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1   INTRODUCTION
Baroreflex mechanisms

Baroreflex plays the important role in control of blood pressure. It is a reflex feed-back mechanism that operates to stabilize the blood pressure and heart rate. Baroreflex is composed from receptors, afferent pathways, cardioexcitatory and cardioinhibitory centres and vasomotor centers in central nervous system, efferent pathways and effectors-heart and blood vessels.

Anatomical units

The elements of the baroreceptor reflex are the sensory receptors called baroreceptors. The nerves which run from them to the brain stem, the central integrating nuclei, the sympathetic and parasympathetic motor fibers, and the heart and the blood vessels. 

Arterial baroreceptors are: the carotid sinus receptors and the aortic arch receptors. Carotid receptors lie in the wall of the internal carotid artery on either side. Baroreceptor sends impulses in the nerve of Hering, which also carries information centrally from the carotid chemoreceptors. Aortic arch baroreceptors are found in the vicinity of the aortic arch. From the aortic receptors, excitation travels centrally in small vagal branches containing baroreceptor fibers and other sensory and motor nerve fibres. Peripheral aortic fibers originate at the right subclavian artery (Heymans C, Neil E 1958). Nervous fibres from the receptors in the aortic region form two aortic depressor nerves which carry nervous impulses centrally, as part of the vagal trunk. 

The cardiopulmonary receptors send their nervous impulses centrally through small vagal branches. Impulses from arterial baroreceptors are carried to the nucleus tractus solitarius  in the medulla, the site of the first synapse in the baroreceptor reflex. The output from nucleus tractus solitarius is to sympathetic preganglionic neurons in the inter-medio-lateral cell column of the thoracic spinal cord and the nucleus ambiguus and the dorsal motor nucleus of the vagus (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002).

The sympathetic outflow passes to the sympathetic white ramus fibres and form the postganglionic sympathetic fibres. These fibres innervate the heart and the arterioles in most vascular beds. The parasympathetic outflow is via cardiac vagal efferents which exit from the main vagal trunk. The sympathetic nervous fibres innervate the heart, where they alter heart rate atrioventricular  conduction, myocardial contractility and coronary vascular resistance. The vagal nervous fibres significantly alter heart rate and also have effects on atrioventricular  conduction (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002).

Elementary Reflex Arc of the baroreceptor

The baroreceptor reflexes  are sensitive to pressure and rate of change of pressure and increase their firing rate as either of these increases. The receptors send impulses to the medullary integrating centres in nucleus tractus solitarius, which transform the firing of the sensory nerves to impulses in the motor sympathetic and vagal fibres  from the medulla oblongata is via vagal efferents and sympathetic efferent fibres. The vagal efferents significantly control the heart rate, and the sympathetic efferents control the heart rate, myocardial contractility and peripheral resistance (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

If arterial pressure decreases as in a hemorrhage, baroreceptor firing will decrease, sympathetic motor firing will due to reflex mechanism increase, and vagal firing will due to reflex mechanism decrease. With the decrease in vagal firing and increase in sympathetic firing, the heart rate will increase. The increased sympathetic motor activity will also increase myocardial contractility and the vascular resistance of most of the peripheral arterioles. Both contractility and resistance will increase. The result of a fall in arterial pressure will be an increased heart rate and contractility, which will tend to increase cardiac output or minimize its decrease, and an increase in peripheral vascular resistance. The product of cardiac output and peripheral resistance is arterial blood pressure. A fall in blood pressure therefore initiates compensatory changes in output and resistance which tend to restore the blood pressure and blood flow (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

Our knowledge of the baroreceptor function is based on the earlier experiments. They are some components of the baroreflex which are studied in different animal preparations. The scientists studied the conversion of arterial pressure to nerve firing in single-fiber or multi-fiber preparations. They analyzed and examined the conversion of sensory information (nerve activity from the baroreceptors) into sympathetic and vagal motor nerve activity within the medulla. They also examined the conversion of the motor nerve activity into changes in heart rate and peripheral resistance. The systemic control of blood pressure was examined as the changes in heart rate and peripheral resistance and changes in arterial blood pressure (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002).

Single-Fiber Recordings

There are differences between receptors which have myelinated axons and those which have unmyelinated axons, and there are differences between the carotid and aortic receptors, but these will not be considered here (Koushanpour et al. 1991, Brown et al.1980). The effector side of the reflex, will be concerned with the reflex effects of individual  carotid  receptors or aortic receptors with the effects of variations in arterial pressure profile on the receptors. Receptor responses are best studied in single nerve fibres from baroreceptors. The receptors show a threshold to static pressure. Above this threshold the baroreceptors increase firing quite linearly with increase in pressure. At a high pressure, the response levels off or limits. The  description is valide in condition of  nonpulsatile pressure (Brown et al. 1976).

In response to a positive-going ramp of pressure at a single receptor, the firing level at a given pressure will be higher than for a static pressure at that pressure. For a decreasing pressure ramp, the firing level will be lower (Landgren et al. 1952).

When a pulsatile pressure change, like the arterial pressure pulse, is superimposed on a mean pressure which is just below the static firing threshold, the receptor will discharge when the instantaneous pressure is below the threshold. Positive rate of change of pressure will make the receptor fire slightly below the static threshold. As the pressure decreases, the receptor will turn off. The effect of the added pressure pulsations here is to make the receptor fire at a mean pressure below the static threshold. This is a dynamic nonlinear effect.

A study by Katona et al. (1977) indicates that, when subjected to pressure changes like normal arterial pressure waveform, the receptor has a nearly invariant firing pattern, but with repeated slow ramp-like changes the firing pattern may vary slightly.

In a study of the responses of single baroreceptor fibres to pulsatile pressure, Arndt et al. examined the correlation between several stimulus variables – systolic pressure, diastolic pressure, mean pressure, pulse pressure, peak positive rate of change of pressure (dp/dt) – and several response variables e.g. average discharge rate, peak instantaneous frequency, average burst frequency. They found that the only significant relationships were between the nonphasic pressure terms (systolic, diastolic, or mean pressure) and the average discharge rate. Examinations of their plots of the activity of single fibres shows a very linear relationship between average discharge rate and mean pressure over a range of 100 mmHg pressure change above the threshold (Arnt et al., 1977). They did not discuss the combined effects of mean and pulse pressure changes.

The studies cited above have been performed on single fibers dissected out of the whole baroreceptor nerve. This is a tedious dissection, but the results are clear and can easily be quantified. The changes in spike frequency can usually be determined visually. A possible disadvantage is that a single fibre so studied may not be representative of all other fibres, but recordings might be made from several fibres in this fashion and the results summed or averaged. The most important characteristics of the single baroreceptor fibres are studied in non-pulsative and pulsative conditions. They generally exhibit a threshold below which no firing occurs when the receptors are subjected to static - nonpulsatile pressures. At the threshold, the receptor begins to fire at a rate of many impulses per second. The threshold is abrupt and not gradual. We can conclude the results in single fibre record. Above this threshold, the firing increases linearly with pressure over a substantial pressure range and

the receptor show limiting at high pressure (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002).

With pulsatile pressure the receptors show a response to rate of change of pressure. This can cause the receptor to fire at a pressure below the static threshold. It can lead to a nonlinear behaviour of the receptor since near threshold firing can increase with positive rates of change of pressure, but cannot decrease symmetrically with decreasing rates  of change of pressure. 

Multifiber Recordings 

Nerve fibers from the individual carotid and aortic baroreceptors join the carotid sinus nerve and the aortic depressor nerve. In many studies of receptors, records are taken from these nerves directly or from several or many fibres separated from these nerves.

Recording from several or many nerve fibres has its advantages – it gives a sample of whole nerve activity and it avoids the arduous task of splitting a whole nerve down to a single strand. The nerve may be damaged during the dissection, and may dry out and cease to fire more easily after the dissection. It has several disadvantages which make quantification of the firing difficult (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

The results on multifibre experiments  

1. There may be fibres with differing thresholds (and with action potentials of different size) in the multifiber preparation. A rise in pressure may activate fibres which were not previously active in addition to increasing the firing rate in active fibres. 

2. Since individual spikes cannot be seen and counted, the summed activity recorded from a multifiber preparation is usually fed to an electronic integrator which sums the nerve firing to produce a smooth curve of mean nerve activity. 

Sometimes the nerve spikes which exceed a threshold voltage are separated by a window discriminator and their activity is converted to pulses which are then integrated. Although the integrator will sum what is sent to it, the output may not represent accurately the summed activity in the nerve. When spikes overlap, increased activity may not be analyzed accurately, and the change in the output of the integrator may again not accurately represent the summed activity in all fibers. It will usually underestimate the actual nerve activity. These problems with multifiber recording have been discussed by Spickler and Kezdi (1969) and by Andresen and Yang (1989). These findings about multifiber records apply even more strongly to multifiber records from sympathetic motor nerves.

This technique of multifibres recordings  is the only one which gives a picture of the average activity of a group of baroreceptors. The experimenter who uses multifiber recording showed consider that it cannot be used for fine quantitative conclusions (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002).

The linear firing of the individual baroreceptors over a wide range of pressure changes is transformed in the whole nerve i.e., in multifiber records to a relationship which shows three phases. At low pressures, as the pressure increases, firing begins in a small number of fibres which reach threshold earliest, and the number of fibers contributing to the summed activity increases as more fibres reach threshold. Thus the increase in total nerve activity is gradual until most or all of the fibers reach threshold. When most of the fibres are beyond the threshold, the rate of firing increases in all fibres nearly linearly and the curve has its steepest slope. This linear range extends for 90 mmHg or more in the studies by Koushanpour and McGee (1969), Ninomiya et al. (1964), and Spickler and Kezdi (1967). Then, at very high pressure, the fibers sequentially reach their maximal firing rate (saturate), and any further increases in pressure become ineffectual in increasing the summed activity and the integrated curve levels off. The curve of pressure versus nerve firing consists of three segments: two (at low and high pressure) with a gradual merging slope, and a central segment with a steep linear slope. Multifiber recording from the receptors subjected to varying static pressure or pulsatile pressure levels shows a linear increase in firing frequency over a pressure range from about 100 – 200 mmHg (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). With pulsatile pressure the individual receptors have a lower threshold and the curve shifts so that the range (but not the extent) of linearity would be lower by roughly 50 mmHg. Multifiber baroreceptor response to static pressure changes is close to a linear function of pressure over a range of pressure that includes the normal.

Medullary Integrating Centers: The Nucleus Tractus Solitarius

The functions of the medullary centers are dewscribed by Persson (1991), Kirchheim (1991), Malik (1998) and Hilz (2002). 

Anatomy of nervous structures

The glossopharyngeal nerve and vagus nerves enter the brain stem and the fibres from the baroreceptors synapse in the nucleus tractus solitarius . This is the site of the first synapse in the baroreceptor reflex. The region has been identified in several ways. When the baroreceptors are denervated, there is clear degeneration of cells in this region (Cotte, 1964).

Recordings from this area show pulse synchronous activity similar to that seen in baroreceptor fibres (Koepchen et al. 1967).Stimulation of the sinus nerve produces activity in and around this nucleus (Humphrey, 1967).Stimulation in the region of the nucleus tractus solitarius can cause increased sympathetic motor activity or can cause other motor effects (bradycardia and/or hypotension) which are part of the baroreceptor reflex ( Alexander, 1946). Lesions in this area can produce lability of blood pressure control or hypertension (Reis et al.1977).

Destruction of the entire area abolishes the reflex control of blood pressure (Reis et al.1977).

Recently, through the use of horseradish peroxidase, which stains living nerve fibres, it has been possible to delineate the sites of the termination of the carotid sinus nerve. The nerve terminates in the nucleus tractus solitarius. Staining shows two main areas near the nucleus tractus solitarius, a medial and a lateral area, which are selectively stained by the procedure (Berger, 1979). Fibres from the arterial chemoreceptors also terminate here. 

Physiological studies by Donoghue et al. (1984, 1982) have supplemented the staining procedures. First, baroreceptor fibres are identified by recording their pulse-synchronous activity. Then the brain stem is stimulated to find the spot from which these fibers can be activated in a retrograde direction. For both carotid and aortic baroreceptors in the rat, the sites in the nucleus tractus solitarius seem to be virtually identical. The technique separates the sites of termination of baroreceptors and chemoreceptors. The former have a more lateral, and the latter a more medial, location in the nucleus tractus solitarius (Donoghue et al. 1984,1982). Extensive references to the studies of these medullary regions are found in Kirchheim´s findings and in Korner´s findings (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002).

Connections to other nervous centers

The nucleus tractus solitarius has extensive connections to higher centers of the nervous system, particularly the hypothalamic nuclei. The hypothalamic areas acting separately or through the nucleus tractus solitarius are important in determining the cardiovascular changes that characterize the defense response (Hilton, 1965)and other emotional responses (Canon 1932). The reflex responses to hypoxia and temperature change may also involve the hypothalamus. Evidence has been presented that the hypothalamic area acts like a pacemaker to generate continuous nerve firing to peripheral vessels which maintains the resting sympathetic discharge (tone) seen in some vascular beds (Barman et al. 1980,1982).

Output from the nucleus tractus solitarius

Output from the nucleus tractus solitarius is to (1) sympathetic preganglionic neurons in the intermediolateral cell column of the thoracic spinal cord and (2) the nucleus ambiguus and the dorsal motor nucleus of the vagus, which control vagal motor activity  (Spyer,1981).

Techniques for retrograde labeling of neurons have been used to label the cells in the hypothalamus and brain stem which give rise to the sympathetic motor fibres. These studies have used dyes (Tucker,1985) and viruses (Strucket al. 1989). In both types of studies, neurons within the hypothalamus, pons, and medulla were identified. In the studies with dyes, pathways to different thoracic segments could be separated. Each neuron seemed to project from a central area to only a single spinal segment, which might be an argument for the specificity of the connection from each area. However, the neurons projecting to different spinal segments were intermixed in each of the central source regions and showed no evidence of topographical organization. This would seem to argue against a topographical organization arranged for specificity of function. It would be foolhardy to claim that limited anatomical observation can prove or disprove physiological specificity since there is specificity of autonomic control  – non-uniform activation of sympathetic fibres to different vascular beds in several situations such as diving, temperature control, etc. and  although there may not be such specificity in baroreceptor reflexes (Kirchheim 1976, Persson, Kirchheim, 1991, Malik 1998, Hilz 2002).

Motor Systems of sympathetic motor fibres

The findings in awake animals have been supplemented by experiments in which sympathetic nerve activity has been recorded in resting awake humans. In 1968, Hagbarth and Valibo (1968) showed that it was possible to insert fine metal electrodes through the skin to record sympathetic activity in the extremities in awake humans. This technique has been well described by Wallin (1988).

Accessible sympathetic fibres are found in mixed nerves in the extremities. Recordings from these show sympathetic outflow to skin or muscle. Activity in the sympathetic fibres to the skin in man shows no relationship to the cardiac cycle. In muscle sympathetic nerves there are groups of bursts of sympathetic activity at irregular intervals of seconds (roughly 10 s). Within each group the individual bursts are synchronous with the arterial pulse. The groups of bursts seem to depend on changes in blood pressure induced by respiration (Eckberg et al. 1985). The activity picked up by the electrodes is amplified, filtered, and integrated. Several schemes give an estimate of changes in the nerve traffic. Surprisingly, integrated nerve traffic seems to be better correlated with diastolic than with systolic pressure (Sundloff et al. 1978). 

Early attempts to elicit sympathetic nerve firing by applying positive pressure external to the carotid sinuses (thus decreasing carotid distending pressure and the firing of the baroreceptors) gave only transient sympathetic responses. This was undoubtedly due to the fact that aortic receptors responded to pressure change caused by lowering the transmural carotid sinus pressure. This would have opposed or cancelled the carotid response. In a later study by Eckberg (1988), sympathetic firing to skeletal muscle was monitored during the infusion of drugs that raised and lowered arterial pressure. Sympathetic firing showed a very linear inverse relationship to diastolic pressure from 73 to 87 mmHg. Below 73 mmHg, sympathetic activity increased at a greater rate per millimeter mercury fall in diastolic pressure, down to about 69 mmHg. The linear approximation was still good. The correlation between diastolic pressure and sympathetic firing over the whole range was .78 for ten subject studied (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

Eckberg and colleagues (1988) devised an impressive scheme to determine the effects of rapid carotid pressure changes by recording changes in neural activity before any obvious reflex effects which might have led to effects from pressure changes at aortic receptors. Sympathetic activity appeared to be turned off when the maximal carotid distending pressure, systolic pressure minus neck chamber distending pressure, reached 130 mmHg – close to normal arterial systolic pressure. The linear range as determined by Rea and Eckberg (1987) was from 88 to 113 mmHg. In another study from the same group (Eckberg et al. 1988), the linear range with vasoactive drugs appeared to extend from 70 to 90 mmHg diastolic pressure. At 90 mmHg sympathetic activity virtually disappeared.

These studies agree qualitatively with the cited animal studies. An important difference between studies in anesthetized animals and those in awake animals or humans is in the extent of control by the sympathetic motor fibers. Without anesthesia, the range is far wider (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 
Arterial Baroreceptor Function and Exercise

During exercise, the active skeletal muscles increase their demand for oxygen delivery and blood flow. During heavy rhythmic exercise in humans, muscle blood flow can reach 20 – 35 l x min-1 (Clausen 1977, Ekblom, Hermansen 1968, Rowell 1986). If such exercise is undertaken in a hot environment, or is prolonged in a more comfortable environment, the increase in skin blood flow necessary to maintain thermal balance can exceed 5 l per min  (Rowell 1986). In response to these challenges a complex series of local, humoral, and neural events occur to provide the necessary increase in cardiac output to meet the metabolic and thermal demands while maintaining arterial blood pressure at a level that insures adequate perfusion of the vital organs, especially of the brain and heart (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002).

Cardiovascular Responses to Exercise

The baroreflex function described above was concerning the resting conditions, mostly find in animals. In humans there are two basic forms of exercise with different hemodynamic consequences, namely static or isometric and rhythmic or dynamic. The extent, to which the two types of exercises are the same or different, was discussed in much publications and scientific examinations (Asmussen, 1981, Mitchell et al.1983).
Static Exercise

 During static contractions of sufficient force (usually 30 % - 60 % of the maximum for a given muscle group), blood flow to the contracting muscles is inadequate  to meet the increased metabolic demand due to local compression of the blood vessels (Asmussen  1981,  Mitchell et al.1983). As a result of the inadequate oxygen delivery and transport there is an increased concentration of muscle metabolites that stimulate muscle chemoreceptors. Stimulation of these receptors evokes reflex increases in arterial pressure. It has been described that the teleological purpose of this blood pressure raising reflex is to offset some of the mechanical obstruction to muscle blood flow and improve blood flow to the contracting muscles (Alam  and Smirk 1937,  Asmussen 1981,  Mark et al. 1985,  Mitchell and Schmidt 1983,  Sheriff  et al.1990, Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

There is an example in the isometric test using handgrip. When a forearm handgrip of 50 % of maximum voluntary contraction is held for 2 min, there is a rapid increase in systolic and diastolic blood pressure together with an increase in heart rate and cardiac output that is mediated by withdrawal of vagal tone to the heart and an increased sympathetic outflow to the periphery. As the contraction is maintained the blood pressure continues to increase, often by a mean of 30 – 50 mmHg at the end of the contraction. The initial increase in pressure is thought to be mediated by neural signals from the motor cortex to the brain stem cardiovascular centers via central command (Mark  et al. 1985). The time-dependent portion of the pressor response as the contraction continues is thought to be mediated both by an increase in central command (more effort to maintain the force due to fatigue) and reflexly due to activation by metabolites of chemoreceptors in the contracting muscles  (Alam et al. 1937,  Mark et al.1985,  Mitchell and Schmidt 1983,  Mitchell  and al.1989,  Victor et al. 1988, 1989). These receptors have been termed chemoreceptors. In this chapter they will be referred to as chemoreceptors. In normal subjects, the increase in arterial pressure is due to both increased cardiac output and total systemic vascular resistance  (Mark et al.1985, Mitchell et al. 1989,  Victor et al. 1989). However, if cardiac output does not increase normally, as occurs after cardiac transplantation or autonomic blockade, a similar increase in pressure occurs due to a greater increase in vascular resistance (Mitchell et al. 1989).

Rhythmic Exercise
Dynamic exercise in contrast to static exercise, (strenuous whole body rhythmic exercise), like cycling or running, elicits large increases in heart rate. There is only a modest elevation of mean arterial blood pressure (Clausen JP, 1977,  Ekblom  et al.  1968,  Rowell  1986). This is a consequence of the marked decrease in systemic vascular resistance as a result of the local metabolic dilatation in the active muscles; the resultant decrease in diastolic blood pressure offsets the increases in systolic pressure. Thus, the key difference between static and rhythmic exercise is that in the latter the periods of relaxation between contractions removes the contraction-mediated local obstruction to muscle blood flow. This allows muscle blood flow to increase markedly between contractions (Mitchell et al. 1989). 

With severe dynamic exercise of a small muscle group, muscle blood flow can increase up to 100-fold (~ 300 ml x 100 ml-1 x min-1) (Andersen and Saltin 1985,  Laughlin MH 1987). Since the skeletal muscles constitute about 40% - 45% of the total body mass (30 kg in a 70-kg man), during strenuous rhythmic exercise involving a large number of muscles, the local metabolic dilatation could exceed the capacity of the heart to provide the necessary flow (Rowell 1986). Since arterial pressure is the product of cardiac output and systemic vascular resistance, a balance between these two variables must be established to maintain an adequate arterial pressure. This balance is accomplished by the sympathetic nervous system. As rhythmic exercise increases in severity (heart rate in excess of 100 beats min-1), sympathetic outflow increases and causes a progressive reduction in renal and splanchnic blood flow  (Clausen 1977,  Laughlin 1987,  Rowell 1986). At maximal oxygen uptake visceral blood flow is reduced 70% - 80%, and there is marked vasoconstriction of inactive muscles. This reflex constriction permits the increases in cardiac output to be directed to the active muscles (Clausen 1977,  Ekblom et al.1968, Rowell 1986). At the maximal cardiac output of ~20 l min-1 in healthy untrained subjects, the active muscles receive about 80% of the total systemic blood flow. Concomitantly the filling pressure of the heart is maintained in spite of the reduced filling time by constriction of the splanchnic capacitance vessels, and in upright exercise by the action of the leg muscle pump (Bevegård 1962, Clausen 1977,  Rowell 1986, Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

The necessity of a functioning sympathetic nervous system for the performance of exercise is demonstrated in two groups of patients. In patients with mitral stenosis, where the ability to increase cardiac output above resting values is limited during exercise, sympathetic vasoconstriction in the splanchnic, renal, cutaneous, and resting muscle beds allows some increase in blood flow to the active muscles and optimizes the distribution of blood flow in the contracting muscles (Blackmon 1967). This permits these patients to increase the oxygen consumption of their skeletal muscles ~ten fold above values at rest while maintaining arterial blood pressure. In contrast, in patients with autonomic failure, even mild leg exercise while supine with a 15° head down tilt to maximize cardiac filling results in a decrease in arterial blood pressure; this is a consequence of the failure of reflex vasoconstriction in visceral organs and non-active muscles to offset the vasodilatation of the active muscles  (Marshall et al. 1961). 

Static exercise is characterized by sustained contractions that, if of sufficient force, reduce blood flow to contracting muscles and evoke marked reflex increases in arterial blood pressure (Asmussen 1981),  Mark  et al. 1985,  Mitchell et al. 1983,  Rowell 1986). By contrast, rhythmic exercise is marked by an increase in blood flow to the active skeletal muscles. This increase, when a large mass of muscle is involved in the exercise, can potentially outstrip maximum cardiac output and threaten arterial blood pressure regulation (Clausen JP 1977,  Ekblom  and Hermansen 1968,  Klausen et al. 1982,  Laughlin 1987,  Rowell 1986,  Secher et al.1977). Static exercise challenges the arterial baroreflexes to allow arterial blood pressure to increase sufficiently to help restore muscle blood flow. Rhythmic exercise challenges the arterial baroreflexes to maintain an adequate arterial blood pressure by balancing cardiac output and total systemic vascular resistance (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

Resetting of Arterial Baroreceptors During Exercise

Studies of the relationship between changes in carotid sinus pressure and arterial blood pressure in dogs before and during treadmill exercise at various speeds and grades have demonstrated that the slope of this relationship is unaffected by exercise. However, the set point is progressively elevated as the workload increases (Mark  et al. 1985). This parallel upward shift of the stimulus-response curve permits the arterial blood pressure to reach higher levels during exercise, without a change in the gain. This, changes in pressure around this new set point can be buffered effectively.

By contrast, studies of the relationship between arterial pressure and heart rate have yielded conflicting results depending on how the data are analyzed. The absolute changes in heart rate elicited by a given change in pressure are remarkedly similar during rest and exercise, suggesting that baroreflex control of heart rate is unchanged by exercise but reset to higher operating points (Melcher and Donald 1981, Walgenbach  and Donald 1983, Walgenbach and Shepherd 1984). However, when these changes in heart rate are evaluated from the R-R interval changes in the electrocardiogram, the data indicate a reduced gain for baroreflex control of heart rate. These observations highlight a basic point of controversy concerning the use of changes in heart rate to assess baroreflex function during exercise. During exercise, heart rate is faster and R-R interval shorter so any absolute changes in heart rate will produce smaller magnitude changes in R-R interval. Therefore, depending on the index of baroreflex function used (absolute changes in heart rate versus R-R interval) different conclusions can be reached, with the former indicating a decrease and the latter an unchanged gain for the reflex (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

Studies in Humans

Two approaches have been used to study baroreflex function during both rhythmic and static exercise in humans. The are collars that permit application of pressure or suction at the neck to alter the transmural pressure at the carotid sinuses and infusions of vasoactive drugs (Bevegård and Shepherd 1966,  Petersen E, Pickering TG, Sleight P (1971),  Ebert TJ (1986), Ludbrook  et al. 1978,  Malliani 1982,  Sanders et al. 1988,  Sanders et al. 1989). When the neck collar is used, it is possible to make measurements of blood pressure, heart rate, cardiac output, and organ blood flow during the initial seconds after a change in collar pressure. This time limitation is due to the fact that, as the carotid reflexes are engaged and alter systemic pressure, the aortic baroreceptors are exposed to the opposite change in transmural pressure and evoke opposing reflex adjustments (Shepherd and Mancia 1986,  Walgenbach and Donald 1983). This also raises the question as to whether the function of carotid and aortic receptors is the same or different in humans. 

One advantage of using vasoactive drugs to study baroreflexes is that similar pressure changes are sensed by both the carotid and aortic receptors. The disadvantages include the possibility of a direct effect of the drugs on the response of the mechanoreceptor, and the inability to measure the reflex changes in arterial pressure, cardiac output, and organ blood flow in response to a change in transmural pressure at the receptors (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

Baroreflex testing

The arterial baroreflex is the primary mechanism involved in the short-term regulation of arterial blood pressure. The baroreceptors are located in the deep layers of adventitia, mainly in the carotid sinus and aortic arch walls, and are the principal sensory regions in the reflex control of blood pressure (Smit et al., 1996). Afferent nerve fibers mediate baroreceptor impulses via the glossopharyngeus and vagus nerve to the ipsilateral nucleus tractus solitarius (Hilz et al., 2000, Eckberg 1977, Eckberg 1980, Smit et al., 1996). Reflex responses are modulated by various structures of the central autonomic nervous system, such as the caudal ventrolateral medulla, the dorsal nucleus of the vagus nerve, the parabrachial nuclei, the periaqueductal gray, magnocellular neurons of the supraoptic and paraventricular nuclei, the preoptic-anterior hypothalamic region or the central nucleus of the amygdala ( Hilz et al., 2000). Efferent sympathetic impulses arise from the rostral ventrolateral medulla and are transferred to the heart and blood vessels; parasympathetic activity from the area of the nucleus ambiguus only reaches the heart (Hilz et al., 2000,  Smit et al., 1996). An increase in blood pressure stretches the vessel walls and activates the baroreceptors, which, in turn, raise the discharge frequency in the afferent nerves. The central inhibition of sympathetic outflow and the increase of vagal activity induce heart rate deceleration and peripheral vasodilatation and assure a rapid cardiovascular counter-regulation on a beat-to-beat basis ( Eckberg 1977, Eckberg 1980, Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). The baroreceptor-induced modulation of vascular resistance through changes in sympathetic activity (Bjursted 1975, Linblad 1977, Mancia et al. 1977) occurs more slowly (Eckberg 1977, Eckberg 1980). Blood pressure only changes after at least 2 seconds following the stimulus onset ( Eckberg 1977, Eckberg 1980).

The heart rate responses to changes in carotid distending pressure follow a sigmoid relation ( Eckberg 1980). The resting level of arterial pressure is on the central, steep and linear part of this curve (Mancia et al. 1977). Therefore, blood pressure changes induce a rapid reflex response. However, prolonged pressure elevation (or decrease) results in resetting the operational point of the baroreflex to the higher (or lower) blood pressure values within minutes (Eckberg et al., 1992).

Since the baroreflex is of such major importance in autonomic regulation, its assessment is highly important in the evaluation of patients at risk of autonomic disturbances. Several methods are available for the clinical evaluation of baroreflex sensitivity. Although the standard technique is still considered to be the pressor method introduced by Smyth et al. in 1969 (Smyth et al.1969), several non-invasive, easy-to-apply techniques have been developed in recent years (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

.

Baroreflex sensitivity testing during challenge maneuvers

Several techniques evaluate baroreceptor function in response to changes of blood pressure. The most widely used techniques to induce blood pressure changes are active standing and passive head-up tilt (see above), pharmacological blood pressure modification (Oxford method), mechanical carotid receptor stimulation by neck suction, and the Valsalva maneuver (Persson, Kirchheim 1991, Malik 1998, Hilz 2002). 

Pharmacological approach

Smyth, Sleight and Pickering introduced the pharmacological approach or so-called ‘Oxford method’ (Smyth et al. 1969). Rapid changes of blood pressure are induced by pharmacological means, usually by infusion of a bolus of phenylephrine. The resulting baroreflex activation generates bradycardia. Baroreflex sensitivity is defined as the slope of the linear regression between the beat-to-beat systolic blood pressure and R-R- interval values. Normally, an average value is calculated from the three best out of five repeated measurements (Smyth et al. 1969).

Smyth, Sleight and Pickering showed that the baroreflex response to phenylephrine differs between wakefulness and sleep. The authors found a baroreflex sensitivity between 2 and 15.5 ms/mmHg in awake subjects and between 4.5 and 28.9 ms/mmHg when the tested persons were asleep (Smyth et al. 1969).

Modifications of the Oxford technique calculate the baroreflex sensitivity after sequential injections of depressor and pressor drugs (Ebert et al., 1992, Rudas et al., 1999. This approach characterizes baroreflex responses over a wider range of arterial pressures than does the conventional method (Ebert et al., 1992, Rudas et al., 1999).

The pharmacological techniques do not require patient cooperation and have the advantage that the applied stimuli are physiological, i.e. ramps of increasing or decreasing arterial pulses (Eckberg et al., 1993). A limitation of the method might be its invasiveness. Moreover, drugs elevating blood pressure should be avoided in patients with arterial hypertension. In addition, the method only defines baroreflex-mediated heart rate changes and cannot evaluate blood pressure responses to reflex activation (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

Neck suction

The non-invasive neck chamber method was first described by Ernsting and Parry (1957) and further modified by Eckberg and co-workers (Eckberg et al., 1993) and Bernardi et al. (1994, 1995, 1997). During neck suction, the carotid sinus and the baroreceptors are mechanically deformed by application of subatmospheric pressure. A moulded lead collar is placed over the anterior part of the neck. A reservoir, in which a subatmospheric pressure is maintained by means of a modified vacuum cleaner, is connected to the neck collar and provides the vacuum for stimulation. Eckberg et al. recommended that the tested subject holds his breath at the end of normal expiration to eliminate the influences of respiratory sinus arrhythmia (Eckberg et al., 1993). After recording of  a baseline for several heart beats, neck suction is applied for a few more beats. The changes in R-R-intervals of the electrocardiogram are compared to the distending pressure. The R-R-interval prolongation is calculated as the difference between the longest R-R-interval during the stimulus and the mean interval during the baseline (Eckberg et al., 1993). A stimulus-response curve can be drawn after the application of several different negative pressures. Usually, pressures between –10 to –60 mmHg  are applied and the cardiac responses to these stimuli are on the linear portion of the baroreflex curve (Eckberg et al., 1993). The slope of this curve is a measure of baroreflex sensitivity, expressed as ms/mmHg. 

Eckberg and Fritsch (Eckberg et al., 1993) described an alternative testing algorithm. First, positive neck pressure of approximately 40 mmHg is applied for five heart beats. Then, neck suction is performed with stepwise (15 mmHg) R-wave triggered reductions of pressure to –65 mmHg. The control or reference R-R-interval is defined as the average of the last two R-R-intervals before onset of pressure change. The authors determine several parameters including the maximum, minimum and range (maximum R-R-interval minus minimum R-R-interval) of R-R- intervals, the maximum slope (determined from linear regression analyses applied to every set of three consecutive data pairs on the stimulus response relationship) and the operational point of the baroreceptors (estimated as the (R-R-interval at resting systolic pressure / R-R-interval range) X 100%). This technique allows to study baroreflex responses over a wider range of the baroreflex curve than does the standard approach (Eckberg et al., 1993). The neck chamber method not only evaluates heart rate responses, but also blood pressure responses to baroreflex activation. The technique does not require any medication and allows to study the responses to blood pressure increases as well as decreases (Eckberg et al., 1993). However, some patients find the chamber uncomfortable to wear. Another disadvantage arises from the superimposition of the pressure changes onto the naturally occurring arterial pulses. Finally, it is uncertain as to what extent the pressure changes are transmitted through the neck tissue onto the arterial wall (Eckberg et al., 1992, 1993). In addition, the responses from the carotid receptors may be buffered by opposing responses from aortic baroreceptors (Eckberg et al., 1992, 1993, Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

Sinusoidal neck suction
Bernardi and co-workers developed another modification of the neck chamber method that aims at quantifying the sympathetic and parasympathetic responses to the activation of the reflex arc (Bernardi et al., 1994, 1995, 1997, Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). Baroreceptors are activated by sinusoidal pressure changes at the neck, ranging from 0 mmHg to –30 mmHg. The sinusoidal pressure change activates and de-activates the carotid baroreceptors; in a normal subject the same sinusoidal change is evident in the R-R-interval, in the blood pressure and the midcerebral artery blood flow velocity, and can be identified by means of spectral analysis of these biosignals (Bernardi et al., 1994, 1995, 1997). A slow stimulus rate at a frequency of 0.1 Hz or 6 cycles/min induces cardiovascular responses that are transmitted to both the R-R-interval and the blood pressure; a faster stimulation at 0.20 Hz or 12 cycles/min, i.e. at frequencies close to the respiratory rate, will be transferred only to the R-R-interval (Bernardi et al., 1994, 1995, 1997). Bernardi and co-workers consider the response to fast neck suction at the level of the R-R-interval an index of vagal baroreceptor activation and the response to the slow neck suction at the blood pressure level an index of sympathetic baroreceptor activation, while the response to slow neck suction at the R-R-interval level might indicate sympathetic and / or vagal effects of baroreceptor stimulation on the heart (Bernardi et al., 1994, 1995, 1997). The authors base this conclusion on the following facts: First, the R-R-interval is modulated by both vagal and sympathetic activity, while blood pressure is modulated by sympathetic outflow. Second, the vagus is able to modulate both fast and slow changes in R-R-interval, while rapid stimuli are not transferred onto the vasculature but only to the R-R-interval, since the sympathetic system is able to modulate only slow cardiovascular fluctuations (Bernardi et al., 1994, 1995, 1997, Saul et al. The standardization of the stimulus at 30 mmHg sinusoidal swings allows to quantify the amount of responses to the 0.1 Hz and 0.2 Hz baroreflex activation. The sinusoidal suction increases oscillation of heart rate (R-R-interval) or blood pressure at the stimulating frequencies. The amount of oscillation can by determined by means of spectral analysis. In order to avoid interference between signal modulation due to sinusoidal neck suction and respiratory influences, respiration is paced at 0.25 Hz (15 cycles per minute), i.e. a frequency above the rate of stimulation(Bernardi et al., 1994, 1995, 1997, Persson, Kirchheim, 1991, Malik 1998, Hilz 2002).  


Valsalva maneuver

The Valsalva manuever assesses the afferent, central and efferent branches of the baroreflex arc and evaluates the sympathetic as well as the parasympathetic reaction to baroreflex activation (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

The study participant is asked to breathe into a mouthpiece connected to a manometer and maintain a pressure of 40 mmHg for 15 seconds (Hilz et al., 2000).

The responses to the Valsalva maneuver occur in four phases (Hilz, 2002):

Phase I consists of the first 2-3 seconds of expiration. Due to the expiratory pressure, the aorta is compressed, which induces a short increase of blood pressure and decrease of heart rate. These changes are mainly the result of mechanical influences. The ongoing expiratory pressure constitutes phase II of the maneuver. In the early stage of phase II, there is a blood pressure decrease followed by an increase in late phase II. The initial blood pressure decrease triggers an increase of sympathetic activity which subsequently increases peripheral resistance and thereby induces the blood pressure increase seen in the late stage of phase II. Due to the continuing expiratory pressure, the venous return is reduced and results in a reduction of cardiac stroke volume. This in turn induces a baroreflex mediated compensatory tachycardia and peripheral vasoconstriction. Phase III consists of the first 1-2 seconds after release of the strain and is a mirror image of phase I. Blood pressure falls passively and heart rate increases with the release of the expiratory pressure. In the ensuing phase IV, the persistent increase of peripheral resistance and the normalized venous return and stroke volume result in an increase of blood pressure. The blood pressure overshoot during phase IV normally results in an increase of mean pressure by at least 10 mmHg, but the response is blunted in patients with sympathetic failure (Mosqueda-Garcia, 1995). The increased blood pressure activates the baroreflex and results in a reflex bradycardia.

The reflex bradycardia seen in phase IV is an indicator of baroreceptor function and the vagal innervation of the heart. The blood pressure changes in phases II and IV allow for evaluation of the sympathetic vasoconstrictor activity. The baroreflex mediated heart rate changes can be quantified using the Valsalva ratio, which is the ratio of the highest heart rate during the expiration and the lowest heart rate during the first 20 seconds after the release of strain. 

Results depend on the position, age and gender of the tested subject as well as the duration and intensity of the expiratory pressure (Low, 1997, Hilz, 2002). Low recommends repeat the maneuver up to four times. To assure reliability of the maneuver, two similar responses should be obtained (Hilz, 2002). Low reported age and gender specific normative data for the Valsalva ratio (Low, 1997). A ratio between the maximum and minimum heart rate response below values of 1.10 is clearly pathological, while some authors even consider values below 1.2 abnormal (Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

Baroreflex sensitivity testing at rest

The ‘sequence method’

Beat-to-beat analysis of the continuous relationship between spontaneous fluctuations in heart rate and blood pressure reveals sequences of continuous beats where systolic arterial pressure increases and heart rate decreases, or vice-versa (Legramante et al.1999, Parati et al.1988). Baroreflex sensitivity can be evaluated by calculating the slope of the regression between spontaneously occurring ramps of blood pressure increase or decrease and subsequent R-R-interval increase or decrease (Parati et al.1988). 

With this method, Parati and co-workers calculated a baroreflex sensitivity of 7.6 ( 2.0 ms/mmHg for positive sequences, i.e. when increases of blood pressure and R-R-intervals were analyzed, and a sensitivity of 6.4 ( 1.5 ms/mmHg for negative sequences Parati et al. 1988, Significant correlations have been demonstrated between baroreflex slopes assessed using the sequence method and the ‘gold standard’ phenylephrine method (Pizzalis et al.,1999). In hypertensive patients, Parati and co-workers showed that the slope obtained after plotting systolic blood pressure against pulse intervals was less steep and the sequences of spontaneously occurring ramps of blood pressure and heart rate changes were less frequent than in normotensive subjects (86, Parati et al.1988). The main advantage of this method is that it is simple to apply and does not require any active co-operation from the patient. However, only a small portion of the baroreflex curve is evaluated because there is no challenge to the blood pressure and consequently the baroreflex arc Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

Spectral analysis

Spectral analysis provides another method to quantify "spontaneous" baroreceptor sensitivity. The gain of the transfer function between systolic blood pressure and heart rate in the low frequency band (0.04-0.15 Hz) is considered to be a measure of baroreflex sensitivity (Robbe et al., 1987, Saul et al., 1990, Weise et al., 1993). Robbe and co-workers demonstrated that this index of baroreflex sensitivity correlates significantly with the results of the phenylephrine method, especially if respiration is controlled. The authors found similar values for the baroreflex sensitivity calculated as the gain of the transfer function between the low frequency modulation of systolic blood pressure and R-R intervals (18.1(8.9 ms/mmHg) and for the sensitivity derived from the heart rate deceleration following phenylephrine-induced blood pressure increase (16.2 (7.3 ms/mmHg) (Robbe et al., 1987). Saul analyzed the transfer function gain between blood pressure and heart rate modulation and calculated values of 1-2 bpm/mmHg (Saul et al., 1991).
Both the sequence method and the spectral analysis method allow testing of baroreflexes without drug administration or neck pressure changes, i.e. without perturbation of the measured reflex (Eckberg et al., 1992). However, in contrast to the application of 0.1 Hz and 0.2 Hz neck suction (Bernardi et al., 1994, 1995, 1997), neither technique can be used to evaluate baroreflex-mediated blood pressure modulation. The analysis of the transfer function between systolic blood pressure and heart rate is merely a mathematical approach to reflect complex relations between both biosignals. These relations might not only depend on the baroreflex function but on many variables such as mechanical, respiratory, movement induced alterations of blood pressure or heart rate. Therefore, Saul et al. emphasize that transfer functions may also reflect the combined effect of baroreflex mediated heart rate changes after changes in blood pressure, and of blood pressure changes resulting from heart rate changes through mechanical coupling between left ventricle and vasculature (Eckberg et al., 1992, Saul et al., 1991, Persson, Kirchheim, 1991, Malik 1998, Hilz 2002). 

Cardiovascular rehabilitation

Cardiovascular rehabilitation is aimed to reduce the progression of cardiovascular disease, progression of atherosclerotic disease and the recurrence of vascular events. Cardiovascular rehabilitation also has the aim to lower risk factors and to reduce risk factors. Lifestyle modification is also a task of cardiovascular rehabilitation. Cardiovascular exercise training reduces morbidity and mortality in cardiovascular patients (Giannuzzi et al., 2003, Leon et al. 2005, Stone et al., 2004). Cardiovascular rehabilitation programs are flexible. They are individualized to the risk of patients with cardiovascular diseases and to the degree of functional capacity, age and sex differences of patients to accommodate individual needs and preferences (Ting et al., 2010). The cardiovascular rehabilitation is aimed to mobilize early through physical exercise, to encompass physical and psychological well-being, risk factor reduction, and health maintenance. For patient motivation and uptake to improve, it is critical that clear explanation and explicit recommendations be given. 

Cardiovascular rehabilitation may be applied to certain subgroups of cardiac patients, with different severe disease and the different stage of disability. In acute cardiac disease cardiovascular rehabilitation impoves the physical ability and allows the patients return to his physically demanding jobs. Cardiac rehabilitation improves acute medical care and advances in surgical and interventional techniques promote faster recovery and decrease complication rates. Cardiovascular rehabilitation also reduces hospital stays (Spencer et al. 2004, Cowpower et al. 2006, Ting et al. 2010). The cardiovascular rehabilitation is organized in the small groups of 6 to 12 people and improves also the physical and psychological state of cardiac patients and helps the patients to change the living style in a style with a lot of physical activity, diet and avoidance of smoking and alcohol intake. Health care in western developed country and also in Czech Republic providers often do not emphasize this important detail to potential beneficiaries (Chaloupka, 2006).

Cardiovascular rehabilitation has developed over the decades, and has achieved improved recognition and status among the medical fraternity. Both national and international cardiovascular rehabilitation associations and journals have been formed over the years and cardiovascular rehabilitation as an entity is firmly entrenched into current guidelines. The cardiovascular rehabilitation in Czech Republic is organized according to guidelines of the Czech cardiological Society, published in 2006 (Chaloupka et al., 2006). European society of cardiology started first with the working group of cardiac rehabilitation and four years ago in 2006 specialists from many different European countries created the European working group of Cardiovascular Prevention and Rehabilitation. The working group of Cardiovascular prevention and Rehabilitation presents the latest scientific findings in regular Congresses of the European Society of Cardiology, which take part every year in Europe. 

The Cardiac Rehabilitation has been recognized as a very important part of the therapy of cardiac patients. In most European countries cardiovascular rehabilitation is paid for by the government and/or health insurance companies whereas prevention is usually not remunerated. This is because of the fact that public health institutes and administrations still see cardiovascular rehabilitation in its traditional way with rehabilitative aspects at the center of its activities. 

Cardiac rehabilitation in Department of Functional Diagnostics and Rehabilitation is organized according to guidelines of European Society of Cardiology and Czech Society of Cardiology. Let us summarized structure, activities and equipment odf cardiac rehabilitation unit.  

In Department of Functional Diagnostics and Rehabilitation the diagnostic investigations of patients are performed 5 days a week; special exercise tests for active sportsmen are an important part of the daily program. The following functional and complementary examinations represent the main part of the diagnostic activities:

- ergometry (bicycle – Schiller, Hellige; treadmill – Trackmaster MedGraphics; crank – Monark)

- spiroergometry  (gas exchange analysis – MedGraphics CPX)

- spirometry (complete pulmonary function testing – Vicatest;  MedGraphics System  1070)

- acid base balance, blood gases (AVL COMPACT 3)

- longterm monitoring (heart  rate – POLAR TESTER; ECG – see below; blood   

  pressure 24 h, 48 h, and 7 days – eight complete monitoring sets)

- autonomic nervous system examinations  (baroreflex sensitivity – Finapress   

OHMEDA;  heart rate variability – VariaPulse CARDIO TF3; Baroreflex sensitivity, head upright tilt table test

- dynamometry (isometric strength – PC-2 SDT EXAMO; 

- clinical anthropology  (general somatometry; body composition – OMRON;     

  TANITA; somatotypology a.o.)

All these activities are provided by three graduated doctors and seven nurses with special education in functional diagnostics; the working hours in the Department are from 7:00 AM to 3:30 PM.
Cardiology and Cardiovascular Rehabilitation Unit

The cardiovascular rehabilitation program at Department of Functional Diagnostics and Rehabilitation Masaryk University, Brno, st. Anna Teaching Hospital in Brno, CZ is in full concordance with the recommendations of the Guidelines of the European Society for Cardiology and the Guidelines of the Czech Society for Cardiology, and includes phases 1, 2 and 3 of cardiovascular rehabilitation (according to the international standards, there are 3 phases in cardiac rehabilitation program). 

Phase 1 is the hospital phase where the patient recovers from an acute cardiac event (or after some type of cardiac surgery intervention). There are two physiotherapists from Department of Functional Diagnostics and Rehabilitation providing acute cardiac rehabilitation procedures in the Dept of Cardioangiology (Intensive Care Unit, Intermediary Station and Standard Station in St. Anna University Hospital). 

Phase 2 begins when the patient is discharged from hospital. There are 6 exercise groups, with 1 h/day, three times a week,  program lasting 8 – 12 weeks. Every patient undergoes the spiroergometric examination and the cardiologist determines the intensity of aerobic rehabilitation program. Specific regimen is made as soon as the patient enters the rehabilitation program to build both aerobic capacity and strength (the program is started usually 2 to 6 weeks after the discharge from hospital). Typically it consists of medically supervised exercise sessions at Department of Functional Diagnostics and Rehabilitation. The patients are assigned into exercise groups and the group meets for 1 hour 3 times per week. 

Every exercise session (lasting 60 min) always starts with stretching with one of the special educated physiotherapists. This phase is followed by warm-up period (10 min), aerobic exercise on bicycle at the level of individual anaerobic threshold determined by spiroergometry (20 min), resistance exercise at the 30 % to 60% level of individual one-repetition maximum (20 min), and the cool-down period (10 min). To assure the maximum safety, all the patients are constantly supervised by trained doctors, cardiac rehabilitation physiotherapists and nurses before, during and after the exercise. The patients are electronically monitored by means of a special cardiac monitoring system (ECG Monitoring System ERGOLINE, software Ergotest Plus) and the basic cardiovascular parameters (ECG, heart rate and blood pressure) are continuously registered (12-lead ECG, Monitoring System SCHILLER, Telemetric Data Transmission System HELLIGE and 12 Polar Accurex Plus Testers) because of the patients´ safety (defibrillator, equipment for acute artificial respiration) and maximum effectiveness of the workout. The equipment for exercise training includes 6 bicycle ergometers (Protheus), 1 indoor Rower (Concept 2), 1 walk-simulator (Elliptical Magnetic, Hammer), 2 multifunctional body-builders (TK-HC Compact) and therabands, gymnastic balls, exercise sticks, etc.

The staff taking part in Phase 2 of outpatient rehabilitation consists of two physiotherapists, two nurses and one doctor as supervisor and guide. The cardiologist usually works in the room located near the gym, fitted with echocardiographic equipment and defibrillator.

Phase 2 is aimed at helping the patients to return to normal active life. The main goals are to improve the functional capacity and endurance and to provide education about lifestyle changes. Health insurance companies reimburse the costs associated with the first two phases. 

Phases 2 is also our studied field in this diploma thesis. 

Phase 3 is a continuation of the Phase 2 program; the frequency of exercises is 80 min 2 times per week. The exercise sessions have the same schedule as in Phase 2, with additional 20 min of exercise in the swimming pool. Phase 3 provides an ongoing exercise program and offers a support for achieving the desired target, such as an independent lifestyle or return to work. Most importantly, the main goal is to help the subjects to avoid the progression of the heart disease. In all exercises, the  electrocardiography (ECG), heart rate and blood pressure are monitored before, during and after the exercise. The equipment for exercise training includes 6 bicycle ergometers (HouseFit), 1 indoor Rower (Concept 2), 1 walk-simulator (Elliptical Magnetic, Hammer), 1 multifunctional body-builder (TK-HC Compact), 12-lead ECG (Schiller), defibrillator and therabands, gymnastic balls, exercise sticks, etc.

The staff taking part in Phase 3  of outpatient rehabilitation consists of tree physiotherapists and one doctor specialized in cardiology as supervisor and guide. The cardiologist leads the program, indicates and determines the intensity of exercises. This program takes place in the afternoon hours after the standard working time. The patients are asked to pay a fee for the program.

The cardiovascular rehabilitation programme has two important parts – aerobic training and resistant training.
Aerobic exercise testing  

The clinical value of aerobic exercise testing is convincing and, as such, is advocated in the assessment of several patient populations, particularly those with suspected or confirmed cardiovascular disease (Ross et al. 2010). The scientific evidence, however, supports expansion of aerobic exercise testing in clinical practise to other populations, including those who are apparently healthy and undergoing a routine physical examination. To this end, given the clear value of the information provided by aerobic exercise testing, can a case be made for affording this assessment technique vital sign status? This question was raised in an editorial by Bierman supporting the assessment of functional status in some fashion and advocating for its consideration as a vital sign (Ross et al. 2010). Other authors have suggested the routine application of exercise capacity in the context of risk stratification paradigms. However, there presently does not appear to be a thorough review of the scientific literature from the perspective of aerobic exercise testing. The purpose of the cardiovascular training is to use  exercise testing as an important basis for aerobic exercise testing to evaluate the anaerobic threshold as an important point for individual training intensity at the level of load in W, heart rate as a training heart rate and the estimation of exertion according to Borg scale on the level of anaerobic threshold.  The clinical examinations proved that the utilization of aerobic exercise testing is an important part for an individually effective and safety provided cardiovascular aerobic training. 

Principles of aerobic exercise testing are well established and described in detail elsewhere (Placheta et al. 2001). The following sections will briefly address key points pertaining to aerobic exercise testing. According to world and European documents of guidelines the treadmill and lower extremity ergometer are the two most common modes of aerobic exercise testing, the former of which is more frequently employed in American exercise testing laboratories while the latter is primarily utilized in European centres. Furthermore, it should be noted that maximal/peak oxygen consumption (VO2) values are approximately 10 – 20 % lower on a lower extremity ergometer compared with a treadmill in a given individual who is untrained. Despite these differences, either mode of exercise testing is well accepted. Moreover, lower-extremity ergometers possess cost, portability and space advantages compared with a treadmill, which may be appealing to clinics with one or more of these concerns. In our setting we use this kind of exercise testing.

There are numerous protocol options to consider when performing an aerobic exercise test, ranging from highly conservative (i.e., ramping protocols with an initial low workload and small adjustments every 10 – 60 s thereafter) to highly aggressive (i.e., incremental protocols with a higher initial workload and large adjustments every 3 min). There are differences in workload adjustments for conservative, midrange and aggressive exercise protocols. Moreover, there are many submaximal protocols, either incremental or steady-rate, that progress an individual to a predetermined workload or physiologic level. While maximal exercise testing provides a more complete depiction of the physiologic response to exercise, there are instances where submaximal assessments are indicated especially in risk patients with cardiovascular diseases. For example, submaximal exercise testing is recommended in patients suffering a myocardial infarction 4 – 6 days after their event for prognostic, activity prescription and evaluation of medical therapy purposes (Ross et al. 2010).  

It is imperative that the protocol matches the unique characteristics of a given individual rather than applying a universal protocol to all subjects undergoing testing. This is particularly true when maximal aerobic capacity is calculated from workload, where an excessively aggressive protocol leads to a significant overestimation of actual VO2 (Placheta et al. 2001, Chaloupka et al. 2006).  A conservative ramping protocol is generally appropriate for patient populations in which severe functional limitations are common, such as heart failure (HF). Conversely, apparently healthy, younger individuals with an exercise history tolerate an aggressive protocol without difficulty. Those who are apparently healthy but middle-aged to elderly, sedentary and/or overweight/obese may benefit from a midrange protocol. While not always attainable, the goal should be to select an exercise protocol that elicits maximal exertion in approximately 8 – 12 min. Validated questionnaires that estimate an individual(s aerobic capacity are available. Such tools may be useful in selecting the appropriate exercise testing protocol.

Monitoring the response to exercise entails several components ranging from simple to complex (Placheta et a. 2001, Chaloupka et al.2006). HR, BP, the electrocardiogram and subjective symptoms (i.e., perceived exertion, dyspnea and angina) are the core monitoring components during the aerobic exercise test. Pulse oximetry is an easily added component that is particularly valuable when trying to discern the mechanism of unexplained exertional dyspnea (i.e., cardiac vs pulmonary). Ventilatory expired gas analysis entails additional expense and specifically trained personnel. However, utilization of this added technology has several advantages, including: actual measurement of maximal/peak VO2 compared with estimation from workload; the most accurate quantification of subject effort during exercise; the ability to perform pulmonary function testing; and collection of minute ventilation (VE) and carbon dioxide production (VCO2), which is clinically important in certain chronic disease populations.  Last, depending on the indication for aerobic exercise testing, arterial blood gas analysis or ancillary imaging techniques (i.e., stress echocardiography or cardiac radionuclide imaging) may be utilized (Placheta et al. 2001).

The safety of the examination of aerobic exercise testing and low adverse event rates are well documented.  In our department, appropriately trained non-physician healthcare professionals, such as exercise physiologists, nurses, nurse practitioners and physician assistants, can conduct aerobic exercise testing in a safe and competent manner under the supervision of medical doctor. In apparently healthy populations, direct physician supervision of the aerobic exercise test is not considered necessary. In high-risk populations, such as patients with HF or pulmonary arterial hypertension, a physician in close proximity and immediately available to the exercise testing laboratory or directly supervising the test is prudent, particularly when the assessment is progressed to maximal exertion. In any event, the level of supervision required for a given aerobic exercise test is typically left to the physician overseeing the laboratory.

Aerobic exercise training

Aerobic exercise training is the base of cardiac rehabilitation. The training was starting after warm up period on bicycle ergometer and lasted 30 minutes. Usually it was provided 3 times a week in out patients department as in department. The intensity was individually measured during spiroergometry and 100% of anaerobic threshold was the training intensity at the continuous load. After 30 minutes the cool down period was used. Aerobic exercise training has beneficial effect on cardiovascular disease, which improves life expectancy and reduces the risk of  cardiac events in cardiac patients (Astengo et al. 2010, Schmid et al. 2010, Ting et al. 2010).
Resistant training

Later resistance training has been introduced into rehabilitation program to improve the efficiency of the 1980s traditional training. Numerous studies on different populations: cardiac (Beniamini et al. 1999, Fragnoli-Munn  et al. 1998, Pierson et al. 2001, Verill et al. 1996); as well as in geriatric patients, in patients with peripheral artery disease; pulmonary and miscellaneous organ transplant  have shown that combining resistance training with classical endurance training develops strength but also allows a greater cardiovascular benefit. Resistive training is now largely recommended (Schmid et al.2010).

Evaluation of the patient(s cardiovascular response to such training is often limited to continuous monitoring of heart rate and discontinuous monitoring of blood pressure. Blood pressure has often been measured within 10 – 30 s after exercise cessation. All the studies monitoring continuous blood pressure underlined the importance of the blood pressure decrease directly after the last eccentric contraction. Other cardiovascular parameters like stroke volume, and derivate parameters (as cardiac output, rate pressure product  have never been studied),  during classical resistance training modalities in cardiac rehabilitation.

Resistive training should be included in a rehabilitation program, for example, for cardiac patients. Although the characteristics of the number of sets, volume of exercises, exercise types and intensity are well known, the proposed speed of repetition and the length of the rest periods between sets vary in the literature. The effects of these factors on functional benefits have been studied, but to our knowledge, no research has studied the effects of speed and rest on the cardiovascular response during classical resistance training.

For functional benefits, fast speed exercise training is largely recommended. The only resistance to this choice would be a higher risk of injuries, never confirmed by the literature. We have shown that the heart rate, systolic blood pressure and cardiac output increased more if the speed rate of contraction was slow. The differences increased with successive sets. Schmid et al. have also shown that stroke does not significantly contribute to the raise of cardiac output. 

On the intra-muscular level, the optimal recovery time between two sets of exercises would be at least 2 min 30 s. For cardiac patients, a recovery time of 30 s to 3 min is proposed in the literature. Schmid et al. have shown that HR, SBP and CO increase more if the recovery time is short. The drift is significant if the recovery period is 30 s or 1 min. The necessary recovery time to stabilize the cardiovascular parameters throughout sets is 90 s. On the basis of this research and earlier works, Schmid can suggest this following resistance training protocol:

(1) Three sets;

(2) of 10 repetitions;

(3) at 70 – 75 % of 1 repetition maximum;

(4) at fast speed of repetitions;

(5) with a recovery time of 90 s

to limit the rise of cardiovascular parameters but allow significant functional benefits.

2   AIM

Aim of the diploma thesis is to analyzed three different types of cardiovascular training program on work load capacity, oxygen transport system and baroreflex sensitivity:

1.  The present study was designed to evaluate whether the cardiovascular  program consisted of aerobic exercise training at anaerobic threshold level intensity may be sufficient to improve cardiopulmonary functions and autonomous nervous system using the measurement of baroreflex sensitivity of patients with coronary heart disease.  

2. To evaluate the effect of 12-week controlled out-patient rehabilitation program with continuous work load on aerobic capacity combined with resistant training and performance on the level of anaerobic threshold in men after six month of acute myocardial infarction and autonomic nervous system using the measurement of baroreflex sensitivity. 

3. The aim of the present study is to evaluate the effect of 12-week controlled out-patient combined rehabilitation program with interval work load on aerobic capacity with the training intensity on the level of anaerobic threshold and resistant training on work load, oxygen transport system and baroreflex sensitivity as a measure of autonomous nervous system in men after acute myocardial infarction with increased risk of cardiovascular complications.

3   METHODS AND RESULTS
3.1   exercise training LASTING 12 WEEKS IN PATIENTS WITH   

         CORONARY ARTERY DISEASE

3.1.1   Introduction
Cardiac rehabilitation contributes significantly towards the care of cardiovascular disease (Ting et al. 2010, Gianuzzi P., et al. 2003, Leon et al. 2005).  Cardiovascular rehabilitation is recognized by various health care organizations in their practice guidelines (Leon et al. 2005, Stone et al.2005, Chaloupka et al. 2006). Exercise out-patient training of cardiac patients plays a significant clinical and psychological role. It helps the patients with ischemic heart disease in the process of decondition and physiological changes. Cardiovascular rehabilitation induces the feeling of security and helps the patient to return to normal life activities. Cardiovascular rehabilitation turns out to be important for a better physical performance and a feeling of health (Dafoe et al. 1997, Giannuzi et al. 1997, Chaloupka et al.2006). It leads to the increase of performance and capacity of the transport system for oxygen. Subjective perceiving of quality of life is also related to it. Quality of life reflects how a person takes his position in the world in the context of culture and value systems in which he lives, and in relation to his aims, expectations, life style and interests (Dragomirecká et al.1997). 

Low baroreflex sensitivity (BRS) is a marker of the increased risk of sudden cardac death in patients after myocardial infarction (Semrád et al., 1998).

3.1.2   Aim of the study
The present study was designed to evaluate whether the cardiovascular  program consisted of aerobic exercise training at anaerobic threshold level intensity may be sufficient to improve cardiopulmonary functions and autonomous nervous system using the measurement of baroreflex sensitivity of patients with coronary heart disease.  

3.1.3   Methods
Patients

We examined 48 patients after infactus of myocardium, NYHA I-II, stable therapy with angiotensin -converting enzyme inhibitor, statins, beta-blokers, platelet antiaggregate.   Body weight of cardiovascular patients was 86(6 kg. The average age of the group was 58(8 years. They did not have an important alteration of left ventricular function. The ejection fraction measured using echocardiography was 52 ± 7%. The diagnosis was made in the Dept. of Cardiology St.Anna Teaching hospital. The patients were under drug therapy, the therapy was not changed during the whole study.

Criteria of inclusion

1. Firt infarctus of myocardium within the preciding 4-12 weeks

2. Patient´s signature of informed consent after approval by local Ethics Review Board.

3. Patient´s ability to participate in a 3-month stable rehabilitation program

Criteria of exclusion 

1. Manifest heart failure

2. Unstable angina pectoris

3. Haemodynamicly significant heart valve defect 

4. Disease which contraindicates performing of training

5. Diabetes mellitus treated by insuline

Experimental procedure

A maximal, the symptom-limited exercise test was performed before the exercise training (maximal attained work load Wmax, peak VO2/kg, MET) according to standard routines. For spiroergometry we used an electronically braked cycle ergometer (Schiller ERG 500S, Schiller AG, Baar, Switzerland and Medgraphics device for oxygen comsuption and CO2  analysis. The inicial workload was 30W with 10W incremets every minute. The exercise testing was terminated when the patients developed onwe or more of the following signs: exhaustion 7 to 8 on the modified Borg´s scale, moderate chest pain 2 to 3 on the Borg´s scale, a drop in blood pressure greater than 10 mmHg, extensively increased blood pressure ovr 220/130 mmHg, arrhythmia, ST depression more then 2mmin at least  two adjacent leads.  We evaluated the reached maximal exercise workload (Wmax), maximal consumption of oxygen (VO2 . kg-1 body weight) and maximal consumption of oxygen expressed in metabolic units (MET). There was also assessed the anaerobic threshold for the determination of intensity of the training.

Symptom-limited spiroergometry was also performed after 12-week-long- training period. 

Baroreflex sensitivity determination

Baroreflex heart rate sensitivity (BRS) was determined by spectral analysis of the pulse interval (PI),  systolic (SBP) blood pressure (sitting position, 5 minutes lasting beat-to-beat non-invasive monitoring  of blood pressure – Finapres Ohmeda, Peňáz, 1973, metronome-controlled breathing 0.3 Hz). The measurement of blood pressure and pulse interval using Ohmeda Finapres is shown in Fig.1.  Measurement of the baroreflex sensitivity was made at rest before and after the training period (12 weeks) using the spectral analysis (Robbe AT., 1987, Siegelová et al.1994, 1995, Al-Kubati et al.1997).  
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Fig. 1 Measurement of blood pressure and pulse interval using Ohmeda Finapres

Rehabilitation training program

The ambulatory controlled exercise training program lasted 12 weeks with the frequency three times a week and patients participated in the second phase of ambulatory program of cardiovascular rehabilitation.  The training unit lasted 60 min and consisted of three phases. Patients provided the  intensive aerobic training at anaerobic threshold level, -10 min warm up period, 40 min three times aerobic training, 10 min cool down period - three times a week, as is presented in Fig. 2.

The warm-up phase was aimed at preparing the cardiovascular and locomotive system for additional load, prevention of musculoskeletal lesion. The exercise training was composed of dynamic endurance exercises (simple floor exercises, exercises with gymnastic apparatus) and stretching of muscle groups tending to be shortened. 

The aerobic phase (40 min) took place on a bicycle ergometer (Ergoline REHA E900) controlled by the program ErgoSoft+ for Windows. Intensity of aerobic training was set at the aerobic threshold level. Continuous aerobic training  is  presented in Fig. 3.  

Relaxation phase was provided in supine position and modified Schultz autogenic training was used.

Heart rate, blood pressure and rating of perceived exertion (RPE) degree were monitored in the course of the cardiovascular exercise  training, during the aerobic phase also continuous  record of ECG. 
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Fig. 2 Scheme of training 
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Fig. 3 Continuous aerobic training   

Statistical analysis

The results presented in this paper are expressed as mean values of patients with standard deviations. Statistical significances of observed changes were calculated using ANOVA and Wilcoxon test, only p values lower than 0.05 being considered as significant.

The study was approved by local ethical committee and the patients signed informed consent. 

3.1.4   Results
Exercise improves cardiovascular performance

Aerobic exercise training lasting 12 weeks showed that peak oxygen uptake increased significantly from 18.0±3.0 ml/kg per min to 21.0±3.0 ml/kg per min (P <0.01) and maximal work capacity increased from 142±31 W to 156±28 W (P <0.01) as is shown in Table 1.    Fig.4 shows the comparison of work capacity before and after 12 week-lasting cardiovascular exercise training. 

Fig. 5 shows the comparison of oxygen consumption at the maximal work load before and after 12 week-lasting cardiovascular exercise training. Metabolic equivalent (MET) before  and after  12 week- lasting aerobic exercise training increased from 6.2±1 to 6.4±1 MET (P <0.01). Fig. 6  shows Metabolic multiple before and after exercise training.

Tab. 1  The results of spiroegometry: maximal work load (Wmax), maximal oxygen comsumption per kg body weight (VO2) and metabolic equivalent (MET) before (B) and after (A) 12 week- lasting aerobic exercise training

          Wmax             VO2                MET

            W                ml/min/kg

B       142(31           18(3                 6.2(1

A       156(28**       21(3**             6.4(1**
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Fig. 4 Comparison of work capacity before and after 12 week-lasting cardiovascular exercise training 
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Fig. 5 Comparison of oxygen consumption before and after 12 week-lasting cardiovascular exercise training 
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Fig. 6  Metabolic multiple before and after exercise training 
Baroreflex sensitivity 

The results of pulse interval (PI, ms), systolic blood pressure (SBP, mmHg), DBP (mmHg), BRS (ms.mmHg-1) are given in the Table 2 and Table 3 (mean(SD) before (B) and after the cardiovascular aerobic exercise training. Fig. 7 presents  baroreflex sensitivity examination et rest, in siting position at spontaneous breathing before and after 12 week- lasting aerobic exercise training.   Fig. 8 shows baroreflex sensitivity examination at rest, in siting position at metronome controlled breathing (0.33 Hz) before and after 12 week- lasting aerobic exercise training. 

The significant differences in pulse interval (PI) after 12 week exercise training, baroreflex sensitivity (BRS) and maximal work load Wmax were found (p<0.05, Wilcoxon). 

Tab. 2 Pulse interval (PI),  systolic blood pressure (SBP) diastolic blood pressure (DBP) and baroreflex sensitivity examination et rest, in siting position at spontaneous breathing before (B) and after(A) 12 week- lasting aerobic exercise training 

          PI              SBP        DBP        BRS 

         ms              mmHg     mmHg    ms/mmHg

B    852(163      123(19    66(12      2.9(0.9  

A    926(126**  125(16    67(9        3.9(1.1** 

Tab. 3 Pulse interval (PI),  systolic blood pressure (SBP) diastolic blood pressure (DBP) and baroreflex sensitivity examination et rest, in siting position at  breathing accorging to metronome (0.33 Hz respiratory frequency  before(B) and after (A) 12 week- lasting aerobic exercise training 

          PI              SBP         DBP        BRS       

         ms              mmHg     mmHg    ms/mmHg

B    832(173     122(17     67(14     2.8(0.88  

A    933(115** 126(15     66(8      4.1(1.0**
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Fig. 7 Baroreflex sensitivity examination et rest, in siting position at spontaneous breathing before and after 12 week- lasting aerobic exercise training 
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Fig. 8 Baroreflex sensitivity examination et rest, in siting position at metronome controlled breathing (0.33 Hz) before and after 12 week- lasting aerobic exercise training 

Autonomic nervous system was evaluated using baroreflex sensitivity determination and duration of pulse interval (PI), presented in Table 2 and 3. After the end of the cardiovascular rehabilitation  program,  the baroreflex sensitivity was increased  and the  result was statistically significant (P< 0.01), both during spontaneous breathing and also during metronome controlled breathing. Pulse interval was also increased. Our data show that cardiovascular rehabilitation program increased parasympatic nervous activity and lowered sympathetic nervous activity.  

3.1.5   Discussion
The assessment of baroreflex sensitivity was introduced  to clinical practice  by Smyth, Sleight and Pickering in 1969. They found out and documented that intravenous administration  of phenylephrine induces an increase of blood pressure and as a reaction to it there is a decrease of  heart  rate. Baroreflex sensitivity is then expressed as extension of the pulse interval (in ms) per 1 mmHg rise in systolic blood pressure.

Impaired (decreased) baroreflex sensitivity is connected with increased sympathetic activity. Increased sympathetic activity can caused severe arrhythmias and thus decresed baroreflex sensitivity is an indicator of increased risk of sudden cardiac death at patients after myocardial infarction. Conclusions of ATRAMI study in Europe showed that analysis of  baroreflex sensitivity and heart rate variability (independently of left ventricular function or other noninvasive risk markers) after myocardial infarction provides a significant prognostic value in the assessment of increased sympathetic tone and in the risk stratification of the sudden cardiac death after myocardial infarction (La Rovere et al., 1998).

From this point of view the increase of BRS due to 12-week-long exercise training in patients with chronic ischaemic heart disease is important for the further prognosis of patrients (Grassi et al., 1995, Mancia 1997).

3.1.6   Conclusion 
It is concluded that 12 week-long aerobic exercise training at the intensity of anaerobic threshold level increased pulse interval, baroreflex sensitivity, maximal attained work load and maximal oxygen consumption in patients with coronary artery disease.

3.2   Combined aerobic and resistance cardiovascular training in patients with coronary heart disease: continuous aerobic training 

3.2.1   Introduction 
Cardiovascular rehabilitation is very important nonpharmacological approach and it is a universally accepted part of the complex care of patients with cardiovascular disease. It starts already during hospitalization and after the discharge to home care it continues in the form of controlled out-patient rehabilitation program individual training at home (Chaloupka et al. 2006). It increases physical fitness, improves quality of life (Mc Izawa et al. 2004, Kelvie et al.2002, Pollock et al.2000) and decreases cardiovascular mortality (Špaček et al. 2003, Špinar et al.2003). The endurance aerobic activities are the basis of each training unit (Clausen et al. 1996, McKelvie et al.1002, Chludilová et al. 2008). The best known and most widespread type of aerobic training is the training with continuous work load (Chaloupka et al. 2006, Siegelová et al.2006).

The principal goal of cardiac rehabilitation is to restore physical and psychosocial function in cardiac patients (Adams et al. 1999, Jančík et al.2003). Traditionally, these programs emphasized aerobic (dynamic) exercise, whereas resistance exercise was assumed to be hemodynamically hazardous. During the past two decades, there has been ample evidence to suggest that resistance exercise training for cardiac patients may be less dangerous  than was it was claimed, especially in low-moderate risk (Adams et al. 1999,Cannistra et al. 1999, Daub et al. 1996, Elbl et al. 2005, Frangoli et al. 1998, Franklin et al. 1991,Chaloupka et al. 2005, Mc Kelvie et al. 1995, Pollock et al. 2000).

Cardiovascular rehabilitation of outpatients is known to be the most important factor in the coronary heart disease prevention and in changes of the lifestyle according to American Association of Cardiovascular and Pulmonary rehabilitation (Guidelines for cardiac rehabilitation and secondary rehabilitation programmes 1999).

3.2.2   Aim of the study 
 To evaluate the effect of 12-week controlled out-patient rehabilitation program with continuous work load on aerobic capacity combined with resistant training and performance on the level of anaerobic threshold in men after six month of acute myocardial infarction and autonomic nervous system using the measurement of baroreflex sensitivity. 

3.2.3   Methods      

Patients
 36 men patients after acute infarctus of myocardium (AIM) were included into the study. The patients were treated in the Dept. of Cardio-Angiology  of  St. Anne´s Teaching Hospital, were the diagnosis was verified (clinically, ECG, coronarography, biochemical alteration of enzymes) and the medicament therapy was started. The study was approved by local ethical committee and the patients signed the informed consent. The therapy was not changed during the whole rehabilitation program. They were treated with angiotensin-converting enzyme inhibitor, statins, beta-blokers, platelet antiaggregate.

   Body weight of cardiovascular patients was 86(6 kg. The average age of the group was 65(8 years. They did not have an important alteration of left ventricular ejection fraction, they ejection fraction was 52 ± 9 %. The diagnosis was made in the Dept. of Cardiology St.Anna Teaching hospital. The patients were under drug therapy, the therapy was not changed during the whole study. 

Criteria of inclusion 

1. Firt infarctus of myocardium within the preciding 4-12 weeks

2. Patient´s signature of informed consent after approval by local Ethics Review Board.

3. Patient´s ability to participate in a 3-month stable rehabilitation program

Criteria of exclusion 

1. Manifest heart failure

2. Unstable angina pectoris

3. Haemodynamicly significant heart valve defect 

4. Disease which contraindicates performing of training

5. Diabetes mellitus treated by insuline

Methods of examination

Before the beginning of rehabilitation program and after its completion we made spiroergometric examination to symptom-limited maximum (Pulmonary Function System 1070, MedGraphics, USA). The examination was started by monitoring resting ECG in lying and sitting position (Schiller CS 100), followed by 3-minute adaptation in sitting position on ergometer. The work load was increased every 2 minutes by 20 W to symptom-limited maximum. Anaerobic threshold was determined from the course of changes of ventilatory-respiratory parameters. The training intensity of rehabilitation program was given at individual anaerobic threshold expressed in watts, heart rate and degrees of subjective feeling of fatique according to Borg scale. 

 Before the beginning of resistance training (i.e. in the 3rd week of rehabilitation program) we made isometric test („handgrip“, DHG-SY3, Recens) to verify blood pressure response to isometric load. In the case of a normal response the entrance 1-RM test (one repetition maximum test) was made in three exercises of resistance training. The test was repeated in the 6th week and in the 12th week of rehabilitation program.

 Rehabilitation program

     The controlled out-patient rehabilitation program lasted 12 weeks altogether with frequency three times a week. The training unit lasted 60 minutes and consisted of warm-up phase (10 min), aerobic phase (1st to 2nd week 40 min; 3rd to 12th week 25 min), resistant training phase (3rd to 12th week 15 min) and relaxation phase (10 min). Fig. 9 presents scheme of combined aerobic and resistant training. 

The warm-up phase was aimed at preparing cardiovascular and motor system to further load, prevention of muscular atrophy. It consisted of dynamical endurance exercises, simple floor gymnastic exercises, exercises with gymnastic apparatus and stretching of muscle groups with a tendency to shortening. 

 The aerobic phase was effected on a bicycle ergometer (Ergoline REHA E900) controlled by the program ErgoSoft+ for Windows. The aerobic training intensity was determined on the anaerobic threshold level.  Fig. 10 shows continuous aerobic training on the equipment Ergoline REHA E900.
The resistant training was realized on multifunctional muscle conditioning machines TK-HC COMPACT. Four exercises were done (bench press, pull down, leg extension on the machine and sitting-lying positions). The number of sequences was 3 - 5 with ten repetitions. Before starting the resistant training, the patients were thoroughly informed about proper breathing and technique of doing exercises.

Modified Schultz autogenic training was used for relaxation.

 In the course of the exercise training monitoring of heart rate, blood pressure and degree of RPE, during the aerobic phase also ECG was carried out. 
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Fig. 9 Scheme of training 
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Fig. 10 Continuous aerobic training

Baroreflex sensitivity measurement

Baroreflex heart rate sensitivity (BRS) was determined at rest in supine position in two comditions: during spontaneous breathing and during metronome controlled breathing at the frequency 0.33 Hz.

BRS was determined by spectral analysis of the pulse interval (PI),  systolic (SBP) blood pressure (sitting position, 5 minutes lasting beat-to-beat non-invasive monitoring  of blood pressure – Finapres Ohmeda, Peňáz, 1973, metronome-controlled breathing 0.3 Hz). Determination of the baroreflex sensitivity was made period using the spectral analysis (Robbe AT., 1987, Siegelová et al.1994, 1995, Al-Kubati et al.1997).  

The results of pulse interval (PI, ms), systolic blood pressure (SBP, mmHg),  DBP (mmHg), BRS (ms.mmHg-1) are evaluated and presented as a mean(SD before  and after the cardiovascular combined aerobic and resistant exercise training.

Statistical processing

 Statistical processing was made in the programs Microsoft Excel and Statistica, version 9. Distribution was tested by Lillefors modification of Kolmogorov-Smirnov test of normality. According to the result either paired t-test or Wilcoxon test for dependent specimens were used. The significance level was set at a P value of less than 0.05. We compared each exercise modality before and after cardiovascular combined exercise training.

The study was approved by local ethical committee and the patients signed informed consent. 

3.2.4   Results
After the completion of the program of combined aerobic and resistant training the tolerance of work load on the level of anaerobic threshold also improved statistically significantly. 

Table 4. shows the work load on the level of anaerobic threshold before and after cardiovascular combined exercise training.

Fig. 11 shows work load on the level of anaerobic threshold before and after cardiovascular combined exercise training.

Tab. 4 Work load on the level of anaerobic threshold before and after exercise training

	
	
	P

	
	Before RHB
	After RHB
	

	WANP (W)
	61 ± 12.2
	70 ± 15.2
	0.01

	WANP/kg(W.kg-1)
	0.6 ± 0.08
	0.8 ± 0.09
	0.01


WANP = performance on the level of anaerobic threshold
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Fig. 11 Work load on the level of anaerobic threshold before and after exercise training

After the completion of the program a statistically significant increase of the oxygen intake on the level of anaerobic threshold was recorded. VO2ANP increased by 13 %, VO2ANP/kg by 11 %. 

Table 5 shows the oxygen consumption of aerobic capacity on the level of anaerobic threshold before and after cardiovascular combined exercise training.

Fig. 12 presents the oxygen consumption of aerobic capacity on the level of anaerobic threshold before and after exercise training.

Tab. 5 Oxygen consumption of aerobic capacity on the level of anaerobic threshold before and after exercise training

	 
	 
	p

	
	Before RHB
	After RHB
	

	VO2ANP (ml.min-1)
	1056±192
	1236±289
	0.001

	VO2ANP/kg(ml.min-1.kg-1)
	11.8 ± 1.5
	14.1 ± 2.2
	0.01


VO2ANP = oxygen intake on the level of anaerobic threshold
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Fig. 12 Oxygen consumption of aerobic capacity on the level of anaerobic threshold before and after exercise training

Maximal one repetition maximum load in kg after exercise increase significantly in exercises Bench press, Leg extension  and  Pull down as is shown in Table 6.

Tab. 6 Resistant training: Maximal 1-RM load before and after exercise training

	
	1-RM test
	p

	
	Before RHB
	After RHB
	

	Bench press (kg)
	18.8 ± 3.06
	21.6 ± 3.1
	0.01

	Leg extension(kg)
	18.0 ± 3.06
	22.6 ± 2.8
	0.01

	Pull down (kg)
	18.9 ± 3.47
	23.7 ± 3.1
	0.01


Resistant training increased muscle strength in skeletal muscles. Fig. 14 presents maximal 1-RM during exercise: leg extension. Fig. 14 shows maximal 1-RM during exercise: leg extension. Fig. 15 presents maximal 1-RM during exercise: pull down. 

The results of autonomous nervous system were studied using baroreflex sensitivity determination and pulse interval. Baroreflex sensitivity was determined during spontaneous breathing and during metronome controlled breathing. 
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Fig. 13 Maximal 1-RM during exercise: bench press
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Fig. 14 Maximal 1-RM during exercise: leg extension
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Fig. 15 Maximal 1-RM during exercise: pull down

Tab. 7 Baroreflex sensitivity and pulse interval before and after rehabilitation program spontaneous breathing

	
	Group C
	P

	
	Before RHB
	After RHB
	

	BRS   (ms/mmHg)
	6.1 ± 1.2
	6.8 ± 1.8
	0.01

	PI (ms)
	842 ± 148
	916 ± 115
	0.01

	SBP (mmHg)                        
	118±11           
	114  ± 10       
	N.S.

	DBP (mmHg)          
	82± 8             
	80 ±9            
	N.S
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Fig. 16 Baroreflex sensitivity  before and after rehabilitation program spontaneous breathing
Tab. 8 Baroreflex sensitivity and pulse interval before and after rehabilitation program metronome controlled breathing

	
	
	P

	
	Before RHB
	After RHB
	

	BRS (ms/mmHg)
	6.0 ± 1.3
	6.7 ± 1.5
	0.01

	PI   (ms)
	823 ± 120
	921 ± 116
	0.01

	SBP  (mmHg)                                 
	119 ±  9                 
	117  ±  8            
	N.S.

	DBP (mmHg)                                   
	83 ±  7                   
	81 ± 9               
	N.S.
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Fig. 17 Baroreflex sensitivity  before and after rehabilitation program metronome controlled breathing

Table 7 shows the baroreflex sensitivity, pulse interval, systolic blood pressure and diastolic blood pressure before and after combined cardiovascular rehabilitation program measured at spontaneous breathing at rest. 

Table 8 presents baroreflex sensitivity,  pulse interval, systolic blood pressure, diastolic blood pressure  before and after rehabilitation program at metronome controlled breathing at rest.

Fig. 16  shows baroreflex sensitivity  before and after combined cardiac rehabilitation program at spontaneous breathing measured at rest.
Fig. 17 presents baroreflex sensitivity  before and after combined cardiac rehabilitation program at metronome controlled breathing measured at rest.
Autonomic nervous system was evaluated using baroreflex sensitivity determination and duration of pulse interval (PI). After the end of combined cardiac rehabilitation  program  was the baroreflex sensitivity was increased  and the  result was statistically significant (P< 0.01), both during spontaneous breathing and also during metronome controlled breathing. Pulse interval was also increased. Our data show that cardiovascular rehabilitation program increased parasympatic nervous activity and lowered sympathetic nervous activity.  

3.2.5   Discussion
     The training with continuous work load is used widely not only in sports activities, but also in rehabilitation. The resistant training in cardiovascular rehabilitation is often recommended and conducted individually with regard to the health and functional state, to the age and gender of the patient. Work load intensity, duration of working and relaxation phases  and the total number of exercise intervals differ according to the orientation of the training (Mookerje 1998, Siegelová et al.2006, Mífková et al. 2006). 

Resistance training has become increasingly important component of cardiovascular rehabilitation. When appropriately prescribed and supervised, it has favourable effects on bone mineral density, body composition, muscular strength and endurance, glucose metabolism, selected coronary risk factors, and other health-related variables (Pollock et al. 2000).

In our study with coronary heart disease we have found the improvement of physical load, oxygen consumption and muscle strengths of skeletal muscles, what was measured using the final spiroergometric examination and muscle strengths. What we found as a very important is the fact that the sympathetic activity decreased what was shown in the results of measured baroreflex sensitivity a puls interval. The decrease of sympathetic activity is very important, it lowers the risk of sudden death in patients after infarctus myocardium, as was proved bay la Roveree (1998) and Semrád et al. (1998).

3.2.6   Conclusion 
It is concluded that 12 week-long combined aerobic exercise training with constant load  at the intensity of anaerobic threshold level and resistant training increased pulse interval,  baroreflex sensitivity,  work load at the level of anaerobic threshold and oxygen consumption at the level of anaerobic threshold  in patients with coronary artery disease after acute infarctus of myocardium.

3.3   Combined aerobic and resistance cardiovascular training in patients with coronary heart disease: interval aerobic training 

3.3.1   Introduction
Cardiovascular exercise training is a universally accepted part of the complex care of patients with cardiovascular disease. The cardiovascular patients are sometimes under high risk of progression of myocardial ischaemia or arrhythmias.  It starts already during hospitalization and after the discharge to home care it continues in the form of controlled out-patient rehabilitation program individual training at home (Chaloupka et al. 2006). It also increases physical fitness, improves quality of life in patients with high risk of myocardial ischaemia (Mc Izawa et al. 2004, Kelvie et al.2002, Pollock et al.2000) and decreases cardiovascular mortality (Špaček et al. 2003, Špinar et al.2003). The endurance aerobic activities are the basis of each training unit (Clausen et al. 1976, McKelvie et al.1002, Chludilová et al. 2008) and also resistant training is very important for every day habitual activity. The best known and most widespread type of aerobic training is the training with continuous work load. Interval training (Chaloupka et al. 2006, Siegelová et al.2006) can be an alternative training method for persons with a low tolerance of load, with a lower contractility of left ventricle, with arrhythmias or for elderly people. 

3.3.2   Aim of the study
The aim of the present study is to evaluate the effect of 12-week controlled out-patient combined rehabilitation program with interval work load on aerobic capacity with the training intensity on the level of anaerobic threshold and resistant training on work load, oxygen transport system and baroreflex sensitivity as a measure of autonomous nervous system in men after acute myocardial infarction with increased risk of cardiovascular complications.

3.3.3   Methods
Patients 
32 men patients after AIM were included into the study. The patients were treated in the Dept. of Cardio-Angiology  of st. Anne´s Teaching Hospital, were the diagnosis was verified and the medicament therapy was started. The study was approved by local ethical committee and the patients signed the informed consent. The therapy was not changed during the whole rehabilitation program. The set of patients has a mean ejection fraction (EF), 40 ± 8 % and were under increased risk of cardiovascular complications, and therefore they went in aerobic phase through the interval training, combined with resistant training.  AIM diagnosis was identified at 1st internal cardio-angiological clinic of Faculty of Medicine, Masaryk University, St. Anna Teaching Hospital in Brno. During rehabilitation all patients were symptomatically stable, they were treated with angiotensin-converting enzyme inhibitor, statins, beta-blokers, platelet antiaggregate and their medication was not changed durinr 12 weeks of cardiovascular rehabilitation. 

The patients have mean age 59±10 years, they start the rehabilitation after 6 weeks (±3 weeks) after AMI, their high was 182 ±12 cm, their body weight was 81 ± 8 kg. 

Methods of examination

Before the beginning of rehabilitation program and after its completion we made spiroergometric examination to symptom-limited maximum (Pulmonary Function System 1070, MedGraphics, USA). The examination was started by monitoring resting ECG in lying and sitting position (Schiller CS 100), followed by 3-minute adaptation in sitting position on ergometer. The work load was increased every 2 minutes by 20 W to symptom-limited maximum. Anaerobic threshold was determined from the course of changes of ventilatory-respiratory parameters. The training intensity of rehabilitation program was given at individual anaerobic threshold expressed in watts, heart rate and degrees of subjective feeling of fatigue according to Borg scale. 

 Before the beginning of resistance training (i.e. in the 3rd week of rehabilitation program) we made isometric test („handgrip“, DHG-SY3, Recens) to verify blood pressure response to isometric load. In the case of a normal response the entrance 1-RM test (one repetition maximum test) was made in three exercises of resistance training. The test was repeated in the 6th week and in the 12th week of rehabilitation program.

 Rehabilitation program

The controlled out-patient rehabilitation program lasted 12 weeks altogether with frequency three times a week. The training unit lasted 60 minutes and consisted of warm-up phase (10 min), aerobic phase (1st to 2nd week 40 min; 3rd to 12th week 25 min), resistant training phase (3rd to 12th week 15 min) and relaxation phase (10 min). 

Fig. 18 presents scheme of combined cardiovascular exercise training .

 For the interval training the following modification was chosen: 30 s of working phase with intensity on the level of anaerobic threshold and 60 s of relaxation phase with the minimum work load 5 watts. Fig. 19 presents interval aerobic training, provided on bicycle ergometer (Ergoline REHA E900) controlled by the program ErgoSoft+ for Windows.

The interval training was indicated in this set because of low ejection fraction.

 The warm-up phase was aimed at preparing cardiovascular and motor system to further load, prevention of muscular atrophy. It consisted of dynamical endurance exercises, simple floor gymnastic exercises, exercises with gymnastic apparatus and stretching of muscle groups with a tendency to shortening. 

 The interval aerobic phase was effected on a bicycle ergometer (Ergoline REHA E900) controlled by the program ErgoSoft+ for Windows. The aerobic interval training intensity was determined on the anaerobic threshold level. 

From the third week of training program, the resistant training was realized on multifunctional muscle conditioning machines TK-HC COMPACT. Four exercises were done (bench press, pull down, leg extension on the machine and sitting-lying positions). The resistant training intensity was determined by the method 1-RM and training loads were determined in percents of maximum: 30-60 % 1-RM each week increased by 10 %). The number of sequences was 3 - 5 with ten repetitions. Before starting the resistant training, the patients were thoroughly informed about proper breathing and technique of doing exercises.

Modified Schultz autogenic training was used for relaxation.

 In the course of the whole training monitoring of heart rate, blood pressure and degree of RPE, during the aerobic phase also ECG was carried out. 
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Fig. 18 Scheme of cardiovascular training 
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Fig. 19 Interval aerobic cardiovascular training

Baroreflex sensitivity determination

Baroreflex heart rate sensitivity (BRS) was determined at rest in supine position in two comditions: during spontaneous breathing and during metronome controlled breathing at the frequency 0.33 Hz.

BRS was determined by spectral analysis of the pulse interval (PI),  systolic (SBP) blood pressure (sitting position, 5 minutes lasting beat-to-beat non-invasive monitoring  of blood pressure – Finapres Ohmeda, Peňáz, 1973, metronome-controlled breathing 0.3 Hz). Determination of the baroreflex sensitivity was made period using the spectral analysis (Robbe AT., 1987, Siegelová et al.1994, 1995, Al-Kubati et al.1997).  

The results of pulse interval (PI, ms), systolic blood pressure (SBP, mmHg), DBP (mmHg), BRS (ms.mmHg-1) are given in the Table 2 and Table 3 (mean(SD) before (B) and after the cardiovascular aerobic exercise training:

Statistical processing

Statistical processing was made in the programs Microsoft Excel and Statistica, version 8. Distribution was tested by Lillefors modification of Kolmogorov-Smirnov test of normality. According to the result either paired t-test or Wilcoxon test for dependent specimens were used. The significance level was set at a P value of less than 0.05. The results are presented as means with standard deviations. We compared each exercise modality before and after cardiovascular combined exercise training.

The study was approved by local ethical committee and the patients signed informed consent. 

3.3.4   Results
After twelve weeks of cardiovascular rehabilitation program- combined aerobic interval training with resistant training in patients with infarctus of myocardium a statistically significant increase in work load on the level of anaerobic threshold before and after exercise training was found.

Table 9 shows work load on the level of anaerobic threshold before and after cardiovascular exercise training.

Fig. 20 presents the work load on the level of anaerobic threshold before and after cardiovascular exercise training.

Tolerance of work load on the level of anaerobic threshold also improved statistically significantly and WANP increased by 32 % and WANP/kg by 37 %.

Tab. 9 Work load on the level of anaerobic threshold before and after exercise training

	
	
	P

	
	Before RHB
	After RHB
	

	WANP (W)
	50 ± 10.4
	68 ± 14.1
	0.001

	WANP/kg(W.kg-1)
	0.6±0.14
	0.8 ± 0.21
	0.001


WANP = performance on the level of anaerobic threshold
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Fig. 20 Work load on the level of anaerobic threshold before and after exercise training

After twelve weeks of cardiovascular rehabilitation program- combined aerobic interval training with resistant training in patients with infarctus of myocardium a statistically significant increase of the oxygen uptake on the level of anaerobic threshold was recorded (Tab. 9). VO2ANP increased in by 11 %. VO2ANP increased by 20 %, VO2ANP/kg also by 20 %.

Tab. 10 presents the oxygen consumption of aerobic capacity on the level of anaerobic threshold before and after cardiovascular exercise training.

Fig. 21 presents the oxygen consumption of aerobic capacity on the level of anaerobic threshold before and after cardiovascular exercise training.

Tab. 10 Oxygen consumption of aerobic capacity on the level of anaerobic threshold before and after exercise training

	 
	
	P

	
	Before RHB
	After RHB
	

	VO2ANP (ml.min-1)
	995±205
	1184±241
	0.05

	VO2ANP/kg(ml.min-1.kg-1)
	11.3 ± 2.30
	13.6 ± 2.66
	0.05


VO2ANP = oxygen intake on the level of anaerobic threshold

[image: image20.emf]VO

2

ANF

0

200

400

600

800

1000

1200

1400

1600

before after

ml/min

*


Fig. 21 Oxygen consumption on the level of anaerobic threshold, before and after exercise training

Maximal one repetition maximum in skeletal muscles increased significantly after cardiovascular exercise program.

Tab. 11 shows the resistant training during Bench press, Leg extension and Pull down before and after exercise training maximal 1-RM .

Tab. 11 Resistant training: maximal 1-RM load before and after exercise training 

	
	1-RM test
	P

	
	Before RHB
	After RHB
	

	Bench press (kg)
	16.8 ± 3.01
	20.6 ± 3.90
	0.01

	Leg extension(kg)
	17.0 ± 3.06
	21.6 ± 3.10
	0.01

	Pull down (kg)
	16.9 ± 3.47
	22.7 ± 3.90
	0.001


Fig. 22 shows maximal 1-RM during exercise: bench press.

Fig. 23 shows maximal 1-RM during exercise: leg extension. 

Fig. 24 Maximal 1-RM during exercise: pull down.
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Fig. 22 Maximal 1-RM during exercise: bench press
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Fig. 23 Maximal 1-RM during exercise: leg extension 
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Fig. 24 Maximal 1-RM during exercise: pull down
One repetition maximum after combined cardiac exercise training in skeletal muscles increased significantly.

Analysis of autonomic nervous functions in cardiac patients after combined interval cardiovascular training showed following results, which are presented in Table 12. Baroreflex sensitivity increased, pulse interval increased, systolic blood pressure was unchanged and diastolic blood pressure was unchanged at rest during spontaneous breathing.

Fig. 25 presents baroreflex sensitivity and pulse interval before and after rehabilitation program at spontaneous breathing in resting conditions.

Tab. 12  Baroreflex sensitivity and pulse interval before and after rehabilitation program

              spontaneous breathing

	
	
	P

	
	Before RHB
	After RHB
	

	BRS   (ms/mmHg)
	6.1 ± 1.3
	6.6 ± 1.5
	0.05

	PI (ms)
	812 ±121
	908 ± 131
	0.01

	SBP (mmHg)                   
	112 ± 8           
	110±9       
	N.S.

	DBP (mmHg)                  
	79 ±  7         
	80 ± 8    
	N.S.     
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Fig. 25 Baroreflex sensitivity and pulse interval before and after rehabilitation program spontaneous breathing

Table 13 shows baroreflex sensitivity, pulse interval, systolic blood pressure, diastolic blood pressure before and after cardiovascular rehabilitation program at metronome controlled breathing during resting coditions.

Fig. 26 presents baroreflex sensitivity  before and after rehabilitation program at metronome controlled breathing in resting conditions

Tab. 13 Baroreflex sensitivity, pulse interval, systolic blood pressure, diastolic blood pressure before and after rehabilitation program at metronome controlled breathing

	
	
	P

	
	Before RHB
	After RHB
	

	BRS (ms/mmHg)
	5.9 ± 1.4
	6.6 ± 1.4
	0.01

	PI   (ms)
	796±140
	911 ± 121
	0.01

	SBP (mmHg)      
	112 ± 8           
	110±9       
	N.S.

	DBP (mmHg)      
	79 ±  7         
	80 ± 8    
	N.S.     
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Fig. 26 Baroreflex sensitivity before and after cardiovascular rehabilitation program at metronome controlled breathing

Autonomic nervous system was evaluated using baroreflex sensitivity determination and duration of pulse interval (PI). After the end of the rehabilitation  program the baroreflex sensitivity was increased  and the  result was statistically significant (P< 0.01), both during spontaneous breathing and also during metronome controlled breathing. Pulse interval was also increased. Our data show that cardiovascular rehabilitation program increased parasympatic nervous activity and lowered sympathetic nervous activity.  

3.3.5   Discusision 

     The training with continuous work load and the interval training are used widely not only in sports activities, but also in rehabilitation is indicated. The interval training in cardiovascular rehabilitation is often recommended and conducted individually with regard to the health and functional state, to the age and gender of the patient. Work load intensity, duration of working and relaxation phases in interval training and the total number of exercise intervals differ according to the orientation of the training (Mookerje, 1998, Siegelová et al. 2006, Mifková et al. 2006). Mífková et al. (2006) used in her study the following modification of interval training: 30 s of working phase on the level of anaerobic threshold and 60 s of relaxation phase on the level of 5 Watts. 38 men with ischemic heart disease were monitored in the study. Both groups differed in age and ejection fraction. The total work done by the patients in this interval training modification was 2.5 to 3 times lower than in the group of patients for which the continuous training was prescribed. In the final spiroergometric examination there was no statistically significant difference between the groups with interval and continuous training either in performance parameters or in parameters of aerobic capacity (evaluated on the level of the highest values achieved). In interval training we got were good results. We observed also very important results in examination autonomic functions. The sympathetic activity decrease as it was shown on increased pulse interval and increased baroreflex sensitivity in spontaneous as well as in metronome controlled breathing. According to our opinion and literary data baroreflex sensitivity obtained by metronome controlled breating is more exact.

In our study we used the same modification of interval training: (30 s of working phase with intensity on the level of anaerobic threshold and 60 s on the level of 5 W). We evaluated selected parameters on the level of anaerobic threshold. The benefit of interval training lies in the possibility of obtaining improvement even in risk patients (Mifková et al., 2005). In our study we verified the method in patients with decreased ejection fraction of left ventricle and in patients with residual ischemia and generally low tolerance of work load. In these patients preference should be given to interval training before continuous one, also for safety reasons (Mifková et al., 2005).

3.3.6   Conclusion

The set of patients after infarctus of myocardium with increased risk of cardiovascular complications, with interval training, after the completion of the program the oxygen intake on the level of anaerobic threshold increased statistically significantly (VO2ANP increased by 20 %, VO2ANP/kg also by 20 %). The tolerance of work load increased statistically significantly on the level of anaerobic threshold   (WANP increased by 35 % and WANP/kg by 37 %.) Improvement of the parameters of autonomous nervous system (baroreflex sensitivity and pulse interval) was found after 12-week rehabilitation program. The cardiovascular interval training program was well tolerated. 

4   Discussion

Cardiovascular rehabilitations: Improvement of functional capacity

The second phase of cardiac rehabilitation is aim to increase functional working capacity. In our theses we examined three different kinds of cardiovascular training: continuous aerobic training, continuous aerobic training and resistant training, interval  aerobic training  and resistant training. 
In the first group of training we evaluated the maximal work load before and after continuous aerobic training and we have found increased working capacity (p 0.01). Oxygen transport capacity increased after twelve week long continuous aerobic training (p 0.01).

The second group of cardiac patients has lower ejection fraction, therefore we evaluated work load at the level of anaerobic threshold. The cardiac rehabilitation program of continuous aerobic training and resistant training increased working capacity after 12 week long (p < 0.01) and increased oxygen transport capacity (p < 0.01).
In the third group our result showed that 12-week long  out-patient combined rehabilitation program with interval work load of aerobic capacity with the training intensity on the level of anaerobic threshold and resistant training increased work load oxygen transport system in patients with coronary artery disease after acute infarctus of myocardium with increased cardiovascular risk.
Our results in all three parts are in agreement with the results of many other studies in the field of cardiac rehabilitation (Giannuzzi et al. 2005, Leon et al. 2005, Stone et al. 2004, Chaloupka et al. 2006, ting et al. 2010, Schmid et al.2010,  Astengo et a. 2010). 
Autonomous nervous system

Autonomous nervous system is impaired in patients with cardiovascular diseases, namely in essential hypertension, in patients with heart failure (Siegelova et al., 1994, 1995). In patients with infarctus of myocardium was shown that the mortality is increased with the increased sympathetic activity (La Rovere et al. 1998, Semrad et al. 1998).
Our results showed that baroreflex sensitivity was increased after aerobic exercise training in patients with ischemic heart disease. Also after  continuous aerobic and resistant training the baroreflex sensitivity in cardiac patients increased.    

The decreased baroreflex sensitivity in essential hypertension was modified by therapy.
The treatment of essential hypertension with ACE-inhibitor  enalapril significantly decreased blood pressure but  baroreflex heart rate sensitivity studied by spectral method (Siegelova et al., 1995)  expressed in ms/mmHg (BRS) was  increased  significantly in comparison with placebo therapy,  but  remained low in comparison to  normotensive subjects. Similarly the treatment with  Ca antagonist in  monotherapy resulted in small significant increase in BRS in  group of hypertensives with very low BRS but BRS  normalization was not achieved (Siegelova et al., 1994).

Our three parts of diploma thesis in patients with cardiovascular diseases could be analyzed only if  the measurements of BRS under the therapy with ACE inhibitors, Calcium antagonists and betablockers from ethical reasons. It is not possible to measured BRS and  determined  BRS by spectral analysis of spontaneous fluctuations  of cardiac intervals and noninvasively continuously recorded  blood pressure without medicament therapy.

The mechanism which corresponds to the increase of BRS  after medicament therapy with ACE-inhibitor and Calcium antagonist and beta blockers is unknown. Nevertheless  some results of other laboratories together with the results of  the present study can  contribute to the elucidation of  problems related to two questions: Why BRS is low in  essential hypertension and cardiovascular diseases and which changes of baroreflex are  responsible for the treatment - induced BRS increase?

The gain of the baroreflex is the product of three parts of  the baroreflex, baroreceptor sensitivity, the amplification  of neuronal net and the activity of the effector branches  of the reflex modulating cardiac output and peripheral  resistance.

A low baroreflex gain was found in patients  with heart failure,  where reduced muscle sympathetic nerve activity (MSNA)  modulation by baroreflex was found (Grassi et al.,1995). This finding could be explained by  a low sensitivity of baroreceptors.  Aldosterone, whose concentration is increased in heart  failure, stimulates Na/K-ATPase of receptors. This results in  hyperpolarization of receptor cells and decreased frequency  of efferent train of spikes (Wang et al.,1992). Low baroreceptor  sensitivity is probably responsible for  a decrease in BRS in  normotensives with low BRS (Savin ewt al.1997). The correlation of low BRS with  low slope supports  this hypothesis. On the other hand deactivation  of baroreceptors and stimulation  by vasoactive  drug-induced changes in blood pressure  can influence MSNA, so  that it remains unchanged in essential hypertension  compared  to normotension, at variance from the reduction in the heart  rate alteration (Mancia,1997, Grassi et al. 1998).

 An attractive hypothesis that low baroreceptor  sensitivity in essential hypertension is compensated by the increased responsiveness of  smooth muscle of hypertrophic arteriolar wall (Folkow, 1978) is  not supported by the available evidence. A  long -lasting therapy  with ACE-inhibitor enalapril decreased  blood pressure and  normalized forearm blood flow after 5 min of ischaemia,  which indicated  regression of hypertrophy of the  resistance vessels.  BRS, however, remained low in patients treated  with enalapril, reaching approximately one half of  age-matched normotensive controls (Siegelova et al.,1995).

 It seems that sympathetic overactivity documented by  increased MSNA in subjects with essential hypertension  (Mancia, 1997) inhibited the baroreflex- mediated vagal response.  Angiotensin II activates the sympathetic nervous system both  centrally and peripherally (Zimmerman, 1981).In essential hypertension the reverse of this  influence was not achieved by enalapril (ACE inhibitor) in one morning dose  probably because of insufficient  trough -to -peak ratio. The trough –to- peak ratio of  trandolapril (ACE inhibitor) is higher. Verapamil (Calcium antagonist) increased  the threshold in  sinoatrial pacemaker cells. The increased variation of  interbeat intervals at constant variation of the slope of  diastolic prepotential is the consequence of it. The normalization of BRS in hypertensives after combined trandolapril-verapamil treatment can be the result of synergistic influence of both drugs. If this explanation is correct then the increase in BRS reflects the suppression of sympathetic activity which can be very important for prevention of sudden cardiac death and other cardiac and vascular alterations that lead to hypertension-related  morbidity and mortality (Malik,1998).

5   CONCLUSION

  The present study was designed to evaluate whether the cardiovascular  program consisted of aerobic exercise training at anaerobic threshold level intensity may be sufficient to improve cardiopulmonary functions and autonomous nervous system using the measurement of baroreflex sensitivity of patients with coronary heart disease.  From our results it is concluded that 12 week-long aerobic exercise training at the intensity of anaerobic threshold level increased pulse interval,  baroreflex sensitivity,  maximal attained work load and maximal oxygen consumption in patients with coronary artery disease.
The purpose of the second part was to evaluate the effect of 12-week controlled out-patient rehabilitation program with continuous work load on aerobic capacity combined with resistant training and performance on the level of anaerobic threshold in men after six month of acute myocardial infarction and autonomic nervous system using the measurement of baroreflex sensitivity. We can concluded our results that 12 week-long combined aerobic exercise training with constant load  at the intensity of anaerobic threshold level and resistant training increased pulse interval,  baroreflex sensitivity,  work load at the level of anaerobic threshold and oxygen consumption at the level of anaerobic threshold  in patients with coronary artery disease after acute infarctus of myocardium.
The aim of the last part of the study is to evaluate the effect of 12-week controlled out-patient combined rehabilitation program with interval work load on aerobic capacity with the training intensity on the level of anaerobic threshold and resistant training on work load, oxygen transport system and baroreflex sensitivity as a measure of autonomous nervous system in men after acute myocardial infarction with increased risk of cardiovascular complications.

It is concluded that 12 week-long combined aerobic exercise training with constant load  at the intensity of anaerobic threshold level and resistant training increased pulse interval,  baroreflex sensitivity,  work load at the level of anaerobic threshold and oxygen consumption at the level of anaerobic threshold  in patients with coronary artery disease after acute infarctus of myocardium.

6   SUMMARY

Cardiovascular rehabilitation is aimed to reduce the progression of cardiovascular disease, i. g. progression of atherosclerotic disease and the recurrence of vascular events. Cardiovascular rehabilitation also has the aim to lower risk factors and to reduce risk factors. 
Aim of the diploma thesis is to analyzed three different types of cardiovascular training program on work load capacity, oxygen transport system and baroreflex sensitivity:

1.  The present study was designed to evaluate whether the cardiovascular  program consisted of aerobic exercise training at anaerobic threshold level intensity may be sufficient to improve cardiopulmonary functions and autonomous nervous system using the measurement of baroreflex sensitivity of patients with coronary heart disease (n = 48).  

2. To evaluate the effect of 12-week controlled out-patient rehabilitation program with continuous work load on aerobic capacity combined with resistant training and performance on the level of anaerobic threshold in men after six month of acute myocardial infarction (n = 36) on work load, oxygen transport system and autonomic nervous system using the measurement of baroreflex sensitivity. 

3. The aim of the present study is to evaluate the effect of 12-week controlled out-patient combined rehabilitation program with interval work load on aerobic capacity with the training intensity on the level of anaerobic threshold and resistant training on work load, oxygen transport system and baroreflex sensitivity as a measure of autonomous nervous system in men after acute myocardial infarction (n = 32).

Methods 

The symptom-limited spiroergometry was provided before and after the training (maximal attained work load Wmax, peak VO2/kg, MET). They provided 12-week long intensive aerobic training combined training and combined training with interval aerobic part (at anaerobic threshold level, tree times a week). BRS was determined by spectral analysis of pulse interval (PI), systolic (SBP) blood pressure (5 minutes lasted beat to beat non-invasive monitoring of blood pressure – Finapres Ohmeda, metronome -controlled breathing 0.3 Hz) before and after the exercise training.   

Conclusion 

1. From our results it is concluded that 12 week-long aerobic exercise training at the intensity of anaerobic threshold level increased pulse interval, baroreflex sensitivity, maximal attained work load and maximal oxygen consumption in patients with coronary artery disease.
2. We can concluded our results that 12 week-long combined aerobic exercise training with constant load  at the intensity of anaerobic threshold level and resistant training increased pulse interval,  baroreflex sensitivity,  work load at the level of anaerobic threshold and oxygen consumption at the level of anaerobic threshold  in patients with coronary artery disease after acute infarctus of myocardium.
3. It is concluded that 12 week-long combined aerobic exercise training with constant load  at the intensity of anaerobic threshold level and resistant training increased pulse interval,  baroreflex sensitivity,  work load at the level of anaerobic threshold and oxygen consumption at the level of anaerobic threshold  in patients with coronary artery disease after acute infarctus of myocardium.
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