Biophysical-Semeiotic Evaluation of the B-Natriuretic Peptide in Heart Disorders.

Notoriously, coronary macro- as well as micro-circulatory biological system plays physiologically a function characterized by a complex interaction of numerous control mechanisms, wich allow these structures to adapt to parenchyma supply of information-matter-energy and to everyday changes (1-4). Therefore, in healthy, also coronary macro- and micro-vessels show the characteristic deterministic-chaotic behaviour of all other biological systems.

It follows that, as regards the behaviour of hematic vessels   – vasa publica e vasa privata according to Ratschow – doctor must remember its non-linear dynamics, where physiologically in-put does not parallel out-put. 

In other words, macro- as well micro-vascular biological system shows the typical deterministic-chaotic behaviour of healthy tissues, whose complexity degree progressively lowers in the course of ongoing disease, in our example, coronary artery disease worsening, and/or aging, when the fractal dimension (dimensionality: fD) of  the system is slowly going to reduce (NN = fD. 3,81) (See the sites http://www.semeioticabiofisica.it/microangiologia).

With the aid of Biophysical Semeiotics, the study of coronary chaotic-deterministic chaos fractal dimension permits doctor to recognize, by original way, evaluate, and “quantify” both structural and functional damage of these blood-vessels, successively corroborated by means of sophysticated semeiotics, performed, however, in well “rationally” selected individuals.

It is well known from a long time that coronary patients may be symptomless over years or decades, i.e., they do not present clinical signs of CAD.

 In addition, electrocardiographyc abnormalities, typycal for ischemia, may be caused by physical exercise, as well as stress test or stretch-ischaemia (= from biophysical-semeiotic view-point: “intense” digital pressure upon femoral artery at groin level), while characteristic clinical symptomatology of angina pectoris is completely absent.

Consequently, “silent” ischemia represents an “under-hand” and important characteristics of coronary artery disease. Its prevalence is not known, obviously, although a quarter of acute myocardial infarctions are not recognized and one half is not accompanied by clinical phenomenology.

From the above-mentioned considerations, briefly referred as well known to doctors, it is necessary a new physical semeiotics, which allows rapid and rational selection of patients, even symptomless, who must, however, undergo quickly to instrumental investigations, sophysticated, and some times painfull, surely dispensive (1, 2).

 Really, in the absolute absence of clinical symptomatology, the very first stages of coronary artery disease (CAD) take place generally in the first two decades of life, analogously to other common arteriosclerotic localizations, according to all authors, and as allows me to state my former research, conducted over decades, whose data are referred in previous papers (See the above-cited site, Practical Applications, “Arteriosclerotic Constitution” and “Microcircolatory Theory of Arteriosclerosis”) (3, 4, 5).

As I said and maintain from a lot of time, initial arteriosclerotic lesions coincide with structural-functional modifications involving particularly microvessel structures, which play a primary role in actuating Microcirculatory Functional Reserve (MFR), including the adventitial one, i.e., vasa vaorum (3, 4, 5).

In atherogenesis, a primary role is notoriously played by altered Endoarterial Blocking Devicese (EBD), which are ubiquitous and can be evaluated clinically by means of Biophysical Semeiotics (See the site http://www.semeioticabiofisica.it/microangiologia), as allows me to state the above-mentioned clinical research.

In order to understand the argument, illustrated as follows, and to comprehend its clinical value, it is unavoidable the knowlege of kidney auscultatory percussion.

Auscultatory Percussion of the Kidney and Ureter.

Briefly, auscultatory percussion of kidneys and  ureters can be performed in two different ways: by posterior way, advisable to doctors not yet skilled in the new physical semeiotics, and by anterior way, really practical, I employ routinaly.

A) Kidney and ureter auscultatory percussion by posterior way. 

An interesting “variant”.

Located the bell-piece of stethoscope on costal-vertebral angle at right and, respectively, at left, in practice on the renal loggia, of an individual in supine position and psycho-physically relaxed, doctor applys digital percussion, directly on the skin and delicately, on abdominal lines, centripetal and radial, with middle finger, slightly belt as little hammer, moving from above (immediately under costal arch) , then, from alba line and, ultimately, from below towards “anterior” skin projection area of  kidney (Fig. 1).
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Fig. 1

Figure shows the correct position of bel-piece of sthetoscope in order to perform auscultatory percussion of both kidney and ureter.

Interestingly, the manoeuvre permits doctor to observe   important ureteral reflexes, illlustrated in Fig. 2.
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Fig. 2

Figure indicates clearly upper, middle, and lower ureteral reflexes, cause by”light” stimulation of the trigger-points of whatever biological system.

             When digital percussion is performed directly on kidney cutaneous projection area, sound is perceived clearly modified: firstly slight, distant, tympanic, since the waves go through gastro-intestinal viscera, sound becomes intense, hypophonetic, “as originated near to doctor’s ears”, if sound waves, perpendicular to abdominal surface, bump into the kidney and their intensity is “slight”, i.e., correctly applied (Fig. 3).
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Fig. 3

Figure shows all the importance of percussion intensity, in order to avoid non-perpendicular sound waves, caused by refraction, provoking abnorm evaluation of renal size: in the figure, abdominal aorta. A: slight percussion, properly performed. B: intense percussion, wrongly applied.

The “variant” form of kidney auscultatory percussion by posterior way, performing the same above-described method,  but with the patient sitting down on the ambulatory bed, proved to be interesting, useful, and, then, advisable: doctor applied digital percussion on renal loggia, in the same way, illustrated in old text-books, untii now valid and of great interest to doctor day-to-day practice (1, 7, 8, 9).

            For this reason, during the common physical examination, is advisable to complete thorax auscultatory percussion by posterior way with kidney and spleen auscultatory percussion, applying the bell-piece of stethoscope immediately below left and right costal arch, along posterior ascellar line. Such a performance, in my opinion, should take part  in the common physical examination, since it gives a lot of information.

B) Auscultatory percussion of the kidney by anterior way: bed-side renal function test by water load

                    As far as kidney and ureter auscultatory percussion is concerned, a simple method, useful in bed-side detecting cutaneous projection area of both kidney and ureter, is the following: in a subject, psycho-physically relaxed and in supine position, located the bell-piece of a stethoscope on abdomen lateral anterior region, right and, then, left, doctor performs digital percussion of “slight” intensity directly upon centripetal lines, starting from the external area towards the bell-piece of stethoscope (Fig. 1). 

             When the percussion is applied “directly” on the precise cutaneous projection area of the kidneys, doctor perceives the percussion sound clearer, hypophonetic, and intense, “as originating near to doctor’s ears”.

Really, there are two ways of applying auscultatory percussion (A.P.) of the urinary tract: anterior and posterior, in relation to the location of the bell-piece of stethoscope.

In addition, as regards the posterior way, there is an interesting “variant” form, I suggest: patient is sitting on visiting-bed with the legs down and doctor performs AP of the kidney, in addition to that of lung and spleen. 

In my opinion the useful AP of kidney must be a necessary component of the common physical examination.

The anterior way of kidney AP allows doctor to perform also AP of ureters, which permits to draw cutaneous projection area of the urinary tract, even only in mind.

It is easy to recognize three interesting ureteral reflexes, i.e. upper, middle, and lower ureteral reflex, fundamental on Clinical Microangiology, since their accurate assessement, over the two last decades, have allowed me to found this new branch of Medicine, i.e. bed-side study of the microcirculation of all biological systems with the aid of Biophysical Semeiotics (Fig. 2).
Moreover, kidney and ureter AP allows doctor to perform an original bed-side assessment of renal function, correlated, by a satisfactory way, with RPF and GFR, i.e. bed-side renal function test by water load (See cited site: Glossary).

 At first, in a indivual in supine position and psycho-physically relaxed, doctor assesses renal diameters, evaluated as minimal degree of renogram, i.e the chaotic-deterministic fluctuations of kidney besides period, duration and intensity of ureteral peristaltic wave. 

In healthy, data observed are as follows: 6 cm. x 12 cm., Phase C (kidney congestion) duration 6 sec., oscillation intensity varying between 0,5 cm. and 1,5 cm. in a chaotic-deterministic manner, period fluctuating between 9 sec. and 12 sec. (Fig. 4)

In addition, the ureteral peristaltic wave period at base-line is 18 sec., intensity < 1 cm. and, finally, duration of ureter dilation is 3 sec. exactly. Soon thereafter, subject is administered 250 cc. water and then, after a latency time of 3 minute, the degree of above- mentioned parameters, are evaluated for a second time. “Minimal” kidney diameters increases (> 6 cm. and respectively > 12 cm.), renogram appears to be of “vagal” type, i.e. Phase C is clearly augmented with 7-8 sec. duration and all fluctuations are identical, as far as intensity and period are concerned. 

             In addition, ureteral peristaltic wave shows an increased intensity (more than 1 cm.) lasting for 6 sec. (doubled than that at base-line) and a period decreased to 12 sec. exactly. Actually, the degree of the numerous renal parameters are related in a satisfactory manner to RPF, while ureteral parameters are correlated with GFR.

At this moment, doctor has to remember that physiologically abdominal cutaneous and lasting pinching, of mean intensity, at ureteral level, brings about dilation of the related ureteral segment. More precisely speaking, stimulating XI thoracic dermatomere causes dilation of related upper ureteral tract; the stimulation of XII thoracic dermatomere brings about middle ureteral segment dilation, and, finally, cutaneous and lasting pinching of I lumbar dermatomere provokes lower third ureteral segment dilation.

To demonstrate the importance of such a procedure, really easy to performe by doctor, even not jet skilled in auscultatory percussion, I state that the data, gathered in this way, allow doctor to correctly assess clinically both structure and function of all components of microcirculatory bed of all biological systems, if trigger-points stimulation is “slight” (See the above-cited sites).

Upper, middle, and lower ureteral reflexes, beside cholecystic, gastric aspecific and caecal ones (See the Page Semeiotica Biofisica, I hold in the italian site http://ww.katamed.it), evaluated during stimulation, both direct or indirect, of whatever tissue-microvascular-unit (hand or finger-pulp, skin of arms and legs, heart, thyroid, hypophysis, adrenal glands, a.s.o.) allowed to found the “clinical” study, functional and structural, of single components of microcircle, i.e. Clinical Microangiology, based on the data collected at the bed-side by Biophysical Semeiotics.

Among diverse manoeuvres, useful to corroborate the correctness of kidney auscultatory percussion, the most practical is the following: in healthy, “intense” pressure, applayed by the bell-piece of stethoscope, located upon kidney cutaneous projection area, brings about temporaneously, i.e., for 4-5 sec., the increase of ureteral and renal diameters, followed by renal volume reduction, lasting 8-10 sec. This manoeuvre seems interesting in ascertaining both renal and ureteral modifications, essential in assessing BNP (See later on).

In presence of kidney cyst, during above-mentioned manoeuvre (= increasing pressure on kidney cutaneous projection) renal and ureteral dilation (= “in toto” ureteral reflex) obviously persists only at level of renal malformation (cyst), while in case of kidney stone, located in the pelvis,  digital pressure provokes the so-called lithiasic “in toto” ureteral reflex: such a reflex occurs quickly and then lowers for a third of its maximal value, in a characteristic way, typical of lithiasic disease.

A large variety of other urinary tract abnormalities is easy to recognize by  means of auscultatory percussion: double pelvis or ureters, mono- or bilateral, genetically small kidneys, i.e. genetically-determined disorders which are frequent.

Finally, to improve experience in Biophysical Semeiotics, it is advisable to performe auscultatory percussion in patient involved by renal colic (upwards to obstacle there is dilation, high obstructive renal disorder, while at level of obstruction ureteral diameter does not change during different test).

A nephrectomized individual, beside auscultotory percussion “silence” on the one site, shows a clear-cut increase of controlateral kindey, that fluctuates maximally, as allows to state biophysical semeiotic renal diagramm or nephrogram  (Fig. 4)

To demonstrate the practial utility of kidney and ureter auscultatory percussion, in following is briefly described biophysical-semeiotic functional evaluation of renal arteries, which shows clearly the diagnostic potentiality of the original physical semeiotics: in healthy, as referred above, “intense” digital pressure, applyed on the bell-piece of stethoscope, located on kidney projection area (= lateral abdomen region), causes by nervous reflex   renal congestion for 4-5 sec., followed by its decongestion lasting for 8-10  sec.

At this moment, when kidney shows minimal size, doctor “rapidly” interrupts the pressure on renal trigger-points, performing continuously kidney auscultatory pecussion: in healthy, kidney returns to normal size “rapidly” in 2 sec., while, in case of corresponding renal artery stenosis, such a value increases, in direct relation to the seriousness of homolateral artery stenosis, augmenting to 3 or more sec.; during this pathological time the kidney reaches “slowly” the basal volume, due to sluggish blood-flow through renal artery obstruction. I named such a time Oxygen Recovery Time (ORT) , assessed also as differential latency time of kiney-gastric aspecific and/or caecal reflex.

For further information, See above-cited sites, including the Page, Semeiotica Biofisica, Second Part, I hold weekly in the italian site http://www.katamed.it. 

Natriuretic Peptides.

Natriuretic peptides are a group of naturally occurring substances that act in the body to oppose the activity of the renin-angiotensin system. Heart failure is a leading cause of morbidity and mortality. In the United States, there are more than 5 million patients with heart failure and over 500.000 newly diagnosed cases each year. 

Numerous advances have been made in our understanding of the pathophysiologic mechanisms contributing to sodium and water retention in heart failure. There are three major natriuretic peptides: atrial natriuretic peptide (ANP), which is synthesized in the atria; brain natriuretic peptide (BNP), which is synthesized in the ventricles and “parietal” lobes, according to my unpublished research (see later on); and C-type natriuretic peptide (CNP), which is synthesized in the brain. 
9)             More precisely, natriuretic peptide also have a fundamental role in vascular function and remodeling by potentiating the effects of nitric oxide, inhibiting lipid insudation in the vascular wall, and increasing parasympathetic tone; the later action is brought about particularly by coniugated Melatonin (10) 

10) B-type natriuretic peptide originates from a 134-amino acid prepropeptide that is cleaved into a precursor molecule pro-BNP108, which is stored within secretory granules in cardiac myocytes. On release, the protease corin cleaves proBNP108 into N-terminal-proBNP (NT-proBNP), a 76-amino acid biologically inert molecule, and BNP, the biologically active counterpart. As referred above, BNP is found primarily in the myocardium of the left ventricle but also in atrial tissue and right ventricular myocardial tissue. Clearance of BNP occurs via glomerular filtration, natriuretic peptide receptors, and degradation by neutral endopeptidases. The processes involved in the elimination of NT-proBNP are incompletely understood. In part, this event depends on renal clearance, although other mechanisms remain to be elucidated. Irrespective of the uncertainty with respect to clearance, the duration of the molecules in vivo is better understood. The half-life of BNP is 18 minutes compared with 90-120 minutes for NT-proBNP.
Both ANP and BNP are released in response to atrial and ventricular stretch, respectively, and will cause vasorelaxation, inhibition of aldosterone secretion in the adrenal cortex, and inhibition of renin secretion in the kidney. Both ANP and BNP will cause natriuresis and a reduction in intravascular volume, effects amplified by antagonism of antidiuretic hormone (ADH). The physiologic effects of CNP are different from those of ANP and BNP. CNP has a hypotensive effect, but no significant diuretic or natriuretic actions. 

Three natriuretic peptide receptors (NPRs) have been described that have different binding capacities for ANP, BNP, and CNP. From biophysical semeiotic view-point, the renal action of ANP is more intense than that of isolated BNP: as I will say later on, kidney congestion is more intense under the former circumstance, i.e., under digital pressure upon the precordium, rther than during digital pressure upon cutaneous projection area of parietal lobes.

Removal of the natriuretic peptides from the circulation is affected mainly by binding to clearance receptors and enzymatic degradation in the circulation. Increased blood levels of natriuretic peptides have been found in certain disease states, suggesting a role in the pathophysiology of those diseases, including congestive heart failure (CHF), systemic hypertension, and acute myocardial infarction. 

The natriuretic peptides also serve as disease markers and indicators of prognosis in various cardiovascular conditions. Finding a simple blood test that would aid in the diagnosis and management of patients with CHF clearly would have a favorable impact on the staggering costs associated with the disease. BNP, which is synthesized in the cardiac ventricles and correlates with LV pressure, amount of dyspnea, and the state of neurohormonal modulation, makes this peptide the first potential marker for heart failure.

 Measurement of plasma BNP concentration is evolving as a very efficient and cost effective mass screening technique for identifying patients with various cardiac abnormalities regardless of etiology and degree of LV systolic dysfunction that can potentially develop into obvious heart failure and carry a high risk of a cardiovascular event.

Biophysical semeiotic evaluation of A and B natriuretic peptides.

It is an original evaluation, of greatest diagnostic and prognostic value, really useful in bed-side diagnosing, prognosis, and terapeutic monitoring of diverse heart diseases, formerly ignored from “clinical” view-point. This clinical assessement allows doctor to quantify natriuretic peptides activity – less correct is the term atrial natriuretic hormone – secreted in tre different forms: A (principally of atrial origin), which is synthesized in the atria in response to increased volume; B (principally of ventricular origin), primarily secreted by the ventricle in response to both increased volume  and  increased pressure, but also of cerebral origin (brain), more exactly  “parietal”, as the C-form of natriuretic peptides, according also to our untill now unpublished researches (See in the site Glossary)  (6).

Atrial natriuretic peptides are composed by 28 aminoacids, secreted primary by atrial wall, and in small amount  by ventricle wall, wich take part in the production of B-natriuretic peptide, secreted by the ventricle in response to increased volume,  as well as increased pressure. BNP regulate blood-volume and are really important in heart failure and in ventricle dysfunction, where their blood level is increased so far that authors advise to evaluate it in diagnostic procedure of heart disorders (6). 

In heart failure as well as in myocardial ischaemia and/or cerebral ischaemia a greater quantity of  B (brain) natriuretic peptides are synthesized, which brings about the down-regulation of related kidney receptors (glomerular and tubular afferent and efferent arterioles). Normally these compounds provoke vasoconstriction and dysactivation of efferent arterioles, and, on the contrary, vasodilation and activation of afferent arterioles, causing a physiological renal congestion: kidney diameters increase clearly.

As a consequence, in presence of CAD, kidney congestion due to such substances (atrial natriuretic peptides), although their increase, but due to secondary receptor down-regulation, appears to be less intense, since the first stage of myocardial insufficiency or ventricle dysfunction.

For these reasons, in a hopefully near future, we consider useful recognizing myocardial disorders (like initial failure, ischaemia, even silent) by the aid of “clinical” and/or haematic assessement of natriuretic peptides, particularly B type.

In reality, now-a-days, at beginn of third millenniu, similar future has already begun, because such an investigation is “clinically” applyed routinely by means of Biophysical Semeiotics.

Practically, doctor must continuously perform kidney auscultatory percussion, i.e., evaluate the nephrogram (= periodic oscillations of kidney volume: 6 fluctuations per minute); then, doctor applies “mean-intense” digital pressure upon heart cutaneous projection area (or, in case of cerebral ischaemia, on parietal lobes).

In healthy, after latency time of 5-10 sec., nephrogram shows the characteristics of stimulation with low doses of cathecholamine (or high doses of acetyl-choline, but with a different action mechanism), which stimulate primarily the receptors of glomerular efferent arterioles, showing consequently renal congestion (Fig. 3 e 4).

In other words, kidney shows its maximal congestion (= increase of renal diameters for 10 sec. exactly) and oscillates, then, intensively, with similar “highest” fluctuations, like highest spikes, as the organ would be in a state of maximal secretion: contemporaneously ureter shows its maximal dilation for 10 sec., due to dilating action of natriuretic peptides. 
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                                                                     Fig. 4

By contrast, in heart failure, ventricular dysfunction, and CAD, even initially and/or silent, these modifications of renal size and fluctuations are either absent or significantly reduced, in relation to the seriousness of underlying disorder, showing to be a “clinical” sign of myocardial suffering, even silent, subsequently corroborated with the aid of numerous biophysical-semeiotic signs and tests, illustrated in cited papers.

In other words, both size and fluctuations of kidneys and ureters do not appear practically modifyed or only in a slight way, in relation to the severity of coronary artery disease.

Analogously, as regards parietal cerebral lobes, which synthesize C and B natriuretic peptides, in case of  cerbro-vascular insufficiency, we can observe similar pathological events, even in initial or symptomless stages, when doctor applys “mean-intense” digital  pressure upon their cutaneous projection area, gathering interesting information on parietal microcirculation, assessing the behaviour of kidney size.

The above-illustrated clinical procedure underscores clearly the real value of the original Biophysical Semeiotics, that opened new clinical horizons, both in diagnosing and in therapeutic monitoring, certainly now-a-days nor complete neither definitively clarified. 
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