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CLINICAL METHODS IN BLOOD PRESSURE.

Being a Coniribution to a Discussion in ihe Seclion of Medicine al Lhe
Annual Meeling of the Briltsh Medical Aegocialfon,
Toronto, Awgusl, I006.

By G. A. GIBSON, M.D., D.#e,, LL.D,,
Physician, Royal Infirmary, Edinburgh.

I~ accordance with the request which has been addressed
to me, the following remarks will be solely confined to
aims, methods, and limitations in the elinical investiga-
tion of blood pressure. The results of the methods
employed, the indications which they furnish, and the
management of the conditions which they disclose will be
fully dealt with by those who are to follow me in this
discussion.

It may be taken for granted that our aims are now well
understood and that they are also generally accepted.
Putting them as shortly as possible, our objects are: (1) To
ascertain the height of the blood pressure; (2) toanalyse the
factors concerned in its maintenance ; and (3) to assess the
relative importance of each of these agencies. It must be
obvious that in any attempt to achieve those ends we must
have a clear conception of the different influences which
affect the pressure within the vessels. It will therefore
be necessary to spend a few minutes in the consideration
of the factors upon which the pressure depends.

The hlood pressure is due primarily to the energy of the
heart shown by amount of outflow and velocity of expulsion.
All the eardiac functions, rhythmicity, excitability, con-
tractility, conductivity, and tonicity must take
part in this. Undoubtedly the intrinsic energy of the
heart is subject to extrinsic conditions, such as the
amount of blood which reaches it by way of the great
veins, and the resistance which it has to overcome.
Inereased rate, with free access of blood, as a rule raises
the pressure and vice versa, yet in such conditions as
heart-block the pressure may be up to 260 mm. Hg, Any °
lessening of vhe afferent blood diminishes blood pressure ;
every increase in resistance raises it up to a certain
level, but if the resistance is too high the outflow is
reduced and the pressure falls, The cardiac energy may
further be increased or diminished by the influence of
the augmenting and inhibiting nerves. By means of the
nervous mechanism, moreover, the heart is automatically
relieved from the effects of overwork. As regards the
action of the bheart, then, we may conclude that any
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increase in the outflow from the ventricles raises the
blood pressure when the other factors are constant, and,
conversely, a diminution produces a fall. This may be
due to increased velocity, caused by the action of the
angmentor nerves withouat any acceleration of rate,

The peripheral resistance has great importance in main-
taining the blood pressure, and this on analysis is found
to depend on several different caunses. The tone of the
blood vessels, maintained by the influence of the vaso-
motor nerves upon the unstriped muscular tissue of the
vascular walls, is the most powerful factor in this
connexion. Undoubtedly the general tone is due to a
balance between the influence of the vaso-constrictor and
vaso-dilator nerves, but as the latter are not continuously
in action they may be disregarded. Time forbids my
entering upon the subject, but you will allow me simply
to recall the well-known fact that if the tone of the blood
vessels i seriously lowered, there is morve or less com-
plete venons stasis, and greater or less failure of the
circulation from lack of blood reaching the heart. The
tone of the blood vessels presents general and local varia-
tions. The general blood pressure responds to the general
tone of the blood vessels throughout the entire circula-
tion, but it must not be overlooked that the local pressure
undergoes great vicissitudes in accordance with special
requirements. The most remarkable facts bearing out
this statement are derived from the abdominal vessels
under the infloaence of the splanchnic nerves. Some new
facts have recently been brought forward on this subject
by Rudolf, and the matter will require further investiga-
tion. An increase of function in any particular area
produces an inereased blood supply through the action of
the vaso-dilator nerves, leading to dilatation of the smaller
arteries. Conversely, cessation of funetion in any part is
at once followed by the resumption of the normal tone
exerted by the vaso-constrictor nerves. Further, it has
been proved that the general as well as the local blood
pressure is subject to reflex influences arising even in
distant parts. Wiih reference to this part of the subject,
We may say _t.hat. other factors being constant, increased
resistance is associated with higher, and lessened
resistance with lower, pressure,

Vascular elasticity is of great importance, By its means
the energy of the heart is, as it were, transferred to the
vessel walls in the form of potential, continuously be-
coming kinetic, energy, and in this way the onward
movement of the blood is subject to a much more con-
tinuous influence than would be possible were it solely
dependent upon the intermittent energy of the heart.
When the structure of the blood vesgels is intact, they
possess extremely wide limits of elasticity, meaning that
their walls can return to normal after great distension.
When this wide limit of elasticity is narrowed by morbid
changes, there is an increased resistance to the blood flow,
and at the same time a tendency to distension of the
vessels from which recovery is no longer possible.
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The amount of blood in circulation is certainly of some
importance in regard to blood pressure, but it has less in-
fluence than the factors which have just been considered.
The only available method of ascertaining the amount of
blood in the vessels is the carbonic oxide process of
Haldane, which many of us hesitate to use in our clinical
investigations. The comparatively slight effect of changes
in the contents of the vessels is obviougly due to the fact
that variations in the amount of blood speedily brin
about compensatory alterations in the tone of the blo
vessels, as well as the energy of the heart, so that
they adapt themeselves to the guantity they contain, and
restore the pressure to the normal for the conditions which
are present. Our knowledge of this subject is chiefly the
result of experimental physiology, as regards additions to
the amount of blood in eirculation. Physiological
researches on the effects of reduction of the amount are
borne out by observations upon cases of severe haemor-
rhage in practice. The data obtained from both sources
of information lead us to the conclusion that changes in
the volume of the blood only produce transient effects on
blond pressure.

The viscosity of the blood is another factor which un-
doubtedly has some importance ; the amount of weight to
be attached to this influence is at present largely a matter
of speculation. As there is always a layer of blood, more
or less stationary, in econtact with the walls of the blood
vessels, the vigeosity is probably not very important. A
simple and ingenious process for the estimation of the
viscosity of the blood has recently been described by
Denning and Watson.

We have now to approach the questions involved in the
attempt to estimate blood pressure in clinical medicine.
We sometimes, even in this new century, hear it said by
distingnished teachers that the educated finger is the best
means of judging the arterial pressure; to the initiated
such a statement is grotesque in the extreme, Undoubtedly
the sense of touch, aided by a long experience, is of
considerable value, and it is the duty of each of us to
train the fingers to the best of our ability ; yet the man
who will gravely say that he is able to gauge the blood
pressure by means of his fingers is quite as foolish as
another man would be who gravely stated that he was
able to take accurate temperature readings by applying
his hand to the surface of the patient. During the last
thirty years my efforts in training myself to as=zess blood
pressure by the sense of touch have taught how extremely
fallacious such a method must always be. Its results
only give at the best distant approximations to truth when
compared with the readings of a reliable modern instru-
ment. The finger never can and never will give us such
a warning, for example, as the sphygmomanometer does
In cases of pneumonia. As i known to all of us the
normal course in this disease is to a continuous but
gradual fall of pressure. Any sudden rise before the
Crigld means some complication, and acate delirium is
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often the immediate sequel to a sudden rigse of pressure;
while any sudden fall of pressure suggests complications
of another kind, and warns us of the immediate risk of
eardiac failure. Those teachers who still oppose the use
of our modern instruments of research in the investiga-
tion of blood pressure are on the same level as those who
contemn the employment of such instruments as the.
ophthalmoscope,

The instrumental estimation of blood pressure may be
carried out by several methods; the oldest clinieal pro-
cedare was that of Vierordt, who just over half a century
ago made the earliest attempts to ascertain the blood
pressure with his own sphygmograph, weighted so as to
compress the artery, This was really the first attempt in
the clinical estimation of arterial pressure. Undoubtedly
the sphygmograph furnishes certain indications as regards
blood pressure, but nothing more. As we shall see,
sphygmomanometers locally applied to the radial artery
are liable to fallacies, and this is even more true of the
sphygmograph. It plays its part in revealing to us the
rhythm of movements, it gives indistinet suggestions of
high and low pressure; but it helps us scarcely at all in
judging of the energy by which the arterial movements
are produced, and it does not give more than a distant
approximation Lo the resalts in the vessels,

This ig even more true of the cardiograph, in which the
sources of fallacy are even greater than in the sphygmo-
praph, The relations of the heart to the lungs and to the
u]nlval; walls, as well as the condition of the parietes, con-
Btitute such variable conditions as to render any attempts
to estimate the energy of the circulation with the cardio-
graph absolutely nugatory,

Since the earliest serious efforts made by von Basch,
a guarter pi a century ago, many usgeiul instruments have
been deviged for the estimation of blood pressure. In
considering these different instruments we shall find that
they fall into various groups., There are, for instance,
the sphygmomanometers of von Basch, Potain, and Oliver,
as well as the smaller instrument of Hill and Barnard,
which estimate the blood pressure by application directly
to ‘1}3_ radial artery. There are others which aim at
obtaining readings by the circular compression of the
limb; to this series belong the larger instrument of Hill
and Barnard, and the sphygmomanometers of Riva-Rocei,
Martin, Cook, Stanton, Janeway, and Erlanger. There
are further methods of egtimating the blood pressure by
apparatus embracing the extremities; to this category
belong the apparatus of Marey, Hiirthle, and Mosso. We
have, further, instruments designed to estimate blood
pressure by the tint of the skin. The tonometer of
Giirtner is an example of the application of this prineciple.
But when we more fully analyse these different instru-
ments we find that there are many other points of view
from which we may regard them, and therefore the analysis
of the apparatus requires more careful consideration.

When these different instyuments are analysed from
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the point of view of their principles we find them grouped
in quite another fashion, The instruments which gange
the pressure by obliteration of pulsation may be grouped
according to their mode of application. In this way we
may say that the apparatus of von Basch aud‘uf Potain
act by local obliteration of the arterial pulse, as judged by
applying the finger or some recording apparatus imme-
diately beyond the point of application of the instrument.
Those of Riva-Roeci, Martin, Cook, S8tanton, and Janeway
obliterate the pulse in one of the larger arteries, and the
effects are estimated by examination of an artery further
from the centre. There is also the instrument of Giirtner,
which obliterates the pulsation in one of the fingers, its
effects being judged by the return of colour ro the skin.

All these different methods give the syetolic or end
pressure, but the instruments are of very different value.
The instruments of von Basch and Potain are not so
defective in principle as in method, and their fallacies
chiefly consist in faults of application. In view of the
variabilities in the position of the radial artery, both as
regards its relations to the underlying bone and the
differences in the tissue by which the artery is sur-
rounded, it must be obvious that the correet application
of either instrument is far from easy, and the readings
which have been obtained show how liable these methods
are to error. The plan of circular compression and
estimation of the blood pressure, judged by the return of
pulsation beyond the point of compression on reduction
of the compressing force, gives results which are
extremely accurate, provided, as won Recklinghausen
showed, the armlet is sufficiently broad to bear a
certain proportion to the size of the limb. From his
observations it is clear that if a narrow band is em-
ployed, especially with high pressures, the readings are
too high. It may possibly be urged that, as in these
instruments the return of pulsation after complete cessa-
tion is judged by the application of the finger, the sub-
jective element comes into observation. This subject has,
however, been thoroughly investigated by the use of a
delicate sphygmograph or another sphygmomanometer on
the distal side of the compressing band, by which it has
been proved that the return of pulsation can be gauged by
the finger with extreme accuracy., One important point
as regards all these instruments is that they not merely
record the eystolie, but, as will be mentioned afterwards,
the diastolic pressure.

In the instrument of Giirtner, the same prineciple of
cirenlar compression is involved, but on the removal of
the pressure the return of pulsation is judged by the
return of colour to the skin. This instrument is faulty in
respect of the diffieulty of accurate application of the com-
presging ring, which involves considerable errors. Un-
doubtedly another defect comes with the mode of estima-
tion, seeing that the return of the arterial tide is judged
by the tint of the skin, in which there is a large possi-
bility of error. We must allow that the sight is probably
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our most accurate sense; fully realizing this, neverthe-
less, in my own experience the skin varies so greatly
in its texture as to render it uncertain when the
first tide of returning blood takes place. In addition
to this the flushing often occurs very gradually, so that it
ig difficult to determine exactly when it really shows itself.
It must further be remarked that the greatest source of
error is that very emall arteries are taken for investigation
—vesgeels which are extremely liable to variations of vaso-
motor activity. Gellinek's interesting researches have
proved how unreliable the tonometer is from such causes,

The pulse pressure is gauged by the maximum excur-
gions of the recording apparatue in the instruments of
Marey, Hiirthle, Mosso, Hill and Barnard, and Oliver, In
these the theory is that when the pressure surrounding
the vessel and that within the vessel are equal, the oseilla-
tions attain their maximum. In every one of these in-
struments the readings are those of diastolie pressure, and
the mode of estimation consists in recording the lowest
level of maximum pulsation,

The instruments of Marey, Hiirthle, and Mosso are
applied to the digits, that of Oliver to the radial artery,
while one of Hill and Barnard's instruments is applied
directly to the radial artery, and the other adopts the
method of eircular compression. The instruments of
Marey, Hiirthle, and Mosso can only be regarded as of use
in the laboratory; that of Oliver possesses inherent
defects of application which render it unreliable. Hill and
Barnard’s smaller sphygmometer cannot really be regarded
seriously, and their larger instrument aione remains in
this elass worthy of consideration from the clinical point
of view. It unfortunately only records the diastolic
pressure, which in itself is of little value unless compared
with systolic pressure. In some of the cases, also, in
which readings are of the greatest utility (such a3 aortic
incompetence), the lower limit of maximum oscillation
ig difficult to determine. Moreover, unless the narrow
armlet, which is provided with the instrument, be replaced
by a broad one, the readings are much too high.

It has already been mentioned that the instruments of
Riva-Roeei, Martin, Cook, Stanton, and Janeway, afford an
estimate of diastolic as well as systolic pressure. It has
to be allowed that in these instruments it is only an
approximation to a true estimate of the diastolic pressure
which is yielded, but with a little practice the lowest
point at which the maximum osecillation of the mercury
oceurs can be obtained without diffienlty. The only
instrument which measures both systolic and diastolic
pressure aceurately, and gives records by graphic methods,
is the sphygmomanometer of Erlanger, It is based upon
the same principles as those of Riva-Rocei, Stanton, and
Janeway—that is, by circular compression of the limb the
pulsation is obliterated beyond the band, and the point at
which the return of pulsation oceurs is noted on the
column of mercury. In addition to this there is a most
admirable arrangement for recording the oscillations of
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blood pressure in any individual these have to be borne in
mind. There are daily fluctuations, probably produced by
the sum total of the different influences affecting blood
pressure. As a general rule, the pressure reaches its
highest level in the forenoon, but it usuoally shows an
afternoon rise as well. The knowledge that such changes
exist will necessarily lead us to take our readings at the
same hour as far as possible.

The influence of food is somewhat variable; sometimes
a rise of pressure is found after a meal, but almost as
frequently there is a fall. The fall is easily accounted for
by the diversion of blood into the abdominal region. This,
however, is often compensated for by reflex stimulation
of the vasomotor system, while the entrance of the food
elements into the eirculation undoubtedly has a tendency
to raise blood pressure. All readings of the blood pressure
must be taken with this consideration in view. William
Russell has recently made some interesting ohservations
on this subject.

The posture has considerable influence. There is not
much difference between lying and sitting, but there is a
considerable difference between sitting and standing. 1t
is interesting to notice that on changing the position
from lying to sitting, and again from sitting to standing,
the diastolic pressure is that which is chiefly elevated,
and therefore the pulse-pressure variation is lessened in
the upright position.

Occupation has a most important influence upon pulse
pressure, and it is therefore necessary to note what the
individual bhas been about previous to taking pressure
readings, This is true both of physical and mental
exertion, but probably a combination of the two will
bring about the highest increase. My own blood pressure,
which under ordinary circumstances is about 150 or 155,
has frequently been measured immediately afiter the
exertion of conducting a elinie in the Royal Infirmary,
and it has gometimes reached the level of 185 or 190.

It is undoubtedly true that all persons who pass
throngh lives of considerable exertion have a higher
pressure than those whose expenditure of energy is on
a lower level, The occupation of the individual has
therefore to be taken into account in all blood-pressure
readings,

We are still in want of careful estimations of the blood
pressure in relation to the use of certain articles much
employed amongst us, such as alecchol and tea. It is
probable that the influence of alcohol. beyond a slight
initial rise due to acceleration of the heart, is to produce
diminution of pressure. Tobaceco behaves in a different
fashion, and by its influence upon the vaso-constrictor
apparatus it produces a very great increase of blood
pressure. This accords with many of the French observa-
tions, in which hypertonus and arterial sclerosis have
been found as the result of the excessive use of tobacco.

Fxternal temperature undoubtedly has some influence,
but we lack suflicient observations u pon the subject, The
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general result of such observations as those of Miiller is
to show that when the patient is subjected to any
departure from the normal external temperature the pulse
pressure is apt to rise. This is especially seen in the
influence of baths. The possible effect of changes in
the external temperature must always be borne in mind
in taking any readings.

In every case under continuous observation blood
pressure readings ought to be noted on a chart, as is
urged by Janeway. Without such graphic means of
recording the pressure, it is difficult to grasp the signifi-
cance of the figures. Nothing could show this better than
charts taken from a case of acute disease, such as pneu-
monia. The physician in charge will always feel anxious
when he observes that the pulse curve has a higher range
than the pressure curve. Some of the charts which are
now submitted show this most markedly., The same may
be =aid of the utility of charts in cases of grave
disturbance of the circulation or of the kidneys. Any
wide discrepancy between the action of the heart and the
pressure of the pulse will give us anxiety.

It must be obvious that the limitations which surround
our attempts to estimate the absolute value of blood
pressure consist to a large extent in the difficulties which
beset us in the analysing of the different factors maintain-
ing blood pressure. The relative amounts of energy and
of resistance are still a sealed book. An absolutely low
general blood pressure may be one which is relatively too
high for the energy of the heart; while, on the other
hand, a pressure which appears to be abnormally high
may be one which is guite low in relation to the energy of
the heart. The fact that arterial spasm, general or local,
has an important influence in modifying the blood pres-
sure, has always to be borne in mind; as a disturbing
factor it may produce rapid changes in its level.

It is my duty, in conclusion, to0 pay a warm tribute to
the numerous observers in Canada and the United States
whose important investigations and valuable results have
laid us under a great debt of gratitude. In my hand there
i8 a fairly exhaustive list of the really important works on
blood pressure, and the American Continent may well be
proud of the prominent place occupied by her investi-
gators. It is only right to express, further, my deep sense
of the generosity which has led Western observers, from
whom we have learned so much, to invite such a large
number of us from the 0ld Country to take part in this
diseussion,












