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In the name of GOD 

Imaginary Perfusion terminology  

 

1. CPB. Cardiopulmonary bypass (CPB) is a technique that temporarily takes over the function of the heart and lungs during surgery, 

maintaining the circulation of blood and the oxygen content of the body. The CPB pump itself is often referred to as a heart–

lung machine or "the pump". Cardiopulmonary bypass pumps are operated by perfusionists. CPB is a form 

of extracorporeal circulation. 

2. . Atrial septal defect (ASD) is a form of a congenital heart defect that enables blood flow between two compartments of 

the heart called the left and right atria. Normally, the right and left atria are separated by a septum called the interatrial 

septum. If this septum is defective or absent, then oxygen-rich blood can flow directly from the left side of the heart to mix 

with the oxygen-poor blood in the right side of the heart, or vice versa.[1] This can lead to lower-than-normal oxygen levels 

in the arterial blood that supplies the brain, organs, and tissues. However, an ASD may not produce noticeable signs or 

symptoms, especially if the defect is small. A "shunt" is the presence of a net flow of blood through the defect, either from 

left to right or right to left. The amount of shunting present, if any, determines the hemodynamic significance of the ASD 

(see Pathophysiology below). A "right-to-left-shunt" typically poses the more dangerous scenario. (see Pathophysiology 

below.)  

3. PVC. Poly(vinyl chloride), commonly abbreviated PVC, is the third-most widely produced polymer, 

after polyethylene andpolypropylene. PVC comes in two basic forms: rigid (sometimes abbreviated as RPVC) and flexible. 

The rigid form of PVC is used inconstruction for pipe, and in profile applications such as doors and windows. It is also 

used for bottles and other non-food packaging, and cards (such as bank or membership cards). It can be made softer and 

more flexible by the addition of plasticizers, the most widely used being phthalates. In this form, it is also used in 
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plumbing, electrical cable insulation, imitation leather, signage, inflatable products and many applications where it 

replaces rubber.Pure poly(vinyl chloride) is a white, brittle solid. It is insoluble in alcohol, but slightly soluble  

in tetrahydrofuran. 

 

4. Spallation. Spallation is a process in which fragments of material (spall) are ejected from a body due to impact or stress. 

In the context of impact mechanics it describes ejection or vaporization of material from a target during impact by 

a projectile. Inplanetary physics, spallation describes meteoritic impacts on a planetary surface and the effects of a stellar 

wind on aplanetary atmosphere. In the context of mining or geology, spallation can refer to pieces of rock breaking off 

a rock facedue to the internal stresses in the rock; it commonly occurs on mine shaft walls. In the context of anthropology, 

spallation is a process used to make stone tools such as arrowheads by knapping. In nuclear physics, spallation is the 

process in which a heavy nucleus emits a large number of nucleons as a result of being hit by a high-energy particle, thus  

greatly reducing its atomic weight.  
5. Angled tip. 

6. IVC.  The inferior vena cava (or IVC), also known as the posterior vena cava, is the large vein that carries 

deoxygenated blood from the lower half of the body into the right atrium of the heart. It is posterior to the abdominal cavity 

and runs alongside of the vertebral column on its right side (i.e. it is aretroperitoneal structure). It enters the right atrium at 

the lower right, back side of the heart.  
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7. SVC. The superior vena cava (also known as the cava or cva) is a large diameter, yet short, vein that carries 

deoxygenated blood from the upper half of the body to the heart's right atrium. It is located in the anterior right 

superior mediastinum.  

8. Roller pump. A peristaltic pump is a type of positive displacement pump used for pumping a variety of fluids. The 

fluid is contained within a flexible tube fitted inside a circular pump casing (though linear peristaltic pumps have been 

made). A rotor with a number of "rollers", "shoes", "wipers", or "lobes" attached to the external circumference of the rotor 

compresses the flexible tube. As the rotor turns, the part of the tube under compression is pinched closed (or "occludes") 

thus forcing the fluid to be pumped to move through the tube. Additionally, as the tube opens to its natural state after the 

passing of the cam ("restitution" or "resilience") f luid f low is induced to the pump. This process is called peristalsis and is 

used in many biological systems such as the gastrointestinal tract. Typically, there will be two or more rollers, or wipers, 

occluding the tube, trapping between them a body of fluid. The body of fluid is then transported, at ambient pressure, 

toward the pump outlet. Peristaltic pumps may run continuously, or they may be indexed through partial revolutions to 

deliver smaller amounts of fluid. 

 

9.CABG 

Coronary artery bypass surgery, also known as coronary artery bypass graft (CABG, pronounced "cabbage")surgery, 

and colloquially heart bypass or bypass surgery, is a surgical procedure performed to relieve anginaand reduce the risk of 

death from coronary artery disease. Arteries or veins from elsewhere in the patient's body aregrafted to the coronary arteries to 

bypass atherosclerotic narrowings and improve the blood supply to themyocardium (heart muscle). This surgery is usually 

performed with the heart stopped, necessitating the usage ofcardiopulmonary bypass; techniques are available to perform 

CABG on a beating heart, so-called "off-pump" surgery. 

10.ATPase 

ATPases (EC 3.6.1.3, adenylpyrophosphatase, ATP monophosphatase, triphosphatase, SV40 T-antigen,adenosine 5'-

triphosphatase, ATP hydrolase, complex V (mitochondrial electron transport), (Ca2+ + Mg2+)-ATPase,HCO3
−-ATPase, adenosine 

triphosphatase) are a class of enzymes that catalyze the decomposition of ATP into ADPand a free phosphate 

ion.[1][2][3][4][5][6] This dephosphorylation reaction releases energy, which the enzyme (in most cases) harnesses to drive other chemical 

reactions that would not otherwise occur. This process is widely used in all known forms of life. 

Some such enzymes are integral membrane proteins (anchored within biological membranes), and move solutesacross the 

membrane, typically against their concentration gradient. These are called transmembrane ATPases. 
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11. DHCA 

Deep hypothermic circulatory arrest (DHCA) is a surgical technique that involves cooling the body of the patient and stopping 

blood circulation. It is used incardiac surgery to allow operation on the aortic arch and in neurosurgery to repair some brain 

aneurysms. 

The procedure requires keeping the patient in a state of hibernation at 12–18 °C with no breathing, heartbeat, or brain activity for up 

to one hour. Blood is drained from the body to eliminate blood pressure. The patient is considered clinically dead during the 

operation. 

The benefits of hypothermic circulatory arrest are derived from the effects of lowering the rate of cellular metabolisms. The lowered 

metabolism can lower mitochondrial damage and apoptosis. 

"Most patients tolerate 30 min of DHCA without significant neurological dysfunction, but when this is extended to longer than 40 

min, there is a marked increase in the incidence of brain injury. Above 60 min, the majority of patients will suffer irreversible 

brain injury, although there are still a small number of patients who can tolerate this. Longer periods of DHCA are tolerated in 

neonates and infants compared with adults. 

12.Hemodilution 

 

Blood flow 
From Wikipedia, the free encyclopedia 

 

It has been suggested that this article be merged into Hemodynamics. (Discuss) Proposed since 

December 2013. 

Blood flow  is the continuous circulation of blood in the cardiovascular system. This process ensures the transportation 
of nutrients, hormones, metabolic wastes,O2 and CO2 throughout the body to maintain cell-level metabolism, the regulation of 
the pH, osmotic pressure and temperature of the whole body, and the protection from microbial and mechanical harms. [1] 

The science dedicated to describe the physics of blood flow is called hemodynamics. For the basic understanding it is important to 

be familiar with anatomy of the cardiovascular system and hydrodynamics. However it is crucial to mention that blood is not 

a Newtonian fluid, and blood vessels are not rigid tubes, so classic hydrodynamics is not capable of explaining hemodynamics.[2] 

Blood and its composition[edit] 

Blood is composed of plasma and formed elements. The plasma contains 91.5% water, 7% proteins and 1.5% other solutes. The 

formed elements are platelets,white blood cells and red blood cells, the presence of these formed elements and their interaction with 
plasma molecules are the main reasons, why blood differs so much from ideal Newtonian fluids.[3] 

Velocity[edit] 

Often expressed in cm/s. This value is inversely related to the total cross-sectional area of the blood vessel and also differs per 
cross-section, because in normal condition the blood flow has laminar characteristics. For this reason the blood flow velocity is the 

fastest in the middle of the vessel and slowest at the vessel wall. In most cases the mean velocity is used. [4] There are many ways to 

measure blood flow velocity, like videocapillary microscoping with frame-to-frame analysis, orlaser Doppler anemometry.[5] Blood 
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velocities in arteries are higher during systole than during diastole. One parameter to quantify this difference is the pulsatility 

index (PI), which is equal to the difference between the peak systolic velocity and the minimum diastolic velocity divided by the 

mean velocity during the cardiac cycle. This value decreases with distance from the heart.[6] 

 

Relation between blood flow velocity and total cross-section area in human[7] 

Type of blood vessels Total cross-section area Blood velocity in cm/s 

Aorta 3–5 cm2 40 cm/s 

Capillaries 4500–6000 cm2 0.03 cm/s[8] 

Vena cavae inferior and superior 14 cm2 15 cm/s 

Stress[edit] 

When force is applied to a material it starts to deform or move. As the force needed to deform a material (e.g., to make a fluid 

flow) increases with the size of the surface of the material A.,[9] the magnitude of this force F is proportional to the area A of the 

portion of the surface. Therefore, the quantity (F/A) that is the force per unit area is called the stress. The shear stress that is 
associated with blood flow through an artery is around 8-12 dynes/cm^2 

. 

 

 

Laminar shear of fluid between two plates. . Friction between the fluid and the moving boundaries causes the 

fluid to shear (flow). The force required for this action per unit area is the stress. The relation between the stress (force) and the shear rate 

(flow velocity) determines the viscosity. 
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Viscosity of plasma[edit] 

Normal plasma behaves like a Newtonian fluid at rates of shear. Typical values for the viscosity of normal human plasma 

at 37 °C is 1.2 mN·s/m2. The viscosity of normal plasma varies with temperature in the same way as does that of its 

solvent water; a 5 °C increase of temperature in the physiological range reduces plasma viscosity by about 10%. 

Osmotic pressure of plasma[edit] 

The osmotic pressure of solution is determined by the number of particles present and by thetemperature. For example, 

a 1 molar solution of a substance contains 6.022×1023 molecules per liter of that substance and at 0 °C it has an osmotic 
pressure of 2.27 MPa (22.4 atm). The osmotic pressure of the plasma affects the mechanics of the circulation in several 

ways. An alteration of the osmotic pressure difference across the membrane of a blood cell causes a shift of water and a 
change of cell volume. The changes in shape and flexibility affect the mechanical properties of whole blood. A change in 

plasmaosmotic pressure alters the hematocrit, that is, the volume concentration of red cells in the whole blood by 

redistributing water between the intravascular and extravascular spaces. This in turn affects the mechanics of the whole 
blood.[9] 

Red blood cells[edit] 

The red blood cell is highly flexible and biconcave in shape. Its membrane has a Young's modulus in the region of 

106 Pa. Deformation in red blood cells is induced by the shear stress. When a suspension is sheared, the red blood 

cells deform and spin because of the velocity gradient, with the rate of deformation and spin depending on the shear-rate 
and the concentration. This can influence the mechanics of the circulation and may complicate the measurement of 

bloodviscosity. It is true that in a steady state flow of a viscous fluid through a rigid spherical body immersed in the fluid, 
where we assume the inertia is negligible in such a flow, it is believed that the downward gravitational force of the particle 

is balanced by the viscous drag force. From this force balance the speed of fall can be shown to be given by Stokes' law 

[9] 

Where a is the particle radius, ρp, ρf are the respectively particle and fluid density μ is the fluid viscosity, g is the 

gravitational acceleration. From the above equation we can see that the sedimentation velocity of the particle 
depends on the square of the radius. If the particle is released from rest in the f luid, its sedimentation 
velocity Us increases until it attains the steady value called the terminal velocity (U), as shown above. 

We have looked at blood flow and blood composition. Before we look at the main issue, hemodilution, let us take a 
brief history into the use of blood. Itstherapeutic use is not a modern phenomenon. Egyptian writings dates back at 

least 2000 years suggest oral ingestion of blood as a ‘sovereign remedy’ for leprosy. Experiments with the first 

intravenous blood transfusions began at the start of the 16th century, and in the last 50 years the field of transfusion 
medicine has progressed remarkably, bringing with it an increase in the use of blood and blood 

products.[10] However, the therapeutic use of blood comes with significant risks. As a result, many persons are 
searching for alternatives to the transfusion of whole blood. Today, bloodless medicine and surgery (BMS) 

programs have been developed not only for people with certain religious beliefs, but also for patients who fear the 
risks of blood transfusions and desire to take the best possible medical precautions. 

Hemodilution[edit] 

Hemodilution is the dilution of the concentration of red blood cells and plasma constituents by partially substituting 
the blood with colloids or crystalloids. It is a strategy to avoid exposure of patients to the hazards 

of homologous blood transfusions. 

Hemodilution can be normovolemia which, as we said, implies the dilution of normal blood constituents by the use 

of expanders. During acute normovolemic hemodilution (ANH) blood subsequently lost during surgery contains 
proportionally fewer red blood cells per millimetre, thus minimizing intraoperative loss of the whole blood. Therefore, 

blood lost by the patient during surgery is not actually lost by the patient, for this volume is purified and redirected 
into the patient. 

There is however hypervolemic hemodilution (HVH). Here, instead of simultaneously exchanging the patient’s blood 
as in ANH, the hypervolemic technique is carried out by using acute preoperative volume expansion without any 

blood removal. In choosing a fluid, however, it must be assured that when mixed the remaining blood behaves in 
the microcirculation as in the original blood fluid, retaining all its properties of  viscosity.[11] 

In presenting what volume of ANH should be applied one study suggests a mathematical model of ANH which 
calculates the maximum possible RCM savings using ANH, given the patients weight Hi and Hm. Not to worry. 

Attached to this document is a glossary of the term used. 

To maintain the normovolemia, the withdrawal of autologous blood must be simultaneously replaced by a suitable 
hemodilute. Ideally, this is achieved by isovolemia exchange transfusion of a plasma substitute with a 
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colloid osmotic pressure (OP). A colloid is a fluid containing particles that are large enough to exert an oncotic 

pressure across the micro-vascular membrane. When debating the use of colloid or crystalloid, it is imperative to 
think about all the components of the starling equation: 

 

To identify the minimum safe hematocrit desirable for a given patient the following equation is useful: 

 

where EBV is the estimated blood volume; 70 mL/kg was used in this model and Hi (initial hematocrit) is 

the patient’s initial hematocrit. From the equation above it is clear that the volume of blood removed 
during the ANH to the Hm is the same as the BLs. How much blood is to be removed is usually based on 

the weight, not the volume. The number of units that need to be removed to hemodilute to the maximum 
safe hematocrite (ANH) can be found by 

 

This is based on the assumption that each unit removed by hemodilution has a volume of 450 mL 

(the actual volume of a unit will vary somewhat since completion of collection ais dependent on 
weight and not volume). The model assumes that the hemodilute value is equal to the Hm prior to 

surgery, therefore, the re-transfusion of blood obtained by hemodilution must begin when SBL 
begins. The RCM available for retransfusion after ANH (RCMm) can be calculated from the 
patient's Hi and the final hematocrit after hemodilution(Hm) 

 

The maximum SBL that is possible when ANH is used without falling below Hm(BLH) is found 

by assuming that all the blood removed during ANH is returned to the patient at a rate 

sufficient to maintain the hematocrit at the minimum safe level 

 

If ANH is used as long as SBL does not exceed BLH there will not be any need for blood 

transfusion. We can conclude from the foregoing that H should therefore not exceed s. 

The difference between the BLH and the BLs therefore is the incremental surgical blood 
loss (BLi) possible when using ANH. 

 

When expressed in terms of the RCM 

 

Where RCMi is the red cell mass that would have to be administered 

using homologous blood to maintain the Hm if ANH is not used and blood 

loss equals BLH. 

The model used assumes ANH used for a 70 kg patient with an estimated 
blood volume of 70 ml/kg (4900 ml). A range of Hi and Hm was evaluated to 

understand conditions where hemodilution is necessary to benefit the 
patient.[12][13] 

Glossary of terms[edit] 

ANH Acute Normovolemic Hemodilution 

ANHu Number of Units During ANH 
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BLH 
Maximum Blood Loss Possible When ANH Is Used Before Homologous 

Blood Transfusion Is Needed 

BLI Incremental Blood Loss Possible with ANH.(BLH – BLs) 

BLs 
Maximum blood loss without ANH before homologous blood 

transfusion is required 

EBV Estimated Blood Volume(70 mL/kg) 

Hct Haematocrit Always Expressed Here As A Fraction 

Hi Initial Haematocrit 

Hm Minimum Safe Haematocrit 

PRBC Packed Red Blood Cell Equivalent Saved by ANH 

RCM Red cell mass. 

RCMH Cell Mass Available For Transfusion after ANH 

RCMI Red Cell Mass Saved by ANH 

SBL Surgical Blood Loss 

13. Hypothermia 

Hypothermia (from Greek ὑποθερμία) is a condition in which the body's core temperature drops below that required for 

normal metabolism and body functions. This is generally considered to be less than 35.0 °C 

(95.0 °F).[1]Characteristic symptoms depend on the temperature. In mild hypothermia there is shivering and mental confusion. In 

severe hypothermia there may be paradoxical undressing, where a person removes their clothing, as well as an increased risk of 

the heart stopping.[1] 

Body temperature is usually maintained near a constant level of 36.5–37.5 °C (97.7–99.5 °F) through 

biologichomeostasis or thermoregulation. If a person is exposed to cold, and their internal mechanisms cannot replenish the heat 
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that is being lost, the body's core temperature falls. This can occur due to excessive cold or health problemsthat decrease a 

person's ability to generate heat.[1] 

The treatment of mild hypothermia involves: warm drinks, warm clothing and staying active. [1] In those with moderate hypothermia 

minimizing movement is recommended along with heating blankets and warmed intravenous fluids.[1] In severe 

hypothermia extracorporeal membrane oxygenation (ECMO) or cardiopulmonary bypass may be useful.[1] In those without vitals 

signs cardiopulmonary resuscitation (CPR) is indicated along with the above measures.[1] In those whose heart has stopped 

rewarming is typically continued until a persons temperature is greater than 32 °C (90 °F) before rewarming is deemed ineffective.[1] 

It is the cause of at least 1500 deaths a year in the United States.[1] One of the lowest documented body temperatures from which 

anyone has recovered was 13.0 °C (55.4 °F) in a near-drowning incident involving a 7-year-old girl in Sweden in December 

2010.[2] Hypothermia is the opposite of hyperthermia, which is present in heat exhaustion and heat stroke. 

14. Air lock 

An air lock is gas trapped in a high point of a liquid-filled pipe system. The gas, being lighter than the liquid, rises to the highest 

point and restricts the occupation of liquid in that particular space.[1] 

Flushing the system with high flow or pressures can help move the gas away from the highest point, or a tap can be installed 

to permit the gas to be vented.  
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