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PREFACE.

——

Tug leisure afforded by the winters of the past ten
years has enabled me to study, in an experimental
way, several physiological questions having a bearing
on clinical medicine; and my professional life during
the summer months has furnished opportunities of
testing the physiological positions suggested by these
enquiries, and the practical efficiency of the instru-
mental methods of observation employed. The follow-
ing pages, containing the results of a large portion of
this experimental work, present firstly, an outline of
observations on the  physiology of the red blood-
corpuscle and of blood-pressure; and secondly, some
clinical applications of the instruments used in this
enquiry. ' W

Some portions of the material now published have
already appeared in the Croonian Lectures delivered
before the Royal College of Physicians of London in
1896, and in a series of Articles in the Edinburgh
Medical Fournal, 1898. Inasmuch as the enquiry
during the past four years has considerably amplified
and extended the results previously recorded, I am led
to hope that their appearance in this collected form
may be acceptable as a small contribution to physio-
logical medicine.






PREFACE. ix

Perhaps I should add one word respecting the value
to be attached to the clinical employment of the
instrumental methods here described ; especially, as
a large portion of my professional life having been
spent without the aid of those instruments, I am n a
position to compare the results afforded by them with
those observed before they were devised. I am led to
the conclusion that they contribute so much to the
precision and efficiency of observation, that now I
could not discontinue their use without experiencing
the loss of an acquired power. Moreover, I have not
found them to be tedious or difficult to apply, or time
consuming.

I must express my indebtedness to my friend,
Dr. Edgecombe of Harrogate, for his valuable help
in correcting the proofs and in making the index.
My thanks are also due to the editor of The Lancet for
the use of several blocks, which were used to illustrate
the Croonian Lectures published in that Journal.

Fauuwary, 1goI1.
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ON THE

BLOOD AND BLOOD-PRESSURE.

CHAPTER 1.

THE BLooD: APPARATUS FOR DETERMINING THE
HEMoGLOBIN AND THE CORPUSCLES.®

I. THE HEMOGLOBINOMETER.

BEFORE describing the apparatus I will first of all
explain the principle that underlies the arrangement
adopted, and then point out some of the difficulties
that have been met with and indicate the steps that
have lead to the present form of the instrument.t A
review of all these preliminary matters is essential to
a clear conception of the reasons that have determined
the adoption of the several details of construction.

* These heemometric methods were described at the meeting of the
Physiological Society held at University College, London, March, 18g6.
See ' Proceedings Phys. Soc.," Your. of Physiology, 18g6.

t I am indebted to Dr. Edgecombe of Harrogate for much valued aid
in the working out and settlement of important details,

I3



2 BLOOD AND BLOOD-PRESSURE.

The Principle followed.,

The method of observation is founded on the
colorimetric principle, according to which depth of
colour indicates quantity, but the application of that
principle, as hitherto adopted, has been modified in
the following ways :—

1. By using light doubly transmitted (or reflected)
instead of singly transmitted.

2. By selecting a pure white background on which
the solution of the blood and the standard colours
rest.

3. By presenting the standard split up into a series
of definite gradations.

4. By comparing the depth of colour of the blood
solution with that of the standard in camera.

1. Reflected (or doubly transmitted) light
preferred.—It seems to me that certain advantages
are secured by comparing the sample of blood and the
standard by means of reflected rather than by trans-
mitted light. These advantages may not at first sight
be very obvious, but in this particular mode of obser-
vation they nevertheless exist.

In the first place, the depth of colour when observed
by double transmission of light is nearly twice as much
as it is when viewed by single transmission, for the
blood solution is seen through a medium of the same
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colour induced by the incident rays, and consequently
the colour of the reflected rays is proportionately
increased. Hence a much smaller measure of blood
is required under reflected light to produce the degree
of colour made apparent by transmitted light; and it
is obvious that in clinical work such a reduction
may sometimes prove a distinct advantage, as when
5 c.mm. of blood amply suffice in place of 10 or
20 c.mm. Then-=again, light reflected lends itself
much more satisfactorily than light only once trans-
mitted to the attainment of the uniform physical
condition of a flat surface in the strata of the blood
solution, and of the standards; and in consequence of
the exactly equal adjustments which thus become
possible the finest differences in depth of colour
become recognisable, and the readings can be made
with an exactitude which cannot otherwise be obtained.
This improved definition has tended to greatly reduce
that unavoidable variable element in all observation—
the equation of the observer.

2. The uniform white background.—The use
of reflected light introduces a difficulty in regard to the
reflecting background, for this must be uniform not
only in the same instrument, but in other instruments
that may be made. The slightest variation in shade
or tone of colour must produce discordant readings.
In the earlier observations opal glass was selected for
this purpose; 1t was, however, soon discovered that
different samples of it were far from invariable in

colour, It therefore became necessary to select some

B2



4 BLOOD AND BLOOD-PRESSURE.

white substance that could be relied on for uniformity
and purity of colour; and dry finely powdered precipi-
tated lime sulphate was chosen. This substance forms
a most delicate and uniform reflecting surface imme-
diately under the blood solution and the standard
colours, and contributes considerably to the exacti-
tude of the readings.®

3. The standard.—It is a matter of great practical
importance in constructing a hzmoglobinometer to
determine how the standard should be presented, so
as to obtain the most definite readings. In von
Fleischl’'s hemometer the whole scale is formed by
a wedge of coloured glass—the depth of colour gradu-
ally merging off to the lowest reading; and as the
field of view always embraces no less than 20 degrees
(i.c., 20 degrees heavier on the right than it is on the
left) it is easy to understand—even when the colour of
the glass should happen to match that of the blood
solution—that very often considerable uncertainty is
apt to exist before an estimation can be made. This
mode of presenting and using the standard 1s obviously
faulty. I have found, however, that all doubt as to the
position of any particular sample of blood on the scale
is entirely obviated when the latter is split up into a
number of definite gradations of ten degrees, and this
mode of disposing the standard has therefore been
adopted. Each grade becomes a subordinate standard
definitely recognisable from its neighbours, and by

* Calcium sulphate is likewise used in the reflector of von Fleischl's

hemometer.
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means of a simple method to be subsequently ex-
plained, the intervening units are read. Moreover,
there exists another reason why each stage ought to be
separately standardized, and why a mere gradation of
the same colour is not only indefinite but is misleading,
and that is the specific colour-curve of the blood else-
where described (pp. 6, 7, IT and 12).

On setting up the standard.—To anyone who has not
made an attempt of this kind it may seem an easy
matter to prepare an imitation of the exact colour of
a given percentage of normal blood in water, and thus
to accomplish the first step towards the setting up ot
a hezmoglobin standard. But a few trials will dispel
such an impression, and will demonstrate the existence
of a number of unforeseen difficulties which are in-
separable from the task. The standardizing involves
two steps, namely, (a) the adjustment of colour, and (b)
the determination of the scale.

(@). The adjustment of colowr.—In the first instance,
following others in the same line of work, experiments
were made with carmine or carmine and picro-carmine
in a glycero-gelatine basis. After much observation it
was provisionally settled that the closest approximation
to the colour of the blood solution was obtained by a
combination of carmine, picro-carmine and h&matoxy-
lin; the blood and the standard solutions being ob-
served by candle-light in cells having a background of
opal glass. The gradations, of course, necessitated that
the cells should be quite uniform in depth. After the
lapse of some few weeks it was, however, obvious that
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the colour of the standard was undergoing a change,
especially in the lower grades which were becoming
darker and brownish. That led to some experiments
on the effect of light on the constituent pigments; and
it was found that all of them were unstable when ex-
posed to daylight, and especially to direct sunlight.
Of the three constituents having found that hama-
toxylin was the most fugitive it was excluded. Still
the carmines became slowly affected by the exposure
incidental to work.

Furthermore, at an early stage of the observations
another difficulty was encountered, the explanation of
which was not at that time forthcoming. The grada-
tions of the standard were made by diluting the car-
mine solution of the highest grade to the required
degrees. When, however, the blood solution which
exactly matched the topmost gradation of the scale
was diluted in exactly the same manner, marked dis-
crepancies were apparent between these dilutions and
the standard gradations, and especially was this the
case in the lower half of the scale. They should have
agreed ; but they did not. Since then a satisfactory
explanation of this discrepancy has been afforded by
Mr. Lovibond, whose valuable and practical work on
colour measurement will presently be referred to.
This observer has shown that every coloured sub-
stance when progressively varied in concentration or
in strata thickness furnishes a colour-curve peculiar
to itself, a curve of colour composition which he
designates ““the absorption colour-curve” or ““specific
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colour-curve.”* According to this explanation the
specific colour-curves of the solutions of carmine and
of hazmoglobin, though coinciding at a certain degree
of concentration, diverged below that point, and thus
the disparities between them became more and more
apparent as the dilution increased. This view of
specific colour-curves derives some support from the
spectroscope ; for it is known that the position and the
amount of absorption correspond with the percentage
solution of the coloured substance under examination.
It therefore follows that no one substance or combina-
tion of substances can correctly furnish a percentage
series of gradations of hzmoglobin. The uniform
tone of colour of the glass wedge of von Fleischl's
hemometer, for example, cannot properly represent
the colour of the blood solution throughout the scale.
In corroboration of this conclusion we have the obser-
vations of Osler, Neubert, and Letzius as quoted by
Busch and Kerr. ¢ Osler says that the error in the
Fleischl instrument may not be more than two per
cent. in blood which is nearly normal, but he cites
Neubert and Letzius as having shown that in a much
impoverished blood the error may be as high as
twenty per cent.t”

* « Colorimetric Analysis or colour as a means of quantitive estima-
tion,” by J. W. Lovibond, Yournal of Society of Chemical Industry,
1894; and “The Absorptive Method of Colour Analysis,” by J. W.
Lovibond, Fournal of Society of Dyers and Colourists, 1894-5.

+ “ The Relation of the Specific Gravity of the Blood and its Hamo-

globin Percentage,”” by F. C. Busch and A. L. Kerr, Philadelphia
Medical News, Dec. 21, 1895.
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In order to avoid the difficulties presented by the
instability of pigments when exposed to light and
moisture, and by the specific colour-curve of the
blood, it may occur to some, why not standardize
with oxy-h&moglobin itself?  Unfortunately, here
again gradual change of colour arises as a bar to its
adoption ; even though the solution of it is sealed up,
it becomes reduced and no longer retains the colour of
freshly drawn blood.

Fortunately, however, all the difficulties which have
been encountered in attempting to standardize the
colour of the blood have now been resolved, and there
no longer exists a necessity to continue the search
after a standard which is permanent, and which is in
accord with the specific colour-curve of the blood ;
for Mr. Lovibond’s practical and accurate system of
colour measurement supplies this desideratum.

In as few words as possible, I will endeavour to
convey an outline—the merest outline—of Mr. Lovi-
bond’s mode of determining colour; and for the
necessary details I must refer you to his work on the
subject,* and to the various contributions he has made
to the Societies on the applications of his method.
This observer has devoted at least twenty-five years to
the practical study of light and colour, and the outcome
of his work is the construction of a system of measur-
ing colour which is now being adopted in various
trades in which colour is a leading indicator of the

* ¢ Measurement of Light and Colour Sensations,” by Joseph W,
Lovibond, F.R.M.S, The Colour Laboratories, Salisbury.



HAEMOGLOBINOMETER. 9

quality of produce or material, and also in some forms
of analytical work, such as in the estimation of lead in
potable water,* of carbon in steel, &c., and in the
testing of colour-blindness. T

The matching and the measurement of colour is
effected in a camera apparatus (the tintometer) by the
aid of three sets of definitely graded glasses—one for
each of the dominant colours, red, yellow, and blue.
The graduations are of equivalent value in all the sets ;
the test of equivalency being the destruction of all
colour and the production of grades of neutral tint by
combining the equivalent glass of each set—the obser-
vation being made with white light. When the
equivalent glasses of two of the dominant colours (red,
yellow, and blue) are combined, the three subordinate
colours are produced, namely green, orange, and violet.
All other shades and degrees of colour are obtained by
combining the glasses of the dominant colours in non-
equivalent proportions; so that any colour can be
accurately matched by them.

The colour scales are made up of units and decimal
parts of a unit down to o‘or—which is the lowest
fraction of a unit that can be differentiated by the
vision. The fixing of the unit has necessarily been

* It is claimed that so minute a quantity of lead as one millionth of
a per cent. may be detected by Mr. Lovibond’s method.

+ When I set up my standards with Mr. Lovibond’s standard glasses
I was not aware that Dr. Copeman had used, with much satisfaction,
Mr. Lovibond’s tintometer in hamometric work. My hzmoglobino-
meter is apt to be called a tintometer, from which it differs, however,

among other details in having a fixed and invariable scale of colour

grades instead of adjustable glasses.
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arbitrary; as has indeed been that of any standard
measure, such as the mass of distilled water which has
been chosen to represent a gramme, &c. Inasmuch as
the unit chosen complies with the requisites of a
standard—being uniform, recoverable, and arbitrary—
it should be accepted as such; the actual dimensions
of it, so long as they serve the practical ends in view,
are of no importance. Of course the correct grading
of the glasses from the original standards is essential
to the success of the method, and this 1s, I believe,
effectually attained by an elaborate system of cross-
checking by a series of trained matchers. These
graded glasses of determined value provide a numerical
quantitative measure of any colour to be gauged, and
they enable the measurements made by them to be
recorded, so that the colour thus measured may be
reproduced at will or may be preserved indefinitely.

With the view of fixing the blood standards I had
the advantage of working in the Colour Laboratories
at Salisbury and of obtaining the valuable assistance of
Mr. Lovibond and of his well-trained staff.

Samples of blood, taken at different times of the day,
were diluted with distilled water, and standardized by
my carmine standard of the highest grade. The
colour of the different percentage dilutions placed in
the blood-cell was then carefully matched and deter-
mined by the graded glasses, finely powdered precipi-
tated lime sulphate forming the background of the cell
and of the glasses; and the estimations were made by
the aid of the camera tube (p. 15).
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The standard gradations of the apparatus were thus
settled, and they form the two specific colour-curves of
the blood—one determined by uniform candle-light and
the other by white daylight. The difference between |
the two sets of standards is so remarkable that it is
obvious that hzmoglobin cannot be estimated by the
same standard used indifferently in the two kinds of
licht. The colour-curves (figs. I and 2) are made by
entering the colour units on the side of the diagram
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Fic. 1. The specific colour-curve of blood in daylight.

to form abscisse with the standard gradations which
appear at the foot.

In daylight (fig. 1) it will be observed that the
specific colour curves of the blood are made up of
varying proportions of red, orange and yellow. In the
lower percentages (10, 20, 30 and 40) red as a separate
colour does not exist; it is only present in combina-
tion with yellow as orange, which 1s made up of equi-
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furmshed b}r the two kinds of light is doubtless due to
the preponderance of yellaw emitted by the candle-
flame.

The standard colours and gradations having been
duly measured and determined, there still remains
a further adjustment to be made. It is found that the
solution of blood possesses in a remarkable degree the
quality of colour-purity or brilliancy, a quality which
is distinct from colour depth and colour composition,
for it remains after these have been duly matched.*
Inasmuch as this property of the blood may prove a
distracting element with some observers, and may pos-
sibly lead to errors in observation, it 1s important that
it should be eliminated from the view, especially as
Mr. Lovibond’s system of graded glasses supplies the
remedy. Itis met by using one of the lower grades
of the blue glasses as a cover glass to the blood cell;
and it has been found that this adjustment does not
disturb the correct reading of the haemoglobin.

(b) The determination of the scale—The hzmoglobin-
ometers hitherto used merely furnish estimations of
hzmoglobin which are relative to a certain quantity be-
lieved to represent the proportion present in the blood
of man in health—a quantity which is, moreover, un-
determined and therefore unknown. Inasmuch as the
blood of healthy subjects is not quite so invariable
as it is usually believed to be (see Chaps. ii. and iii.)

* Mr. Lovibond tells me that this fact is occasionally observed in
matching the colour of other substances, notably that of some of the
aniline dyes.
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it would seem to be more satisfactory to be able to
quantitatively determine the amount of oxy-hamo-
globin present in each sample of blood tested than to
rely entirely on an indefinite arbitrary standard.

The quantitative equivalence of the scale in oxy-
hzmoglobin has therefore been determined. The
blood of the dog was preferred to that of man for this
purpose, because the process of separation 1s compara-
tively easy, while in the latter it is in many respects
unsatisfactory.  Great difficulty was, however, en-
countered in obtaining a pure product, which retained
the exact colour of freshly drawn blood, so that accu-
rate estimations of it could be made. Ultimately this
result was attained by determining certain percentages
of the moist crystals and afterwards correcting for the
water.* It was found that each degree of the scale
is equivalent to 0°155 per cent. oxy-hamoglobin in the
sample of blood under examination. Therefore 100
degrees represent 15'5 per cent; and determinations
above or below that point will require the addition or
subtraction of 0155 per cent. for each degree. It may
be mentioned that Preyer (Die Blutkrystalle) gives the
average percentage of haemoglobin for women as nearly
13, and for men 14. Dr. Augustus Waller (An Intro-
duction to Human Physiology, 1893, p. 35) has found 17
per cent. in the blood of the dog. Observation has

* In carrying out this part of the work I must express my indebted-
ness to Prof. Moore (then Assistant Professor of Physiology, University
College, London, and now Lecturer on Physiology, Charing Cross
Hospital Medical School) for his valuable aid.
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shown that the mean percentage of hamoglobin pre-
sent in the blood of man in health containing 5,000,000
corpuscles per cm. (or 100 per cent. of corpuscles) is
represented by roo degrees.

Fiag. 3. The camera tube.

(4) Observation to be made in camera. From
the first it was found that a reliable judgment between
the colour of the blood solution and that of the stan-
dard, when closely approximated, could net be formed
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unless the colours were observed through a tube so
arranged as to shut off all side lights and other causes
of distraction. The best results were obtained by use-
ing a long tube, resembling a microscope tube, black-
ened inside, and presenting below two circular holes
of 5 mm. in diameter, so as to include only a small but
equal area of each of the colours to be compared ; and
encircled above by a diaphragm or collar which shields
the eyes from the direct rays of the candle-flame. The
tube is held in a vertical position over the colours by
means of a side-stand ; and it may be adjusted to the
required height so as just to avoid any shadow which
may be cast by the rays of the candle-flame impinging
on the lower end of it. A piece of green glass is let
into the collar ; for it was found, that when the sense
of colour appreciation was impaired from any cause,
such as long and frequent observation, it was restored
or was even intensified after looking at the candle for
a few seconds through the green glass (fig. 3).

The Apparatus.

The different parts of the apparatus are the follow-
oz

1. An automatic blood measurer.

2. A mixing pipette.

3. The blood cell and cover glass.

4. The sets of standard gradations.

s. The riders and slip of colourless glass.
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The camera tube.

The candle and candle holder.
A bottle of antiseptic fluid.

. The pricker, and

10. Threaded needle.

O o o

I. The automatic blood measurer (fig. 4, ¢.) has
a capacity of 47 c.mm. and fills readily by capillary
attraction. It differs from the fragile -capillary
measurer hitherto used, in being made of stout glass
and therefore serviceable; in being larger and more
manipulable; and in having the end which is presented
to the blood well polished, so that all traces of blood
adhering to the outside can be entirely removed from
it by the finger. The bore is dried out before an
observation, by passing a needle threaded with darning
cotton through it. The handle is useful for stirring
together the blood and water in the blood cell.

2. The mixing pipette (fig. 4, d.) 1s provided with
a rubber ncrz;a:'lé which fits over the polished end of the
blood measurer and ensures the complete rinsing of
the blood with the first few drops of water.

3. The blood cell (fig. 4, ¢.) is of more than sufficient
capacity to ensure the liberation of the hamoglobin.
When filled level with the rim it yields a blood solu-
tion of rather less than one per cent. It is itself the
measure of the amount of water to be added ; and 1t is
quite easy to fill it accurately.

4. The standard gradations (fig. 4, a.) are ar-
- ranged as circular discs in two slabs, six in each; and
C
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1. Standard gradations. b. Pricker, c. Auto-

Fig. 4. The hemoglobinometer.
¢. Blood cell and cover,

matic blood measurer. d. Mixing pipette.
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they represent the divisions of 10 degrees of the scale
from 10 to 120 inclusive.

5. The riders are small squares of tinted glass pro-
vided for the reading of the degrees intervening
between each of the standard gradations. When
they are used, a slip of colourless glass is placed over
the cover of the blood cell, so as to balance the effect
of the mere layer of glass of the rider which is laid
over the standard.

Two sets of riders have been arranged. One suit-
able for physiological observation, to ensure the finer
readings, e.g., of one degree; and the other sufficient
for ordinary clinical observation, to enable the observer
to determine differences of two and a half degrees.
For the reading of the units nine riders are required
which are grouped into three slides, It should be
premised, that the value of the riders is neither the same
in the two standards required for candle-light and day-
light, nor in the upper and lower halves of either
standard. This want of uniformity arises from the
differences of the specific colour-curves in the two
standards, and in the two portions of each,  In the six
lower grades of both standards the value of each rider
is double that in the upper six gradations. In the
transition grades—the lowermost. of the upper half
and the uppermost of the lower half—this rule does
not quite accurately apply, but inasmuch as the depar-
ture which the riders necessitate is constant in all
observations, and is, ‘moreover, slight, it may be dis-
regarded for the sake of simplicity,

cC2
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The daylight standard is less adapted to the finer
readings than the candle-light one, because the value
of each rider when used with it is doubled, 7.e., number
one rider becoming equal to two degrees in the upper
half of the scale and four degrees in the lower half.

Therefore, the candle-light standard is preferable for
such readings; and when it is used each rider has an
equivalent value in the six stronger grades, I = I
degree, and a double value in the six weaker grades,
I = 2 degrees.

For ordinary clinical use one rider only may be used,
namely that which 1s equivalent to five degrees in each
slab of the standards. When in using it the blood
solution is deeper in colour than any particular stand-
ard gradation, but is overstepped by the rider, the
mean between the two may be taken as the reading;
and the same rule will apply, when the colour of the
blood is higher than the rider, but i1s not so high as
that of the next standard grade above. Hence this
single rider may be made to provide readings of 12155 5.
and 75 degrees. i

6. The camera tube.—It has already been pointed
out that observation should only be made through a
camera tube, and the one which has been employed
throughout this enquiry has been described. It 1s,
however, perhaps somewhat elaborate for the ordinary
course of clinical observation, therefore one of simpler
construction is provided which may: serve this purpase,
and, being collapsable, packs into a small compass

with the other parts of the apparatus.
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. The light.—For observation by artificial light in
a darkened room it has been found that the small sized
wax candles known as Christmas candles are the most
satisfactory in affording the most suitable intensity of
light, and one, moreover, which is sufficiently uniform.

The position of the candle is important-; it should
be such as to shed an equal light on the blood cell and
the standard, and also such as to furnish a high light—
so that the flame should be three or four inches above
the cells. The distance must be regulated by the
observer, who will soon learn how to adjust it to the
the best advantage, so that he may match the colours
with the greatest certainty and accuracy. The actual
distance does not affect the reading, but when the candle
is placed too near the points of observation the illumina-
tion becomes too strong and is somewhat distracting—
especially when the lower grades are under observation,
which require less degrees of light than the higher.

In daylight all colorimetric ‘'modes of estimating
hzmoglobin are less or more unsatisfactory, for they
require a uniform degree and kind of light, which
cannot always be obtained when daylight is resorted
to. The colour of the blood solution varies in a
marked degree according as the light is blue or white,
or is feeble or waning, or is strong. Therefore the
candle-light standards are to be preferred—as being
always available with a uniform light.*

~ * Dr. Solly of Harrogate has devised a very compact and ingeniously
arranged camera box which combines the advantages of a dark room

with those of the camera tube.
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required and perhaps another slight addition of water
may be necessary to secure a perfect']y level filling.
The cover-glass is then adjusted, when a small bubble
is sure to form—a sign that the cell has not been
overfilled. The blood cell is then placed by the side
of the standard gradations, and the eye quickly recog-

Fic. 5. Mode of estimating the hemo_lobin by the camera tube.

nizes its approximate position on the scale. Then the
camera tube will more accurately define it (fig. 5). If
it is found that the blood solution is matched in
depth of colour by one of the standard grades, the
observation is of course at an end; but if it 1is
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observed to be higher than one gradation but lower
than that above it the blood cell is placed opposite

to the former and the riders are added to complete the
estimation,

II. Tee HEMOCYTOMETER,
The Principle followed.

The method is based on the following facts :—

(@). When a candle-flame is viewed through a glass
tube containing water, a transverse line of bright
illumination is seen, consisting of closely packed
minute images of the flame produced by the longi-
tudinal fibrillation of the glass. In the process of
drawing out, the tube becomes minutely corrugated or
fibrillated in the direction of its axis, The corruga-
tions are extremely small, but they are easily observed
~ when a tube 1s held before a flame and the structure of
the glass is examined by a pocket lens, when the cor-
rugations are seen to produce alternate bright and
shaded lines disposed in the vertical direction. Each
corrugation acts as a lens, hence the horizontal line
made up of a congeries of images of the flame.

(). When some fixing fluid (such as Hayem’s or
a solution of potassium ferrocyanide, sodium chloride,
&c.) is added to blood, the mixture presents a certain
‘degree of opacity according to the amount of blood, or
of the fixing fluid. A

(). The opacity thus produced completely shuts out
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of view the illuminated line, until, on diluting further,
a definite point is reached, when it can just be detected
as a fine thread of light across the tube—the dawn,
as it were, of the bright minute images of the flame
seen when the opacity is absent or is further reduced.
Repeated observation has shown, that the development
of this delicate horizontal line by dilution with the
fixing fluid selected is a very sensitive indicator of the
percentage of the blood corpuscles. This was shown
in various ways, for example, by the measure of the
fixing fluid required to bring the line into view being
always in proportion to the different quantities of the
same blood experimented with—and therefore in pro-
portion to the number of the blood corpuscles present
at each observation.

The determination of the scale was made by the
enumeration method extended to 256 Zeiss-Ptoma
squares applied to the blood of normal man. 100
degrees represent the generally accepted standard of .
five millions of corpuscles per c.mm.; therefore 8o
degrees are equivalent to four millions, and -each
degree to 50,000.

The method viewed from the physiological sfmradpmnf e
The white corpuscles in a state of health do not affect
the readings. The proportion of one white to 500
red, or one-fifth per cent., is equivalent only to one-
tenth of one of the smallest divisions on the scale, and
this is unreadable. So that were the white i:orpuscles
to increase to one in 250 such a rise would. not appré-
ciably affect the reading of the chromocytes. The



26 BLOOD AND BLOOD-PRESSURE.,

normal variation of the white corpuscles therefore may
be safely neglected.

The method viewed from the clinical standpoint.—1 have
employed this method in clinical observation, and
found it not merely simple and time saving, but useful.
Apart from the leucocythzmic condition the white
corpuscle is not a source of interference.

A distinction should, however, be made between the
method of enumeration and a volumetric method like
this or like that of centrifugal separation; for the aim
of the former is to determine the individual corpuscle
irrespective of size, whereas, that of the latter is to
refer the collective volume of the corpuscles to that of
the normal standard. Pathologically it is important
to ascertain the size of the red discs; and therefore,
the microscopical inspection of the fluid 1s a useful
addendum to the observation. So long as the aver-
age or normal size of the corpuscles is unaltered the
method is comparable with that of enumeration, on
which it is founded. But inasmuch as that in certain
cases may vary (e.g., the microcytes of chlorosis*
and the macrocytes of pernicious anamia) the method
should strictly speaking be regarded as a volumetric
one like that of centrifugal separation. It is highly
probable that it is clinically advantageous to be able to
estimate the corpuscles in any case by comparing

* §o far the only discrepancy which been met with between this
method and that of enumeration has been observed in chlorosis, in which
when many microcytes exist the readings of the tube may be somewhat
reduced. Still even in such cases the method is practical and useful.
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them with the normal percentage volume employed as
a standard. Such an estimation will probably afford a
true gauge of the aggregate corpuscular value of the
blood ; for it is the collective capacity of all the cor-
puscles, whatever their size, that is measured by the
physiological standard.

The Apparatus.

The principle just described has been made available
for determining the percentage of the cellular elements
of the blood by mixing a definite measure of the blood
with Hayem's solution in a graduated flattened tube.

The apparatus (fig. 6) consists of : —

A graduated flattened tube.

. An automatic blood measurer.

A mixing pipette.

A candle.

A bottle of Hayem’s solution, and
Threaded needle.

1. A flattened tube (figz. 6 ¢) has been adopted be-
cause it was found that a round tube of such a diameter

c\m-h.:._-JMH

as to furnish the required degree of opacity will only
provide a sufficiently wide scale when a much larger
quantity of blood is taken than is generally used for
observation of the blood; whereas, when the observa-
tion is made through the long diameter of a flattened
tube, it 1s not necessary to use more than 10 c.mm.
and the scale is lengthened in proportion to the reduc-
tion of the lateral area. A tube of 15 mm, in the long
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diameter, and 5 mm. in the short diameter, provides
a good workable scale of 12 centimetres for the deter-
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FiG. 6. The Hemocytometer. @. Blood measurer. b, Mixing pipette. e Flat-
tened tube. d. Mode of holding the tube for observation.

mination of 125 degrees of corpuscles. The divisions
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of the scale represent two degrees, and they are suffi-
ciently apart to allow the eye to read one degree, or
even less.

2. The automatic blood measurer (fig. 6 a) 1s
the same in construction to that used in the estimation
of heemoglobin, only its capacity is greater.

3. The mixing pipette (fig. 6 b) is provided with a
rubber nozzle which fits over the polished end of the
blood measurer.

4. The candle should give a small flame, for that
furnishes a more defined line than is obtained from a
large flame. The small sized wax candles known as
Christmas candles are the best. A reduced gas flame
also answers perfectly well.

5. Hayem's solution.—It was found that each kind
of fixing fluid furnishes its own scale. Hayem’s™ was
selected as the most satisfactory. The chief advan-
tages of it are, that it is cleanly to use, that the cor-
puscles are less affected by it than by other fixing
fluids, and may be examined under the microscope

* The formula is as follows :—

Hydrarg. perchlor. grammes o'5
Sodii chlorid. grammes 1°0
Sodii sulph. grammes 5'0

Aq. destill. c.c. zco.

Strict accuracy as to the quantities of the constituents and absolute
purity of the chemicals are necessaty, otherwise the solution will afford
incorrect readings. Moreover, inasmuch as inexplicable differences
ate apt to be met with in Hayem's solution prepared by different
chemists, Mr. Lovibond (the Colour Laboratories, Salisbury) has been

-induced to provide a preparation proved to te correct by direct obser-
_vation.
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after the observation has been made without fear of
material changes, and that the reading undergoes no
variation after the lapse of many hours (e.g., twelve),
so that the blood may be washed into a tube and the
observation may be made later on, if more convenient.
It may be suspected, however, that the proteids of the
plasma may be precipitated by the mercuric chloride
present in Hayem’s solution, and thus a variable addi-
tion may be made to the opacity caused by the cor-
puscles. This point has been carefully tested, with the
result that it does not present a source of fallacy.
50 c.mm. of the plasma separated from a blood con-
taining 100 per cent. of corpuscles were washed into
the tube with Hayem’s solution, but only as far as the
20 per cent. mark, so that the solution contained 25
times as much of the proteids as would be contained
in 10 c.mm. of the blood diluted to the oo per cent.
mark, and there was apparent the merest haze, so
small indeed that it could not possibly be determined.
It is therefore obvious that the proteids of the plasma
do not increase the opacity induced by the fixing of
the corpuscles by means of Hayem'’s solution.

The Mode of Observation.

The pipette, previously dried out by passing through
it a needle threaded with darning cotton, having been
accurately filled, the slightest traces of blood on the
outside of the glass either at the ends or on the side
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are very carefully wiped away with the finger. The
rubber nozzle of the mixer filled with Hayem’s solution
is then applied over the bevelled end of the pipette,
and the blood is thoroughly washed into the flattened
tube (fig. 7). The amount of the fixing fluid to be used
in the first instance will be roughly suggested by the

FiG. 7. DMode of washing the blood into the graduated flattened tube.

previously made hamoglobin estimation; if this, for
example, afforded from go to 100 per cent. or more the
dilution may at once proceed to the go per cent. mark,
but if it yielded a lower figure the preliminary dilution
should be proportionately smaller, The contents of
the tube are then uniformly mixed by inverting the
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tube a few times with the thumb over its mouth, care
being taken on removing the thumb to draw it over the
lip of the tube so as to restore as much as possible of
the fluid adhering to it. This procedure should of
course be repeated after every addition of the diluting
fluid. The observation is made in a dark room, or in
a darkened room free from cross lights. The observer
stands ten feet from the flame. In making the obser-
vation it is important to shut out as much as possible
the diffused light of the candle. The most satisfactory
way to do this is to place the lower end of the tube,
with its long diameter in a line with the candle, in the
concavity between the thumb and the forefinger, so as
to make as it weve a frame for it, and then to bring this
part of the tube quite close to the eye (fig. 6, d.). The
observer must look out sharply for the first appearance
of the fine transverse line of light which dilution brings
into view : and the earliest indications are obtained by
turning the tube on its axis when the line will' be
caught first of all on the side. The fluid is then added
point by point until the line is just apparent when the
long diameter of the tube is directed to the flame.
This indication is a very delicate one, and requires a
little pains at first in order to clearly recognise it with-
out overstepping the necessary dilution, which of course
brings it more definitely into view. The first difficulty
i{s the only one, for when the earliest appearance of
the line has been once observed it cannot fail to be
afterwards recognised.

. There is, as a rule, a rather rapid transition between
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the total absence of the line quite across the tube and
the presence of it. Most observers will find no diffi-
culty in defining their readings by stages of half a
division, i.c., one degree. It is not necessary to hurry

over each observation after adding more fluid and
mixing up; for the opacity remains uniform for several
minutes.*

The hemoglobinometer and haemocytometer as well
Dr. Solly’s camera are supplied by the Tintometer
Company, The Colour Laboratories, Salisbury.

* The corpuscles themselves and the uniform distribution of them
may be observed as separate particles when, on turning the short dia-
meter of the tube towards the flame, the contents are examined by
means of a pocket lens.
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ingestion of food or water or the like, induce corre-
sponding variations in the corpuscle in its twofold
aspect ? and if so, what are the ordinary limits of the
fluctuations thus induced in the blood in health and
furthermore in disease ?

The solution of such questions as these is highly
desirable from a purely physiological standpoint ; and
it is moreover, an absolutely hecessar}; preliminary to
any satisfactory clinical h&mometric observation.*

New Apparatus Necessary.

In order to prosecute successfully this enquiry into
the physiology of the red corpuscle, it was soon dis-
covered, that it was necessary to devise new instru-
ments of observation, which ensured much narrower
limits of possible error in the observer than were
afforded by the apparatus hitherto in use.

The Collection of Data.

With the view of determining the variations in the
hzmoglobin and the chromocytes it was of course

* Much has already been achieved in this field by the labours of a
number of workers, such as Hayem and his pupils Dupérie and Cadet,
Grawitz, Schiff, Tietze, Egger, Schiiller, Hedin, Cohnstein, Miescher,

Zuntz, Sterlin, Chéron and Lloyd Jones amongz others too numerous to
mname individually.

D2
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necessary to make a large number of observations
under different physiological conditions.

The blood of many healthy subjects was observed in
order to ascertain the influence of age and sex; and
two long series of observations were made on the blood
of subjects A and B, the former 27 and the latter 54
years of age. In both these subjects the corpuscles
and hazmoglobin were determined night and morning
for seven months. Besides this long series of consecu-
tive observations, innumerable others were made 1In
order to determine the effects of exercise, of digestion,
and of other causes of physiological variation in the
the proportion of the corpuscles and hzmoglobin.
The collection of these physiological data was the
conjoint work of Dr. Edgecombe of Harrogate and
myself. The subjects were placed under-the same
physiological conditions, and the results were not
recorded until cross-checked by each of us. There
was, however, rarely any discrepancy between us as to
the readings, and when any did arise it was trifling,
and was adjusted to our mutual satisfaction. This.
fact shows two things; first the advantage of two
observers working together in making such observa-
tions as these, and secondly the smallness of the
personal equation to be attached to the methods-
employed. Besides the special experiments referred
to, a series of consecutive hourly observations was.
made during several weeks in which the ingestion
of food and liquid and the output of urine were:

noted.
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I observed the effects of altitude on the red cor-
puscle in various subjects during two visits to Switzer-
land—to Davos Platz in 18g6 and to Arosa in 1899 ;
and likewise the effects (1) of variation in the humidity
of the atmosphere at Florence in 1899, and (2) of the
low humidity of Egypt in 1g00.

Observations were also made by me on animals. In
the first instance dogs were used, but it was found that
the thick hide renders these animals much less suitable
for this kind of observation than man. Some satis-
factory and reliable observations were, however, made
on the blood derived from the veins on the outer
surface of the rabbit’s ear, showing the range of daily
variation.

The rapid hemometric methods described in Chap-
ter I. have also been applied during the past four years
to the general run of cases in order to determine the
value of such extended observation of the blood in
clinical work.

I estimate that not fewer than 40,000 observations
have been made with the view of determining the
physiological and clinical variations in the chromo-
cytes and hzemoglobin.

The numerous data thus collected have thrown some
light on the influence of gravity, exercise, work, rest
and sleep, digestion, altitude and atmospheric humidity
in varying the proportions of the hzmoglobin and of
the chromocytes.
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The Blood devived at the same time from diffevent
parts of the body.

The blood furnished by different regions of the body
does not always afford the same proportions of cor-
puscles and hzmoglobin. A large number of observa-
tions were made on subject A, with the invariable
result that the blood furnished by the toes was much
poorer than that afforded by the fingers. Sometimes
the difference was enormous (fig. 8).* This disparity
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Fig. 8. Percentage of corpuscles in finger and in toe before and after massage
of toe.

does not seem to be the same in all individuals; for in
subject B, who possesses a higher arterial pressure,
it was less apparent. It does not, however, follow
that the blood present in the vessels of the part in
question is actually different in quality ; for it has been
repeatedly found, that when the toe, which yielded a

* For the sake of clearness and brevity, the variations in heemoglobin

are omitted from all the figures.
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sample of very inferior quality was well rubbed, it
furnished another quite comparable with that derived
from the finger (fig. 8). Probably, therefore, the cause
of the difference is not in the blood itself, but is to be
found outside the vessels. It is not unlikely that a
larger amount of lymph is normally present in the
tissues of the feet than obtains in other parts, in
consequence of gravity increasing the intra-capillary
pressure and thus augmenting exudation, and at the
same time retarding the onflow of lymph. It would,
therefore, seem that massage applied to the toe merely
disperses this excess of tissue-lymph and enables the
observer to ascertain the quality of the blood as it
actually exists in the vessels. Exactly the same thing
is not unfrequently observed in anzmia; the propor-
tions of the corpuscles and hzmoglobin rising very
considerably after the application of massage for a few
minutes to the finger. Probably, therefore, there is often,
if not generally, an excess of tissue-fluid even in the fin-
ger in anzmia, and consequently in this condition the
sample of blood obtained in the ordinary way without
previous massage does not always afford a true reading
of the actual state of the blood. The existence of
this diminutive degree of cedema in the insufficiently
nourished tissues of the anamic is, moreover, rendered
probable by the experiments of Lazarus Barlow. This
observer says, ““ This explanation of cedema as the result
of anzmia I have confirmed in the following way. By
means of an Esmarch’s bandage I rendered the limb of
a dog bloodless, while at the same time of course most
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of the lymph was removed from the part. After keep-
ing the limb thus anzmic for from two to three hours
I removed the bandage, and now by means of the
specific gravity method I found that cedema came on.
The arterial blood rose in specific gravity, the blood in
the femoral vein rose in such a way as to show that
more fluid was being lost during the passage through
the limb than normal; the muscles and skin fell in
specific gravity. Starvation of the tissues therefore

plays an important part in the causation of passive
cedema.”™

Posture.

The remarkable effects of gravity on the composition
of the blood is well illustrated by passively elevating
a limb (arm or leg) for fifteen minutes. Figs. g and 10
show that the proportion of corpuscles is thus mark-
edly reduced. This result was invariable in both
subjects. It will be observed (fig. 10) that even the
blood derived from the great toe, though poorer in
corpuscles than that of the finger, becomes still poorer
after passive elevation of the leg for fifteen minutes,
and the blood afforded by the finger before resumption
of the erect posture becomes richer in corpuscles than
that observed before the leg was elevated. These
rapid alterations in the proportion of the corpuscles

« «The Pathology of (Edema,” British Medical Fournal, 1895,
vol. i., p. 635. k
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is much in keeping with the effects of gravity on the
blood-pressure (see Chap. V.). It may, therefore, be
inferred, that the variations in the percentage of the
corpuscles are in keeping with similar alterations in
the intra-capillary pressure; that when there is an
increase of it (as in the lowered parts, fig. 10) there is
probably augmented normal exudation, and when there
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FiG. 9. Percentage of corpuscles before and after passive elevation of arm.

1s a reduction of it (as in the elevated limb, fig. 8)
there may be an arrest of normal exudation, or proba-
bly there is an osmotic inflow of tissue-fluid into the
blood through the capillary wall.*

* Professor Starling’s experiments support this explanation. * Whereas
<apillary pressure determines transudation the osmotic pressure of the
proteids of the serum determines absorption. With increased capillary
pressure we shall have increased transudation until we get &quil{brium
«established. . . . . With diminished capillary pressure there will be an
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Apart from this view of fluid exchange (transuda-
tion and osmotic absorption) another theory has been
suggested in explanation of quickly induced blood
changes such as these; namely that of Cohnstein
and Zuntz.* These observers conclude from experi-
ments on animals that the capillaries are normally
poorer in corpuscles, and therefore richer in plasma,
than the larger vessels, and consequently when the
arterioles leading to the capillary field are contracted
the blood in that field becomes still poorer in corpus-
cles and that elsewhere still richer; and when they are
dilated the capillary blood contains a larger proportion
of corpuscles and the plasma previously present in it
in comparative excess is now distributed and dilutes
the rest of the blood. According to this theory widen-
ing of the arterioles and the extra filling of the peri-
pheral vessels under the increased blood-pressure in-
duced by gravity will augment the corpuscles, whereas
the shrinking of them under the diminished pressure
caused by elevation will increase the plasma and will
therefore reduce the corpuscles.

Whichever theory be accepted, the fundamental
position, however, remains, that the alterations in the
blood are closely associated with similar differences in
the intra-capillary pressure; and this is further illus-
trated by the fact, that when a limb is maintained in
the vertical position by muscular action the proportion
of the corpuscles is not only not reduced, but is actually
increased (fig. 11). Fig. 12 further illustrates this fact,

* Pfliiger’s Archiv., 1888.
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for it shows that elevation of the leg by muscular
effort may raise the percentage of corpuscles in the
blood of the toe to that of the finger, and that on
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Frs. 11. The percentage of the corpuscles in the finger before and after raising
the arm vertically for fifteen minutes by muscular effort.

passively - maintaining the elevated position of the
limb the usual fall of that percentage then takes place.
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Fig. 12. Percentage of corpuscles in finger and in toe before and after active
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elevation of leg followed by passive elevation.

From these observations it would seem, that the intra-
capillary pressure of the elevated limb is not only pre-
vented from falling, but is increased by the afflux of
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blood which occurs when the muscles are brought into
play, and that, when the muscular action is withdrawn
and the vertical limb is passively supported, the intra-
capillary pressure promptly falls.

The observations on the influence of gravity on the
composition of the blood and the thwarting of that
influence by muscular action illustrate the wisdom of

passively supporting a part when in a state of inflam-
mation or inflammatory congestion; for such a -pro-
cedure not merely tends to reduce the blood-pressure
but to diminish the percentage of the corpuscles also.

E xercise.

Exercise, whether local or general, produces a very
appreciable alteration in the blood, especially in regard
to the proportion of the corpuscles to the plasma.

1. Local exercise may be active or voluntary,
as when the hand is flexed and extended on the fore-
arm until fatigune is induced, or when the muscles
of the arm are thrown into a state of tonic contrac-
tion, as in the resistive movements and extension
exercises (Chap. VI.); or it may be passive as when
produced by faradism or massage. It has been found
that local muscular action, however induced, causes an
immediate, decisive and proportionate rise in the cor-
puscles and in the hamoglobin. Fig. 13 illustrates
this effect produced by flexion and extension of the
forearm, and the same result is induced by resistive
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movements, by massage, and by faradism. Fig. 14
shows, that the rise caused by local exercise may be
extended by faradism. In all cases the increased
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Fic. 15. Percentage of corpuscles before and after local exercise.
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TI1G. 14. Percentage of corpuscles before and after local exercise, and after
faradism following the exercise.

proportion of the corpuscles was found to be purely
local; for at the termination of the procedure the
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blood yielded by the opposite finger furnished the
same reading of corpuscles as was observed before the
muscles were brought into action (fig. 13). Though the
rise was rapid it did not subside so quickly; for the dis-
appearance of it generally required from thirty to sixty
minutes, and in the case of massage it lasted longer
than after voluntary exercise or faradism. It was
observed that galvanism of the forearm (contraction
of the muscles being avoided), faradism of the finger
and massage of the finger* did not disturb the read-
ing of the corpuscles. The invariable antecedent of the
rise of the corpuscles was either muscular contraction
or manipulation of the muscular tissue, which in pro-
ducing this effect is equivalent to muscular contraction.

Inasmuch as the rise in haamoglobin is proportionate
to that of the corpuscles, this common effect of active
and passive exercise of the muscular tissue for short
periods 1s obviously due to an increased proportion of
the chromocytes to the plasma. How is this temporary
and strictly local apoplasmia produced ?

It 1s elsewhere shown (Chap. V.} that there is some
probability in the view, that the increased volume of
blood which circulates through the muscular tissue
when brought into action, and the consequent increase
of the intra-capillary pressure within that tissue, may
lead to the effusion of watery fluid from the blood

* This observation only holds good when the circulation is normally
vigorous ; for when it is enfeebled, and especially when the blood is
poor in corpuscles and hazmoglobin, massage of the finger may produce
a marked rise of the chromocytes.
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into the substance of the muscles. But inasmuch as
the blood supply of the finger 1s not immediately
connected with that of the muscles, it is somewhat
difficult to see how muscular exercise can thus affect
the blood in the finger. This, however, 1s not the
only explanation available, for it is known, that in
a state of rest there is no lymph-flow at all,* and
that muscular contraction is necessary to propel the
lymph from the lymph-spaces into the lymphatics ;
therefore, when all the muscles of a limb are thrown
into action, there will be an immediate acceleration of
the circulation of lymph from the whole limb, includ-
ing a considerable area of non-muscular tissue, accom-
panied by an augmented exudation of fluid from the
blood to the tissues (non-muscular as well as muscular).
The muscular action of a limb therefore accelerates the
circulation of all the fluids in the limb, and the in-
creased intermediary transfer of fluid from the blood
through the capillary wall to the lymph spaces and
from these to the lymphatic vessels must reduce the
volume of the plasma in all the vessels of the limb.
There is one experiment recorded which may have a
bearing on this explanation (fig. 15). The left arm
was firmly constricted above the elbow, but not so
constricted as to stop the pulse, and the muscles of
the forearm were thoroughly faradised for three min-
utes, but the blood drawn from the left forefinger
afforded no evidence of change. Faradism was then
applied in exactly the same manner and duration to

* Starling, op. cit.
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the right forearm free from constriction, and the blood
of the right forefinger showed the usual marked rise of
corpuscles. The inference seems to be, that in the
former case the lymph flow was arrested by the con-
striction, and the accumulation of tissue-fluid nullified
~ the rise of the corpuscles. Moreover, when treating
on general exercise an observation will be adduced,
which shows that exercise does cause an increased
transfer of fluid to the tissues, which, however, lodges
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FiG. 15. Percentages of corpuscles before and after faradism with one arm con-
stricted and the other non-constricted.

in a limb until it is removed by massage or by mus-
culat contraction. |

Cohnstein and Zuntz might refer this effect of mus-
cular contraction on the blood to the increased filling
of the whole peripheral area of the circulation in. the
exercised part—the normal relative excess of plasma in
that part being thus diminished. But elsewhere it is
shown (p. 87) that when the non-muscular part of the
periphery is well filled by the agency of warmth the
corpuscles are-found to  be reduced. All the facts

E
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seem to be best explained by supposing that muscular
contraction stimulates the circulation of all the fluids
and aspirates, as it were, the lymphatics of the non-
muscular- and remote parts of the limb, and thus
teduces the storage of tissue-lymph in them. More-
over this view explains to a large extent the wide-
reaching effect of exercise on the nutrition of all the
tissues by promoting that most important part of
the circulation of fluids, the intermediary circulation.
In this way in all probability some of the benefit
which is derived from modulated movements, such
as the resistive and tension exercises, is to be ex-
plained.

Since these observations were made, I find that
Chéron has observed that massage, dry friction, and
electricity will within ten minutes gréatl}r increase the
number of the corpuscles—in one case of anazmia
raising it from 2,430,000 to 4,080,000 per c.mm. He
ascribes this rise to the concentration of the blood
induced by the increased transudation of fluid resulting
from augmentation of the blood-pressure.”

». General exercise may be passive, as in mas-
sage of the limbs and trunk, or it may of course be
active. .

(a). Passive general exercise.—Massage, when applied
to all the somatic tissues, raises the percentage of the
chromocytes, just as when it is confined to a limb, and
Edgecombe has demonstrated that it likewise increases
the hazmoglobin in exactly the same ratio—so that

« Compt. rend. de 'acad. des sciences, 1395; vol. ii., No..6..
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general massage does not impair the “ worth ”* of the
corpuscles. Fig. 16 ““ shows in graphic form the result
of two typical experiments. In no case was a fall in
the worth of the corpuscles observed after massage.
Moreover, a prolonged course of massage (one hour
twice a day) on a subject whose blood decimal, or
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I'1G. 16. Massage: A. Heavy movements (40 mins. to limbs and body), B, Light
movements (40 mins, to limbs and body).

worth, was normal, had no effect in either raising or

lowering it, Before the course the blood averaged
88HG

3C = r'oo worth; after three weeks’ massage it
rose to _1_?2% and after six weeks' massage it fell to

* The * worth " of the corpuscles in hamoglobin is expressed by the
figure obtained by dividing the percentage of the hzmoglobin by that
of the corpuscles. '
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98HG
g8C
sage J. Mitchell noticed an increase of the chromo-

——

about which point it remained.”* After mas-

cytes, which attained its maximum an hour after the
cessation of the process, but without a corresponding
rise in the hzmoglobin. He explains this anomaly by
suggesting that massage may dislodge a number of
corpuscles poorer in hzmoglobin than those in circu-
lation, which were resting in various parts of the
body.t So far I have not met with any corroborative
evidence of this inference, having invariably found
that after massage the hzmoglobin rises correspond-
ingly with the corpuscles. In fact observation has
definitely shown that general massage in this important
respect differs from active general exercise—namely that
it does not impair the hazmoglobin value of the cor-
puscles. The obvious conclusion to be drawn from the
facts observed is that genmeral massage—like local
exercise or faradism—drives on the flow of lymph, and
increases the transudation of fluid from the blood
through the capillary wall; in a word, that it dimin-
ishes the volume of the blood by reducing the amount
of water in the plasma, and in this way raises pari passu
the percentages of the corpuscles and hzmoglobin n

* « The Effect of Exercise on the H=moglobin with Reference to the
Value of Rest in the Treatment of Anzmia,” by Wilfred Edgecombe,
M.D., F.R.C.S. Exc., Harrogate. Brit, Med. Fourn., ]une 25th,
13g8. :

t *Massage and the Blood.” dAmer. Four. of Med. Science, May,

1894.
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proportion to. the increased concentration of the
blood.

(b). Active general exercise.—In animals I have ob-
served that active exercise produces an increase in the
percentage “of the corpuscles, and a less pronounced
increase in that of the hazmoglobin—the result being
a fall in the hzmoglobin worth of the corpuscles. For
instance, an hour’s run in a dog, that had been kept in
the laboratory for several weeks, raised the corpuscles
from gg'5 to 110 points, and the hamoglobin from 104
to 109 points, and reduced the “worth ™ from 104 to
0°'g9. It has been shown by Lowit that the binding
down and tying of animals—especially when long con-
tinued—induce severe changes in the composition ot
the blood.* I have likewise observed that the strug-
gling of a rabbit for a few minutes, as when the animal
is_carried by the ears, or is tied up, will impair the
validity of the results of any observations of the blood
made for the purpose of determining the proportions
of the corpuscles and hzmoglobin. For instance, in
one case before such strenuous muscular effort, the
corpuscles read 92, but immediately after it, 110
points, and in ten minutes afterwards, 105. There-
fore it would seem that profound (though temporary)
alterations in the blood are immediately induced by
active general muscular contraction.

In attempting to determine the effects of general
exercise on the blood, it is difficult to eliminate the

" * Studien zur Physiologie u. Pathologie der Blutes u. der Lymph,™
P- 9, quoted by Sherrington, Proc.-Roy. Spe., vol. lv,. R
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rise in corpuscles due to perspiration. The general
results, however, of the observations already made
may be stated to be (1) a rise in the corpuscles, which,
after a variable period somewhat subsides, but remains
above the initial proportion while the exercise lasts,
and (2) a similar though diminished rise and reduction
of the hemoglobin. The rise in corpuscles and hemo-
globin produced by an hour's active walk generally
subsides after an hour's rest.

1. The rise i corpuscles vesulting from active gemeral
exercise is due to the same increased transfer of fluid
from the blood, and the same augmented lymph flow,
as takes place in local exercise ; but the concentration
of the blood thus induced is, after a time, probably
somewhat lessened by the return of some portion of
that fluid to the blood. The following observation
shows that in general exercise fluid is transuded
through the capillary wall into the lymph spaces
where it lodges, and where its presence can be
demonstrated, so long as the muscles of the part are
at rest. It was found that, when an arm is slung with-
out constriction during general exercise, the volume of
the limb increases, and the blood yielded by the finger
falls in corpuscles, while that afforded by the free and
exercised arm rises; and then, when the finger of the
passive arm is well rubbed upwards and rolled for a
few minutes, it furnishes a sample as rich in cor-
puscles as that obtained from the opposite finger.
This observation was repeated in two subjects who
ascen&ed the Schatzalp (1020 feet). at Davos; and as



LEFDS A W ST RIDING

L LPURGIL AL SULiL 4!
PHYSIOLOGY OF THE RED CORPUSCLE., 55

the -results were the same in both, it is only necessary
to give the figures furnished by one of them. On
return from the ascent the blood from the finger of
the slung arm contained 3 points fewer corpuscles, and
that from the opposite finger 5 points more than on
starting out, and after massage of the former finger
the corpuscles rose 8 points, so that now they read
exactly the same on both sides.®* In this case the
tissue fluid in the non-exercised limb was increased,
probably from the rise in blood-pressure resulting from
the general exercise, but in the absence of muscular
contraction it was not removed from the tissues as in
the exercised limb, so that the blood issuing from the

finger of the passive arm was diluted by it, until it was
dislodged by massage, when the true reading of the
blood was ascertained, namely a rise in corpuscles
equal to that observed in the exercised limb. It is, I
think, not improbable that the apparent effect of
general exercise on the percentage of the corpuscles
is in different subjects modified by the amount of
tissue lymph present when the exercise is taken. In
those, for example, who do not take exercise habitually,
or in whom the circulation is languid, or the blood is
poor, the lowered intermediary circulation favours
t‘qe.':stc;rag_e_ of tissue fluid, and exercise may fail  to
incite an apparent rise in the corpuscles. On the
other hand, those accustomed to regular active exercise

* For the sake of clearness I have omitted to give the hamoglobin
estimations. The fall in the worth of the corpuscles, the result of this
effort, was o'o3.
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have a smaller storage of tissue lymph, a permanently
high specific gravity of the blood,* and a rich supply of
chromocytes and haamoglobin.

2. The effects of active exercise on the hamoglobin
are two-fold: namely, (¢) immediate, reducing the
“worth” of the corpuscles, and (b) remote, increas-
Ing, 1t

(@) The primary effect on the hazmoglobin, namely
the destruction of a certain portion of it, is shown by
the result of the examination of the blood before and
after each spell of muscular exertion (fig. 17). But this
fact can be demonstrated in another way. It is else-
where shown (p. 64) that a normal diurnal fall in the
value of the corpuscles takes place during the waking
hours, the evening record showing a lower value than
that of the morning. With the view of ascertaining the
effect of exercise on this day fall in the worth of the
chromocytes, Edgecome made a continuous series of
night and morning observations of the blood of a healthy

* Lloyd ]unts,' jfuu.nmf of Physiology, vol. xii., p. 318. This observer
found that * the specific gravity of the blood falls with moderate exercise
continued for a short time, but rises when this is continued longer.
When perspiration becomes profuse there is a rapid rise, and it should
be noted that the specific gravity rises then to a point higher than
it was at starting . . . . ... Gentle exercise on a cool day not prolonged
or leading to, active perspiration led to a fall in the specific gravity, the
same more prolonged led to a rise. On a hot day the fall was not
a.lways demonstrable.” He gives examples of the fall and the rise, and
among the latter instances the case of running 44 miles raising the
specific gravity from 1058'5 to 1061:0. Fournal of Physiology, vol. viii.,
P- 9-
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subject, extending over a period of three and a half
months, on thirty-five days of which a considerable and
varied amount of exercise was taken, and on the remain-
ing days (sixty-five) it was not taken; and he found that
the average daily fall in the worth on the exercise days
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F16. 17. Shows two examples of the result of exercise, the first (2 hours eycling
and horse riding) without sensible perspiration, the second (2 hours hard tennis)
with profuse perspiration.

In each case a fall in percentage of hemoglobin took place, with a rise in per-
centage volume of corpuscles, and, consequently, a fall in the *“worth™ of the
corpusle. Where profuse perspiration occurred the rise in percentage of corpuscles
is considerable, due partly to concentration of the blood by withdrawal of fluid ;
hence the fall in worth in this case, the exercise being more violent; is greater than
in that where no sensible perspiration took place. (Observed by Edgecombe,
ap. cit.).

was g'I per cent., while that on the exercise-free days
was but 61 per cent., showing an increased fall of 3
per cent. attributable to exercise.* '
(b). The wultimate effect of exercise on the hamo-
globin, in stimulating the formation of it, is indicated
* Op. cit.
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by the rise in the worth of the corpuscles, which takes
place some hours after the immediate fall indicating
the - using up of the haammg]obln Edgecombe has
demonstrated this position by his continuous record- of
night and morning observations of the blood ‘changes
just referred to. He shows that the average night-rise
~ in the worth of the corpuscles which succeeds the day-
fall on exercise days was 3'2 per cent. greater than
that which follows the day-fall on non-exercise days;
and that this average increased night-rise (32 per
cent.) after exercise exceeds the average increased day-
fall (3'0 per cent.) immediately following exercise.
‘i.[n:rren:-ver, Edgecombe’s record shows some evidence
of an average increase of worth in the morning ob-
servation immediately following exercise as compared
with the morning observation of the exercise days
themselves ; and, furthermore, it supports the conclu-
sion, that during a period when frequent exercise is
taken, the average level of the worth of the corpuscles
is higher than that of a period of the same length
during which little or no exercise is taken.* Therefore,
the facts so far collected show that exercise in healthy
subjects, though temporarily destroying hamoglobin,
induces a net gain in favour of the formation of it;
and it would seem that this net gain is stored up as a
reserve supply to meet _cnnting&ncies-.

The bearing of these conclusions on the adjustment
of exercise in cases of anzmia requires a passing
notice. It should not be inferred, that because active

* Op.cit.
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exercise stimulates the over-production of haemoglobin
in subjects furnished with normal blood, it will like-
wise exert. a similar influence when the hzmoglobin
charge of the chromocytes is reduced; for it is more
than erljx that the destructive effect of exercise will
then predominate, and the ulterior constructive influ-
ence of it apparent in health will not come into play
at all. Clinical experience strongly supports this view,
and teaches the importance of guardedly prescribing
the amount of exercise, or of prohibiting it entirely,
whenever the hzzmoglobin charge of the chromocytes
is diminished. Frequent examination of the blood
affords the surest guidance on this point. The building
up of h&moglobin is best favoured in extreme degrees
of anemia by rest and the total prohibition of active
exercise ; 1n moderate degrees of anamia by more rest
than exercise, and this should only be permitted in its
lighter forms; and in the milder varieties of anzmia
by exercise limited in duration and degree.

It has already been pointed out that massage differs
physiologically from active exercise in the fact, that if
does not like exercise impair the worth of the cor-
puscles; it is therefore an ideal form of exercise in
anzmia, and especially so in the hydrzmic form,
chlorosis, in which it concentrates the blood by stimu-
lating the fluid transfer through the capillary wall.
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Work and Rest. Diurnal Variation.

It has been shown that exercise, though it raises the
percentage of the corpuscles and of the hzmoglobin,
reduces the relative amount of the latter; it follows,
therefore, that muscular work uses up a certain pro-
portion of the hamoglobin. It has likewise been
shown that rest following exercise is attended by an
increased formation of hamoglobin—the hazmoglobin
temporarily destroyed by exercise being replaced
with a slight excess; in this way muscular work when
followed by a due amount of rest stimulates the pro-
duction of ha&moglobin.

Two series of 800* night and morning c:bservatmns
(made at bedtime and on rising) of the corpuscles and
hzmoglobin in Subjects A and B have furthermore
demonstrated that the daily work of the waking hours
likewise produces a fall in the hzmoglobin value of
the corpuscles ; and they have moreover proved that
rest and sleep not merely restore the heemoglobim lost
during the working portion of the day, but pi'ﬂﬁde a
slight excess beyond it, apparently to serve as a reserve
st{:rre. for the purpose of meeting exceptional c:al"ls upon

r Dv_g:_.:;cﬂ observations have been excluded because they were made
before the methods of observation were quite settled ; they, however,
afford the same conclusions as those yielded by the observations which
were accepted. Therefore the teaching afforded by the normal diurnal

variations of the corpuscles and haamoglobin may be said to be derived
from over 1200 consecutive observations.
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it.~ These important conclusions are supported equally
well by the data furnished by each subject.

Night and morning variations in the per-
centage of the hamoglobin (figs. 18 and 20).—
The most striking fact is the rise during the night
and the fall during the day. Taking the figures fur-
nished by both subjects the rise took place in go's
per cent. of all the morning and the fall in 884 per
cent. of the total evening observations. Only 5°1 per
cent. of the morning and 4°4 per cent. of the evening
observations were alike. Therefore in every 100 ob-
servations the night-rise of hamoglobin was observed
go} times and the night-fall only 4% times; and the
day-fall occurred 88} times while the day-rise took
place only 7 times.

In both subjects the average night-rise was Zi2
degrees, and the average day-fall was 7°4 degrees, and
the maximum rise was 20 degrees and the maximum
fall 21 degrees. It was observed that when the hemo-
globin fell in the night and rose in the day the average
rise and fall were much less than when it followed the
rule of rising in the night and falling in the day; for
then the average night-fall was 2'r, as against 72
degrees night-rise, and the average day-rise T Gl
against 7'4 degrees day-fall.

The night and morning variations in the
volume of the corpuscles were observed to be
similar to those of the hemoglobin, only they were not
quite so decisive, in both subjects the morning-rise and
the evening-fall being less frequent. The day-fall was
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more frequently observed than the night-rise, the fre-
quency of the former being 74’9 per cent., while that of

Jany

27 (2223 2¢| 25| 2
% | Im[E[M[E[M|E|MIE|MIE|M
95 ®
¢ \
93
g2
g/
S0
89

88 o
&7 A7 \
86 \

85 |
84

83| . H\ y

&e |

6 | 27 [ 28|28
E|M{E|ME|M|E

.
#__ﬂ

w-"

.
H amnglohin

C=

94
593
g2

9/ A lr
AR i
88 VAN

87 ® \ /

86 o ca
85 | y
8¢

e

_9
&
& . Volume of Corpuscles

103 @
1-G2 ]
1-0/ .f'
00| |@

- \/
Y It i b
.95

_i:‘

Warth of Corpuscle

Fi1G. 18. Typical example of the normal daily and night and morning variations
of the hmemoglobin, volume of the corpuscles, and the worth of the corpuscles.
{Observations made by Edgecombe, op. cit.).
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the latter being 685 per cent. Probably this difference
indicates the influence of fluids taken during the waking
hours. Moreover, the observations show that the range

of variation in the volume of the corpuscles is less than
that of the haemoglobin, the difference between the night
and morning and between the morning and evening
observations being much smaller, and the number of
the observations in which they do notvary at all being
greater; for whereas the average variation of the hemo-
globin in 24 hours’is 7°3 degrees, that of the corpuscles
1s not more than 4°3 degrees, and whereas the hzmo-
globin was without variation in 4'8 per cent., the
corpuscles were constant in 87 per cent. of the total
observations in 24 hours. If it be accepted that the
actual number of corpuscles in the same healthy sub-
ject remains fairly constant throughout 24 hours, it
follows from these facts, that though the plasma is
distinctly variable at different times during this short
period, it is less variable than the hzmoglobin,
Inasmuch as the variations in the specific gravity
of the blood depend chiefly on the proportion of the
corpuscles to that of the liquor sanguinis, we should
expect to find that the specific gravity will rise in
the morning, when, as a rule, the number of the
corpuscles is greater, and will fall at night, when
it is less. . The observations of Lloyd Jones have
shown that the specific gravity of the blood 1s, as @
rule, higher in the morning and lowerat night,* This
diurnal variation in the specific gravity (fig. 19) there-

* Fourn. of Physiol., vol, viii,
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fore coincides with that in the corpuscles (figs. 18
and 20).

Night and morning variations of the wnrth 24
of the chromocytes.—The data furnished by the night
and morning observations show that in 74 per cent. of
the morning observations the ¢ worth ”” rises in the
night; and in 73 per cent. of the evening observations
it falls in the day, the average rise and fall (0’061 and
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o} 03? respectwcl}} being nearly equal but with a slight
preponderance in the former. This average gain over
loss of hamoglobin provides the reserve .to. ‘which
reference has been made. The disappearance of a
certain portion of hazmoglobin during the waking and
working - hours is due in all probability to . “actual
destruction—the result of increased functional activity



PHYSIOLOGY OF THE RED CORPUSCLE. 6

in oxidation. The reconstruction of the hazmoglobin
lost in work during the periods of rest, which alternate
with those of activity, is but an example of recuperation
which proceeds in all the tissues when work is in
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F16. 20 shows the result of observations made on the blood of a hospital nurse
aged 22 for a fortnight, the first half of which she was on day duty, the second
half on night duty. (The readings were taken immediately after rising and before
retiring to rest).

abeyance, the chromocytes being then recharged just
as are the nerve-cells.

If this position be correct the diurnal changes in the
corpuscles and hamoglobin should be reversed when
the night is devoted to work and the day is spent in

F
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rest and sleep. Edgecombe has found this to be the
case (fig. 20). “ When on day duty the blood showed
the usual variation of day-fall and night-rise; when on
night duty of day-rise and night-fall. It is interesting
to note that the average fall in the worth of the
corpuscle while on day duty (4'8 per cent.) is greater
than that which occurred while on night duty (32 per
cent.), the difference being probably accounted for by
the fact that the amount of muscular work performed
was distinctly less in the latter case than in the
former.”’*

The effect of rest on the “ worth” of the chro-

mocytes.— The foregoing evidence shows that the
« worth” of the red corpuscles is raised by rest and
sleep. Does rest alone produce the same effect on the
blood ? Edgecombe has made a series of observations
which support the view that it does. He says :—

« \With this object the blood of a normal subject
(female) was examined night and morning for a con-
siderable period, during which she was performing her
ordinary avocation, which entailed a fair amount of
exercise, walking and cycling. She was then put to
bed, and remained there for five days, after which she
resumed her usual course (fig. 21).

“ The general average of the readings is seen to be
somewhat below the normal of 1°00. This is usually
the case in female subjects. During the first period of
ten days the hamoglobin and corpuscles showed the
customary variations of day-fall and night-rise, the

£ 00 et
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variation in hzmoglobin being relatively greater than
that of the corpuscles, hence the variation in the worth
of the corpuscles; the average day-fall for the ten days
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FiG. 21 summarises the results obtained. Tt is a portion of the complete chart
-of the subject in question, and embraces ten days previous to rest, five days in
bed, and ten days subsequently.

being 445 per cent. During the period of five days’

rest similar variations in hamoglobin and corpuscles

took place, but they are more nearly related to one
F 2
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another, hence the variation in the worth becomes less
than before, the average fall for the five days being
only 1°2 per cent. The factor of exercise being elimin-
ated, the destruction of hamoglobin that occurs in the
day becomes much less than when the subject is lead-
ing her ordinary life. The period of ten days subse-
quent to rest shows a return to the normal condition,
the average fall in worth being 5'35 per cent., rather
greater than before. The general average of the read-
ings of hamoglobin and corpuscles fell somewhat
during the period after rest, but as the worth remains
at about its mean of 100 the fall merely implies a
temporary increase in the volume of the blood.

¢« A further point of interest lies in the gradual
steady increase in the worth that occurred during rest.
Regarding the morning observations alone as being
the readings taken when the blood is presumably at
its steadiest point, a gradual rise takes place from 0°99
to 102, when it attained its maximum and remained
there for three days, falling after activity was resumed
to its mean of 1'00. Whether this high level would
have been maintained through a long period of rest is
doubtful.”’*

These conclusions have an important bearing on
treatment of anzmia. When referring to the effects of
exercise on the blood it was pointed out how they sug-
gest the importance of limiting the amount of exercise
within the hzmoglobin capacity of the blood in the
management of cases of anzmia. In like manner the

* 0f. cit.



PHYSIOLOGY OF THE RED CORPUSCLE. 69

work and worry incidental to the waking hours exert
the same influence on the hamoglobin as muscular
exercise, and may prove just as injurious to the pro-
gressive building up of the hazmoglobin in anzmia as
physical exertion is apt to do when carried beyond
certain limits, which are largely determined by the
hzemoglobin charge of the chromocytes. This posi-
tion is amply confirmed by clinical experience in the
treatment of anzmic cases, and the explanation is
furnished by the observed destructive influence of
work on the hazmoglobin. At the same time it is
sometimes well not to overlook the fact, that work in
healthy subjects stimulates the production of hzmo-
globin as a remote effect, and that in slight cases of
anezmia the modified exertions of daily life when
relieved by frequent intervals of rest may favour the
construction of the deficient haemoglobin. The value
of absolute rest in the treatment of severe forms of
anzmia has been proved by repeated observation, and
it would seem that this clinical fact finds its physio-
logical explanation in the foregoing observations,
which demonstrate the recuperative influence of rest
in raising the haemoglobin charge of the chromocytes.
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on the blood taken from the systemic periphery are
probably the resultants of several causes, of which
perhaps the most prominent may be fluid-transfer and
the hzemolytic and hamopoietic functions of the organs
accessory to primary digestion. The preliminary rise
may be due to the copious outpouring of the digestive
juices, producing a temporary concentration of the
blood. But this effect is so transitory that it may be
easily missed, even though the meal 1s a solid one;
therefore it would seem that it is quickly compensated,
either by the absorption of fluid, as from the tissues,
or perhaps by a cytolytic process. The digestive fall
appears to coincide with an increase in the volume of
the blood, and with a reduction of the specific gravity
as observed by Lloyd Jones,* and the subsequent rise
with a reduction of the blood-veolume through renal
elimination, and a corresponding increase of the spe-
cific gravity. It has been observed that these varia-
tions are not caused by the water taken with the
meals ; for they are quite as pronounced when it is
withheld.

Time and opportunity have so far failed me to ascer-
tain the effects of certain diets on the blood-decimal
such as one exclusively vegetable or animal (e.g., red
meat and hot water—the Salisbury diet) and the
osmotic effect of water and especially of mineral
waters.

* 0p. cit.
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Altitude.

The remarkable effect of altitude in raising the
proportions of the corpuscles and hamoglobin has
furnished one of the most interesting physiological
problems in relation to the blood; a problem which
has of late years attracted many observers who have
now collected a large body of data with a view to
its solution. All these observers (including Viault,*
Egger,t Mercier,{ v. Jaruntowsky and Schrider,§
Miescher,| Wolff and Koeppe¥) are perfectly agreed
as to the facts; namely the presence of a larger num-
ber of chromocytes in the inhabitants of mountainous
regions than in the residents of lower altitudes, and a
rapidly induced increase of them in those of the latter
who resort to the mountains—an increase which, how-
ever, as rapidly passes away when they return to
the plains. Among the residents Viault enumerated
8,000,000 per c.mm. on the Cordilleras (14,274 feet), and
Egger 7,000,000 per c.mm. at Arosa (6,100 feet) in Swit-
zerland. It has been observed in those who visit the
higher levels that the increase begins shortly after

* Compt. rend., 18go, T. iii., p. gI7.

t Verhand. des xii. Congr. f. tnner med., Wiesbaden, 18q3.
T Archiv der Physiol., B. 26, 18g4.

§ Mimch. Med. Wochenschrift, 1894, No. 48.

|| Corresp. ¥I. Schaweits. acriste, xxiii., 1893, n. 24.

o1 Miinch. Med. Wochenschrift, 1893, Nos. 11 and 43.
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arrival. Egger estimates that in healthy subjects 1t
amounts to 702,000 and in tubercular subjects 982,000
per c.mm. in 14 days. Wolff and Koeppe at Rie-
boldsgriin (2,257 feet) observed that in from 24 to
36 hours after arrival an average rise of 1,000,000
per c.mm. takes place, and this is followed first by
a decline, and then by a further increase, until an

average 5,970,000 per c.mm. 1s attained. They found,
moreover, that the hzmoglobin proportionate to
the corpuscles at first fell and afterwards rose.
V. Jaruntowsky and Schroder at Gorbersdorf (1,740
feet) observed the same fact; and, moreover, found
that mild phthisical cases acquired a larger number of
corpuscles per c.mm. than are present in healthy persons
in the same altitude, and that severe cases attained
even more than are generally found in normal indi-
viduals residing in lower parts. The lessening of the
percentage of the hemocytes on return to the valleys
and plains 1s just as rapid as is the increase of them
produced by visiting the higher altitudes. Miescher
gives an example of the progressive daily fall of 250,000
per c.mm. for a series of six days; so that in this
case, at the expiration of this short period, 7,200,000
per c.mm. enumerated on leaving Arosa had fallen to
5,700,000.

With the view of observing for myself this interest-
ing effect of altitude, I spent 23 days at Davos Platz
(5200 feet) in the spring of 1896 and 25 days at Arosa
(5800 feet) in January and February 18qq. During both
visits the same mode of life was followed as at home
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in regard to exercise and the daily supply of fluid. In
the first visit observation of the blood was made night
and morning, before breakfast and at bedtime, in one
subject (aged 55) throughout; and in the second visit
the hamoglobin and corpuscles were estimated daily

Corpuseles
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FiG, 22. The percentages of corpuscles and hmemoglobin and the blood-decimal
at Davos Platz and in London before and after the visit.

before breakfast in two subjects, A and B (aged re-
spectively 23 and 57). During both visits many
observations were likewise made on residents and

visitors.
The leading results are shown in the figs. 22 and 23.
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In fig. 22 the night and morning determinations of the
chromocytes and heemoglobin and of the worth of the
corpuscles during the visit to Davos Platz in May, 1896,
and during two weeks before and ten days after that
visit are indicated in horizontal lines, the estimations
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FiG. 23, Consecutive daily (morning) observations of the corpuscles and hemo-
globin in Suhject A, wt. 28, in (1) London (5 days), and in (2) Arosa (25 days). The
continuous line denotes the corpuscles, and the dotted line the hamoglohin.

being arranged in stages of a certain number of days
each ; namely (@) 14 days preceding the visit (affording
the basis of comparison), (b) the first 4 days of the
visit, (c) the g following days, (d) 4 days in which the
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daily consumption of water was increased from 50 to
75 0z., (¢) 5 days in which the ingestion of water was
reduced to the regulation quantity, and (f and g) g
days in two stages of 4 and 5 days after returning to
LLondon. Fig. 23 gives the actual daily observations
of the corpuscles and hamoglobin in one of the sub-
jects, A (=t. 23) during the visit to Arosa in Jan.
and Feb. 1899. The determinations were invariably
made at the same hour before breakfast. The record
obtained from the other subject, B (xt. 57) furnished
substantially the same results. Moreover the observa-
tions made at Arosa corroborated the conclusions
suggested by those made at Daves: namely, that
the proportion of the chromocytes and of the hazmo-
globin, and more particularly that of the chromocytes,
1s increased. I will briefly summarise what seems to
me to be the teaching afforded by the observations at
Davos and Arosa.

(). The increase in the corpuscles is prac-
tically immediate, being apparent within 24
hours.—It attains its maximum within the first
week. Moreover it is considerable; the average in-
crease afforded by all the continuous observations
on the three subjects at Davos and Arosa being
over 10 per cent. in excess of the average propor-
tion of the corpuscles observed before the wisits.
I have, however, repeatedly observed that the cor-
puscles may rise on the lowlands to quite as high
a level as they attain in elevated regions; but the
rise due to altitude differs from that which I have
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hitherto observed on the plains in this, that it is re-
markably well maintained throughout the sojourn at
higher levels, whereas that observed below is as a rule
quite transitory (fig. 24). It would seem that the
persistence of so pronounced a rise in high altitudes
1s a fact of more significance than the mere increment
of the corpuscles ; for it points to the enduring char-
acter of the cause, whatever that may be ; and this in-
ference is likewise supported by the fact, that the daily
variations are somewhat smaller than those observed
near the sea level (compare fig. 23 with figs. 24 and
25). Descent to the lower levels produces a rapid fall
in the chromocytes. According to my observation the
decline as a whole is not, however, as rapid as the rise;
and though the higher portion of it speedily disappears
an increment over the initial average of chromocytes
persists on the plains for some time. On approaching
the sea level the fall is characterized by the temporary
character of any decided rise that may appear in its
course.

Perhaps it should here be noted that before apply-
ing the cytometer tube to this enquiry previous ob-
servers had relied on the enumeration of the red discs.
Now during the past year or so Gottstein, Meissen and
Schroeder have thrown suspicion on the accuracy of
enumeration with the ordinary Zeiss-Thoma hamo-
cytometer at low barometric pressures, for they have
shown that the capacity of the chamber is affected by
comparatively slight differences of atmospheric pres-
sure.  They therefore infer that the large counts
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hitherto recorded of the numerical increase of the red
corpuscles in high altitudes may be partly ascribed to
this fallacy. Schroeder has lately made some observa-
tions with a hzemocytometer specially designed to meet
this error, and his results seem to suggest considerable
modification of the large enumerations which were
previously ascribed to high altitude. He demonstrates
a modified increase.® Under this uncertainty as to
the rehiability of ordinary enumeration in high altitudes,
the evidence furnished by the cytometer tube, which 1s
not open to the error ascribed to diminution of atmos-
pheric pressure, may therefore prove useful as a corro-
boration, though it certainly does not provide the high
readings of increase which previous observers relying
on ordinary enumeration have recorded. OQuite re-
cently Dr. Pacht, using the cytometer tube, confirms
this conclusion.t

(b)) The rise in the corpuscles is accompanied
by a similar—though reduced—increase in the
haemoglobin (figs. 22 and 23]) an increase which
only subsides as the corpuscles diminish in number
when the descent is made to lower levels. According
to all the continuous observations on the three subjects
at Davos and Arosa the rise in hemoglobin was only
s0 per cent. that of the corpuscles—the former being

* Miinchener Med. Wochenschr., 1898, Nos. 4 and 42.

t St. Petersburg Medicinische Wochenschrift, 1899, No. 51.

+ In fig. 23 the first, second and third observations of the hamoglobin
did not show an increase. This failure is probably accounted for by
the fact that the subject was upset by the through journey to Arosa.
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over 5 per cent. and the latter over 1o per cent. in
excess of the average observed at home before the
visits. It therefore follows, that though there was an
absolute increase in the haemoglobin during the sojourn
in the altitudes, there was a relative fall, and each
chromocyte was somewhat poorer in ha&amoglobin. But
this condition of relative diminution entirely vanished
when the corpuscles fell after the visits; for then the
blood for some time not merely contained an increased
proportion of chromocytes over the home average, but
an equal increase in hazmoglobin, and was therefore
richer. This after-effect suggests that the visits to
Davos and Arosa impressed the blood favourably, not-
withstanding the fall in haemoglobin value during the
immediate influence of the altitude. There is more-
over another fact in regard to the effects of altitude on
the hazmoglobin which was made apparent by the
night and morning observations made at Davos. Be-
fore leaving London for Davos it was found that the
night and morning variation in hemoglobin amounted
to 8'5 points, and that of the corpuscular value in haemo-
globin 006 ; at Davos, however, these variations were
reduced respectively to 42 points and 0'02. It there-
fore follows, that though the night and morning value
of the corpuscles in hzmoglobin was reduced, the
amount of hzemoglobin was more uniformly present in
the blood throughout the 24 hours at Davos than in
London, and the hzmoglobin value during the day
was approximated to that of the night,

From the observations made on visitors and resi-
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Besides this, the theory of new formation is highly
improbable from the extreme rapidity of the rise, and
from its being still more rapid and greater in the
phthisical than in the healthy. Moreover, when on
returning to lower levels the percentage falls, there are
no signs of wholesale destruction of chromocytes, such
as hamoglobinuria, icterus and bilirubinuria. The
observers have described the appearance of a number
of small forms in the blood after 7 or 8 days which
they regard as young chromocytes ; and as they assert
that these increase in number as the ordinary regular
sized corpuscles decrease, they conclude that during
the first week the old corpuscles undergo destruction
and new ones are formed. Grawitz on the other hand,
believes that this microcytosis arises from the lessen-
Ing of the red discs in consequence of the loss of water,
there being a diminution and a concentration of the
serum (oligoplasmia) from the same cause. I am
inclined, however, to doubt if this explanation of
Grawitz will account for the appearance of the micro-
cytes; for shrinking of the chromocytes from loss of
water would probably lead to alteration in their
appearance, such as crenation, which would scarcely
escape observation. The blood was frequently ob-
served during my visits; but the presence of microcytes
was never detected nor were any changes observed in
the appearance of the corpuscles. Perhaps the micro-
cytes described by previous observers were such as are
met with in anzmia. It is obvious that this is a
matter requiring further investigation. Grawitz points
G
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—_— —

out that the investigators whc:- hold the view of the
new formation of corpuscles, have not mentioned the
presence of nucleated red discs and the increase of leu-
cocytes which are generally met with when the blood
cells are being formed after hemorrhages, &c. He
refers the solution of the problem to increased loss of
water from the blood through the skin and respira-
tory tract in consequence of the great diminution of -
humidity in the atmosphere. There are many facts
in support of this view. Meteorologists find that the
reduction of humidity is more rapid than that of the
atmospheric pressure; and certainly a fall of from 40
to 50 per cent. of the absolute moisture present on the
sea level must greatly increase the abstraction of water
from the blood by transpiration through the sk and
the oro-respiratory mucous membrane. In high alti-
tudes it is therefore a fact that the absolute atmospheric
moisture is very much less than at lower levels, and it
is not improbable that this great reduction in humidity
is a potent factor in concentrating the serum and in
thus raising the percentage of the corpuscles. If this
be so, it is but reasonable to suppose that the increased
consumption of water should counteract this influence
of dry air on the blood ; and at Davos I found that an
extra supply of water reduced the concentration of the
corpuscles 35 per cent. (fig. 22, d). Furthermore, at
_Arosa, in support of this view, 1 obtained some evi-
dence which tended to show that in a general way
variations in the relative humidity had some effect on
the proportions of the corpuscles. It is true there was
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no detectable relationship between the daily changes
in the relative humidity and those of the corpuscles ;
but such a relationship seemed to be apparent when
the average relative humidity of one period—less or
more dry—was compared with the average corpuscle
record of that period. As regards differences of rela-
tive humidity the visit was divisible into two periods—
‘namely, the first week, which afforded a daily average
of 63 degrees, and the second and third weeks, which
were drier, the relative daily humidity being only 48
degrees. In the first period the average daily record
of the corpuscles was 101 in Subject A. and 105
in Subject B.; in the second period it was I107°5 In
Subject A. and 108 in Subject B.

AROSA*

AVERAGE DAILY CORPUSCLE Rz—:-::mm,[ AVERAGE
DAILY RELATIVE
Subject A. Subject B. , U
Jan,2q4to31 . . ., 101 ! 105 l 63°
Bebirtooe . 0 1075 ‘ 108 ' 48°

Furthermore some support to the same conclusion
was afforded by observations made at Florence im-
mediately following those at Arosa (fig. 24) ; and by

* My thanks are due to Herr Dr. Phil Janssen, Villa Frisia, Arosa,
for the daily record of the relative humidity derived from the night and
morning readings of the wet and dry bulb during the visit to Arosa,

G2
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Fi. 24. Consecutive daily (morning) observations of the corpuscles and hzmo-
globin in Subject A., wt. 23, in Florence (19 days). The ucmtinunus_lina denotes
the corpuscles, and the dotted line the hemoglobin. These observations are con-
tinuous with those recorded in figure 23.
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Fig. 25. Daily (morning) observations of the corpuscles and hnﬂemugluhin in
Subject B., met. 68, in (1) London (3 days) and in (2) Helouan nm.u- Galrr:a (64 d:;;-'s}.
The first observation at Helonan was made three ﬂ_la:m after nrrwn.l,_ lh-? mnbmu:
ous line denotes the corpuscles, and the dotted line the hemoglobin. The obser

vations were consecutive, except where the line is interrupted.
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observations made subsequently at Helouan near Cairo
(fig. 25).

During the visit to Florence lasting nearly three
weeks there were two periods of low relative humidity
(412 and 558 degrees respectively), during which the
dry tramontana wind prevailed, when the corpuscles
read 107 and 107°5 in Subject A. and 109 in Subject B.;
and two periods of higher relative humidity (65°4 and
61°2 degrees respectively) in which the corpuscles read
100 and 97 in Subject A. and 102 in Subject B.

FLORENCE.*
AVERAGE DAILY CORPUSCLE RECORD.  AVERAGE
DATLY RELATIVE
Subject A. Subject B. [ ELUAILLTY.
|
| .
Bebizirto 280 L | 107 109 41°2
Mar.xto3 . . .| 100 102 654
Mar.'gto/8 . = 107°5 109 , 55'8
Mar.gtox4 « . . 95 102 . 61°2

Fig. 24 records the observations made on the blood
of Subject B., =t. 58 at Helouan on the Desert near
Cairo from January 14 to March 16, 1900. The read-
ing of the corpuscles remained high until February 21,
a period of 21 days; the average of all the observa-

* My thanks are due to the Director of the Meteorological observa-
tory at Florence for the daily record of the relative humidity derived

from the night and morning readings of the wet and dry bulb during the
period of these observations.
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globin, are not due to altitude per se but to the low
proportion of humidity present in the atmosphere—a
fact common to elevated localities at all times, and
to places even on the sea level either always or at

intervals.

Temperature.  Warm and Cold Baths.

Hot and cold baths, whether local (as hand baths)
or general, produce contrary effects on the blood : the
former lowering the percentage of the corpuscles and
hamoglobin and the latter raising it. The fall pro-
duced by a warm bath of 15 minutes’ duration may be
7 per cent., and the rise caused by a short immersion
(3 minutes) in cold water may be 4 per cent.* Lloyd
Jones has shown that cold baths raise the specific
gravity of the blood; in one case from 1060°2 to 1061°8,
and in another from 10598 to 1061.+ This alteration
merely arises from a disturbance of the relation between
the corpuscles and the plasma, for the blood decimal re-
mains unaffected. It would, therefore, seem that tem-
perature, which is the predominant influence in bathing,

* Bristowe and Copeman have shown by enumeration that in paroxys-
mal hazmoglobinuria the number of the chromocytes is reduced by
exposure to cold air, or to a cold bath, or by plunging the hands in cold
water. Trans. Med. Soc., Lond., vol, xii. This interesting result 15,
however, one thing, and the effect of cold immersion in healthy subjects
is quite another; for it is highly probable that in hemoglobinuria the
normal resistance of the stroma is greatly reduced.

t Op. cit.
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alters the composition of the blood by retarding or
accelerating the rapidity of fluid transfer through the
capillary wall; warmth slackening it and probably
favouring the lodgement of tissue-lymph and cold
stimulating it. In all probability this influence 1s
mainly exerted through the effect of warmth and cold
on the intra-capillary pressure. These results confirm
the observations of Winternitz and Kellogg on the
effect of warm and cold bathing on the blood. These
observers refer the rise produced by cold bathing to
general causes, increased activity of the heart and
circulation, improved nerve tone, and the driving out
of red corpuscles from the organs in which they had
accumulated. The immediate effects of warm and
cold bathing are, however, purely local; being as
readily observed in blood derived from the finger after
a hand bath as in that obtained from the same source
or from elsewhere after a general immersion bath,

On Variations in the Plasma and the Circulation of Water.

It has been shown on the one hand, that the
hzmoglobin value of the corpuscles rises with rest
and falls with systemic exercise and work; and on
the other, that the corpuscles are continually varying
in their relation to the plasma. Though the latter fact
has been already amply illustrated, it will I think repay
a little further examination.

The concurrent variations in the percentage of the
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————

corpuscles and hzmoglobin, which have been re-
peatedly pointed out, are indeed volumetric indications
of the circulation of water into or from the blood : into
it from the digestive tract and the tissues, and from it
through the kidneys, skin, and lungs and probably into
the muscles during exercise. In illustration of this
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Fra. 26. An example of the hourly variations of the corpuscles,

position it is found that the proportions of the cor-
puscles fluctuate from hour to hour (fig. 26) and from
day to day (figs. 18 and 20) and that the correspond-
ing variations in the specific gravity of the blood are
equally rapid (figs. 19 and 27). It would therefore
seem from these observations, that the proportion of
water in the plasma is constantly varying within cer-
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the time reduced and there is a proportionate rise in
the corpuscles. Fig. 28 illustrates such a temporary
apoplasmia induced by a Turkish bath.* All such
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FIG. 25 illustrates the temporary apoplasmia produced by a Turkish bath (40'),
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transitory examples of concentration of the corpuscles
can only be due to the shrinking of the plasma from

* Lloyd Jones has shown that this bath raises the specific gravity of
the blood (op. cit.).
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loss of water.* But this question does not rest merely
on examination of the blood derived from the finger.
It has been conclusively proved by experiments on
animals. Bezzo-Zero, Golget and others have ob-
served that the intra-peritoneal injection of blood
produces in from 20 to 60 minutes an enormous rise in
the corpuscles; and William Hunter has shown that
this result was merely due to concentration of the
plasma (as shown by an equally pronounced rise of the
specific gravity of the blood) caused by rapid effusion
of serum into the peritoneum set up by the injection.]
Professor Sherrington has likewise furnished equally
conclusive evidence of the apoplasmic effect of opera-
tions and inflammations in animals. Inflammation
was set up in a limb by immersing it in water at 52° C.
for five minutes, and in the abdomen by applying to a
knuckle of intestine sponges steeped in salt solution of
the same temperature for five minutes. Taking the
initial enumeration of the chromocytes as 100, in the
average results of all the experiments the maximum
rise in the case of the abdomen amounted to 75 per
cent. and in that of the limb to 35 per cent.§ In some

* Apoplasmia (as indicated by polycythemia) from abstinence from
food and fluid has been recorded by Hayem, Reyne and others, It is
rapidly induced, for abstinence for 24 hours in man determines a rise in
corpuscles of from 400,000 to 500,000 per c.mm. ; and the augmentation
is said to continue in the guinea-pig and dog until death.

t+ Centralblat. f. d. Med. Wiss., 1879, p. 917.

t Fournal of Fhysiology, vol. xi.

§ It has been pointed out that, as a rule, apoplasmia in man reduces
« the worth.” Out of the six protocols relating to these experimental
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cases the duration of the apoplasmia was considerable,
even five days. Sherrington and Copeman ‘‘have
noticed that in the rabbit the operation of ligation of
the vessels of the spleen and various other forms of
experimental interference with the contents of the
abdominal cavity, including even the simple opening
of the cavity by an incision through the linea alba, are
all followed by an increase in the specific gravity of the
blood.”* Such striking results as these suggest that
some caution should be exercised in accepting any
conclusions respecting the function of the spleen de-
rived from observation of the blood during the first
week after splenectomy.

The Limits of Normal Variations.

The scales of the haemoglobinometer and the hamo-
cytometer have been so adjusted from a large num-
ber of observations of normal blood as to read
alike ; for example, blood furnishing 100 points hamo-
globin (HG) should yield 100 points (or thereabouts)
corpuscles (C).t The “worth” of the corpuscles in
hzmoglobin, obtained by dividing the figure repre-

inflammations of a limb and of the abdomen, ‘“the worth " fell decidedly
in four, slightly in one, and was unchanged in one.

* Proceedings of the Royal Society, vol. lv,

t The samples selected for this purpose were derived from healthy

subjects in the early morning when the blood is mast constant and is.
uninfluenced by work.
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described as polycytheemic; or the corpuscles may
afford normal readings, while the hzmoglobin may
furnish subnormal ones. Pathological variations fall
broadly into the two groups—oligocythaemia and poly-
cythamia.

I. In oligocythaemia the volume of the corpuscles
and the hazmoglobin may read alike, or the former
may exceed the latter. When the readings coincide
the blood may be said to be spanzmic, and when the
oligocythemia is marked by a lower reading of the
hzmoglobin than that of the corpuscles the condition
is that of anzmia.

In spanemia, though the corpuscular worth” in
hzmoglobin is normal, the blood is subnormal in
the volume of the corpuscles. Whether in this
state of the blood there is merely a dilution of the
normal corpuscles—i.c., an excess of plasma to the
normal corpuscles—or whether there is an abso-
lute paucity of the volume of the corpuscles and
of the hzmoglobin cannot be determined ; for we
are not acquainted with any means of estimating
the volume of the blood by which such a moot
point can alone be decided. Spanzmia is very com-
mon, and more especially in women. In a large
number of women the reading of the corpuscles and
h&moglobin cannot be advanced by the most ap-
proved hzmatinic treatment beyond 8o or 85 degrees.
Though the blood in such cases is spanazmic when
compared with normal blood, it would seem never.
theless to be normal for such individuals. Spanamia,
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as a rule, implies a lowered nutritive condition of the
blood; for all spanazmic subjects are very prone to
become anzmic, and when anamia has been improved
to a certain point by treatment the blood is apt to
remain obstinately spanamic. It 1s, furthermore, fre-
quently associated with a low blood-pressure, and
therefore with a reduced intra-capillary pressure, which
diminishes the intermediary circulation of fluid and the
elimination of water. This fact is well illustrated by
the very definite observations of Grawitz on the effects
produced on the composition of the blood by loss of
cardiac compensation and by the restoration of that
compensation. This observer shows that in the former
condition the percentages of the corpuscles and of the
dry residue of the blood and of the serum diminish,
whereas when compensation is restored they again
increase in proportion as the renal elimination of water
is improved.™

Spanzmia is benefited by all those hygienic mea-
sures which increase the volume of the corpuscles, such
as cool or cold bathing, and especially saline bathing,
percussive baths (douches, needle and shower), re-
gulated exercises, massage, and especially massage of

* Deuisch. Archiv. f. Klin. Med., B. 54 and 6. Stengel has lately ob-
served that in loss of cardiac compensation there is considerable variety
in regard to the proportion of the red corpuscles—the blood being
sometimes oligocythmic and sometimes polycythamic even in a high
degree (the increase of corpuscles amounting in one case of marked loss
of compensation to 500,000 per c.mm.). He refers this variability to
disturbance of the distribution of the corpuscles. Proc. Path. Soc. of

Philadelphia, 1899.
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the abdomen, faradism, and sojourn at health resorts
located in high altitudes ; and by the various forms of
tonic medication.

In anemia of the common or oligocythemic type in
its more severe forms, the reading of the hzmoglobin
may be as low as 15 or 20 degrees while that of the
volume of the corpuscles may be 30, 40, 45 or 50 degrees;
and when moderate the hzmoglobin may range from
40 to 60 and the corpuscles from 60 to 8o degrees.
The rapid hzmometric methods employed in this
enquiry have frequently afforded useful aid in detecting
the existence of anzmia of moderate degree in even
florid subjects and in cases in which the ordinary
clinical evidence failed to indicate it ; and furthermore
in readily determining the effects of different modes of
treatment in anamia, and in tracing the stages of
improvement. As a rule favourable progress is first
indicated by a rise in the volume of the corpuscles;
and then this is followed by a relatively increased rise
in the haemoglobin until the readings of the corpuscles
and hazmoglobin approximate when the blood becomes
spanzmic. When treatment is discontinued at this
stage the anzmia, as a rule, relapses. Treatment
should not be abandoned until a normal reading of
the corpuscles and hamoglobin is reached and is
steadily maintained. Hygenic directions are of great
importance in the treatment ; such as cool saline
baths, baths of the percussive type, exercise (when
permitted) strictly regulated and limited with intervals
of absolute rest in the recumbent posture according to

H
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the degree of anzmia indicated by the readings of the
corpuscles and hemoglobin, recumbent rest along with
massage, passive exercises and faradism when the
angemia is severe, an open air life at sea or on the
coast and as the anemia diminishes a resort to
moderate altitudes.

2. In polycythaemia the rise of chromocytes may
in extreme cases exceed the normal limits by 20 per
cent. and in moderate cases by 1o or 15 per cent. In
this condition of the blood the volume of the cor-
puscles and the hzmoglobin rarely read alike; for as
a rule, the hamoglobin falls as the corpuscles Trise.
Whatever the cause of the polycythzmia this fact has
been almost invariably observed—namely, a reduction
in the hemoglobin value in the corpuscles, constituting
A state of virtual anemia. As a rule the actual reading
of the hazmoglobin rises; but it does not do so pari
passu with that of the corpuscles, and the dispfﬁportion
between the two is sometimes considerable—10 or 15
per cent. or more. This disparity in certain cases of
polycythemia 1s so pronounced that it undoubtedly
:ndicates a form of anemia differing from the common
form in being characterized by an excess of chromo-
cytes comparatively poor in heemoglobin. Probably it
was to such cases as these that Becquerel and Rodier
referred nearly fifty years ago—cases of chlorosis 1n
which the blood was not modified and was of higher
specific gravity than normal,* and recently Lloyd Jones
alludes to similar cases—pale girls with a relative

+ « Traité de clinic pathologique,” Paris, 1854
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excess of corpuscles and a high specific gravity of the
blood.*  Usually those suffering from this type of
anzmia are somewhat badly nourished and thin, and
do not present the puffiness and obesity of chlorosis.
Hamic murmurs are not usually present, but the
mucous membranes are apt to be pale as in ordinary
anzmia. In such cases the observer expecting to
record a low reading of the hamoglobin is surprised
to find that it is normal, or perhaps slightly in excess
of normal, while the volume of the corpuscles is exces-
sive. The pathogenic cause is not always obvious; it
may, however, be frequently traced to a reduced Inges-
tion of water and occasionally to the increased elimina-
tion of it probably under neurotic influence. In all
such cases the volume of the blood is probably reduced
and the blood is polycythamic because there is a
lessened proportion of water in the liquor sanguinis.
In ordinary chlorosis it is held by some that the blood
is hydreemic ;t whereas in this type of anzmia it is
concentrated and thickened from the reduction of
water. The volume of the plasma being lessened the
condition may be described as one of apoplasmia.

* 0p. cit.

t * Chlorosis,” by E. L. Jones, M.D., p, 24. Rubenstein, Wen, Med.
Presse, 1893. Lorain Smith, applying the carbonic oxide method
recently described by Haldane and himself, has shown that in chlorosis
** the volume of the blood ig markedly increased” and « the decrease of
the number of red corpuscles and in the amount of ha&moglobin cannot
be regarded as due simply to the increase of the plasma.” The same

conclusions apply also to pernicious anmemia, Fournal of Plysiology,
vol. xxv., 1goo.

H 2
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Apoplasmic anzmia is not very uncommon in women,
especially in young women of neurotic type. It is not
unfrequently met with in chronic interstitial nephritis
_especially in the earlier stages—in diabetes mellitus,
in chronic gout with increased arterial blood-pressure
nd in those who are disposed to hzmorrhage (epis-
taxis, &c.). In this connection it 1s interesting to find
that Lloyd Jones observed that in arterio-sclerosis and
in chronic interstitial nephritis the specific gravity of
the blood was ¢ highest in those in whom there is no
cedema and in those who have cerebral hzmorrhage,”
and was “high in those who had had one attack
of cerebral hzmorrhage and who are likely to have
another.”* Moreover, Becquerel and Rodier long ago
found a high specific gravity of the blood and a great
increase in the number of the corpuscles in 12 cases of
cerebral hzmorrhage ; and these observers add that
the increase of the corpuscles ““ appears indeed to pre-
cede the cerebral heemorrhage.”t It is, therefore, not
improbable that the ready and convenient method of
determining the corpuscles by the hazmocytometer
tube will prove of practical value and utility in detect-
ing a rise in the corpuscles, which may indicate a dis-
position to cerebral hemorrhage. Observation has
shown that an apoplasmic state of the blood is amen-
able to control by increasing the supply of fluid in
certain cases—as in ordinary apoplasmic anzmia and
in chronic goutiness ; whereas in others—as in chronic

* Yournal of Physiology, vol. xii.
t Op. cit.
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interstitial nephritis and in diabetes mellitus—it does
not yield to this or to any other mode of treatment.
Whenever the apoplasmia is reduced and the reading
of the corpuscles falls within the normal limits the
hamoglobin value of the corpuscles rises and becomes
normal, as in the following example :—

SUBJECT, FEMALE, ET. 23.

DATE 1895, | AUGUST 3. AUGUST 7. _’ AUGUST 19,

Corpuscles . . . | 110 g3 ' Qo
Hezmoglobin . . 100 gb ! gI
Hg. value . . . 0'g5 0°'g8 | 1°01

In apoplasmic anzmia dry massage and Turkish and
Russian baths are physiologically contra-indicated ;
and I am doubtful if dry massage exerts a favourable
influence. I have, however, recorded excellent results
from courses of warm massage douche baths and
from Turkish and Russian baths.* Warmth 1S an
important element in the treatment —warmth in
baths, climate and clothing. High altitude resorts
should be avoided, and a preference should be given
to watering places near or on the sea level. As
a rule the cases of this type are greatly benefited by

* It is not improbable that Turkish and Russian baths, by further
concentrating the blood, may incite the intermediary circulation of
water, so that the blood may ultimately take up more water.
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CHARTE RSV,

THE CIRCULATION; APPARATUS FOR DETERMINING
THE BLOOD-PRESSURE (ARTERIAL AND VENOUS)
THE VARIATIONS IN THE ARTERIAL WALL AND
THE DISTRIBUTION OF THE BLooD.

Our physiological knowledge of the circulation
is imperfectly applied in clinical work: It will
be conceded by most practitioners, that clinical obser-
vation of the circulation falls far short of a satisfactory
application of the teaching and knowledge furnished
by physiological enquiry; in a word, that we fail to
realize or to apply in daily work, much that we have
acquired in the laboratory in this department of phy-
siology—much that would indeed tend to advance
the efficiency of clinical work, could we but utilize it
fully in practice. This imperfect realization of ele-
mentary physiological knowledge in clinical observa-
tion has doubtless arisen from the want of suitable and
reliable apparatus by which the unaided limitations of
the sense of touch may be extended and rendered more
definite.

It is true the sphygmograph was introduced with
the object of rendering this very service; but the
hope it inspired of fulfilling this end has unfortunately
not been fully realized. Though all observers (physio-
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logical and clinical) admit, that it has been of great
educational value, and has led to a considerable
advance in our knowledge of the causes of the various
circulatory events, comparatively few practical physi-
cians will allow that it can afford more than a some-
what equivocal aid in clinical work, or that it will
reveal anything beyond the facts it has already brought
to light, facts which are incorporated in current clinical
knowledge. It must, however, be admitted that there
are some physicians who find it to be a useful clinical
guide; and that the records it furnishes are sometimes
valuable as records. But as a clinical instrument, and
as an instrument of enquiry, it estimates but imperfectly
two leading facts—namely, the blood-pressure and the
variations incidental to the arterial wall. The object
of this research is to devise means of gauging these
important features of the circulation, and thus to sup-
plement and to extend the instrumental aid afforded
by the sphygmograph in physiological enquiry and in
clinical work.

A pparatus employed.

The apparatus employed in this enquiry of the
circulation in man were :—

1. The hzmodynamometer,* by which the blood-
pressure (arterial and venous) was determined.

* In determining the mean arterial pressure Hill and Barnard’s Sphyg-
mometer was frequently used as well as the hamodynamometer.
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2. The arteriometer, by which the caliblre of the
radial artery was measured with the view of estimating
variations in the arterial wall.

3. A simple phythysmometric method, by which the
volume of a limb was ascertained before and after
baths and exercises.

4. A method of gauging the capacity of the splanch-

nic area.

I[. THE HEMODYNAMOMETER OR BL0OOD-PRESSURE
GAUGE.

Previous attempts in heemodynamometry in
man :—During the past sixty years or more various
instruments have been suggested at home and abroad
to indicate the resistance of the pulse, the radial artery
having been selected for the purpose.

In a list of sixteen such attempts given in * Pulse-
Gauging ” p. 97, scarcely one can be said to have well
survived its early promise. History does not, there-
fore, apparently afford much encouragement to further
effort in this direction. But this conclusion will be
somewhat modified, when it is remembered that most
of the instruments proposed, and especially the earlier
ones, merely rendered the pulse visible, and were not
standardized on physiological lines; they were there-
fore not likely to aid the observer in the discovery of

new facts, or to prove useful to him in the course of
clinical work.
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The difficulties encountered in determining
the blood-pressure in man:—There are some
practitioners who are disposed to doubt whether the
blood-pressure in man can be determined by in-
strumental aid with a sufficient approximation to
accuracy for practical gnidance in different cases—
they regarding the physical difficulties as too great and
too varied to allow of a reliable reading of that pres-
sure to be obtained in man. Such physical difficulties
undoubtedly exist ; but they are apt to loom large, and
to acquire an undue ascendency over the judgement,
when viewed merely from the a priori aspect. They
can only be reduced to their proper proportions by
well-directed observation. They may be ascribed to
two causes : namely, to variations in (1) the resistance
of the tissues in different individuals, and (2) in the
calibre of the vessel.

The blood-pressure in man cannot be cor-
rectly estimated through a solid medium.—The
clinical instruments hitherto devised for ascertaining
the blood-pressure may be divided into two classes,
namely, those furnished with solid pads, and those
provided with a liquid medium to be applied over the
vessel. I have had ample experience of both kinds of
media—solid and liquid ; for, during the past six years,
I have used both adapted to my pulse-pressure gauge.
According to my observation the reading of the arterial
blood - pressure obtained by using the solid pad is
vitiated by variations in the tissue resistance of
different individuals, and by variations (congenital,
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physiological and pathological) in the calibre of the
radial artery—and especially by the latter. The calibre
of the artery may be congenitally smaller or larger
than a certain average size; and it will subsequently be
shown (see Chap. V.) that it is constantly fluctuating in
health, and is often considerably reduced or enlarged by
pathological changes (see Chap. VI.). All such varia-
tions have been determined by the arteriometer; and
the readings thus obtained, when compared with those
furnished by the pulse-pressure gauge provided with a
solid pad, have shown that the latter are vitiated by
differences in calibre below or above the accepted
average. The trend of the evidence supports the
general conclusion, that a reduction in calibre dimin-
ishes the record of the blood-pressure obtained by a
solid pad, and the enlargement of it increases that
record—even though the blood-pressure may have
actually increased in the former case or have dimin-
ished in the latter. In support of the same conclusion
there is also the fact, that a solid pad provides in the
same subject, and on the same hydrostatic level, read-
ings of the arterial blood-pressure which vary pari passi
with corresponding differences in the calibre of the
arteries, whereas that pressure is known to be practic-
ally uniform throughout the arterial system (see p. 138).
For example, in one observation a solid disc, suffici-
ently large to embrace the carotid artery, afforded
widely different readings of the mean arterial pressure
when applied on the same gravity level to the radial
and the carotid, namely 635 mm. Hg. in the former,
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and 145 mm. in the latter; that pressure when cor-
rectly estimated through a fluid medium being g5
mm. Hg. the same in both.

It therefore follows that accurate or reliable physio-
logical or clinical data pertaining to the blood-pressure
cannot be obtained through the intervention of a solid
pad applied to the vessels in man.

Digital estimation of the arterial blood-
pressure derived from a peripheral artery,
like the radial, is open to the fallacies of
the solid pad of a pulse-pressure gauge.—The
combined use of the arteriometer and the hamo-
dynamometer has repeatedly proved that the sense
of touch in forming an estimate of the arterial blood-
pressure in an artery of variable calibre, such as the
radial, like the other senses has its illusions, which
may mislead even the well-trained finger. The evi-
dence these instruments have furnished has shown
that it is the varying calibre of the artery which is the
main factor in misleading the clinical observer 1n
regard to his tactile estimation of the arterial blood-
pressure, and especially when the calibre is greatly
reduced ; for then the appreciation of the blood-
pressure affords to the finger the impression of a
marked fall in that pressure—even though it may have
actually risen considerably. I have met with many
instances in which the tactile estimation of the blood-
pressure in the contracted radial artery was either
normal or even sub-normal, when it was in reality
high as determined by the hzmodynamometer, or by
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the finger applied to the external carotid ; and in such
cases other indications of increased arterial blood-
pressure were apparent.

The facts elicited by the employment of the hzmo-
dynamometer with a solid pad applied to arteries of
different calibre 1in the same subject, and by the con-
current use of it with the arteriometer applied to an
artery of variable calibre (the radial), throw some light
on this apparent discrepancy between the impression
of the blood-pressure acquired by the finger from the
radial artery, and the actual blood-pressure pervading
the arterial system; for the finger-tip is a solid, and
as such it will be liable to under-estimate the blood-
pressure when the calibre of the artery is diminished.

It would therefore seem that digital estimation of
the blood-pressure should be more reliable when de-
rived from a large central artery, which is somewhat
less variable in calibre than the radial, richly endowed
as this vessel is with muscular tissue ; such an artery,
for example, as the external carotid, which is conveni-
ently placed for digital examination and for compres-
sion on a firm bed. I have found it useful to refer to
the digital estimation of the blood-pressure in the
carotid whenever a discrepancy is apparent between
the readings of the heemodynamometer (furnished with
a fluid pad) and the finger applied to the radial; for
in this way the discrepancy is proved to be only
apparent, and due to the inadequate appreciation of
the blood-pressure by the finger applied to a radial
of reduced calibre.
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The hlnud-pressure can only be correctly esti-
mated through a fluid medium.—The recognition
of this fact is due mainly to the work of Roy,*
von Bach,t Leonard Hill and Barnard.f It marks a
great advance in the construction of instruments for
the physiological and clinical study of hzmodynamo-
metry in man; for the adoption of a fluid medium
enables the recorder to determine the blood-pressure
with accuracy, and obviates the unavoidable fallacies
of the solid medium.

I will adduce a few facts, which I have observed, in
support of this position.

1. Variations in the resistance of the tissues
do not vitiate the correct reading of the mean
arterial blood-pressure.—This fact is apparent in
the observation of a uniform reading of the mean
arterial blood-pressure afforded by all the accessible
arteries—covered as they are by varying thicknesses of
tissue—in the same subject, providing of course that
that pressure 1s determined through the fluid medium
on a uniform hydrostatic level. It may, moreover, be
demonstrated in another way, namely, by increasing
and varying at will the resistance over the artery by
superposing layers of material (such as chamois

leather, &c.) on the skin; when the point on the

* Practitioner, London, vol. xlv.

t * Abhandlung ueber den Sphygmomanometer und seine Ver-
werthung in der Praxis,” Berlin, 1887.

t Brit. Med. ¥ourn., London, 18g7, vol. ii.; Lancet, London, 1898,
vol. 1.
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scale at which the mean arterial blood-pressure is read
when the skin is uncovered remains exactly the same
after the addition of each layer. The only effect pro-
duced by interposing resisting material is merely to
reduce all the excursions of the indicator, and not to

alter the position of their maximum development,
which indicates the mean arterial pressure (hg. 2g).
In the same way it has been found that the use of
thicker rubber to enclose the fluid medium does not
disturb the reading of the mean arterial pressure—it
merely lessens all the motions of the indicator. The
mean arterial blood-pressure is read when the oscilla-
tions of the indicator attain their greatest range, and
when the pulsations of the artery remain free beyond the
point of observation ; therefore the vessel is not closed,
and all the solid structures (the wall of the vessel, the
superjacent tissues and skin, and the rubber enclosing
the fluid medium) Intervening between the blood and
the fluid of the pressure-gauge merely move together
In unison with the pulse wave, and with that extent of
motion which their resistance permits—the point of
maximum motion remaining the same for all degrees of
resistance. It therefore follows that the VArying re-
sistance of the tissues in different individuals only
modifies the extent of the motions of the indicator,
and does not vitiate the reading of the mean blood-
pressure. But on the other hand, that varying resist-
ance would have been 2 disturbing influence had it
been necessary to close the artery by external pressure
in order to determine the blood-pressure; then no



112 BLOOD AND BLOOD-PRESSURE.

reliance could have been placed on the records ob-
tained in different individuals.

fgp mm. Hg.

The pad on the bare skin.

SN A—

The pad on two intervening layers of chamois leather.

—AR AN\ —

The pad on four intervening layers of chamois leather.

e MMMV A

The pad on six intervening layers of chamois leather.

. -.‘.AMWUWWNW

The pad on eight Intervening layers of chamois leather.

FiG. 20.—Diagram showing that the maximum excursion of the indicator of the
hemodynamometer appears under the same pressure, whether the pad be placed
on the bare skin over the artery, or on one or more layers of material interposed
between it and the skin.

». Variations in the calibre of the arteries do
not disturb the reading of the mean arterial

pressure.—This fact is proved by all the arteries
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_—

available for observation affording an identical blood-
pressure when estimated through a fluid medium on
the same hydrostatic level. It is likewise obvious
when the hazmodynamometer is used along with the
arteriometer on the radial artery. When, for example,
the arteriometer indicates 2 reduction in the calibre,
the hemodynamometer may show a rise or a fall in
the blood-pressure—in the former case suggesting con-
traction as the cause of the lessened calibre, and in
the latter mere passive shrinking ; and when an en-
largement of the calibre is read, the hzmodynamo-
meter may also reveal a rise or a fall in the blood-
pressure—in the former case the enlargement being
due to distension of the arterial wall, and in the latter
to relaxation, or the abeyance of tone. The blood-
pressure gauge, furnished with a fluid pad, is therefore
capable of discriminating between an Increase or a
decrease in the blood-pressure irrespective of the
calibre of the artery.

3- The adoption of the fluid principle ob-
viates the errors due to the malposition of the
solid pad and to abnormal conformation.— The
solid pad necessitates great accuracy in regard to the
position of it on the axis of the artery—slight devia-
tions therefrom affording erratic readings; therefore
the personal equation in making observations with a
solid pad is large. But the fHuid pad does not require
any such nicety for its adjustment ; for, so long as the
indicator responds to the pulsations, a correct reading
is obtained, whatever may be the position of the pad

I
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in regard to the artery. When the centre of the pad is
placed over the artery the pulsations of the indicator
are larger than when it is on one side of the vessel;
yet the reading of the mean arterial pressure remains
the same. It therefore follows, that with the fluid
pad the observer 1s not liable to fall into error from
malposition of the pad. Nor is the abnormal con-
formation of the parts about the artery a source of
error ; for the external configuration of the surface has
been experimentally altered in various ways without
producing any variation in the reading.

The adoption of the fluid medium, therefore, re-
moves all the leading difficulties encountered 1n
attempting to determine with reliability the blood-
pressure in man ; obviating, as it does, the disturbing
influences exerted by the tissues, by the varying calibre
of the vessels and by abnormal physical conformation
on the solid pad, and moreover rendering the observa-
tion of the blood-pressure much more easy, and much
Jess liable to error, from want of aptness and technique
:n the observer, than when he attempts that observa-
tion through a solid medium.

The Blood-Pressure Gauge.™ (Fig. 30).

The hzmodynamometer consists of two principle
parts : — (1) the pad and (2) the recorder.

* This instrument was described by me at the meeting of the Physio-
logical Society, held at University College, London, on March 12, 18g8.
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The pad (fig. 30, a) is made of thin rubber, is small,
and of cylindrical shape, and is encircled by a metal
rim, which limits lateral expansion when the instru-

ment is used. The lower end of it projects beyond the

¥

F1G. 80.—The hemodynamometer, . The pad encircled by metal rim, b, The

recorider.

rim, so that, when it is applied over the vessel, nothing
but the soft rubber is brought in contact with the skin.

It may be convenient to those who have purchased my old pulse pres-
sure gauge to know that Mr. Hawksley, 357 Oxford Street, London, W.,
will convert it into the new form with Huid pad.

12
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The upper end of it is kept in apposition with a solid
disc, which is connected by a stem with the circular
spring of the recorder. It is charged with water con-
taining a little glycerine.”

The recorder (fig. 30, b) is a circular box, two
s ches in diameter, containing a circular spring (fig-
31) which receives the pulsations transmitted through
the fluid pad by the solid disc and stem. The spring
is of course free in the box but is fixed above. A very
fine thread passes from the lower end of the spring
round the cylinder of the axle, and is maintained in a
state of tension by a piece of watch hair-spring; so
that when pressure is brought to bear on the pad, the
axle with its attached indicator acquires a correspond-
ing motion ; and when the pressure ceases the spring
and the indicator resume their former position (fig. 31)~
I have found the circular form of spring very satisfac-
tory in work ; and it is superior to the spiral or other
variety. The instrument has been standardised from
the mercurial manometer, and corroborative readings
have been obtained in the dog. The scale, in the form
of a helix or involved circles, extends to 250 or 300
mm. Hg, and is of ample length, being over eleven
inches, to enable the observer to make accurate read-
ings of five or even two and a half mm. grades.

How the instrument determines the mean

* Those who have experience of rubber for medical purposes tell me
that immersion in water is the best mode of preserving its properties
intact—even for years. Glycerine :s added with the view of further

maintaining the sensitive suppleness of the rubber.
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arterial blood-pressure.—The pad having been
placed over the artery, the observer merely requires
to press forward the dial part (the recorder) of the
instrument, when the indicator begins to pulsate
slightly at the lower part of the scale: and, as the
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FrG. 31. Section of the recorder of the Hemodynamometer,

pressure is being steadily increased, the pulsations
gradually become larger until they attain to a maxi-
mum excursion; and then, as the pressure is carried
further, they as gradually diminish—the progressive
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rise and fall of the motion being perfectly equable
throughout. The mean arterial blood-pressure is
indicated when the maximum motion is attained—
the reading being made at the point midway between
the two limits of the excursion.

The principle followed is to equilibrate the fluid
pressure within the pad to that within the artery,
so that when that point is reached, the two pressures
being exactly balanced as it were, and the pad then being
but a diverticulum of the artery, the maximum motion
of the pulse wave 1s developed—this being the visible
indication of the perfect continuity of the two fluid
pressures, separated merely by membranes, namely, by
the thin layer of rubber, the skin, the subcutaneous
tissue, and the arterial wall; a slight reduction, or a
slight excess of pressure within the pad impairing the
conduction of the motory waves of the pulse beat.
Fluid used in this way is therefore a device enabling
the observer to obtain a connection with the contents
of the arterial system, akin in fact to that of mano-
metric observation in animals, save the breach of
tissue.

The range of application of the instrument.—
It furnishes the blood-pressure in any superficial and
accessible artery, and in the veins. In the arteries
observation may be made on the carotid, temporal,
radial, ulnar, posterior tibial, arteria dorsalis pedis, or
even on such small arteries as the arteria-superficialis
vole, or the digital arteries. The radial is the most
convenient for clinical work. Observation of the
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venous blood-pressure is most easily made on the veins
of the dorsum of the hand.

The sensitiveness of the instrument in re-
sponding to the pulsations.—As a rule, the maxi-
mum excursion of the radial pulse is sufficiently ample,
being in an average case from 5 to 8 mm., and when
the beat is somewhat voluminous it may attain from
10 to 15 mm. This amplitude of the motion unfolds
the character of the pulse—a point of some clinical
importance ; but, on the other hand, it impairs the
exactitude of the reading of the mean pressure, for
then it becomes more difficult to determine the point
when the maximum development is reached. When-
ever the excursions attain this limit, e.g., 6 mm., it
has been found conducive to accuracy in reading the
pressure to reduce the motion by covering the radial
with a layer or layers of chamois leather, or the finger
of a glove—a procedure which merely limits the
excursions of the indicator, and does not alter the
correct reading of the blood-pressure (see p. 111). To
attain the same end there is of course the alternative
of selecting -a smaller artery, such as the ulnar or its
terminal portion in the hand, or the arteria-superficialis
vole, or even one of the digital arteries at the base of
the finger. The delicacy of the instrument is shown,
not only by affording the blood-pressure in the smallest
arteries, but in detecting all the degrees of gravity
variation in arterial pressure, a difference of two or
three inches in level being, for example, quite ap-
parent.
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How to observe the arterial blood-pressure.—
The instrument may be conveniently and accurately
applied without the aid of any mechanical rest or
accessory, especially if the observer rests his hand on
the table and extends his fingers against an adjacent
part of the arm (for the radial) or the clavicle (for the
carotid) ; the gentlest variations of pressure can thus
be applied with precision. At the same time a simple

Fic. 32. Mode of applying the hemodynamometer to the carotid artery, on the
box covering the hand as a rest.

form of rest on which to slide the instrument towards
the artery conduces much to ‘accurate and easy obser-
vation ; such as the box in which it is carried, which
serves this purpose admirably, the lid being inclined
by means of a prop, thus providing a graduated plat-
form for all depths of wrist, or the hand resting on the
clavicle and shoulder for observation of the. carotid
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pressure may be enclosed 1n 1t (fig. 32). Figure 33
shows how the instrument should be held so as to
secure the steadiness and accuracy of a rigid rest.

The pad is placed over the site of the artery, and

|

FIG. 33 shows how the hemodynamometer should be applied to the radial or

ulnar artery in order to secure all the advantages of a mechanical rest,

the wrist is bent at an-angle of 45° so as to slightly
project the vessel’ on its bed, while the arm rests
on its ulnar side. Pressure is then made by gently
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pushing forward the body of the instrument, when the
indicator will rise on the dial, and show the exact
degree of pressure brought to bear on the pad and the
vessel. As already mentioned, the reading of the mean
arterial blood-pressure is made at that part on the
scale in which the pulsations of the indicator acquire
their fullest development; then the observer has
gradually raised the fluid pressure within the bag to
the point at which it exactly balances that within the
artery—the two fluid pressures being equal.. The
graduation at the mean of the maximum oscillation
of the indicator is taken as the correct readings of the
mean arterial pressure. In order to settle with accu-
racy on the position of this point on the scale, the
observer should vary the pressure so as to bring the
indicator above and then below the area in which it
is obviously located, and then he should narrow the
field of ample movement until the reading is obvious.
In reading the mean arterial pressure differences of
5 mm. are quite easily made, and those of 24 mm. are
discriminated without much practice in the use of the
snstrument. It is not necessary to attempt to make
fner distinctions than 5 mm., for ordinary clinical
purposes. The intermediate markings of 24 mm. are,
however, useful in guiding the eye in discriminating
the point at which the widest swing of the indicator
is attained.

In order to eliminate as much as possible the influ-
ence of gravitation on the blood-pressure, it is impor-
tant in making observations to preserve approximately
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the same relation of the position of the wrist to the
base of the heart in the erect and recumbent postures ;
and for this purpose it is a good rule to place the
wrist on a level with the ensiform cartilage in the
erect (sitting or standing) positions, and on a line with
the back in the recumbent posture.

It should be mentioned that the observation does
not, as a rule, demand more time than one minute—
not more in fact than is usually expended in the
ordinary digital examination of the pulse; and, more-
over, the observer determines a definite fact, instead
of gathering an ill-defined impression, which may or
may not be verifiable when subjected to strict inves-
tigation. Furthermore, the instrument can be applied
with facility and with but a very small personal equa-
tion of error, so that any medical man, not previously
conversant with the use of it, may make reliable
observations.

How to observe the venous pressure.*—Select
a piece of vein free from branches or anastomosis on
the back of the hand, or on the arm. Press the pad
over the peripheral end of it until 50 to 100 mm. are
recorded. Empty the vein by drawing the finger over
it in the direction of the heart. The vein will then
remain collapsed when provided with an efficient
valve; but if it refills a finger must be kept over the
central end of the collapsed vein, or another length
of vein furnished with a competent valve must be

* I proposed this method in 1898, and it was demonstrated before
the Physiological Society. See Yournal of Physiology, 18g8.
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selected. Then gradually reduce the pressure on the
pad until a point is reached when the vein begins to
refill, when the exact pressure indicated must be read.

In observing the venous pressure it is of course of

{ R A A T R
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T1c. 34. Mode of applying the hemodynamometer to the radial artery on a rest,
with screw adjustment.

importance to adhere strictly to the directions already
given in regard to the position of the site of observa-
tion in relation to the heart in the erect and recumbent
postures ; for the record of the venous pressure being
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low as compared with that of the arterial pressure, the
influence of gravity is relatively greater—though it is
absolutely the same on both sides of the circulation.

The hzmodynamometer applied on a me-
chanical rest.—In furnishing many of the data

FiG. 85, Mode of determiniig the veaous pressure with the hemodynamometer
applied by m-ans of a screw adjustment,

relating to the arterial and venous blood-pressure
collected in this physiological and clinical research
the instrument was employed on an adjustable rest,
and the pressure was turned on and of by means of a
screw, as shown in figs. 34 and 35. It wis used
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horizontally in determining the blood-pressure in the
radial or in any of the small arteries of the hand (fig.
34); and vertically in reading the venous pressure
(fig. 35). Though it seemed advisable in prosecuting
this enquiry to resort in the first instance to a purely
mechanical method of applying the instrument, subse-
quent extended observation has demonstrated that
the simple manual adaptation of pressure, such as
may be quite easily employed by anyone, is quite as
accurate as that furnished by a screw ; for the indicator
shows the exact amount of pressure which is brought
to bear on the pad at any moment, it being quite
immaterial whether it is exerted by the hand or by a
screw, providing it is applied steadily, and providing
the indicator is made to travel definitely from point to
point, where it is allowed to rest in order to determine
the amplitude of the oscillations. The proof of this
position is furnished by the fact, that, so long as the
blood-pressure remains uniform, the reading cannoct be
varied by the manual use of the instrument, whether
thus applied by different observers or by the same
observer. Therefore the application of the instrument
by the hand is certainly all that is necessary to ensure
accuracy in clinical work, or even in physiological
observation.*

* 1 find that those who have had no experience of the application of
the instrument by the hand and by mstrum:ntal aid are apt d priori
to regard the manual use as pmbablyv upen to error; careful obseryation
has, however, definitely excluded this suspicion.
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II. THE ARTERIOMETER.* (Fig. 30).

This little instrument is designed to solve the pro-
blem—how to measure the bore or calibre of a collap-
sable tube, like the radial artery, from the outside.

Fig. 36.—The Arteriometer.

The mechanism is enclosed in a small circular box

(inner box, fig. 36) which presents below three stems—

* This instrument was described by me at the meeting of the Physio-
logical Society held at King's College in March, 1894. The arterio-
meter and the hzemodynamometer are made by Mr. Hawksley, Surgical
and Physiological Instrument Maker, 357 Oxford Street, London, W.



128 BLOOD AND BLOOD-PRESSURLE.

one on each side fixed to the box and carrying the
foot rests, and one between, to which the pad or
button is screwed, being free to settle over the site of
the artery. This central stem is fixed to a frame, which
slides in grooves to maintain the exact vertical direc-
tion of the up and down movement. This movement
is communicated to the hand on the dial by a silk
thread attached to the lower part of the frame and
maintained in a state of uniform tension around the
axle by a piece of hair-spring, so that the exact posi-
tion of the pad in relation to that of the foot-rests is

FiG. 87. Diagram showing the principle of the writer's arteriometer.

indicated by the hand on the dial. If now the two
foot-rests are planted by the sides of a piece of rubber
tube, the pad will settle on it (fig. 37) and the hand on
the dial will indicate the position which it has assumed
as the starting point of the measurement to be made ;
and all that is necessary in order to determine the
internal diameter of the tube is some arrangement that
will push forward the pad until it closes the tube, when
the hand on the dial will travel from its initial posi-
tion, and furnish the required measure. That arrange-
ment is secured by a rod attached to the outer case
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enclosing the instrument, which merely thrusts before
it the frame carrying the pad, when that case is pushed
downwards. As the outer box is pressed forwards
a point is reached when air can no longer be blown
through the tube, and in the meanwhile the dia-
meter is recorded on the dial. In this way a much
‘more exact measurement of the bore of the tube can
be obtained than by direct observation of the cross
section of it, for the mechanism magnifies the space
to be measured, and enables the observer to read down
to a tenth of a mm. or even less. The outer box
serves a most important purpose in making such a
delicate measurement as that of the radial calibre. It
1s separated from the instrument by the intervention
of springs, which glide towards the rod as it is pressed
downwards, so that a uniform pressure is thus main-
tained on the foot-rests throughout every observation,
and the observer cannot unconsciously or in any way
modify the reading obtained. The personal equation
1s thus much more satisfactorily met than it could be
even- by more elaborate mechanical arrangements.
The dial provides for the measurement of 4 mm., and
1s graduated in tenths of a mm., and it automatically
revolves with the indicator, so that every reading is
made from zero, and not from a variable part of the
scale, as would be the case were the dial to remain
fixed. Lastly, it will be obvious that the force used to
close the artery always exceeds that of the blood-
pressure, otherwise the indicator would not travel an
the dial.

K
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How to apply the arteriometer.—Of the super-
ficial arteries the radial is best adapted to the pur-
pose in view, for the calibre of it is sufficiently
large to provide an ample scale for the definite record-
ing of variations; and, moreover, the vessel occupies
an accessible position on a bony floor, and is flanked
by firm structures. The temporal artery is somewhat
too small for general selection, though the measure-
ment of its calibre may now and then prove useful,
when the radial arteries are not available for trust-
worthy observation.

Two conditions must be observed in order to make
the reading as reliable as possible .—(x) The wrist
must always be extended at a uniform angle ; and (2)
the same part of the artery must be observed on all
occasions. . The first condition is secured by placing
‘the extended arm on A wrist-rest providing an angle
of 45°%; and the second, by marking with .an aniline
pencil the site of that portion of the artery selected for
measurement, A preliminary examination by the
finger quickly enables the observer to decide where
the bed of the artery is most even and resistant, and
therefore best adapted to the observation ; and, as a
rule, this is found to be on a line with the prominent
point of the styloid process.

Figure 38 represents the most convenient way of

* This angle of extension generally secures a slight and uniform
traction of the tissues, which favours definite observation ; for example,
the tendon of the flexor carpi radialis thus becomes a resistant platform

for one of the foot-rests.



ARTERIOMETER. 131

applying the arteriometer. The instrument is held by
the index finger and thumb of the right hand; the
foot-rests are planted, one on the styloid process, and
the other on the flexor tendons rendered firm by the
extension just referred to; and the pad is made to
occupy the exact site of the artery. The index finger

FiG. 88, The mode of applying the arteriometer—the wrist being extended on a
wrist rest.

of the left hand is placed over the artery beyond the

pad; and the outer case is drawn slowly downwards.

At first the indicator travels until it reaches a certain

point, when it turns in the opposite direction; this

point should be carefully noted, for then the pad
K 2
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begins to close the artery, and the reading of the
measurement should commence. As the artery is
being closed, the pulsation felt by the index finger
after a time gradually diminishes, until it fails to be
perceived, when the observation is at an end, and the
travel of the indicator will furnish the measure of the
calibre.* It is generally necessary to raise slightly the
vadial side of the wrist in order to secure a firm and
even base on which to compress the artery.

Sources of fallacy.—There must always be a
certain proportion of cases unsuited to any reliable
instrumental observation of the radial artery; as
when the vessel is abnormally distributed, or lies too
deep, or when there is an excessive deposit of fat over
it. Perhaps, however, not more than ten or fifteen
per cent. ofe cases should be thus excluded. The
instances in which the radius provides an insufficient
support for compression of the artery, in consequence
of shelving away too rapidly, are totally unfitted ; but

* According to my observation, the finger is the best and most
practical guide in deciding when pulsation ceases, and the artery is
closed ; it is, moreover, endowed with a surprising degree of sensitive-
ness, e.g., on applying the arteriometer to determine the bore of a small
rubber tube, through which water was intermittently propelled under a
pressure resembling that within the arteries of man—as indicated by
an attached mercurial manometer—the left index finger could definitely
detect pulsation beyond the pad until the pulsatile movement of the
mercury and the flow of water actually ceased. I am disposed to think,
that the left index finger is more sensitive than the right; perhaps be-
cause the epidermis on that side is slightly thinner—the more frequent
use of the right hand tending to thicken it.
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the finger can, as a rule, readily detect such cases.,
The fulness of any superficial veins over the site of the
artery might increase the reading; but this source of
error is easily removed by making slight traction on
the skin before adjusting the pad.

In 1897 Leonard Hill, H. L. Barnard and J. H.
Sequeira adduced some data to show that the venous
pressure may be so raised as to vitiate the reading of
the radial calibre by distending the venz comites of
the radial artery, and these observers likewise asserted
that these veins may in this way become so enlarged
as even to mislead the observer in his ordinary tactile
examination of the pulse.* During the past three years,
having meanwhile devised a method of determining the
Venous pressure in man (see p. 123), I have paid special
attention to the detection of evidence in support of
these views, especially in so far as they apply to
ordinary clinical work; but I have so far failed to
discover any such evidence. I have, for example,
repeatedly met with low readings of the radial calibre
when the venous pressure was exceptionally high ; and
I have failed to detect a direct relation between the
evidence of a high calibre and that of a venous
pressure above the average. I have likewise made
several observations with the arteriometer after rais-
ing the venous pressure of an arm by constricting the
veins, using Hill and Barnard’s sphygmometer ; and in
no case was the reading of the arteriometer affected by
a venous pressure below 80 mm. Hg., which according
* ' Effects of Venous Pressure on the Pulse,” Four. of Plysiology, 18g7.
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to my experience is about the highest limit reached in
clinical observation.

When the arteriometer was brought forward I
pointed out that the wrist should be invariably fixed
at an angle of 45°, so as to ensure a certain uniform
degree of traction on the tissues. This traction
suffices to annul any distension of the veins—includ-
ing of course that of the venz comites. Therefore I
regard this direction as of fundamental importance in
ensuring accuracy of observation, and the failure to
comply with it will lead to error. A wrist rest such
as that shown in fig. 38 is useful in preserving this
uniform position of the wrist. |

III. THE VOLUMETRIC MEASUREMENT OF A LiMB.

 In order to determine the extra amount of blood
which is incited to circulate in a limb by local exercise,
by resistive movements, by massage, by faradism, and
by baths I resorted to the following simple method of
measurement of the volume of a limb afforded by the
displacement of water.

A large trial jar was placed in an over-flow basin.
It was then very carefully adjusted to an absolutely
horizontal position by a spirit level, and filled exactly
to the brim with tepid water (95° F.)—this point being
indicated by the correct reflection of a window on the
surface. The arm, around which an aniline line was
drawn above the elbow, was immersed until the line
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was touched all round by the water. The overflow was
then measured before and after the procedure thus
tested, whether exercise, massage, faradism, or a bath.

IV. A METHOD OF (GAUGING THE SPLANCHNIC AREA.

It was found that when the abdomen was com-
pressed by an equably distributed weight in the recum-
bent posture, the systemic blood-pressure (arterial
and venous) was raised. It was inferred, that the rise
was due to the displacement of blood from the splanch-
nic veins, or to the reduction of the splanchnic area
from the equable pressure diminishing the arterioles
supplying it ; and that the extent of the rise was pro-
portionate to the amount of blood thus displaced or
diverted. In support of this position it was found,
that the increase of the systemic blood-pressure in-
duced by applying the same weight to the abdominal
wall of the subject under observation varied at different
times ; being influenced by the digestive process (see
p. 183), by exercise (see pp. 163-5, 170), by fatigue
(see p. 174), and by the night’s rest (see p. 1g3).
Furthermore, it was obviously not due to temporary
compression of the vena cava and aorta; for it was
found to persist for some time after the removal of the
weight while the subject remained in the recumbent
posture, but to disappear at once after he assumed the
erect position—sitting or standing (see p. 149).

The following was the mode of observation adopted,
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CHAPTER V.
THE CIRGULATIDN: PHYSIOLOGICAL VARIATIONS.

IT is perhaps scarcely necessary to remark that the
study of the blood-pressure in normal man is an
indispensable preliminary to the clinical observation
of it, at any rate if this is to be anything more than
merely empirical. Moreover, this introductory physio-
logical study is all the more called for, because our
knowledge of particular facts in regard to the blood-
pressure in normal man is but limited, and therefore
there remains much of a definite character to be
acquired, and settled by further direct observation.
Furthermore, until quite recently the means of obser-
vation in man have been distinctly faulty, and con-
sequently physiologists have preferred to rely on
inferences derived from the general facts of the circu-
lation acquired by experimentation on animals, rather
than on the observation of data furnished by man
himself. But apart from the mere settling of facts
in this department of physiological observation, the
study of them is particularly instructive to the ob-
server whose practical inquiries are mainly clinical ;
for, observing how well the physiological equilibrium
of the circulation is maintained, as a rule, at all points
by quickly responding adjustments, his interest is
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quickened by all those slight failures in accommoda-
tion so apt to manifest themselves now and then in
health: such failures being but transitory approxi-
mations towards the pathological, and affording an
insight as to how the permanent aberrations in disease
are brought about. In this outline of my observations
of the blood-pressure in health, as determined by the
hemodynamometer and the arteriometer, I propose
in the first place to briefly touch on some general
questions relating to arterial, peripheral, and venous
blood-pressures; secondly, to describe the effects of
different physiological conditions on the arterial and
venous pressures; then to point out some of the
characteristic features of the venous pressure, which
has not hitherto been determined in man; and, lastly,
to indicate the average limits of normal arterial and
VEnous pressures.

I. SoME GENERAL FACTS PERTAINING TO ARTERIAL,
PERIPHERAL, AND VENOUS Broop-PRESSURES.*

1. Observation shows that the arterial blood-
pressure is practically uniform throughout the
arterial system.—The hemodynamometer has indi-
cated that the mean arterial pressure is uniform in all
the arteries accessible to observation in the same

* Reference is here made only to some of the leading circulatory

causes of variation in the blood-pressure.
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subject. Inasmuch as the area of observation includes
the carotid on the one hand, and such small superficial
arteries as the digital on the other, this position may
seem to be somewhat heretical, for the accepted teach-
ing of physiologists is to the effect that the blood-
pressure diminishes along the arterial tract from the
heart towards the small arteries and capillaries—that
it is higher in the large central arteries than in the
small peripheral arteries. My observations do not,
however, accord with this view, for they show that the
mean arterial pressure does not appreciably vary in the
different parts of the arterial system on which obser-
vation can be made—always providing, of course, that
the influence of gravitation is excluded. In order to
decide this point, the blood-pressure in all the various
superficial arteries of the same subject has been
repeatedly determined in the recumbent position, and
it has always been found that when discrepant read-
ings were detected, they were to be accounted for by
deviations from this uniform level which had been
overlooked, and not by variations of distance from the
heart. Inasmuch as the hzmodynamometer can
detect the effect of differences of level so small as
two inches, the failure to discover the gradual reduc-
tion of the mean arterial pressure described in the
books as taking place between the large arteries (as
the carotid) and the small arteries (as the digital) is
not due to want of delicacy in the instrument. It may
therefore be concluded that the arterial blood-pressure
is not appreciably different in various parts of the
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arterial system ; that it is practically uniform through-
out the area of arterial pulsation; and that the only
recognisable cause of variation to which it is liable in
the different arteries is the force of gravity.

This position, furnished by direct observation, is
moreover rendered probable by theoretical considera-
tions. It is assumed that, as the resistance increases
as the arteries divide into smaller channels, the arterial
blood-pressure is diminished in the still smaller vessels,
and this would doubtless be the case were the sectional
area of the arterial bed to remain without change or
to diminish ; but, inasmuch as it widens, the velocity
of the blood is reduced, and the resistance to the flow
in the narrowest channels is thus counteracted, and
consequently the blood-pressure in them may not fall
as is usually supposed.

It would seem that whatever in any part of the
arterial system raises or lowers the mean blood-
pressure does so throughout that system as a whole;
and that the maintenance of a high fluid pressure
in the smaller divisions of it may serve a useful
purpose, and may not be a matter of mere ‘theo-
retical interest, for whenever the arterial pressure be-
comes excessive, it may relieve itself by dilating the
terminal arteries and arterioles—the outflow into the
capillaries and veins being thus increased. Therefore
it is not improbable that the conformation of the
arterial system, securing a strong blood-pressure in its
peripheral portion, and the more delicate walls of the
smaller vessels, rendering them more amenable to dila-
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tation, provide a mechanically self-adjusting arrange-
ment by which the rise of arterial blood-pressure in-
cited by physiological causes is modified and limited.

Moreover this position may also be regarded as hav-
ing a pathological bearing, for aneurisms in the small
arteries and hemorrhage from them may be more
readily accounted for when the arterial blood-pressure
is raised and is maintained at a high degree in the
peripheral portion of the arterial system—and especi-
ally when the increased pressure cannot compensate
itself by dilating the terminal vessels because of organic
changes in their walls.

2. The blood-pressure is decisively reduced
by the artericles.—Observation has failed to detect
a fall of blood-pressure on the proximal side of the
arterioles. Inasmuch, therefore, as it is known that
the capillary pressure is only about twenty-five per
cent. of the arterial pressure,* it follows that the fall
of seventy-five per cent. takes place while the blood is
passing through the arteriolar region. From this fact
it is obvious that the blood-pressure is practically
unaffected until the blood reaches the arterioles, where
the flow receives its first decisive check.

3- The blood-pressure is probably not reduced
by the passage of the blood through the capil-
laries.—The sectional area of the bed of the circula-
tory stream attains its maximum in the short capillary
tract. This physical condition will certainly slacken
the velocity of the blood-flow, but will not offer resist-

* Foster, “ Textbook of Physiology," 1891, p. 209.
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ance to it. Physiologists, therefore, now no longer
regard the peripheral resistance as appreciably due to
the capillaries.®

4. The normal peripheral resistance is there-
fore mainly arteriolar.—The foregoing positions
point out the arterioles as the predominant, if not the
sole cause, of peripheral resistance; and -certainly,
apart from the influence of the heart, they are the
general determinants of variation in the mean blood-
pressure—in the arterial pressure on the one hand,
and the venous pressure on the other.

5. The general relation between the arte-
rial, peripheral, and venous blood-pressures.—
In health the blood-pressure is fundamentally the
outcome of muscular action. On the arterial half of
the circulatory apparatus we have a predominance
of muscular tissue and a proportionately high fluid
pressure ; and on the venous side we have a minimum
amount of the contractile tissue and a correspondingly
low pressure. In the former the large preponderance
of muscular fibre is, on the one hand, massed in the
left ventricle, while, on the other hand, it is distributed
in probably at least an equal aggregate amount among
all the arterioles; and between the incessant clonic
contractions of the former, and the tonicity of the
latter, there is maintained a high and uniform arterial
blood-pressure. But beyond the muscular inhibition

* The reader is referred to an instructive article by Harry Campbell
on * The Resistance of the Blood-Flow,” Fournal of Physiology, vol.

xxiii., 18g8.
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of the arteriolar region, the blood flows onward into
the capillaries and veins robbed of three-fourths of its
pressure, and in a stream of uniform but gradually
diminishing force. The arteriolar influence is not,
however, solely confined to the mere maintenance of a
relatively high arterial and a relatively low capillary
and venous pressure ; for by variations in contractility
it is a regulating factor in raising or in lowering the
mean blood-pressure in the arteries and in the veins.
On the one hand, by further contracting, it augments
the mean arterial pressure and diminishes the venous
pressure; and, on the other hand, by contracting less,
or in ceasing to contract, it lowers the arterial, and
allows the venous pressure to rise. It, therefore,
follows that observation of the venous pressure, when
made alongside that of the mean arterial pressure,
affords a useful criterion of the degree of peripheral
resistance exerted by the arterioles; and such observa-
tion is, moreover, likely to prove useful in the clinical
estimation of that resistance. The venous pressure
is, therefore in the main but the residuum of the
arterial pressure, a remainder that survives the arterio-
lar resistance, and is inversely proportionate to that
resistance.

6. The determinants of the mean arterial
pressure are arteriolar and cardiac.—Though
the arterioles exert a leading influence in lowering, or
in raising the mean arterial pressure, there is another
variable factor which contributes its share in the
result; namely, the behaviour of the heart muscle.
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The arteriolar contraction remaining the same, a more
frequent and a more forcible action of the ventricle,
which secures an increased output, will raise the mean
arterial pressure, and a less frequent and a less ener-
getic contraction, which lessens the output, will lower
it. The output of the ventricle, as well as the degree
of contraction of the arterioles, therefore, contributes
to determine the mean arterial pressure. The distensi-
bility of the arterial wall may play a subsidiary part
under conditions necessitating a very high arterial
pressure, but such conditions only come into opera-
tion in the clinical field. It has been observed that
the influence of one factor, even though in pro-
nounced operation, may even be predominated by that
of the other; for example, in exercise the peripheral
dilatation may suffice to annul, or even more than
annul, the effect of the cardiac stimulation on the
mean arterial pressure; and again, heat, though rais-
ing the frequency of the heart’s action and presumably
increasing the output, lowers the mean arterial pres-
sure by increasing the arteriolar onflow to a still
greater degree than the ventricular output.

It would seem to be the rule, that when the mean
arterial pressure is disturbed from any cause the effect
of one factor (central or peripheral) is modified by that
of the other, so that that pressure is maintained within
the narrowest limits; for example, when the arterioles
are constricted by cold the onflow of blood into the
capillaries is of course diminished and the mean
arterial pressure is raised, but this rise is modified by
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a diminution of the ventricular output induced by a
fall in the frequency of the heart’s action, and it may
even be annulled by the peripheral dilatation (the
reaction) to which the constriction may succumb
under the stress of the higher degrees of arterial
pressure.

II. PHysioLoGIicAT. CAUSES OF VARIATION IN THE
BLooD-PRESSURE (ARTERIAL AND VENous).

I have made a large number of observations in
healthy subjects on the effects on the blood-pressure
of the following physiological conditions, namely :—

I. Gravitation.

2. Posture.

3. Muscular exercise.

4. Mental exercise and emotional excitement.

5. Fatigue.

6. Rest.

7. Excitation of respiration and effort.

8. Digestion.

9. Beverages.

10. Temperature.
I1. Pulse-rate.
12. Diurnal conditions.
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1. Gravitation.

In the textbooks on physiology—even in those pub-
lished in recent years—there are but few references to
the influence of the force of gravity on the circulation;
nevertheless it is a fact which has been recognised for
many years by physiologists.* Perhaps the paucity of
these references is due to the self-evident character of
the fact, which is moreover sufficiently confirmed by
physiological and clinical observation. Recent workers
have, however, brought it prominently under notice, and
have furthermore demonstrated the potent influence
of gravitation on the circulation, when the splanchnic
vasomotor control is impaired.t Though the force of
gravity is constantly acting on the blood-pressure 1in
the arteries and in the veins, it neither favours nor
retards the circulation through these vessels in any
part of the body, so long as the vasomotor adjusting
mechanism remains intact. As soon, however, as that
mechanism becomes impaired (see pp. 227 and 228),
the disturbing influence of gravitation declares itself
in reducing the blood-pressure in the upper portions
of the body.

The hydrostatic effect of gravity on the normal

* See Kirkes, * Textbook of Physiology,” first edition, published

in 1348.
+ See Hill, Fourn. Physiol., Cambridge and London, 18g5, vol. xviii.;

Hill and Barnard, ibid., 1897, vol. xxi.
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blood-pressure in the arteries and in the veins can be
accurately measured in man by the hazmodynamo-
meter.* It should be 1°g mm. Hg. (or approximately
2 mm.) for every inch ; and this rate of gravity varia-
tion has been verified by observation.

The effect of gravitation on the arterial
blood-pressure.—First, as to the evidence of the
operation of gravitation afforded by the arteries. It
has been already stated that the arterial blood-pressure
1s uniform in all the accessible arteries (e.¢., temporal,
carotid, radial, ulnar, arteria-dorsalis pedis, &c.) when
taken in the same horizontal plane; but a slight
departure from that plane (such as two inches above
or below it) suffices to vary the reading—the variation
increasing exactly in proportion to the deviation. In
an erect posture (sitting or standing) the same rule,
of course, likewise holds good—the reading of the
pressure in any artery, such as the radial, rising or
falling according to the hydrostatic level at which
observations are made. Furthermore, the pressure
varies in the different arteries, according to their
vertical relation to the source of that pressure (the
ventricle) ; the temporal and carotid, for example,
furnishing a lower reading than that of the radial—a
reading which may not indeed exceed one-half that

* The arteriometer likewise indicates the effect of gravity in the
arteries ; for the radial calibre (which in the normal subject is deter-
mined by the blood-pressure) varies with the position of the wrist above
or below the level of the heart—being diminiched in the former case and
increased in the latter,

L2
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which is afforded by the arteria-dorsalis pedis. In
other words, in the standing posture the blood-pressure
of the arteries of the head may be but one-half that of
the arteries of the feet; and the pressure in the foot
arteries in the upright position may fall to one-half
when the subject assumes the recumbent posture,
when gravity becomes negative.

The effect of gravitation on the venous blood-
pressure.—The same fact is likewise apparent in the
veins. The blood-pressure of a vein on the dorsum of
the hand or foot varies exactly according to the level
at which it is taken. In the horizontal plane the
venous-pressure is equal in the hand and foot; but in
the standing posture it rises in the foot to a very high
degree. In an average case it will, for example, rise
from 15 mm. Hg., in recumbency, to 135 or I40
mm. Hg. in the standing posture; the difference, being
accounted for by the calculation on the basis of 19
mm. Hg. per inch, is therefore purely hydrostatic.
Inasmuch as the venous pressure in the leg frequently
exceeds in the standing posture the arterial pressure in
the upper half of the body, it is certainly not surpris-
ing that the veins of the legs should so frequently
become varicose. And, inasmuch as the -length of
the column of venous blood is probably.a powerful
factor in the production of varicosity, it is not impro-
bable that there may exist a general causal relationship-
between the long bodied and the long legged and vari-
cnls_e VEINS.

Gravity may be employed to relieve syncope
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by raising the blood-pressure in the brain.
Syncope is averted by raising the cerebral blood-
pressure ; as when the head is lowered below the level
of the trunk, or when it is bent down beéetween the
knees. In the latter position the force of gravity is
aided by compression of the splanchnic area (see
p. 135). Then, again, observation has shown that
when the limbs are supported in an upright position
while the trunk and an arm (for observation) are
recumbent the blood-pressure in the latter is at once
raised ; for example : —

A 1:1[{;;:"” VExoUSs RADIAL
Purearne | ERESSURE,| CALIBRE,
PHRESSURE, mm. Ho -
mm. H. 3 A R
Before passive elevation of limbs g7 10 Ten
After 3 s s i 102 I5 2°2

In this way the force of gravity may be made available
for temporarily transferring a considerable volume of
blood for circulation from the limbs to the rest of the
body; a procedure which may prove useful inm cer-
tain emergencies, such as in syncope from hzmor-
rhage, &c.

When the systemic blood-pressure is raised
by compressing the splanchnic area in the
horizontal position it is at once restored by
the force of gravity when the body assumes
the erect posture.—It has been repeatedly observed
that the rise in the systemic blood-pressure, induced
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by applying weights to the abdomen (see p. 135), will
remain from 15 to 30 minutes after their removal,
though gradually diminishing meanwhile, so long as
the body remains in the horizontal position; but will
fall to the original reading in recumbency after the
subject has assumed the erect posture for one minute.
It would therefore seem that the splanchnic blood
displaced by the weights in the recumbent posture,
though lingering for some time in the systemic circu-
lation while that posture i1s maintained, is quickly
returned to the splanchnic veins by the force of gravity
when the body is raised to the erect position.

The influence of gravitation to be excluded
in estimating the blood-pressure.—The foregoing
facts have a practical bearing on the reading of the
blood-pressure ; for it is obvious that observations
should be invariably made as near the same level as
possible. In taking the radial pressure in the erect pos-
ture (sitting), the xiphoid cartilage or the epigastrium
is a convenient landmark; and in the recumbent posi-
tion nearly the same gravity effect is obtained when
tha arm is extended on the same plane as that on
which the body rests. Inasmuch as the small read-
ings furnished by the veins are relatively more affected
by gravity variation than the higher readings of the
arterial pressure, it is particularly important to observe
this uniformity of position of the hand in observing
the venous pressure in the recumbent and in the
sitting posture.
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2. Posture.

The blood-pressure is higher in the erect
posture (standing and sitting) than in recum-
bency.—\When, in normal subjects, the blood-pressure
1s taken—the arterial from the radial artery and the
venous from the dorsum of the hand—in the erect
posture (sitting or standing), and in the recumbent
position, a small range of difference is apparent—
varying, however, in extent in different individuals
and in the same individual at different times.

In subjects enjoying good health and condition, the
erect position of the body (standing and sitting) fur-
nishes higher readings of the arterial and venous pres-
sures than obtain in the recumbent position. Of the two
erect postures, standing provides the higher reading;
but the difference is, as a rule, less between them
than between sitting and recumbency. As sitting is
altogether a more convenient posture for observation,
especially in clinical work, it is preferred to standing.
An immediate fall in the blood-pressures is observed
when recumbency is assumed. The reduction of the
arterial pressure i1s generally about ten mm.* and is
often somewkhat less or somewhat more.

* Other observers have ascertained that the arterial blood-pressure
falls with change of posture from the erect position to recumbency.
For example, Schaffers gives the difference between standing and
horizontal as ten to fifteen mm. Hg., ¥aliresh. u. d. Leistung . . . in
d., Anat. u, Physiol., Berlin, 1881.
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The arteriometer applied to the radial in the recum-
bent and sitting postures affords similar postural
differences in the calibre of the artery; e.g., a calibre
of 1'5 mm. in recumbency becoming 2'0 mm. in the
sitting position. This variation . of the calibre in
posture is apparently merely passive, being determined
by the blood-pressure.

A far greater alteration of blood-pressure, in propor-
tion to the total pressure, is produced by change of
posture in the veins than in the arteries. For example,
a venous pressure of 20 or 30 mm. in the sitting pDS:
ture may fall to 1o or 15 mm. in recumbency, and may
rise to 25 or 35 mm. in the standing posture.

It would, therefore, seem that in change of posture
the blood-pressure rises or falls nearly equally on the
arterial and venous sides of the circulation—the gain
or loss apparent in the arteries being equally apparent
in the veins.

The postural differences in the blood-pressure
are due to variations in muscular contraction,
in the vaso-motor tone, and in the cardiac out-
put.—In the recumbent posture the reduction of the
frequency of the heart’s action and of the output of the
ventricle suffices to account for the fall of the blood-
pressure throughout the whole arterial system. In the
erect postures, the enormous rise of pressure in the
arteries of the lower parts of the body is obviously due
to the force of gravity; but the increase observed in
the arteries of the upper portions must of course be
ascribed to some other cause. The unrestrained influ-



NORMAL VARIATIONS IN BLOOD-PRESSURE., 158

ence of gravity should lower the blood-pressure in
these portions of the body when in the upright posi-
tion. The experiments of Leonard Hill have demon-

strated ¢ that the important duty of compensating for
the simple hydrostatic effects of gravity in changes of
position must be ascribed to the splanchnic vaso-motor
mechanism.”* When the body assumes an upright
posture, the efﬁciency of that mechanism, therefore,
completely counteracts the lowering effects of gravity
on the arterial blood-pressure in the upper portions.
Observation, however, shows that that pressure is not
merely maintained, but actually rises as the recumbent
body becomes erect. How is this postural rise to be
accounted for? It has been referred to over-compen-
sation on the part of the vaso-motor mechanism.
Some recent observations have, however, caused me to
doubt 1f this be the sole cause, It has frequently been
observed, in myself and others, that while sitting so
supported as to ensure relaxation of the muscles, the
arterial and venous. pressures will fall as in recumb-
ency, and will instantly rise on again maintaining the
body erect by muscular action ; and furthermore, while
recumbent, the pressures being at their lowest point,
will at once go up when the muscles are thrown into
a condition ‘of static contraction, and will as quickly
subside when the muscles again become relaxed. It
would therefore seem that mére passive change of
position does not suffice to account for the postural

* Fournal of Physiology, Cambridge and London, 18gs, vol. xviii.,
P- 45
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variation in the arterial pressure ;* and that muscular
contraction is a factor—if not a predominent factor—
in the production of that variation. Moreover, the
rise in mean arterial pressure in the erect postures is
obviously not due to vaso-motor contraction, for the
venous pressure 1s increased enormously, and the
maximum arterial pressuret is raised to the same
extent as is the mean pressure. These facts therefore
point to cardiac stimulation and increased output of
the ventricle rather than to over-compensaticn on the
part of the vaso-motor mechanism, as being the main
cause of the rise of the blood-pressure in the arteries
of the upper parts of the body (e.g., radial, temporal,
carotid) in the active postures.

Recumbency furnishes the standard blood-
pressure of the individual, and the difference
observed between the blood-pressure in the
erect posture and recumbency affords evi-
dence of the integrity or failure of vaso-motor

tone.—The foregoing facts have an important prac-
tical application. In deciding on the blood-pressure
in any case, it is of course important to secure as much
as possible uniformity in the physiological conditions.

* There is, however, a form of postural variation of the arterial pres-
sure, which is solely caused by change of position, and is therefore an
effect of gravitation (see pp. 174, 227, and 228).

t By the term maximum arterial pressure is meant the amount of
pressure registered when the pulsations of the artery are obliterated—
the finger being placed on the distal side of the pad. This pressure is
not comparable in different individuals, because of the variations in
tissue-resistance; but is comparable in the same subject.
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Therefore the observation should be made in that
posture which eliminates altogether the disturbing
element of muscular contraction, namely, in recum-
bency; and if the radial artery be selected, the arm
should be extended level with the back. The reading
thus obtained after the lapse of a few minutes, should
be regarded as the standard blood-pressure of the
individual, the gravity condition being uniform, and
all muscular action being in abeyance. But for clinical
purposes this is not the only reading that should be
taken, for it is often useful to compare with it the
record obtained in the sitting posture—the wrist then
being on a level with the epigastrium—for the two
readings will afford evidence of the efficiency or im-
pairment of the vaso-motor mechanism (see pp. 267-8).

3. Muscular E xercise.

It has been shown that change of posture affects the
blood-pressure through the agency of muscular con-
traction rather than through the mere alteration of
position. This initial effect of muscular action is but
the prelude of the more pronounced influence which
exercise exerts on the circulation.

There is one fact common to all forms of muscu-
lar exertion, which is obvious enough to the most
superficial observer, namely, the stimulating effect of
physical exercise on the circulatory organs, and the
consequent acceleration of the blood-flow. And this
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fact is endorsed by the instrumental measurement of
the blood-pressure (arterial and venous). Observation
shows conclusively that this stimulation affects both
extremities of the circulatory apparatus—the central
and peripheral ; inciting the ventricle to more frequent
and more forcible contraction, and the arterioles to
dilatation. Consequently a larger volume of blood per
unit of time is propelled through every part of the
circulatory tubing, and the blood-pressure is, as a rule,
raised on both sides of the circulation.

The ventricle contracts with greatly in-
creased energy.—This fact is shown by the invari-
able rise induced by exercise in the maximum arterial
pressure; in other words, by the much greater external
pressure then required in order to arrest the pulsations
than during the intervals of repose. For example,
obliterating pressures of from 160 to 180 mm. Hg.
before moderate active muscular exercise of all kinds
may at once rise to such higher readings, as from 180
to 200 mm. Hg.; and when the exercise becomes
somewhat strenuous (as in cycling up hill) the maxi-
mum arterial pressure may even reach 250 mm. Hg.
All observation shows that the strain of exercise is
thrown on the left ventricle; and this fact agrees
perfectly with clinical experience, which has taught
us the golden rule—to adjust the amount of exercise
to the physiological capacity of the ventricle.

The peripheral vessels are dilated and con-
tain an increased charge of blood.—This fact,
which is supported by experimentation on animals, 1s
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shown in man by observation directed to the volume
of the limbs and to the venous pressure.

That the volume of an exercised limb is increased
can be readily proved by applying the simple method of
hydrostatic measurement previously described (p. 134).
Fig. 39 illustrates an observation of this kind. In a
subject, aged twenty-two, it was found that screw-
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FiG. 39.—Arm volume before and after local exercise (serew-driving).

driving for fifteen minutes raised the volumetric mea-
surement of the arm from 1632 c.c. to 1800 c.c., and
for ten minutes more to 1818 c.c., and that after the
expiration of two hours following the exercise, the
volume of the arm still exceeded the original measure-
ment by 88 c.c. The large and rapid accession of
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blood is obviously the cause of the immediate enlarge-
ment ; but, though this may be accounted for by the
turgescence of the vessels which accompanies muscular
contraction, it is somewhat doubtful if the persistence
of the swelling for several hours after the cessation of
muscular action can be thus satisfactorily explained ;
for surely such a distension of the vessels should
cease soon after the muscles become relaxed, and
the enlargement due to it alone would, therefore,
quickly pass away. Does not the continuance of the
swelling point to the supervention of some other event
beyond the mere temporary distension of the vessels,
such as the exudation of fluid from the blood into the
substance of the muscles? A corroboration of this
view is afforded by some experiments of ILazarus
Barlow.* This observer increased the volume of
blood in two different ways; in one, he anzmiated
one or more limbs by the tight application of
Esmarch’s elastic bandages, and thus forced what-
ever fluid, blood as well as lymph, that was in them
into the general circulation ; and in the other method,
he injected salt solution into the blood. The specific
gravity of the blood and of the blood-plasma was
taken by Roy’s method, and that of the muscles by
2 modification of that method before and after the
volume of the blood had been increased. The results
obtained show a rise of the specific gravity of the

* «QOn the Effects of Variations on the Volume of the Blood upon the
Specific Gravity of Blood and of Muscle.” Proceedings of the Physio-
Jogical Society, May, 1894, Fournal of Physiology, 1804.
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blood and of the blood-plasma, and an invariable fall
in the specific gravity of the muscle, the rise and fall
being rapidly induced, the larger portion of them
occurring within the first half hour. This observer,
therefore, concludes that when the volume of the
blood i1s increased the muscles take up water, which is
derived from the blood. In exercise the volume of the
blood circulating thmugh the muscles is in all proba-
bility increased to as high a degree as obtained in
these experiments, and therefore a favourable condition
is presented by it for the rapid transudation of watery
fluid from the blood into the muscular tissue. During
the exercise a portion of this exuded fluid is no doubt
driven onward into the lymphatics by the pressure
brought to bear on the lymphatic spaces by the con-
tracting muscular fibres; but it is quite conceivable
that a large quantity of that fluid may remain in the
muscles for a considerable time after all muscular
action has ceased. This position is furthermore
corroborated by the concentration of the blood ob-
served as the result of muscular contraction and
exercise (see pp. 45 and 53).

The venous blood-pressure likewise affords evidence
of the increased determination of blood to the systemic
periphery during exercise (see p. 168).

Exercise invariably raises the mean arterial
blood-pressure in the first instance (the
primary effect), and then, after a variable
time, it lowers and may even abolish the rise,
and may ultimately even lower the pressure
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below the initial point (the secondary effect).—
The effect of exercise on the arterial blood-pressure
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T16. 40. The mean arterial pressure taken in the erect posture every fifteen
minutes from the radial artery during an uninterrupted walk of § hours 45 mins.
(2 hours 15 mins. equable rise anl 1 hour 30 mins. equable fall) at Grasse on a
warm day in April, 1000, Subject, Dr. R., mt. 22.
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may be said to describe a curve which sharply rises to
its maximum development and somewhat less abruptly
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FiG. 41. The mean arterial pressure taken in the erect posture every fifteen
minutes from a digital artery during an uninterrupted walk of 3 hours 45 mins,
(2 hours 15 mins. equable rise and 1 hour 30 mins. equable fall) at Grasse on a
warm day in April, 1900. Suhject, mt. 58.

M



162 BLOOD AND BLOOD-PRESSURE.
subsides during the continuance of the exercise. This
fact is illustrated by the observations recorded in figs.
40 and 41.

Observation has shown that when the arterial
blood-pressure recorded before the exercise is taken
is higher than normal, the exercise may ultimately
reduce it to a point relatively lower than when it is
normal ; an example of this position is afforded by the
data furnished by fig. 41, which should be compared
with those of fig. 40. This fact suggests the value and
usefulness of habitual systemic and regulated exercise
in the treatment of cases in which the mean arterial
pressure is raised from increased peripheral resist-
ance.

The calibre of the arteries during exercise
is determined by the blood-pressure; being
increased in the primary, and diminished in
the secondary stage.—The arteriometer has shown
that the radial calibre increases as the blood-pressure
rises, and diminishes when that pressure falls; it there-
fore merely corroborates the readings of the hzmo-
dynamometer.

The rise in the mean arterial pressure is
due to an increased output of the ventricle,
which is greater than the peripheral onflow
to the veins, and to the volume of the systemic
blood being augmented by blood withdrawn
from the splanchnic circulation.—All forms of
active exercise, though they induce dilatation of the
peripheral vessels, which must tend to lower the mean
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arterial pressure, incite the ventricle to more frequent
contraction, and to discharge such an output as suf-
fices to raise that pressure. Observation has, more-
over, shown that during exercise the volume of the
systemic blood is augmented by an accession of blood
drawn from the splanchnic circulation ; for when the
mean arterial pressure is raised to a maximum degree
by the exercise, it cannot be further increased by
applying the same weight to the abdominal wall,
which previous to the exercise produced an appreci-
able rise—as in the following concurrent observations
in two subjects :—

SUBJEcTS:—A B

Before exercise (walking) . : : . 10z 106

28 lbs. weight distributed over abdomen . 110 115
Rise in mean arterial pressure from ab-

Mean arterial dominal compression .

. . 3 9
blood-pressure -<

in mm. Hg. |Affer walking 30 mins. : C : . I20 122
28 Ibs. weight distributed over abdomen . 120 122

Abdominal compression fails to raise

arterial pressure . : : - : 0 o

SUBJECTS:—A B
[ Before exercise (bicycling) . : . - XIa5 12
28 Ibs. weight distributed over abdomen . 117 127
Rise in mean arterial pressure from ab-
Mean arterial dominal compression . . ., ., 12 11

blood-pressure -<

in mm. Hg. After bicycling two hours . . . + 1I7 127

28 lbs. weight distributed over abdomen |, 117 127
Abdominal compression fails to raise

arterial pressure g : . : 0 0
M2
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Suejects:—A B
(Before exercise (bicycling) . : : . T2 310
28 lbs. weight distributed over abdomen . 130 127
Rise in mean arterial pressure from ab-
Mean arterial dominal compression . : - L o
blood-pressure 4
in mm. Hg. |After bicycling 2 hours 45 mins. . ) - TR0 AI2Y
28 lbs. weight distributed over abdomen . 130 127

Abdominal compression fails to raise

\ arterial pressure . . . . : 0 o

It has been invariably found, that though the abdo-
minal compression produced a marked rise in the
systemic blood-pressure before the exercise was taken,
it failed to alter that pressure during the time it was
markedly raised by the exercise. It may therefore
be inferred that exercise diverts blood from the
splanchnic to the systemic circulation, and that con-
sequently it increases the volume and raises the
pressure of the blood circulating through the somatic
tissues.

The subsequent decline in the mean arterial
pressure is due to the diminution of vaso-
motor tone which allows the blood withdrawn
from to return to the splanchnic veins.— Re-
peated observation has shown that abdominal com-
pression again raises the systemic blood-pressure as
soon as that pressure begins to wane during the
continuance of the exercise. The following concur-
rent observations in two subjects exemplify this posi-

tion.
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S S

SUuBJECTS:—A B
(Before exercise (walking) . : - s 127 TOR
28 lbs. weight distributed over abdomen . 137 115
Rise in mean arterial pressure from ab-
Mean arterial dominal compression . S 2 I0F X0

blood-pressure
in mm. Hg., |4ftér walking 1 hour 5 mins. . g . 125 103

28 1bs. weight distributed over abdomen . 137 117
Rise in mean arterial pressure from ab-

\ dominal compression . : - Tz

SUBJECTS:—A B
Before exercise (walking) . : : s IZZTT0
28 1bs. weight distributed over abdomen . 132 120
Rise in mean arterial pressure from ab-
Mean arterial dominal compression . : g S T )
blood-pressure +
in mm. Hg, After walking 1 hour 30 mins. . . . II5 105
28 lbs. weight distributed over abdomen . 135 117

Rise in mean arterial pressure from ab-

\ dominal compression . - 5 o

It may therefore be inferred, that the blood with-
drawn from the splanchnic circulation during the
earlier stages of exercise is allowed to gradually return
to it by gravitation during the later stages, in conse-
quence of the diminution of the tone of the splanchnic
arterioles, which then supervenes; and that the fall in
the systemic blood-pressure, which then takes place,
is as closely associated with this ultimate enlargement
of the splanchnic area as is the primary rise of that
pressure with the diminution of that area.

The duration of the rise of the mean arterial
pressure varies with the nature and severity of
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the exercise, with the vaso-motor tone of the
individual, and with the temperature of the
atmosphere.—Observation shows that whatever re-
duces the vaso-motor tone, such as warmth of atmo-
sphere, want of condition in the individual, &c.,
shortens the time during which the mean arterial pres-
sure continues to be raised during any form of exercise ;
and per contra, that whatever maintains vascular tone,
such as a cool bracing atmosphere, the individual
habituated to exercise, &c. lengthens that time. DBut
according to my observation the most powerful influ-
ence in modifying the duration of the rise of the
systemic blood-pressure is the form in which the
exercise is taken. This fact is best illustrated by
comparing the data obtained from the same subjects
undergoing at different times walking and bicycling
exercise. It has been invariably observed that in
walking the primary interval in which the arterial
pressure is raised is comparatively short—being gener-
ally within an hour—and the secondary period of
gradual fall in that pressure is relatively long; and that
in bicycling the stage of maximum rise in the systemic
blood-pressure is enormously prolonged—being as a
rule extended to at least two or even three hours—and
the waning interval of fall is either difficult to observe
at all or is but slight. Observation has demonstrated
that walking exhausts the vaso-motor tone much more
quickly and more thoroughly than bicycling—its influ-
ence in this direction being, roughly speaking, at least
threefold that of bicycling. In cycling the general
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gentle and continuous tension of the whole muscular
system, including that of the abdominal muscles main-
taining compression of the splanchnic area, probably
accounts for the remarkably prolonged rise in the
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FiG. 42.—The venous pressure taken every fifteen minutes from the dorsum of
the hand during an uninterrupted walk of 3 hours, 45 min. (2 hours, 15 min. equable
rise and 1 hour, 30 min. equable fall) at Grasse on a warm day in April, 1900,
Subject Dr. K., &t 22,

systemic blood-pressure and the absence of splanchnic
drain which characterise this form of exercise. Inas-
much as cycling maintains for some hours the rise in
the systemic blood-pressure, which signifies a corre-
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sponding continued reduction of the splanchnic area,
this form of exercise should be valuable, as it doubt-
less is, 1n the treatment of cases in which that area
1s abnormally loaded, either in consequence of the
diminution of the systemic area, or in consequence
of reduction of vaso-motor tone..
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FiG. 43.—The venous pressure taken every fifteen minutes from the dorsum of
the hand during an uninterrupted walk of 3 hours, 45 min. (2 hours, 15 min. equable
rise and 1 hour, 30 min. equable fall) at Grasse on a warm day in April, 1900.
Subject, @t. 5.

The venous blood-pressure is likewise raised
by exercise for a time, and is then quickly
lowered to a point below the initial reading.—
The rise in the venous pressure shown in figs. 42 and
43 correspond with that of the mean arterial pressure
indicated in figs. 40 and 41; though it is somewhat
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more prolonged. The rapid subsidence of the venous
pressure coincides with the splanchnic drain, which
results from the diminution of vaso-motor tone.

The effects of exercise quickly subside.—With
complete repose after gentle or moderate exercise it is
remarkable how quickly the disturbed blood-pressure
readjusts itself. It has often been observed that, with
due regard to rest, the normal pressure will be restored
in from fifteen to thirty minutes—even before the rise
in the frequency of the pulse has subsided.* But
after strenuous or prolonged exercise it may, however,
require an hour or so to elapse before the original blood-
pressure reappears. When the heart and the periphery
of the circulation are normal, the adjustment for rest
after exercise is undoubtedly rapid; but when depar-
tures exist from the normal condition it becomes less
responsive. It therefore follows, that in the clinical
field care should be taken to secure a sufficiency of
rest after active exercise before making observation of
the blood-pressure. But even then, after moderate, or
gentle exercise, the repose of a few minutes is, as a
rule, all that 1s necessary for the purpose.

The after-effects of exercise on the blood-
pressure.—Reasoning on the pendulum principle of
stimulation and recoil we may surmise that exercise
may be followed by a reduction of blood-pressure—
that the pressure may settle after an interval of rest to
a point lower than that which existed before the

* Leonard Hill has likewise observed this fact. See Lancet, vol. 15
18g8.
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exercise was attempted. Observation confirms this
supposition; for after exercise the original mean

arterial pressure settles somewhat—though the venous
pressure may remain raised.®

4. Mental Exercise. Emotional E xcifement.

The blood-pressure is raised by central ac-
tivity.—The blood-pressure may be quite as power-
fully affected by cerebral as by muscular action. It is
at once raised by any mental occupation, and 1s still
more raised by any form of emotional excitement.

The venous as well as the arterial pressure is aug-
mented.

The rise is due to blood derived from the
splanchnic reservoir.—As in the case of muscular
action, the rise in the somatic blood-pressure when the
brain is excited to activity is produced by stimulation
of the splanchnic vaso-motor mechanism, which les-
sens the splanchnic area; and by acceleration of the
heart’s action, which ensures the distribution of an
increased volume of blood to the brain, and to all the
other portions of the systemic circulation. This posi-
tion is supported by the different effect produced on
the mean arterial blood-pressure by applying the same
weight to the abdomen before and immediately after

* Edgecombe and Bain have likewise drawn this conclusion. * The

Effects of Baths, Massage and Exercise on the Blood-Pressure,” Lancet,
vol. i., 1809.
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an effort of active mental exercise; before that effort
the abdominal compression producing a pronounced
rise in the somatic blood-pressure from the displace-
ment or diversion of a considerable volume of blood
from the splanchnic to the systemic area, and after it
the compression failing to induce any such rise at all.
The following observation is an example of this evi-
dence, showing that mental occupation raises the
systemic blood-pressure by reducing the splanchnic

dred.
Before active mental exercise (1 hour 30 mins.) . I20
Abdomen equably compressed by weight of
28 lbs. . . . . ; - N . I32
Mean arterial Rise of mean arterial pressure . . . . 12
blood-pressure
in mm. Hg. After the mental exercise . . ‘ : s Tg2
Abdomen equably compressed by weight of
28 lbs. . . : : : : . T SteT)
Rise of mean arterial pressure . . : . 0

Leonard Hill has shown how the increased cerebral
circulation demanded by excitation of the brain is
maintained. He says ‘it is now clear that the
splanchnic vaso-motor mechanism is of overwhelming
importance in maintaining the cerebral circulation.
We have in the vaso-motor centre a protective
mechanism by which blood can be drawn at need from
the abdomen and supplied to the brain. The respira-
tory centre renders important aid. = At the moment
that excitation from the outside world demands cere-
bral response, the splanchnic area is diminished, and
more blood 1s driven through the brain. An anzmia
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of the brain excites the bulbar centres, these provoke
acceleration of the heart, splanchnic constriction and
increased respiration; the cerebral circulation is
thereby restored. The brain has no direct vaso-motor
mechanism, but its blood supply can be controlled
indirectly by the bulbar centres acting on the splanch-
nic area.”*

Cerebral exercise therefore produces the same
effect on the splanchnic area and on the sys-
temic blood-pressure as muscular exercise.—
It 1s of importance to bear this fact in mind when pre-
scribing the amount of physical exercise to counteract
the effects of the sedentariness of those following pro-
fessions and occupations which demand an undue and
prolonged activity of the brain. Both forms of exer-
cise, mental and physical, ultimately fatigue the
system, and lower the vaso-motor tone; it therefore
follows that harmful exhaustion may be induced in the
brain worker by an amount of muscular exertion that
is as a rule beneficial in ordinary subjects. It not
unfrequently happens, that a state of chronic fag is
maintained in those who are actively and persistently
employed in mental work by resorting to strenuous
physical exertion, taken with the view of counteracting
the injurious effects of the cerebral activity and of the
indoor life which it necessitates. In such cases the
mental employment raises the systemic blood-pressure,
which stimulates metabolism and favours the general

* The Experimental Pathology of the Cerebral Circulation, by
Leonard Hill, M.B. Allbutt’s ** System of Medicine,’ vol. xii.
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nutrition, and it is only needful to supplement this
beneficial influence by such varied and gentle exercises
as will ensure the removal of waste products and will

maintain the tone of the muscles.
The emotional disturbance of the blood-

pressure, which may vitiate clinical observa-
tion, may be eliminated with care.—The rise of
the blood-pressure due to emotional causes, not un-
frequently reaches the higher readings observed in
disease ; it is, therefore, necessary that the observer
should be always well on his guard, so as to eliminate
as much as possible this source of error. The experi-
enced physician is always alive to it in his ordinary
digital examination of the pulse, and observation and
tact have taught him how best to elude it. The pertur-
bation of the circulation due to emotion is, however,
quite a passing affair, as a rule ; and in all cases, while
it lasts, the frequent pulse, and the obviously excited
action of the heart, are sufficient warnings to indicate
that the time has not yet arrived for the making of a
trustworthy observation of the blood-pressure. There
is no doubt, however, that now and then highly sensi-
tive subjects are met with, 1n whom the readings of the
blood-pressure cannot be relied on any more than that
of the pulse-rate. But such cases are undoubtedly
exceptional, for experience has shown that in the
ordinary run of cases with due care the observation
‘of the blood-pressure is not materially vitiated by
emotional causes.
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5. Ifatigue ; the Physiological Impairment of Vaso-Motor
A djustment.

Fatigue, impairing the vaso-motor tone, in-
creases the splanchnic area and diminishes the
systemic blood-pressure in the erect pnsiti;:m of
the body.—The study of the physiological effects of
exercise has shown that after the lapse of a certain
time—varying with the form and severity of the exer-
cise, with the temperature of the atmosphere, and with
the vaso-motor tone of the individual-—the wave of rise
of the systemic blood-pressure begins to wane, and the
reduced splanchnic area gradually refills. A sense of
fatigue is not, however, necessarily, or generally, experi-
enced in the earlier stage of this physiological change in
the distribution of the blood, and the amount of splanch-
nic down-flow in the erect position of the body may be
but moderate, so that the postural variation of the
blood-pressure may be merely abolished ; but later on,
when the subject feels fatigued, the increase of the
splanchnic area and the fall in the systemic pressure
become very considerable, and then, when the subject
assumes the horizontal position, a wave of increase
of the systemic blood-pressure is apparent. This
temporary rise in the blood-pressure in the recumbent
posture is due to the cessation of the copious down-
ward drain of blood through the open and toneless
arterioles into the capacious splanchnic veins caused
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by gravitation in the erect position, and the diversion
of that blood to the systemic area.

The temporary physiological impairment of
vaso-motor tone caused by fatigue is identical
with the more persistent and the more pro-
nounced forms of vaso-motor inadequacy pro-
duced by disease.—The study of the physiological
effect of fatigue on the circulation is of special interest
to the physician; for the temporary disturbance in the
distribution of the blood, which it induces, 1s essen-
tially the same as the pathological one so frequently
obtained in the clinical field* (see p. 267-8).

6. Rest—Sleep.

As might be expected, rest—mental as well as physi-
cal—has a marked influence in lowering the blood-
pressures (arterial and venous). This result is mainly
due to a reduction in the output of the ventricle. In
proportion to this reduction the maximum and mean

* Leonard Hill and Harold Barnard have shown, that when the
resistance (or vaso-motor tone) in the splanchnic area is high or intact,
the circulation will continue through the head, while an animal is
placed in the vertical feet-down posture; but should that resistance be
reduced to a minimum (as by section of the spinal cord at the level of
the first dorsal vertebra) the hydrostatic pressure will distend the
splanchnic area to such an extent, that the whole of the blood collects
within the capacious venous reservoirs of the abdomen, and the current
through the head ceases (¥ournal of Plysiology, Cambridge and
London, vol. xxi., p. 324).
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arterial pressures are lowered; but, of the two, the
former falls more than the latter. The peripheral
vessels probably shrink, from diminution of the dis-
tensile pressure of the ventricle, and consequently the

fall of the venous pressure is still more pronounced
than that of the arterial pressures. Rest, therefore,
specially conduces to the easing of the work of the
pump, and must therefore favour the restoration of
the tone to the cardiac muscle and to the vaso-motor
mechanism.

The effect of sleep on the blood-pressure has not
fallen within my observations. Leonard Hill has,
however, shown that the arterial blood-pressure does
not fall lower during sleep than in ordinary rest, and
consequently he infers that the anamic theory of
sleep is untenable.* It is not improbable, that with
the reduced activity of the circulatory forces, which
obtains in sleep as in ordinary rest, there is a general
passive shrinking of the arterial side of the circulation,
“and that the blood which fails to be distributed to the
arteries collects on the venous side. If this be so, the
reserve capacity of the veins may therefore be made
available during periods of rest and sleep, as well as
during those of exercise (see p. 168). Anzmia of the
brain in sleep may thus be favoured ; hence the earlier
observations which suggested cerebral anamia as the
cause of sleep. The anzmia is, however, but the
result of reduced activity of the arterial circulation,
and should not be regarded as the cause of sleep. It

* [ ancet, London, vol. i., 1898,
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is probably a most important, if not a necessary,
condition of sleep; and, so far my observations of
the arterial pressure in insomnia support this view.

7. Respirvation ; Forced Respivation ; Ejfort.

All forms of effort in man, by which the
intra-thoracic pressure is increased, raises the
mean arterial pressure as well as the venous
pressure.—The influence of ordinary inspiration and
expiration on the blood-pressure in man is not recog-
nisable. . It is quite otherwise, however, when the
respiration is stimulated to increased activity, as in
the execution of any effort which throws into action
the thoracic and abdominal muscles. In all forms of
effort the arterial and venous blood-pressures are very
markedly raised, just as they are in muscular exercise
of all kinds. Efforts, such as lifting weights, or pull-
ing, &c., involve, however, something more than mere
muscular action; they powerfully disturb the respira-
tion. The glottis is partially or completely closed, and
the intra-thoracic pressure is considerably raised.
There are here, therefore, two important physiological
causes of disturbance of the blood-pressure, namely,
one respiratory and the other muscular. Muscular
action is known to increase the arterial blood-pressure,
but physiological experiment has shown that an in-
crease of the intra-pulmonary pressure lowers that
pressure. On the other hand, in man, observers
have failed to detect this fall in the arterial pressure

N
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when the intra-thoracic pressure is raised by forcible
respiration with closed mouth and nostrils (Valsalva’s
experiment). Lately some observations have been
made to explain this discrepancy; for they tend to
show that distension of the vena comites is sufficient
to produce the sphygmographic evidence that has
hitherto ‘been regarded as pointing to a rise in the
radial pressure.* It is quite obvious that Valsalva's
experiment does raise the venous pressure very con-
siderably; but observation has shown that it does
not do so to the extent it was supposed before that
pressure was determinable in man (see p. 123). It
has been ascertained, for example, that it can rarely
do more than double the venous pressure.

Quite recently Augustus Waller concludes from the
evidence furnished by his lately devised digital sphyg-
mograph, that in man the arterial blood-pressure 1s
lowered in Valsalva's experiment.t It is not easy to
determine the mean arterial pressure in Valsalva’s
experiment, for the progressive diminution of the
pulsations produced by each attempt at prolonged
expiration makes it difficult to obtain reliable readings
at the acme of the effort ; and it is consequently neces-

* See ** The Effects of Venous Pressure on the Pulse,” by Leonard
Hill, H. Barnard, and J. H. Sequeira. Fourn. of Physiology, Cambridge
and London, vol. xxi., p. 147.

1 See “A Digital Sphygmograph,” by Augustus Waller, M.D., F.R.S.
Brit. Med. Yournal, 19oo, vol. ii., pp. 840-842. According to Dr. Waller
the finger sphygmograph affords direct information of the state of the
pre-capillary arterioles, and records the blood-pressure in them, and is

not a volume-recorder of the capillaries.
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sary to repeat the observation several times Dbefore
deciding as to whether the pressure remains unaltered,
or is diminished or increased. While, however, giving
due weight to this uncertainty, my observations have
led me to conclude that the mean arterial pressure is
raised, and is not lowered, by prolonged expiration
with closed mouth and nostrils. In some of my
observations a rise of zo mm. Hg. was apparent. It
therefore seems to me that the raising of the intra-
thoracic tension by voluntary effort augments the
mean arterial pressure —a result which does not
accord with that derived from physiological experi-
ment. This discrepancy may be accounted for by
muscular action, which raises the blood-pressure (arte-
rial and venous). In man the intra-thoracic tension.
cannot be increased without bringing into play all the
abdominal and thoracic muscles; and this fact in-
volves compression of the splanchnic reservoir, the
unloading of which raises the arterial pressure (see
p. 135). It is probable, therefore, that the energetic
contraction of this extensive muscular area raises the
arterial pressure so as to more than counterbalance
the lowering influence resulting from the increase of
the intra-thoracic tension. Observation shows that all
muscular efforts with fixed thorax—the glottis being
closed or not—raises the blood-pressure in the arteries
as well as in the veins.

When vaso-motor tone is reduced, so that
gravitation increases the splanchnic area and
diminishes the systemic blood-pressure, forced

N 2
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respiration rectifies the disturbance of the
normal distribution of the blood.—During the
past five years my observations have repeatedly shown
that when in the vertical position of the body there is
evidence of gravitation of blood into the splanchnic
area from impairment of the tone of the arterioles, the
downward drain may be arrested by respiratory exer-
* cises ; the subject, in the recumbent posture, executing
a series of full, deep, and sustained abdominal inspira-
tions, followed by slow expirations obstructed by a
pursed mouth, and accompanied by firm contraction of
of the abdominal wall with pressure of the clasped
hands.* Three years ago Leonard Hill and Harold
Barnard demonstrated by experiment that the respira-
tory mechanism ‘ forms a second line of defence (the
first being the vaso-motor tone) against the influence
of the force of gravity in conditions where the vaso-
motor mechanism is weakened or paralysed.”+
 These clinical and experimental observations there-
fore coincide in supporting the same fact, namely, the
counteracting influence of the respiratory pump over
the effects of gravity when vaso-motor tone is lowered
or is lost. In the respiratory exercises just referred to,
the muscles of the chest and abdomen are brought

* In the Croonian Lectures, 18g6, it was pointed out that respiratory
exercises exert a corrective influence on vaso-motor inadequacy. Lately
Harry Campbell has published an elaborate and instructive treatise on
‘ Respiratory Exercises in the Treatment of Disease™ to which the
reader is referred,

t+ Yourn. of Physiology, Cambridge and London, 1897, p. 324.
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into active and prolonged contraction, by which the
blood is pumped into the right heart from the venous
system of the abdomen; the splanchnic area being
effectually compressed by the firmly contracted abdo-
minal wall, which expels the excess of blood from 1it,
and in the erect position of the body reduces the undue
onflow from the capillaries into the splanchnic veins.
In this way the respiratory pump is made available for
restoring the normal distribution of the blood when
disturbed by the loss of vaso-motor tone. Irequent
verification of this position has satisfied me that it is
a fact. The same adjustment of the circulation takes
place, however, as the result of any effort which throws
into action the thoracic and abdominal muscles.

8. Digestion.*

The mean arterial pressure and the venous
pressure are raised by the mere intake of solids
or liquids.—It was observed that, in the morning
before breakfast, the taking of a glass of cold water
may, within five minutes, raise the arterial pressure
10 mm., and the venous pressure 5 mm. Hg. The
mere intake of anything appears to immediately stimu-
Jate the heart in a reflex manner, and to increase the
output of the ventricle. This view is supported by the

* The observations on the physiological effects of digestion on the
circulation were made while the subjects remained in the recumben

posture,
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observation that when the water is rendered more
stimulant to the gastric mucous membrane, as when it
contains a charge of carbonic acid or salt, the rise in
the systemic blood-pressure is further increased. It is
therefore quite conceivable that alcohol, ammonia, &c.,
have an immediate effect on the heart by reflex stimu-
lation as well as by stimulation after absorption. The
practical bearing of this position on the treatment of
sudden cardiac failure is obvious: for even the mere
swallowing of cold water may rouse the heart, and the
most effectual draught will be one that is most stimu-
lant to the gastric mucous surface. The marked
increase of the arterial pressure so frequently observed
in cases of irritative dyspepsia may be largely explained
on the ground of reflex stimulation—especially in the
cases in which direct mechanical pressure from flatus
is not an obvious cause.

During the first stage of the digestive pro-
cess (about half an hour) the arteries contract,
and the mean arterial pressure continues to
be raised, and the venous pressure falls.—The
preliminary cardiac stimulation is followed by con-
traction of the arteries (indicated by the arteriometer)
and arterioles, by a continuance of the rise in the
mean arterial pressure, and by a fall in the venous
pressure. This fact explains the sense of chilliness
often experienced after a meal, which has suggested
the old adage : ““ If you eat to be cold, you will live to
be old.”

The splanchnic area is greatly increased dur-
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ing the first stage of the digestive process (about
half an hour).—The method of gauging the splanch-
nic area by abdominal compression previously de-
scribed (see p. 135), shows that during twenty or
thirty minutes after the intake of a meal the splanchnic
area increases enormously—the compression then rais-
ing the systemic blood-pressure to a much higher point
than is observable at other times, whether before the
meal or after the lapse of half an hour. This rapid
and evanescent enlargement of the splanchnic area is
doubtless due to the determination of blood to the
abdominal organs resulting from the ingestion of food,
and to the consequent dilatation of the arterioles
which supply that area. The splanchnic overflow into
the systemic area produced by abdominal compression
before a meal may cause a rise in the mean arterial
pressure varying from nil (before breakfast, when the
tone of the arterioles is at 1ts maximum) to 7 or
ro mm. Hg.; and that apparent at the acme of
splanchnic fulness may induce an arterial rise of 17
or zo mm. Hg.

After the lapse of twenty or thirty minutes
the splanchnic area rapidly diminishes, and
in about an hour settles down again.—Irom
this fact it would seem that after the stage of the
digestive process in which the secretions are copiously
poured out the arterioles supplying the splanchnic
area again contract.

When the splanchnic area diminishes the
systemic arteries and arterioles dilate, the



184 BLOOD AND BLOOD-PRESSURE.

mean arterial pressure falls, and the venous
pressure rises.—It has been shown that when the
splanchnic arterioles dilate the systemic arteries and
-arterioles contract. The next circulatory event that
happens during the digestive process is the reverse
of this; namely, a return of tonicity (contraction) to
the splanchnic arterioles, when the systemic arteries
and arterioles become relaxed and dilated. This
alteration in the distribution of the blood is generally
rapid —the contraction of the arteries quite quickly
passing away with a feeling of warmth and flush all
over the body, when it is found that the calibre of
the arteries is increased, the mean arterial pressure is
waning, and the venous pressure is raised.

The lowering effect on the arterial blood-
pressure induced by the determination of the
large volume of blood to the splanchnic area
during the early stage of digestion is compen-
sated for by vaso-motor contraction in the
systemic area, which passes off when the
tonicity of the splanchnic arterioles returns,
and the blecod diverted to the abdomen is
restored to the somatic circulation.—There is
no doubt that during the early stage of digestion
the diversion of blood from the systemic to the ab-
dominal area is so copious that, were it not compen-
sated for by vaso-motor contraction in the somatic
circulation, it would induce intense exhaustion and
incapacity for a certain time after every meal; for it

would probably lower the arterial pressure so much
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as to impair the cerebral circulation. Such an
untoward result is obviated by an increase in the
vaso-motor tone throughout the whole systemic circu-
lation, by which the arterial blood-pressure is actually
raised; and the adaptability of this self-adjusting
mechanism is further shown by the rapid disappear-
ance of the vaso-motor contraction when it is no
longer required, when the volume of the systemic
blood is restored by the subsidence of the splanchnic
area.

Inasmuch as exercise, whether cerebral or
muscular, diminishes the splanchnic area, it
may, when taken immediately after a meal,
prove injurious by counteracting the physio-
logical enlargement of that area, which is
necessary to normal digestion.—The effect of
exercise, whether of the brain or of the muscles, on
the splanchnic area is antagonistic to that of diges-
tion ; for it diverts blood from that area (see pp. 163,
170-1) while digestion determines a flow of blood to
it. This radical difference in the distribution of the
blood induced by exercise and by digestion. indicates
that rest is the most fitting physiological condition for
half an hour or so after a meal, and that active exer-
cise should then be avoided.
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9. Beverages.

The beverages, alcohol, tea, coffee, raise the
mean arterial pressure; but they do not pro-
duce this result by acting in the same way on
the circulatory mechanism.—Some observations
—which, however, can only be regarded as prelim-
inary—on the effects of the beverages, alcohol, tea,
coffee, on the blood-pressure point to the conclusion
that, though they all raise the mean arterial pressure,
they do not exert the same influence on the different
parts of the circulatory organs. It would seem that
alcohol and coffee, for example, more particularly
stimulate the heart and increase its output, and that
tea should be regarded mainly as a vaso-motor tonic.
Alcohol and coffee raise the maximum and mean
arterial pressure, whereas tea, while augumenting the
mean arterial pressure, lowers the venous pressure,
and does not materially affect the maximum arterial
pressure.

Tea contracts the arterioles, whereas coffee

does not.—Observation has shown that the arterioles

supplying the splanchnic area are contracted by tea,
but remain uninfluenced by coffee. The following
data support this conclusion; for they indicate that
tea arrests the splanchnic overflow into the systemic
area induced by abdominal compression, whereas

coffee does not.
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Effect of Tea on the Splanchnic Overflow.

Subject A. Subject B.

rﬂﬁer walking 1 hour, 30 minutes . 115 105
,» abdominal compression by
weight 28 1b. . - : 2 I35 LL7
Mean Arterial| Difference . . . . ; 20 12
Pressure. < After tea : - - - : 130 117

,» abdominal compression by
weight 28 1b. . ; : . 130 117

Difference . 5 : : ; o o

Effect of Coffee on the Splanchnic Overflow.

Subject A. Subject B.

(After walking 1 hour, 15 minutes . 125 105
,» abdominal compression by
weight 28 1b. . - : : 137 117
Mean Arterial | Difference . 3 - - : 12 12
Pressure. -<ﬁfter black coffee . 3 5 4 I35 115

»» abdominal compression by

weight 28 1b. . : . : 147 127

L Difference . : ’ . : 12 1z

It has not as yet been ascertained whether the alka-
loids theine, derived from tea, and caffeine, derived
from coffee, though believed to be chemically identical,
are physiologically different in their effects on the
circulation, or whether the vaso-contracting property
of tea is due to the large proportion of tannin
which it contains. But whatever the source of this
vaso-tonic influence, the restorative action of tea



188 BLOOD AND BELOOD-PRESSURE.

e —

largely depends on it. We know that all forms of
work reduce vaso-motor tone; the worked parts, if
exhausted, remaining passively congested until restored
by rest. This passive congestion is probably one of
the main conditions of fatigue; though there are
doubtless others, such as the accumulation of the
products of chemical change and infiltration into
the tissues. Tea- quickly stimulates the peripheral
vessels and the splanchnic arterioles to contraction,
and in this way restores vascular tone, raises the
arterial blood-pressure, and alleviates or removes
the sense of fatigue. This vaso-tonic property of
tea may account for the remarkably progressive
ascendency of this beverage in public favour year
by year by the side of the fluctuating demand for’
other beverages; and it likewise provides the rawson
d’étre of the now prevailing custom of tea-drinking
in the afternoon—a period of the day when in fact
observation shows that vaso-motor tone begins to be
lowered (see p. 192). Then again, the injurious effects
of tea-drinking, as observed in the gouty and neurotic,
in whom vaso-contraction is a prominent pathological
feature (see p. 257), may to a large extent spring from
this peripheral influence of tea. It may aggravate the
increased distal resistance of chronic goutiness, especi-
‘ally in women. It may also be inferred that a com-
bination of tea with a cardiac stimulant should prove
more efficacious in raising the arterial blood-pressure
than one or the other alone; and this supposition
may explain the pronounced cardio-vascular restorative
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power of a small quantity of alcohol—such as a tea-
spoonful or so of brandy—when administered in a cup
of tea in quickly dispelling the effects of fatigue.

ro0. Temperature; Climate.

Temperature alters the distribution of the
blood and the blood-pressure.—Temperature plays
an important part in modifying the blood-pressure.
This fact is well illustrated by the effects of hot,
warm, and cold baths of various kinds on that pressure
(see pp. 222-4). The temperature of the atmosphere,
when it rises above, or falls below, a certain average
range, likewise affects the arterial and venous pressures
and the distribution of the blood to the splanchnic
and systemic areas; higher temperatures lowering the
arterial and raising the venous pressure and increas-
ing the splam-:hnic area: and lower temperatures
raising the arterial and lowering the venous pressure
and also increasing the splanchnic reservoir. But, as
has been pointed out (see p. 144), these general results
of high and low temperatures on the arterial blood-
pressure are qualified by the output of the ventricle;
for, when in a warm medium the heart contracts more
frequently, the lowering effect of heat on the arterial
blood-pressure is counteracted by a larger output,
and when in a cold medium the heart slows down,
the rise in the arterial pressure is modified by the
reduced output. In this way the disturbing influence
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of the varying temperature of the atmosphere on the
arterial blood-pressure is checked and controlled, and
consequently the normal arterial pressure, as a rule,
remains but little affected by it. Though this is so in
regard to the ordinary or minor changes, it has been
observed in the course of physiological and clinical
observation, that the more pronounced variations of
temperature do produce measurable alterations in the
arterial and venous pressures; a spell of hot weather,
for example, lowering somewhat high readings of the
arterial pressure and raising comparatively low readings
of the venous pressure, and cold weather increasing
the former and reducing the latter—in a word warmth
diminishing the indications of increased peripheral
resistance and cold emphasizing them. Different
individuals seem to vary much in their susceptibility
to the effects of change of temperature on the blood-
pressure; the more nervous subjects, and especially
women, being particularly sensitive in this respect.
The blood-pressure may furnish indications
for selecting climate.—Temperature forming the
most prominent feature in climate, observation of the
blood-pressure (arterial and venous) may provide useful
hints for the selection of the most suitable climate in
individual cases; the indications of an obstructed
periphery, for example, pointing to the choice of an
equable and warm climate, and the signs of a relaxed
periphery suggesting a more variable, cool and bracing
climate. It has been observed that the same mean

arterial pressure may acquire an average rise of



NORMAL VARIATIONS IN BLOOD-PRESSURE. 191

ro mm. Hg. in high altitudes (see p. 202), and an
average fall of about the same extent in the warm

equable climate of Egypt.

11. Pulse-rate.

In the normal state of the circulation a
moderate increase in the pulse-rate does not
appreciably raise the mean arterial pressure. -
It is doubtful when the periphery of the circulation
possesses the normal capacity of onflow from the
arteries to the veins, whether a moderate acceleration
of the heart’s action appreciably increases the mean
arterial pressure. Stewart has, however, shown that
the output of the ventricle per second is increased by a
moderate rise of frequency, though “in general when
the pulse-rate increases considerably the output per
heart beat diminishes while the output per second
may or may not alter, but is usually diminished too,
although not in the same proportion as the output per
beat.” *

An increase in the pulse-rate does raise the

mean arterial pressure when the peripheral
resistance is increased.

The mean arterial pres-
sure is, however, raised by an increase of the pulse-
rate when the onflow of the blood from the arteries
to the veins is obstructed; as when the terminal

arteries and arterioles become contracted, for example,

* Yournal of Physiology, vol. xxii., 1897, p. 172.
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under the influence of nervousness and fear—the rise
being then due to an increase of the output of the
ventricle and the diminished onflow into the veins.
In the clinical field a more rapid pulse-rate is certainly
much more effective in raising the mean arterial pres-
sure when the peripheral resistance is increased,
either by vaso-constriction, or by organic changes,
than when that resistance is normal, or when it is
lowered, as in the febrile state. It therefore follows
that in clinical observation the frequency of the pulse
should not be ignored when the mean arterial pressure
is estimated ; for it may be important to take it into
account in certain cases. As a rule, for example, a
slight or moderate rise of the arterial pressure is of
much greater significance when the pulse-rate is in-
frequent than when it is normal; and a high arterial
pressure becomes of somewhat less clinical import In
proportion to the rapidity of the pulse.

12. Diurnal Variation of the Blood-pressure.

Vaso-motor tone is at its maximum in the
morning and at its minimum at night; and as
it diminishes the arterial blood-pressure is
maintained by the increased output of the
heart.—Observation of the blood-pressure throughout
the day shows, that the venous pressure is lower
absolutely and relatively to the mean arterial pressure
in the morning and in'the earlier half of the day than
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in the subsequent hours and in the evening ; and that

the arterial pressure—and especially the maximum
pressure—increases as the day advances, and attains
its highest point in the evening. Inasmuch as the
increase of the venous pressure indicates a more open
state of the arterioles, and the rise of the maximum
arterial pressure a more forcible contraction, and
therefore a more complete emptying of the ventricle,
it may be inferred that the vaso-motor tone attains its
maximum on awaking in the morning, and gradually
waning during the day, reaches its lowest degree at
night ; and that pari passu with this loss of tonicity in
the vessels the energy of the ventricular contractions
and the output of the ventricle increase. The evidence
afforded by the compression of the splanchnic area
likewise indicates that vaso-motor tone is greatest in
the morning, for before breakfast there is a mini-
mum splanchnic overflow; and is less as the day
advances, the overflow being more pronounced in the
evening. Rest and sleep restore vaso-motor tone,
which is lowered by work. As the day advances the
maintenance of the arterial blood-pressure therefore
depends more and more on the cardiac muscle—the
diminution of pressure, which would have resulted
from the uncompensated waning of vaso-motor tone,
being more than counter-balanced by the gain induced
by the more powerful and more frequent ventricular
contraction increasing the output of the heart. In the
clinical field there is abundant evidence of the same
fact; for example, those in whom the vaso-motor tone

O
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is low and the splanchnic area is large become more
exhausted towards evening, and those in whom the
mean arterial pressure is raised from angmented peri-
pheral resistance, are more heavy and depressed from
the circulatory obstruction in the earlier hours of the
day, and become brighter and more comfortable in the
after part of the day.

I1I. TagE VENOUS PRESSURE AND THE RESERVE CAPA-
CITY OF THE VEINS (SYSTEMIC AND SPLANCHNIC).

1. The Variations in the Venous Pressure.

The characteristic features of the venous
pressure are its lowness, its great and rapid
variability, and the wide range of its varia-
tions.—Whereas the mean arterial pressure rarely ex-
ceeds the normal taken at rest by 40 per cent., and
falls but slightly below it, the venous pressure may
exceed an average mean by at least 100 per cent., and
may fall below it quite 75 per cent. The large capa-
city of the veins provides for this enormous range of
variation, and is a necessity in order to meet all the
physiological exigencies of the circulation.

The venous pressure is increased by what-
ever relaxes the arterioles, stimulates the
heart, or increases the intra-thoracic pressure.
— The venous pressure rises from one or more of the
following causes :(—
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(@). Relaxation of the terminal arteries and arteri-
oles, as when the body is exposed to warmth; then,
for example, the venous pressure may be doubled,
while the mean arterial pressure will fall (see p. 2235).

(b). Stimulation of the heart’s action, as in emo-
tional excitement. Observation has repeatedly shown
that the venous as well as the arterial pressure may be
raised in a marked degree when the ventricle contracts
with increased frequency and energy from some pass-
ing emotion—this effect being produced quite inde-
pendently of physical exertion. The distensile power
of the intensified ventricular push suffices to open up
the whole periphery and to raise the venous pressure
at least 100 per cent.—even though the muscles are
quiescent, and are therefore not contributing to the
dilatation of the distal circulation. Repeated observa-
tion points undoubtedly to the conclusion, that of the
two great causes of variation in the venous pressure,
the centric and peripheral, the former is at least
equally powerful, and is apparently capable of dis-
tending the peripheral vessels, and of immediately
raising the venous pressure. Under ordinary physio-
logical conditions, the venous pressure is closely
assoclated with the arterial, and bears a certain rela-
tion to it. In the recumbent posture, with the arm
extended on a level with the back, it varies as a rule
from one-tenth to one-fifth of the normal mean arterial
pressure. While the subject remains in the same
position, it is found that when the arterial pressure
is raised by whatever cause, as in the following obser-

02
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vation on the effects of coffee, the venous pressure is
likewise increased, and the venous rise is much the
same as the arterial :—

|ARTERIAL PRESURE,

VrNOUS | mm. Hg.
PRESSURE, PULSE
mm. Hg. | RATE.

1 i ]
Mean. | Maximum.

Before Coffee - - . 10 95 | 160 T2
20 minutes after coffee - 18 105 170 72
35 » v - 20 105 170 72
40 - =3 -| 12 a7 160 72

(c). Increased intra-thoracic pressure, as in all forms
of effort, is another cause of the rise of venous pressure.
It may double that pressure. Hence the heightened
venous pressure observed clinically when the breathing
is oppressed and the return of blood to the right heart
is obstructed.

The venous pressure is lowered by whatever
contracts the arterioles, reduces the ventricu-
lar output, and increases the splanchnic drain.
—The venous pressure falls : —

(a). When the arterioles contract as in exposure to
cold, and as the effect of fear, The low venous pres-
sure observed in some nervous affections is due to
arteriolar constriction.

(b). When the heart’s action slackens and the ven-
tricular output is reduced ; hence the lowest attainable
venous pressure observed in recumbent rest.
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(¢). When the splanchnic area increases from loss of
vaso-motor tone; hence the rapid reduction of the
venous pressure which results from the downward
splanchnic drain in fatigue (see p. 169), and from the
enlargement of the splanchnic area from heat (see

p. 227).

2. The Reserve Capacity of the Veins.

The large capacity of the veins (systemic and
abdominal) enables the blood to be temporarily
stored in them during periods of physiological
work and rest.—The large calibre of the veins (sys-
temic and abdominal), far in excess of the average
volume of blood circulating through them, serves an
important physiological purpose, namely, to provide
for the temporary storage of blood during periods of
work and rest. During exercise the systemic veins
become loaded with blood (see p. 168) and their large
reserve capacity enables them to temporarily retain
such portions of the blood as the heart cannot
for the moment send forward into the arteries. In
the intervals of rest during the day the blood em-
ployed in systemic work reverts to the capacious
splanchnic reservoir, where i1t remains until again
withdrawn by the physiological activities of the
system. In this fact is to be found the raison
d'efre of the large capacity of -the splanchnic veins ;
for this 1s necessary in order to provide a reserve
of blood from which the supplies required for sys-
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temic work may be drawn, and to which they may
be returned during periods of inaction and rest. It
has been shown, for example, how the brain incited to
activity draws on the blood-supply of the abdomen,
and how consequently the systemic blood-pressure
(arterial and venous) is raised by mental work and
emotional disturbance (see p. 170). The same fact
is illustrated by exercise which diverts a large volume
of splanchnic blood to the muscles (see p. 163). The
spacious splanchnic veins, therefore, form an adjunct
to the systemic circulation, serving as a reservoir for
the supply of blood necessary to the performance of
work, and as an overflow chamber in times of rest.

In health a definite degree of functional interchange
is maintained between the two systems (splanchnic
and systemic), so that the “give’ and “take” of each
fall within certain limits; but in disease this normal
balance is apt to be greatly disturbed—the splanchnic
reservoir becoming surcharged, and the systemic
“ draw” being lessened (see pp. 265-70).

IV. THE NORMAL READINGS oF THE BLOOD-
PRESSURE (ARTERIAL AND VENOUS).

The Physiological Standard of the mean Arterial and the
Venous Blood-Pressure.

The standard should embrace the limits of
physiological variation in the majority of
healthy subjects.—Although it has been shown that
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the blood-pressure is liable to considerable physiolo-
gical variation, it 1s nevertheless remarkably constant
in the same individual in a state of repose; and the
agreement between the blood-pressures of different
healthy subjects is sufficiently close for the setting
up of a fairly reliable normal standard. All physio-
logical standards, however, require to be formulated
with a certain margin of elasticity, so as to include
individual variations consistent with perfect health ;
and the standard of blood-pressure is no exception to
this rule.

A large number of observations have led me to
accept 100 c.mm. Hg. as the nearest approximation
to the average mean arterial pressure taken from the
radial or ulnar artery in healthy subjects placed in the
horizontal position with the arm extended on the
plane on which the back rests. To this average for
the recumbent posture should be added about 10
c.mm. Hg., above and below it, to embrace the
majority of healthy subjects and the average physio-
logical variation. For the sitting position, with the
wrist on a level with the epigastrium, about 10
c.mm. Hg. should be further added to the recumbent
pressure.

The average venous pressure in recumbency (the
wrist being level with the back) varies from 10 to 20
cmm. Hg.; and in the sitting posture (the wrist
being level with the epigastrium) from 20 to 4o
c.mm. Hg.

The mean arterial pressure is modified by
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the a.ge weight, and hulld of the sub,]ent._The
arterial pressure is much the same in women as in
men ; but it is somewhat less in children. Observa-
tions point to an increase of it after the age of 45 or
50. But this is a matter somewhat difficult to decide
with accuracy; for after 50 years of age there is, as a
rule, less or more uncertainty as to whether the patho-
logical may or may not be encroaching on the physio-
logical state of the organism. And, besides this, it is
not at all an uncommon observation to find healthy
subjects of 50, 60, or even 70 affording the low arterial
pressure common at 20 or 30; a fact which often sug-
gests a doubt on the physiological rise of the arterial
pressure as age advances. Such cases, however, are
probably exceptional instances of the postponement
of the peripheral changes incidental to age; and this
view 1s somewhat supported by the fact, that very
frequently enquiry elicits a history of pronounced lon-
gevity in the ancestors of those presenting exception-
ally low readings of the arterial pressure after 50 or 60
years of age. Observation undoubtedly shows that
there are far greater differences in the normal arterial
pressure in persons over 50 years of age than at
earlier periods of life—differences which may in fact
extend from the lower limit of go or g5 c.mm. Hg. to
10 c.mm. Hg. above the upper limit of 110 c.mm. Hg.
(recumbent posture).

Increase of weight above the average for height is
cenerally associated with a rise in the arterial pres-
sure; and in obesity the rise may become very
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considerable, and of pathological significance (see
p. 261).

The build of the subject likewise modifies the arte-
rial pressure; for, as a rule, it is higher in broad built
men and women, and is lower in small and thin sub-
jects and in the tall and slim.

The physiological causes of variation of the
arterial pressure raise that pressure, except
rest and sleep; and they do not disturb clinical
observation.—From the foregoing survey of the phy-
siological causes of variation of the blood-pressure, it
is obvious that all the conditions of life, except those
of rest and sleep, raise the arterial pressure. They all
imply physiological work of one kind or another;
therefore, physiological work has as its invariable con-
comitant an increase in the arterial blood-pressure.
Though the extent of this increase is but limited and
the duration of it temporary, it should be excluded
from clinical observation as much as possible by re-
cording the blood-pressure in a state of physiological
rest—free from the influence of the exercise of brain
or muscle, or of the first stage of the digestive process,
and under strictly uniform gravity conditions (see

p. I50).
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CHAPTER VI.
THE CIRCULATION : CLINICAL VARIATIONS.

INnasMUcH as altitude, resisted exercises, massage, and
baths are employed as important physiological modes
of treatment, I will adduce some data bearing on their
effects on the circulation before touching on some of
the practical aspects of hazmodynamometry which

have come under my observation.

Altitude.

Observation shows that altitude may raise
the mean arterial pressure for a time.—Twenty-
four consecutive observations, made daily in the early
morning, on the blood-pressure in two subjects (aged
23 and 57) at Arosa (5800 ft.) suggest that altitude for
4 time raises the mean arterial pressure.  Fig. 44 1s
the record afforded by subject et. 23; it is quite
similar to that of subject zt. 57. During 14 days after
arrival the mean arterial pressure was raised on I2
days above the highest point recorded at home, and on
two occasions only did it fall to that point ; but on the
subsequent days it was comparable with the pressure
observed just before leaving England.
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Altitude probably increases the output of
the ventricle—The maximum arterial pressure was
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raised throughout the whole wvisit; and this fact
suggests that altitude exerts a stimulant action on
the heart.
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It is doubtful if the rise in the mean arterial

pressure should be ascribed to cold contracting
the arterioles.

Unfortunately during the first half
of the visit, when the mean arterial pressure was
raised, the temperature of the atmosphere was much
lower than during the second half of it ; and therefore,
as cold contracts the arterioles it may be suspected
that the lower temperature may have contributed to
raise the arterial pressure. Precautions were, how-
ever, taken to exclude as much as possible this source
of fallacy; for the room in which the observations
were made was warmed—though 1t is true, it was
difficult to maintain a uniform temperature day
by day. Moreover, the readings of the venous
pressure do not lend support to this suspicion ;
for they are high, instead of being lowered, as
they would have been had cold constricted the
arterioles.

The cause of the increased arterial pressure
may be cardiac stimulation incited by the
deeper breathing demanded by altitude.—The
teaching suggested by the foregoing data does not
seem 1mprobable; for the heart may be incited to
increased action and to the discharge of a larger out-
put through the demand made by altitude on the
respiration, and in this way the arterial pressure may
be raised, at any rate for a time, until in fact the heart
and lungs and the periphery of the circulation become
adjusted to the new conditions. Moreover, if this be

so, some light is thrown on the clinical experience
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showing the unsuitability of altitude to cases of
chronic Bright’s disease and heart disease.

It is possible that altitude may be made
available as a cardiac tonic in certain cases.—
Although it is undesirable, as a rule, that cardiac cases
should proceed at once to considerable altitudes—such
as 4000 or 6000 ft.—it does not follow that the resort
to such altitudes in progressive stages, judiciously
arranged in regard to each grade and the time of
sojourn at each, may prove to be equally inadvisable ;
for it is indeed probable that such a graduated course
of ascent may prove to be beneficial as a cardiac tonic
of considerable value in suitable cases.

Resisted E xercises.

Resisted exercises were employed in the
treatment of heart disease nearly fifty years
ago.—Nearly fifty years ago Saetherberg of Stockholm
applied the method of resisted exercises known as the
Swedish system to the treatment of heart disease,
and reported his results some fifteen years later® ; and
following him other observers showed the value of this
form of exercise in cardiac disease. The patients were
prescribed a series of exercises, which were executed
under various degrees of resistance imposed by the

operator. In more recent times this simple method of

* ¢ Hygiea,"" 1862, quoted by Dr. Hermann Nebel of Frankfort,
Lancet, 1896, vol. 1.
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treatment has been improved by the physicians at
Bad-Nauheim—the brothers, August and Theodor
Schott, and others—who modulated the resistance,
and greatly reduced the rate of the movements. This
system of resisted exercises thus carefully modified,
and now somewhat extensively employed in the treat-
ment of dilatation of the heart, produces in a marked
degree the peripheral effect of voluntary exercise, while
it fails to induce the centric effect—excitation of the
heart—which invariably attends all degrees of active
exertion.

The peripheral vessels become dilated and
contain an increased charge of blood as in
active exercise.—This fact is indicated by the in-
crease in the volume of a limb as determined by the
method of fluid displacement (fig. 50) ; and by a very
pronounced rise in the venous pressure. Edgecombe
and Bain have shown that the venous pressure may
even be raised threefold by resisted exercises (see
Table II., Resistance Exercises).®

The mean arterial blood-pressure is lowered.
—In healthy subjects resisted exercises invariably
diminish the calibre of the arteries after inducing a
slight and transitory enlargement (fig. 45), the calibre
in this instance being determined by the arterial
blood-pressure.t It may therefore be concluded with
Lauder Brunton and Tunnicliffe,{ that reduction of

* 0p. cit.
t+ See Lancet, 18g6, vol. 1.
I Brit. Med. Fourn., 18g7, vol. il
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the arterial pressure following an insignificant initial
rise is the prominent effect of resisted exercises;

and this fact has, moreover, been independently ob-
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FiG. 45.—Radial calibre before and during resisted exercises.
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served by Edgecombe and Bain, whose results I here

quote :—
I. REsisTANCE EXERCISES (GENTLE).
ARTERIAL PRESSURE.! VENOUS
PuLse mm. Hg. PRES-
RATE. SURE.
Maximum. Mean. |mm. Hg.
|
Before (sitting) - . T4 175 130 10
After five minutes’ exer- i
cise (sitting) - - T4 175 | 130 10
After twenty minutes’ ex- '
ercise (sitting) - - 68 165 | 1200 | 20
Ten minutes afterwards | '
(sitting) S st 68 160 | 115 20
Twenty minutes afterwards
(sitting) - - . 68 175 | 130 | 10




208 BLOOD AND BLOOD-PRESSURE.

II. RESISTANCE EXERCISES (MORE SEVERE).

ARTERIAL PRESSURE.| VENOUS
PuLse mm. Hg. PrEs-
EaTe, SURE.

Maximum.  Mean. |mm. Hg.

Before (sitting) - - 84 165 | 125 T
After fifteen minutes strong |
resistance exercises re- ‘
spiration increased (sit- .
ting) - = - 04 ‘ 175 130. | 22
|

Fifteen minutes afterwards 1§
(sitting) = -« . B 165 105 17

Thirty-five minutes after- i
wards (sitting) - - 84 | 165 120 | 10

|

“ With resistance movements performed gently with-
out causing a rise in the pulse-rate, we obtained results
corroborative of those of Brunton and Tunnicliffe—
viz., an initial rise (or delayed fall as in the example
given) mm mean and maximum arterial pressure,
followed by a fall during continuance of movement,
with a further fall subsequently and a gradual rise to
normal, the venous pressure rising as the arterial
pressure falls (Exercise I.). Where, however, the
resistance was made stronger and the exercise became
such as to increase the frequency of the pulse and
respiration a rise in maximum pressure resulted, with
a fall in mean pressure and a trebling of venous pres-
sure (Exercise II.).”'#*

Resisted exercises, as a rule, do not incite the
ventricle to increased or more frequent action.—

Dbk
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When the exercises are gentle and carefully graduated,
they diminish the frequency and the force of the ventri-
cular contractions (see Table I., Resistance Exercises).
They, therefore, lengthen the diastolic interval, and
exert a sedative effect on the heart. In a word, they
rest the heart muscle, by prolonging the recuperating
moment, and by moderating the expending moment ;
hence it may be inferred, that in dilatation of the
heart, when they diminish the intra-ventricular dis-
tensile pressure by diverting the blood to the periphery,
they should favour the nutrition of the cardiac muscle.

The lowering of the mean arterial blood-
pressure is due to widening of the peripheral
bed in the muscles.—It has been observed that the
mean arterial pressure may be lowered very consider-
ably, though the pulse-rate, or the maximum arterial
pressure (which is roughly proportionate to the ven-
tricular effort) remains unaltered, or is actually in-
creased (see Exercise II.); it may, therefore, be
inferred, that the reduction of the pulse-rate, or the
diminution of the force of ventricular contraction
ordinarily induced by properly modulated resisted
exercises, does not play an important réle in reducing
the mean arterial pressure. Vaso-dilatation is the
prominent physiological effect of these exercises, and
that condition is well known to effectually diminish
the mean arterial pressure; it may, therefore, be con-
cluded that the broadening of the bed of the blood-

stream through the muscles is the main cause of the
fall in that pressure.
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The blood diverted to the systemic periphery
of the circulation in the muscles is drawn from
-the splanchnic veins and the heart.—It has been

shown that in normal subjects the great splanchnic
venous reservoir is the source of the blood diverted by
exercise to the muscles (see pp. 162-5); and in cases
of dilatation of the heart the cardiac chambers as well
as the visceral venous system will yield some of their
surplus charge of blood.

Properly modulated resisted exercises, therefore, (1)
transfer a certain not inconsiderable volume of blood
from the visceral to the systemic circulation without
stimulating the heart, and (2) widen the bed of the
blood-stream through the muscles, so as to ease and
render more effective the systemic circulation—as in-
dicated by the lowering of the arterial and the raising
of the venous blood-pressure. These physiological
effects certainly fulfil the clinical indications afforded
by (1) a loaded and embarrassed heart—the distended
ventricle not being capable of delivering its extra load
of blood; and by (2) the consequently overcharged
condition of the visceral circulation.

In this way resisted exercises tend to restore the
normal balance between the visceral and systemic
areas of the circulation disturbed by the overloaded
and ineffective condition of the heart muscle. Moreover
they counteract the increased peripheral systemic resist-
ance which so commonly determines the cardiac disten-
sion and inefficiency (see pp. 249-254) ; for they facili-
tate the flow out of the systemic arteries into the veins.
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Tension exercises.—I have observed, that when
the muscles of the arms and legs are repeatedly
thrown into a prolonged and continuous state of
contraction for definite periods, alternating with re-
laxation of similar duration, the arterial calibre is in-
creased, the mean arterial pressure is lowered and the
venous pressure is raised. The physiological effect of
this simple variety of muscular exercise on the cir-
culation is, therefore, identical with that of the resisted
form. The procedure that has been usually adopted
is as follows:—The subject assumes the recumbent.
position, and throws the muscles of the arms into a
state of tension, which is equably maintained for
one minute by the watch, after which he relaxes
the muscles for the same period; he then contracts
the muscles of the legs for one minute, and finally
rests them ; the alternating intervals of muscular con-
traction and repose are repeated once, twice, or three
times. The following is an example of the effects pro-
duced on the systemic circulation by a series of tension
exercises extending over To minutes.

RADIAL VIEAN VENouUs PuLse
CALIBRE. ARTERIAL P
Pressurp.| E RESSURE. RATE.
Before tension exercises| 1-4 mm. 125 omm. Hg. 72
mm. Hg,
After 3 o 2:1 mm. 110 L 72
mm. Hg.

It is evident that the lowering of the arterial pres-
sure and the raising of the venous pressure result from

I
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the widening of the arterial and arteriolar bed. This
result can only be obtained by the sustained contrac-
tion being confined to the muscles of the limbs ; for,
when the whole muscular system (including the abdo-
minal muscles) is thrown into a state of alternate ten-
sion and repose, after the arterial pressure has been
lowered and the venous pressure raised by tension
exercises of the arms and legs, the arterial pressure
rises again, even though the pulse-rate is not altered,
as in the following example :—

RADIAL Aﬂzgfm. Vexous | PuLsEe
CALIBRE. P e PRESSURE,i RATE.
After tension exercises of .
arms and legs - - 21 mm. |110 mm. Hg.10mm. Hg.| 72
After general tension ex-
ercises - - -l 221 mm. |130 5 10° | T2
|

The explanation of this difference in the effect on
the arterial pressure of general tension exercises and
of tension exercises limited to the limbs is doubtless to
be found in the fact, that when the whole muscular
system is contracted, the splanchnic area is com-
pressed by the abdominal muscles, and a portion of
blood is thus dispersed from the abdomen into the
general circulation, and the arterial pressure is raised.
When this has happened, tension exercises of the
limbs, while the subject remains recumbent, no longer
lower the arterial pressure, for they cannot further
dilate the distal circulation; moreover, the dislodged
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splanchnic blood continues in general circulation for
some time (see pp. I49-50), but after the assumption
of the erect posture, it quickly drains again into the
splanchnic area, and then, when the subject resumes
the recumbent posture, the arterial pressure is found
to have fallen.

MEE:E;;';E?ML PuLse RATE.

r s
After general tension exercises 130 T2
Alter tension exercises of limbs 130 72
After standing up one minute 120 72

The practical inference to be drawn from these facts
is, that tension exercises, when resorted to for the
purpose of widening the bed of the distal circulation
and lowering the arterial pressure, should be confined
to the limbs,

Massage.

The general effect of massage is to accelerate
and increase the circulation of blood and to
lower the blood-pressure.—It is agreed by all
authorities on massage that the circulation of blood
through the manipulated tissues is accelerated and
increased. This fact has, moreéver, been clearly
demonstrated experimentally on dogs and cats by
Lauder Brunton and Tunnicliffe, who determined the
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amount of blood which issued from the efferent vein
derived from the group of muscles manipulated, the
observation having been made immediately before,
during, and at various intervals after the application of
the massage. These observers established the follow-
ing conclusions:—“ 1. During the massage of muscles
the flow of blood through them is increased. 2. Im-
mediately after the cessation of massage an accumu-
lation of blood occurs in the massaged muscles ; this is
rapidly followed by an increased flow through the
muscles. 3. The massage of a considerable muscular
area causes first a slight rise in the general blood-
pressure; this is followed by a fall which in some
cases amounts to one-fifth of the initial blood-pres-
SUEEGH"

The results of my observations in man coincide with
these conclusions when the massage, in the form of
pétrissage, is confined to the limbs and trunk—the
abdomen being excluded.

The effects of general massage on the blood-pressure
vary with the form in which it is applied, and with
the inclusion or not of the abdomen in the process.
Observations with the arteriometer and hzmodyna-

* ¢ On the Effects of the Kneading of Muscles upon the Circulation,
Local and General. By Sir T. Lauder Brunton, M.D. Edin., F.R.S,, and
F. W. Tunnicliffe, M.D. Lond. Fournal of Physiology, vol. xvii., 1894,
Klein also showed that kneading of the muscles of a rabbit’s leg pro-
duced a fall of the blood-pressure.—Skandinay, Archiv. fiir Physiologie,
Band i., p. 247, 1887. These observations have recently been con-
firmed by Reid Hunt, Fournal of Physiology, vol. xviii., 18g5, p. 389.
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mometer show that in massage the arterial calibre is
determined by the blood-pressure.

The blood-pressure may be differently in-
fluenced by the kind of massage employed.—
Figures 46 and 47 show that the lighter and superficial

,
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F1G. 46.—Effects of different forms of massage on the radial calibre.
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FiG. 47.—Effects of different forms of massage on the radial calibre.

manipulations (such as stroking, effleurage) and vibra-
tory movements or percussion (such as what is known
as hacking, punctation, slapping, &c.) raise the radial
blood-pressure and calibre, and that the intermittent
rolling and squeezing of the muscular tissue (pétris-
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sage) reduce them. The immediate effect of all the
forms of massage is to raise the blood-pressure and to
enlarge the calibre of the artery. This preliminary
stage is maintained for some time while the more
superficial and vibratory manipulations are being em-
ployed, but it is very transitory indeed when that form
of massage is applied which freely moves the muscular
tissue and is quickly followed by a very decided and
sharp reduction of the radial calibre.

From this it would seem probable that the first
effect of massage in its various forms—and an effect
which is, moreover, maintained throughout the appli-
cation of the superficial and vibratory manipulations
when limited in duration—is to induce vaso-motor .
contraction in the terminal vessels, and thus to raise
the blood-pressure and the calibre in the intermediate
arterial tubing between them and the heart. This may,
therefore, be regarded as the vaso-motor tonic aspect
of massage, when that process assumes the forms of
stroking, vibration, and percussion.* When, however,
the muscular tissue is freely manipulated and rolled, the
vessels therein dilate, and the flow of blood through
them is increased and accelerated by the rapid mani-

* Dr. W. Balfour eighty years ago wrote:—‘ Percussion, instead of
repelling, creates an afflux of nervous energy and sanguineous fluid to
the part. Vessels in a state of atony are thereby roused to action and
circulation is promoted.”—* Illustrations of the Power of Compression
and Percussion in the Cure of Rheumatism, Gout, and Debility of the
Extremities, and in Promoting Health and Longevity," by W. Balfour,
M.D. Edin., 1816. '
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pulations acting in the manner of a supplementary
heart, and the blood-pressure and calibre of the radial
and other systemic arteries fall. This i1s the vaso-
motor relaxant effect of massage which reduces arterial
tone and lowers the arterial blood-pressure.

Systemic massage (petrissage) lowers the
mean arterial and the venous blood-pressure.—
It has been invariably observed than when vigorous

(1) (2 (3) | (1)
105 | 8@ 22 rli8 A 105
104 21 i) sq2)] |/ 104
103 20| ¢ (@ 0 e 103
102 19] \ | [ Y 102
101 LI 1|4 2 101
100 A NE I Vb4 100
99 AR A 99
98 HERNY A 98
g7 14 N M a7
96 ' 13 \ | \"\ ,»'f 96
95| | |12 Vib)| Y& 95

FiG. 48.—The blood-pressure (arterial and venous) and the radial calibre before
and after systemic massage (a), followed by abdominal massage (b). (1.) Mean
arterial pressure. (2). Venous pressure. (3). Radial calibre.

massage is applied to the limbs and trunk (save the
abdomen) for thirty or forty minutes, the radial calibre
diminishes, and the arterial and venous blood-pressure
falls (fig. 48, a, a, a).

Abdominal massage (kneading and compres-
sion) raises the mean arterial and the venous
blood-pressure.—\When systemic massage is followed
by deep abdominal massage, the radial calibre and the
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blood-pressure (arterial and venous) are restored, or
are actually raised above the original degrees (fig. 48,
b, b, b). It has likewise been observed, that when the
arterial calibre and the blood-pressure have been in-
creased by kneading and compression of the abdomen,
they may be again reduced by systemic massage, and
then once more may be increased by abdominal
massage (fig. 49).
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Fia. 49. Radial calibre before and after abdominal massage followed by systemic
massage and a second abdominal massage.

Blood may be transferred by massage from
the systemic to the abdominal circulation and
vice versi.—The foregoing facts point to the removal
of a certain volume of blood from the somatic to
the abdominal areas of the circulation by systemic
massage, and from the abdomen to the skeletal por-
tions of the body by abdominal massage.

That such a dispersion of blood from the splanchnic
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to the systemic circulation, with a rise in the arterial
blood-pressure, may be effected by manipulating the
abdomen is, moreover, rendered highly probable by
Glovetzky, who made a large number of experiments
on men and dogs to show the effects of abdominal
massage on the general circulation. This observer
found that the upper half of the body increased in
weight after the séance, as shown by Mosso’s balance,
and plethysmographic measurements proved that dur-
ing the sitting both the upper and lower extremities
increased in volume, but returned to their normal size
after the massage. The blood tension and the intra-
cranial pressure invariably rose during the massage
and the elevation lasted for a certain period after-
wards.*

Moreover, it has been demonstrated that abdominal
compression produced by applying a well distributed
weight (e.g., 28 1Ib.) to the abdominal wall of a subject
in the recumbent position at once raises the systemic
blood-pressure (see pp. 135-6).

The evidence, therefore, points to the position that
massage of the abdomen raises the arterial blood-
pressure by dispersing blood from the splanchnic veins
to the heart and thence to the arteries, and that
systemic massage lowers that pressure by causing
some of the blood in general circulation to overflow
into the capacious splanchnic reservoir.

Massage favours the flow of blood and lymph

* See “A Treatise on Massage,” by D. Graham, M.D., New York,
18g0.
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from the tissues.—This fact is shown by the reduc-
tion of the volume of a limb effected by massage.
Figure 50 shows that, when the volume is increased
by resisted exercises, the increment may be quickly
and effectually removed by it. In this respect, there-

fore, massage differs from voluntary exercise and from
resisted exercises.

Co.  Tstieceiies Mussege , Registiveexercises.
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F1G. 50.—Resistive movements and massage ; contrary effects on arm-volume.

A few practical inferences suggested by these
observations.

It is obvious that massage should not
be prescribed and performed in a mere perfunctory
routine fashion, as is to be feared it too often 1s, but
like other therapeutic measures, should be applied
with due discrimination. The leading features of the
circulation —the blood-pressure and vaso-motor tone—
are the best indications for the selection of the kind of
manipulations to be adopted, for the limitation of the
time of their application, and for the distribution of
them—whether merely to the abdominal region, or to
the systemic muscles. When, for example, the vaso-
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tonic effects are sought for, the manipulations should
be lightly applied and partake chiefly of the nature of
vibration or percussion; and, when muscle-kneading
is resorted to, percussion should terminate the pro-
cess, and in all cases the abdomen should receive
special attention at the close of the séamce. When,
on the other hand, the aim is to reduce the arterial
blood-pressure, and to relieve the ventricular effort or
cardiac strain, the deep rolling movements should be
preferred throughout, and should be applied only to
the limbs, back, &c., and the abdomen should not be
manipulated at all.

It has been shown that abdominal massage disperses
blood from the splanchnic veins to the systemic cir-
culation, and in this way raises the arterial blood-
pressure. This form of massage should, therefore,
prove particuiarly useful when the splanchnic area is
increased from diminution of tone in the arterioles
which supply it. But inasmuch as the blood thus
transferred is driven from the abdomen to the heart,
and not drawn from the splanchnic veins as when the
resisted exercises are resorted to, abdominal massage
should be employed with caution when the heart wall
is dilated and inefficient.

Baths.

A large number of observations with the hamo-
dynamometer have been made on the physiological
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effects (Jf baths on the clrculatmn by Edgecombe and
Bain,* and by myself.} In selecting the data to illus-
trate these effects, I will quote as freely as possible the
observations made independently by Edgecombe and
Bain, which in the main coincide with my own.

The blood-pressures (arterial and venous) were taken
just before and after a bath under exactly the same
condition of gravity—the subject being recumbent with
the arm extended on a level with the back.

(A). Cold baths.

the arterial pressures (maximum and mean} and dimin-

Immersion in cold water raises

ishes the venous pressure ; the rise of the former, how-
ever, being quickly followed by a fall, and by a slight
relative increase in the venous pressure.

CoLDp BATH.

Two minutes at 13° C. (54° F.). (Edgecombe and
Bain).

ARTERIAL PRESSURE.| VENOUS

PULSE mm. Hg. PrES-
RATE. SURE.
Maximum.| Mean. |mm. Hg.
Before - - - T0 190 130 25
Aer o o e 72 210 | 150 10
Ten minutes after - 70 185 125 25
* 0p. cit.

+ The Fournal of Balneology and Climatology, 189q.
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These data indicate that a short exposure to cold
water induces peripheral constriction, with stimulation
of the heart, which is rapidly replaced by peripheral
relaxation (reaction) and a slight lowering of the
arterial pressure.

(B). Warm baths.—Immersion of the body in a
heated medium—whether it be water, or air, or steam-
charged air—invariably lowers the arterial blood-
pressures (maximum and mean), and this effect is in
a general way proportionate to the rise of temperature.
The following examples were observed by Edgecombe

and Bain :—
WARM IMMERSION BATHS.
Bartn WHEN IERTEHIAL PRESSURE.| VENOUS
TEMPER&TURE.OBSER,U&TIDN PuLsE | mm. Hg. PRES-
RATE. | SURE.
Duration. [ »47% | Maximum.| Mean. mm. Hg.
Hot BaTH. |Before - -| 62 185 130 20
43° C. (109° F.)|After - |- 64 170 117 15
Ten minutes.
Warm BaTtH. (Befcre - -l 60 190 135 1
38° C. (101° F.)/After - 60 180 130 15
Fifteen min.
SULPHUR BATH Before - 72 175 125 29
(Natural)
87° C. (98° F.)|After - 68 140 85 20
Twenty min.
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WARM AIR BATHS.

BATH ARTERIAL PREsSURE.| VENOUS
TeEMPERATURE. TiME oF OB-| PuLsE mm. Hg. PRES-
| SERVATION. | RATE. SURE.
Duration. Maximum.] Mean. |mm. Hg.
TurkisH BaTH. Before - 70 I 200 135 a5
Hottest room |[After seven |
99° C. (210° F.)| minutes in |
hottest '|
room 120 155 100 20
In cooling |
i room T4 | 170 115 20
| |
RussiaN Batn.Before - - 72 | 175 130 25
Needle douche After - - TO | 160 1156 25
cooled to E
30°°C. (867 E.) | |

Air superheated by electricity (as in the Greville or
Dowsing bath), whether applied merely to a limb or

to the whole body, save the head, likewise reduces the

arterial pressure, as in the following examples:—

PARTIAL NON-RADIANT ELECTRO-THERMIC BATH
(GREVILLE) ARM ENCLOSED.*

PuLsE | MEAN ARTERIAL| TEMPERATURE OF
RATE, PRESSURE. AIlR.
Before - - -| 84 95 mm. Hg.
After twenty minutes-| 84 87 i C. (264° F.
After thirty minutes - 84 82 i C. (264° F.
After forty minutes -| 80 | 80 1 C. (270° F.

* These observations were made while the subjects were in the bath.
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——— -

GENERAL NON-RADIANT ELECTRO-THERMIC BATH
(GREVILLE) THE WHOLE BODY ENCLOSED SAVE
THE HEAD.*

MEAN
PuLse VENOUS TeEMP. OF
ARTERIAL

RATE. T e PRESSURE, BATH.
Before - - - 88 |97 mm. Hg. | 30 mm. Hg.
After twelve minutes -| 104 92 - 40 s C. (264° F.
After twenty-two min.| 112 85 T a0 i C. (275° F.
After thirty minutes -| 120 77 % 60 = C. 1870° F.)

GENERAL RADIANT ELEcCTRO-THERMIC BATH, THE
WHOLE BODY ENCLOSED SAVE THE HEAD.Y

PuLseE | ARTERIAL PRESSURE.| VENOUS Ty
RATE. Mo i Kfang: | PRESSURE.

Before - - G8 175 105 1T

After 15 min.| 92 160 90-95 35 71° C (160° F)

Edgecombe and Bain found that warm running Sitz
baths also lower the arterial pressure.

* These observations were made while the subjects were in the bath.

t I am indebted to Dr. Page May for opportunities of testing the
effects of this bath in the now well equipped bathing establishment at
Hellouan, near Cairo. It is a neatly arranged cabinet bath containing
48 incandescent lamps of 32 candle power, and lined with reflectors. It
is also designed for local treatment by luminous heat. While making
these observations, I was much struck with the fact, that active per-
spiration appeared at quite low temperatures, in fact before the thermo-
meter registered 37° C. (g8° F.), as if the light rays incited the sweat

glands before the air of the bath is warmed up to the temperature of the
body.

Q
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SITZ BATH, RUNNING.

10 Minutes at 37° C. (g8° F.), cooled at finish to 30° C.

(86° F.).
ARTERIAL PRESSURE.
PULSE mm. Hg. VENOUS PRESSURE.
RATE. mm. Hg.
Maximum. Mean.
b .F
Before - = 66 160 125 17
After - : G4 135 85 12

We know that heat is a relaxant. Therefore it may
be presumed that the fall in the mean arterial pressure
is mainly attributable to dilatation of the arterioles and
arteries. The relaxation of the arteriolar region of the
circulation will favour a rise in the venous pressure,
which is the primary effect of heat on that pressure
during the immersion and for a short time afterwards.
But it has been repeatedly observed that this rise may
be very quickly converted into a fall; as for example,
when the wvis a fergo slackens below a certain point,
diminishing the output of the ventricle, or when the
blood drains unduly into the splanchnic veins in con-
sequence of relaxation of the arterioles supplying them
—then it may be presumed that the blood flows slug-
gishly through the dilated peripheral vessels into the
veins, or the fullness of the systemic circulation is re-



CLINICAL VARIATIONS IN BLOOD-PRESSURE. 227

lieved by the afflux of blood to the splanchnic area.*
This condition of reduced venous pressure is apt to
supervene on withdrawing from a warm bath. In this

case the venous pressure does not afford, therefore, a
gauge of the dilatation of the peripheral vessels; for
other important factors play then their part in reduc-
ing that pressure, such as the lowered tone of the ven-
tricular contractions, and the recession of blood to the
splanchnic veins.

The following obszrvations show that warm baths,
by relaxing the arterioles supplying the splanchnic
area, increase that area, and impair the integrity of
the adjustive function of the splanchnic vaso-motor
mechanism for gravity. The splanchnic overflow into
the systemic circulation produced by the application
of an equably distributed weight over the abdomen
of the recumbent subject is greatly increased by a
warm bath ; as in the following example :—

(Before hot bath, temperature 42 6° C. (108° F.) 13

minutes . 3 : - : ; 5 . 102

MEAN After abdominal compression by weight (28 Ib.) . 107
ARTERIAL 1 Difference : ; . ; : . - : 5
PRESSURE. After hot bath . . i 2 - . . 05
After abdominal compression by weight (28 1) T

\ Difference 2 - 2 2 5 3 3 o i

The following observation shows that warm baths
impair the postural variation of the radial calibre and
of the mean arterial pressure, and therefore weaken the
protective vaso-motor mechanism for gravity.

* The observations of Edgecombe and Bain, supporting their con-

clus‘on that heat reduces the venous pressure, are probably in this way
accounted for,

02
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RADIAL MEAX ARTERIAL
CALIBRE. PRESSURE.

Before bath, temperature 43° C. (109® F.)

Sitting - : . . . 1'g mm. 105 mm. Hg.

Recumbent L . . : T D5 u
After bath.

Sittiﬁg & " - - - 1.4 i 95 L]

Recumbent - . ; ; T I0§5 5

The firm application of pressure to the abdomen by
means of traction on a bandage, however, completely
restores the arterial calibre and pressure.

RADIAL MEAN ARTERIAL
e CALIBRE, PRESSURE.
Sitting posture—
Before traction on bandage . - I'4 g5 mm. Hg.
After T 39 . . 2'0 110 o+

Exposure to heat, therefore, whether in the form of
warm water baths, or in that of hot air baths, lowers
the arterial blood-pressure, and primarily raises and
secondarily diminishes the venous pressure; and,
by relaxing the splanchnic arterioles, increases the
splanchnic area and impairs the protective vaso-motor
mechanism for gravity. These effects of heat on the
circulation are the natural consequences of relaxation
of the musculature of the arteries and arterioles, and
of the heart. In a word, heat reduces the cardiac
and vaso-motor tone.

(C). Percussive Baths— Massage Baths. The
leading effects of temperature per se on the circulation,
when applied in the form of baths, have been indicated
“in the preceding paragraphs. Itis now necessary to
enquire—What is the influence of percussion and mas-
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sage when combined with that of temperature, as in
the various forms of douche and needle baths ?
Percussive baths.—When the general application of
cold water is conjoined with percussion, as in the form
of the needle bath, the rise of the arterial pressure is
much more decided, and the fall of the venous pressure
is less marked, than when the bath is merely cold and

still.

STRONG NEEDLE BATH.

Begun at 37° C. (98° F.) and rapidly cooled down to
16° C. (60° F.) ; time, 2 min. (Edgecombe and Bain).

ARTERIAL PRESSURE.
PULSE mm. Hg. vmzﬂ?{;“s'
RATE. 3
Maximum.| Mean, mii. He.
Before - - G4 115 B85 15
After - - - T2 150 115 10

The less pronounced diminution of the venous pres-
sure 1n this case does not, however, indicate that such
a cold percussive bath fails to produce as great a
peripheral constriction as the still cold bath; for the
enormous Increase in the maximum pressure (35 mm.
Hg.) and the more frequent pulse-rate (62 raised to 72)
from stimulation of the ventricle, will suffice to increase
the ventricular output, and to propel more blood
through vessels equally or more contracted into the
velns.

When a needle bath is warm (percussion being thus
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combined with warmth) the arterial pressure rises, and
does not fall as when the body is simply immersed in

warim water.

WARM

NEEDLE BATH.

Temp. 38° C. (rox® F.); time, 3 min. (

and Bain).

Edgecombe

I
‘ ARTERIAL PRESSURE.l e T
PULSE mm. Hg. :
RATE. | EURII_:i‘
Maximum.| Mean. | b
- | | =
Before - T2 140 ‘ 115 ‘ 15
After - - T2 ‘ * 145 1301 | 20
| |

It may therefore be inferred that percussion may
overbalance the lowering effect of warmth on the
arterial pressure and on the heart.

In the needle bath of alternating temperature (from

‘warm to cold) the arterial blood-pressure also rises.

ALTERNATING NEEDLE BATH.

Temp. from 37° C. (98° F.) to 272G (8o B G time,

6 min. (Edgecombe and Bain).
i ARTERIAL PREss}:RE. NG PRRS
PULSE mm. Hg. _ e
RaTe,
'Maximum.| Mean. | mm. Hg.
A e
Before G0 [l Th 130 a5
AR 66 | 190 \ 145 | 29
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The toning effect of percussive bathing on the mus-
cular coat of the arteries and arterioles is well illus-
trated by the use of the needle bath of alternating

temperature after warm baths of various kinds; as in

the following examples :—

1. EFFECTS OF A NEEDLE BATH REDUCED ToO 10° C.
(50° F.) AFTER A WARM SULPHUR BATH.

FrEQUENCY |MEAN ARTERIAL| VENOUS PRES-
OF I PRESSURE. SURE.
PuLsk. mm. Hg. mm. Hg.
Before needle bath 64 90 40
After s = 64 135 15

2. EFFECTS OF A NEEDLE BATH AFTER A CABINET
Hot AIR BATH.

FreQUuENCY |[MEaN ARTERIAL| VENOUS PREs-
OF PRESSURE. SURE.
PULSE. mm. Hg. mm. Hg.
Before needle bath B4 05 35
After - o 78 102 22

The needle bath doubly alternating in temperature
(i.e., falling from warm to cool, then rising to warm,
and again falling to cool), with a hot descending spinal
douche, has the most powerful effect in raising the
arterial pressure ; as in the following example :—
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Freguency |[Mean ArTeERIAL| VENOUS
OF PRESSURE. PRESSURE.
PuLsE. mm. Hg. mm. Hg.
Before needle needle and
spinal douche - . 56 97 25
After ditto - - | 60 135 20

There is no doubt that the effect of the percussion
of water on the peripheral vessels is greatly intensi-
fied by varying the temperature, and especially by
allowing it to dip to low ranges. Apart from per-
cussion, the mere alteration of temperature when
considerable, has a remarkable effect on the blood-
pressure. The following is the most striking example
I have met with. It is the effect of a plunge into cool
water after the subject had been exposed to a tempera-
ture of 102° C. (270° F.) in Greville's general electro-

thermal bath for thirty minutes.

FreqQueNcy |MEaN ARTERIAL| VENOUS PRES-
OF PRESSURE. SURE.
PULSE. mm. Hg. mm. Hg.
Before the plunge 120 7 60
After ,, 5 88 1056 30

In this case the electro-thermal bath reduced the

L}

mean arterial pressure from g7 to 77 mm. Hg' and

doubled the venous pressure (raising 30 to 60 mm.
Hg.); and the plunge raised the arterial pressure 30
mm. Hg. (adding 10 mm. to the normal arterial pres-
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sure which existed before the thermal bath), and re-

duced the excessive venous pressure of 60 to 30 mm.
In the case of the abdominal douche, the alteration

of the blood-pressure is greater than that induced by
the needle bath, and other forms of percussive bathing,
and is quite pronounced, even though the temperature
of the douche be quite warm, as in the following ex-

ample : —

ABDOMINAL DOUCHE.

Temp. 37° C. (98° F.) following the Needle Bath.

! FREQUENCY |MEAN ARTMHIJ VENOUS PRES-
| OF PRESSURE. SURE.
| PuLSE. mm. Hg. mm. Hg.
Before needle bath 60 87 25
After ¥ 3 58 95 35
After abdominal
douche - - a8 105 45

In this case the venous pressure was raised as well
as the arterial. It is perhaps not difficult to under-
stand how this result was brought about; for the
abdominal douche induces powerful contraction of the
abdominal wall, and this contraction must compress
the spacious splanchnic veins, so that any excess of
blood collected in these veins is driven onward to the
heart, and is thereby transferred from the splanchnic
to the systemic circulation. Such an effect as this is
much greater, of course, when there is diminution or

loss of tone in the splanchnic vaso-motor nervous. sys-
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tem permitting the force of gravitation to come into
play; for then the blood gathers in the abdominal
veins, and a large portion of it remains there with-
drawn from the systemic circulation.

Percussion constricts the terminal arteries and ar-
terioles reflexly by stimulating the cutaneous nerves;
when that stimulation is carried further than obtains
in the needle bath and douche by the application of a
counter-irritant, the arterial blood-pressure is raised
to a still more pronounced degree. The following is
an example of this fact as the result of a mustard liver
pack :—

FreqQuency |MEAN ﬁn’rnmm.l VEnouUus PRrEs-
OF PrRESSURE. SURE.
PuLses mm. Hg. mm. Hg.
Before the pack - 60O 105 30
During smarting - T6 185 30
Smarting subsiding 60 125 30
Later: = - - 506 115 35
|

In this case the rise of the mean arterial pressure
was probably not entirely due to vaso-motor constric-
tion, but was also attributable to cardiac excitation—
for the venous pressure was maintained.

The massage baths are represented by the Aix-les-
Bains and the Vichy douches. The massage is
applied in both forms of bathing; in the former
the subject being in the sitting, in the latter in
the recumbent posture; and in the Vichy bath the
procedure is preceded by exposure to hot air in a
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box arrangement. Though these baths are somewhat
similar, the net result on the circulation which each
produces is somewhat different.

In the Aix douche my observations show that the
douching alone, without the massage, raises the arte-
rial pressure ; whereas the massage alone, without the
douching, lowers it. But the general net result of the
Aix douche is to lower the mean arterial pressure and
to raise the venous pressure.

On the other hand, the general net effect of the
horizontal massage and douching of the Vichy bath 1s
to raise the mean arterial and the venous pressure.

The following observations are examples of this differ-
ence :—

I. AIX-LES-BAINS DoUucHE (WITHOUT NEEDLE BATH).

FreQuENcy |MeaNn ARrTERIAL| VENOUS PRES-
OF PRESSURE. SURE.
PuLSE. mm. Hg. mm. Hg.
Before - - . 84 95 25
After - - - 84 85 35

2. VIcHY' BATH (WITHOUT NEEDLE BaTH).

‘ FreQuENcYy |MEeAN. ARTERIAL| VEnous PREs-
OF PRESSURE. SURE.
| PuLSE. mm. Hg. mm. Hg.
Before - - | e 95 20
After hot air - - TS 85 30
After massage and |
douche - | e 105 40
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The obvious explanation of this difference would
seem to be that in the horizontal massage of the Vichy
bath the splanchnic area is more thoroughly manipu-
lated than it can be in the sitting posture in the Aix
douche, and consequently the blood cleared from the
splanchnic veins becomes available in the systemic
circulation.

In normal subjects, however, when these forms of
massage bathing are followed by the needle bath of
alternating temperature, the arterial pressure is raised,
with a relative fall in the venous pressure.

1. Aix DOUCHE, FOLLOWED BY NEEDLE BATH OF
ALTERNATING TEMPERATURE.

I
FreEQUENcY |MEAN ARTERIAL| VENoOUS PRrES-
OF PRESSURE. SURE.
PuLsEe. mm. Hg. mm. Hg.
Before needle bath 84 85 35
After v .. 80 125 25

2. VicHY BATH, FOLLOWED BY NEEDLE BATH OF
ALTERNATING TEMPERATURE.

FrEqQuENcy |MEeAN ARTERIAL| VENoUS PRES-
OF PRESSURE. SURE.
PULSE. mm. Hg. mm. Hg.
Before needle bath T2 105 40
After T o 72 115 25
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These data, therefore, show that percussion and
massage modify considerably the effects of cold and
warm baths on the circulation ; intensifying the vaso-
cardiac tonic properties of the former, and either
qualifying or entirely obviating the vaso-cardiac re-
laxant effects of warm baths. When properly com-
bined they enable the physician to secure the deriva-
tive influence of heat on the systemic circulation
without impairing the cardiac tone or relaxing the
splanchnic arterioles.

(D). Saline and carbonic acid baths.—My ob-
servations on the effects of artificial Nauheim baths
(still and aerated) on the circulation agree with those

of Edgecombe and Bain which are here quoted :—

I
Batu TeEM- ARTERIAL PRESSURE.| VENOUS
WHEN OB- ;
PERATURE. | _._o .. | PULSE mm. Hg. PRES-
: e RATE. SURE.
Duration. : Maximum.| Mean. |mm. Hg.
T [ | £ =
Nauheim bath*|Before - -l b4 190 115 o
(still)
34° C. (g3° F.) |After - -l 60 140 95 10
20 minutes. |20’ after - 60 155 110 7
Nauheim bath |Before - - 88 165 125 12
(aerated)
3¢4° C. (93° F.) |After - -| B4 140 97 15
20 minutes. |30’ after -l 84 145 105 20

These baths, therefore, facilitate the peripheral cir-
culation, and thereby unload the embarrassed ventricle,
just as effectually as baths of a much higher tempera-

* 3'2 kilos NaCl and 85 grammes CaCl,, to 136 litres of water.
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ture, which tend to lower and exhaust the action of
the heart (see p. 228).

A few practical inferences suggested by the
foregoing data.—It is obvious from these observa-
tions, that baths—including as they do the employ-
ment of temperature, mineralization, percussion and
massage—are agents of considerable therapeutic power,
even when viewed merely from their effects on the cir-
culation, and apart from their influence on metabolism
and the excretion of residual products. By their
agency we can modify the action of the heart (the
output and the force of contraction) and the distri-
bution of the blood to the systemic and the splanchnic
areas. The data furnished by them are in general
accord with the results of clinical experience; such
as the vaso-cardiac tonic effects of the lower ranges
of temperature, and of percussion, the relaxant influ-
ence of heat on all parts of the circulatory apparatus,
and the therapeutic gain so frequently secured by
judiciously combining percussion and massage with
warmth, and by the employment of alternating tem-
peratures. But though there is a general agreement
between these physiological results and clinical experi-
ence, observation has shown that it is not always safe
to infer what will happen in the abnormal from what
we know does take place in the normal. For example,
the fact has frequently been observed that, when the
arterial pressure exceeds the normal in consequence of
increased peripheral resistance, the Aix douche bath
followed by the needle bath of alternating tempera-
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ture—which in normal subjects raises the arterial

pressure—produces a marked fall in that pressure.

A1x DoUCHE, FOLLOWED BY NEEDLE BATH, REDUCING
A MODERATE INCREASE OF ARTERIAL PRESSURE.

FrREQUENCY |MEAN ARTERIAL| VENOUSs PRrRES-
OF PRESSURE. SURE.
PuLsE. mm. Hg. mm. Hg.
|
Before bath - - 63 145 35
After - - . 4 115 45
Twenty min. later - 64 110 25

A fact analogous to this has been referred to in the
more pronounced lowering effect of exercise on the
mean arterial pressure, in subjects in whom it is higher
than usual; in such cases the effort distends the peri-
pheral vessels, which offer an increased obstruction
to the onflow, and these becoming dilated, the mean
arterial pressure falls relatively lower than it does in
normal subjects (see p. 162). Observation, therefore,
shows that the stimulant and tonic forms of bathing,
which raise the arterial pressure in those in whom it is
normally low, actually lower it in cases in which that
pressure 1s raised from increased peripheral resist-
ance; and clinical experience, derived from the records
of the blood-pressure taken during a course of such
baths, amply confirms this conclusion. The following

are a few examples in support of this position taken
from my notes.
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CASE IX.
I MEAN :
RADIAL VENOUS
CALIBRE. SRTERML PRESSURE.
ERA | PRESSURE. mm. Hg
mm. Hg. g
Before baths - =rr 135 | 10
After three baths 2-1 120 18
After eleven baths | 9.3 105 40
|
CASE X.
| | | =
Before baths . ~ E 1+5 150 S0
After six baths - - - 18 105 ‘ 40

It will be observed that the effects of the baths 1n
each course were cumulative, and that in every instance
the calibre of the radial artery progressively increased
pari passw with the fall in the mean arterial pressure ;
in other words that the bed of the systemic circulation
was widened, and consequently the mean blood-pres-
sure was diminished. The net gain resulting from the
course of baths was, therefore, an easy normal flow of
a larger volume of blood through the somatic area
than was before possible through the narrowed arteries,
and a corresponding diminution of the splanchnic
blood—for it has been found that when the arteries
are lessened in calibre, the blood excluded from the
systemic area recedes to the abdomen.

Edgecombe and Bain have likewise shown, that a
series of Aix douches lowers considerably the arterial
pressure and raises the venous pressure (see p. 259).
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Clinical observation has demonstrated that when the
normal balance between the systemic and splanchnic
areas of the circulation is disturbed, it is more effect-
ually corrected by a balneological course, which com-
bines massage and percussion with warmth, or with
alternating temperatures, than by a series of warm
still baths. It is true the experimental evidence de-
monstrates that the immediate effect of heat is to
widen the systemic bed of the circulation ; but it like-
wise indicates that warmth alone is apt to leave the
circulation sluggish and so toneless, that in the erect
postures an excess of blood gravitates into the veins
of the abdomen, and of the lower portions of the body,
and is thus withdrawn from general circulation.

These relaxant effects are apt to rapidly accumulate
during a course of warm immersion baths. The fact
that such a course disposes to the development of an
attack of gout is instructive in this connection : espe-
cially when the comparative rarity of such an event in
the course of warm massage and percussive bathing is
borne in mind.

It would seem as if the stagnating effect of heat on
the systemic periphery of the circulation is counter-
acted by massage, which accelerates the onflow of
blood (see pp. 213 and 219), and by percussion and
alternating temperature, which stimulate and tone the
vaso-motor nerves.

Warm immersion baths, and especially short super-
heated immersion baths, as well as superheated
douches, are of much service in the ea rly stage of the

R2
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balneological course of treatment of cases in which
the systemic area is diminished by arterial and arterio-
lar constriction.

The aim of all balneological procedures should be to
secure a good reaction when the patient is resting after
the bath ; and the refreshing glow should be favoured
as much as possible in the after management by en-
veloping him in a warm towel through which he should
be shampooed. The more complete the reaction the
better is the effect on the systemic circulation, and the
more prolonged is that effect.

The clinical velation of the arterial blood-pressure to the
calibre of the artevies.

Physiological variations of the calibre of the
arteries generally coincide with those of the
arterial blood-pressure.—It has been shown that
in the normal subject the variations of the blood-pres-
sure produce, as a rule, corresponding differences in
the calibre of the arteries—the latter being passively
determined by the former. The vaso-motor disturb-
ances induced by digestion, however, afford a marked
exception to this rule (see pp. 182-4).

The clinical relation between the arterial
blood-pressure, when increased above the nor-
mal range, and the calibre is generally the
reverse of the physiological.—In clinical observa-
tion, when the arterial blood-pressure falls within the
normal limits, the calibre 1s, as a rule, in agreement ;






246 BLOOD AND BLOOD-PRESSURE,

high, and diminished as the pressure fell. In cases

of this type the resistance caused by constriction in
the arteriolar region is doubtless so great that the
arterial pressure is raised to such a height as to master
the tone of the arteries, which consequently become
passively dilated. The best illustrations of this fact
I have observed in chronic Bright's disease, and in
chronic goutiness in the full-blooded.

In neurotic subjects very high arterial pressures
(e.g., 160 or 180 mm. Hg.) are not unfrequently met
with, and in spite of such excessive blood-pressures,
the radial calibre remains diminished—often greatly
diminished. In such cases it would seem that the
tonic muscular constriction is so great as to resist the
expanding force of the high blood-pressure.

The clinical relation of increased arterial blood-pressurve to
the heart. Simple dilatation of the heart. The peri-

pherval origin of heart disease.

Increased arterial blood-pressure may lead to
distension of the left ventricle.—It has been ob-
served that in certain cases the arteries become dilated

when the arterial blood-pressure is so excessive as to
over-power the vaso-motor tone. This dilating influ-
ence of a high blood pressure is not, however, confined
to the arteries ; for clinical observation has shown that
it may extend to the heart itself—the left ventricle
becoming distended far beyond its normal limits, while
the arterial pressure remains excessive, and, either
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diminishing or returning even to its former dimen-
sions, when that pressure is reduced. But how does
a high arterial pressure induce dilatation of the ven-
tricle ? It is true that in health there is no evidence
obtainable to show that the internal cup.acity of the
ventricle varies with the physiological alterations con-
tinually taking place in the arterial blood-pressure.
But this is not surprising, for any such response, if it
does take place, will be too small for direct observa-
tion, as the normal variations in the arterial pressure
are comprised within comparatively narrow limits, and
are very temporary; moreover, the tone of the ven-
tricle will doubtless suffice to meet them effectually.
Experimentation on animals, however, affords an ex-
planation of the clinical observation of the ventricle
becoming distended under the stress of a persistently
high arterial blood-pressure. The late Prof. Roy and
Prof. Adami showed that ‘the ventricles normally do
not become completely emptied at the end of systole.
If the pressure in the aorta fall without any change in
the force of the contractions of the ventricular wall,
the ventricle empties itself more completely at each
beat, and there 1s less residual blood. If, on the other
hand, the aortic pressure rise, let us say from 8o to
160 mm. of Hg., the resistance offered to each con-
traction will be doubled. The increased aortic pres-
sure will necessarily produce the same effect on the
ventricular wall, which would result from doubling the
weight on a parallel-fibred voluntary muscle, which is
being stimulated to a series of maximal contractions
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by single induction shocks, care being taken to prevent
the muscle being stretched by the weight when in a
relaxed condition. In both cases the shortening in
full contraction will be diminished. . . .. With #ncrease
of aortic pressure theve is, other things being equal, an
increase i the amount of the wvesidual blood. . . . . The
increase of residual blood is of course always increased,
also, whenever the aortic pressure remaining constant
the force of the ventricular contractions is reduced
from malnutrition or other cause.”* Therefore when
the arterial blood-pressure i1s considerably raised—
and moreover raised persistently—it i1s not improb-
able that the increased resistance a fromfe may pre-
vent a ventricle failing in tone from delivering its
contents as completely into the aorta as when the
blood-pressure was normal; and in such case the
ordinary residuum of blood may gradually increase
to unwonted proportions, which with the circulating
blood will distend the chamber. Three factors, there-
fore, contribute to the overloading and dilatation of
the ventricle, namely:—(1) a high blood-pressure
ahead, (2) an increasing residuum within the ven-
tric]?, and (3) diminished expulsive power of the ven-
tricular wall; and of these factors the first (the
protracted increase of the arterial blood-pressure) is
the dominant cause of the dilatation of the wven-
tricle. Furthermore, inasmuch as the raised arterial
pressure is but the result of peripheral obstruction,

* Philosoph. Trans. of Roy. Soe. of London, vol. 183 (1892), pp. 212
and 213.
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it should be concluded that the cardiac dilatation is
due primarily to that obstruction.

Simple dilatation of the heart.—A large number
of observations made during the past few years on the
relation between the arterial blood-pressure and the
condition of the heart wall have led me to conclude
that the heart, without affording any evidence of val-
vular disease, may become quite temporarily dilated,
so long as the arterial blood-pressure remains exces-
sive—this being the invariable clinical concomitant
of the cardiac dilatation; but may quickly regain its
normal condition as soon as the arterial pressure is
reduced by relieving the peripheral resistance, which
maintained the high pressure. The facts have, there-
fore, led to the conclusion, that there is a causal rela-
tion between the increased peripheral resistance and
the cardiac dilatation—the latter resulting from the
former through the intervention of the rise in the
arterial blood-pressure. This temporary and recover-
able condition is one of simple dilatation—there being
no indications of organic changes either in the heart
or in the blood vessels; the apparent cause being tonic
constriction of the arteries and arterioles, which may
disappear under treatment, when the heart may re-
sume its former dimensions. It is much more common
in women— though it is far from uncommon in men;
and this fact is probably accounted for by the greater
liability of women to vaso-motor disturbances, and to
a lower tone and diminished resistance in their mus-
cular tissue—so that the arteries and arterioles are
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disposed to constrict more and the ventricular wall to
resist less than in men. It is also most frequently
met with between the ages of 25 to 50; and in the
neurotic and anzmic—but it is not unfrequently met
with in subjects neither neurotic nor anzmic, so long
as the arterial blood-pressure is raised persistently.
There is, as a rule, some dyspnecea on exertion, and
especially on walking upstairs, or on rising ground ;
and a feeling of precordial weight and tension is
common. Percussion shows the enlarged area of the
heart; but I have not relied entirely on percussion
for the demonstration of the dilatation, because it does
not appeal to all with equal force as a convincing
. method of proof. It seemed to me that everyone
could, however, appreciate the exact position of the
maximum spot of the apex beat in relation to a
fixed point (such as the nipple when not pendulous)
as a more reliable and a more definite sign than any
other to demonstrate the condition of the ventricle;
I therefore trusted mainly to the site of the apex beat,
and preferred to confine my observations to the cases
in which it was well defined. The displacement of
the apex to the left varied of course in different
cases; but, according to my observation in this re-
coverable form of cardiac dilatation it may extend
even so far as one inch outside the nipple line.
Figure 51 illustrates a typical case. It shows the
calibre of the radial artery, the mean arterial pressure
and the venous pressure, and relative position of the
apex beat to the nipple before and after treatment.
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MEAN

RADIAL VEXDUS ARTERIAL m-:-:’:c
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] ] 392 L 135 . 2
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-1 31 130
20 30 125
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Fig. 51.—Effects of treatmant in o case of simple dilatation of the heart on the
riadial ealibre, the venous pressure, the mean arterial pressure, and on the position
of the apex beat.

The reduction of the peripheral resistance is indicated
by the increment of the radial calibre (from 1°'s5 to
2'2 mm.), and of the venous pressure (from 24 to
32 mm. Hg.), the fall of the mean arterial pressure
(from 135 to 105 mm. Hg.), and the restoration of
the apex beat to its normal site. The following data
show the progressive stages of improvement effected
in one case by a course of massage and percussive
baths as expressed in the radial calibre, the arterial
pressure and the position of the apex beat.

PosiTiox or RADIATL MEAN ARTERIAL
APEX BEAT. CALIBRE. PRESSURE.
Hefore baths .. e e (] e 1°1 mim. o 135 mm. Hg.
- :
After four baths O 1B np 125 i
+
After nine baths .. (@] 14 b 115 5
+
After twelva haths .. i 0] i 1L pREee Ay 105

+ L1
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Simple cardiac dilation 1s also frequently met with
at a period of life (over 50) when it may be suspected
that the increased peripheral resistance may not be
solely due to tonic contraction of the arteries and
arterioles, but may be partly or wholly ascribable to
vascular changes. Not unfrequently, however, the
results of treatment do not appear to support this
surmise ; for the complete subsidence of the dilatation
suggests mere contrdction as the sole cause. This
happy result is frequently observed in the subjects of
chronic gout (see pp. 240-2 and 256) ; as in the follow-
ing example, @t. 54 :—

POSITION OF RADIAL MEAN ARTERIAL
APEX BEAT. CALVBRE. PRESSURE.
Before baths i i (] e 15 mim. 5 145 mm. Hg.
+
After twolve baths., b (] 3 I e 105 i
+

The baths employed in this case were Aix douches
followed by needle baths of alternating temperatures.

It more generally happens in this class of case
(over 50) that the cardiac dilatation is only lessened by
the treatment which reduces the arterial pressure ; as
in the subjoined instance, zt. 64, in which Aix douches
and needle baths were resorted to:—

POsSITION OF RADIAL MEAN ARTERIAL
APEX BEAT. CALIBRE, PRESSURE.
Before baths i s (8] . 09 . i 146 mm. Hg.
+
After three baths .. i U+ ey 1B e % 130 o
After twelve baths i ‘?‘ e 1Bt ey e 105 7

Sometimes in such cases the heart’s action 1s inter-
mittent or irregular, when relief to the flow through
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— s —

the periphery of the systemic circulation not merely
lowers the arterial pressure, but causes the irregular
action of the heart to cease, as in the following case,

#t 56 :—

POSITION OF RADIAL MEAN ARTERIAL

ATPEX BEAT. CALIBRE. PRESSURE.
Before baths ... o Irregular 1'3 mmn. o 140 mm. Hg.
After three baths o Less irregular T b e alfi 5 P

: + E
After twelve haths o Regular I o 05 45
+

An extremely common, if not invariable, concomi-
tant of cardiac irregularity is increased peripheral re-
sistance, as expressed in the mean arterial pressure
being raised, and in the venous pressure being rela-
tively or absolutely lowered.

According to my observation the most effectual
means of treating cases of simple cardiac dilatation
due to increased peripheral resistance is to resort to a
course of warm massage baths (the massage being
applied while the subject is either immersed in warm
water or is douched by it) followed by alternating
warm and cool needle baths, which develop a good
reaction. Nauheim baths are also useful, but certainly
not more so than these stimulating forms of bathing,
which open up the constricted arterioles, and at the
same time tone up the nervous system and the heart
muscle. By the judicious employment of lower tem-
peratures and of percussion the course should be ulti-
mately rendered more and more tonic. Still warm
immersion baths are better avoided.; or they should
be resorted to only in the early stage of treatment, and
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then should be immediately followed by some form of
percussive bathing. After the systemic periphery has
been liberated by the more active treatment of warmth
with massage and percussion and alternating tempera-
ture, Nauheim baths and resisted exercises prove use-
ful ; and later, tension exercise (see p. 211) or Sandow’s
graduated dumb-bell or elastic cord exercises, and strong
tepid salt baths twice a week, and a warm equable
climate (such as that of Egypt) in winter, will favour
the maintenance of the improvement initiated by the
course of baths. These cases also require a careful
regulation of rest and exercise; and the more sensi-
tive and nervous should be inspired with hopefulness
as to the 1ssue, for hope is a powerful relaxant of the
arterioles constricted by the chronic fear which is so
apt to be generated by ailments of the nervous system
and the heart.

The peripheral origin of heart disease.
The foregoing facts suggest the important rdle which
a narrowing of the systemic periphery may play in the
production of heart disease in the later decades of life.
Additional evidence of this view is likewise apparent
in the high arterial pressure generally observable in
cases of cardiac dilatation associated with valvular
disease after 50 years of age; and in the relief of
that pressure and of that dilatation afforded by the
physiological modes of treatment which have of late
years acquired a leading position in the remedial
management of heart disease, such as Nauheim baths
and resisted exercises, and those balneological proce-
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dures (massage and percussion baths of alternating
temperatures) which observation has shown to be use-
ful in widening the bed of the distal circulation, and

in thus easing the work of the ventricle.

Some diseases in which the arterial blood-pressure is raised.

According to my observation the arterial pressure
is, as a rule, increased in:—(1) some nervous dis-
orders; (2) chronic goutiness; (3) renal disease;
(4) heart disease of peripheral origin; (5) irritable
skin affections; (6) anamia; (7) obesity, and (8) the
forms of endarteritis.

1. Some neuroses.— | onic constriction of the ar-
teries and arterioles is common in hysterical and
neurasthenic subjects, in whom the radial calibre is,
as a rule, reduced, the mean arterial pressure raised,
and the venous pressure markedly lowered ; and fur-
thermore the left ventricle may in such cases be dilated
if the increase in the arterial pressure has been per-
sistently maintained for sometime, and the tone of the
heart muscle is diminished. The evidence of the
arterial and arteriolar constriction may be equally
apparent in all the postures; but it frequently passes
away in recumbency, so that in that posture the radial
calibre increases, instead of diminishing as in normal
subjects (see p. 152) and the mean arterial pressure falls
while the venous pressure rises. When in such cases
the recumbent posture is assumed, the arterial pres-
sure, in spite of the widening of the arterial bed from
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the subsidence of the constriction, may however, rise,
but only for a time from the liberation of blood into
the systemic circulation from the splanchnic veins, in
which it was imprisoned by gravity in the erect pos-
tures (see pp. 265-72).

In Raynaud’s disease the radial calibre is as a rule
reduced, but certainly not always; it may therefore
be inferred that the constriction invades primarily the
terminal arteries and the arterioles, and may in some
cases only extend to the large arteries. The arterial
pressure 1s not always raised; therefore it may be
concluded that in such cases the constriction is quite
local.

In attacks of migraine the arteries are constricted
and the arterial pressure is raised.

2. Chronic goutiness.—Extended observation with
the arteriometer and the hzmodynamometer in those
suffering from chronic goutiness has amply shown that
this morbid state produces marked departures from
the normal state of the circulation. The arterial blood-
pressure is generally persistently raised 2o, 30, or 40
mm. Hg. above the normal range. The radial calibre
is as a rule diminished ; but now and then it exceeds
the average size—the artery being distended by a high
blood-pressure, as it is in many cases of chronic Bright’s
disease. Another feature of the circulation in chronic
goutiness is, that the radial calibre as a rule does not
vary with change of posture—being the same in re-
cumbency as in the sitting position; and generally the
normal postural variations in the arterial pressure are
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also absent. Sometimes, however, the calibre and the
blood-pressure will rise for a short time after the
patient assumes the recumbent posture—the increment
being due to splanchnic blood freed from the control
of gravity (see pp. 268 and 269).

The narrowing of the arteries in chronic goutiness
1S an interesting feature of the disease. It is not an
unalterable condition however ; for it is quite a com-
mon experience to observe the opening up of the di-
minished calibre, and the consequent lowering of the
arterial blood-pressure under the influence of a course
of baths. Several instances of this beneficial effect on
the arterial calibre and pressure in the gouty have
already been quoted (see pp. 240-2).

These facts, therefore, suggest that the diminution
of the calibre of the arteries in chronic goutiness may
be largely due to tonic contraction, and not entirely
to organic changes in the arterial wall. If so, it is
perhaps not improbable that this widespread contrac-
tion throughout the arterial system may be the direct
effect of the presence of residuary products in the
blood.

3. Renal disease.—According to my observation a
rise—and indeed a very marked rise—in the arterial
pressure 1s a prominent clinical feature in chronic
Bright’s disease, and in acute nephritis; but in func.
tional (or cyclical) albuminuria and in the lardaceous
kidney it is not generally apparent. It would there.
fore seem as if the increase of the arterial pressure
were assoclated with the retention of renal products

s
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in the blood inciting tonic constriction of the arterioles
and terminal arteries. It has been shown that in
chronic goutiness the tonic contraction of the arteries
and arterioles may be reduced with a consequent fall
in the arterial pressure by a course of warm mas-
sage baths (see pp. 240-2). Observation has likewise
demonstrated, that in chronic Bright’s disease the
same balneological course may induce a similar dilat-
ing effect on the vessels and a corresponding reduction
of the blood-pressure ; as in the following cases :—

POSITION OF RADIAL MEAN ARTERIAL
APEX BEAT. CALIBRE. PRESSURE.
Before baths .. o e (9] e 1'3 mm. i 160 mm. Hg.
+
After nine baths O 1:6:0 5, a1 182 .
+
After fourteen baths 9] 1k i 115 o
+

SERIES OF A1x DoUCHES.

Temperature 37° to 38° C. (97° to ro1® F.).*

ARTERIAL PRESSURE.| ;o000
PRT,}?’EI‘E i L | PRESSURE.
Maximum.| Mean. | mm. He.
Before (sitting) S [ S100 240 155 | 15
After four baths (sitting) 96 215 130 | 25
After twelve baths (sitting) 86 180 110 | 80

These facts suggest that there is a similar state of

* These observations were made by Edgecombe and Bain. Op. cit.
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the vascular wall in chronic Bright’s disease as in
chronic gout, namely, tonic contraction, and a con-
traction presumably induced by a similar cause,
namely, the presence of deleterious excretory material
in the blood. But, inasmuch as the vascular system
in chronic Bright's disease is less easily influenced by
the balneological treatment than that in chronic gout,
it may be inferred that the vessels are more involved
in organic change (arterio-sclerosis) than in goutiness
uncomplicated by renal disease.

My observations with the arteriometer and hamo-
dynamometer in these two morbid states afford some
support to the acknowledged pathological kinship be-
tween them ; for both reduce the calibre of the arteries
and arterioles, and thus raise the arterial pressure;
both abolish the postural variation of the radial
calibre, and both may lead to cerebral hamorrhage
and to heart disease. Bright's disease (especially in
the form of the contracting kidney) is, however, more
decisive than simple goutiness in its effects on the
circulation ; it has, for example, afforded me some of
the highest readings of the mean arterial pressure,
such as 200, 210 and even 220 mm. Hg. Hence the
great liability in Bright's disease to passive distension
of the arterial wall (the radial calibre then being in-
creased) and to dilatation of the left ventricle —the
features of the renal disease becoming ultimately
masked by those of cardiac disease; a clinical trans-
formation, which is perhaps the best illustration that
«can be adduced, as to how a high peripheral resistance

S 2
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may at last over-master the heart muscle and dis-
organize the heart,

4. Heart disease of peripheral origin.— The
presence of a high arterial pressure in cases of heart
disease points to increased peripheral resistance as the
cause, ‘and as a condition that must further embarrass
the action of the heart. It therefore follows, that
treatment which opens up the contracted state of the
systemic circulation, and consequently reduces the
resistance ahead, will favour an increased output of
the heart, and will enable the distended ventricle to
unload itself into the arteries, and will render the work
of the heart more easy and more efficient. Experience
has confirmed this position in the beneficial results
achieved in cardiac dilatation by the adoption of
the physiological modes of treatment, represented by
Nauheim baths, warm massage baths, and resisted
exercises, which widen the bed of the systemic cir-
culation.

5. Irritable skin affections.—In chronic eczema
there is very commonly a rise in the arterial pressure,
and frequently a marked contraction of the arteries-
The condition of the circulation in eczema 1s, as a
rule, identical with that found in chronic goutiness,
even when the eczema is slight. This fact has some-
times afforded a suggestion as to the balneological
treatment of intractable cases; for, having observed
the beneficial effects of massage baths in the gouty,
these baths have been prescribed in such cases, when-
ever the state of the skin would allow, with, as a rule,
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most satisfactory results. The arterial pressure i1s
raised in all pruriginous affections of the skin; as if
the irritable state of the cutaneous nerves incites tonic
constriction in the arterioles. It has been shown that
cutaneous 1rritation raises the blood-pressure (see
P 234).

6. Ansemia.—In chlorosis and anzmia the mean
arterial pressure is, as a rule, raised ; but the rise is
generally but moderate in degree. It 1s, however,
sufficient to determine the dilatation of the ventricle
as frequently observed in anzmia—the toneless state
of the ventricular wall being favourable to dilatation
from a comparatively slight increase in the arterial
blood-pressure.

7. Obesity.—The mean arterial pressure is gener-
ally raised in the obese; and frequently the increase
is very considerable. This fact suggests a probable
pathogenic relationship between obesity and heart
disease.

8. The forms of endarteritis: atheroma: ar-
terio-sclerosis; arteritis syphilitica.— Atheroma
may be regarded as the physiological form of thicken-
ing of the arterial wall, and arterio-sclerosis the patho-
logical. Observation shows that, as a rule, atheroma
diminishes the calibre of the arteries, and raises the
arterial blood-pressure. It may diminish the radial
calibre to within r mm.; but it does not always
increase the arterial pressure. There may, for
example, be extensive thickening of the arteries—
radial, brachial, temporal, &c.—and yet the blood-
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pressure may not exceed the normal limits. From
this it may be inferred that the organic change may
be limited to some of the larger arteries, and so long
as the terminal arteries and arterioles are not involved,
the arterial pressure may not be appreciably raised ;
on the other hand, cases are met with in which that
pressure is considerably increased when the arteries
accessible to observation are obviously atheromatous.
Therefore, it would seem, that the hemodynamometer
may enable the observer to distinguish between cases
in which atheroma is confined merely to some of the
larger arteries, and those in which it invades also the
small arteries and arterioles.

In many cases of chronic goutiness and of chronic
interstitial nephritis the calibre and the blood-pressure
resist entirely or partially the influence of the balneo-
logical procedures which produces a markedly bene-
ficial effect in others; hence, it may be inferred that
in such cases the arteries and arterioles are the seat
of organic changes of the nature of arterio-fibrosis
{arterio-capillary fibrosis). _

Several cases have been met with in which, from the
persistence of an unaccountably high arterial pressure
and the general clinical features, there seemed to be
some probability of the existence of the pre-albu-
minuric stage of chronic interstitial nephritis due to
a general arterio-fibrosis of the small arteries and
arterioles.

Syphilitic endarteritis.—Observation with the
arteriometer in over 150 undoubted cases of acquired
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syphilis has shown that the radnl cahbre IS commonly
reduced with loss of postural variation. The reduction
of calibre is sometimes very marked; especially so
after the lapse of several years from the date of in-
fection, and especially too when the disease 1s pro-
ducing its secondary and tertiary - manifestations.
According to trustworthy observers, syphilis “ may
be' regarded as one of the most frequent causes of
arteritis and its effects.”* My observations, however,
not only confirm this conclusion, but suggest a wider
one; for they point to a general arteritis as the
ordinary effect of the syphilitic infection, the intima
of the whole arterial tract being involved. The
textural change in the arterial wall in all cases may
be so slight as to elude detection by the finger ; but
in certain cases in the course of time it may become
palpable as arterio-sclerosis and aneurism. The data
contained in the following table provide some illustra-
tions of the reducing effect of acquired syphilis on the
radial calibre, and of the beneficial influence of mercury
and baths in enlarging the diminished calibre.

The mean arterial pressure is, as a rule, increased in
syphilis, but according to my observation it is not
quite as commonly so as in chronic goutiness, and in
renal disease.

* % Qutlines of the Pathology and Treatment of Syphilis,” by
Hermann Von Zeissl, M.D., 1880, p. 274.
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Overloading of the splanchnic reservoir, or splanchnic stasis ;
splanchnic inadequacy, or vaso-motor ataxia.

The volume of blood in the splanchnic veins
may be greatly increased by pathological

causes.—It has been shown that in the normal state
of the circulation, a certain ratio is maintained be-
tween the volume of blood present in the splanchnic
area and that circulating through the systemic area—
the diminution of the volume in one district of the
circulation being accompanied by a corresponding
increase in that of the other.* The limits of this
normal interchange in the distribution of the blood
between the abdominal and the somatic portions of the
circulation are, however, apt to be greatly disturbed by
pathological causes: the deviation met with being a

* The clinical significance of this complementary relation between
the abdominal and skeletal circulations was recently insisted on by
Sir Willoughby Wade, who says, *The splanchnic and somatic (or
skeletal) circulations are complementary, the one to the other . . . if we
repress the blood from the other parts of the body it takes refuge in the
abdominal organs and vice versa. Or, if we attract it to skin and
muscles, we withdraw it pro rafd from the abdominal organs and vice
versa. Herein, it may be said in passing, is the chief, if not the sole and
adequate explanation of the benefits obtained by the Schott system.
The baths attract the blood to the skin, and the resisted exercises to
the muscles, and, by emptying the splanchnic circulation relieve the
stasis therein.” ‘On the Treatment of Abdominal Palpitation,” by
Sir Willoughby Wade, M.D., F.R.C.P., Florence. Brit. Med. Four.,
vol. i., 18gg, p. 145.
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less or more continuous surcharge of blood in the
splanchnic veins. This fact is shown by the abnor-
mal rise apparent at all times in the systemic blood-
pressure produced by applying an equally distributed
weight to the abdomen (see P- 135), when the mean
arterial pressure may mount 20 or even 30 mm. Hg.
The causes of a surcharge of blood in the
splanchnic reservoir are narrowing of the sys-
temic arteries and diminished tone of the
splanchnic arterioles.—Observation has shown that
abdominal compression is apt to produce an abnormal
rise in the systemic blood-pressure where the calibre
of the arteries is diminished, and when the tone of the
arterioles of the splanchnic citeulation is lowered.
Excess of splanchnic blood from narrowing of
the arteries is commonly met with in chronic
goutiness and in various neuroses which induce
contraction of the arterial bed of the circula-

tion.—It has been observed that, when the arterio-

meter has indicated a diminution of the calibre of the
arteries—whether from organic changes in the wall, or
from contraction of the musculature of the arteries—
evidence of loading of the splanchnic veins is apparent.
From this it may be inferred that the blood excluded
from the systemic circulation gradually accumulates in
the spacious splanchnic reservoir.

Over-loading of the splanchnic veins, from
diminution or loss of tone in the arterioles
which feed them, is a common, if not an
invariable, fact in all forms of debility.—The
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maintenance of vaso-motor tone in the splanchnic
rterioles is necessitated by the assumption of the
erect posture in man, in order to obviate the down-
ward drainage of blood into the spacious splanchnic
veins by the agency of gravity. The acquirement of
this tone is doubtless one of the recent developments
i1 the evolution of man, and this late acquisition 1S
invariably the first to become impaired or lost, when
the organism is exhausted or debilitated from any
cause. This corrective mechanism for gravity is
generally weakened by whatever reduces the vaso-
motor tone—such as arduous or prolonged exercise
(see p. 163), exposure to heat (see p. 227), NErvous
exhaustion (neurasthenia), anzmia and other forms
of impoverished nutrition. This condition when
persistent may be designated splanchnic inadequacy,
or vaso-motor ataxia.

In splanchnic stasis the normal postural
variation of the radial calibre is reversed.—
The arteriometer throughout this enquiry has indi-
cated that in all forms of diminished vaso-motor tone,
the radial calibre is smaller in the erect thanin the re-
cumbent posture, and this fact has lately been observed
by others (see J. Henton White, Bivmingham Medical
Review, Oct. 1g00). When the recumbent posture is
maintained, it has been found, however, that the rise
of the calibre gradually subsides after a shorter or
longer interval.

The reduction of the radial calibre in the
erect position of the body may be merely pas-
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sive (the artery shrinking with the diminution
of pressure caused by the splanchnic drain), or
it may be due to contraction of the arterial
wall, which, compensating for the lowering
effect of the drain on the blood-pressure, may
even raise it.—The conjoint employment of the
. arteriometer and of the hemodynamometer has
shown, that when splanchnic stasis is physiologi-
cally produced, as by exposure to heat (see p. 228),
the blood-pressure passively determines the arterial
calibre—both being less in the erect than in the
recumbent position. But in the pathological field
this coincidence between the arterial calibre and the
blood-pressure commonly fails—the calibre in the erect
posture being diminished by contraction of the arterial
wall, while the mean arterial pressure rises somewhat.
This contraction which serves to compensate for the
lowering effect of the splanchnic drain on the mean
arterial pressure in the erect posture, passes away and
the arteries dilate in recumbency, when, in spite of the
afflux of blood no longer directed by gravity to the
splanchnic veins, the mean arterial pressure, as a rule,
falls; as in the following example :—

" TE
PoSTURE. RADIAL CﬁLIHRE.:hIL;b;EiZR;I&L
Sitting - - - - - 1-2 mm. l 135 mm. Hg.
| |
Recumbent - . - : S T | 125 '

When the splanchnic drain is large (indicated by
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—_—

the excessive splanchnic overflow into the systemic
circulation produced by the application of a weight to
the abdomen) the blood-pressure in recumbency may
at first equal, or even exceed, that in the erect posture;
and then will gradually subside below it.

When the arteries are contracted in the active
postures, as in neurasthenic states, it may be that
the splanchnic surcharge is rather the result of the
systemic constriction than of the diminished tone of
the splanchnic arterioles—it being in fact the over-
flow into the splanchnic veins of blood excluded from
the somatic area of the circulation.

Splanchnic drain frequently produces a pale
and quasi ansemic appearance.—According to my
observation a large proportion of the subjects—and
especially of the younger subjects—affording evidence
of loading of the splanchnic veins, present a pallor of
skin and mucous membrane suggestive of the existence
of anemia; and such cases had frequently been sub-
jected to long courses of iron without any appreciable
benefit. Moreover, examination of the blood does not,
as a rule, in these cases support the theory of anzmia ;
for the proportions of the hzemoglobin and of the red
discs fall well within the normal limits of variation.
The pallid appearance i1s due not to an impaired
quality, but to a reduced amount of the blood in the
vessels—these being either contracted or imperfectly
filled.

Persistent loading of the splanchnic veins
favours hepatic derangement and chronic gas-
tro-intestinal catarrh.— Observation has shown
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that congestion of the liver and chronic catarrh
of the stomach and bowels are common accompani-
ments of a surcharged state of the splanchnic circula-
tion. Frequently the liver is enlarged with a tender
margin, and the urine contains an excess of bile salts.*
An aggravated and persistent form of mental depres-
sion, which is frequently a prominent feature in cases
of overloading of the splanchnic veins, may depend on
these derangements of the abdominal viscera: at the
same time, it is not improbable that this symptom
may in some measure proceed from an impoverished
condition of the brain tissue, resulting from the
lowered state of the cerebral circulation induced by a
continuous splanchnic drain,

The aim of the treatment of splanchnic stasis
is to widen the bed of the skeletal arteries,
to unload the splanchnic veins, and to tone
the splanchnic arterioles.—The first indication
1s to increase the volume of blood in the systemic
circulation, by the adoption of such measures as will
enlarge the calibre of the arteries, without relaxing
the splanchnic arterioles. If the diminished tone of
the patient will admit of a resort to voluntary exercise,
it should be limited in duration and degree, and that
form of exercise should be selected, which maintains
for the longest period the fulness of the skeletal cir-
culation, and throws the least strain on the splanchnic

* The test, which my observation has proved to be most useful and
reliable for clinically estimating bile-salts in the urine, is an acidified
and clarified solution of commercial peptone described in * Bedside
Urine-Testing,” London, 188g.
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vaso-motor system, such as cycling. Every effort
should be followed by a period of absolute rest (re-
cumbent), Systematic resort to resisted and tension
exercises is always beneficial. It has been shown
(p. 218) that ordinary massage limited to the skeletal
muscles diminishes the area of the somatic, and
increases that of the splanchnic circulation; it is,
therefore, ill-adapted to the treatment of splanchnic
stasis, unless perhaps when followed by abdominal
kneading and compression. On the other hand, it
has been demonstrated that massage, when conjoined
with the percussion and the warmth and the alternat-
ing temperature of douching, incites an accession of
blood to the systemic circulation (see pp. 240-2); there-
fore massage and percussion baths are particularly
valuable in the treatment of all cases in which the
splanchnic veins are surcharged.

The second indication for treatment—namely, the
unloading of the splanchnic veins—is best met, accord-
ing to my observation, by the application of a weight
(such as a bag containing from ten to fifteen pounds of
shot) to the abdomen for stated intervals during the
day; e.g., for half an hour after the completion of the
active determination of blood to the abdominal viscera
which takes place for thirty minutes following a meal.
It is a beneficial rule to prescribe recumbency for an
hour after each meal and the application of the bag of
shot, or other similar weight, during the second half of
this period. General tension exercises have been
shown to widen the arteries and arterioles and to
diminish the splanchnic area (see p. 212); and obser-
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vation has demonstrated that when systematically
resorted to they are useful in restoring the normal
distribution of blood between the systemic and
splanchnic regions of the circulation. Respiratory
exercises also form another physiological means of
reducing splanchnic stasis (see pp. 180-1). The blood
lodged unduly in the splanchnic reservoir, when thus
dispersed into the general circulation, should be-
come available for improved nutrition and general
well-being ; and the results of observation confirm
this belief.

The third indication for treatment—the toning of
the splanchnic arterioles—is fulfilled by the adoption
of general restorative measures and tonic medication.
Abdominal massage and the percussion of the abdo-
minal douche are useful adjuncts. Lately, observation
has shown that a daily suppository, containing gr. i.-ij.
dried supra-renal gland, inserted after the morning
evacuation, 1s likewise beneficial in restoring the
impaired splanchnic vaso-motor tone.*

* The remarkable vaso-tonic property of the supra-renal gland was
demonstrated by Professor Schifer and myself (see Fournal of Phy-
siology, London and Cambridge, 1894 and 18g5). This fact has like-
wise been amply confirmed by the topical use of supra-renal extract;
for many observers have shown that it promptly and powerfully con-
tracts blood-vessels (as in the removal of congestion of the mucous
membrane of the nose and eye) and arrests hamorrhage (e.g., from the
nose, stomach, rectum). Observation has led me to regard the rectal
mode of administering the gland as preferable to the oral, in splanchnic
inadequacy ; and perhaps this mode of introduction might be adopted
with advantage also in the treatment of Addison’s disease.
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A TEXTBOOK OF BACTERIOLOGY : Including the Etiology
and Prevention of Infective Diseases, and a short account of Yeasts and
Moulds, H®matozoa, and Psorosperms. Fourth Edition, Illustrated with 2z
Coloured Plates, and 273 Illustrations in the Text, medium 8vo, 21s. neft.

II.

HISTORY AND PATHOLOGY OF VACCINATION. Vol 1E+
A Critical Inquiry. Vol.II., Selected Essays, (Edited) including works by Jenner,
Pearson, Woodville, Henry Jenner, Loy, Rogers, Birch, Bousquet, Estlin, Ceely,
Badeock, Auzias-Turenne, Dubreuilh and Layet. Two volumes, illustrated with
22 coloured plates, royal 8vo, 20s. nett.

= = —

F. DARWIN, M.A., F.R.S.
[See Cambridge Natural Science Manuals, page 5.

HERBERT DAVIES, M.D., F.R.C.P.
Late Consulting Physician to the London Hospilal,

THE MECHANISM OF THE CIRCULATION OF THE BLOOD
through Organically Diseased Hearts. . Edited by ArTHUR TEMPLER DAVIES,
B.A, (Nat. Science Honours), M.D. Cantab., F.R.C.P., Physician to the Royal
Hospital for Diseases of the Chest, Crown 8vo, 3s. 6d.

F. A. DIXEY, M.A., D.M.
Fellow of Wadham College, Oxford.

EPIDEMIC INFLUENZA: A Study in Comparative Statisties.
With Diagrams and Tables, &vo, 7s. 6d.

HORACE DOEELL, uM.D.
Consulting Physician to the Royval Hospital for Diseases of the Chest, &c.

ON DIET AND REGIMEN IN SICEKENESS AND HEALTH,
and on the Interdependence and Prevention of Diseases and the Diminution of
their Fatality. Seventh Edition, §vo, 5s5. neif.

S e —

ROBERT W. DOYNE, F.RCS.

Surgeon to the Oxford Eye Hospital; Ophthalmic Surgeon to Si. ;ﬂhn'.t Hospital, Cowley, and to the
Bourton on Water Coltage Haospital,

NOTES ON THE MORE COMMON DISEASES OF THE EYE.

With Test Types, crown Bvo, 2s,
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PROF. A. DUHRSSEN, M.p.

Professor in Midwifery and Gynecology w the University of Rerlin,

T

A MANUAL OF GYNACOLOGICAL PRACTICE FOR E’J;IU-
dents and Practitioners. Second English, translated and edited from the Sixth
German edition, by Jou~ W. TavLor, F.R.C.8., Professor of Gynzcology, Mason
College, Birmingham, and FrEpErRICK EpGE, M.D. Loxp,, M.R.C.P., F.R.C.5.,
Surgeon to the Wolverhampton and District Hospital for Women. With 125
Illustrations, crown 8vo, Bs. [Now ready.

II.
A MANUAL OF OBSTETRIC PRACTICE FOR STUDENTS
and Practitioners. Translated and edited from the Sixth German Edition, by
Joux W, Tavror and FREDERICK EDGE. With Illustrations, crown 8vo, bs.

JOHN EAGLE.

Member of the Pharmaceutical Society.

A NOTE-BOOK OF SOLUBILITIES. Arranged chiefly for the

use of Prescribers and Dispensers. 12mo, 2s. 6d.

ARTHUR W. EDIS, M.D. LOND., F.R.C.P.
Senior Physictan to the Chelsea Hospital for Women; Late Qbstetric Physician to the
Maddlesex Hosprtal, '

STERILITY IN WOMEN: including its Causation and Treat-
ment. With 33 Illustrations, demy 8vo, 6s.

P. EHRLICH and A. LAZARUS.

HISTOLOGY OF THE BLOOD, Normal and Pathologieal. Edited
and translated by W. Myers, M.A., M.B., B.5c., John Lucas Walker student of
Pathology. With a Preface by G. Sims Woopueap, M.D.,, Frofessor of Patho-
logy in the University of Cambridge. With three Plates, crown 8vo, 5s. netf.

[ Fust published.

-

W. ELDER, Mm.D., F.R.C.P. EDIN.
Physician fo Leith Hospital

APHASIA AND THE CEREBRAL SPEECH MECHANISM.
With Illustrations, demy 8vo, 1os. 6d.

ALEXANDER S. FAULKNER.

Surgeon-Major, Indian Medical Service.

A GUIDE TO THE PUBLIC MEDICAL SERVICES.

Compiled from Official Sources. 8vo, 2s. \

W. SOLTAU FENWICEK, M.D.,, B.S. LOND., M.R.C.P.

Physician to Qui-patients at the Evelina Hospital for Sick Children ; Physician to the London
Temperance Hospilal.

I.
DISORDERS OF DIGESTION IN INFANCY AND CHILD-
hood. With Illustrations, demy 8vo, 10s. 6d.
1.
THE DYSPEPSIA OF PHTHISIS: Its Varieties and Treat-
ment, including a Description of Certain Forms of Dyspepsia associated with
the Tubercular Diathesis. Demy 8vo, 6s.

—

DR. FERBER.

MODEL DIAGRAM OF THE ORGANS IN THE THORAX
and Upper Part of the Abdomen. With Letter-press Description. In 4to,
coloured, 58. neté.
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J. MAGEE FINNY, M.D. DUBL.

King's Professor of Practice of Medicine in Scfmu{ of Physie, Iveland, &¢.

NOTES ON THE PHYSICAL DIAGNOSIS OF LUNG DIS-

eases. 32mo, 18, fd.

W. H. RUSSELL FORSBROOK, M.n. LOND., M.R.C.5.

Consulting Me;dimi Officer to the Government of the Cape of Good Hope : ' '
Westminster asp{m.t. P dormany NRICE LRt 1o

A DISSERTATION ON OSTEO-ARTHRITIS. Demy 8vo, ss.

J. MILNER FOTHERGILL, M.D., M.R.C.P.
Late Physician to the City of London Hospital for Diseases of the Chest, Vicloria Park, &e.

1.
INDIGESTION AND BILIOUSNESS. Second Edition, post 8vo, 7s. 6d.
1.
GOUT IN ITS PROTEAN ASPECTS, Post8vo, 7s. 6d.

11T.

THE TOWN DWELLER: His Needs and His Wants. With an
Introduction by Sir B. W. RicHARDSON, M.D., LL.D., F.R.S. Post 8vo, 3s. 6d.

DR. E. FUCHS.
Professor of Ophthalmology in the University of Vienna.

TEXTBOOK OF OPHTHALMOLOGY. Authorized Translation, revised
from the Seventh German edition by A. Duane, M.D., Assistant Surgeon,
Ophthalmic and Aural Institute, New York. Second English Edition, with
277 Illustrations, large octavo, 215, [ Now ready.

PROFESSOR DR. PAUL FURBRINGER.

Director of the Friedrichshain Hospital, Berlin, &c.
TEXT-BOOKE OF DISEASES OF THE EKIDNEYS AND
Genito-Urinary Organs, Translated by W. H. GiLBerT, M.D,, Physician in
Baden-Baden, &c. Vol. 1., demy 8vo, 7s. 6d. Vol. 11., demy 8vo, ros. 6d.

e

SIR DOUGLAS GALTON.
Late Royal Engineers, K.C.B., Hon. DIC.L., LL.D., F.R.S., Assoc. Insl. C.E., M.I.Mech.E., F.5.4.,
F.G.S., F.L.S., F.C.5., F.R.G.S., &c.

HEALTHY HOSPITALS. Observations on some points con-
nected with Hospital Construction. With Illustrations, 8vo, 10s. 6d.

JOHN HENRY GARRETT, m.D.
Licentiate in Santfary Science and Diplomate in Pullic Health, Universities of Durham and
Cambridge, &e.

THE ACTION OF WATER ON LEAD; being an inquiry into the

Cauge and Mode of the Action and its Prevention. Crown 8vo, 4s. 6d.

ALFRED W. GERRARD, Fr.cs.

Examiner to the Pharmaceutical Society, &c.

ELEMENTS OF MATERIA MEDICA AND PHARMACY.
With Supplement (18g0). Crown 8vo, 8s. 6d.

R T GLAZEBROOK, M.A., F.RS.
[See Cambridge Natural Science Manuals, page 5.
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E. W. GOODALL, M.D, LOND.
Medical Superintendent of the Eastern Hospital of the Metropalitan Asylums Board, formerly

Medical Registrar to Guy's Hospital,
AND

J. W. WASHBOURDN, M.D. LOND. .
Fellow of the Royal College of Physicians; Physician to the London Fever Hﬂ&?‘lﬂ'ﬂi; Assistant
Physician to Guy's Hospital, and Lecturer in the Medical Schoct,

A MANUAL OF INFECTIOUS DISEASES. Illustrated with Plates,

Diagrams, and Charts, demy 8&vo, 158.

JAMES F. GOODHART, M.D. ABERD., F.R.C.P.
Physician to Guy's Hospital, and Consulting Physician fo the Evelina Haspital for Sick Children.

ON COMMON NEUROSES: or the Neurotic Element in Disease

and its Rational Treatment. Second Edition, crown 8vo, 3s. 6d.

C. A. GORDODN, M.D., C.B.
Deputy Inspector General of Hospitals, Army Medical Department.
REMARES ON ARMY SURGEONS AND THEIR WORKS.
Demy 8vo, 56-

JOHN GORHADM, M.R.C.S.

TOOTH EXTRACTION: a Manual on the proper mod of Ex-
tracting Teeth. Fourth Edition, feap. 8vo, 1s. 6d.

GEORGE M. GOULD, aA.M., M.D,
Ophthalmic Surgeon to the Philadelphia Hospital, &c.

I.

THE STUDENT!S MEDICAL DICTIONARY: including all the
words and phrases generally used in Medicine, with their proper pronunciation
and definitions, based on recent medical literature. Eleventh Edition, with
elaborate Tables and many Illustrations, 8vo, 14s8. netf. [ Fust published.

II.

A POCEKET MEDICAL DICTIONARY, Giving the Prcnuncia-
tion and Definition of 30,000 of the Principal Words used in Medicine and the
Collateral Sciences. Fourth Edition, bound limp, 32mo, 55. neté.

e

W. R. GOWERS, MbD., F.R.C.P., M.R.C.S.
Physician to University College Hospital, Ec.

DIAGRAMS FOR THE RECORD OF PHYSICAL SIGINS.

In books of 12 sets of figures, 1s.

SURGEON-CAPTAIN A. E. GRANT, M.E.
Indian Medical Service; Professor of Hygiene, Madras Medical College.

THE INDIAN MANUAL OF HYGIENE. Vol L, 8vo, 10s. 6d. nett.

LANDON C. GRAY, M.D.

Professor of Nervous and Mental Diseases in the New York Polyelinic; Visiting Physician to
St Mary's Hospital, &e.

A TREATISE ON NERVOUS AND MENTAL DISEASES FOR

Students and Practitioners of Medicine. With 168 illustrations, 8vo, 21s.

WILLIAM GRAY, m.p, cM. (EDIN.).
INFLUENZA, with Special Reference to some Peculiar Sym-

ptoms. Bvo, 3s. 6d.
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. 4. B. GRESSWELL, M.R.c.v.s.
Provincial Veterinary Surgeon to the Ruyn!' Agricultural Sociely,

VETERINARY PHARMACOLOGY AND THERAPEUTICS
With an Index of Diseases and Remedies. Fcap. 8vo, ss. :

A, HILTI, GRIFFITH, M.D.
Surgeon, Manchester Royal Eyve Haospital,

THE DIAGNOSIS OF INTRA-OCULAR GROWTHS. With 8

woodcuts, 8vo, 1s. 6d.

—

SAMUEL D. GROSS, mM.D., LL.D., D.C.L.OXON.
Professor of Surgery in the Fefferson Medical College of Philadelphia.

A PRACTICAL TREATISE ON THE DISEASES, INJURIES,
and Malformations of the Urinary Bladder, the Prostate Gland, and the Urethra.
Third Edition, revised and edited by 8. W. GROSS, A.M., M.D,, Surgeon
to the Philadelphia Hospital. Illustrated by 170 engravings, 8vo, 18s.

SAMUEL W. GROSS, a.M., M.D.
Surgeon to, and Lecturer on Clinical Surgery in, the Fefferson Medical Coliege Hospital and fhe
Fhiladelphia Hospital, &e.

A PRACTICAL TREATISE ON TUMOURS OF THE MAM-
mary Gland : embracing their Histology, Pathology, Diagnosis, and Treatment.
With Illustrations, 8vo, 1T0s. 6d.

DR. JOSEF GRUBER.

Professor of Otology in the University of Fiennag, elc.

A TEXT-BOOEK OF THE DISEASES OF THE EAR.
Translated from the Second German edition, and Edited, with additions, by
Epwarp Law, M.D,, C.M. Epin,, M.R.C.S. ExG., Surgeon to the London Throat
Hoespital for Diseases of the Throat, Nose and Ear; and CoLEMAN JEWELL, M.B.
Lonp., M.R.C.S. Exnc., late Surgeon and Pathologist to the London Throat
Hospital. Second English Edition, with 165 Illustrations, and 5o coloured
figures on 2 lithographic plates, royal 8vo, 28s.

F. DE HAVILLAND HALL, M.D., F.R.C.P. LOND,
Physician to the Westminsler Hospital; President of the Lavyngological Society of London.
AND
HERBERT TILLEY, Mm.D., B.5. LOND., F.R.C.5. ENG.

Surgeon to the Hospital for Diseases of the Throat, Golden Square; Lectureron Diseases of the Nose and
Throat, London Fost-Graduate Coliege and Folyclinic.

DISEASES OF THE NOSE AND THROAT. Second edition, thor-
oughly revised, with 2 coloured Plates and 8o Illustrations, crown 8vo, 10s. 6d.
[LeEwis’s PrRACTICAL SERIES.] [ Fust published.

A HARKER, M., F.G.S.

[See Cambridge Natural Science Manuals, page 5.

VINCENT DORMER HARRIS, M.D. LOND., F.R.C.P.
Physician to the City of London Hospital for Diseases of the Chest, Victoria Park ; Examining
Physician to the Royal National Hospital for Consumpiion and Liseases of the Chest, Ventnor, &¢.,
AMD
EDWIN CLIFFORD BEALE, MA., M.B. CANTAB,, F.R.C.P.
Physician to the City of London Hospital for Discases of the Chest, Victoria Park, and to the Great
Northern Central Hospital, &c.

THE TREATMENT OF PULMONARY CONSUMPTION.

A Practical Manual, Crown Bvo, 10s. 6d. [LEwis's PRACTICAL SERIES.|
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Drs. HARVEY and DAVIDSON’'S

SYLLABUS OF MATERIA MEDICA. Revised in accordance with
the ** British Pharmacopeeia,” 1898, by WiLLIAM MARTINDALE, F.L.S., E.C.5.,
Member of Council of Pharmaceutical Society, and late Examiner; Joint Author
of “The Extra Pharmacopeeia.” Tenth Edition, foolscap 16mo, 1s. nett.

W. S. HEDLEY, M.D. :
Medical Officer in charge of the Electro-Therapeutic Department of the London Hospital.

I
THE HYDRO-ELECTRIC METHODS IN MEDICINE.

Second Edition, with Illustrations, demy 8vo, 4s. 6d.

5.1
CURRENT FROM THE MAIN: The Medical Employment of
Electric Lighting Currents, With Illustrations, demy 8vo, 2s. 6d.
TI
PRACTICAL MUSCLE-TESTING; AND, THE TREATMENT
of Muscular Atrophies. With Illustrations, demy Svo, 3s. 6d.

H. HELBING, F.c.s.

MODERN MATERIA MEDICA : For Medical Men, Pharmacists,
and Students. Fourth Edition, 8vo, 85. sefl.

C. HIGGENS, F.R.C.S.
Ophthalmic Surgeon to Guy's Hospital; Lecturer on Ophthalmelogy at Guy's Hospital Medical School,

MANUAL OF OPHTHALMIC PRACTICE.

With Illustrations, crown 8vo, 6s. [LEwis's PRACTICAL SERIES.]

BERKELEY HILL, M.B. LOND., F.R.C.5.
Professor of Clinical Surgery in Universify College ; Surgeon lo University College Hospital and fo the
Lock Hospital ;

AND

ARTHUR COOPER, L.R.C.P., M.R.C.S,

Surgeon to the Westminster General Dispensary.

SYPHILIS AND LOCAL CONTAGIOUS DISORDERS.

Second Edition, entirely re-written, royal 8vo, 18s.

JAMES HINSHELWOQOOD, M.A., M.D., F.F.P.§5. GLAS.

Surgeon fo the Glasgow Eye Infirmary.
LETTER-, WORD- AND MIND-BLINDNESS.

Crown 8vo, 38.

FROM HOSPITAL WARD TO CONSULTING ROOM, with
Motes by the Way ; a Medical Autobiography. By a Graduate of the London
University. Post 8vo, 3s. 6d.

GEORGE LINDSAY JOHNSON, M.A., M.B., B.C. CANTAB,
Clindeal Assistant, late House Surgeon and Chloraformist, Royal Westminster Ophthalmic Hospilal, &c.

A NEW METHOD OF TREATING CHRONIC GLAUCOMA
based on Recent Researches into its Pathology. With Illustrations ;n.m’iI
coloured frontispiece, demy 8vo, 3s. 6d.
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H. LEWIS JON ES, M.A,, M.D., F.R.C.P.

Medical Officer 1 charge of the Electrical Department in 8¢, Bartholomew's Hospital,

MEDICAL ELECTRICITY. A Practical Handbook fi
0 : 2 or St
and Praf:t:tmners. Third Edition, tlmrnughly revised and enlarged, L::lffli!ﬂlzl::?
Illustrations, crown 8vo, 1os. 6d. [Now ready.

[LEwis's PRACTICAL SERIES. |

N. KELYNACEK, w.D.

Pathologist to the Manehesier Royal iifivmary ; Demonstrator and Lecisurer on Pﬂ”ﬂﬂfﬂg}f in the
Ouwen's College.

A UQNTRIBUTIDH TO THE PATHOLOGY OF THE VER-
miform Appendix. With Illustrations, large 8vo, 105, 6d.

HENRY R, KENWOOD, M.B., D.E.H., F.C.5.

Assistant Professor of Fublic Health, University College, and Medical Officer of Healt d
Analyst for Stoke Newington and Finchiey. By Heallh and Bubli

PUBLIC HEALTH LABORATORY WOREK. Second Edition, with

Illustrations, cr. 8vo, 10s. 6d.

[LEwis's PRACTICAL SERIES.)

NORMAN KERR, M.D., F.L.S.

President of the Society for the Study of Inebriety ; Consulting Physician, Diatrympie Home for
Inebriates, etc.

INEBRIETY OR NARCOMANIA: its Etiology, Pathology,

Treatment, and Jurisprudence. Third Edition, 8vo, 21s.

——

S. A. KNOPF, w.p.

Physician to the Lung Department of the New York Throat and Nose Hospital ; former Assistant
Plysician to Professor Dettweiler, Falkenstein Sanatovium, Germany, Ec,

PULMONARY TUBERCULOSIS: its Modern Prophylaxis and

the Treatment in Special Institutions and at Home. “~With 76 Illustrations,
royal 8vo, 14s. nett. [ Fust published.

F. CHARLES LARKIN, F.r.C.5. ENG.

Surgeon to the Slanley Hospital; late Assistant Lecturer in Physiology in University
College, Liverpool,
AND

RANDLE LEIGH, M.B., B.5C. LOND.

Sentor Demonstrator of Physiology in University College, Liverpool.

OUTLINES OF PRACTICAL PHYSIOLOGICAL CHEMISTRY.
Second Edition, with Illustrations, crown 8vo, paper 2s. 6d. reff, or cloth 3s. neit.

J. WICKHAM LEGG, E.R.C.P.

Formerly dssistant Physician fo Saint Bariholomew's Flospstal, and Leclurer on Pathological
Anatomy in the Medical School.

I,
ON THE BILE, JAUNDICE, AND BILIOUS DISEASES.

With Illustrations in chromo-lithography, roy. 8vo, 25s.

II.

A GUIDE TO THE EXAMINATION OF THE URINE.
Seventh Edition, edited and revised, by H. Lewis Joxes, M.D., M.A,, F.R.C.F.,
Medical Officer in charge of the Electrical Department in St. Bartholomew’s

Hospital. With Illustrations, fcap. 8vo, 3s. 6d.
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ARTHUR H. N. LEWERS, M.D, LOND.

Obstetric Physician to the London Hospital, and Foint Teacher of Practical Obstetrics in the London

Hospital Medical School; Examiner in Midwifery and Diseases of Women at the Conjoint Board
of the Royal College of Physicians, London, and the Royal College of Surgeons, England.

A PRACTICAL TEXTBOOK OF THE DISE&EES OF WOMEN.
Fifth Edition, with coloured Plates and other Ilustrations, crown 8vo, 108, 6d.
[LEwi1s's PRACTICAL SERIES].

PROF. W. J. LEWIS5, M.A.
| See Cambridge Natural Science Manuals, page 5.

LEWIS'’S POCKET MEDICAL VOCABULARY. Second Edition,

thoroughly revised, 32mo, roan, 3s. 6d.

T. R. LEWIS, M.B., F.R.S. ELECT, ETC.
Late Fellow of the Calcutta University, Surgeon-Major Armny Medical Staff, &c.

PHYSIOLOGICAL AND PATHOLOGICAL RESEARCHES.
Arranged and edited by Sik W, Arrken, M.D., F.R.S., G. E. Dossox, M.E.,
F.R.S., and A. E. Brown, B.Sc. Crown 4to, portrait, 5 maps, 43 plates and
67 wood engravings, 308. nefl.

*_* A tew copies cnly of this work remain for sale.

ROBERT LINDSAY, A.M., M.B., F.R.C.5.E.
Eetired Surgeon, Ariny Medical Department.

AN ESSAY ON MALARIA AND ITS CONSEQUENCES.
Crown 8vo, 45.

G. B. LOCKWOQD, F.R.C.s.

. Hunlerian Professor, Royal College of Surgeons of England ; gurgmu fo the Great Northern Hospital ;

Senior Demonstrator of Anatomy and Operative Surgery in 5. Bartholomew's Hospital.

HUNTERIAN LECTURES ON THE MORBID ANATOMY,
Pathology, and Treatment of Hernia. 'With 36 Illustrations, demy 8vo, 55.

e

WILLIAM THOMPSON LUSK, a.M., M.D.
Professor of Obstetrics and Diseases of Women in the Bellevue Hospital Medical College, &c.

THE SCIENCE AND ART OF MIDWIFERY. Fourth Edition,

with numerous Illustrations, 8vo, 13s.

A, W. MACFARLANE, M.D., F.R.C.F. EDIN.

Examiner in Medical Furisprudence in the University ﬂ}’ Glasgow ; Honorary Cﬂfﬁllfli!lg Physicitan
(late Physician) Kilmarnock Infirmary.

INSOMNIA AND ITS THERAPEUTICS. Medium 8vo, 12s. 6d.

WILLIAM A MKEOWIN, M.D., MCH.

Surgeon to the [ister Eye, Ear, and Throat Hospital, Belfast ; Member of the Senaie of ihe Royal
University of Irveland ; Lecturer on Ophthalmology and Otology, Queen's College, Belfast,

A TREATISE ON “UNRIPE” CATARACT, and its Successful
Treatment by Operation, with Tables comprising 151 Cases. With Illustrations,
royal 8vo, 12s. 6d. netl.

DONALD J. MACKINTOSH, u.B.

Medical Superintendent, Western Infirmary, Glasgomw.
SKIAGRAPHIC ATLAS OF FRACTURES AND DISLOCA-
tions, with Notes on Treatment, for the use of Students. With Bo plates
demy 4qto, 12s. 6d. netl. ’
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JOHN MACPHERSON, m.p.
Inspector-Generval of Hospitals H.M. Bengal A ruey (Retired),

ANNALS OF CHOLERA FROM THE E
to the Year 1817. With a map. Demy 8vo, 75, 6d. ARLIEST PERIODS

e — s

A. COWLEY MALLEY, B.4., M.B., B.CH., T.C.D.
PHOTO-MICROGRAPHY : including a description of the Wet

Collodion and Gelatinp-Ermniéﬂ Processes, together with the best methods of
Mounting and Preparing Microscopic Objects for Photo-Micrography. Second
Edition, with Photographs and Illustrations, crown 8vo, 7s. 6d.

PATRICK MANSON, wm.p., c.m.
THE FILARIA SANGUINIS HOMINIS; AND CERTAIN

New Forms of Parasitic Disease in India, China, and Warm Countries. Illus.
trated with Plates and Charts, 8vo, 10s. 6d.

e

J. E. MARR, Mm.a.

[See Cambridge Natural Science Manuals, page 5.

JEFFERY A. MARSTON, M.D., C.B., F.R.C.5., M.R.C.P. LOND.
Surgeon General Medical Staff (Retired).

NOTES ON TYPHOID FEVER: Tropical Life and its Sequels,
Crown 8vo, 33. 6d.

EDWARD MARTIN, aM., M.D.
MINOR SURGERY AND BANDAGING WITH AN APPEN-

dix on Venereal Diseases. With 82 Illustrations, crown 8vo, 4s.

VILLIAM MARTINDALE, F.Ls., F.C.S.

Member of Council of the Pharmaceutical Society, and lite Examiner
AMD

W. WYNN WESTCOTT, M.5. LOND.
H.M.'s Coroner for North-Easé London,

THE EXTRA PHARMACOP(EIA. Revised in accordance with
the * British Pharmacopceia,”” 1898, with Seropathy, Organotherapy, Medical
References, and a Therapeutic Index. Ninth Edition, limp roan, med. 24mo,

108. 6d.

WILLIAM MARTINDALE, r.cs.

Late Examiner of the Pharmacentical Society, &c.

L
COCA, AND COCAINE: their History, Medical and Economic

Uses, and Medicinal Preparations. Fourth Edition, fcap, 8vo, 2s.

IL.
ANALYSES OF TWELVE THOUSAND PRESCRIPTIONS :
being Statistics of the Frequency of Use therein of all Official and Unofficial
Preparations. Fcap. 4to, 2s. 6d. nett.




Catalogue of Works Published by H. K. Lewis. 17

MATERIA MEDICA LABELS.

Adapted for Public and Private Collections. Compiled from the Brritial‘n‘ Pharma-
copeeia of 18g8 and other sources. The Labels are arranged in Two Divi-
sions:—

Division I.—Comprises Chemical Materia Medica, including Alcohols, Alka-
loids, Sugars, and Neutral Bodies. :
Division IL.—Comprises, with few exceptions, Substances of Organized Struc-
ture, obtained from the Vegetable and Animal Kingdoms.
On gummed paper, 128. 6d. neft.
* % Specimens of the Labels, of which there are about 500, will be sent on application.

S. E. MAUNSELL, L.R.C.5.1.
Surgeon-Major, Medical Staff,

NOTES OF MEDICAL EXPERIENCES IN INDIA PRINCI-
pally with Reference to Diseases of the Eye. 'With Map, post 8vo, 3s. 6d.

A. STANFORD MORTON, M.B., F.R.C.S. ENG.
Surgeon to the Moorfields Ophthalmic Hospital; ﬂphf halmic Stirgeon to the Great Northern Ceniral
Hosfulal,

REFRACTION OF THE EYE: Its Diagnosis, and the Correc-

tion of its Errors. Sixth Edition, with Illustrations, small 8vo, 3s. 6d.

C. W. MANSELL MOULLIN, M.D. 0OXON., F.R.C.5.
Surgeon to and Lecturer on Surgery al the Lmzd.::}t ﬁ'ngim!; Examiner in Surgery at the University of
Oxford, Ee.

I.
INFLAMMATION OF THE BLADDER AND URINARY
Fever. 8vo, 5s.
II.
ENLARGEMENT OF THE PROSTATE: its Treatment and
Radical Cure. Second edition, with plates, 8vo, 6s.
111,

SPRAINS; THEIR CONSEQUENCES AND TREATMENT.

Second Edition, crown 8vo, 4s. 6d.

PAUL F. MUNDE, wm.b.

Professor of Gynecology at the New York Polyclinic; President of the New York Obstetrical Society and
Vice-FPresident af the British Gynecologpical Society, &o.

THE MANAGEMENT OF PREGNANCY, PARTURITION,

and the Puerperal State. Second Edition, square 8vo, 3s. 6d.

GECORGE R. MURRAY, M., M.D. CAME., F.R.C.P.

Heath Professor of Comparative Pathology in the University of Durkam ; Physician to the Royal
Infirmary, Newcastle,

DISEASES OF THE THYROID GLAND. Part I., MYX®EDEMA AND

CrETInisM. With numerous Illustrations, demy &vo, 7s. 6d. [Fust published.

-

WILLIAM MURRAY, M.D., F.R.C.P. LOND.

I
ROUGH NOTES ON REMEDIES. Third Edition, with additional
Chapters, crown 8vo, 3s. 6d.

II.
ILLUSTRATIONS OF THE INDUCTIVE METHOD IN MEDI-

cine. Crown Bvo, 3s. 6d.
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; " WILLIAM MU RRELL, M.n., F.R.C.P.
Physician to, and Lecturer on Clinical Medicine and oint Lecturer on the Principles and 1
; Medscine at, the Westminster H ospital ; Examiner in Maleria Mrd:'mj:::r sﬁir ey
University of Glasgow,

WHAT TO DO IN CASES OF POISONING. Ninth Edition,
royal 32mo, 3s. 6d.

HENRY D. NOYES, a.M., M.,

Frofessor of Ophthalmology and Otology in Rellevue Hospital Medical College; Execulive aii
the New York Eye and En;h:ﬁmmry, &, L RAgeen Io

A TEXTBOOK ON DISEASES OF THE EYE. Secondand revised
Edition, Illustrated by 5 chromo-lithographic plates, 10 plates in black and eolours
and 269 wood engravings, 8vo, 28s. nett.

GEORGE OLIVER, M.D. LOND., F.R.C.P. LOND.

I.
A CONTRIBUTION TO THE STUDY OF THE BLOOD AND
BLOOD-PRESSURE ; founded on Portions of the Croonian Lectures delivered

before the Royal College of Physicians, London, 18g6, with Considerable Exten-
sions, 'With Illustrations, demy 8vo, 7s. 6d. [Fust published.

1.
PULSE-GAUGING: A Clinical Study of Radial Measurement
and Pulse Pressure, With Illustrations, feap. Bvo, 3s. 6d.
1.

HARROGATE AND ITS WATERS: Notes on the Climate of
Harrogate, and on the Chemistry of the Mineral Spring. With Map of the
Wells, crown 8vo, 2s. 6d.

IV.
ON BEDSIDE URINE TESTING: a Clinical Guide to the
Observation of Urine in the course of Work. Fourth Edition, fcap. 8vo, 3s. 6d.

DR. A, ONODI.
Lecturer on Rhino-Laryngology in the University of Budapest.

THE ANATOMY OF THE NASAL CAVITY, AND ITS ACCES-
sory Sinuses. An Atlas for Practitioners and Students. Translated by St CLAIR
Tromson, M.D. Loxp., F.R.C.S. Exc., M.R.C.P. Loxp. With plates, small 4to,
6s. nett.

SAML. OSBORN, F.R.C.S. _
Kuight of Grace of the Order of St. Fohn of Ferusalem; Lecturer and Examiner fo the St. Fohn
Ambulance Associalion; Surgeon to the Hospital for Women, Soho Square, &c.

I.
AMBULANCE LECTURES: FIRST AID TO THE INJURED.

Fourth Edition, with Illustrations, fcap. Svo, 2s. [Now ready.

Il
AMNBULANCE LECTURES: HOME NURSING AND HY-

giene. Third Edition, with Illustrations, fcap. 8vo, 2s.

WILLIAM OSLER, M.D., F.R.C.P. LOND. =
Presidentof the Association of American Physicians; Professor of Medicine, Fohns Hopkins University,
and Physician-in-Chief Fohns Hopkins Hospital, Baltimore.

I.
ON CHOREA AND CHOREIFORM AFFECTIONS. Large 8vo, s5s.

1.
THE CEREBRAL PALSIES OF UHILDEEH. A Clinical Study
from the Infirmary for Nervous Diseases, Philadelphia. Demy 8vo, 5s.

»
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WILLIAM OSLER, M.D., F.R.8., F.R.C.P. LOND.
AND
THOMAS McCRAE, M.B. TOR., L.R.C.P. LOND.
Of the Fohn Hopkin's Hospital, Baltimore. .
CANCER OF THE STOMACH; a Clinical Study. With Illustrations,

med. Svo, 6s. [Now ready.

KURRE W. OSTROM.
Instructor in Massage and Swedish Movements in the Philadelphia Polyclinic and Cellege for
Graduates in Medicine,

MASSAGE AND THE ORIGINAL SWEDISH MD?EMEETS;
their application to wvarious diseases of the body. Fourth Edition, with 105
Illustrations, 12mo, 3s. 6d. nett. [Now ready.

CHARLES A. PARKER. F.R.C.S. EDIN.
Assistant Surgeon to the Hospital for Diseases of the Throat, Golder Square, London,

POST-NASAL GROWTHS, Demy 8vo, 4s. 6d.

ROBERT W. PARKER. ;
Senior Surgeon to the East London Hospital for Children ; Surgeon to the Germar Hospital.

DIPHTHERIA: ITS NATURE AND TREATMENT, WITH
Special Reference to the Operation, After-Treatment, and Complications of
Tracheotomy. Third Edition, with Illustrations, 8vo, 6s.

LOUIS C. PARKES, m.D., D.P.H, LOND. UNIV.

Fellow of the Samitary Institute, and Member of the Board of Examiners; Lecturer on Public Health
at 5t, George's Hospital Medical School ; Medical O fficer ay Health for Chelsea,

'INFECTIOUS DISEASES, NOTIFICATION AND PREVEN-

tion. Fcap. 8vo, cloth, 2s. 6d; roan, 4s. 6d.

LOUIS C. PARKES, M.D., D.P.H. LOND. UNIV.
AND
HENEY R. KENWOOD, M.B., D.P.H., F.C.5.

Fellow of the Santtary Institute and Member of the Board of Examiners; Assistant Professor of Public
Healtlh at UTniversity College, London, &c.

HYGIENE AND PUBLIC HEALTH. With 85 Illustrations, pp. 732,
crown 8vo, 12s. [LEwIs's PRACTICAL SERIES. |

[Fust published.

JOHN 5. PARRY, ».D.

Obstetrician to the Philadelphia Hospital, Vice-President of the Obstetrical and Pathological Societies
of Philadelphia, &c.

EXTRA-UTERINE PREGNANCY ; Its Causes, Species, Patho-

logical Anatomy, Clinical History, Diagnosis. Prognosis and Treatment. 8vo, 8s.

E. RANDOLPH PEASLEE, M.D., LL.D.
Late Professor of Gyneacology in the Medical Department of Dartmouth College ; President of New York
Academy of Medicine, &c., &c.

OVARIAN TUMOURS: Their Pathology, Diagnosis, and Treat-
ment, especially by Ovariotomy. With Illustrations, roy. 8vo, 16s.

ERESLIE-PEILE RS M.
Surgeon to the Birmingham and Midland Skin and Lock Hospilal,
MEDICATED BATHS IN THE TREATMENT OF SKIN DIS-

eases. Crown 8vo, 4s. 6d.

Clinical P /D HENH{:E G. PIFFARD, AM., MD.
trica rofessor o ermatology, University of the City of New York; Sur ; :
New York DISﬁEIIS:II'J,' rfrrr f_}|5rar35fs"ll:-.]f ihe Skin, &e. gcon in C arge n‘f the

A PRACTICAL TREATISE ON DISEASES OF THE SKIN.
"E.’uh 5%dfulllﬂpﬂge Original Plates and 33 Illustrations in the Text, 4to,
2 128, 6d. neit.
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: . E. PLATT, M.5. LOND., F.R.C.5.
Homorary Surgeon to the Fulme Dispensary ; Surgical Officer to the Cancer H ospital, Manchester, &c.

A CDHTRIHUTIUN TO THE SURGERY OF FRACTURES
and Dislocations of the Upper Extremity, based upon an analysis of about 700

Consecutive Cases observed at the Manchester Royal Infirmary. With Illus-
trations, royal 8vo, 10s,

G. V. POORE, wm.p., F.R.C.P.

Professor of Medical Furisprudence University College ; Assistant Physician fo and Physician in
charge af the Throat Department of, U ;u'f.lcr; ity Caﬂ:gje Hnsp:'m'{. PR

LECTURES ON THE PHYSICAL EXAMINATION OF THE
Mouth and Throat. With an Appendix of Cases, 8vo, 3s. 6d.

SIR RICHARD DOUGLAS POW ELL, Bart., M.p. LOND., F.R.C.P.
Fhysicianin Ordinary fo Her Majesty the Queen; Physician to the Middlesex Hospital ;
Consulting Physician to the Brompton Hospilal, &c.

THE LUMLEIAN LECTURES ON THE PRINCIPLES WHICH

G?v&rrl Treatment in Diseases and Disorders of the Heart. With coloured
Diagrams, demy 8vo, Gs. [Now ready.

BY THE SAME AUTHOR
DISEASES OF THE LUNGS AND PLEURME INCLUDING

Ennaumptinn. Fourth Edition, with coloured plates and wood engravings,
Yo, I8s.

—r

TABLE OF PHYSICAL EXAMINATION OF THE LUNGS:
with Note on International Nomenclature of Physical - Signs (reprinted from
Dr. PowELL’s  Diseases of the Lungs,”). On one sheet, 6d.

HERBERT A. POWELL, M.A., M.D., M.CH. OXON., F.R.C.5.E.

THE SURGICAL ASPECT OF TRAUMATIC INSANITY.
Medium 8vo, 2s. 6d.

D'ARCY POWER, M.A., M.BE. OXON., F.R.C.5. ENG.
Assistant Surgeon at St. Bartholomew's ffﬂ.ig:f.r:i; Surgeon to the Vieloria Hospital for Children,
Chelsea; Examiner i1 the University {z’ urham ; Member of the Conjoint Examining Boayd
of the Royal College of Physicians (Lond.) and of Surgeons (Eng.)
THE SURGICAL DISEASES OF CHILDREN AND THEIR
Treatment by Modern Methods. With Illustrations, crown 8vo, 1os. 6d.
[LEwis's PRacTICAL SERIES.]

URBAN PRITCHARD, M.D. EDIN., F.R.C.S. ENG.

Professor of Aural Surgery at King's College, London ; Aural Surgeon to King's College Hospital ;
Senior Surgeon to the Royal Ear Hospilal.

HANDBOOK OF DISEASES OF THE EAR FOR THE USE
of Students and Practitioners. Third Edition, with Illustrations, crown 8vo, 6s.
[Lewis's PrRACTICAL SERIES.]

CHARLES W. PURDY, M.D. (QUEEN'S UNIV.)

Professor of Gensto-Urinary and Renal Diseases in the Chicago Polvelinic, &¢.,&c.

BRIGHT’S DISEASE AND THE ALLIED AFFECTIONS OF
the Kidneys, With Illustrations, large Svo, 8s. 6d.

B e
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DR. THEODOR PUSCHMANN.

Public Professor in Ordinary at the Umversity of Vienna.

A HISTORY OF MEDICAL EDUCATION FROM THE MOST
Remote to the Most Recent Times. Translated and edited by Evan H. HARE,
M.A. Oxon., F.R.C.S. Exng., L.S.A. Demy 8vo, 215.

C. H. RALFE, M.A., M.D. CANTAB,, F.R.C.P. LOND.
Assistant Physician fo the London Hospital ; Examiner in Medicine to the University of
Durham, &c., &,

A PRACTICAL TREATISE ON DISEASES OF THE KID-
neys and Urinary Derangements, 'With Illustrations, crown 8vo, IOS. 6d.
[LEwis's PRACTICAL SERIES.]

FRANCIS H. RANKIN, m.p.
President of the New York Medical Society. :

HYGIENE OF CHILDHOOD. Suggestions for the care of

Children after the Period of Infancy to the completion of Puberty. Crown 8vo, 38.

E———

AMBROSE L. RANNEY, a.M, M.D.

Professor of the Anatomy and Physiology of the Nervous System in the New York Post-Graduale
\  Medical School and Hospital, &c.

THE APPLIED ANATOMY OF THE NERVOUS SYSTEM.

Second Edition, with 238 Illustrations, large 8vo, 21s.

F. R. COWPER REED, M., F.G.S.
[See Cambridge Natural Science Manuals, page 5.

H. A. REEVES, F.rR.C.5. EDIN.

Senior Assistant Surgeon and Teacher of Practical Surgery at the London Hospifal;
Surgeon to the Royal Orthopedic Hospital.

BODILY DEFORMITIES AND THEIR TREATMENT: A
Handbook of Practical Orthopaedics. With Illustrations, crown 8vo, 8s. bd.
[LEwis's PracTICAL SERIES.]

SIDNEY H. REYNOLDS, m.a.
[See Cambridge Natural Science Manuals, page 5.

SAMUEL RIDEAL, p.sc. LOND,, F.I.C., F.C.5.
Fellow of University College, London.

I.
PRACTICAL ORGANIC CHEMISTRY; The Detection and
Properties of some of the more important Organic Compounds, Second edition,
12mo, 2s. 6d. -

1.
PRACTICAL CHEMISTRY FOR MEDICAL STUDENTS, re-

quired at the First Examination of the Conjoint Examining Board in England.
Fcap Bvo, 2s.
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J.  AMES RIDGE, m.p.
Medical Oficer of Health, Enfield,
ALCOHOL AND PUERLIC HEATLTH. Second Edition,

crown 8vo, 2s.

=

—

E. A, RIDSDALE,

Associate of the Royal School of Mines,
COSMIC EVOLUTION ; being

L] Speculations on the Origin of our
Environment. Fcap. 8vo, 3s.

SYDNEY RINGER, m.p., r.Rs.
Holme Professor of Clinical Medicine in Universit v College;

HARRINGTON SAINSE

Physician fo University College Haospital,
Physizian fo the Royal Free H ospital and th

URY, m.p, F.R.CP.
e City of Lond

tetoria Park i it i‘I" ¥ Diseases I:'fi'ﬂﬁ Chest,
A HANDE ¥ ria Park., 4 ar Disea
3 irt t itiﬂﬂ, thnruughly
l'E"-'iSE:fI, S'EFO, 165, T'I DB Thirteen h Ed

=

SYDNEY RINGER, m.p., F.R.S.
ON fT:E[E TEMPERATURE OF THE BODY AS A MEANS

of Diagnosis and Prognosis in Phthisis. Second Edition, small 8vo, 2s. 6d.

R.LAWTON ROBE RTS, M.p. LOND., D.P.H. CAMB., M.R.C.S. ENG.
Honorary Life Member of, and Lecturer and Examiner to, the Si. Folin Ambulance dssociation,
F-P. for County of Denbigh.

ILLUSTRATED LECTURES
Fifth Edition, copiously

ILLUSTRATED
Third Edition, wi

I
ON AMBULANCE WORK.

lllustrated, crown 8vo, 2s. 6d.

II.
LECTURES ON NURSING AND HYGIENE.
th Illustrations, crown 8vo, 2s. 6d. [Fust published.

FREDERICK T. ROBERTS, M.D., B.SC., F.R.C.D.
Professor of &

he Principles and Practice of Medicine in University College; Physician to University
College Hospital ; Consulting Physician to Brompton Consumption Hospital, &c.

THE THEORY AND PRACTICE OF MEDICINE. Ninth Edition,

with Illustrations, large 8vo, 21s.

A. D. ROCKWELL, aM., M.D. :
Formerly Professor of Electro-Therapeutics in the New York Post Graduate Medical School and
Hospital; Fellow of the New York Academy of Medicine, &c.

THE MEDICAL AND SURGICAL USES OF ELECTRICITY,

New Edition, illustrated with zo0 Engravings, large 8Svo, 18s. neft.

H. D. ROLLESTON, M.D., F.R.C.P.
[See Cambridee Natural Science Manuals, page s.
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D. B. ST. JOHN ROOSA, M.D.
Consulting Surgeon to the Brocklyn Eye and Ear Hospital, &¢.

A PRACTICAL TREATISE ON THE DISEASES OF THE
Ear. Including a Sketch of Aural Anatomy and Physiology. Seventh Edition,
Illustrated, large Svo, 255.

ROBSON ROOSE, M.D., LL.D., F.C.S.
Fellow of the Royal College of Physicians in Edinburgh, &c.

I
NERVE PROSTRATION AND OTHER FUNCTIONAL DIS-
orders of Daily Life. Second Edition, demy 8vo, 18s.

1L
LEPROSY AND ITS PREVENTION: as Illustrated by Nor-

wegian Experience. Crown 8vo, 3s. 6d.

WILLIAM ROSE, M.B., B.S, LOND., F.R.C.5.
Professor of Surgery in King's College, London, and Surgeon to King's College Hospital.

HARELIP AND CLEFT PALATE. With Illustrations, demy 8vo, Os.

BERNARD ROTH, F.r.c.s.
Orthopedic Surgeon to the Royal Alexandra Children's Hospital, Brighton, &c.

THE TREATMENT OF LATERAL CURVATURE OF THE
Spine: with Appendix giving an Analysis of 1000 Consecutive Cases treated by
“ Posture and Exercise "’ exclusively (without Mechanical Support). Second
edition, with Photographic and other Illustrations, royal 8vo, 10s. 6d. [ Now ready.

W. H. O. SANKEY, M.D. LOND., F.R.C.P.

Late Lecturer on Mental Diseases, University College, London, etc.

LECTURES ON MENTAL DISEASE. Second Edition, with coloured

Plates, 8vo, 128. 6d.

JOHN SAVORY.
Member of the Society of Apothecaries, London.

A COMPENDIUM OF DOMESTIC MEDICINE AND COM-
panion to the Medicine Chest: Intended as a source of easy reference tor
Clergymen, Master Mariners, and Travellers; and for Families resident at a
distance from professional assistance. Tenth Edition, sm. 8vo, 5s.

DR. C. SCHIMMELBUSCH.

Privat-docent and Assistant Surgeon in Prof. v. Bergmann's University Clinic at Berlin,

THE ASEPTIC TREATMENT OF WOUNDS. With a Preface by
Professor BeroMaNN. Translated from the Second German Edition by A. T.
Rake, M.B., B.S. Lonp., F.R.C.S. Ena., Registrar and Pathologist to the East
London Hospital for Children. With Illustrations, crown Bvo, 5s.
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: : E. SCHMIEGELOW, .p.
Consulting Physician in Laryngology to the Municipal Hospital and Director of the Oto-Laryngological
Department in the Polyelinic &&E Copenhagen, ¢ Gl el

ASTHMA : Especially in its Relation to Nasal Disease.
Demy Bvo, 4s. 6d.

DR. B. S. SCHULTZE.
Frofessor of Gynecology ; Director of the Lying-in Hospital, and of the Gynecological Clinic at Fena.

THE PATHOLOGY AND TREATMENT OF DISPLACE-
ments of the Uterus. Translated by J. J. Macan, M.A,, M.R.C.S., and edited

by A. V. Macan, M.B., M.Ch., Master of the Rotunda Lying-in Hospital, Dublin.
With 120 Illustrations, medium 8vo, 12s. 6d.

A. C. SEWARD, Mm.a., F.G.5.
[See Cambridge Natural Science Manuals, page 5.

G. E. SHUTTLEWORTH, B.A., M.D.
Medical Examiner of Defective Children, School Board for London; late Medical Stiperintendent,
foyal Albert Asylum for Idiots and Imbeciles of the Northern Connties, Lancasier, &c.

MENTALLY-DEFICIENT CHILDREN: THEIR TREATMENT
and Training. Second edition, with Illustrations, crown 8vo, 5s. nett.
[Now ready.

AT, G SEENE, M.D.
Frofessor of Gynecology in the Long Island College Hospital, Brooklyn, New York,

TREATISE ON THE DISEASES OF WOMEN, FOR THE

Use of Students and Practitioners. Third Edition, with coloured plates and 2g0
engravings, large 8vo, 28s.

FRANCIS W, SMITH, m.s., B.S.
THE SALINE WATERS OF LEAMINGTON. Second Edition, with

Illustrations, crown 8vo, 1s. nett.

—

J. LEWIS SMITH, m.p. : :
FPhysician to the New York Foundling Asylum : Clinical Professor of Diseases of Children in Bellevue
Hospital Medieal College.

A TREATISE ON THE MEDICAL AND SUR(}ICAL DIS-
eases of Infancy and Childhood. Eighth Edition, with 273 Illustrations and
four plates, large 8vo, 21s.

E. HUGH SNELIL, M.D., B.SC. LOND.
] 1t i fuersil Cambridge ; Medical Officer of Health to the City
D:p{nma;fr Ci.‘?r.'l arf::':‘iilf ﬁfﬁ IH:JJﬂ'{aI::JE‘ﬂ{;:ﬁ;;téﬂnicc:{ ﬂﬁ:';!rl'cﬁ! E‘Eﬁrrr to the .E‘I-:;ckwnﬂ Tunnel.
COMPRESSED AIR ILLNESS, OR SO-CALLED CAISSON

Disease. With Illustrations, demy 8vo, 10s. 6d.
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JOHN KENT SPENDER, M.D. LOND.
Physician to the Royal Mineral Water Hospital, Bath,

THE EARLY SYMFTOMS AND THE EARLY TREATMENT
of OSTEO-ARTHRITIS, commonly called Rheumatoid Arthritis, with special
reference to the Bath Thermal Waters. Sm. 8vo, 2s. 6d.

LOUIS STARR, M.,
Physician to the Children's Hospital, FPhiladelphia, &c.

HYGIENE OF THE NURSERY, Including the General Regimen
and Feeding of Infants and Children ; Massage, and the Domestic Management
of the Ordinary Emergencies of Early Life. Sixth Edition, with Illustrations,

crown 8vo, 3s. 6d. [Now ready.

JAMES STARTIN, M.B.,, M.R.C.S.
Sengor Surgeon to the London Skin Hospital.

LECTURES ON THE PARASITIC DISEASES OF THE SKIN.

Vegetoid and Animal. With Illustrations, crown 8vo, 2s. 6d.

@

JOHN LINDSAY STEVEN, ..

Assistant Physician and Pathologist, G!assgw Royal Infirmary ; Bhysician for Out-patients,
Royal Hospital for Sick Children, Glasgow, &c.
THE PATHOLOGY OF MEDIASTINAL TUMOURS. With

special reference to Diagnosis. With Plates, 8vo, 4s. 6d.

LEWIS A, STIMSON, B.A.,, M.D.

Surgeon to the New York, Bellevue, and Hudson Street Hospitals; Professor of Surgery in the
University of the City of New York, &c.
AND

JOHN ROGERS, Jun., B.A., M.D.

Assistant Demonstrator 1 the College of Physicians and Surgeons, New York, &c

A MANUDAL OF OPERATIVE SURGERY. Third Edition, with

numerous Illustrations, post 8vo, 12s. 6d. neff.

JAMES STOCKEN, L.D.S. ENG.
Late Dental Surgeon lo the National Dental Haosptal,

DENTAIL, MATERIA MEDICA AND THERAPEUTICS.
Fourth edition, revised by LesLie M. Stockex, L.R.C.P.,, M.R.C.5., L.D.5,,
and J. O. BurcHER, L.D.S. ExG., Assistant Dental Surgeon to Guy's Hospital.

Fcap. 8vo, 4s.

ADOLF STRUMPELL.

Professor and Director of the Medical Clinigue at Erlangen.

A TEXT-BOOK OF MEDICINE FOR STUDENTS AND
Practitioners. Second Edition translated from the German by Dr. H. F. Vicrery
and Dr. P. C. Knapp, with Editorial Notes by Dr. F. C. SHATTUCK, Visiting
Physician to the Massachusetts General Hospital, &c. With 119 Illustrations
imp. 8vo, 28s. '
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JUKES DE STYRAP, M.R.C.P.I, ETC,

Physician-Extraordinary, late Physician in Ordinary, fo the Salop Infirmary ;

Congs Physi
fo the South Salop and M ontgaomeryshive Infirmaries, etc. wisng Physician

I§
THE YOUNG PRA.CTITIDI‘TER: WITH PRACTICATL HINTS
and Instructive Suggestions, as Subsidiary Aids, for his Guidance on Entering
into Private Practice. Demy 8vo, 75. 6d. netf.

II.

A CODE OF MEDICAL ETHICS: WITH GENERAL AND

Special Rules for the Guidance of the Faculty and the Public in the Complex
Relations of Professional Life. Fourth Edition, demy 8vo, 3s. 6d. nett.

IIL.
MEDICO-CHIRURGICAL TARIFFS. Fifth Edition, revised and en-

larged, fcap. qto, 2s. nett,

IV.
THE YOUNG PRACTITIONER: HIS CODE AND TARIFF.

Being the above three works in one volume. Demy 8vo, 10s. 6d. nett.

C. W. SUCKLING, M.D.LOND., M.R.C.P.

Professor of Materia Medica and Therapeutics at the Queen's College, Physician to the Direen's
Hospital, Birmingham, ete,

I. .
ON THE DIAGNOSIS OF DISEASES OF THE BRAIN,
Spinal Cord, and Nerves. With Illustrations, crown 8vo, 8s. 6d.

I1.
ON THE TREATMENT OF DISEASES OF THE NERVOUS
System. Crown 8vo, 7s. 6d.

—

J. BLAND SUTTON, F.r.c.s.

Assistant Swrgeon fo the Middlesex Hospital; Examiner in Anatomy for the Fellowship to the Koyal
College of Surgeons, England,

LIGAMENTS: THEIR NATURE AND MORPHOLOGY.

Second Edition, with numerous INustrations, post Svo, 4s. 6d.

HENRY R. SWANZY, A.M., M.B., F.R.C.5.1.

Surgeon to the Royal Victoria Eye and Ear Haospital, and Ophthalmic Surgeon fo the Adelaide
Haspital, Dublin,

A HANDBOOK OF THE DISEASES OF THE EYE AND

their Treatment. Seventh Edition, illustrated with wood-engravings, colour
tests, &c., small 8vo, 125, 6d. [Fust published.

EUGENE S. TALBOT, M.D., D.D.5.

Professor of Dental Surgery in the Wonan's Medical College ; Lecturer on Dental Pathology and
Surgery s Rush Medical College, Chicago.

IRREGULARITIES OF THE TEETH AND THEIR TREAT-

ment. With 152 Illustrations, royal 8vo, 10s. 6d.

ALEBEERT TAYLOR.

Assoctate Sanitary Institite; Demonstrator to the Siudenis of the Sanitary Institule ; Chicf Sanitary
Inspector to the Vestry of St. George, Hanover Square, &c.

THE SANITARY INSPECTOR’S HANDBOOEK. Second Edition,

with Illustrations, crown 8vo, s5s.
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H. COUPLAND TAYLOR, M.D.

Fellow of the Royval Meteorological Society.

WANDERINGS IN SEARCH OF HEALTH, OR MEDICAL

and Meteorological Notes on Various Foreign Health Resorts. With Illustra-
tions, crown 8vo, Bs.

JOHN W. TAYLOR, F.RcC.S5. ENG.

Professor of Gynacology s Mason Coflege, Birmingham ; Sevior In-paticit Strgeon fo the Birmingham
and Midland Huspjtu?yfor Women ; Consulting Surgeon to the Wolverhampton Hospital for Wanien ;
Consulting Gynacological Surgeon to the Birmingham Skin and Lock Hospital, &c.

EXTRA-UTERINE PREGNANCY. A Clinical and Operative
Study. With Illustrations, demy 8vo, 7s. 6d. [Now ready.

J. C. THOROWGOOD, m.p.
Aszistant Physician to the City of London Hospital for Diseases of the Chest.

THE CLIMATIC TREATMENT OF CONSUMPTION AND
Chronic Lung Diseases. - Third Edition, post 8vo, 3s. 6d.

M. TUCHMANIN, M.R.C.5. ENG., M.D. WURZBURG.

Formerly Surgeon to Oui-Palients, German Heospital, Dalston.

THE EXPLORATION OF THE URETHRA AND BLADDER.

With 26 Illustrations, demy 8vo, 5s. [Now ready.

D. HACK TUKE, m.p, LL.D.
Fellow of the Royal College of Physicians, London.

THE INSANE IN THE UNITED STATES AND CANADA.
Demy 8vo, 7s. 6d.

W. H. VAN BUREN, m.D., LL.D,
Professor of Surgery in the Bellevue Hospital Medical College.

DISEASES OF THE RECTUM: And the Surgery of the Lower

Bowel. Second Edition, with Illustrations, 8vo, 14s.

ALFRED VOGEL, m.bp.
Professor of Clinical Medicine in the University of Dorpat, Russia
A PRACTICAL TREATISE ON THE DISEASES OF CHIL-
dren. Third Edition, translated and edited by H. Rarnaer, M.D., from the

Eighth German Edition, illustrated by six lithographic plates, part coloured,
royal 8vo, 18s.

A. DUNBAR WALKER, b, c.uM.

TH:EI: i]E"'.a!..Iiﬁlil]H":I:""E- MEDICAL NOTE BOOK. Oblong post S8vo,
cloth, 1s. bd.
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A. J. WALL, m.p. LOND.

Fellow of the Royal College of Surgeons of England ;  of the Medical Staff of H, M. Indian A my
(Retired List),

ASTATIC CHOLERA : its History, Pathology, and Modern

Treatment. Demy 8vo, b6s.

JOHN RICHARD WARDELL, M.D. EDIN., F.R.C.P. LOND,
Late Consulting Plysician to the General Hospital Tunbridge Wells.

CONTRIBUTIONS TO PATHOLOGY AND THE PRACTICE

of Medicine. Medium Bvo, 21s.

W. SPENCER WATSON, B.M. LOND., F.R.C.5. ENG.

Surgeon to the Throat Department of the Great Northern Hospital ; Senior Surgeon fo the Royal South
London Ophithalmic Hospital.

I.
DISEASES OF THE NOSE AND ITS ACCESSORY CAVITIES.

Second Edition, with Illustrations, demy 8vo, 12s. 6d.

IL.
THE ANATOMY AND DISEASES OF THE LACHRYMAL
Passages. -With Illustrations, demy 8vo, 2s. 6d.
ILL. -

EYEBALL-TENSION: Its Effects on the Sight and its Treat-
ment. With woodeuts, post 8vo, 2s. 6d.

1V,
ON ABSCESS AND TUMOURS OF THE ORBIT. Post8vo, 2s. 6d.

VW. WYNN WE STCDTT, M.B.
Deputy Coroner for Central Middlesex,

SUICIDE; its History, Literature, Jurisprudence, and Preven-
tion. Crown 8vo, 6s.

FRANK J. WETHERED, w.p.

Medical Registray to the Middlesex Hospital, and Demonstrator of Practical Medicine in the Middlesex
Hospital Medical School; late Assistant P.TI_‘.'SI'::I'#;: to the City of London Chest Hospital,
Fictoria Park.

MEDICAL MICROSCOPY. A Guide to the Use of the Micro-
scope in Medical Practice. With Illustrations, crown 8vo, gs.
[LEwis'S PRACTICAL SERIES. ]

W. C. D. WHETHAM, M.A.
[See Cambridge Natural Science Manuals, page 5.

E. G. WHITTLE, M.D. LOND., F.R.C.5. ENG.
Senior Surgeon fo the Royal Alexandra Hospital for Sick Children, Brighton.

CONGESTIVE NEURASTHENIA, OR INSOMNIA AND

Nerve Depression. Crown 8vo, 3s. 6d.
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“.T_.. R. WILBERFORCE, M.A.
T. G. FITZPATRICK, M.

Demonstrators at the Cavendish Laboratory, Cambridge.

A LABORATORY NOTE-BOOK OF ELEMENTARY PRAC-

tical Physics. 1. MECHANICS AND Hyprostatics. II. HEar anp Oprics.
III. MAGNETISM AND ELECTRICITY. Quarto, paper COvers, Is. each.

SIR JOHN WILLIAMS, BART. M.D., F.R.C.P.

: ccian fo University College Hospital; Physician Accouchenr to H.R.H.,
Consulting Physician Princess Beatrice, &c.

OF THE UTERUS: Being the Harveian Lectures for
DAII%CE}E Rillustrated with Lithographic Plates, royal 8vo, 10s. 6d.

R. T. WILLIAMSOI, M.D. LOND., F.R.C.P.

Medical Registrar, Rayal Infirmary, and Assistant in Medicine, Owen's College, Manchester.

ON THE RELATION OF DISEASES OF THE SPINAL CORD

to the Distribution and Lesions of the Spinal Blood Vessels. Royal 8vo, 2s.

J. ©G. WILLIS, aa.
[See Cambridge Natural Science Manuals, page 5.

E. T. WILSON, M.B. 0XON., F.R.C.P. LOND.

Physician to the Cheltenham General Hospital; Associate Metropolitan Association of Medica
: O fficers of Health.

DISINFECTANTS AND ANTISEPTICS: HOW TO USE THEM.,

In Packets of one doz. price 1s., by post 15. 1d. [ Thoroughly revised.

DR. F. WINCEKEL.
Formerly Professor and Director of the Gynecological Clinic af the University of Rostock.
THE PATHOLOGY AND TREATMENT OF CHILDBED: A
Treatise for Physicians and Students. Translated from the Second German
Edition, with many additional notes by the Author, by J. R. CHaDwICcK, M.D.
8vo, 14s.

BERTRAM C. A. WINDLE, bp.sc.,, M.D., M.A. DUBL,

Professor of Anatomy in Mason College, Birmingham ; somelime Examiner in Anatomy in the
Umversities of Cambridge, Aberdeen, and Durham.

A HANDBOOK OF SURFACE ANATOMY AND LANDMARKS.
Second Edition, revised and enlarged, in collaboration with T. MANNERS-SMITH,
M.A. (Cantab.), M.R.C.5., Lecturer on Osteology, Mason College, Birmingham.
Illustrated with plain and coloured figures, post 8vo, 3s. 6d. [Now ready.

EDWARD WOAKES, M.D. LoND.

Senior Avral Surgeon, London Haospital; L:ci‘rg:;; ot Diseases of the Ear, London Hospital Medical
ollege.

ON DEAFNESS, GIDDINESS AND NOISES IN THE HEAD.
Fourth Edition, Part i., with Illustrations, 8vo, 10s. 6d.
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HENRY WOODS, B.A., F.G.5. :
[See Cambridge Natural Science Manuals, page s.

A, 5. WOODWARD, ma.
[See Cambridge Natural Science Manuals, page s.

HERMANN VON ZEISSL, m.p.
Late Professor at the Imperial Royal University of Vienna. ™ ;

OUTLINES OF THE PATHOLOGY AND TREATMENT OF

-Syphilis and Allied Venereal Diseases. Second Edition, revised -by M. vox

ZeissL, M.D., Privat-Docent for Diseases of the.Skin and Syphilis at the

Imperial Royal University of Vienna. Translated, with Notes, by H. RAPHAEL,

M.D., Attending Physician for Diseases of Genito-Urinary Organs and Syphilis,

Bellevue Hospital, Out-Patient Department. Large 8vo, 188.

OSWALD ZIEMSSEN, w.p.
Knight of the I'von Cross, and of the Prussian I'Jrritl‘ of the Crowin,

THE TREATMENT OF CONSTITUTIONAL SYPHILIS.
Post 8vo, 3s. 6d.

Lewis’s Diet Charts.
Price 5s. per packet of 1oo charts (assorted) post free.

A suggestive set of Diet Tables for the use of Fhysicians, for handing to patients after consultation,
modified to suit individual requirements, for Albuminuria, Anmmia and Debility, Constipation,

Diabetes, Diarrheea, Dyspepsia, Eczema, Fevers, Gall Stones, Gout and Gravel, Heart Disease
(chrenic), Nervous Diseases, Obesity, Phthisis, Rheumatism (chronic), and Blank Chart for other
diseases,

A special leaflet on the Diet and Management of Infants is sold separately, price
7s. 6d. per 100, or 1s. per dozen, post iree,

Lewig’s Four-Hour Temperature Chart.
255. per 1000, 148. per 500, 3s. 6d. per 100, 2s. per 50, Is. per 20, carriage free.
This form has been drawn up to meet the reguirements of a chart on which the temperature and

other observations can be recorded at intervals of four hours, They will be found most convenient
in hospital and private practice. Each chart will last a week.

Clinical Chart for Temperature Observations, ete.
Arranged by W. Rigpen, M.R.C.5. 50s. per 1000, 28s. per 500, 155. per 250,
=5. per 100, or Is. per dozen,

Each Chart is arranged for four weeks, and is ruled at the back for making notes of Cases; they
are convenient in size, and are suitable both for hospital and private practice.

Lewis’s Nursing Chart.

258. per 1000, 145. per 500, 38. 6d. per 100, 28. per 50, Or IS, per 20.

This Chart affords a ready method of recording the progress of the case from day to day.
Printed on hoth sides.

Boards to hold either of the above Charts, price 1s.

Lewis’s Clinical Chart, specially designed for use with the Visiting
List. This Temperature Chart is arranged for four weeks and measures 6 X 3
inches. 30s. per 1000, 16s. 6d. per 500, 35. 6d. per 100, 1s. per 25, 6d. per 12.

Chart for Recording the Examination of Urine.
408, per 1000; 258. Per 500; I5s. per 250; 7s. 6d. per 100; Is. per Io.
This Chart is designed for the use of Medical Men, Analysts, and others mﬂ.kinli;' examinations
of the Urine of patients and affords a very ready and convenient method of recording the results of the
examination. L E
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 LEWIS'S PRACTICAL SERIES.

Under this title a Series of Monographs is published, embracing the various branches of Medicine'
and Surgery. The volumes are written by well known Hospital Physicians and Surgeons, recognised
as-authorities in the subjects of which they treat, The works are of & THOROUGHLY PRACTICAL nature,
calculated to meet the requirements of the practitioner and student and to present the most recent
information in a compact form.

DISEASES OF THE NERVOUS SYSTEM: A Handbook for Students and

Istctiu'm?:rs, By CHARLES E. BEEVOR, M.D., Loup., F.R.C.P., Physician to the MNational

Hospital for’ the Paralysed and Epileptic, the Great Northern Centrul Hospital, and the Matienal
Orthopedic Hospital. With Illustrations, crown 8vo, 105, 6d.

THE TREATMENT OF PULMONARY CONSUMPTION. By VINCENT D. HAREIS,

M.D. Lowp., F.R.C.P,, Fhysician to the City of London Hospital for Diseases of the Chest,
Vietoria Park, &c.,and E, CLIFFORD BEALE, M.A., M.B. CANTAB., F,R.C.P., Physician to the
City of London.Hospital for Diseases of the Chest, Victoria Park, &c. Crown 8vo, 108, Gd.

THE SURGICAL DISEASES OF CHILDREN AND THEIR TREATMENT BY
Modern Methods. By D'ARCY POWER, M.a., M.B. Oxon., F.R.C.S, Eng., Assistant Surgeon
at St. Bartholomew's Hospital, &c. wWith [llustrations, crown Bvo, 105, 6d.

DISEASES OF THE NOSE AND THROAT. By F.de HAVILLAND HALL, M.D.,
F.R.C.P Lond, Physician to the Westminster Hospital, and HERBERT TILLEY, M.D.,
B S. Lond., F.R.C.S. Eng., Surgeon to the Hospital for Diseases of the Throat, Golden Square, &c.
Second edition, with two coloured plates and 50 illustrations, crown 8vo, 106. 6d. [Fust prublished.

PUBLIC HEALTH LABORATORY WORK. Dby HENRY R. KENWOOD, M.B.,
D.P.H., F,C.5., Assistant Professor of Public Health, University College, &e. Second Edition,
with Illustrations, cr, 8vo, 1os. 6d.

MEDICAL MICROSCOPY: A Guide to the use of the Microscope in Medical
Practice. By FRANK J. WETHERED, M.D., M.R.C.P., Demonstrater of Practical Medicine
in the Middlesex Hospital Medical School, &e. With [llustrations, crown 8vo, gs.

MEDICAL ELECTRICITY: A Practical Handbook for Students and Prac-
titioners. By H. LEWIS JOMNES, M.A,, M.D., F.R.C.F. Third edition, with 117 lllustrations,
crown 8vo, ros. 6d. ; [Now ready.

HYGIENE AND PUELIC HEALTH. By LOUIS C. PARKES, M.D,, D.P.H. Loup.
Usitv.. Fellow of the Sanitary Institute, and Member of the Board of Examiners, and HENRY R.
KENWOOD, M.B.,, D.E.H., F.C 5., Assistant Professor of Fublic Health, University College.
With numerous lllustrations, er. Bvo, 125, [Fust published.

MANUAL OF OPHTHALMIC PRACTICE. By C. HIGGENS, FE.R.C.5. Ophthalmic
Surgeon to Guy's Hospital; Lecturer on Ophthalmology at Guy's Hospital Medical Schoeaol.
With lllustrations, cr. Bvo, 05,

A PRACTICAL TEXTEOOK OF THE DISEASES OF WOMEMN. By A. H. N
LEWERS, M.D. Lond., Obstetric Physician to the London Hospital, etc. Fifth Edition with
Illustrations, crown 8vo, 105, 6. [Now ;‘fﬂdy.

ANESTHETICS: Their Uses and Administration. By DUDLEY W. BUXTON
M.D.. B.5., M.R.C.P., Administratur ol Anmsthetics and Lecturer in University College Hng:
pital, &:. Third Edition, with 50 Ilustrations, crown Bve, 65, [Now ready.

ON FEYERS: Their History, Eticlogy, Diagnosis, Prognosis, and T
By ALEXANDER COLLIE, M.D. Averd, R CED . Tiltia et It Coloare T B LA ks e
vo, Ha. Gd.

HANDEOOK OF DISEASES OF THE EAR: For the Use of Students and
Practitioners, By URBAN PRITCHAKD, M.D. Edin., F.R.C.5. Eng., Professor of Aural
Surgery at King's College, London. Third Edition, with Iliustrations, crown 8vo, Gs.

A PRACTICAL TREATISE ON DISEASES OF THE KIDNEYS AND
Urinary Derangements, By C. H. RALFE, M.A., M.DD,, F.R.C.P., Assi ici
London Hespital, &c. With Tllugtrations, cr. Bvo, 108, 6d. istant Physician to the

DENTAL SURGERY FOR MEDICAL PRACTITIONERS AND
of Medicine. By ASHLEY W, BARRETT, M.B, Lond,, M.R.C.5,, L.D,S.,{;mﬁrf]g:g%lgﬁﬁ
Surgeon to the London Hospital, Third edition, with Illustrations, cr. Bvo, 38. Gd.

PRACTICAL DEFORMITIES AND THEIR TREATMENT. A Handb
Practical Orthopedics. By H. A, REEVES, F.R.C.5. Edin., Senior A ist oidoilend
London Hospital, ete. Wifh Illustrations, cr. 8vo, 88 6d. I tor Assistant Surgeon at th:
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THE NEW SYDENHAM SOCIETYS PUBLICATIONS.

President —STEPHEN MaAckenzig, M.
Honorary Secretary :—JoNATHAN HuTcHinson, Esg,, F.R.5.
Treasurer :—W. SEDGWICK SAUNDERS, M.D., F.S5.A.

ANNUAL SUBSCRIPTION, ONE GUINEA.

The Society issues translations of recent standard works by continental authors on subjects of
general interest to the profession.

Amongst the works issued are Helferich on Fractures and Dielocations,” ** Binz's Pharmacology,”
“ §ir William Gull's Collected Works," " Laveran's Paludism,"” * Pozzi's Gynecology,” " Flugge's
Micro-Organisms,” **Cohnheim's Pathology,” * Henoch's Diseases of Children,” " Spiegelberg’s
Midwifery," *“ Hirsch's Historical and Geographical Pathology,” " Ewald's Disorders of Digestion,”
works by Charcot, Duchenne, Beghie, Billroth, Graves, Koch, Hebra, Guttmann, ete.

The Society also has in hand an Atlas of Pathology with Coloured Plates, and a valuable and
exhaustive * Lexicon of Medicine and the Allied Sciences.™

The Annual Report, with full list of works published, and all further information will be sent on
application.

= = —

PERIODICAL WORKS PUBLISHED BY H. K. LEWIS.

THE BRITISH JOURNAL OF DERMATOLOGY. Edited by H. G. Brooke, H. Radcliffe
Crocker, T. Colcott Fox, Stephen Mackenzie, Malcolm Morris, J. F. Payne, J. J. Pringle and
James Galloway. Published monthly, 1s. Annual Subscription, 125. post free.

THE BIRMINGHAM MEDICAL REVIEW. Edited by Douglas Stanley, M.D , and J. W
Russell, M.D, Published monthly, 6d. Annual Subscription, 65. post free.

THE MEDICAL CHRONICLE. A Monthly Record of the Progress of Medical Science. Edited
by R. T. Williamson, M.D. Published Monthly, 1s. 6d. Annual Subsecription, 125. 6d.

THE GLASGOW MEDICAL JOURNAL. Edited by John Lindsay Steven, M.D.,and T. K.
Monro, M.D. Published Monthly, Annual Subscription, 20s., post free. Single numbers,
25, each.

LIVERPOOL MEDICO-CHIRURGICAL ]GURN:!LL, including the Proceedings of the Liverpool
Medical Institution. Published twice yearly, 3s. 6d. each number.

TRANSACTIONS OF THE DERMATOLOGICAL SOCIETY OF GREAT BRITAIN AND
IRELAND. WVols. I te V., royal Bvo, 52, each,

NORTH LONDON OR UNIVERSITY COLLEGE HOSPITAL REPORTS, SURGICAL
CASES, MEDICAL CASES, 18g6. Bvo, 45. nei,

THE THERAPEUTIC GAZETTE. A Monthly Journal, devoted to the Scieace of Pharmaco-
logy, and to the introduction of New Therapeutic Agents. Edited by Dr. H. A. Hare and Dr.
E. Martin. Annual Subscription, 1os., post free.

TRANSACTIONS OF THE COLLEGE OF PHYSICIANS OF PHILADELPHIA. Volumes
I.to V1., Bvo, 1o8. 6d. each,

MIDDLESEX HOSPITAL, REPORTS OF THE MEDICAL, SURGICAL, AND PATHO-
LOGICAL REGISTRARS. 1883 to 1896. Demy 8vo, 25. 6d. nieff. each volume.

- e — — —— - -
—— = —————— - _

*.* Mgr. LEwIs is in constant communication with the leading publishing firms
in America, and has transactions with them for the sale of his publications in that
country. Advantageous arrangements are made in the interests of Authors for the
publishing of their works in the United States.

Mr. LEwis's publications can be procured of all Booksellers in any part of the
world.

——— -

London: Printed by H. K. Lewis, 136 Gower Street, W.C.
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