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Regulation

                                                                                                                                                                     If the blood pressure falls, e.g., because flow through the aorta increases (with increased muscle blood flow), the sympathetic cardiac nerves stimulate the heart to increased output. Additionally, the flow through resting organs reduced by vasoconstriction and the venous return to the heart increased by constriction of all veins (emptying of the venous blood reservoir). These measures put in motion as it were prophylactically, even before a pending fall in blood pressure.

        For this, the motor centers in the cerebral cortex transmit a copy of their commands to the muscles to the vasomotor centers in the brainstem and so inform them of the impending increase in work. If renal blood flow decreased, the renin−angiotensin system induces vasoconstriction in the vascular arterial resistance, providing another means of raising blood pressure. Thus, the kidney plays an important role in blood pressure regulation. On the other hand, when the blood pressure is elevated, cardiac output diminished by the vagus nerve, while inhibition of the sympathetic innervation of the blood vessels results in vasodilatation with consequent reduction of peripheral resistance.

Postural Hypotension

The circulatory reflexes just described also play an important role during postural changes (e.g., lying down/standing). During the transition from lying down to standing, the blood is redistributing. Gravity and dilatation of the veins of the lower body cause about 0.5 liter of blood to pool for a short period (postural hypotension). This reduces venous return to the heart, so that stroke volume and systolic pressure decrease briefly. If the normal circulatory responses (see above) are, delay too long, the decrease in blood pressure results in a brief reduction in cerebral blood flow and sometimes to dizziness or a brief period of unconsciousness (syncope).

Shock:
         Similarly, sudden blood loss or excessive reduction in the peripheral resistance (e. g., heat stroke, anaphylactic shock due to allergic reactions) can result in an excessive fall in blood pressure, with consequent circulatory collapse (circulatory shock, hypovolemic shock). The most important therapeutic measure in such a situation is to increase venous return (place the patient supine, with the legs elevated) and to provide more fluid to the heart by blood transfusions or infusions of blood substitutes, in order to restore the blood pressure.

Capillary Circulation:
        When a vessel (aorta) divides into many smaller vessels (capillaries), the total diameter increases while the rate of flow decreases. The greater the total cross-section, the slower is the flow rate. The total cross section of all capillaries of the human body is 3200 cm2, which is almost 800 times greater than the cross-section of the aorta (4 cm2). Correspondingly, the flow rate of the blood decreases from about 50 cm3/s in the aorta to about 0.05 cm3/s in the capillaries. From the capillary bed, the flow rate slowly increases again and is about 10 cm3/s in the great veins. Thus the capillaries, with their extremely thin walls (endothelium and basement membrane), and their total estimated number of about 40 billion, with a total surface area of 600m2, are especially well suited for the exchange of substances and fluids.

Substance Exchange between Blood and Tissues:

        Every day about 20 liters of fluid filtered from the capillaries into the surrounding interstitial space. This is where the exchange of substances takes place. The driving force for this filtration is the hydrostatic blood pressure at the arterial end of the capillaries of about 35mmHg (Fig.29). The colloid osmotic pressure of the plasma proteins, which opposes blood pressure, is about 25 mmHg, so that fluids and dissolved particles (e. g., nutrients) are “pressed” (filtered) into the tissues by the positive pressure difference (35−25 = +10 mmHg). The blood cells remain in the vessels during this substance exchange. Since blood pressure declines further to the end of the capillary (to about 15 mmHg), while the colloid osmotic pressure hardly changes, the blood pressure at the end of the capillary is below the colloid osmotic pressure (15−25 = -10 mmHg). Consequently fluid with dissolved particles (e.g., metabolic products) flows back into the vessel (resorption). Of the 20 liters of fluid leaving, the capillaries daily only about 18 liters (90 %) are reabsorb. About 10% of the filtered amount (2 liters) removed and transported as lymph by the lymphatic system.
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                                                        ( Fig. 29) Schematic representation of the mechanism

                                                                              of fluid exchange in a capillary 
Edema Formation:
           Edema is a collection of fluid in the interstitial space. It may form in several ways:

· A rise in blood pressure, caused by backpressure in the venous limb of the capillaries (e.g., right heart failure). In this case, filtration predominates, so that fluid accumulates in the tissue.

· Change in capillary permeability, caused by histamine release during allergic reactions.

· Change in protein content (e.g., reduction in albumin) of blood plasma with consequent reduction of the colloid osmotic pressure.

· Reduction in lymphatic drainage, due to constriction or obliteration of lymph vessels.

Venous Return to the Heart:
The following mechanisms return the blood to the heart:

1. The suction effect of the heart: negative pressure is created as the base of the heart descends toward the apex (Fig.5.10a b), sucking blood into the atria.

2. The influence of respiration: inspiration creates negative pressure in the thorax (fall in thoracic pressure), which leads to distension of the intra thoracic veins, increasing the inflow of blood. This inflow boosted by the simultaneous increase in intra-abdominal pressure during inspiration (descent of the diaphragm).

3. Venous valves: the valves of the veins, which resemble the semilunar valves of the heart, prevent the blood from flowing backward, especially in the veins below the heart. The distance between valves in the smaller veins is a few centimeters, but in the larger veins may be up to 20 cm.

4. Companion veins: two veins usually run in close proximity to large and small peripheral arteries. Arteries and veins are tie together into a vascular bundle by connective tissue. As the artery distended by the regular pulse wave, it presses on the veins running close to it. Because of the valves, the blood in the veins can only flow in the opposite direction (toward the heart).

5. Muscular pump: when skeletal muscles contract, they exert pressure on the veins and squeeze the venous walls, sending the venous blood toward the heart. here also valves prevent backflow of blood. 

6. Vasoconstriction of smooth muscles: action of the CNS, which plays a role in the regulation of blood pressure.

Impedance of Venous Flow:

         Because of the greater hydrostatic pressure, impedance of blood flow on the venous side is primarily confine to the lower extremities. Varicose veins (varices) consist mainly of dilated veins with structural changes in the vascular coats (smooth muscle partly replaced by connective tissue). This leads to insufficiency of the venous valves and backflow of venous blood. Moreover, there is interference with the resorption of fluids filtered from the blood at the level of the capillaries (increased pressure in the venous side of the capillary bed). With inadequate lymphatic drainage, this leads to fluid retention and edema. The raised tissue pressure increasingly also affect the arterial blood supply, with resulting impedance to perfusion.

                                  Summary

The Heart and Blood Vessels

      The heart and vascular system have the task of transporting the blood and its dissolved components (e.g., oxygen, nutrients) to all cells in the body in a closed circuit. The heart is the driving force. The actual transport system, the vascular system, has two parts. One part, namely, arteries (all blood vessels leading away from the heart, regardless of their oxygen content), capillaries (smallest vessels, site of substance exchange), and veins (all blood vessels leading blood toward the heart, regardless of oxygen content) transports the blood. The other part, the lymph vessels, transports lymph and immune cells.

The Heart

The heart and the pericardium in which it is enclosed lie in a connective tissue space (mediastinum) in the thorax. The dividing wall of the heart (atrial and ventricular septa) divides the heart into a right ventricle and atrium for the pulmonary circulation, and a left ventricle and atrium for the systemic circulation. The pulmonary veins enter the left atrium at the base of the heart (vertebral side = dorsal). The inferior aspect of the heart (mainly left ventricle, partly right) lies on the diaphragm and was define as the posterior wall of the heart. The anterior wall of the heart also formed mainly by the right ventricle, partly by the left. The extreme end of the left ventricle, the apex, lies at the level of the 5th intercostal space a little inside the midclavicular line. The wall of the heart is made up of three layers (from inside out: endocardium, myocardium = actual cardiac muscle, epicardium). Outside the epicardium lies the pericardial sac, which contains some fluid, and the actual pericardium.

The Valves of the Heart

The four cardiac valves lie in one plane (base of the heart) and are anchored by the skeleton of the heart:

Atrioventricular valves: valves between the atria and the ventricles 

1: tricuspid valve (with three cusps) between the right atrium and right ventricle. 

2: bicuspid or mitral valve (with two cusps) between the left atrium and the left ventricle.

Semilunar valves: 
 1: pulmonary valve (at the entrance to the pulmonary artery). 

 2: aortic valves (entrance to the aorta).

The Coronary Vessels: These supply the myocardium:
Coronary arteries:
1: right coronary artery (with posterior interventricular branch). 

2: left coronary artery (with anterior interventricular and circumflex branches).

Coronary veins: small, middle, and great cardiac veins drain into the coronary sinus and thence into the right atrium.

Systole and Diastole

(1) Contraction of the ventricular myocardium = systole: isovolumic phase, (closure of the atrioventricular valves, semilunar valves still closed); ejection phase (opening of the semilunar valves). 

(2) Relaxation of the ventricular myocardium = diastole: relaxation phase (closure of the semilunar valves, atrioventricular valves still closed); ventricular filling phase (atrioventricular valves open). Driving force: descent of the base.

Stroke volume = the volume of blood ejected into the arteries during systole (about 70 ml at rest)

Cardiac output (CO) = the volume of blood pumped by the heart in a defined time

Circulation volume = the volume of blood pumped by the heart in one minute (about 5 liters at rest)

Heart rate = number of heart beats per minute (at rest about 70 beats/min)

Heart Sounds

First, dull heart sound: closure of the atrioventricular valves. Second, high-pitched heart sound: closure of the semilunar valves. The sounds are best heard where the bloodstream from the closed valve approaches the chest wall most closely.

The Conduction System

The sinus node is the autonomic impulse generator and pacemaker. Unlike skeletal muscle cells, which must be stimulate by a nerve, the cells of the sinus node and the conduction system are specialized muscle cells that are able to form action potentials spontaneously. The stimulus passes through the atrioventricular node (A-V node) and the bundle of His to reach the ventricular myocardium. From here it is distributed throughout the ventricular myocardium through the bundle branches and then the Purkinje fibers. The heart muscle cells form a network connected by gap junctions at the intercalated disks. This allows stimulation and the ensuing contraction to spread evenly at first through the atria, and subsequently equally evenly through the ventricles. Through the sympathetic and parasympathetic nerves (autonomic cardiac nerves), the vasomotor centers in the brainstem of the CNS adjust cardiac work to the needs of the body (the sympathetic innervation of the heart acts primarily on the myocardium of the atria and ventricles, the vagus nerve on the sinus and A-V nodes)

The ECG

The ECG provides information about the heart rate and the conduction of the impulse over the heart. Leads are either bipolar limb leads or unipolar chest leads. The same letters always designate the waves of the ECG tracing and each represents a specific phase of the spread of the impulse.

Blood Pressure (Arterial)

This is the pressure against which the left ventricle must eject blood: systolic value (normal 120 mmHg) = maximal blood pressure during the ejection phase; diastolic value (normal 80 mmHg) = minimal blood pressure at the opening of the aortic valve. High blood pressure (hypertension): diastolic value =90 mmHg. Most blood pressure measurements are taken by the indirect method.

Clinical Examination

Inspection, palpation (feeling with the hand), percussion (striking with a short sharp blow to examine underlying sounds), auscultation (listening), ECG (echocardiography), radiography (PA or lateral), computerized tomography (horizontal sections), fluoroscopy (live radiographic examination), cardiac catheterization (angiocardiography, coronary angiography), MRI (magnetic resonance imaging—horizontal, sagittal and frontal sections).

The Vascular System

The Blood Vessels

Arteries and veins have similar structures, with three layers. Arteries, however, have a well-developed muscular layer and elastic membranes between the layers. Arteries close to the heart have a high proportion of elastic fibers (elastic recoil). Veins have thinner walls and most have venous valves, folds of the vascular endothelium. The capillary walls are reduced to a vascular endothelium (inner layer).

The Lymph Vessels

The walls consist of endothelium, some with folds (valves) and a thin muscular layer.

The Circulation

The circulation consists of two parts:

1. Lesser (pulmonary) circulation: deoxygenated blood from the lower and upper regions of the body through the superior and inferior venae cavae into the right atrium, through the right ventricle into the pulmonary artery—enriched with oxygen in the lungs—oxygenated blood through the pulmonary veins and the left atrium into the left ventricle.

2. Greater (systemic) circulation: oxygenated blood from the left ventricle into the aorta—distributed by the arterial system over the whole body—substance and gas exchange in the capillaries—deoxygenated blood back to the right atrium by way of the venae cavae.

Portal circulation (insertion of a venous capillary bed into the systemic circulation): venous blood from the gastrointestinal tract and the spleen carrying nutrients reaches the liver through the portal vein. In the liver it passes through a predominantly venous capillary bed (detoxification, storage, metabolism of substances absorbed from the intestines), then through the hepatic veins to the inferior vena cava and the right atrium. By this path the absorbed nutrients pass through the lesser circulation with the deoxygenated blood, and then together with the oxygenated blood through the systemic circulation into the capillaries and so to the “end users,” the cells of the body.

The fetal circulation: Bypassing of the pulmonary circulation, as the lungs are not yet functional: (1) Hole in the atrial septum (foramen ovale); blood passes directly from the left into the right atrium. (2) Short circuit between the pulmonary artery and the aorta (ductus arteriosus); gas exchange in the placenta; umbilical veins bring oxygenated blood to the inferior vena cava of the fetus through the ductus venosus.

Important Arterial Trunks

The great paired vascular trunks to the head (common carotid arteries) and arm (subclavian arteries) branch from the aortic arch. Branches from the thoracic aorta go to the intercostal muscles, the esophagus, the pericardium, and the mediastinum. Below the aortic hiatus in the diaphragm, the aorta continues as the abdominal aorta. From above downward it gives off branches to the inferior surface of the diaphragm, the kidneys (renal artery), and adrenals, a common trunk (celiac trunk, celiac axis) for the arteries to the liver, stomach and spleen, branches to the small intestine (superior mesenteric artery), the gonads (testicular and ovarian arteries), and the large intestine (inferior mesenteric artery). At the level of the 4th lumbar vertebra, the abdominal aorta divides into the two common iliac arteries that supply the pelvic organs (internal iliac artery) and the lower extremity (external iliac artery). At the level of the inguinal ligament, the external iliac artery continued as the femoral artery.

Important Venous Trunks

Two venous networks, superficial and deep connected by perforating veins. The junction of the two brachiocephalic veins, which collect blood from the head, neck, and arm, forms the superior vena cava. The junction of the two common iliac veins that collect blood from the lower extremities (external iliac veins) and the pelvic organs (internal iliac veins) forms the inferior vena cava. On its way to the right atrium the veins from the kidneys (renal veins) and before piercing the diaphragm (foramen venae cavae) by the three hepatic veins join the inferior vena cava.

The Lymphatic Channels

The lymphatic channels run parallel to the veins and begin blindly in the capillary bed. Lymph is that part of the fluid filtered in the capillaries that is not reabsorbed (10%). Through small and large lymph vessels and lymph nodes (immune defense), the lymph returns to the venous system at the left and right venous angles.

The Regulation of the Circulation and Blood Pressure: Physical and Physiological Fundamentals

         Blood flows more easily through large vessels than through small arterioles and capillaries, the narrow diameter of which presents a high resistance to the blood flow. Hence, they are called the vessels of the peripheral resistance (vascular resistance = peripheral resistance, which requires increased pressure to overcome). The circulation of the blood, maintained by this pressure gradient. Distribution of the bloodstream according to need (distribution of the cardiac output) can be achieved by regional changes in vascular resistance, e.g., by vasodilatation (relaxation of smooth muscles) or vasoconstriction (contraction of smooth muscle). Local muscle tone is regulated by localized influences (auto regulation, e.g., vasodilatation due to lack of oxygen), or nervous (vascular sympathetic) or hormonal (epinephrine, norepinephrine, tissue hormones such as histamine) messages. In order to avoid blood pressure drops during increased blood flow requirements (e.g., to muscles during physical activity), cardiac output (CO) must increase. The vasomotor centers in the brain receive nerve impulses from pressure receptors in the aorta and stretch receptors in the venae cavae as they register actual blood pressure. In order to maintain median blood pressure, constriction occurs in 

(1) The vessels of resting organs, 

(2) The vessels of peripheral resistance (renin−angiotensin System, raises blood pressure) and, 

(3) The veins (increases venous return) and, 

(4) The work of the heart adjusted to the increased need. Both effects are regulated reflexly by the vasomotor centers. The kidneys also play a role in the regulation of blood pressure,(regulation of salt and water balance, renin−angiotensin system).During normal circulation, other mechanisms influence venous return: suction mechanism of the heart, negative intrathoracic pressure during inspiration, venous valves, effect of arterial pulsation, muscular pump

Circulation of the Blood and Substance Exchange in the Capillaries

        The total surface in the capillaries is very great (600m2), the flow rate is very low because of the high resistance, and the capillary walls are very thin: these are ideal circumstances for substance exchange. Every day an average 20 liters of fluid filtered into the interstitial space, where substance exchange takes place. The driving force is hydrostatic pressure, which is above the colloid osmotic pressure at the arterial end of the capillaries. Consequently, fluid and dissolved particles (e.g., nutrients) filtered into the tissues under pressure. At the venous end of the capillaries, blood pressure falls below colloid osmotic pressure. Consequently, fluid and dissolved particles (e.g., metabolic products) flow back into the vessel (resorption). Of the 20 liters of fluid about 18 liters resorbed, while 2 liters (10%) transported in the lymph vessels as lymph.
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