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ABSTRACT
[bookmark: _Hlk212353654]Anemia is a prevalent condition among surgical patients, and optimizing preoperative hematocrit or packed cell volume (PCV) is crucial to minimize perioperative complications. However, some patients refuse allogenic blood transfusions due to various reasons, including religious beliefs, fear of transfusion-related complications, or concerns about blood-borne infections. This review aims to identify effective clinical methods and strategies for optimizing preoperative hematocrit or PCV in anemic patients undergoing surgery who refuse allogenic blood transfusion. A comprehensive literature search was conducted across multiple databases, including PubMed, Scopus, and Web of Science, to identify relevant studies published between 2020 and 2025 in order to make a classification  list of the various pharmaceutical and non-pharmaceutical agents and their standardized acceptable clinical methods and strategies used for optimizing preoperative hematocrit or packed cell volume (PCV) in anemic patients undergoing surgery refusing allogenic blood transfusion. The review highlights the importance of preoperative anemia management, including the use of erythropoiesis-stimulating agents, iron supplementation, tranexamic acid and optimization of underlying chronic diseases and etc. The findings of this review will provide healthcare professionals with evidence-based strategies to optimize preoperative hematocrit or PCV in anemic patients refusing allogenic blood transfusion, ultimately improving surgical outcomes and patient safety.
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1) INTRODUCTION 
Anemia is a common condition among surgical patients, affecting approximately 30% of patients undergoing major surgery [Coccolini et al., 2024, Ashwinbhai et al., 2025]. Preoperative anemia has been associated with increased morbidity, mortality, and length of hospital stay [GBD 2021 Anaemia Collaborators, 2023]. It has been defined as a condition where a patient's hemoglobin level or red blood cell count is lower than normal before undergoing surgical intervention  and  some of causes include iron deficiency anemia which  is known to be due to inadequate iron intake or chronic blood loss (Moum & Lindgren, 2025). Chronic disease which is caused by conditions like chronic kidney disease, cancer, or inflammatory disorders can also lead to anemia [Goodnough & Shander, 2012, Marcel et al.,2020].  Nutritional deficiencies have been  attributed to  deficiencies in vitamins like B12 or folate and  have been known as a contributor  to anemia [Franchini et al., 2019]  with various forms of traumatic  events such as fatal accidents and injuries that can  lead to loss of large volume of blood loss within a short time .Therefore, anemia can increase the risk of complications during and after surgery, such as increased risk of blood transfusions, longer hospital stays, and increased risk of infections [Musallam et al., 2011]. Optimizing preoperative hematocrit or packed cell volume (PCV) is crucial to minimize perioperative complications, particularly in patients undergoing major surgery [Goodnough  & Shander,2012  and Bolliger ,2023].
However, despite the above aforementioned challenges  some patients refuse allogenic blood transfusions due to various reasons, including religious beliefs, fear of transfusion-related complications, or concerns about blood-borne infections [Petrini 2014 and Iijima, 2020]. The refusal of blood transfusions poses a significant challenge to healthcare professionals, as it can increase the risk of adverse outcomes, including increased morbidity and mortality [Carson et al.,2021].
In recent times, there has been an increasing focus on patient blood management (PBM), which aims to improve patient outcomes by avoiding unnecessary blood transfusions and optimizing the patient's own blood [Shander et al.,2022]. PBM strategies, including preoperative anemia management, have been shown to reduce the need for blood transfusions and improve patient outcomes (Shander, 2013). In addition ,preoperative anemia is  a significant concern in surgical patients, as it can lead to increased morbidity, mortality, and length of hospital stay [Musallam et al., 2011]. Optimizing preoperative hematocrit or packed cell volume (PCV) is crucial to minimize perioperative complications, particularly in patients undergoing major surgery [Goodnough et al., 2022]. Therefore face with all these aforementioned challenges there is still need  to identify effective methods and strategies for optimizing preoperative hematocrit or PCV in anemic patients undergoing surgery who refuse allogenic blood transfusion[Filipescu et al.,2025, Görlinger,2024]
Recent studies have shown that the  accepted reference range for hemoglobin (Hb) or packed cell volume (PCV) concentration for surgical patients  varies depending on the type of surgery, patient population, and clinical guidelines. Although general guidelines according to World Health Organization (WHO) rules that  Hb < 13 g/dL (male) or < 12 g/dL (female) is considered anemic [World Health Organization, 2020 and 2024]. The American Society of Anesthesiologists (ASA) agrees that  Hb < 10 g/dL is a concern for surgery (Hoh  et al., 2023)  while the European Society of Anaesthesiology (ESA) agrees that  Hb < 12 g/dL is a concern for surgery [Kietaibl et al., 2022].
For  specific guidelines for surgery, it has  agreed that  Elective surgery: Hb ≥ 10 g/dL (PCV ≥ 30%) is often considered  adequate  [Spahn et al., 2016]. In Major surgery: Hb ≥ 12 g/dL (PCV ≥ 36%) is often accepted  [Musallam et al., 2011]. Cardiac surgery: Hb ≥ 13 g/dL (PCV ≥ 39%) is often tolerated  [Carson et al., 2021].Neurosurgery also accepts that  Hb ≥ 12 g/dL (PCV ≥ 36%) is often considered suitable [Hoh et al.,2023].For developing nations in the Sahara and sub-Saharan nations the specific  clinical  guidelines established by these nations  are to be followed .For  instance in the Nigerian Society of Anaesthetists recommends a minimum Hb of 10 g/dL (PCV ≥ 30%) for elective surgery [Biccard et al., 2020 andWorld Health Organization, 2020 and 2024]. 
It is vividly clear that preoperative anemia management is a critical component of patient blood management (PBM) [Shander et al.,2022]. Patient blood Management strategies, including preoperative anemia management, that  have been shown to reduce the need for blood transfusions and improve patient outcomes [Xu et al., 2022]. A study by [Molla et al.,2025] found that preoperative anemia was associated with increased morbidity and mortality in surgical patients.
[bookmark: _Hlk213280014]The importance of strategic counselling for patients refusing allogenic blood transfusion can never be overemphasized. This is because patients who refuse allogenic blood transfusion pose a significant challenge to healthcare professionals [Carson et al.,2021]. Strategies, such as counselling patients for use of  preoperative anemia management, ESAs, and iron supplementation, and etc.  can be effective in optimizing preoperative hematocrit or PCV in these patients [Goodnough et al., 2022] A study by [Frenchini et al.,2019] found that a multidisciplinary approach, including patient education and optimization of underlying chronic diseases, was effective in improving patient outcomes and reducing the need for blood transfusions.[Filipescu et al.,2025, Görlinger,2024]
This review aims to identify effective methods and strategies for optimizing preoperative hematocrit or PCV in anemic patients undergoing surgery who refuse allogenic blood transfusion. By synthesizing the available evidence, this review will provide healthcare professionals with evidence-based strategies to improve patient outcomes and reduce the risks associated with blood transfusions
2) METHODOLOGY FOR THE CURRENT REVIEW 
A comprehensive literature search was conducted across multiple databases, including PubMed, Scopus, and Web of Science, to identify relevant studies published between 2020 and 2025 in order to make a classification of the various pharmaceutical and non-pharmaceutical agents and their standardized acceptable clinical methods and strategies used for optimizing preoperative hematocrit or packed cell volume (PCV) in anemic patients undergoing surgery but are refusing allogenic blood transfusion.

3) Results classified in the list below contained various pharmaceutical and non-pharmaceutical  agents used for optimization  based on  search published  articles. 

[bookmark: _Hlk212353267]Classification of the various pharmaceutical and non-pharmaceutical  agents and the  standardized methods and strategies use for  optimization of  preoperative hematocrit or packed cell volume (PCV) in anemic patients undergoing surgery refusing allogenic blood transfusion include  the following;- 
a) Erythropoiesis-Stimulating Agents (ESAs)
ESAs have been shown to be effective in increasing hemoglobin levels and reducing the need for blood transfusions in anemic patients undergoing surgery (Hakim  et al., 2024). A study by Goodnough et al.,2022) found that ESAs, in combination with iron supplementation, were effective in optimizing preoperative hematocrit in anemic patients undergoing surgery.
b) Iron Supplementation
Iron supplementation is a crucial component of preoperative anemia management [Bolliger et al., 2023]. A study by [Shander et al.,2022]found that intravenous iron supplementation was effective in increasing hemoglobin levels and reducing the need for blood transfusions in anemic patients undergoing surgery.
c) Optimization of Underlying Chronic Diseases
Optimization of underlying chronic diseases, such as chronic kidney disease, is also crucial in preoperative anemia management [Jody,2023]. A study by [Amer et al.,2022] found that optimization of chronic kidney disease was associated with improved patient outcomes and reduced need for blood transfusions.
d) The use of Tranexamic acid (TXA)  for optimization 
Tranexamic acid (TXA)  is an antifibrinolytic agent that has been widely used to reduce bleeding and transfusion requirements in surgical patients. Optimizing hematocrit levels is crucial in surgical settings, especially for patients undergoing major surgeries.
e) The use of Growth Factors optimization 
1)  Erythropoietin (EPO):
EPO stimulates erythropoiesis and increases red blood cell production. It is commonly used to treat anemia in patients with chronic kidney disease (CKD) and cancer [McQueen et al.,2015]
2) Granulocyte-Colony Stimulating Factor (G-CSF): 
G-CSF stimulates granulopoiesis and can be used to prevent neutropenia in patients undergoing chemotherapy 
3) Preoperative Autologous Blood Donation (PABD
f) Nutritive approach, focusing on dietary modifications and nutrient supplementation
g) The use of  blood conservation in the optimization of hematocrit 
Blood conservation strategies are essential in optimizing hematocrit levels and reducing the need for blood transfusions. 
h) The use of Crystalloid solutions, such as saline and lactated Ringer's, have been  the most commonly used as non-blood product transfusion strategy. Crystalloid solutions are widely used for fluid resuscitation and have been shown to be effective in restoring blood volume and improving hemodynamic stability [Myburgh et al., 2012]
i) The use of Colloids, such as albumin and hydroxyethyl starch, have been  also commonly used. Colloids have been shown to be effective in expanding plasma volume and improving hemodynamic stability, but their use has been associated with adverse effects, such as anaphylaxis and kidney injury [Finfer et al., 2018]
j) Optimizing Oxygen Delivery: Optimizing oxygen delivery to tissues can help reduce the need for red blood cell transfusions [ Fincher & Butt,2025]
k) Minimizing Blood Loss: Minimizing blood loss during surgery can help optimize hematocrit levels and reduce the need for blood transfusions [Spahn ,2016].

4) DISCUSSION 
Discussion on various pharmaceuticals and non-pharmaceutical agents and their   standardized clinical methods and strategies for  optimization  preoperative hematocrit or packed cell volume (PCV) in anemic patients undergoing surgery refusing allogenic blood transfusion include the followings :-
1) The use of erythropoiesis-stimulating agents for optimization 
Erythropoiesis-stimulating agents (ESAs) are a class of medications that stimulate the production of red blood cells, commonly used to treat anemia in patients with chronic kidney disease (CKD) or those undergoing chemotherapy [McQueen et al.,2015].The goal of ESA therapy is to increase hemoglobin levels, reduce the need for blood transfusions, and improve patient outcomes.
a) Benefits and Risks of ESAs
ESAs have been shown to be effective in increasing hemoglobin levels and reducing the need for blood transfusions in patients with CKD or cancer [Bohlius et al.,2019]. However, ESAs also carry risks, including increased risk of thromboembolic events, stroke, and mortality (FDA, 2024). Therefore, careful consideration of the benefits and risks of ESAs is necessary when deciding whether to initiate therapy.
b) Types of ESAs
Several ESAs are available, including the following:-Epoetin alfa (Epogen, Procrit) which  stimulates erythropoiesis by binding to erythropoietin receptors on the surface of red blood cell precursors. Darbepoetin alfa (Aranesp) which is  a long-acting ESA that stimulates erythropoiesis in a similar manner to epoetin alfa and finally Biosimilar epoetin alfa (Retacrit) which is  a biosimilar version of epoetin alfa.
c)  Dosing Strategies
Dosing strategies for ESAs vary depending on the specific agent and patient population. For example, epoetin alfa is typically administered three times a week, while darbepoetin alfa can be administered once a week or every two weeks depending on the age and sex and other clinical  predisposing factors [Bohlius et al., 2019]. The goal of dosing is to achieve a target hemoglobin level while minimizing the risk of adverse events. Finally , ESAs are a valuable treatment option for patients with anemia due to CKD or cancer. However, careful consideration of the benefits and risks of therapy is necessary to ensure safe and effective use. Further research is needed to optimize dosing strategies and minimize the risk of adverse events.
2) Standardized clinical methods and strategies for  counselling patients for the use of  iron supplementation for optimization 
Iron supplementation is often necessary to support ESA therapy, as iron deficiency can limit the effectiveness of ESAs [Bohlius et al., 2019]. Intravenous iron supplementation has been shown to be effective in increasing hemoglobin levels and reducing the need for blood transfusions in patients receiving ESAs.
a) Methods and Strategies for iron supplementation optimization 
Iron supplementation is a widely used treatment for iron deficiency anemia, a common condition affecting individuals worldwide. The goal of iron supplementation is to replenish iron stores, improve hemoglobin levels, and alleviate symptoms associated with iron deficiency. This literature review aims to discuss the various methods and strategies for iron supplementation, including oral and intravenous iron, and their effectiveness in different patient populations.
b) Oral Iron Supplementation
Oral iron supplementation is the most commonly used treatment for iron deficiency anemia. Ferrous sulfate is the most widely used oral iron supplement, and its effectiveness has been well established [Camaschella, 2019]. However, oral iron can cause gastrointestinal side effects, such as nausea, vomiting, and diarrhea, which can limit its tolerability and adherence (Rohr et al., 2023).
c) Intravenous Iron Supplementation
Intravenous iron supplementation is a safe and effective alternative to oral iron, particularly for patients with severe iron deficiency anemia or those who are intolerant to oral iron [Buchritis  et al., 2022]. Intravenous iron can rapidly replenish iron stores and improve hemoglobin levels, making it a valuable treatment option for patients with significant anemia.
d) Iron Formulations
Several iron formulations are available for intravenous administration, including iron sucrose, iron gluconate, and ferric carboxymaltose (Ferinject) [Moum & Lindgren et al., 2025]. Each formulation has its own unique characteristics and potential side effects. For example, ferric carboxymaltose has been shown to have a more stable iron complex and a lower risk of hypersensitivity reactions compared to other intravenous iron formulations.
e) Patient Populations
Iron supplementation is essential for various patient populations, including pregnant women, patients with chronic kidney disease, and patients with heart failure [Camaschella, 2019]. Pregnant women are at high risk of iron deficiency anemia due to increased iron demands during pregnancy. Patients with chronic kidney disease often develop anemia due to erythropoietin deficiency and iron deficiency.
f) Clinical Guidelines
The National Institute for Health and Care Excellence (NICE) and the American Society of Hematology (ASH) have developed clinical guidelines for the diagnosis and treatment of iron deficiency anemia  [Hoh  et al., 2023]. These guidelines recommend iron supplementation as a first-line treatment for iron deficiency anemia and highlight the importance of monitoring iron levels and adjusting treatment as needed. Finally , iron supplementation is a crucial treatment for iron deficiency anemia, and various methods and strategies are available, including oral and intravenous iron. The choice of iron formulation and route of administration depends on the individual patient's needs and medical history. Further research is needed to optimize iron supplementation strategies and improve patient outcomes.
g) Monitoring and Adverse Events
Regular monitoring of hemoglobin levels, blood pressure, and iron status is necessary to ensure safe and effective use of ESAs. Adverse events, such as thromboembolic events, stroke, and hypertension, can occur with ESA therapy, and prompt intervention is necessary to minimize harm
h) Clinical Guidelines
The American Society of Clinical Oncology (ASCO) and the American Society of Hematology (ASH) have developed clinical guidelines for the use of ESAs in patients with cancer [Bohlius et al., 2019]. These guidelines recommend that ESAs be used to treat anemia in patients with cancer, but emphasize the importance of careful consideration of the benefits and risks of therapy.
3) Standardized clinical methods and strategies for using tranexamic acid (TXA) for optimization of hematocrit
Tranexamic acid (TXA) is an antifibrinolytic agent that has been widely used to reduce bleeding and transfusion requirements in surgical patients. Optimizing hematocrit levels is crucial in surgical settings, especially for patients undergoing major surgeries. Here's a comprehensive overview of standardized methods and strategies for using TXA for hematocrit optimization:
a) Methods of TXA Administration:
1. Intravenous (IV) Administration TXA is commonly used in surgical settings, with a typical dose of 10-15 mg/kg administered before incision or at the start of surgery [Medscape, 2022].
2. Topical Administration: Topical TXA can be applied directly to the surgical site, with a typical dose of 1-2 g [Zhou et al., 2023].
b) Strategies for Hematocrit Optimization:
1. Preoperative TXA Administration: Administering TXA before surgery can help reduce bleeding and improve hematocrit levels (Coccolini et al., 2024).
2. Intraoperative TXA Administration: Administering TXA during surgery can help maintain hematocrit levels and reduce transfusion requirements [McQueen  et al., 2015] by  POISE-2 Investigators in 2022.
3. Combination Therapy: Using TXA in combination with other hemostatic agents, such as fibrinogen or prothrombin complex concentrate, may be beneficial in patients with significant bleeding [Pathak et al., 2015].
c) Standardized Protocols:
1. CRASH-3 Protocol: The CRASH-3 trial demonstrated the effectiveness of TXA in reducing head injury-related bleeding [Roberts ,2023, shander  et al .,2023 and  CRASH-3 Trial Collaborators ,2019).
2. POISE-3 Protocol: The POISE-3 trial showed that TXA reduced bleeding and transfusion requirements in patients undergoing non-cardiac surgery [Devereaux et al.,2022].
d) Benefits of TXA:
1. Reduced Bleeding: TXA has been shown to reduce bleeding and transfusion requirements in surgical patients [Tantavisut  et al., 2024].
2. Improved Hematocrit:TXA can help improve hematocrit levels by reducing bleeding and preserving red blood cells [Zhou  et al., 2023].
3. Cost-Effective: TXA is a cost-effective treatment option for reducing bleeding and transfusion requirements [Guerriero et al., 2011].
e) Potential Risks and Side Effects:
1. Thromboembolic Events: TXA may increase the risk of thromboembolic events, such as deep vein thrombosis or pulmonary embolism [Taeuber et al., 2021].
2. Seizures: TXA may increase the risk of seizures, particularly in patients with a history of seizure disorders [Lecker  et al., 2016].
Finally , TXA is a valuable agent for optimizing hematocrit levels in surgical patients. Standardized clinical methods and strategies for using TXA include preoperative and intraoperative administration, combination therapy, and adherence to established protocols. While TXA is generally safe, potential risks and side effects, such as thromboembolic events and seizures, should be carefully monitored.
4) Standardized methods and strategies for using  blood conservation in the optimization of hematocrit
Blood conservation strategies are essential in optimizing hematocrit levels and reducing the need for blood transfusions. Here are some standardized methods and strategies for blood conservation:
a) Preoperative Strategies:
1. Preoperative Autologous Blood Donation (PABD): PABD involves collecting and storing a patient's own blood before surgery to reduce the need for allogenic blood transfusions [Conforti et al., 2015].
2. Erythropoietin (EPO) Therapy: EPO therapy can be used to increase red blood cell production and reduce the need for blood transfusions (Hakim  et al., 2024).
3. Iron Supplementation: Iron supplementation can help optimize hematocrit levels and reduce the need for blood transfusions [Conforti et al., 2015].
b) Intraoperative Strategies:
1.Surgical Technique: Surgeons can use techniques that minimize blood loss, such as electrocautery and ligation (Tohme et al., 2016,).
2. Anesthetic Technique: Anesthesiologists can use techniques that minimize blood loss, such as controlled hypotension (Emilia et al., 2011).
3. Blood Salvage: Blood salvage involves collecting and reinfusing a patient's own blood lost during surgery (Yen et al., 2023).
4. Hemostatic Agents: Hemostatic agents, such as fibrin glue and thrombin, can be used to control bleeding (Brown  and Solomon ,2024).
c) Postoperative Strategies:
1. Postoperative Blood Salvage: Postoperative blood salvage involves collecting and reinfusing a patient's own blood lost after surgery [Carless et al., 2010].
2. Close Monitoring: Close monitoring of hematocrit levels and vital signs can help identify patients who require blood transfusions [Mondal et al., 2025].
d) Standardized Protocols:
1. Patient Blood Management (PBM) Programs:PBM programs involve a multidisciplinary approach to optimizing blood management in patients undergoing surgery [Meybohm et al., 2023]
2. Evidence-Based Transfusion Guidelines:Evidence-based transfusion guidelines can help optimize blood transfusions and reduce unnecessary transfusions [Stella et al.,2022].
Finally , standardized clinical methods and strategies for blood conservation can help optimize hematocrit levels and reduce the need for blood transfusions. These strategies include preoperative, intraoperative, and postoperative approaches, as well as standardized protocols such as PBM programs and evidence-based transfusion guidelines.
5) Standardized clinical methods and strategies for optimization  of hematocrit or PCV  using nutritive approach
Hematocrit, or packed cell volume (PCV), is a critical parameter in assessing an individual's red blood cell mass and overall health. Optimizing hematocrit levels is essential for maintaining adequate oxygen delivery to tissues and organs. A nutritive approach, focusing on dietary modifications and nutrient supplementation, can play a significant role in optimizing hematocrit levels. This literature review aims to discuss the various methods and strategies for optimizing hematocrit or PCV using a nutritive approach.
a) Iron intake  requirement 
Iron is a crucial nutrient for hematopoiesis, and adequate iron intake is essential for maintaining healthy red blood cells (Camaschella, 2019). Iron-rich foods, such as red meat, poultry, fish, and fortified cereals, can help increase iron stores and support hematopoiesis. Iron supplementation, particularly in individuals with iron deficiency anemia, can also help optimize hematocrit levels [Mondal et al., 2025].

b) Vitamin B12 intake requirement 
Vitamin B12 plays a critical role in the production of red blood cells, and deficiency can lead to anemia (Green & Miller, 2022). Foods rich in vitamin B12, such as animal products, fish, and fortified plant-based milk, can help maintain adequate vitamin B12 levels. Vitamin B12 supplementation may be necessary for individuals with deficiency or insufficiency.
c) Folate intake requirement 
Folate, a B vitamin, is essential for red blood cell production, and deficiency can lead to anemia [Hampton , 2011 and Sukla,2013]. Foods rich in folate, such as leafy greens, legumes, and fortified cereals, can help maintain adequate folate levels. Folate supplementation may be necessary for individuals with deficiency or insufficiency.
d) Other Nutrients
Other nutrients, such as vitamin B6, copper, and zinc, also play important roles in hematopoiesis (Kiani et al., 2022). Adequate intake of these nutrients through a balanced diet or supplementation can help support healthy red blood cell production.
e) Dietary Patterns
Dietary patterns, such as a Mediterranean-style diet, rich in fruits, vegetables, whole grains, and lean protein sources, can provide adequate nutrients for hematopoiesis [Fu et al., 2024]. A well-planned vegetarian or vegan diet can also provide adequate nutrients for hematopoiesis, with careful attention to iron, vitamin B12, and another essential nutrient intake.
Finally , a nutritive approach, focusing on dietary modifications and nutrient supplementation, can play a significant role in optimizing hematocrit or PCV levels. Adequate intake of iron, vitamin B12, folate, and other essential nutrients is crucial for healthy red blood cell production. Further research is needed to determine the most effective dietary patterns and nutrient supplementation strategies for optimizing hematocrit levels.
5)CONCLUSION 
In conclusion, optimizing preoperative PCV in anemic patients undergoing surgery who refuse allogenic blood transfusion requires a multidisciplinary approach, incorporating evidence-based strategies such as iron supplementation, erythropoietin therapy, and meticulous surgical techniques. By implementing these standard methods and strategies, healthcare providers can minimize the risks associated with anemia and ensure the best possible outcomes for patients undergoing surgery.
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