optimize blood conservation strategies. This real-time monitoring helps reduce the risk of 

excessive blood loss and the need for transfusions. The integration of artificial intelligence (AI) 

and machine learning (ML) in surgical planning and decision-making is also transforming 

blood conservation practices. AI algorithms can analyze patient data, predict blood loss, and 

recommend personalized blood management strategies. These technologies enhance the 

precision and effectiveness of blood conservation efforts, leading to better surgical outcomes 

and reduced complications. 

 

Patient-specific blood management: 

Patient-specific blood management is a personalized approach that tailors blood conservation 

strategies to the individual needs of each patient. This approach considers factors such as the 

patient’s medical history, comorbidities, surgical procedure, and personal preferences. By 
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customizing blood management plans, healthcare providers can optimize outcomes and 

minimize risks. 

One notable consideration in patient-specific blood management is the religious and personal 

preferences of patients, particularly those of Jehovah’s Witness faith. Jehovah’s Witnesses 

generally refuse allogeneic blood transfusions based on religious beliefs. This necessitates the 

use of alternative strategies such as autologous blood transfusion, pharmacologic agents like 

tranexamic acid, and advanced surgical techniques to minimize blood loss.[22]Understanding 

and respecting these preferences while ensuring patient safety highlights the importance of 

individualized blood management approaches in modern orthopaedic surgery. 

 

Conclusion: 

Blood conservation in orthopaedic surgeries is an essential aspect of modern surgical practice. 

By employing preoperative, intraoperative, and postoperative strategies, significant reductions 

in blood loss and transfusion rates can be achieved. Patient-specific blood management ensures 

better surgical outcomes, fewer complications, and faster recovery. Minimally invasive 

techniques, pharmacological interventions, and intraoperative blood salvage have 

revolutionized perioperative care. The incorporation of MIS techniques further enhances blood 

conservation efforts by reducing tissue trauma and promoting quicker recovery. The use of 

tourniquets as a controlled hemostatic measure further aids in reducing intraoperative bleeding. 

As orthopaedic surgical techniques continue to evolve, integrating comprehensive blood 

conservation methods remains crucial in optimizing patient safety and healthcare efficiency. 

 

Recent advancements in blood conservation, such as advanced hemostatic agents, point-of-care 

testing, and AI-driven decision-making, are further enhancing the ability to minimize blood 

loss and improve surgical outcomes. These innovations, combined with a patient-centered 

approach, are transforming the landscape of orthopaedic surgery, ensuring that patients receive 

the highest standard of care while minimizing the risks associated with blood loss and 

transfusions. 
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