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PHYSIOLOGY IN RELATION TO MEDICAL PRACTICE AND
THERAPEUTICS
By, F. CROXOCNO- DELLFR, M\!.D., D.A.
PART I. THE CARDIO-VASCULAR SYSTENI

The performance of ev-en a minor surgical operation without a certain minimal anatomical
knowrledge woutld be considered hazardous in the extrn-me, vet it so often lhappens tllat we are
called upon to try to perform medical marv els of diagnosis aind treatment without even a
smattering of the physiological principles involved.
D)uring the course of our medical training, physiology- and anatomy are dealt with in the
years before we see ev-en the insidle of a hospital. There follows then the stimulating interest
of pathology and clinical medicine with its many ramifications, and all the laborioucly learned
physviological facts are soon forgotten in the welter of the new interests.
Therefore, before we go on to discuss diagnosis and treatment in clinical medicine, it will
be well for us to bring to miind the essential factors of physiologv whiclh are involved in the
normal and abnormal conditions of the bod- whichl we are called upon to treat, and in this way
to approach near to the ideal of rational therapeutics.
\V'e will deal in thlis article withl the physiology of the cardio-vascular system. In our
clinical examination of the cardio-vascular svstem, wlhich will be detailed in a later article, we
observe and inspect the patient and note any obvious abnormalities: then we note the character
of the puilse and the lheart rate and heart sounds; then we take the blood pressure, and try to
assess the venous pressure by simple clinical metlhods, and we look for those signs which we
know to be associated with suchl an increasedl pressure, namely, oedema, wherever it ma'
occur, dvspnoea, cyanosis, etc., and finally we try to estimate the cardiac reser-ve power. By
such clinical methods we are usually enabled to make a diagnosis, but that is onlylhalf the
battle, and althlough the patient's relatives are pleased to hear that you do know w;hat is the
matter, they are far more concerned to be told the prognosis and the possible effccts of treatment. It is on such- pronouncements that we really deserve the trust of the public, if we can
obtain it; and on such pronouncements have so many reputations been lost! Stuchlprophecies
as we maya have to make are strengthened greatly if they are based not only on our experience
and clinical knowledge, but also upon soun(d physiological principles.
The cardio-vascular system consists essentially of the lheart and txxo main systems, the
arterial and the venous, connected by a large network of small capillary vessels in which gaseous
and metabolic interclhange take p)lace.
The most important factor in the maintenance of the circuilation is, of course, the heart,
and therefore it would be well t-o consider this first.
Anatomicallv the heart is divided into two halx-es, the right and left halves, the former
pumping blood through the pulmonary system and the latter throug-h th-ie main systemic system.
There are two chambers on eachi side, the auiricle and the venitricle, the auricle receiving the
inflowing blood fronm the great veins and the ventricle forcing this blood into the arterial system.
But it is the cardiac muscle which is the most important part of the heart, since it produces
the necessary kiinetic force to cause- the circtulation to be carried forNard. This nmuscle is built
on a sound structural basis whlich allows of the greatest meclhanical (fficiencv.
The heart mutscle has two types of fibre, one the cardiac mullscle brober, in which the fibres
are cvlindrical in shape, and wlhich branch, uniting wxith other branches of adjacent fibres, to
form a complete syncytium, about wlhich no definite cell membrane can be found. Microscopicallv, thlese mtuscle fibres show both longituidinal and transverse striation, the latter being
clharacteristic.
The second set of fibres are known as thle special j7mctional tissues,, and are concerned -Aith
the initiation and propagation of the cardiac impuise or lheart beat. The fibres in these
junctional tissues are smaller than the normal cardiac mucscle fibres, are fusiform in shape and
longitudinally striated only. They receive a nerve supply from both the v-agus (decelerator)
and sympathetic (accelerator) nerxes, and receive their own capillary blood supply. These
special jtunctional tissues can 1)e divided into several parts. (See diagram.)
(I) The sino-auricular nzode. This node is situated. at the iunction of the suiperior v-ena
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cava and the free border of the right auiricular appendix, and it extends down the sulcus
terminalis for about 2 Cm.; it is 2 mm. in width, and it receives a rich capillary blood supply.
Normally it has the power of initiating the heart beat, and is known, therefor'e, as "the pacemaker."
(2) The auriculo-ventriczilar nzode. This node is situated at the posterior and right border
of the inter-auricular septum, near the mouthl of the coronary sinus. It has the same structure
as the sino-auricular node.
(3) The auriculo-venlri?idar btnidle (of His) runs upwards to the posterior margin of the
membranous portion of the inter-ventricular septuim, and then runs forward below it, ensheathed
and isolated in its own canal. At the anterior part of the membranous septum, in front of
the septal attachment of the tricuspid valve to the auriculo-ventricular ring, the bundle divides.
(4) The left division pierces the membrane and then lies on the upper border of the
muscular septum, to enter the sub-endocardial space of the left ventricle, beneath the union
of the anterior and right posterior cusps of the aortic valve. This relationship to the aortic
v-alve should be remembered, because the bundle is liable to be involved in aortic lesions,
especially aortic incompetence.
(5) The right division passes down the right side of the septuim and enters the moderator
band and papillary muscles. Both divisions branch continuousl, becoming smaller as they
spread over the ventricular wall, and gradually form an arborisation of fibres underneath the
endocardium of both ventricles, wlhich are known as "the fibres of Purkinje," whose terminal
fibres enter the ventricular wall.
Thus the mode of spread of the cardiac impulse can now be visualised. It is initiated in
the sino-auricular node, and from this passes quickly down over the auricular walls. On
reaching the auriculo-ventricular node this is stimulated, and the impulse passes along the
bundle of His to reach the main divisions, and finally the terminal fibres of this conduction
sy stem, thus stimulating every part of the ventricular muscle. The actual time taken for this
complete invasion of the cardiac miuscle is well under one-tenth of a second.
The cardiac inuscle has certain properties, knowledge of which should help one to understand
some of the affections of the heart:
(i) Excitability and contractility.-The muscle is excitable, i.e. it responds to external or
nervous stimuli by contracting, and since the "all-or-none" law (Starling's law of the heart)
operates, once effectively stimulated the whole of the cardiac muscle will contract. The force
with which this contraction occurs depends upon the initial state of the muscle fibres, and this
is influenced bv several factors: (a) the initial length of the fibres-within normal limits, the
longer the better the contraction; (b) the duration of the previous diastole (the longer the better
the contraction); and (c) the nutrition and oxygen supply of the muscle itself.
(2) Refractory period-.During the period of contraction the muscle is absolutely refractory,
and is incapable of responding to any stimulus. Therefore summation effects (i.e. stepping up
of the force of the contractions) are impossible to achieve with the cardiac muscle. Imme-
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vessels receive a rich innervation from both the vagus and the sympathetic, the former conveying constrictor fibres and the latter dilator fibres, and by means of this nervous control
the blood supply to the heart is very finely adjusted to the varying calls which come upon it.
For instance, with anoxaemia there is a greatly increased blood flow, as there is with exercise,
whereas in sleep it is much diminished.
But besides supplying oxygen and removing carbon dioxide, the blood takes to the heart
various other important constituents which affect profoundly the working of the cardiac muscle.
Of these constituents, the most important are:
(i) Sodium-as sodium chloride, which is necessary to give the proper osmotic pressure
between the tissues and the blood. The sodium ions themselves play a special role in originating
and maintaining the heart beat.
(2) Calcium.-Experimentally, when calcium is added to a perfusion fluid it is noted that
the heart beat is strengthened, and if this is continued to excess the heart contracts well, but
is unable to relax, and eventually the beats become smaller and smaller and the heart finally
stops in extreme contraction (calcium rigor). Usually, of course, the blood calcium (IO
mgm. ,') is sufficient to allow for the normal strength of contraction.
(3) Potassium.-Potassium has the opposite effect upon the heart muscle, causing increased
relaxation which, if given in sufficient quantity-, finally brings about cardiac arrest in complete

diastole.

(4) Another constituent of great importance is Vitamini Bi. It was WN enckebach who
showed that lack of V'itamin Bi profoundly affected the heart and circulation, and it is probable
that this is due to excessive water retention in the heart muscle, so that its normal tone and
force of contraction is lost. The "beri-beri heart" is now recognised as a most definite clinical
entity, the clinical manifestations of which often come on with very great rapidity.
Normally the heart is able to maintain a very efficient circulation by acting at the rate
of 72-84 beats per minute, varying slightly in each individual. This rate is controlled, for the
most part, by varying degrees of vagal tone, but there are other factors, and we should pause
to recollect them.
(i) The higgher centres do have a most definite effect, as it is well known that emotion may
greatlh' increase the rate, or sudden shock may slow or even stop the heart, giving rise to the
clinical vaso-vagal attacks.
(2) Respiration-.In -most adults during quiet breathing there is no change in the heart
rate, but during deep breathing in susceptible individuals or in children there will be noted
a quickening of the heart rate during inspiration and a slowing during expiration. This is
due to alterations in the v agal tone coming from afferent impulses from the lungs and variations
in the venous blood flow returning to the auricle.
(3) Refiexes.-(a) The sinus and aortic nerves, which are situated around the carotid sinus
and the arch of the aorta, stabilise the heart rate in normal individuals, and are responsible
for the normal vagal tone. Stimulation of these nerves either by raising the pressure in the
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diately following the contraction, the muscle is relatively refractory, that is, it will respond to
strong stimuli, but it will certainly not do so to lesser ones.
(3) Conductivity.--It is the property of all heart muscle to be able to conduct an impulse,
but it is especia]ly developed in the special junctional tissues, although the rate of conduction
is not uniform in all parts of this system. For instance, in the Purkinie fibres conduction
occurs at the rate of 4 metres per second, whereas in the auricuilo-ventricular node conduction
is only 0-2 metre per second. Conduction takes place in cardiac muscle without any diminution in the intensity of the impulse from one point of the heart to another.
(4) Rhythm.-The cardiac muscle has the power of initiating its own impulse without
recourse to outside agencies. This property is normally carried out by the sino-auricular node,
but any part of the heart may suddenly become such an aberrant "pace-maker."
(5) Tonticitv.-Tone is the factor whiclh maintains a constant internal pressulre in spite of
varying volume of content. Tlhus, for instance, during diastole the heart muscle fibres elongate
to accommodate more blood, but there is still the same internal tension within these elongated
fibres themselves. In this wax there is no slack to be taken up at the beginning of the next
contraction.
These normal properties of heart muscle are, of course, dependent upon an adequate supply
of blood reaching the muscle. This is assured in the normal person by means of the right and
left coronary arteries, which come off the aorta just above the aortic valves. These blood-
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carotid sinus or aorta leads to slowing of the heart rate, and, similarly-, rcmoval of tl!eir action
by means of atropine will increase the healrt rate by removing the normal v-agal tone.
(b' 4fferets fro,n the rl,it auricle anid reat zeins.-There are nerve fibres which arise frem
the x-enouis side of the lheart and pass to the cardiac centre in the fourth ventricle in the mneduilla,
stimulation of xx hich, by an increase in venous pressure, will lead to the depression of the vagal
tone and, therefore, an increased heart rate (Bainbridge reflex). Thuis, in exercise, whecn the
venous retuirn to the lheart is very greatlI increased, the lheart rate is increascd by this reflex.
(c) The lheart rate ma- be afiected by otlher afferent) impulses coming from sensory nerzes in
other parts of the body. For instance, a blow on the abdoomen or irritation of the nasal muicotus
membrane may lead to great slowing of the heart, whereas painful stimutli ma! cause great
increase.
(4) The heart rate is senisible to cIl(umZes int the oxyg-en and carbon dioxide lezvels of the btlood.
For instance, lack of oxygen will cause marked acceleration, as will an excess of carbon dioxide.
(5) A rise in bodiy temifperature from any cause stimulates both the sino-auricular node and
the cardio-accelerator centre in the floor of the fouirth ventricle, and leads to an increase in
heart rate, but witlh normal temperature these are not affected.
(6) Raisedi intra-cramial p5ressure due to tumouir, haemorrhage, inflammn^ation, etc., will
directly stimulate the vagus centre and lead to marked slowing of the heart rate.
(7) Thyroxin acts directly upon the "pace-maker," and therefore in hvperthyroidism we
expect, and find, tachvcardia.
From all tlhis it will be realised that it is possible to explain most or all of the disorders
of rhythm by application of this physiological knowledge. Sinus arvhythmia lhas alr-ady been
noted to be caused by varying amounts of v agal tone due to the respirator- movements, aind it is
easily abolished eithler by giving the patient atropine, which removes the normal vagal control,
or bx- exercising the patient and increasing the heart rate in th-iis wax. This condition is of no
prognostic significance whatsoever.
A simple tachvcardia, when caused by exercise, is due to the increased v-enous retlurn and
the mechanism of the Bainbridge reflex, and 'las no pathological significance; but one max
get a simple tachycardia due directly to the influence of the higher centres. In such conditions
as worry and neturastlhenia, especially in a hiiuhly-strung woman, a tachxcardia of considerable
standing may- be produced, and will be cuired unix bv the remox-al of lher psychological upset.
The "pace-maker" may move from the sino-auiricular node and max- cause -arious disorders,
the most common of xwhich is the interpolation of an extra beat, either occasionallx or at regular
or irregular intervals. These are known as the "extrasvstoles," and they are due to a nev
stimultus arising from some point in the m\-ocardium before the normal stimulus from the
sino-auricular node should appear; after such a beat, becauise of the refractory period, theIe is
a long pause folloxwing this extra sx-stole, xl-ich allows the normal sino-auricuilar rhylthm to be
regfainedl. Buit instead of interpolating an occasional beat, some part of the mvocardium may
set up a new rhy-thm centre xlhose impulses are sent out at a muclh greater rate than normal,
leading to the condition of Paroxvssnal lachvca-dia, x-hiich is recognised bx- the way in which
the rhx-thm centre suddenlx- moves froIn the normal sino-aturicuilar node to the nexx' foctus and
iust as suddenly mox-es back again at the end of the paroxvsm, this sudden onset and offset
being highly characteristic of the arrhy-thmia.
Furthermorc, the "pace-maker" max- mox-e itself to the auriculo-x-entricular node, in w%hiclh
case auricle and vet-ntricle are stimulated at the same time, and both therefore contract simultaneousl\- alriciulo-V-entricular n,_)dal rhWthn. It is a rare arrh-thmia, and there is onlx one
clinical sign which xvill lhelp to diagnose it at the bedside, an(d that is the sudden large systolic
filling of the jugr,ular veins in the neck, as the blood in the auricle cannot pass normally into the
ventricle because of the simultaneous contractions.
Another type of arrhythmia which occurs is (Ile, not to slhifting of the "pace-maker" of the
heart, hut to poor conduction of the impulse fronm auricle to x-entricle in the sDCcial condluction
tissues. There are x-arl-ing grades of this condlition, citler wlhere there is no passage of the
impulse at a!l (coibhlete heart block), during xNhich auiricles and x-entricles beat at utterl- independent rates, or it max- be such that onlx- an occasional impulse falls to pass along this normal
chaiinnl, leading to an occasional dropped beat (/artial hi -art block). Betxveen these tw o
extrenmes are mran': grades, but the-se will he dkiscuizsed later xvhen (lekaling xith the electro-

cai-dio-ramn.
The n(-xt important group of disorders are those due to abnormal rhythm occturring in the
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auricle primarily, having secondary effects upon the ventr-icle. Sir Thomas Lewis took a ring
of muscle and stimulated it by means of an electrode, and he found that normally the wave
of contraction passed in both directions from the point of stimnulation, and whlen they met at
the opposite side of the circle they mutually cancelled each other out. Tlle rate of stimrlulation
was then increased, and he found that there came a stage during whiclh part of the circle of
that ring of muscle Nas refractory when the full wave arrived. In this case the wave on the
one side was stopped at this refractory area, whereas it was able to pursue its course in the
opposite direction unopposed. By the time the wave had arrived at the previous refractory
area of muscle, this had now recovered, and so it was found that the wave of contraction was
able to pass round and round in the ring. To establish this circus movement the following
factors must be present: (I) An area of refractoriness must be present, in order to prevent the
passage of the impulse in one direction, and (2) the originally refractory area must havte recovered
when the excitation process reaches it for the second time from the opposite direction.
It is thought that in the conditions of auricldarfibrillation and auricular flutter this circus
movement is present. In the foriner the circle is constantlY changed and irregular in size and
shape, whereas in the latter it is a definite, fixed circle. In both these conditions the auricle
beats at an extremely fast rate-from 250 to 450 times a minute, and it is obvious that the
auriculo-ventricular bundle is unable to deal with all these impulses. Therefore a form of
heart block must develop, and the ventricle will respond only to those impulses which pass
through the auriculo-ventricular bundle. In auricular fibrillation there is no regular sequence
of events, and therefore the ventricle beats in an utterly irregular fashion, whereas in flutter
there is a definite sequence of events and a 2 : I, 3 : I or i:I heart block develops and one
gets a regular rhythm of the ventricles.
How can one break this vicious circus movement? If the gap, as it is called, between the
head of the crest of the wave and the area of refractoriness can be diminished, then the circus
movement must stop, and the factors which tend to abolish this gap are therefore either a shorter
path, a quicker rate of conduction, or a longer refractory period, so that the muscle is still
refractory when the circus movement reaches it. W ith the first we can do nothing, but for
the second and third conditions we have a drug which is found to be of great value. It is
quinidi7ne, which has the following effects on the heart -it depresses the conductivity and it
lengthens the refractory period. But it will be noted that these two effects are diametrically
opposed as far as closing the gap is concerned A reduced rate of conduction tends to slow
the circus movement and to allow recovery to occur, and so perpetuates the circus movement,
whereas lengthening of the refractory period tends to stop the circus movement altogether,
and it is upon the preponderance of one or other of these effects that the success or failure of
quinidine therapy in auricular flutter or fibrillation depends.
Digitalis, on the other hand, has no suclh effect on the refractory period, but is of value
because it depresses the auricular muscle and the conductivity in the auriculo-ventricular
bundle; therefore fewer impulses are formed or reach the -entricle, whicl]has more time to fill,
and a better contraction occurs less frequently. But it wsill be noted that it has no effect wshatsoever upon the condition of the auricular rh-thm.
The heart may be affected because of an incfficient blood supfiply, due to disease of the
coronary arteries. If one of these arteries be suddenly obstructed, the clinical picture of
coronary thrombosis develops with dramatic suddenness and may cause death from either
ventricular fibrillation or ventricular standstill. If this does not occur, the mvocardium may
be so weakened that it is unable to continue the circulation, or it may have affected part of
the conduction tissue and caused varying degrees of heart block, or it may have affected the
pace-maker and be the cause of a new rhythm appearing.
The coronarv arteries may also be affected by more chronic disease processes, suclh as
narrowing from arterio-sclerosis or atheroma. In this case the heart miuscle is unable to obtain
the nutrition and oxygen supplies which it needs, and may not be able to deal with any extra
work. In this condition it cries out if overta.xed, and gives us the clinical picture of angina
pectoris. On the other hand, there may be enough power to maintain the circulation, but
there mav not be enough nutrition to keep the muscle healths-. In this case fibrosis of the
mvocardium may occur, bringing with it the manv arrhythmias, but especiall- auricular
fibrillation.
On auscultation of the lheart we hear, classicallv, two sounds, named the first and seconid
sozunds. The first sound, which is prolonged and low-pitched (Lubb), is due to ventricular
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systole and is caused by several factors: (i) The contraction of the ventricular muscle itself;
(2) the sudden closure and tension of the auriculo-ventricular valves; (3) the vibration and
structure within the mediastinum and chest wall, produced by the movement of the heart and
its impact upon the chest wall; and (4) possibly due to the vibration set up by the moving
blood itself. The intensity of the first sound is not related to the cardiac output, and therefore
it has little prognostic significance by itself. The second sound, which is high-pitched, abrupt
and clear, and is heard best at the base of the heart (Dupp), occurs precisely at the onset of
ventricular diastole, and is due to the closure of the sem-lilunar valves in both the aortic and
pulmonary areas, and its intensity varies with the blood pressure in the great vessels at the
onset of diastole. Occasionally, especially in children or in slow acting hearts, a third sound
may be heard which is due to blood rushing into the ventricles passively from the auricles during
diastole. It is important to remember that this sound does occtur, as it is sometimes mistaken
for a mid-diastolic murmur and the diagnosis of mitral stenosis or aortic incompetence considered probabl]e.
Let us now consider the changes which occur with each ventricular systole, firstly within
the heart itself.
Wthen the ventricle contracts, the pressure inside increases, but this at first is not sufficient
to open the aortic or pulmonary valves, but it does push the auriculo-ventricular valves back
into the auricle in dome-shaped fashion. The contraction continues, and the pressure therefore
rises, and as soon as this pressure overcomes the intra-aortic pressure the aortic valves open
and the blood rushes into the aorta. The volume of the ventricle now rapidly diminishes, and
there is a backward flow of blood from the aorta which closes the semiluiiar valves. During
this phase of almost negative pressure the auriculo-ventricular valves are pulled downwards
and project this time into the ventricular cavity in dome-shaped fashion. This up-and-down
movement of the auriculo-ventricular valves is of extreme importance, and is the true pump
action of the heart, drawing blood into the auricle during ventricular diastole and stopping
the blood flow into the auricle during ventricular systole, and it is probablv because of this
loss of function in mitral stenosis that one gets the early signs of disordered circulation long
before the full picture of venous congestion is produced.
Within the aorta the blood which is ejected at ventricular systole flows forward at the
rate of o-8 to i metre per second, and this velocity of blood flow greatly diminishes as the size
of the arteries becomes smaller, until in the arterial side of the capillary bed the rate is o 5 to
i millimetre per second. But one is not able to appreciate this blood flow clinically, and what
one feels for is the putlse, which is quite independent of this blood flow. With each ventricular
systole the volume of blood in the aorta above the semilunar valves is suddenly increased,
and this exerts a lateral thrust upon the elastic walls of the aorta. This thrust is then transmitted onwards, like a wave of peristalsis, at the rate of 5 to 8 metres per second, and it is
found that the pulse wave at the division of the common carotid artery occurs one-tenth of a
second after the commencement of ventricular systole, and the radial pulse occurs one-tenth
of a second later than this---i.e. one-fifth of a second after the heart action.
What now happens to the blood flowing through these arteries? As the arteries become
smaller and smaller so there is an increased resistance to the passage of the blood, and therefore
its rate of flow becomes smaller. This resistance is known as the "peripheral resistance," and
is the cause of the maintenance of a certain basic pressure within the arterial system, which
is called the "diastolic blood pressure." With each contraction of the ventricle the pressure is
verv suddenly increased, and it is found in normal people that each beat causes approximately
the same increase. This is known as the "systolic b!ood pressure." Both of these pressures
are of importance in diagnosis and treatment, the systolic being some measure of the efficiency
of the heart muscle, and the diastolic pressure showing the pressure against which the heart
must always work; it is this diastolic pressure which is by far and away- the more important
of the two.
The normal blood piressure readings vary between approximately II0-I40 mm. Hg systolic
and 6o-8o mm. Hg diastolic. Any diastolic pressure over go mm. Hg must be looked upon
with grave suspicion. Normally the blood pressure is kept within remarkably narrow limits,
and this constancN- of blood pressure is maintained reflexly through the aortic and sinus nerv,es,
principally by means of their tonic inhibitory influence on the respiratory- centre and the vagus
centre. With exercise or any emotion, when the action of the -vagus centre is diminished, the
blood pressure rises, and this is helped also by reason of the increased cardiac output. But
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the most important factor in the maintenance of the diastolic blood pressure is the peripheral
resistance in the capillaries of the skin and other organs, especially the kidney.
Experimentally, hypertension may be produced in one of three ways: Firstly, from section
of the sino-aortic nerves (done in two stages); but in this hypertension is not followed by any
pathological change in the small blood vessels such as one is accustomed to find in clinical
hypertension. Secondly, from injury to the renal parenchyma, by, say, repeated doses of
X-ravs. In the condition so produced the renal vessels are fibrosed and thickened, and there
is impaired renal activitV, together with hypertension, being, in fact, a picture of clinical
like damage could occur in a man
hypertension. But there is no evidence to show how suichGoldblatt
showed that if the blood
who has not been subject to X-ray radiation. Thirdly,
supplIy to the kidneys was reduced experimentally over a period of time, one got the exact
clinical and pathological picture of hypertension; but this does not explain how such ischaemia
of the kidneys is produced in man, and Goldblatt considers that there must be some agent
present in the blood which leads to constriction of the renal vessels; he considers it to be an
internal secretion of the kidney, which he has called "renin." How far this will eventually
help us in the treatment is not known, although Goldblatt himself claims some successful results.
In England his work has not as Nyet been confirmed, but it has been suggested that the giving
of potassium in such cases of hypertension is definitely harmful. This is of particular interest
in view of the fact that one of the time-honoured remedies for hypertension consists essentially
of potassium bromide and potassium iodide. Fortunately, because of wartime conditions, the
sodium salt must nowadays be prescribed, and one should continue the habit after the war.
The blood now arrives in the smaller arteries and arterioles, and so to the capillary bed.
The capillaries are minute blood vessels which are lined by very thin, nucleated, many-sided
cells which are joined together by a cement substance. Outside the capillary wall there are
found at intervals some branched cells (of Rouget), which are perhaps modified muscle cells,
capable of regulating the size of the capillaries. These cells possess tone, which is subject to
nervous, hormonal and other chemical influences, but the capillaries themselves have an independent contractilityr, and they are able to resist the distending force of an increased arteriolar
or venous pressure.
Within the capillaries themselves there is a blood-pressure gradient in each capillary loop.
At the arterioral end the blood pressure is 32 millimetres of mercury, whereas at the venous
end the blood pressure has dropped to I2 millimetres of mercury. The blood flow at the arterial
end is still pulsatile, but at the venous end it is slow-moving and irregular, thus showing that
this capillary network is indeed the peripheral resistance.

+ = concentration of plasma proteins due
to outward passage of fluid.
(After Dible & Davie, "Textbook of Pathology.")

The normal tone of the capillaries is of great importance, as it is found that if all the capillaries all over the body are relaxed there is not sufficient blood volume left for the maintenance
of circulation, and indeed this is the basis of the modern conception of shock. But there are
certain blood vessels which short-circuit this capillary network, joining the arterioles and the
venules directly, known as the arterio-venous anastomoses. These vessels are capable of either
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contraction or dilatation, and therefore they play a most important part in controlling the
heat loss by the body; in conditions of extrenme cold thev will dilate and so cut off the blood
flowing throuigh the capillary beds where the heat is lost, or, conversely, in hot weatlher they
will contract, allowing the blood to flow througlh the capillaries and so allowing the loss of heat.
The blood now flow s slowly and irregularly into the venous side of the capillaries and is
collected in venules which gradually congregate together- and join to form veins. The veins
are innervated, and their size can be regulated in the same way as the arterioles, but it is less
marke(d because of their lack of mtuscle tissue.
It was noted before that at the venous end of the capillary network the blood lhad a pres*Ure
of I2 millimetres of mercury, and it is found that the venous pressure in the larger veins is
approximatelY 5 to I5 centimetres H20, which is, of course, lower than the capillary pressure,
althouglh the difference is not very great. Therefore there is a tendency for the blood to flow
centripetally on the venous side, but this flow by itself would be insufficient, since-except in
the head and neck gravity would alwaVs be pulling against such flow. Therefore the veins
have at certain set intervals along their course one-waxy valves, and as the vencus blood pressure
is increased by means of muscular contractions, which are continuously going on, the blood is
forced segment by segment toNards the heart.
WN'ith heart failure the heart is unable to deal with the normal flow of venous blcod, and
therefore it gets "damned up" peripherally and the venous pressure rises up to 30 or 40 centimetres H20. In this case tlieie will be the clinical evidence of venous congestion.
The system that we hav-e so far been considering has been a closed svstcm of vessels with
the blood coming into contact withl cells and tissues in certain special regions such as the liver
and spleen only, w%here the endothelial linings of the blood spaces are deficient. Elsewhere
the tissue cells are bathed writh tissue fluid, which acts as an intermediary. The compositioni
of this fluid is quite unknown, but it is probably akin to plasma except that its protein content
is low. This tissue fluid is drained not only bv the venous system but also by the ly-mphatic
system, whicl constitutes vet another closed svstem of vessels, eventually emptvin£J itself
through the thoracic duct into the venous sy-stem near the heart. The tissue fluid is allimportant for the nutrition of the tissue cells, and it is formed by exudation from the capillaries
by reason of the pressure gradient which is present, but this is greatly increased during tissue
activity, as considerable quantities of protein pass into the spaces through the capillary walls,
due to the dilatation of the capillary network, causing attraction of fluid from thle blood into
the spaces; fuirtlhermore, the prodcucts of cell activity, known as metabolites, increase the osmotic
pressure outside the capillaries and so lhelp the passage of fluid from the capillary network.
(See diagram.)
This conception of the formation of tissue fluid will hielp) us in ouir understanding of the
physiology of oedecma, altlhouglh even this is not vet quite complete. Firstly, 7venous obstruction(
as a cause of oedena -venous obstruction does not necessarily cause oedemra unless the
limb be abnormal. In this case there probably occurs liberation of certain "dilator"
stubstances at the site of obstruction, whlich increase the permeability of the capillary vessels,
and the obstruction to venous return probably allows of the accumulation of metabolite-, and
other waste products, all of whliclh increase the osmotic pressure of the tissue fluid and so cauise
oc(lema. Secondlv, cairdiac oedemza-with. righlt-sided helart failure the v-enous pressure may
rise from normal IO to I5 centimetres H20 to 30 to 40 centimetres H20, leading to an increased
pressure at the venous end of the capillary loop. This leads to a lessening of osmotic attraction
at this end of the loop and the fluid portioii tends to remain outside the vessels. Again the
products of metabolism cannot be properly removcd, and the anoxaemia whliclh is almost
certainly present will have damaged the capillary endotlhelium. All these things tend to cauise
an increase of fluid withinl the tissuie spaces and so cause oedema. Thirdly, renal oedcon1a-in
this condition the cause of the oedema is almost certainly not peripheral, but renal in origiin.
The blood in the renal arteriole passes first into the Malphigian corpuiscle and there is
filteredl out, through Bowman's capsuile, most of the solids of the blood, togetlher with a good
deal of water. The blood leaving the Malphigian corptuscle is tlherefore muclh concentrated,
and it now passes clown its blood vessel whlich comes to lie in close proximity to the renal tubules.
Normall-, this concentrated blood draws back from the renal tuibules certain of the solid matters
present in the filtrate and a certain proportion of the vater. The remnains of the filtrate pass
out from the kidney stubstanice and are collected as urine. In nephl-itis this beauitiful mechanism
is upset, and instead of the blood withdrawing many of the solids, thlis pow er is lost, annd a certain
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amount of protein is passed into the urine. This leads to a change in the concentration of the
plasma proteins of the blood, and therefore the normal "indrawing force" in the capillary bed
is lost; thus fluidI is able to remain in the tissue spaces and the oedema is formed in this manner.
Fourthv, nultritionial oedenta-in this condition the essential factor is probably a very low
protein intake, leading to a lowered plasma concentration and also to changes occurring within
the epithelium of the capillary vessels. Fifthly, in/lanimatory oedcma-in this type the toxins
which are produced at the side of the lesion lead to paralsis of the capillary tone; therefore
their permeability is greatly increased and so fluid passes into the tissue spaces. Sixthly,
lymphatic oedema obstruction of the lyrnphatics by growths or parasitic worms often leads
to oedema, which may be due to interference with the removal of tissue fluid by the lymphatic
cannels.
Thuts it will be seen that each type of oedema has a different physiological explanation
which is acceptable, although it is probable that as our knowledge increases there will have to
be some modification of these explanations.

Clinical Page
By STELLA INSTONE, M.D., M.R.C.P.
CASE I

A CASE OF GRANULOPENIA, INTENSIFIED BY SUPERADDED INFECTIONS
This case is of interest as an example of the effects of a streptococcal tonsillitis and glandular
fever upon a pre-existing deficiency of the granular white cells.
A soldier, aged 28, was first seen earlyt in July 1942, when he complained of fever, malaise
and sore throat for one week. His previous record included recurrent tonsillitis, chronic postnasal catarrh, and an attack of sciatica two months previously, for wlhich he had taken tablets
of Veganin in considerable quantity for several weeks.
On examination he was well-nourished and not obviously anaemic, withl a hot, moist skin.
Temperature range 992-Io3° F., Pulse 88-ioo, and respirations and blood pressure normal.
No rash was observed. The tonsils were large, craggy and injected, and showed considerable
follicular suppuration, and pus was streaming down the nasopharynx. Tongue dry and furred.
The superficial lymphatic glands of cervical, axillarv, tonsillar and inguinal groups slhowed a
moderate, firm, discrete and tender enlargement, and the tip of the spleen was palpable and
soft. No abnormality was found in any other system, nor in the urine. A throat swab was taken.
A tentative diagnosis was made of glandular fever superadded to follicular tonsillitis, and specific
treatment was witlhheld pending an examination of the blood, which gave the following interesting
results; the findings were especially notable when contrasted with the clinical appearance of the
patient, which did not suggest a severe illness.
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Paul-Bunnell agglutination test:
Positive at a dilution of i in 136

624 per c.mm.
X( * 5 per cent
3 per cent
per cent
52 per cent
20 per cent
7 * 5 per cent

Throat and pharyngeal swabs:
Haemolytic streptococci in pure culture
TREATMENT

Intramuscular injections of Pentose Nucleotide, 20 c.c. were given daily, together witll 2 c.c. of
liver extract by the same route, to stimulate granulopoeisis. A liberal diet of high purine content
was advised, with high fluid intake, and local treatment for the throat. Ascorbic acid ioo m.gm.
daily was deemed advisable in view of the severe infection of the upper respiratory tract.
RESULT

This treatment produced no ill effects except an intensification of malaise with slight evening
rigors, not uncommon with PENTIDE. Four days' therapy produced the following changc in
the blood picture:
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Red cells normal in size, shape and staining.
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