TISSUE-MICROVASCULAR UNIT  BIOPHYSICAL-SEMEIOTIC DIAGRAMS.

THE MICROCIRCULATORY ACTIVATIONS

General information.
Introduction.

The numerous investigation techniques of tissue-mircovascular unit, microcircle and microcirculation – capillaroscopy (6), distal and localized pletysmography, thermometry and infra-red thermometry, doppler at the level of finger-pulp as well as laser doppler, percutaneous pH-, pCO2-, pO2-metry, digital biopsy, computed assisted microcirculation analysis system (CAMAS) (7, 8), video-capillaroscopy (9) – are all efficacious tools and play a primary role in the study of tissue-microvascular unit, but on condition that they are completed by “physical” examination (10).

Unfortunately, the general practitioner, the real “clinician” nowadays, i.e. in a time ruled by technology, can not utilise such methods due to a large variety of reasons, easy to understand.     

In addition, a disgusting confusion of terminology partially accounts for the reason that practical physicians take no interest in microangiology, as I have stated at XIII Congresso Nazionale della Società Italiana di Microangiologia e Microcircolazione, hold in Rome, 10-12 September 1987, although all biological events, both physiological and pathological, influence unavoidably structure and function of this whole of vessels and tissues, Tischendorf denominated “angiobiotope Einheit”, Curri “unità funzionale” (“functional unit”)  and Comel “istangio” (“histangium”) (9). 

At 80 years, cardiac out-put is reduced of 56%, but distal hydraulic resistance, by contrast, appear increased of about 150% (10). Such as remark underscore clearly the importance of investigating microcircle, peripheral heart, where individual’s “biological” life  takes place, i.e., the stage where biological commedies and tragedies are represented.

Such an investigation must be necessarily “clinical” in origin, easily and rapidly utilizable, in oder to be performed by doctor at the bed-side, unavoidable condition of becoming rightly a part of common physical examination in a future, which has already begun (bmj.com. Rapid Responses, “A new physical semeiotics in detecting disorders otherwise undiagnosed”, 30 March 2001).

Fortunately it provides us such a method Biophysical Semeiotics, that allows doctor to draw at the bed-side – even in its mind – tissue-microvascular unit diagram, e.g., of nail-fold (1, 2, 3) or finger-pulp (really more easy to be assessed), under both physiological and pathological conditions, at rest (base line) as well as during numerous stress tests and in  the course of treatment: statical and dynamic evaluation and therapeutic monitoring.

Practical application of biophysical-semeiotic evaluation of finger-pulp tissue-microvascular unit.

The assessement of tissue-microvascular unit of both nail-fold and finger-pulp, we utilize routinely the later, exclusively due to practical reason – finger-pulp is the mirror of human body as the eye is it of the soul – needs that doctor would be able to perform auscultatory percussion of the stomach, unavoidable to show and study the gastric aspecific reflex as well as its subsequent enhancements (Fig. 1).

The same procedure is necessary in order to drawing other different diagrams.
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Fig.1

The explanation is  in Technical Page , N.1, in the site.

The doctor holds a finger-pulp of the psycho-physically relaxed subject to assess, lying down in a supine position, in a “light” grip between the thumb and finger of its left hand and presses on it with “light-moderate” pressure, causing physiologically a gastric aspecific reflex after lt of 6 sec.
In fact, the “light-moderate” finger-pulp stimulation brings about phase concordance (syntony) of “all” local tissue-microvascular units, so that the clinical study of these microvessels becomes possible: the collected data by such procedure take part of Clinical Microangiology.

In the book “Semeiotica Biofisica. Microangiologia Clinica” we describe favourable and fortuitious situations of our intuition of the clinical method of investigating microcircle. In fact, notoriously, micorcicle at rest is completely different, from the functional view-point, as regards close units, because there are “active” units near others, in that moment, “dysactivated”: See Temporal Inhomogeneity in the site www.semeioticabiofisica/microangiologia.

A procedure, really easy to perform, and refined and  useful for bringing about and studying the gastric aspecific reflex and subsequent enhancements consists of pulling “gently” patient’s forelock: tissue-microvascular unit stimulation of the hair allows doctor to observe gastric aspecific reflex as well as three subsequent enhancements, necessary fo drawing tissue-microvascular unit diagram.

As described in next chapter, the stimulation, that causes,  by nervous reflex, changing of gastric size, is applied on trigger-points of microvessels wall, as the following experimental evidence suggests: pressure applied on radial artery provokes a tissue-microvascular unit diagram, identical to that observed during  the above-described method. It is clear that arterial endoluminal reduced blood pressure, and the consequent lowering of the pressure in microvessels, cause inwards movements of microvessel wall, similar to that caused by digital pressure, stimulating in a identical way local trigger-points of microvessels wall.

Doctor must evaluate accurately lt (NN = 6 sec.) of gastric aspecific reflex and three subsequent enhancements (duration = 6 sec.), after apllying the stimulation, e.g., on a smallest surface of finger-pulp (or nail-fold) of an individual to examine, as well as the type of realization, the rapidity, intensity, time of tonic Gastric Contraction occurrence and disappearing, and ultimately Z wave (Fig.1). 
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Fig.2

For explanation, See the text.

During the examination, individual’s hand must be placed correctly on the bed with its dorsal site in order to avoid the spontaneous stimulation of finger-pulps, that brings about reflexes, preventing their accurate biophysical-semeiotic evaluation. 

 In addition, at least when doctor is not jet skilled at applying the original semeiotics, it is advisable to apply the pressure by a forefinger-pulp, while middlefinger and thumb press on the two side of individual’s finger-pulp, physician is assessing. Really, in a long experience such a method of stimulation proved to be efficacious: physician’s forefinger-pulp presses on a subject’s finger-pulp, whereas the same finger is rightly lying down on the bed in supine position (1, 2, 3).

In healthy, in the second and third life’s decades, after a latency time (lt) of exact 6 sec., starting from the stimulation (contemporaneously comes to pass also ureteral “in toto” reflex = interstitium) one observes gastric aspecific reflex of about 1 cm., which realizes  quickly in 1-2 sec., and lasts 6 sec. with the same intensity (simultaneously are present colecyst-choledocus and – upper ureteral reflexes): A Phase or dilation Area (DA). It parallels a vasomotility wave.

In a following article we will referr the characteristic A Phase of diabetic diagram: lt 5 sec. and the upper line of A Phase is characteristically ascending rather than horizontal as usually, which is a typical sign that allows doctor to make the diagnosis of DM.

To this phase follows B Phase: one observes the first enhancement, which comes rapidly to pass, of 1 cm. in intensity,  and lasts for further 6 sec. exactly: it is correlated with vasomotion wave.

Others two successive Phases – C and D – show practically the same parametric values in healthy, so that the highest intensity of gastric aspecific reflex is ( 5 cm., under physiological conditions (Critical Point = Intensity  of 5 cm.).

  C and  D Phases correspond with subsequent vasomotility and vasomotion waves, respectively.

We define Critical Point (PC) the point of diagram where reflex intensity is 5 cm.: as we will say later, it is an really interesting parameter, which provides doctor a lot of information. In fact, in the course of whatever disease one observes shifting to left with vertical position of  tissue-microvascular unit diagram (t.mvu): the upper line swiftly reaches 5 cm. critical point and continues scaling upwards.

At the end of D phase, i.e., after about 15 sec. from the assessment begin, in healthy, the stomach slowly contracts in  2-3 sec. : tonic Gastric Contraction (tGC).

At this point, digital pressure on finger-pulp of the subject is suddenly interrupted; E Phase  or “Vasomotion” Area initiates rapidly (( 2 sec.): under physiological conditions, the stomach reaches in a short time initial form and size, Oxygen Recovery Time (O2RT), and keeps going upwards, forming an ultimate gastric aspecific reflex of 1 cm. of intensity, which lasts for 1-2 sec.: Z wave (1,2,3).

Transferring these parameters values on a Cartesian axes, even mentally, where on abscissa is the time in seconds and on the ordinate in positive is gastric aspecific reflex, geometrically referred, and in negative tonic Gastric Contraction, assessed in centemeters, we obtain an interesting and characteristic diagram, t.mvu diagram, drawned in practice in the mind solely, really useful in bed-side diagnosis of the most common human diseases, providing doctor a lot of information, we nowadays are able to detect only in a partial manner (Fig.2).
	      Tissue microvascular unit diagram indicates biological events, which occur in that precise moment in investigated histangium, vascular, hematic and metabolic in origin, which fortunately today, for the first time, we can accurately analyze at the bed-side, although in a partial manner.


Haemodynamic-haemorrheological and metabolic-biochemical significance of tissue-microvascular unit.

“Intense” digital pressur transforms the tissue – nail-fold, finger-pulp, a.s.o. – in a thermodynamically isolated system, where the glycolysis from “aerobic” becomes “anaerobic” (11).

The various phases  of tissue-microvacular unit diagram parallel, on the one hand, qualitatively and “quantitatively” the well-known phases of “anaerobic” glycolysis, as experimental and clinical evidence suggests (12,13,14), and, on the other hand, the “vasomotion” waves, as referred above.

          Phase A is directly related to endocellular free energy of local histangium (lt = 6 sec. if the stimulation is “light- moderate”, whereas lt is 8 sec. if the pressure  is “mean-intense”, due to Microcirculatory Funcional Reserve activation), as well as to elasticity and diameter of local microvessels (intensity ( 1 cm. and rapid appearing of gastric aspecific reflex): in healty young, CAEMH-(  negative, the reflex shows  rapid occurrenc, intensity 0,5 cm. and  duration of 6 exact sec. (Fig.2).

From the diagnostic point of view, ( angle value plays a pivotal role: it is in prctice mentally evaluated and is formed by ascending line of the reflex and the abscissa (Fig.2). 

In healthy, its degree is  < 45°.

In case of vasodilation, even localized, as in arteriosclerosis, NIDDM, IDDM, respiratory and/or heart failure, allergy, a.s.o., gastric aspecific reflex intensity appears increased significantly (( 2 cm.), due to microvascular dilation, while the velocity of its appearing shows characteristic modifications ( See later on) and ( angle  results to be > 45°.

For these reasons, the area of Phase A is named Dilation Area (DA). In fact, under the same condition, are present also cholyst-choledocus as well as upper ureteral reflex, correlated with the former (1,2,3,4,12,13,14).

The three following phases – B, C and D Phases – are examined altogheter, since they indicate tissue ischaemia of increasing intensity. Really, during these phases tissue pH reduces slowly, more or less intensively, in relation to local conditions: splenic and  caecal reflexes appear and progressively enhance, showing histangic acidosis.

From the practical stand-point, it is interesting the latency time (lt) value of diagram critical point (CP = intensity of 5 cm.), i.e. the latency time in sec. before CP occurs. In healthy adult, CAEM-( negative, this value, when present, because it is mainly absent, is always located in D Phase and is the highest point of tissue-microvascular unit diagram.

By contrast, in case of abnormalities of both structure and function of tissue-microvascular unit, caused by common diseases, CP lt is shorter, e.g., we observe it in B Phase, if the modifications are serious, and allways CP is exeded: the line quickly reaches 5 cm. Critical Point and keeps going higher.

 In other words, it appears the characteristic pattern of tissue-microvascular unit diagram verticalization with shift to the left, indicating local intense acidosis, i.e., histangic damage. 

	The phenomenon of microvascular diagram verticalization with shift to left, allways a pathological event, shows a “general”, “aspecific” tissue disorder.


Therefore,  Area of B, C, and D phases, is named Area of Ischaemia (AI = gastric aspecific reflex intensity reaches 5 cm. and keeps going higher, while caecal reflex increases.

In practice, the reflex disappearing velocity as well as the velocity of tGC appearing, are really usefull, giving a lot information, because it is related to the highest tissue acidosis: in healthy, gastric aspecific reflex disappearing velocity and tGC appearing are slow (3 sec.).

 On the contrary, after the quick interruption of finger-pulp pressure, tGC disappears  quickly (2 sec.) and  is followed by Z wave.

In diseased patient, we observe quick disappearing of gastric aspecific reflex (2 sec.), whereas tGC disappears slowly (3 sec.). Contemporaneously, both splenic reflex and caecal reflex show the highest intensity, before disappearing.

Infact, soon thereafter the pressure interruption (on subject finger-pulp or nail-fold, a.s.o.), doctor must assess two really important parameters:

             a) latency time of tGC disappearing and

             b) the possible last gastric aspecific reflex  (as well as cholecyst-choledocus and ureteral reflexes) lasting 1-2 sec. with an intensity of about 1,5 cm., Z wave, showing physiological microvessel elasticity.

Such a phase – E Phase – correlates with post-ischaemic reactive hyperaemia, as clinical and experimental evidence suggests (See above-cited papers). This Area is named Area of Vasomotion (AV): the presence of Z wave is, therefore, expression of normal microvascular elasticity (more precisely speaking, venular-capillary physiological elasticity) as well as of normal blood-flow in tissue-microvascular unit, as show local vasomotility, vasomotion, lt of caecal reflex, preconditioning, a. s. o., while the rapid tGC disappearance (NN = 2 sec.) indicates normal, efficacious post-ischaemic reactive hyperaemia, physiological pH recovery (H+ removing and activation of “aerobic” glycolysis, soon thereafter interruption of digital pressure upon histangium) (12).

In conclusion, this analysis, brief but certainly ehaustive, of haemodynamic-haemorrheological and biochemical-metabolic significances of the various parameters of tissue-microvascular unit (1, 2, 3), shows the importance and diagnostic value of diagram.

Diagram verticalization with shifting to left (of CP) and the absence of Z wave, allways correlated, indicate without any doubt histangium damage, i.e. lacking endocellular free energy of local histangium, as regard molecular-biological situation (ATP reduction) (5).

This argument must be descussed further in detail, and we are looking at illustrate it in a future monograph, after publishing the book “Semeiotica Biofisica. Microangiologia Clinica”. In fact, we are convinced by a long clinical experience that the diagram is a fundamental tool in clinical research and essential also in prevention, diagnosis, therapeutic monitoring.

	In practice, among numerous parameters values of t.mvu. diagram to be accurately assessed doctor must evaluate in day-to-day work, the lt of gastric aspecific reflex (NN = 6 sec.), the critical point CP (5 cm in intensity), that in healthy adult is localized in D Phase and is the highest point (in young, CP is mainly absent), the presence of Z wave. 


In fact, lt < 6 sec., diagram verticalization,  CP shifting to left, and the impairement of AV Area with the absence of Z wave show tissue acidosis: both diagram verticalization and CP shifting to left parallel the seriousness of tissue acidosis: for instance, as we are going to illustrate later on, in case of type I and II diabetes mellitus as well as in ATS, CP is present, and often exeded, already at the begin of B Phase.
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