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Haemorrhage, or bleeding, is the escape of blood from the blood vessels as a result of an injury or de​fect in the permeability of the vascular walls.

The average human has around 7 to 8% of their body weight made up of blood. This equates to an average of around 5 liters of blood in a 70kg man. The circulating blood volume is approximately 70 ml / kg of ideal body weight. Thus the average 70 kg male has approximately 5000 ml of circulating blood. Loss of 10-15% of total blood volume can be endured without clinical sequelae in a healthy person. The human body generates blood at a rate of about 2 litres per week.

1. In terms of the mechanism, haemorrhage divides onto:
- mechanical (disruption or erosion of a vessel);

- neurotrophic (impaired permeability of vessels as a result of vascular wall pathology, which can be secondary to various diseases — scarlet fever, scurvy, haemophilia etc).

2. The following types of haemorrhage are identified:

- haemorrhage per rexin (as a result of mechanical damage to the vessel — a tear or rupture);

- haemorrhage per diabrosin results from erosion of blood vessels (by a tumour, in tissue necrosis and in infections);

- haemorrhage per diapedesin due to a defect in the permeability of the vascular walls.

3. Source of bleeding:
- Arterial 

- Arterio-venous 

- Venous

- Capillary 

- Parenchymal 

4. - Acute Haemorrhage
- Chronic Haemorrhage
5. Bleeding can also be:

- external (when blood oozes outside the body),

- internal (when blood accumulates in an enclosed space of the body or in the cavity of a hollow organ).

- occult, when diagnosed only by means of specific methods of investigation.

6. Haemorrhage:
     - primary - results from an injury of vessel;                
     - secondary
         -   early secondary  bleeding -  a clot breaks away from the vessel because of a rise in blood pressure or as a result of vascular spasm

          -  late secondary bleeding - more than 5 days after 

Degrees of blood loss:

1)  mild — a reduction in blood circulating vol​ume of 10-12%, or 500-700 ml of blood;
2) moderate — a reduction in blood circulating volume of 15-20%, or 1,000-1,400 ml of blood;
3) severe — a reduction in blood circulating vol​ume of 20-30%, or 1,500-2,000 ml of blood;
4) massive - a reduction in blood circulating vol​ume of more than 30%, or more than 2,000 ml of blood.

Hemorrhage is broken down into 4 classes by the American College of Surgeons' Advanced Trauma Life Support (ATLS).
Class I. Hemorrhage involves up to 15% of blood volume. There is typically no change in vital signs and fluid resuscitation is not usually necessary. 
Class II. Hemorrhage involves 15-30% of total blood volume. A patient is often tachycardic (rapid heart beat) with a narrowing of the difference between the systolic and diastolic blood pressures. The body attempts to compensate with peripheral vasoconstriction. Skin may start to look pale and be cool to the touch. The patient might start acting differently. Volume resuscitation with crystaloids (Saline solution or Lactated Ringer's solution) is all that is typically required. Blood transfusion is not typically required. 
Class III. Hemorrhage involves loss of 30-40% of circulating blood volume. The patient's blood pressure drops, the heart rate increases, peripheral perfusion, such as capillary refill worsens, and the mental status worsens. Fluid resuscitation with crystaloid and blood transfusion are usually necessary. 
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Class IV. Hemorrhage involves loss of >40% of circulating blood volume. The limit of the body's compensation are reached and aggressive resuscitation is required to prevent death. 

Bleeding in the Digestive Tract

Bleeding in the digestive tract is a symptom of a disease rather than a disease itself. Bleeding can occur as the result of a number of different conditions, some of which are life threatening. Most causes of bleeding are related to conditions that can be cured or controlled, such as ulcers or hemorrhoids. The cause of bleeding may not be serious, but locating the source of bleeding is important.

The digestive or gastrointestinal (GI) tract includes the esophagus, stomach, small intestine, large intestine or colon, rectum, and anus. Bleeding can come from one or more of these areas, that is, from a small area such as an ulcer on the lining of the stomach or from a large surface such as an inflammation of the colon. Bleeding can sometimes occur without the person noticing it. This type of bleeding is called occult or hidden. Fortunately, simple tests can detect occult blood in the stool.
The common causes of bleeding in the digestive tract (scheme):
Esophagus

· inflammation (esophagitis) 

· enlarged veins (varices) 

· tear (Mallory-Weiss syndrome) 

· cancer 

· liver disease 

Stomach

· ulcers 

· inflammation (gastritis) 

· cancer 

Small intestine

· duodenal ulcer 

· inflammation (irritable bowel disease) 

· cancer 

Large intestine and rectum

· hemorrhoids 

· infections 

· inflammation (ulcerative colitis) 

· colorectal polyps 

· colorectal cancer 

· diverticular disease 

The key to successful evaluation of GI bleeding revolves around the following principles : 

- determine the hemodynamic stability of the patient; 

- determine the source of bleeding; 

- stop the bleeding; 

- prevent recurrence.

 The key to the successful approach to GI bleeding is ensuring the hemodynamic stability of the patient. Once done, a systematic search for the source of the bleeding should be undertaken. Although often unreliable, a careful patient history can provide valuable clues to factors that may predispose the patient to hemorrhage from a particular site within the GI tract. Physical examination (including placement of a NG tube) can further delineate whether an upper source or a lower source is most likely. The key diagnostic modality in GI bleeding is fiberoptic endoscopy. Following the clues provided by a careful history and physical examination, targeted endoscopy is then used to definitively identify the source of bleeding. In the rare cases where endoscopy is unable to adequately identify the source of GI bleeding, specialized nuclear medicine and angiographic studies can be used. 

Case history

Clinical history accurately points to the source of bleeding in only 40% of cases.

A. Upper GI bleeding. Hematemesis and melena are the most common presentations of acute upper GI bleeding. Important questions to ask: Is there a prior history of bleeding (60% rebleed from the same site)? Is there any family history? Does the patient have any comorbid diseases (peptic ulcer disease, pancreatitis, cirrhosis, cancer)? Is the patient taking any medications (especially nonsteroidal antiinflammatory agents)? Does the patient use recreational drugs, cigarettes, or alcohol? What is the character of the pain? Peptic ulcer pain is epigastric, gnawing, rhythmic, and dull. GI cancers are associated with vague epigastric pain, dysphagia, or weight loss. Was there any retching (Mallory–Weiss tear)? Does the patient have a history of prior surgeries? Patients with a history of vascular grafting are at risk for aortoenteric fistulae, which is often associated with a “herald bleed.”

 B. Lower GI bleeding. How old is the patient? Age is an important feature in discriminating the source of lower GI bleeding. Patients aged less than 50 years usually bleed from infectious causes, anorectal disease, or inflammatory bowel disease. For patients aged more than 50 years, diverticulosis, angiodysplasia, cancer, and ischemia are most common. Are there any associated symptoms? Diverticular disease presents as painless, high volume bleeding. Angiodysplasia and cancer present with symptoms of chronic blood loss (fatigue, dyspnea on exertion). Inflammatory bowel disease presents with bloody diarrhea, cramping, weight loss, and fever. A prior history of inflammatory bowel disease, cancer, or radiation to the abdomen is also important. 

Physical examination

A. Vital signs. The single most important aspect of the initial physical examination is determining the patient’s hemodynamic stability. Unstable patients should be managed as trauma patients. Placement of a nasogastric (NG) tube is considered the “fifth vital sign” in patients with acute GI bleeding. 

 B. Focused physical examination. After ensuring hemodynamic stability, the initial physical examination should eliminate a nasal or oropharyngeal source of bleeding. Examine the skin and abdomen carefully for clues to an underlying cause. A rectal examination is mandatory. 

1. Skin examination. Ecchymoses, petechiae, and varices should be noted. Conjunctival pallor is a sign of chronic anemia. Numerous mucosal telangiectasias can point to an underlying vascular abnormality. 

 2. Abdominal examination. Look for stigmata of chronic liver disease (hepatosplenomegaly, spider angiomata, ascites, palmar erythema, caput medusae, gynecomastia, and testicular atrophy). 

 3. Rectal examination. Rectal varices, hemorrhoids, and fissures should be noted. 

How to recognize blood in the stool and vomit:
· bright red blood coating the stool 

· dark blood mixed with the stool 

· black or tarry stool 

· bright red blood in vomit 

· coffee-grounds appearance of vomit 

The symptoms of acute bleeding:
· any of bleeding symptoms above 

· weakness 

· shortness of breath 

· dizziness 

· crampy abdominal pain 

· faintness 

· diarrhea 

The symptoms of chronic bleeding:
· any of bleeding symptoms above 

· weakness 

· fatigue 

· shortness of breath 

· lethargy 

· faintness 
Laboratory evaluation

 A. Basic laboratory studies should include a complete blood count with particular attention to the hematocrit, coagulation studies [prothrombin time (PT) and partial thromboplastin time (PTT)], liver function tests (LFTs), serum chemistries (blood urea nitrogen is elevated disproportionately to creatinine in patients with GI blood loss), electrocardiogram (ECG), and NG aspirate analysis. Acutely, the hematocrit is a poor indicator of blood loss; however, serial hematocrits can be useful in assessing ongoing blood loss. A prolonged PT or PTT suggests an underlying coagulopathy. Elevated LFTs suggest underlying liver disease. An ECG is important, especially in elderly patients, to search for evidence of cardiac ischemia. Finally, the NG aspirate is essential. If the aspirate is bright red, or “coffee grounds” in appearance, an upper GI source is likely. 

B. Endoscopy plays a central role in the diagnosis and management of GI bleeding. Fiberoptic endoscopy is 90% accurate in pinpointing the source of upper GI bleeding. 

 Endoscopy is a common diagnostic technique that allows direct viewing of the bleeding site. Because the endoscope can detect lesions and confirm the presence or absence of bleeding, doctors often choose this method to diagnose patients with acute bleeding. In many cases, the doctor can use the endoscope to treat the cause of bleeding as well.

The endoscope is a flexible instrument that can be inserted through the mouth or rectum. The instrument allows the doctor to see into the esophagus, stomach, duodenum (esophago-duodenoscopy), colon (colonoscopy), and rectum (sigmoidoscopy); to collect small samples of tissue (biopsies); to take photographs; and to stop the bleeding.

Small bowel endoscopy, or enteroscopy, is a procedure using a long endoscope. This endoscope may be used to localize unidentified sources of bleeding in the small intestine.

A new diagnostic instrument called a capsule endoscope is swallowed by the patient. The capsule contains a tiny camera that transmits images to a video monitor. It is used most often to find bleeding in portions of the small intestine that are hard to reach with a conventional endoscope.

 C. Barium x rays, in general, are less accurate than endoscopy in locating bleeding sites. Some drawbacks of barium x rays are that they may interfere with other diagnostic techniques if used for detecting acute bleeding, they expose the patient to x rays, and they do not offer the capabilities of biopsy or treatment. Another type of x ray is CT scan, particularly useful for inflammatory conditions and cancer.
D. Nuclear medicine studies are useful in grossly localizing bleeding sources to the small intestine, right colon, or left colon. Nuclear scanning is also useful in detecting Meckel’s diverticulae. These images can detect ongoing GI bleeding with a sensitivity of blood loss at 0.05 to 0.1 ml/minute. 

 E. Angiography can also identify the source of lower GI bleeding. It is not as sensitive as nuclear scanning, requiring a blood loss of more than 0.5 ml/minute. 
Haemostasis

· The haemostatic response has three elements: 

· Vasoconstriction 

· Platelet aggregation 

· Clotting cascade 

Vasoconstriction

· Occurs as a direct result of vessel injury 

· Enhanced by vasoconstricting elements released from platelets 

· Pain can also result in reflex sympathetic vasoconstriction 

Platelet aggregation

· Platelets are formed in bone marrow from megakaryocytes 

· Contain the contractile proteins actin and myosin 

· No nucleus but contain endoplasmic reticulum and Golgi apparatus that can produce proteins 

· Contain mitochondria that can produce ATP and ADP 

· Can also synthesis prostaglandins and thromboxane A2 

· Have a half-life in the blood of 8-12 days 

· In response to tissue damage platelets undergo a number of changes 

· Platelet aggregation can result in a 'platelet plug' that can block a small hole 

· Platelets adhere to damaged endothelium (via Von Willebrand factor) 

· Aggregating platelets releases arachadonic acid, converted to thromboxane A2 

· Calcium mediated contraction of actin and myosin results in degranulation 

· Releases ADP which can induces further aggregation and release in a positive feedback fashion 

Clotting cascade

· The clotting cascade has two semi-independent pathways 

· The intrinsic pathway has all of its components within blood 

· The extrinsic pathway is triggered by extravascular tissue damage 

· This pathway is activated by exposure to a tissue factor 

· Both pathways result in activation of prothrombin (factor II) 

· The final common pathway converts fibrinogen to fibrin monomer 

· Polymerisation of fibrin results in the formation of long fine strands held together by H-bonds 

· These are then converted into covalent bonds with stabilisation of the fibrin polymer 

· The intrinsic path ways is relatively slow (2-6 minutes) 

· The extrinsic pathways is quite fast (15 seconds) 
Active bleeding from the upper GI tract can often be controlled by injecting chemicals directly into a bleeding site with a needle introduced through the endoscope. A physician can also cauterize, or heat treat, a bleeding site and surrounding tissue with a heater probe or electrocoagulation device passed through the endoscope. Laser therapy is useful in certain specialized situations.

Once bleeding is controlled, medicines are often prescribed to prevent recurrence of bleeding. Medicines are useful primarily for H. pylori, esophagitis, ulcer, infections, and irritable bowel disease. Medical treatment of ulcers, including the elimination of H. pylori, to ensure healing and maintenance therapy to prevent ulcer recurrence can also lessen the chance of recurrent bleeding.

Removal of polyps with an endoscope can control bleeding from colon polyps. Removal of hemorrhoids by banding or various heat or electrical devices is effective in patients who suffer hemorrhoidal bleeding on a recurrent basis. Endoscopic injection or cautery can be used to treat bleeding sites throughout the lower intestinal tract.

Endoscopic techniques do not always control bleeding. Sometimes angiography may be used. However, surgery is often needed to control active, severe, or recurrent bleeding when endoscopy is not successful.

The first aid method for external bleeding
The causes of external bleeding can come from numerous sources. Any type of cut, scrape or fall where blood is coming from an open wound is considered external bleeding. 

There are three types of external bleeding. Capillary bleeding is the most common type of external bleeding. This type of bleeding occurs when blood oozes from capillaries. It is usually not serious and the easiest form of external bleeding to control. 

The second more serious type of bleeding is venous bleeding. This is when a vein has been severed and blood flows or gushes steadily. Most veins collapse when cut, which aids in controlling this type of external bleeding until medical attention can be received. 

The third and most serious type of external bleeding is arterial bleeding. This type of injury can lead to a large amount of blood loss, as the blood flows at a faster rate is less likely to clot. Even so, with the quick response and by administering the proper first aid method of controlling external bleeding, it is unlikely a person will bleed to death before medical assistance arrives. 
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No matter what type of external bleeding may occur, the first aid method administered is the same. 

First and foremost you must control the bleeding. Do not touch a wound with bare hands unless it is your last resort. Wearing latex gloves can protect you against various forms of disease. If latex gloves are unavailable you can protect yourself by using plastic wrap, plastic bags or several layers of gauze pads. Any type of clean, waterproof material will suffice. If necessary, you can have the victims apply direct pressure to the wound themselves. 

Expose the wound to see where the blood is coming from by removing or cutting away clothing. Then place some type of clean cloth over the entire wound and apply direct pressure using your fingers or the palm of your hand. Do not apply pressure too lightly. Applying direct pressure evenly and constantly controls bleeding in most cases. If the blood soaks through the cloth or bandage, do not remove the bandage. Instead apply new cloth or bandage on top of the old bandage and continue applying direct pressure. Most bleeding can be controlled within 10 minutes. 

If bleeding continues after 10 minutes, you may be applying pressure too lightly or may not have direct pressure on the wound. You may need to press harder and wider in the area you are attending. Another factor of continual bleeding could be the cause of gravity. If the injury is on an arm or leg you need to elevate this extremity above heart level, making it difficult for the body to pump blood to the wounded area. Direct pressure in combination with elevation will assist in stopping bleeding. 
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If bleeding is too severe to control at this point, applying pressure to one of the pressure points on the victim in combination the direct pressure on the wound can be administered. There are two pressure points on both side of the body that are easy to access. The brachial point is located in the upper inside arm where the artery is near the skin’s surface, passing close to the bone. The femoral point is located in the groin arm where the artery is near the skin’s surface, passing close to the bone. Since the exact location of the pulse point must be used CPR training is highly recommended. Used incorrectly this procedure is useless. In most cases direct pressure over the wound will control external bleeding. 

Once the bleeding has been controlled, you can use a pressure bandage to secure the dressing on the wound. This can be attained by wrapping gauze snuggly over the dressing or around the wounded area. Never apply the bandage too tight or apply a tourniquet. A tight bandage can cut off circulation causing more problems for the injured person. A tourniquet can also damage nerves and blood vessels, which could result in the loss of an arm or leg. Using wide, flat, cloth type materials is recommended. Never use wire or rope to secure a bandage. 

Never apply pressure of any kind to an eye injury, a skull fracture or in the case of an imbedded object. In cases of a skull fracture, imbedded object or protruding bone you may use a doughnut-shaped ring pad of clean cloth materials to control bleeding. To create a ring pad wrap one end of a narrow bandage or materials around your four fingers several times to form a loop. Pass the other end of the bandage through the loop continue wrapping it around until the entire bandage has been used and a ring is formed. The ring can then be placed around the eye, bone, imbedded object or head injury secured by a loose bandage.
DEFINITIVE HAEMOSTASIS

The methods of definitive haemostasis divide into the four groups:
1)  mechanical;
2)  physical;

3) chemical and biological;

4)  combined.

Mechanical methods involve:

1.  Ligation the bleeding vessel inside the wound or somewhere along it. 

Surgical wound debridement, revision of the wound, and incision of the soft tissue along the vascular bundle. 
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Vascular sutures
Ligation of the vessel along its length is indicat​ed when its ends cannot be identified in the wound. When the surgeon fails to find the ends of the bleeder, they ligate the vessel together with the surrounding soft tissues.
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2. Twisting of the bleeding vessel. To stop bleeding from small vessels, these can be picked up with a clamp and rotated.

3. Wound packade. Bleeding from smaller wounds and injuries to small vessels can be arrested by pack​ade.

                                        4. Vascu​lar clamping.
Physical methods. Thermal means of haemostasis is based on the fact that on exposure to high or cold temperatures proteins coagulate inducing a clot formation cold can cause vascular spasm.
Surgical diathermy involves the passage of high frequency electric current by knife or button elec​trode to generate heat in the tissues for the coagula​tion of bleeding vessels.

Laser. Cryosurgery is the local application of cold.
Chemical and biological methods. Haemostatics may be of a resorptive or topical action. Resorption occurs when the substance enters the circulation, while topical effect is visible on the direct applica​tion to the bleeding tissue.

Combined methods.

Several methods of haemostasis can be combined to increase their efficacy. Of the most commonly used are muscle or glue to wrap around the sutures on the vessel, different types of sutures and biologi​cal packs used simultaneously to stop the parenchy​mal bleeding, etc.

· Medication

· Initial, emergent intervention with supplemental O2, rapid IV hydration, hemostasis (usually with direct pressure), and transfusion is necessary with brisk bleeding and/or hemodynamic compromise 

· Remove offending medications (e.g., heparin) 

· Uremia: DDAVP, cryoprecipitate, and treatment of renal disease 

· Vitamin K deficiency: Administer parenteral vitamin K 

· DIC: Treat underlying cause, administer fresh frozen plasma and cryoprecipitate 

· HSP: Corticosteroids for severe cases 

· von Willebrand's disease and hemophilia A: DDAVP for mild bleeding, factor VIII concentrate, cryoprecipitate 

· ITP: Corticosteroids, splenectomy, IVIG in emergency 

· HIT: Stop heparin 

· Liver disease: Fresh frozen plasma, tranexamic acid to control epistaxis or gum bleeding, treat liver disease if possible.
· Ensure adequate airway, breathing, and circulation 

Stabilize and resuscitate patients as necessary 
– Insert two large-bore IV lines 
– Administer  fluids (Ringer's lactate or normal saline) 
– Type and cross match two units of packed RBCs 
– Correct coagulopathies if present (e.g., fresh frozen plasma, vitamin K, platelets)
– Consider blood transfusion   
– octreotide (vasoconstrictor) infusion 
– Vasopressin for significant variceal bleeding (contraindicated in CAD or CVA patients) 
– Endoscopy with injection of vasoconstrictors (e.g., epinephrine), sclerosing agents, or electrocautery 
– Angiography with visualization of bleeding vessel and subsequent embolization 
– Surgical control of bleeding if all else fails.
Blood transfusion.
Blood transfusion is the transfer of blood or blood products from one person (donor) into another person's bloodstream (recipient). 

From the earliest recorded, Blood has been a point of fascination and mystery. Early in time we see Blood represented as a source of passion in humans. We often hear "hot Blooded," "cold Blooded" and "bad Blood." These familiar expressions are found in every language, and are in common use the world over today.

Early on, 'Blood transfusion' meant direct donor-to-patient transfusion. This practice, however, was frequently disastrous because there was no quality knowledge of Blood types, and compatibility.

The first historical attempt at blood transfusion was described by the 15th-century chronicler Stefano Infessura. Infessura relates that, in 1492, as Pope Innocent VIII sank into a coma, the blood of three boys was infused into the dying pontiff's veins at the suggestion of a physician. The boys were ten years old, and had been promised a ducat each. All three died. 

With Harvey's discovery of the circulation of the blood, more sophisticated research into blood transfusion began in the 17th century, with successful experiments in transfusion between animals. However, successive attempts on humans continued to have fatal results.

The first fully-documented human blood transfusion was administered by Dr. Jean-Baptiste Denys on June 15, 1667. He transfused the blood of a sheep into a 15-year old boy (the boy later died, and Denys was accused of murder). Denis performed another transfusion into a labourer, who also survived. Both instances were likely due to small amount of animal's blood that was actually transfused into these people. This allowed them to withstand the allergic reaction. Then, Denis performed several transfusions into Mr. Mauroy, who on the third account had died. The science of blood transfusion dates to the first decade of the 19th century, with the discovery of distinct blood types leading to the practice of mixing some blood from the donor and the receiver before the transfusion (an early form of cross-matching).

In 1818, Dr. James Blundell, a British obstetrician, performed the first successful transfusion of human blood, for the treatment of postpartum hemorrhage. 1901 - Karl Landsteiner, an Austrian physician, and the most important individual in the field of Blood transfusion, documented the first three human Blood groups (based on substances present on the red Blood cells), A, B and O.

1902 - A fourth main Blood type, AB was found by A. Decastrello and A. Sturli. 

1907 - Hektoen suggested that the safety of transfusion might be improved by cross-matching Blood between donors and patients to exclude incompatible mixtures. Reuben Ottenberg performed the first Blood transfusion using Blood typing and cross-matching.

1914 - Long-term anticoagulants, among them sodium citrate, were developed, allowing longer preservation of Blood.

REASONS FOR BLOOD TRANSFUSION 

· Blood loss from injuries or internal bleeding 

· Blood loss during and after surgery, including organ transplantation 

· Treatment for leukemia and other types of cancers 

· Anemia caused by illnesses 

· Bleeding disorders 

· Thrombocytopenia - spontaneous bleeding caused by too few platelets or blood clotting factors. 

Different types of blood collection
The different ways in which blood is collected include: 

· Homologous - whole blood is collected from the donor, separated into different components, and transfused into compatible recipients. 

· Aphaeresis - only the necessary components, such as plasma or platelets, are taken from the blood of the donor by a special machine; the bulk of the blood is given back. 

· Autologous - prior to a scheduled operation or transfusion, the patients donate blood specifically for their own use. This reduces the possible risks of incompatibility or infection. 

· Directed or designated - prior to a scheduled transfusion, the patient requests that only blood collected from family members or friends be used for transfusion. 

Most blood donations are divided (fractionated) into their components: red blood cells, platelets, plasma, clotting factors, antibodies (immunoglobulins), and white blood cells. Depending on the situation, people may receive only the cells from blood, only the clotting factors from blood, or some other blood component. Transfusing only selected blood components allows the treatment to be specific, reduces the risks of side effects, and can efficiently use the different components from a single unit of blood to treat several people.

Red Blood Cells: Packed red blood cells, the most commonly transfused blood component, can restore the blood's oxygen-carrying capacity. This component may be given to a person who is bleeding or who has severe anemia. The red blood cells are separated from the fluid component of the blood (plasma) and from the other cellular and cell-like components. After this step, the red blood cells are concentrated so that they occupy less space, thus the term "packed." Red blood cells can be refrigerated for up to 42 days. In special circumstances—for instance, to preserve a rare type of blood—red blood cells can be frozen for up to 10 years.

Platelets: Platelets can help restore the blood's clotting ability. They are usually given to people with too few platelets (thrombocytopenia), which may result in severe and spontaneous bleeding. Platelets can be stored for only 5 days.

Blood Clotting Factors: Blood clotting factors are plasma proteins that normally work with platelets to help the blood clot. Clotting factors may be produced from plasma products or manufactured artificially using a special technological procedure; manufactured proteins are called recombinant factor concentrates. Without clotting factors, bleeding would not stop after an injury. Individual concentrated blood clotting factors can be given to people who have an inherited bleeding disorder, such as hemophilia or von Willebrand's disease, and to those who are unable to produce enough clotting factors (usually because of severe infection or liver disease).

Plasma: Plasma is a source of blood clotting factors. Plasma is used for bleeding disorders in which the missing clotting factor is unknown or when the specific clotting factor is not available. Plasma also is used when bleeding is caused by insufficient production of all or many of the different clotting factors, as a result of liver failure or severe infection. Plasma that is frozen right after it is separated from the cells of donor blood (fresh frozen plasma) can be stored for up to 1 year.

Antibodies: Antibodies (immunoglobulins), the disease-fighting components of blood, are sometimes given to build up immunity in people who have been exposed to an infectious disease, such as chickenpox or hepatitis, or who have low antibody levels. Antibodies are produced from treated plasma donations.

White Blood Cells: White blood cells are transfused to treat life-threatening infections in people who have a greatly reduced number of white blood cells or whose white blood cells are functioning abnormally. White blood cell transfusions are rare, because improved antibiotics and the use of cytokine growth factors have greatly reduced the need for such transfusions. White blood cells are obtained by hemapheresis and can be stored for up to 24 hours.

Because transfusing blood that does not match the recipient's can be dangerous, donated blood is classified by type. 

To date, about 500 cellular antigens is known and about 40 combinations of antigen systems. 

At the beginning of the 20th century a n Austrian scientist, Karl Landsteiner, noted that the RBCs of some individuals were agglutinated by the serum from other individuals. He made a note of the patterns of agglutination and showed that blood could be divided into groups. This marked the discovery of the first blood group system, ABO, and earned Landsteiner a Nobel Prize. Landsteiner explained that the reactions between the RBCs and serum were related to the presence of markers (antigens) on the RBCs and antibodies in the serum. Agglutination occurred when the RBC antigens were bound by the antibodies in the serum. He called the antigens A and B, and depending upon which antigen the RBC expressed, blood either belonged to blood group A or blood group B. A third blood group contained RBCs that reacted as if they lacked the properties of A and B, and this group was later called "O" after the German word "Ohne", which means "without". The following year the fourth blood group, AB, was added to the ABO blood group system. These RBCs expressed both A and B antigens.

The four main blood types are A, B, AB, and O, and for each type the blood is either Rh-positive or Rh-negative. For example, a person with O-negative blood has red blood cells that lack both A and B antigens and the Rh factor. A person with AB-positive blood has red blood cells that have A and B antigens and the Rh factor. The distribution of the four ABO blood types, A, B, AB, and O, varies in populations throughout the world. It is determined by the frequency of the three alleles of the ABO gene in different populations.

Blood type O is the most common worldwide, followed by group A. Group B is less common, and group AB is the least common.

A blood group system contains antigens controlled by a single gene (or by multiple closely linked loci), and the system is genetically distinct. At the time of writing, there are 22 blood group systems, including the ABO, Rh, and Kell blood groups which contain antigens that can provoke the most severe transfusion reactions.

The Hh blood group

The Hh blood group contains one antigen, the H antigen, which is found on virtually all RBCs and is the building block for the production of the antigens within the ABO blood group. H antigen deficiency is known as the "Bombay phenotype" (h/h, also known as Oh) and is found in 1 of 10,000 individuals in India and 1 in a million people in Europe. There is no ill effect with being H deficient, but if a blood transfusion is ever needed, people with this blood type can receive blood only from other donors who are also H deficient. (A transfusion of "normal" group O blood can trigger a severe transfusion reaction.)

The Rh blood group

In 1939, a mother who had just given birth to a still-born child needed a blood transfusion. The ABO blood group system had been discovered almost 40 years previously, and the importance of giving an ABO-compatible blood transfusion was well established. However, although the mother was transfused with ABO compatible blood from her husband, she still experienced an adverse reaction to the transfusion. Her serum was found to contain antibodies that agglutinated her husband's RBCs, even though they were ABO compatible. The death of the mother's fetus and her adverse reaction to a blood transfusion from her husband was related. During the pregnancy, the mother had been exposed to an antigen on the fetal RBCs that was of paternal origin. Her immune system attacked this antigen, and the destruction of the fetal RBCs resulted in fetal death. The mother re-encountered the same paternal antigen when she received a blood transfusion from her husband. This time her immune system attacked the transfused RBCs, causing a hemolytic transfusion reaction. The antibodies responsible led to the discovery of the Rh blood group.

It was wrongly thought that the agglutinating antibodies produced in the mother's serum in response to her husbands RBCs were the same specificity as antibodies produced in various animals' serum in response to RBCs from the Rhesus monkey. In error, the paternal antigen was named the Rhesus factor.

The Rh blood group is one of the most complex blood groups known in humans. From its discovery 60 years ago where it was named (in error) after the Rhesus monkey, it has become second in importance only to the ABO blood group in the field of transfusion medicine. It has remained of primary importance in obstetrics, being the main cause of hemolytic disease of the newborn (HDN). The complexity of the Rh blood group antigens begins with the highly polymorphic genes that encode them. There are two genes, RHD and RHCE, that are closely linked. Numerous genetic rearrangements between them has produced hybrid Rh genes that encode a myriad of distinct Rh antigens. To date, 49 Rh antigens are known.

The significance of the Rh blood group is related to the fact that the Rh antigens are highly immunogenic. In the case of the D antigen, individuals who do not produce the D antigen will produce anti-D if they encounter the D antigen on transfused RBCs (causing a hemolytic transfusion reaction, HTR) or on fetal RBCs (causing HDN). For this reason, the Rh status is routinely determined in blood donors, transfusion recipients, and in mothers-to-be.

Despite the importance of the Rh antigens in blood transfusion and HDN, we can only speculate about the physiological function of the proteins, which may involve transporting ammonium across the RBC membrane and maintaining the integrity of the RBC membrane.

The Kell blood group

The Kell blood group system was discovered in 1946. It was named for Mrs. Kelleher, a patient in whom anti-Kell antibodies had resulted in hemolytic disease of her newborn child (the child's RBCs expressed K antigen which were bound by anti-K in the mother's serum). Since this time, a total of 25 Kell antigens have been discovered and they are expressed in different frequencies in different populations. But the original K antigen remains of prime importance in transfusion medicine and HDN.

The Kell blood group system is complex and contains many antigens that are highly immunogenic. These antigens are the third most potent, after those of the ABO and Rh blood groups, at triggering an immune reaction.

Antibodies that target Kell antigens can cause transfusion reactions and hemolytic disease of the newborn (HDN). In the case of HDN, ABO and Rh incompatibility are more common causes. However, disease caused by maternal anti-ABO tends to be mild, and disease caused by maternal anti-Rh can largely be prevented. The infrequent cases of HDN caused by Kell immunization tend to result in severe fetal anemia because maternal anti-Kell target fetal red blood cell (RBC) precursors, suppressing the fetal production of RBCs.

To avoid a transfusion reaction, donated blood must be compatible with the blood of the patient who is receiving the transfusion. More specifically, the donated RBCs must lack the same ABO and Rh D antigens that the patient's RBCs lack. For example, a patient with blood group A can receive blood from a donor with blood group A (which lacks the B antigen) or blood group O (which lacks all ABO blood group antigens). However, they cannot receive blood from a donor with blood group B or AB (which both have the B antigen).

Kidd blood groups
Include 2 antigens, forming 3 groups of blood: lk (a+b-), lk (A+b+) и lk (a-b+). possessed of isoimmune properties and can lead to hemolytic disease of the newborn and hemotransfusion  reactions.
Duffy blood groups
Include 2 antigens, forming 3 groups of blood: Fy (a+b-), Fy (a+b+) и Fy (a-b+).   In rare cases can cause the sensibilization and hemotransfusion complications.
MNSs
It is the compound system, consist from 9 groups of blood. Antigens of this system are active and can cause the formation of isoimmune antibodies and lead to incompatibility of  blood in transfusion.
Before a blood transfusion, two blood tests known as a "type and cross match" are done. First, the recipient's blood type is determined, i.e., their ABO type and Rh D status. In theory, once the recipient's blood type is known, a transfusion of compatible blood can be given. However, in practice, donor blood may still be incompatible because it contains other antigens that are not routinely typed but may still cause a problem if the recipient's serum contains antibodies that will target them. Therefore, a "cross match" is done to ensure that the donor RBCs actually do match against the recipient's serum. To perform a cross match, a small amount of the recipient's serum is mixed with a small amount of the donor RBCs. The mixture is then examined under a microscope. If the proposed transfusion is incompatible, the donor RBCs are agglutinated by antibodies in the recipient's serum.

Methods: 
With anti A and anti B monoclonal antibodies or anti A and anti B celiclones.

· wash hands

· put on glovers

· take plate, glass for mixing

· take blood for investigation 

· put one large drop (0,1ml) of monoclonal antibodies anti A and Anti B on the plate

· put one small drop (0,03ml) of blood near each one reagent

· carefully mix them

· check the reaction (rocking the plate slowly) during 3 minuets not to lost weak reaction.

	Results

	The blood group is:
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With standard isohaemagglutination serums.

I(0) – colourless

II(A) – blue

III(B) – red

IV(AB) – yellow

On the plate place one large drop of serum or two small drops of the two series of all groups and mix each one with one drop of blood. You should put less blood than serum for adequate result. The drop of blood you should put near the drop of serum before mixing. 
The 4 types of reaction can be:

2. The agglutination reaction is negative with the three sera in both series – I blood group.

3.  The agglutination reaction is negative with serum II and positive with I(0) and III(B) groops – II(A)

4. The agglutination reaction is negative with serum III(B) and positive with I(0) and II(A) groops – III(B).

5. The agglutination reaction is positive with all serums – group IV(AB).

METHODS  OF BLOOD TRANSFUSION 
Intravenous blood transfusion. 
· Most often, puncturing the cubital or subclavian veins is used. 
· The needle is inserted into the vein. The appearance of blood from the needle or in the syringe suggests successful veni​puncture. 
· Three to five millilitres of blood are taken from the vein for group and Rh typing and compat​ibility test. 
· Further, the tourniquet is removed and a blood giving or infusion set is attached to an infu​sion solution (e.g. normal saline) to prevent blood from clotting in the needle. 
· The needle is fixed to the skin with some adhesive plaster. 
· At the end of transfusion, when about 20 ml of blood is left in the system, it is closed and the nee​dle removed. 
· The place of puncture or venesection is cleaned with iodine tincture and pressing bandage applied.

In cases when long-term (i.e. for several days) infusion of solutions, blood and its components is anticipated, venipuncture of either the subclavian or external jugular is preferred, a special catheter, which can stay for long periods (up to a month) is placed in the vein and blood or infusion sets can be attached for transfusion, when needed.

Intra-arterial blood transfusion is indicated for:

• clinical death (respiratory and cardiac arrests) caused by massive blood loss
•  severe traumatic shock with persistently low systolic arterial blood pressure of less than 60 mm Hg
• ineffective intravenous blood transfusion. Therapeutic effects of intra-arterial transfusion are assessed based on the reflective stimulation of cardiovascular functions and restoration of coronary blood circulation. To achieve this, blood has to be given at a rate of 200—250 ml for 1 '/2—2 minutes and under the pressure of 200 mm Hg; on restora​tion of cardiac functions the pressure is reduced to 120 mm Hg. When the pulse is clearly felt, intrave​nous infusion is started; when the systolic pressure is stabilised at 90— 100 mm Hg, the needle is removed from the artery.
The system for intra-arterial blood transfusion is similar to the intravenous one, with the exception being that the long needle in the bottle is attached to Richardson's tube used to pump in air, which, in turn, is connected to a manometer. The artery is punctured through the skin or arteriosection is done.

The femoral and brachial arteries are used for transfusion. 

Intra-aortal blood transfusion
It is used in sudden clinical death, massive bleed​ing resulting from thoracic surgeries. Intra-aortal blood transfusion can be done with the help of a catheter inserted into the aorta through one of the peripheral arteries (often the femoral, rarely brachi​al) by means of a puncture or section. In the case of intra-arterial transfusion this is done under pressure and with the use of the same type of systems.

Intra-osseous transfusion
This method is only used when it is not possible to transfuse blood through other means (e.g. in se​vere widespread burns). Blood is transfused into the sternum, the iliac crest and the heel bone.

THE PROCEDURE OF BLOOD TRANSFUSION
Preparing for blood transfusion. Each patient ad​mitted to the surgical unit must be investigated for blood grouping and Rh. Cardiovascular and respi​ratory systems, the kidneys and urinary tract should be examined to rule out contraindications for blood transfusion. Routine blood tests are performed 1—2 days prior to blood transfusion. Immediately before the procedure the patient has to urinate and defe​cate, if possible. The transfusion should preferably be performed in a fasting patient or after a light breakfast.
Methods and types of products for transfusion
In anaemia, leucopenia, thrombocytopenia and clotting disorders when particular blood components are deficient, transfusion of whole blood is not jus​tified. The whole blood therapeutic effects in such cases are therefore low whilst the waste of blood is unreasonably high. Instead, concentrated blood components (e.g. red blood cell or leucocyte mass, plasma, albumin) are to be used. Patients with hae​mophilia, for example, will only need transfusion of factor VIII. Again, instead of giving litres of whole blood, the therapeutic effect can be achieved by giv​ing only a few millilitres of antihaemophilic globu​lin. Trans​fusion of whole blood is indicated in acute haemor​rhage with a dramatic decrease in the circulating blood volume, in exchange blood transfusions, in heart-lung bypass during open heart surgeries. It is recommended that the product for transfu​sion contain the components of blood that the pa​tient needs most of all.

Examination of preserved blood and its compo​nents before transfusion. The blood to be transfused has to be examined for viability: the wholeness of the package, expiring date and possible violations of storage (frozen or otherwise overheated). The best blood to transfuse is the one that has not been stored for more than 5—7 days, since a longer storage period may result in biochem​ical and morphological changes which reduce the positive properties of blood. Macroscopically, blood should have three layers. The red layer of red blood cells is located at the base followed by a thin layer of leucocytes and the top transparent yellowish layer of plasma. Signs which show that blood is not fit for transfusion are as follows: red or pink discoloration of plasma (haemolysis), the presence of flakes, cloud​iness, the presence of a film on the surface (signs of contamination), the presence of clots (clotted blood). In emergency blood transfusions some of the blood is put in a glass tube and centrifuged. Pink discolor​ation of plasma indicates haemolysis. To transfuse frozen blood components the package is quickly warmed to 38 °C, the cryostabiliser (glycerin for red blood cells and dimethyl sulphoxide for leucocytes and platelets) is then washed off red blood cells.
Cross-matching the blood groups of the donor and recipient's blood. Although the data from the patient's case history may coincide with those on the labels on the blood bag, it is necessary to repeat typing the patient's blood group of the patient that of the blood to be transfused immedi​ately before the procedure. 

Testing for compatibility. To check for individual compatibility 3—5 ml of blood is taken from the pa​tient's vein, this is centrifuged or allowed to stand. One big drop of the serum is then put on a plate or flat surface. A drop of donor blood is placed nearby at the ratio of 5:1 — 10:1, mixed together by a glass rod or the slide edge and observed for 5 minutes, after which a drop of normal saline is added and the result determined by the presence or absence of ag​glutination. The absence of agglutination indicates that the blood groups of the patient and the donor are compatible, and the presence of it means incom​patibility. This checking for compatibility is to be performed on each bag of blood that is to be transfused. 
Preparation for transfusion. Blood is transfused through a disposable plastic system with nylon filter preventing blood clots from entering the blood stream. 

The test for biological compatibility. Transfusion of blood or its components has to be preceded by the biological test for compatibility. To perform this test, the first 15—20 ml of blood are allowed to flow fast; the infusion is stopped and the patient's response and condition are observed (behaviour, skin colour, pulse and breath rates). Tachycardia, dysp​noea, facial hyperaemia and hypotension all suggest incompatibility of the donor's blood with that of the recipient. In the absence of signs of incompatibility the test is repeated twice, and if there are still no reactions the blood transfusion is continued. 

Supervision of blood transfusion. The rate of flow is regulated with a special clamp. Blood is to be giv​en in drops at a rate of 50—60 drops/minute. If fast flow of blood is needed, the clamp is fully opened, or a Richardson's cylinder can be attached to pump in air into the bottle (transfusion under pressure).
The patient has to be closely observed through​out the whole period of transfusion, so that in case there are any complications or reactions they can be noticed, and transfusion stopped early enough to start therapeutic measures.

It is allowed to mix sterile intact blood substi​tutes that are in standard packages with the blood in the process of blood transfusion.

Transfusion is stopped when about 20 ml of blood are left in the bottle, ampoule or plastic bag. The needle is removed and a sterile dressing is ban​daged on the puncture site. The blood left in the bottle is stored under sterile conditions in the re​frigerator at 4 °C for 48 hours. In case the patient develops a reaction later this left over blood can then be used to investigate the cause of the complication.
Recording blood transfusion. Every blood trans​fusion must be recorded into a special book meant for this purpose as well as into the patient's case his​tory. Such information as the amount of blood giv​en, the data written on the given blood pack, the result of the compatibility test and reactions or com​plications, if any, are to be noted.

Monitoring the patient after blood transfusion. The patient who has undergone blood transfusion should stay in bed for at least 3—4 hours. They have to be followed for 24 hours by the doctor and nurse. The patient's symptoms and signs (e.g. retrosternal or lumbar pain, cutaneous changes like pallor or cy​anosis fever, tachycardia or hypotension) are as​sessed and precisely registered. 
Transfusion complications:
Occasional complications caused by blood transfusions can include: 

· Fluid overload - this common side effect can be lessened by slowly introducing the donated blood. 

· Allergic reaction - the most common complication. The recipient’s immune system treats the donated blood products as a threat. Symptoms include itching, dizziness, headache and difficulties in breathing. 

· Haemolytic reaction - occurs if the recipient is given the wrong type of blood. The transfused red blood cells are killed off. Symptoms include a feeling of pressure in the chest, back pain and difficulties in breathing. Haemolytic reaction can sometimes be life threatening. 

· Graft versus host disease - where the donated white blood cells destroy the recipient’s cells. The symptoms include low blood pressure and fever. It is also life threatening. 

 Artificial Blood
The blood of the future

Blood substitutes, often called artificial blood, are used to fill fluid volume and/or carry oxygen and other blood gases in the cardiovascular system.
Advantages of blood substitutes: 

Universal Compatibililty Can be transfused to a person of any blood  type without any tests, saving   crucial emergency time. 

Purity and NontoxicityIs composed of ultrapure compounds that  are free of infectious agents and   allergens, resulting in a non-toxic and disease-free product. 

Storability Does not deteriorate with storage and does  not need refrigeration, making   it ideal for disaster situations and remote areas. 

Availabililty: Is composed of readily and reliably  available materials, insuring adequate   supplies for large-scale, economical manufacturing. 

Predictability: Has ingredients that are all understood,   making it predictable and   manipulable.

Blood substitutes are useful for the following reasons:

Donations are increasing by about 2-3% annually in the United States, but demand is climbing by between 6-8% as an aging population requires more operations that often involve blood transfusion. 

Although the blood supply in the US is very safe, this is not the case for all regions of the world. Blood transfusion is the second largest source of new HIV infections in Nigeria. In certain regions of South Africa as much as 40% of the population has HIV/AIDS, and thorough testing is not financially feasible. A disease-free source of blood substitutes would be incredibly beneficial in these regions. 

In battlefield scenarios it is often impossible to administer rapid blood transfusions. Medical care in the armed services would benefit from a safe, easy way to manage blood supply. 

Great benefit could be derived from the rapid treatment of patients in trauma situations. Because these blood substitutes do not contain any of the antigens that determine blood type, they can be used across all types without immunologic reactions. 

While it is true that receiving a unit of transfused blood in the US does not carry many risks, with only 10 to 20 deaths per million units, but blood substitutes could eventually improve on this. 

Transfused blood is currently more cost effective, but there are reasons to believe this may change. For example the cost of blood substitutes may fall as manufacturing becomes refined. 

Blood substitutes can be stored for much longer than transfused blood, and can be kept at room temperature. Most hemoglobin-based oxygen carriers in trials today carry a shelf life of between 1 and 3 years, compared to 42 days for donated blood, which needs to be kept refrigerated. 

Blood substitutes allow for immediate full capacity oxygen transport, as opposed to transfused blood which can require about 24 hours to reach full oxygen transport capacity due to 2,3-diphosphoglycerate depletion. 

Classification of the blood substitutes by action:

1. Hemodynamic.

2. For parenteral feeding.

3. Disintoxication.

4. Buffer.

5. For regulation hydro-salt and acid-alkaline condition.

1. Blood substitutes with hemodynamic, antishock actions.

All colloidal blood substitutes owing to the osmotic activity after intravenous introduction increase of blood volume, drawing in a blood-groove a fabric liquid. Then blood substitutes solution if it is not acquired by an organism, is deduced from it as alien substance. Blood substitutes should not leave quickly blood system, differently it will be ineffective. But it should not remain too long also in a vascular channel after normalization the AP.

Preparations: Polyglukin, Reopolyglukin, Gelatinol, Polyvenol.

2. Blood substitutes with detoxication actions.

The mechanism of action of preparations is based on ability to connect and deduce toxins from an organism.

Preparations:  Hemodes, polymisinformation, Neohemodes, Periston, Neocompensan.

3. Preparations for parenteral feeding.

For parenteral albuminous feeding:

- Albuminous hydrolyzates: hydrolysine, aminopeptid, "aminokrovin", amikin, aminozol, amigen;

- Mixes of amino acids: polyamin, moriamin, aminofusin, vasin, friamin, aminon, levamin, alvesin.

Indications - treatment of the albuminous insufficiency developing at various heavy diseases and in the postoperative period.

For parenteral carbohydrate feed: solutions of glucose of 5 %, 10 %, 20 %.

For parenteral fatty feed - fatty emulsion: lipofundin, intralipid, lipomaiz.

Example: Gelofusine is a colloidal plasma volume substitute. When used in the treatment of hypovolumia it produces significant increase in blood volume, cardiac output, stroke volume, blood pressure, urinary output and oxygen delivery. As a plasma volume substitute in the initial management of hypovolaemic shock due to, for example, haemorrhage, acute trauma or surgery, burns, sepsis, peritonitis, pancreatitis or crush injury. 

4. Regulators of a aqua-salt exchange and a acid-alkaline condition (electrolytic solutions). 

· Crystalloid solutions having low molecular weight, easily get through walls of capillaries, filling interstice. Massive transfusion of  electrolytic solutions do not lead to change of an osmotic gradient of extracellular sector. Massive transfusion of salt solutions is directed on restoration of volume and normalization of initial pressure of interstitial tissue fluid constraining intracapillary pressure and an output of an intravascular liquid from a blood channel.

· Now the widest application in a medical practice have salt isotonic solution of sodium chloride, Ringer-Lokk’s solutions, crystalloid solutions with pharmacological additives: Gartman’s lactate-salt solution, lactosol, disol, acesol, quintasol, etc.

· Here concern and osmodiuretic substances possessing de-hidrotation action, and also carrying out correction of blood structure, solutions of multinuclear spirits - mannitol and sorbitol.

· For normalization of acid-alkaline balance is used: 4 % a solution of  sodium hydrocarbonate, buffer solutions - triesamin.

· Indications: at traumatic, burns and operational shock, fluid loss, intoxications.

5. Blood substitutes with function of carry oxygen:
· - Hemoglobin Solutions (Russia. USA);

· - Emulsion of fluorocarbonates (Russia, USA, Japan).

· - Blood substitutes with complex action.

· - Solutions with hemodynamic action and disintoxication actions;

· - (Whether-fer) solutions with hemodynamic and hemopoietic actions;

· - Solutions with hemodynamic and rheological actions (reoglu-man).
Current oxygen therapeutics under development
Perfluorocarbon based
Oxygent – Oxygent is a solution used as an intravascular oxygen carrier to temporarily augment oxygen delivery to tissues and is currently being developed by Alliance Pharmaceutical Corp. Right now, the goal of the development of Oxygent is simply to reduce the need for donor blood during surgery, but this p roduct clearly has the potential for additional future uses. Perfluorocarbons surrounded by a surfactant called lecithin and suspended in a water based solution give Oxygent its oxygen carrying capacity. The Oxygent particles are removed from the bloodstream within 48 hours by the body's normal clearance procedure for particles in the blood. Namely, the lecithin is digested intracellularly and the PFC's are exhaled through the lungs. The fact that this blood substitute is completely man-made gives it certain distinct advantages over blood substitutes that rely on modified hemoglobin, such as unlimited manufacturing capabilities, ability to be heat-sterilized, and the PFCs’ efficient oxygen delivery. Oxygent has done well in most clinical trials, but recently ran into some trouble, with participants in a cardiac surgery study slightly more likely to suffer a stroke if treated with Oxygent rather than the standard care.

· Oxycyte.
· PHER-02.

· Perftoran (Russian). Status: approved for Russian clinical trials in 1996. 

Hemoglobin based
Hemopure – one of the leading companies in the development and manufacture of oxygen carrying solutions. It is Biopure’s first-in-class product for human use, and is a Hemoglobin based oxygen carrying solution (HBOC). It is made of chemically stabilized, cross-linked bovine (cow) hemoglobin situated in a salt solution, and many safety measures are taken to ensure that the product is safe and free of pathogens, including herd control and monitoring. Hemopure molecules can be up to 1,000 times smaller than RBC’s facilitating oxygen transport and off-loading to the tissues. Hemopure is currently in Phase III clinical trials in the US, and is approved for use in South Africa for the use of surgical patients who are anemic, thereby reducing or eliminating the need for blood transfusions for these patients.

Oxyglobin solution – is the first and only oxygen therapeutic to be both US FDA and European Commission approved for veterinary use. The solution consists of chemically stabilized bovine hemoglobin in a balanced salt solution and contains no red blood cells. The cross-linked hemoglobin, several tetramers bound together, works by circulation in the plasma and supplying oxygen to tissues. Introduced to veterinary clinics and hospitals in March of 1998 and nationally distributed by October 1998, Oxyglobin has been used primarily for blood transfusions and for treatment of anemia in dogs. Currently, Oxyglobin can only be used in canines and not in humans. 
PolyHeme – is a hemoglobin based oxygen carrier and, as the only blood substitute to have completed a Phase III trial, represents the leading technology in this field. Polyheme utilizes human hemoglobin as the oxygen carrying molecule in solution, and the extraction and filtration of this hemoglobin from red blood cells is the first step in production. Then, using a multi-step polymerization process, the purified hemoglobin is associated into tetramers and, as the final step, is incorporated into an electrolyte solution. The polymerization of the hemoglobin represents the critical step in this process because, as demonstrated by failed attempts at blood substitutes, when hemoglobin remains disassociated, it tends to take up nitric oxide, causing vasoconstriction. Also, free hemoglobin can be taken up by the kidney causing liver dysfunction and failure.

Hemospan – is produced by the company Sangart, which was founded by Dr. Robert M. Winslow in 1998. Produced in powder form, the powder can then be mixed into liquid form and transfused immediately, regardless of a patient’s blood type. This technology relies on coupling with polyethylene glycol (PEG) to eliminate the toxicity associated with free hemoglobin. Sangart believes their product can be stored for years and that they have optimized certain factors involved in oxygen delivery in the production of Hemospan, so that their product ultimately presents the right amount of oxygen to the blood vessel wall. 

Dextran-Hemoglobin – is a conjugate of the polymer dextran with human hemoglobin molecules. The safety of dextran has already been established, due to its wide use as a plasma volume expander. Conjugation of hemoglobin to dextran increases its half-life inside the body, and prevents tissue damage that occurs with free hemoglobin from processing by the kidneys and exit into the extracellular space.

New Research
Stem Cells. Recently the scientific community has begun to look at the possibility of using stem cells as a means of producing an alternate source of transfusable blood. A study performed by Giarratana et al describes a large-scale ex-vivo production of mature human blood cells using hematopoietic stem cells, and may represent the first significant steps in this direction. Moreover, the blood cells produced in culture possess the same hemoglobin content and morphology as do native red blood cells. The authors of the study also contend that the red blood cells they produced have a near-normal lifespan, when compared to native red blood cells—an important characteristic that current hemoglobin-based blood substitute fall short on.

The major obstacle with this method of producing red blood cells is cost. At the moment, the complex three step method of producing the cells would make a unit of these red blood cells too expensive. However, the study is the first of its kind to demonstrate the possibility of producing red blood cells which closely resemble native red blood cells on a large scale.
Dendrimers. Researchers at the Dendritech Corporation have begun research, aided by a 2 year, into the use of dendrimers as substitute oxygen carriers. The precise nature of the research cannot be disclosed, as the company’s patent application has not yet been approved. Researchers hope that dendrimer technology will be the first truly cost-efficient blood substitute.

Biodegradable Micelles. In order to enhance circulation times, recombinant or polymerized hemoglobin can be encapsulated within micellar forming amphiphilic block copolymers. These systems are typically between 30-100 nm in diameter. The hydrophobic core of the polymer micelle is able to solubilze the similarly hydrophobic hemoglobin protein, while the water soluble corona (which is usually poly (ethylene glycol)) provides a steric barrier to protein absorption and provides protection from clearance by the reticuloendothelial system (RES).

 Withdrawn oxygen therapeutics

Flourasol-DA. Status: withdrawn in 1994 due to usage complexity, limited clinical benefit and complications 

HemAssist. Status: withdrawn in 1998 due to higher than expected mortality 

Hemolink: phase III clinical trials were discontinued in 2003 when cardiac surgery patients receiving the product experienced higher rates of adverse cardiovascular-related events. Some very limited ongoing investigation is still being conducted as of 2007, including the possibility of a future modified Hemolink product. 
Plasma transfusions follow a different set of rules (based on the antibodies in the plasma): 

· People with type O blood can receive any type of plasma. 

· People with type A blood can receive A or AB plasma. 

· People with type B blood can receive B or AB plasma. 

· People with type AB blood can receive only AB plasma. 

· The Rh type is usually not a factor in plasma transfusions.

For platelet and cryoprecipitate transfusions, matching the blood type of the donor to the recipient is usually not critical, although labs usually try to match them if possible. It may become important in patients who have already had many transfusions or who have had transfusion reactions in the past.
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