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Blood transfusion stands as one of the most critical, life-

saving therapeutic interventions in modern medical practice, 

spanning crucial fields such as emergency surgery, trauma 

care, oncology, and severe hematological disorders. This 

article provides an in-depth scientific review of transfusion 

medicine, meticulously outlining its historical milestones, the 

biochemical foundations of the ABO and Rhesus blood group 

systems, clinical indications for specific hemocomponent 

therapies, and potential pathophysiological complications. 

Additionally, the paper emphasizes current pre-transfusion 

safety protocols and the global transition toward Patient 

Blood Management (PBM) strategies designed to enhance 

clinical outcomes and minimize immunological and infectious 

hazards. This comprehensive analysis serves as a 

comprehensive educational and clinical framework for 

students and healthcare practitioners at Samarkand State 

Medical University. 
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INTRODUCTION AND HISTORICAL EVOLUTION 

Blood transfusion is defined as the intravenous transfer of whole blood or specific blood 

components from a healthy donor into the circulatory system of a recipient. It represents a vital 

pillar of clinical medicine, enabling complex surgical procedures, sustaining trauma victims, 

and managing acute hemorrhage. The historical trajectory of transfusion medicine is marked by 

centuries of trial, error, and profound biological discovery. The formal understanding of blood 
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systems began after William Harvey's landmark description of the circulatory system in 1628. 

Early attempts at animal-to-human and human-to-human transfusions frequently resulted in 

immediate death due to a total lack of immunological understanding. 

The modern era of safe transfusion practice was officially initiated in 1901, when Austrian 

scientist Karl Landsteiner identified the major ABO blood group system, demonstrating that 

human blood possesses distinct inherited antigenic properties. Landsteiner's discovery explained 

the underlying cause of lethal intravascular hemolysis that occurred during incompatible blood 

mixing. This was followed by the discovery of the Rhesus (Rh) factor in 1939-1940 by 

Landsteiner and Alexander Wiener, which solved the mystery of erythroblastosis fetalis and 

further refined cross-matching precision. Subsequent developments in chemical anticoagulants, 

such as sodium citrate, and refrigerated storage solutions during the World Wars allowed for 

blood banking, transforming transfusion from a desperate immediate procedure into an 

organized global specialty. 

THE IMMUNOLOGICAL BASIS OF BLOOD GROUPS 

Safe clinical transfusion relies entirely on the precise identification of surface antigens 

located on red blood cells (RBCs) and the corresponding naturally occurring antibodies 

circulating within the individual's plasma. The ABO system categorizes individuals into four 

major phenotypes based on the presence of A or B carbohydrate antigens. Type O individuals 

lack both A and B antigens on their erythrocytes but carry both anti-A and anti-B antibodies in 

their serum. Type A individuals express the A antigen and possess anti-B antibodies, while 

Type B individuals express the B antigen and possess anti-A antibodies. Type AB individuals 

uniquely express both antigens on their cell surfaces and consequently possess no antibodies 

against either type in their plasma. 

In addition to the ABO classification, the Rhesus (Rh) system, specifically the presence or 

absence of the highly immunogenic D antigen, is of paramount clinical importance. An Rh-

negative individual exposed to Rh-positive blood will develop anti-D antibodies, posing severe 

hemolytic risks during subsequent transfusions or subsequent pregnancies. Proper matching 

dictates that recipients must never receive an antigen to which they have corresponding plasma 

antibodies. Hence, Type O-negative blood is designated as the universal donor product because 

it lacks A, B, and D antigens, allowing its use in dire emergencies when cross-matching is not 

immediately possible. Conversely, Type AB-positive individuals are universal recipients 

because their plasma lacks circulating antibodies that could target donor cell surface antigens. 

THE PARADIGM OF COMPONENT THERAPY AND CLINICAL INDICATIONS 

In contemporary medical practice, the administration of whole blood is highly discouraged 

and largely obsolete, reserved almost exclusively for massive exsanguination or specific 

military trauma protocols. Instead, modern transfusion medicine utilizes differential 

centrifugation to fractionate a single unit of whole blood into specialized hemocomponents. This 

component therapy maximizes resource efficiency—allowing one donor unit to benefit up to 
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four distinct patients—and actively prevents circulatory volume overload by delivering only the 

required therapeutic agent. 

PRBCs are prepared by removing the majority of plasma from whole blood, yielding a 

highly concentrated suspension of erythrocytes. The primary clinical indication for PRBC 

transfusion is to restore oxygen-carrying capacity in patients suffering from symptomatic 

chronic anemia or acute blood loss exceeding 30% of their total volume. Modern clinical 

guidelines enforce a restrictive transfusion threshold, typically recommending PRBC 

administration only when hemoglobin levels fall below 7 to 8 g/dL, unless the patient displays 

active cardiovascular disease.3.1 Packed Red Blood Cells (PRBCs):  

Platelets are crucial for primary hemostasis and initial clot formation. Platelet transfusions 

are indicated for the prevention or treatment of hemorrhage in patients with severe 

thrombocytopenia (platelet count <10,000/μL for prophylactic use) or in cases of qualitative 

platelet dysfunction, which frequently occurs after cardiopulmonary bypass surgery or high-

dose chemotherapy regimens.3.2 Platelet Concentrates (Thrombocytes):  

FFP contains all acellular coagulation factors, albumin, and fibrinogen. It is primarily 

indicated for correcting complex, multi-factor coagulopathies, such as those induced by severe 

liver disease, disseminated intravascular coagulation (DIC), or massive blood loss protocols. 

Cryoprecipitate, obtained by thawing FFP at low temperatures, contains highly concentrated 

amounts of Fibrinogen, Factor VIII, Factor XIII, and von Willebrand factor. It is specifically 

utilized to treat severe hypofibrinogenemia or targeted bleeding disorders when concentrated 

factor variants are unavailable.3.3 Fresh Frozen Plasma (FFP) and Cryoprecipitate:  

PATHOPHYSIOLOGICAL COMPLICATIONS AND ADVERSE EFFECTS 

Despite rigorous screening and cross-matching protocols, blood transfusions remain 

inherently risky procedures capable of inducing severe immunological and non-immunological 

complications. These adverse events are broadly categorized by their temporal onset into acute 

(occurring within 24 hours) or delayed reactions. 

The most catastrophic reaction is the Acute Hemolytic Transfusion Reaction (AHTR), 

almost always caused by human clerical error resulting in the administration of ABO-

incompatible blood. The recipient's pre-existing IgM antibodies immediately bind to the donor 

erythrocytes, initiating rapid complement activation and severe intravascular hemolysis. This 

manifests clinically as severe chills, fever, lower back pain, dyspnea, hypotension, and acute 

renal failure. Febrile Non-Hemolytic Transfusion Reactions (FNHTR) are far more common 

and less severe, characterized by an isolated temperature increase caused by accumulated 

cytokines within the stored blood product.4.1 Acute Immunological Reactions:  

Transfusion-Related Acute Lung Injury (TRALI) is currently a leading cause of transfusion-

associated mortality. It is triggered by donor antibodies that react against the recipient's 

leukocyte antigens, causing massive neutrophil activation within the pulmonary 

microvasculature, leading to severe non-cardiogenic pulmonary edema and acute respiratory 
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failure. In contrast, Transfusion-Associated Circulatory Overload (TACO) is a non-

immunological complication caused by infusing blood products at a rate that exceeds the 

recipient's cardiac compensatory capacity, resulting in acute hypervolemia, elevated central 

venous pressure, and cardiogenic pulmonary edema.4.2 Pulmonary Complications:  

Delayed reactions include iron overload (hemosiderosis) in chronically transfused patients, 

requiring continuous chelation therapy. While modern nucleic acid testing has significantly 

reduced the risk of viral transmission (such as HIV, HBV, and HCV) to near-negligible levels, 

bacterial contamination remains a persistent threat, particularly in platelet concentrates stored at 

room temperature.4.3 Infectious and Delayed Risks:  

RIGID PROTCOLS, PATIENT BLOOD MANAGEMENT, AND CONCLUSION 

To achieve a zero-error rate, medical institutions must mandate strict pre-transfusion 

protocols. This includes unambiguous patient identification, a rigorous two-person check at the 

bedside, pre-transfusion cross-matching, and the mandatory execution of a biological test—

where the first 15 milliliters of blood are infused extremely slowly while monitoring the 

patient's vital signs for any early markers of anaphylaxis or acute hemolysis. 

Furthermore, contemporary global healthcare is shifting toward Patient Blood Management 

(PBM). This multidisciplinary approach focuses on minimizing allogeneic blood exposure 

through the pre-operative optimization of patient iron stores, the extensive utilization of 

intraoperative autologous cell-salvage systems, and the meticulous enforcement of evidence-

based, restrictive transfusion thresholds. In conclusion, while blood transfusion is an 

irreplaceable, life-saving modality, its implementation demands a deep understanding of 

immunology, rigorous technical discipline, and adherence to safety protocols. For institutions 

like Samarkand State Medical University, training future healthcare professionals in these 

advanced protocols ensures maximum patient safety and promotes clinical excellence across the 

healthcare system of Uzbekistan. 
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