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FACTORS DETERMINING BLOOD-PRESSURE 19

great use. In this way their activity affects the general blood-
pressure. Their first absolute demonstration was in the clllorfia
tympani nerve by Claude Bernard,’ and the extent of their in-
fluence may be judged from the fact that, in his experiment,
their stimulation increased the blood stream in the vein lead-
ing from the submaxillary gland from 5 c.c. in sixty-five
seconds to 5 c.c. in fifteen seconds, and the flow pulsated as
from an open artery.

Anatomically, constrictor and dilator fibres are frequently
found in the same nerve, as, for instance, the splanchnie.
‘When thus associated they are distinguished by their different
reaction to electrical stimulation, the dilators being affected by
currents of weaker strength, and shocks in slower rhythm; they
also respond less quickly, but continue longer in action. The
vaso-dilator centres are not thoroughly known, but exist at
least in the spinal cord.

The vaso-motor tone in particular vascular
areas varies constantly in response to local
needs. This is a physiological necessity, since increased
function of a part must always be accompanied by increased
blood-flow. It can be observed most easily in muscles, and in
glands, secretion being attended by a very great increase in
the amount of blood passing through their vessels. This, of
course, is provided by a dilatation of the arteries throughout
the gland. Such a general dilatation of the small arteries in
any vascular area causes a fall in lateral pressure in the main
artery supplying it. If the area be of sufficient extent, and is
not compensated for by vaso-constriction in other vascular
districts, a fall in mean aortic blood-pressure follows. On the
other hand, the total end pressure in the smaller
arteries is increased by their dilatation, since
less energy is 'lost in overcoming friction central to them,
and, what is most important, when certain clinical methods
are considered, the maximum systolic pressure
rises markedly. That this must be so is obvious from
Bernard’s experiment, in which the pulse, ordinarily imper-
ceptible in the smallest arteries, became evident even in the

e ——

! Bernard, Claude. Legons sur les liguides de l'organisme. Paris, 1859,

vol. i, pp. 810-511; vol. ii, p. 275. Quoted by Tigerstedt, Lehrbuch, pp. 494
and 502,
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FACTORS DETERMINING BIL( )OD-PRESSURE -21

vein. The mechanism by which this variation in vascular
tonus is brought about is a reflex one, either constrictor or
dilator action being stimulated or inhibited, in response to a
stimulus reaching the local, spinal, or bulbar centres along a
centripetal nerve.

Vaso-motor tone, both local and ceneral, is
markedly affected by reflexes of remote origin.
These vascular reflexes are
of great significance for the
general blood-pressure, as
well as for the distribution of
the blood, and have been ex-
tensively studied. They may
be provoked by the stimula-
tion of any afferent nerve.
The only such nerve in the
entire body, stimulation of
which invariably lowers
blood-pressure, is the depres-
sor nerve. The fall, in this
case, is due chiefly to a dilata-
tion of the splanchnic ves-
sels; but not wholly, for some
lowering occurs after section
of the splanchnic nerves.

With this single excep-
tion, stimulation of any cen-
tripetal nerve as a rule raises
blood-pressure. Thisis easily
shown on stimulation of the
central cut end of the sciatie,

anterior erural, or.other large. 0. 5—NRIER IN BLOOD-PRESSURE PRODUGAD
BY STIMULATION OF THE ANTERIOR CRUILAL

nerve trunk, and similar re-
flexes occur on irritation of
parts of the cerebral cortex.

NERVE (pPressor effect).

Trace from dog's carotid. Tetanizing current.

The sensory nerves, however, contain some depressor fibres, for
Howell ! has shown that, if the sciatie is cooled to 0° C. central

1 Howell, Budgett, and Leonard. The Effect of Stimulation and of Changes
in Temperature upon the Irritability and Conductivity of Nerve Fibres. Jour.
of Physiol., 1894, vol. xvi, p. 298,
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ume is removed from the circulation by the secreting organs,
especially the kidney, and part by increased tm_n.umlu‘tiun into
the lymph spaces and serous cavities ; the remainder 18 accom-
modated by the vessels, which dilate, either through a direct
vascular reflex, or in response to a reflex from the heart by the

I'.]'ii. i —FALL IN BLOOD-PRESSURE FRODUCED BY HEMORRHAGE,

Trace from rabbit’s carotid. Slow drum.

depressor nerve. Under certain circumstances, such as too
rapid infusion, the heart may empty itself less completely
(Johannson and Tigerstedt).?

! Johannson, J. E., und Tigerstedt, Robert. Ueber die gegenseitigen Bezieh-
ungen des Herzens und der Gefiisse. Skandinavisches Arch, f. Physiol,, 1889,
vol. 1, p. 897.






























THE MERCURIAL MAN( )METER b

3. THE ERRORS OF THE MERCURIAL MANOMETER
—COMPENSATED MANOMETER

So heavy a liguid as mercury cannot possibly follow the
rapid cardiac and respiratory variations in pressure, and 1t 18
to be emphasized that the extent of these on the manometric
trace affords no measure of their actual value. Even for the
accurate determination of mean pressure, certain conditions

Fig. 1 —NoRMAL MANOMETRIC TRACE.

From the carotid of a dog.

are necessary, the most important of which is the calibre of
the tube. v. Kries! found that a manometer of 4 mm. diam-
eter gave readings which did not vary more than three per
cent. from the actual mean pressure, when the pressure was
subjected to rapid variation, as in blood-pressure experiments.
He advocated a constriction of the tube leading from the

1 v. Kries. Dr. Ueber die Bestimmung des Mitteldruckes durch das
Quecksilbermanometer. Arch. f. Anatomie u. Physiologie, Physiologische
Abtheilung, 1878, pp. 430 and following and p. 440,





















12 BLOOD-PRESSURE IN THE NORMATL ANIMAL

Since the work of the heart depends upon the volume of blood
discharged into the aorta, the velocity imparted to it, and the
aortic pressure overcome, it is
plain that a difference in blood-
pressure may be brought about
by change in either the vol-
ume output or the velocity of
discharge.

Any increase in the
volume output of the
ventricles causes a rise
1n pressure, and any
diminution a fall.if the
peripheral resistance
remalns unchanged.
Such inerease may be brought
about in three ways: either
by a larger systolic pulse-vol-
ume, or by a greater number
of systoles per minute, or by
both combined. The fall of
blood-pressure which follows

Fia. 8 —FaLL IN EBLOOD-PRESSURE FRO-
DUCED BEY STIMULATION OF THE PERIPIH- ﬁtl'ﬂlly“ Ht]llll.llél-t]ﬂﬂ of ”lE.‘- ‘n'Hg_','l
ERAL OUT END OF THE VAGUS.

peripherally is produced by
both slowing the heart and
decreasing the systolic output;
and the two most commonly coincide. Such a fall in pressure,
with marked decrease in ventricular output and slowing of the
heart, is beautifully illustrated by a tracing of Porter’s® from
an experiment, in which the diminished cardiac energy fol-
lowed tying off the circumflex branch of the coronary artery

Trace from dog's carotid. Tetanizing cur-
rant.

in a dog.
Rate and volume do not necessarily follow one another,
however, for both Woolridge * and Pawlow,” by the stimulation

1 Porter. W. T. Further Researches on the Closure of the Coronary Arte-
ries. Journal of Exper. Med., 1896, vol. i, p. 51; also, Amer. Text-Book of
Physiol., second edition, 1900, vol. i, p. 182.

? Woolridge, Leonard. Ueber die Function der Kammernerven des Safige-
thierherzens. Arch. f. Anatomie u. Physiologie, Abtheilung f. Physiologie,
1883, p. H87. _ .

* Pawlow, I. P, Ueber den Einfluss des Vagus auf die Arbeit der linken






















































46 INDIRECT MEASUREMENT OF BLOOD-PRESSURE

2. THE DEVELOPMENT OF SPHYGMOMANOMETERS
APPLYING PRESSURE TO THE ARTERY
THROUGH A FLUID MEDIUM

A. The Instrument of v. Basch, Determining the Pressure
Necessary to Obliterate the Pulse (Systolic Pressure), and Potain's
Modification.—The first man to perfect a sphygmomanometer
suitable for clinical use, and free from gross inaccuracy, was

Prof. v. Basch of Vienna.

@ In 1876 he constructed his

1 apparatus, which in its origi-
nal form is shown in Fig. 7.
In two fundamental respects

{1\ /€ it differed from all that had
- preceded it. One was the
- «— £ employment of a bag con-

D taining fluid as the com-

pressing mechanism, thus

obtaining pressure per unit

of surface for the first time;

the other was the use of a

mercury manometer for the

measurement of the pressure

A within the bag necessary to

wholly compress the artery.

In this way he made possible

a comparison of results with

the direct estimations of the

physiologist.

B The essential parts of the
v. Basch sphygmomanome-
ter are seen in the cut. B is

Fio. T.—v. Bascn's seavemomawonersr, the so-called pelotte, origil-
First model. nally a glass funnel covered

with an elastic membrane,

only slightly stretched. The pelotte is connected with the ma-

nometer (A) by non-distensible tubing and a T-canula (D).

The vertical branch leads to a funnel (C), through which the

pelotte and tubing are filled with water. At B is a pinch-cock,

by which this communication can be cut off, after the mercury







48 INDIRECT MEASUREMENT OF BLOOD-PRESSURE

eter, and the change in the pelotte, as shown in Fig. 8; and, '
in 1889, Potain’s replacement of the water by air, the pressure
of which is raised by a bulb connected with the circuit through
an extra branch tube. Potain’s sphygmomanometer, as shown
in Fig. 9, was the basis of his extended clinical researches
into arterial pressure,’ and has a wide vogue in France; while

Fia. 9.—Poramn's sPHVYGMOMANOMETER,

the v. Basch instrument is still stoutly
defended against all new-comers by its
inventor and his pupils of the Vienna
school. To them belongs the great honor of the pioneer work
in the field of clinical sphygmomanometry, and to their efforts
we owe the recognition of its value; but the lack of earlier
acceptance by physicians in general was due to distrust of the
absolute value of the results obtained with the instrument,
and to the skill required for its use. v. Basch will always be
remembered as the inventor of clinical sphygmomanometry,
but his method must give place to its simpler and more aceu-
rate offspring.

~ 1Potain, La p_resé-i-:-m_ artérielle de 'homme i 1'6tat normal et patholo-
gique, Paris, Masson, 1902.

e —_————— ————






50 INDIRECT MEASUREMENT OF BLOOD-PRESSURE

Tigerstedt ' sums up these sources of error from v. Basch’s
figures as follows:

Lowest estimate; 14546420 mm. = 32 mm. overestimation.
In unfavorable cases; 545484 60 mm. = 78 mm. L

He concludes, and rightly, that the absolute values found with
such instruments can have no significance, but that they are
suited to the estimation of the pressure changes which occur
in the same individual, within reasonable periods of time.

I have gone thus at length into this subject, because one
must exercise a similar eriticism in the results of all other
methods of indirect blood-pressure determination, in each of
which some of the same sources of overestimation are oper-
ative.

B. The Origin of Sphygmomanometers Registering Maximum
Pulsation (Diastolic Pressure).—a. Marey's First Instrument.—
Hurthle's Elaboration.—At the same time that v. Baseh brought
out his instrument, Marey carried on experiments in his labo-
ratory, from which our clinical methods of determining dia-
stolic pressure have been developed. From them, besides,
have come the plethysmograph and its congeners.

Marey’s observations were upon the effect of eompressing
the blood-vessels from all sides, instead of from a single sur-
face. His first apparatus was a tight metal box, filled with
water, and large enough to hold the fore-arm and hand inserted
through a rubber collar, which entirely closed the opening.
The box was connected with a mercury manometer and a re-
cording tambour, as well as with a reservoir, by means of
which the pressure could be gradually raised. A glass win-
dow afforded a view of the enclosed hand. Marey noted that,
as the pressure within the box was raised, the pulse waves be-
came transmitted to the fluid and thus to the tambour. These
pulsations increased in amplitude up to a certain point, then
gradually declined again. Long before they had entirely
ceased, however, the skin of the hand was seen to blanch, thus
showing that the vessels had been collapsed and their systolic
pressure overcome. Marey reasoned that, at the moment
when the pulsations reached their maximum, the external
pressure must be just equal to that within the blood-vessels:

! Tigerstedt. Lehrbuch d. Physiol. {Ics, Kreislaufes, Leipzig, 1893, p. 831.
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air driven out through the cock (E) and the pressure raised,
either gradually or by steps of 10 mm. each, until the tracing
of the manometer attains its maximum height. This instru-
ment is only suited to laboratory use, and shares, with others

Mosso's SPHYGMOMANOMETE]R.

Fia, 11,

which determine pressure in the small vessels of the finger,
certain disadvantages to be considered later. It has yielded
much accurate information, however, and suggested the evo-
lution of our present clinical sphygmomanometers which meas-
ure diastolic pressure.
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8. THE METHOD OF CIRCULAR COMPRESSION
BY AIR (Riva-Rocci. Hill)

None of the sphygmomanometers introduced prior to 1896
complied with all the essential requirements for general use
by physicians; reasonable accuracy, freedom from subjective
errors, ease of application, and portability. The more exact
mstruments, such as Mosso’s, were very cumbersome; the light
and compact ones had all the errors of the v. Basch apparatus,
and frequently more. This technical difficulty was first over-
come by Riva-Rocei," and by Hill,* the former in an instrument

F16. 12.—CRO85-SEOTION OF ARM,
Riva-Rooor ARMLET.

Hirn axnp BARNARD ARMLET.

R =inner wall of rubber tube.

R’=outer wall of rubber tube. R = inner wall of rubber bag.
C =silk cover. R’= outer wall of rubber bag.
B = clamp, fustened by = leather cutl.

&5 =gorew. B = strap, fastened by buckle.

In each T = tube leading to manometer.
A = brachial artery,
H = humerus.

for the measurement of systolic pressure, the latter for dias-
tolic. Though the former published first, it is questionable
whether the credit of the new device does not belong to Hill.
The important feature in both instruments was the adoption
of a rubber tube or bag, encircling the arm and inflated by

! Riva-Rocei. Un nuovoe sfigmomanometro. Gazz. Med. di Torino, 1806,
No. 50, 51.

2 11ill, Leonard, and Barnard, Hareld, A Simple and Compact Form of
Sphygmometer or Arterial-pressure Gauge devised for Clinical Use. British
Med. Jour., 1897, vol. ii, p. 904.
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a. Influence of Faulty Adjustment.—This only holds good
when the armlet is properly applied, that is, snugly, but not so
tightly as to exert any pressure before inflation. I have fre-
quently found the reading as much as 20 mm. to 30 mm. too
high, on account of loose adjustment of the cuff. This is espe-
cially prone to happen in those instruments in which the cuff
is buckled on, one hole being too loose and the next too tight.
It is more easily avoided with the original Riva-Rocci clamp,
or the type of buckle adopted in my modification. With the
compressing finger ring of the Gértner tonometer, it becomes
much more difficult to fit each case, without carrying a large
number of rings of different sizes. Martin,' who has investi-
gated the point carefully and gives convinecing experimental
evidence, thinks the error from erroneous application much
greater than with the Riva-Rocei, and that the adaptation of
ring to finger must be very exact, even to differences of 1 mm.
in circumference. For this reason he has devised a small mod-
ified Riva-Rocei tube, of 2.5 em. width, for the finger, and ob-
tains accurate results with it. Wolf* found a similar influence
of the calibre of the ring, smaller rings giving higher readings
on an artificial rubber finger filled with mercury and connected
with a manometer tube. Of seventy-two observations on the
two hands, in only one half did the readings correspond.

B. Influence of the Tissues—The pressure exerted by
the tube upon the arm must either be transmit-
ted without loss to the blood-column within the
artery, or the loss must be a constant factor,
capable of caleculation. The earlier investigations on
this point led to the conclusion that there was a certain
loss, due to the compressibility of the tissues, which was
called the elasticity error. It was variously estimated. Gum-
precht placed it at 30 mm. for moderate pressures and rising
to 40 or 50 mm. at high pressure; Hensen® at 10 to 15 mm. in

I Martin, Alfred. Technisches iiber das Riva-Rocei’sehe Sphygmomano-
meter und Giirtner’s Tonometer. Miinch. med. Wochensehr., 1908, vol. 1, pp.
1021 and 1072,

* Wolf, H. Experimentelle Untersuchungen tiber die Blutdruckmessungen
mit dem Giirtner’sehen Tonometer, Wien. med. Presse, 1902, vol, xliii, pp. 1849
and 1395.

8 Hensen, H. Beitriige zur Physiologie und Pathologie des Blutdrucks
Deutsch. Arch. f. klin, Med., 1900, vol. xIvii, p. 437.
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pressed. The foregoing diagram (Fig. 15) shows his method
of reasoning. It is evident that the portions of tube B C carry
some of the weight B. If a number of weights of the same
size be laid along the tube, not increasing the pressure to the
square inch, the outer blocks, on AB only, will feel this pull,
while the central ones will exert their full pressure upon the
portion of tube directly beneath them. With this in view he
constructed armlets of different widths, and found that a cer-
tain proportion must be maintained between circumference of
arm and length of it compressed. For ordinary arms of 24
cm. circumference, a 10 cm. cuff sufficed, and 12 to 15 em.
was adequate for almost any size. When too small an armlet
was used, the readings were considerably higher than with the
proper width. Since the Riva-Rocei arm-piece has a width of
at most 5 em. and, when distended, becomes circular and is
in contact with an even smaller surface, v. Recklinghausen
thought that he had discovered the cause of the so-called elas-
ticity error of former observers and its cure. In this I believe
he was fully justified. His results have been substantiated re-
~ cently by Martin, who adopted a 10 ¢cm. width, and Erlanger,’
who has modified his very exact apparatus by the substitution
of a 12 em. cuff for his previous one. In experimenting with
dogs, estimations from the thigh, with cuffs of 3.5 em. width,
showed errors ranging as high as 50 mm. Hg.; but with 9 cm.
width the error, under normal conditions, was never greater
than 10 mm. Whatever error was present entered equally
into the determination of systolic pressure (obliteration of
pulse), and diastolic pressure (maximum pulsation). In this
country, besides Krlanger, Stanton * has introduced an armlet
of 8 em. width in his instrument, and the author one of 12 cm.
in his new form. With it I have found readings, in high ten-
sion pulses, as much as 60 mm. lower than with the 5 em.
tube. This increase of the error at high pressures, which
certainly occurs and which Gumprecht first pointed out, I be-

1 Erlanger, Joseph. A Study of the Errors involved in the Determination
of the Blood-pressures in Man, together with a Demonstration of the Improve-
ments in the Sphygmomanometer suggested thereby. Am. Jour. of Physiol.,
1904, vol. x; Proceed. of Am. Physiol. Soc., p. xiv.

?Stanton, W. B. A Practical Clinical Method for determining Blood-pres-
sure in Man, with a Discussion of the Methods Hitherto employed. Univ. of
Penn, Med. Bull,, 1908, vol. xv, p. 466.
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With the 12 em. cuff it is, of course, immaterial on what
segment of the limb it be placed, so long as it can be adapted
smoothly to it. Determinations may be made equally on
arm or thigh, or even on the calf. In children, whose arms
are very small, the thigh is to be preferred. This obviously
necessitates the recumbent posture to keep the level of the
heart.

The Girtner method of finger compression is not so fortu-
nate in this respect. Martin found that the ring must be
placed exactly on the middle phalanx, as Gértner originally
directed, under penalty of a possible error of 10 mm. or more.
He explains the results of many of the critics of the tonom-

ST
A

A Fis. 16. B

A. Manner of closure, normal artery.
B. Manner of closure, sclerotic artery, leaving open corners.

( After v. Recklinghausen, p. 104.)

eter, who have found marked variation in simultaneous read-
ings from different fingers, as due to this technical error.

c. Influence of the Vessel Wall.—Since the experiments of v.
Basch already quoted (see page 49) showed that a pressure of
‘1 mm. was always sufficient to close the lumen of an excised
radial artery, the error from this source may be absolutely
neglected. That a sclerotic vessel may offer considerable
resistance to compression is, however, a common belief, which
I do not think is justified. v. Basch found the empty sclerotic
radial could be compressed by 5 mm. Hg. The digital arteries
should give an even lower figure, but that the larger brachial
would offer more resistance seems plausible. Hensen,” from an
observation on a dying consumptive with moderate arterio-
sclerosis of the brachial, in whom he found a blood-pressure of
30 to 40 mm., argued that, since there was atill some internal
pressure in the vessel, the error due to rigidity of its walls
could not have exceeded 20 mm. I am inclined to doubt the
accuracy of touch which can detect a pulse of such small vol-

1 Hensen, lLioe. cit., p. 505,
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ume as a systolic pressure of 10 to 20 mm. would imply, and,
were the return of the pulse really palpable, should consider
the overestimation to have been less than 10 mm. . Reck-
linghausen* thinks it more probable that, with marked thicken-
ing of the artery, its walls do not collapse in the same manner
as the normal ones, when the internal pressure has been equal-
ized, but leave a small opening at each side through which a
rudimentary pulse-wave might pass (see Fig. 16). In such
cases he suggests leaving these rudimentary waves out of con-
sideration and using the first well-developed pulse as the eri-
terion. In this I am inclined to agree with him.

The problem will be discussed again later, in considering
the complicated relation of arterio-sclerosis to blood-pressure;
but my personal belief, based on a number of cases of marked
thickening or calcification of the large arteries, in which I
have failed to find abnormally high systolic pressures, is, that
errors from this source, with the wide armlet, and using the first
fully formed pulse as a guide, have little significance.

d. Influence of Muscular Contraction.—In connection with this
loss of pressure in transmission through the tissues, there are
certain avoidable sources of error. Muscular relaxation on the
part of the subject must be complete. Hensen® found the
same pressure on the two sides in fresh hemiplegics with flac-
cidity; showing that normal muscle tonus during relaxation is
without influence. Muscular contraction, however, at once intro-
duces an obstacle to the compression of the artery, which the
same observer proved might cause an overestimate of 5 mm. to
80 mm., depending upon the force used. This renders accurate
observations impossible in spastic conditions, tetanus, marked
subsultus, and all states of heightened muscular tone.

e. Influence of (Edema.—(Kdema is a similar source of error,
for some of the pressure is expended in squeezing the fluid out
of the tissues, so that the tube gradually produces a groove in
the limb. Hensen found the reading, in an arm with slight
edema, 20 mm. higher than in the opposite one. It is wiser
not to attempt determinations when it is present. On the same
ground, a change in the normal elasticity of the tissues, the ex-

1 v. Recklinghausen, Loe. eit., p. 104,
2 Hensen, H. Beitriige zur Physiologie und Pathologie des Blutdrucks.
Deutsch. Arch. f. klin, Med., 1800, vol. xlvii, p. 437.
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perimental verifications of sphygmomanometers on the cadaver
cannot be accepted.

C. Conclusions.— As a result of the critical investigations we
have considered, the essential accuracy of the method of circular
compression has been demonstrated. The use of an armlet of
12 em. width, adjusted, with reasonable care as to tightness,
anywhere upon the arm or thigh, enables us to exert upon the
main artery of the limb a pressure nearly or quite equal to
that within the armlet. The maximum error by this method
is 10 mm. Hg., due to loss in transmission through the tissues.
~ The method, as applied to the finger (Giéirtner tonometer), re-
quires more care in the accurate fitting of the ring to the middle
phalanx, and seems to give less constant results, but is still of
sufficient reliability for clinical purposes. Since the pressure
within the ring, or armpiece, can be exactly measured by a
manometer, the technical requirements for accurate clinical
measurements of blood-pressure have been fulfilled. It re-
mains only to prove that our external indicators of the equali-
zation of certain definite pressures within the artery, systolic
and diastolic, correspond with the event.

5. THE VALIDITY OF THE SEVERAL CRITERIA

A. Of Systolic Pressure.—a. The Return of the Pulse-Wave
Under Compression.—This, we have seen, was the original erite-
rion of Vierordt and v. Basch. Formerly it was questioned
whether the moment of disappearance or of reappearance should
be used. There is no doubt, however, that the moment of re-
turn is more sharply defined and more easily detected, and it
is now the generally accepted standard. '

If, during the gradual release of the pressure on the arm,
tracings be taken from the radial artery with a sphygmograph,
as in my earlier work on this subject’ and Masing’s,® or, like
v. Recklinghausen,® a volume trace made from the forearm, the

! Janeway, Theodore €. Some Observations on the Estimation of Blood-
pressure in Man, with Especial Reference to the Results obtained with the Newer
Sphygmomanometers, N. Y. Univ. Bull. of the Med. Sei., 1901, vol. i, p. 105.

? Masing, Ernst. Ueber das Verhalten des Blutdrucks des jungen und des
bejahrten Menschen bei Muskelarbeit. Deutsch. Arch. f. klin, Med., 1902, vol.
Ixxiv, p. 258, .

? Loe. cit., p. 108,
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A

first few waves to reappear will be barely visible; then, after
only a few mm. fall in the pressure, larger pulse-waves will
suddenly show, as is readily seen in Fig. 17. The last writer
calls the small waves rudimentary, the later large ones, well-
developed. The detection of the rudimentary waves requires
skill and care, as well as a favorably placed artery. Hensen
thinks it easier to detect them at the bend of the elbow, but I

Fic. 17 —TRACINGS FROM THE FOREAHRM BY ERLAMNGER'S SPHYGMOMANOMETER DURING
THE RELEASE OF PRESSURE IN ANOTHER INSTRUMENT ON THE UPPER ARM,

A, Slow release. Rudimentary waves at 102 mm., well.developed at 98 mm. The
pulse, at 102 mm., was palpable, with care.

B. Fast release. Budimentary waves at 100 mm., well-developed at about 90 mm. A
fiw .||I“'|]|:|l.-\.|.|l-:r' lnrea p-'ll|r=t-r- Cnie t]l.l'll!.l;_’|| above 100 mm. The ]:ll'.l.:-ili_! could
searcely have been felt above 95 mm.

have found this an awkward procedure, and even more unsatis-
factory in stout arms than palpation at the wrist. Evidently,
therefore, in some cases the well-developed waves are the first
felt, and with the novice this 1s the rule. The underestima-
tion I do not believe can exceed 5 mm., where due care is used
except with irregular or very rapid pulses, since the points of
disappearance and return may usually be determined within 5
: i . 1 & 3
mm. of one another. Cook and Briggs,' who take the mean

L Cook, H. ., and “I‘if_','g_f:é,, J. B. Clinieal Observations on i}"lm”l‘[ﬂ'ﬂﬁﬁlll‘l!.
Johns f[npk]m.a iln.a:[l. Rep., 1903, vol. xi, p. 451.
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of these two points, do not consider readings satisfactory that
differ by more than 2 or 3 mm.

One technical point must be insisted on. The pressure must
be lowered very gradually, for, not only the rudimentary
pulses, but several subsequent ones will be missed, if the mer-
cury be allowed to fall 5 or 10 mm. at a time. (See Fig. 17.)
It is always wise, so soon as the return of the pulse is per-
ceived, quickly to raise the pressure the few mm. Hg. neces-
sary to again obliterate it and make a second determination,
taking the average of the two. For this purpose the instru-
ments in which pressure may be rapidly changed in either
direction with one hand (v. Recklinghausen, Erlanger, Stan-
ton, Janeway) have a great advantage.

To obviate the subjective element in the determination,
~ Erlanger has proposed a method of rendering the return of the
pulse visible, which he calls *‘letting the cuff feel the return
of the pulsation.” Having raised the pressure in the sphyg-
momanometer considerably higher than maximum arterial
pressure, he brings the recording lever of the tambour, in his
instrument, to bear on the drum. The lever is depressed and
shows a small pulse. The pressure is then allowed to fall
gradually and the pulsations inerease slightly, while the lever
rises. At the instant the pressure in the armlet falls below the
systolic pressure in the artery, the pulsation shows an abrupt
increase in amplitude (see Fig. 20). This method, he has sat-
isfied himself, is both accurate and objective. He claims that
the readings so obtained are 5-15 mm. higher than when
the finger is used to detect the return of the pulse. This may
hold good when the fully-developed pulse is considered, but,
with slow release of pressure and a little skill, the rudimentary
waves may be felt, and I have never found my readings more
than 2-5 mm. below simultaneous ones by his method. An
objection to his method, for routine clinical use, 1s that it con-
sumes more time, and requires quite as much skill. In patho-
logical pulses, the change may be very indistinct. It is, of
course, only applicable with a graphic instrument.

Apart from the adequacy of the sense of touch to detect
these slighter waves, however, we must question whether the
pulse passes through the compressed portion of the vessel the
instant the pressure without falls below that within the artery.
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overcome aortic pressure. Hence, at a pressure of 160 mm.
Hg., the difference between lateral and end pressure would
only amount to 1 mm.

A final point remains to be mentioned, namely, the well-
recognized effect of compression of a limb in raising blood-
pressure. This rise is general, since it is found as well in the
opposite arm, and is unquestionably due to a central vaso-
motor reflex, increasing peripheral resistance. It may appear
within one minute as a rise of perhaps 5 mm., and, if compres-
sion is long maintained, can cause a rise of 20 mm. Hg. in
exceptional cases. It must be carefully avoided, by working
quickly and allowing an interval to elapse between every few
determinations. It will be more troublesome in the estimation
of diastolic than of systolic pressure, since the latter may be
easily determined within half a minute.

In conclusion, one great advantage of this criterion must
be considered. Measuring with fair exactness the systolic end
pressure in the brachial artery, it gives us the systolic lateral
pressure within the subelavian, since brachial and axillary are
continuous in direction, and therefore a near approximation to
systolic lateral pressure in the aorta. This, combined with
estimation of diastolic lateral pressure in the brachial, which is
practically the same as aortic diastolic pressure (see page 31),
gives the best insight into actual variations of systemic blood-
pressure.

b. The Return of Color to the Skin of the Blanched Finger.- -
This very ingenious method of making the moment of return
of the pulse visible, though derived originally from Marey’s
observations, in its practical application we owe to Giirtner.
As yet it is used by his instrument alone. His original
statement was, that one obtained in this way the mean blood-
pressure, basing his belief on comparison of readings thus
made in a dog’s tail, with direct measurements of its mean
carotid pressure.’ Such correspondence was, of course, purely
accidental, since the method is theoretically identical with the
detection of the return of the pulse after compression of the
arm. The pneumatic ring is first placed on the middle phalanx,
the finger is then rendered bloodless and the pressure in the
mrmnmﬂt{*r and r 'lug' raised to a point above sy stolic blood-

’{:mtupr G. Wien. nu-ti-'\.«i‘m-»elu,ll-m,]u 1899, vol. ,\llx p. 1412,
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by the development of a vaso-motor paresis in the finger, caused
by continued compression.

In conditions of very low pressure the criterion fails entirely,
and Gértner himself attempts no measurements below 70 mm.
During anmsthesia, also, and in toxic states, the method is diffi-
cult of application, and the observation of return of color is
more inconvenient than the palpation of the pulse. Cook and
Briggs gave up the use of the tonometer in part on this account.

The most serious fault of the criterion, however, lies in the
fact that, at the best, it can only measure pressure in the small
digital arteries. The extent to which these are subject to vaso-
motor changes is notorious, and in this way variations in pres-
sure within them may occur as a purely local manifestation.
Cold affects them markedly, and all who work either with the
Géirtner or the Mosso instruments lay special stress on the
necessity for having the fingers warm. Brush and Fayer-
weather! found these peripheral changes so troublesome, with
the latter instrument, that they modified it for use on the wrists.
Wolf, in the series of seventy-two observations previously
quoted, found differences between the readings in the two
hands in one half the cases, the greatest being 25 mm. Hg.
Such variation can only be due to defect in the method, or to
local changes in the calibre of the digital arteries. Jellinek’s*
ficures on the effects of exercise in a large number of healthy
soldiers seem to me to illustrate this fault of the Gértner
method. Most of the men showed a rise in pressure, some no
change, and a few a fall. One relation, however, was con-
stant. Those with very low initial pressures always showed
the most marked rise. Since we know how exercise tends to
dilate the vessels of the skin, the explanation of his results, to
my mind, is found in the probable marked vaso-constriction of
the peripheral vessels which existed in his cases with low pri-
mary readings; this disappearing under exercise would allow
the factitious original pressure to rise to the level of general
blood-pressure.

1 Brush, C. B, and Fayerweather, R. Observations on the Changes in
Blood-pressure during Normal Sleep. Am. Jour. of Physiol., 1901, vel. v,
p. 199, .

# Jellinek, 8. Ueber den Blutdruck des gesunden Menschen., Zeitschr. f.
klin. Med., 1900, vol. xxxix, p. 467,
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Fig. 18 resulted. It is perfectly evident that the greatest pul-
sation is at 76 mm., the level of equal pressure on the two sides
of the membrane.

Howell and Brush' have verified the principle for the artery

itself. They used an apparatus devised by Walden, and shown

150

138
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96

76

Fic, 18.—TRACING OF THE PULSATIONS TRANSMITTED THROUGH AN ELASTIC MEMBRANE
SBEPARATING TWO VESRELS, .

(From Mosso, Arch. Ital. de Biol., 1895, vol. xxiii, p. 177.)

in Fig. 19. The tube D was connected with a mercury ma-
nometer and with a Fick spring manometer, the latter magni-
fying and recording the pulsations. This is the general arrange-
ment of Erlanger’s sphygmomanometer. The left carotid of a
dog was placed in this apparatus, and the right connected with
a mercury manometer provided with maximum and minimum
valves. The pressure in the closed cylinder was then raised
10 mm. at a time, and the pulsations at each pressure recorded
by the Fick manometer. No difficulty was met in determining
the greatest amplitude of the pulse-wave. The only source of
error lay in the 10 mm. intervening between the readings,
which made it possible that still larger waves might have
occurred at some intermediate point. The error from this could

1 Howell, W. H., and Brush, C. E,, Jr. A Critical Note upon Clinical Meth-
ods of Measuring Blood-pressure. Boston Med. and Surg. Jour,, 1901, vol.

cxlv, p. 146.
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When used clinically, it is not possible to obtain thoroughly
accurate judgments of where the pulsation is greatest, by simply
watching the fluctuations of the mercury column. With a
manometer of at least 3 mm. calibre, and rigid connecting
tubing, quite large oscillations may be obtained, and a reason-
able approximation of diastolic pressure made with a simple
clinical instrument. With rapid pulses, neither the eye mnor
the mercury follow the movements quickly enough, and some
form of tambour becomes necessary for magnifyin ;_-; and record-

A € L3R —, = = = = - , Y -
Fia. 20.—TRAcING FROM A NORMAL PULSE EY ERLANGER'S EPHYGMOMANOMETER,

At 115 mm. is seen the abrupt increase in amplitude which indicates systolie (max.)
pressure. At 90 mm. the pulsation is still maximal, but at 85 mm. it is much
diminished, 90 mm. is therefore the diastolic (min.) pressure.

ing them. For this reason the types of apparatus which give
diastolic pressure satisfactorily in all cases are more bulky,
require longer for a reading, and are more costly, than the sim-
pler ones measuring systolic pressure. Hill and Barnard’s is
an exception as regards the first two drawbacks; but its deli-
ate metal tambour is easily disordered, and does not give exact
readings unless frequently corrected by comparison with a mer-
cury manometer. Besides, it is not a recording manometer,
and sometimes gives one trouble in determining the maximum
of the osecillations. It must also be borne in mind that the
pulsations, when once they have attained their maximum with
increasing pressure, remain at much the same height for a
number of millimeters, then decline rather suddenly as systolic
pressure is approached. Hill, who thought his method indi-
cated mean arterial pressure, advised taking the middle point
between the limits of maximal pulsation. This may at times
correspond with mean pressure, but is not at all an exact guide.
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a. General Construction.—EsseNtian PARTS: A, manom-
eter; B, compressing armlet; C, inflating apparatus.

AcceEssorY PARrTs: D, connecting tubing with air-tight
Joints; K, valve or pinch-cock for the slow release of pressure.

b. General Method of Use—The armlet is fastened snugly
(see page 56) about the arm or thigh at the level of the heart
(see page 59). On the thigh this necessitates the recumbent
posture. The finger ordinarily used for palpating the pulse is
then placed on the radial, or the dorsalis pedis, and the patient
instructed to relax the limb completely (see page 61). With
the other hand the pressure is then raised steadily by means of
the inflating apparatus. When the volume of the pulse begins
to diminish, the pressure is increased very slowly until the
pulse disappears, then released as gradually as possible until
its return is detected. The height of the manometer column
at which this occurs is noted, and the pressure raised just
enough to again obliterate the pulse. It is allowed to fall a
second time and another reading made. If the two points cor-
respond within 5 mm. of one another, the average may be taken
as the systolic blood-pressure at the time of observation. If
the readings fail to approximate so nearly, one must wait a
couple of minutes and determine anew.

c. Riva-Rocci's Sphygmomanometer,'—Srrciar,. CoONSTRUC-
TION.—A. The mercury manometer is of cistern form. The
tube earries behind it a metal seale graduated in millimeters
from 40 to 260 mm. The cistern 18 of heavy glass with two
tubes entering it, one for the attachment of the inflating bulb,
the other for the tube leading to the armlet. The latter
of these ig provided with a screw-valve (E) for the gradual
lowering of pressure. The whole stands on a solid metal base.

B. The armlet consists of a hollow rubber tube covered
with silk, of 4% em. diameter. It is provided with a special
clamp for fastening in place on the arm. Near its closed end
is ingerted a small tube (D) leading to the manometer.

C C'. The inflating apparatus is a Richardson double bulb,
such as used for a thermo-cautery.

SPECIAL TECHNIQUE.—The armlet is placed about the arm
and the open end secured firmly in the clamp. The pressure
is best raised by means of the terminal bulb (C) until the pulse

e 1 Riva-Rocei. Gaz. Med. di Torino, 1896, Nos. 51, 52,
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d. Martin's' Modification with Gumprecht's Manometer.— This
substitutes a manometer with glass cistern of larger capacity,
in order to make the zero point accurate; also a 10 em. armlet
with an improved clamp. The manometer, armlet, bulb, and
an outlet tube closed by a pinch-cock are connected through a
4-way glass tube.

This overcomes the chief defects of the original instrument,
but the manometer is not easily portable.

Makers.—Gehrike, Jena, Germany.

e. Cook's Modification,>*—This is the most widely used instru-
ment in this country and has done most to arouse interest in
the study of blood-pressure.

SPECIAL CONSTRUCTION.—A. An ingenious portable ma-
nometer with jointed tube; calibre 1 mm.

B. A simple and cheap armlet, consisting of a narrow rub-
ber bag, 41 by 40 em., covered with canvas and fastening with
hook and eye under a band.

C C'. Richardson’s double bulb for inflation.

D. A glass T canula joining the connecting tubes from
manometer, armlet, and bulb.

E. A pinch-cock on a small branch tube for the release of
pressure. This is introduced near the manometer by means of
a second glass T canula.

SprCIAL TrEcHNIQUE.—This is practically the same as for
the Riva-Rocei, except that the armlet is fastened by passing
the open end under the band on the closed end and hooking
it into one of the series of eyelets. Care must be used to see
that the upper joint of the manometer tube is inserted securely.
For those who are unable to control the pressure from the
second bulb (C"), a very gentle squeezing of the pinch-cock
will allow slow escape of the air. In packing the instrument,
this pinch-cock must be placed on the tube connected with the
neck of the manometer reservoir, or mercury will be spilled.

ADVANTAGES.—It is exceedingly simple, light and com-
pact; therefore well fitted for general clinical use.

DEFECTS.—The manometer does not stand firmly and is

1 Martin, Alfred. Miinch, med. Woehenschr., 1903, L*, pp. 1021 and 1072,
? ook, II. W. Blood-pressure Determinations in General Practice: In-
troducing a Practical Instrument for Routine Use. Jour. Am. Med. Ass,, 1003,

vol. x1, p. 1199,
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An instrument practically identical with Cook’s hospital
form, except that the manometer is modelled after Gartner’s,
and has a more legible scale and broader foot, is made by The
F. H. Thomas Co., 707 Boylston Street, Boston, Mass. This
also is sold at $6.50 net. It is not portable.

B. Criterion: The return of color to the skin of the blanched
finger (see page (6). a. Gartner's Tonometer,' This is the only
instrument using the above criterion. Introduced by Prof. Giirt-
ner in the summer of 1899, it has achieved a wide popularity.
In its essential parts it does not differ from the instruments of
the Riva-Rocei type, save that the circular compression is
applied by a ring to the finger. The plate shows its con-
struction.

SPECIAL CONSTRUCTION.—A. The mercury manometer, of
simple cistern form, stands firmly on a broad foot. The paste-
board secale, graduated in 0.5 em. divisions from 0 to 26 em., is
readily seen at a distance. It is not easily carried, and for this
purpose a metal manometer is furnished, which cannot be
trusted without frequent standardizing.

B. The pneumatic ring, the original feature of the apparatus,
consists in a metal ring 1.5 cm. in width, lined with a rubber
membrane which leaves a hollow, but air-tight space between
it and the metal. At one point the outer ring is pierced by a
metal tube, through which the interior air space is connected
with a tube leading to the manometer and inflator.

C. A rubber ball or bulb, without valve, is used for inflat-
ing. The slow reduction of pressure is insured by placing the
ball between the jaws of a simple vice (E). This is allowed to
open slowly by turning the nut which runs on a serew thread.
The bulb is put in circuit with the manometer and ring by
stiff tubing and a T canula (D).

F. A compressor, by means of which the finger can be
rendered bloodless, is the remaining accessory. It consists of
a rubber membrane stretched over the head of a small metal
cylinder.

MerHOD OF UsE.—A pneumatic ring of suitable size is
placed on the second phalanx of the middle or ring finger,
which must be at the level of the heart and must also be per-
fectly warm. The last phalanx is then rendered bloodless by

! Giirtner, G. Wien. med. Wochenschr., 1899, vol. xlix, p. 1412.
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Derrcts.—Unfortunately these are numerous enough to
outweigh the advantages, and the majority of careful observ-
ers, in this country as abroad, have adopted methods which can
be applied to the arm. These defects are due in part to badly
fitting rings (see page 56), unless one have a large assortment
of sizes, or to careless application (see page 60); in part to
insufficient width of the compressing surface (see page 59).
Most important of all, and least remediable, are the errors in-
herent in all methods which measure blood-pressure in arteries
so small and so near the periphery as the digitals (see page 68),
and the failure of the criterion to work in a certain number of
patients.

The instrument is not sufficiently portable for all purposes
and is used with difficulty on unconscious, delirious or anms-
thetized patients.

MARKER.—Franz Hugershoff, Leipzig, Carolinenstrasse 13,
Germany.

Cost.—25 marks 50 pfennig. With metal manometer, 35
marks. At times may be found at instrument dealers in the
United States without special importation.

b. Martin's modification.—This consists only in the substitu-
tion of a small modified Riva-Rocci tube, of 2.5 em. width, for
the pneumatic ring. Martin' has devised a special clamp for
this and has eliminated the technical defects of the instrument,
but not the errors of the method.

These rings may be had of Hanhart & Co., Zurich,
Switzerland.

8. INSTRUMENTS MEASURING DIASTOLIC
PRESSURE

A, Criterion: Lowest level of maximum pulsation (see page
69). a Hill and Barnard's Sphygmometer.*—This is the sole
instrument of this class which can be considered a modern
sphygmomanometer, Oliver’s hemodynamometer employing
the faulty v. Basch method of compressing the artery. The

1 Martin, Alfred. Miinch, med. Woehenschr., 1908, L1, p. 1072 .
* Hill, Leonard, and Barnard, Harold. British Med. Jour., 1897, vol. ii,

p. 904,
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ing the wheel which releases the valve, and the last point of
greatest oscillation of the needle is noted on the descent. This
should correspond closely with the previous reading and their
average represents the diastolic pressure. Hill recommended
taking the mid-point of maximum oscillation, which he thought
corresponded with mean blood-pressure, but this is an indefinite
guide (see page 69), and the method I have given should be
followed.

ADVANTAGES.—The construction and finish of the instru-
ment are admirable; it is easily carried in its leather case, is
not difficult to use, and seemed at first an almost ideal clinical
method.

Derecrs.—Like all delicate metal manometers, the readings
tend to become inaccurate. One which I used during 1900 and
1901, registered 26 mm. too high at the end of a year. It
needs to be standardized frequently by comparison with a
mercury manometer, which is irksome. The manometer is
also difficult of repair in this country, a considerable draw-
back to so costly an apparatus. It has the narrow cuff, with
its inherent errors; though a wide one might of course be sub-
stituted for it. In addition, in certain important cases, such as
aortic insufficiency and high tension, the determination of the
exact lower limit of maximal oscillation is not always easy, and
I am inclined to the view that, for clinical purposes, the knowl-
edge of diastolic pressure alone is not so valuable as that of
systolic. The latter may be determined with this instrument,
as with the Riva-Rocci, by the disappearance or return of the
pulse; but the upper limit of use, 240 mm., has not sufficed for
many cases in my experience. The statement made by some
who use it, that systolic pressure corresponds with the point at
which the needle no longer shows movement, is quite mistaken.
Marey, in his original work on the subject (see page 50),
pointed this out, and Howell and Brush® have demonstrated it
conclusively. With a maximum manometer in the artery,
they found the pulse-wave carried over to the sphygmomanom-
eter as much as 20 mm. beyond the level of maximum pres-
sure. This undoubtedly is due to the fact that only the middle
of the portion of artery under the bag is compressed, the upper

1 Howell and Brush, Boston Med. and Surg. Jour., 1901, vol. exly, p. 146.
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bag by means of a hollow valve stem, such as is used for bi-
cycle tires. This is connected by the stiff-walled rubber tube
(G) with the manometer, which consists of a metal cistern
(C) connected by a metal tube with the glass upright tube and
scale (D), which can be unserewed for carrying. The relative
diameters of cistern and column are 100 to 1, thus affording
an accurate zero point. The cistern (C) is covered by a screw-
cap with a T-tube, one branch of which connects with the
armlet, the other with the bulb. At B is a screw valve for

Fia. 25.—STANTON'S SPHYGMOMANOMETER.
(Cut from The Arthur H. Thomas Co.)

gradual release, at A a stop-cock to shut off the inflator.
Stanton uses a single rubber bulb, such as is found on atom-
izers, for the latter.

To carry the apparatus, the bulb is removed from the T at 1
and the cap 1 screwed in, cap 2 similarly closing the other
entrance 2, from which. the armlet and tube G are discon-
nected. The manometer is then tilted on its side until the
mercury has all run into the cistern, the upright glass tube is
unserewed, and its place filled by the cap 3.

SPECIAL TECHNIQUE.—The methods of estimating systolic
and diastolic pressures are the same as those described for the
Riva-Rocei and Hill and Barnard instruments respectively.

-
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rings to the right. The open end of the U is then closed by a
small cork (F); the other end is closed antomatically when the

i

.

- i ——

P16, 26, —AuTHOR'S SPHYGMOMANOMETEI.

case is shut, by a block which compresses the rubber joint
(G). The scale is slid down, the Politzer bag (C) removed
from the stop-cock (E), which contains a needle-valve for slow
release of pressure. This stop-cock is allowed to slip under a
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open slowly while squeezing the Politzer, and the pressure can
be carried as high as desired. Then close the stop-cock, place
the finger on the pulse, and with the other hand open the cock
slowly until the air begins to escape through the needle-valve.
In this way lower the pressure very gradually until the return
of the pulse is detected. Then carry the pressure a little
higher and repeat. This time, after the pulse is detected,
allow the pressure to fall 5 or 10 mm. at a time until the lowest
point of maximum oscillation of the manometer column is de-
termined. If any air remains in the apparatus, remove the
Politzer bag and it will escape. One precaution must be ob-
served, namely, to allow time after each fall in pressure for the
mercury to recover from the procedure, before comparing its
oscillations with those at the previous level. If the drop has
been sudden there will be a rebound of the eolumn, which will
make the first few pulsations abnormally large. The respira-
tory variations in size of the pulse are quite evident in some
patients, and at least ten to twenty oscillations should be ob-
served at each level to obtain an average. I think it usually
wise to make a rough approximation first, by allowing the
pressure to fall 10 mm. at a time; then, after releasing all the
pressure, to return to just above the point thus determined and
make a careful estimation at 5 mm. intervals. When the
greatest fluctuation of the column does not exceed 5 mm., it is
not possible to form any judgment, and the same holds good
when the pulse is very rapid. Too small amplitude of pulsa-
tion is a direct effect of a loose adjustment of the cuff, and this
should be inspected before giving up the attempt to find the
diastolic pressure.

ADVANTAGES AND DgrEcTS. —These will perhaps be
brought out more clearly in the hands of others. As a port-
able sphygmomanometer it is second only to Cook’s, which has
not proved substantial in my hands or those of my hospital in-
ternes, and which also lacks the wide armlet. It, and Stan-
ton’s form, are the only simple instruments with which one
may approximate diastolic pressure, besides measuring sys-
tolic. It seems to me more compact and portable than the
latter, as well as less complicated and expensive. I might add
that no attempt has been made to have the case contain the
non-breakable armlet and inflator, which would add materially
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Fio, 27 —ERLANGER'S SPHTGMOMANOMETER
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opens to the air through a bore in the bottom of the stop-cock,
and T S again communicates with the exterior through E. In
this position the pressure on the arm is immediately removed,
but the tambour is protected from the violent change.

Fig. 31 shows position 1, which is used for the slow release
of pressure in making measurements. The pressure space
(P 8) inside B, communicates with the fine capillary 1, in the
bottom of the plug (C). The air escapes gradually through
this, and the bulb B becomes smaller. The tambour head and
lever sink, until the pressure in T S becomes so much less than
the atmospheric pressure, that air begins to enter through the
pinhole (0). The lever then ceases falling, and may even rise
as the pressure slowly becomes equalized. The lever continues
writing throughout all this procedure, reproducing the pulse-
pressure changes of B in undiminished magnitude. Position 2
is the same, except that the capillary is a little larger, and the
fall in pressure more rapid.

MerHOD OF USE.—The armlet and inflator are attached to
the tubes so designated in Fig. 27. The clockwork is wound.
The drum is removed, covered with the glazed paper provided
for the purpose, and lightly smoked. This is done by revolv-
ing it rapidly in the sooty flame of a fish-tail gas-burner, or
lamp, or of burning camphor. The smoked cylinder is then
set in place, and the instrument is ready for use.

Turn the stop-cock to ** Out,” and adjust the armlet snugly.
Then rotate the stop-cock to ** In,” and raise the pressure rapidly
by squeezing the inflator. The systolic pressure may be esti-
mated in the usual way, by palpating the pulse, as with the
Riva-Rocel type of instrument; or Erlanger’s graphic method
may be adopted (see pages 78 and 64). Not all cases lend
themselves to this, in my experience, and the palpation of the
return of the pulse may be necessary. For the other method,
raise the pressure well (about 50 mm.) above the systolic pres-
sure, then turn the stop-cock to an intermediate point for a few
seconds. The pressure will fall slightly, owing to adjustment
of the cuff, etc. The lever will show small oscillations. Bring
the lever to bear on the drum, by turning the pinion-screw,
and set the drum in motion. Now turn the stop-cock to 1 or 2,
preferably the latter, after one has become expert. The lever
will at first be depressed, then rise slowly, and the tracing will



QVSTOLIC AND DIASTOLIC MEASU REMENTS 99

gradually increase in amplitude. The tracing and the ma-
nometer must both be closely watched, and the moment the
pressure falls below the systolic pressure in the artery, the
tracing will show an abrupt increase in size, usually with a
depression of the lever (see Fig. 20). The manometer must
be read off at this point, which gives the systolic pressure.
This abrupt change is clearer with the more rapid fall of pres-
sure through capillary 2, but it requires more practice to read
the manometer at the exact moment. To determine the dia-
stolic pressure, allow the air to continue escaping slowly until

Fig. 32 —TraciNo FROM A HIGH TENSION PULSE BY ERLANGER'S SPHYGMOMANOMETER,

At 210 mm. the return of the pulse indieated systolic pressure, though the trace does

not show the abropt increase clearly,
At 185 mm. is the lowest limit of maximal pulsation ; diastolie pressure (marked Min.).

the pulsations show a distinet decrease in amplitude. The last
point at which they are of maximum height is the diastolic
pressure (see page 69).

During the fall in pressure, a decrease in amplitude often
oceurs shortly after the systolic pressure has been reached,
with subsequent increase. Fig. 32 shows these two maxima.
The lower is unquestionably at the diastolic pressure. Krlan-
rer considers the first decrease due to the rapid re-entrance of
blood to the arm, the later inecrease coming when the vessels
have been fully distended. This method gives a close ap-
proximation of diastolic pressure, but the following is more
accurate.
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Raise the pressure a little above the approximate diastolic,
and, by manipulating the stop-cock, allow it to fall by steps of
5 mm., with the drum at slow speed. Take a record of ten or
twenty pulses at each point, and the lowest pressure at which
maximum amplitude of pulsation is obtained will be very
evident, as in Fig. 32.

ADVANTAGES.—This is unquestionably the most accurate
sphygmomanometer obtainable. It is also the best from the
standpoint of workmanship. For the elucidation of physio-
logical problems relating to human blood-pressure it is the ideal
instrument.

Derects.—The only fault to be found with the apparatus
is from the side of clinical availability. It is bulky, and im-
possible to use in private practice, save in one’s office. There,
and in the hospital, I have employed it with much satisfaction.
It requires considerable practice to work it easily, and to keep
it in good order. Smoking the cylinder, and some of the
other details, consume more time than ean always be spared
in practice, but the actual measurements take no longer than
with any other instrument.

MAKERS.—The Southern Specialty Company, 2043 Hollins
Street, Baltimore, Md.

CosT.—$37.50 complete.

6. COMPARISON OF RESULTS OBTAINED WITH
THE VARIOUS SPHYGMOMANOMETERS

A uniform method of blood-pressure measurement is much
to be desired, and will certainly come with the general adop-
tion of the 12 em. armlet. In the meantime, reports of blood-
pressure observations by various methods continue to be pub-
lished. The difference in the readings is sometimes striking,
particularly when figures from the Hill and Barnard or Mosso
instruments are compared with those of systolic pressure de-
terminations. The usual readings from Hill and Barnard’s
sphygmometer are neither diastolic nor systolic pressure, and
cannot be compared with anything, so far as absolute values
are concerned.

Of the forms giving systolic pressure, all those using the
narrow armlet afford higher readings., For ordinary arms






- 102 THE MODERN SPHYGMOMANOMETERS

zero line represents the absolute pressure, on the same seale as
a tracing from a recording manometer in the physiological
laboratory. Each 50 mm. is a double line, and the 100 and
150 mm. lines are treble thickness. Between these, the normal
systolic blood-pressure will usually be found. A single normal
line, such as Cook and Briggs adopt, does violence to the facts,
for reasons which will appear in the next chapter. For a
similar reason I have been unwilling to couple any particular
pulse-rate and tension. In my chart there is but one set of
figures, so that the absolute pulse-rate can never be confused
with the sphygmomanometer reading. To assist the eye, the
figures are at both ends of the chart. The vertical rulings are
5 and 10 mm., so arranged that either twice a day, or every
four, or every three hours, records may be kept equally well.
For convenience in the operating room these charts are padded
in blocks of fifty, and a double-ended pencil is used, marking
the pressure in red, the pulse in blue. Where diastolic pres-
sure is kept, a dotted red line indicates it, and a vertical dotted
red line, connecting systolic and diastolic, represents the pulse-
pressure. The respiration may also be recorded by a dotted
black or blue line, an advantage in some cases.

One of these charts in full size, from a case of lobar pneu-
monia at City Hospital, is shown in Fig. 33. They are made
for me by Mr. George W. Buskirk, Thirty-fourth Street and
Sixth Avenue, New York. Having met so much difficulty in
finding a convenient ruled paper for blood-pressure records, I
have asked Mr. Buskirk to keep some of these charts on hand,
in case they should be desired by others.

8. PRACTICAL SUGGESTIONS

A. The choice of a sphygmomanometer.—The construction of
an accurate instrument for the measurement of blood-pressure
at the bedside is attended by many difficulties. The most
troublesome of these is to combine simplicity and portability
with exactness. As a consequence, the ideal clinical sphyg-
momanometer has not yet been devised. It must comply with
the following requirements:

1. The manometer must be of such construction as to give
permanently exact readings. No metal manometer yet in-
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where comparative readings in the same individual are involved, and here
with considerable serutiny. The collation of figures relating to blood-
pressure will be most diffieult until the 12 em. armlet has been univer-
sally adopted. In the meantime it is imperative that no resalts be re-
ported without details as to method and width of euff nsed, and eircum-

ference of arm. In every case systolic pressure is to be understood unless
the contrary is specifically stated.

2. BLOOD-PRESSURE IN DIFFERENT INDIVIDUALS

A. Normal Limits and Influence of Age, Sex and Occupation.
—In young adults there can be little question that 90 mm.
(R. R.), 80 mm. (G), represents the lowest systolic blood-pres-
sure that can be considered normal. The upper boundary is
more dubious, because the errors involved in the method,
especially those inherent in the narrow armlet, are on the side
of overestimation, and it is hard to eliminate the possibility of
causes for pathological high tension. For practical purposes,
the greatest height to which systolic pressure may rise under
purely physiological conditions is of no interest, though it
might satisfy a harmless curiosity. Avoiding all causes, psy-
chical and physical, for an increased blood-pressure, 160 mm.
(R. R. 5 em. and G.) is the usually accepted upper limit.
With the 12 em. cuff I think 145 mm. will prove nearer the
absolute value. In more than 200 determinations, I have only
once or twice seen it exceeded by a few mm., except where
cause for hypertension existed. In the great majority of
young males 100 to 130 mm. will be found. Females tend to
have a systolic pressure lower by perhaps 10 mm., but with
the same general limits. The larger differences sometimes
found have probably been due to the smaller female arm.

In children under two years the pressures are undoubtedly
lower. According to Cook and Briggs, 75 to 90 mm. are the
usual figures. In older children the values are the same as
the lower ones found for adults, and the limits of variation
are smaller. These data have much more absolute value than
our present ones for adults, for two reasons. In children there
is little likelihood of errors due to the size of the arm; and, in
the second place, beginning cardio-vascular change can be
practically excluded. When we come to the other extremia of
life, both these causes of abnormally high readings come into
prominence. Obesity is far more common after middle age,
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From the systolic and diastolic pressure the mean pressure
can be calculated with considerable accuracy by taking their
arithmetical mean, as Howell and Brush demonstrated (see
page 34). Since the form of the pulse-curve is always a tri-
angle, with the apex upwards, I feel convinced that the abso-
lute mean pressure, which could only be calculated with some
difficulty, must be nearer the diastolic than the systolic level.
However, the average of the two is quite near enough for
practical purposes.

The most trustworthy figures for normal human blood-
pressure are given on pages 110 and 111.

B. Influence of Size and Temperament,—Greater size and
body-weight have been said by many writers to be attended
by higher blood-pressure. Until this connection has been de-
monstrated with the 12 em. armlet, it seems quite probable
that such persons have given erroneously high values.

Temperament seems to have a real influence, from the fact
that the more excitable and neurotic individuals show a greater
rise in pressure than the phlegmatie, from the same psychical
cause. The daily pressure-curve of such persons will have a
wider range, and single measurements of blood-pressure will
more often be unduly influenced by excitement or apprehen-
sion. With this nervous tendency one must reckon in the use
of the sphygmomanometer for diagnostic purposes.

3. BLOOD-PRESSURE VARIATIONS IN THE SAME
INDIVIDUAL

A. The Periodic Variations.—These are evident in the human
being as in the animal. The respiratory and the Traube-Hering
waves, and the other less rhythmical but apparently spontane-
ous fluctuations in mean blood-pressure (see page 35), must be
in mind during every clinical experiment. The respiratory
waves are usually negligible during quiet breathing, though I
have been able to measure a 10 mm. rise in pressure during
expiration, in some people. In experiments on the effect of
exertion, when measurements are made during deep labored
breathing, they will be very evident. Especially must it be
remembered, in comparing the effect of exercise and similar
procedures on the blood-pressure, when investigated with dif-
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ferent instruments, that neither the respiratory nor Traube-
Hering curves affect systolic and diastolic pressure equally.
In both cases, with the rise in mean pressure there is an in-
crease in the size of the pulse-wave. This can be seen beauti-
fully in the curves reproduced by Mosso (Fig. 34). It predi-
cates a greater effect on systolic pressure than on diastolie, and
a consequent divergence in results between the two types of
clinical instruments. Exact figures for the possible pressure
variations due to these causes are hard to give, but their extent
in animals, combined with my observations on the changes
noted in patients from moment to moment, lead me to place
30 mm., Hg. as the probable maximum rise which may be
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Fi. 34—PERIODIC FLUCTUATIONS IN THE TRACING OF BLOOD-PRESSURE TAKEN FROM
Dr. CoroMpo (WHILE AT mrEsT). (Mosso’s sphyem.)

(From Mosso, Arch. Ital. de Biol., 1895, vol. xxiii, p. 192, Fig. 7.)

attributed to them. One sees these larger fluctuations mainly
in patients with hypertension. Ordinarily, 5 to 10 mm. would
be a liberal estimate.

A due appreciation of these facts makes some of the dis-
crepancies in the findings of different observers intelligible. 1T
do not quite agree with Hensen that, in blood-pressure experi-
ments, no conclusions must be drawn from changes of 10 or
20 mm. Where a chart of the pressure, at intervals of a few
minutes, is kept for a considerable period before and after the
procedure to be investigated, small differences can be accorded
distinet value. This is especially true if each figure represents
the average of two or three suceessive readings.

B. The Diurnal Variations.—A record of blood-pressure taken

at frequent intervals throughout the twenty-four hours shows
D
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deviations from the average level more striking than those we
have already considered, and of too great extent and too long
duration to be explained by them. Such a chart is shown in
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Fira., 35.—IMURNAL BELOOD-PRESSURE OHART OF A HEALTHY MAN.
{ Author’s sphygm., 12 cm.)

Fig. 35. Evidently it is a composite record of the effect of
various physical and mental states on the blood-pressure. It
would differ from individual to individual, and somewhat from
day to day. The total diurnal variation from all causes proba-
bly seldom exceeds 60 mm. Hg. Such extreme fluctuations
have not come within my experience. Goldwater, and Weiss
((+.) picture them. Besides the more obvious causes for fluc-
tuation, which we shall congider separately, there are unques-
tionable periodic rises and falls in blood-pressure at different
hours of the day, entirely unassociated with changes in exter-
nal condition. Colombo has studied these especially, and gives
a table and chart of diastolic pressures, taken with Mosso's
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seems to point toward the recumbent posture as conducive to
the lowest pressure, standing and sitting being alike in raising
both systolie and diastolic pressures 5 to 10 mm.

Ekgren in 300 cases found the pressure averaged 5 mm. (R, R.) lower
in the horizontal position. Cook and Briggs give 5 to 10 mm. (R. R.) as
the usual difference : Giirtner, and Goldwater 15 mm. {(G): Hill, about 10
mm. (H. & B.): Brush and Fayerweather, 10 mm. (Mosso). Hensen, how-
ever, thinks pressure lowest when standing, and quotes Friedmann and
Schapiro on this side, as assuming a fall of 10 to 15 mm. on standing.
v. Recklinghansen came to the same conclusion, but apparently from a
single experiment only, and in that the pressure when lying without a
pillow was 15 mm. lower than lying or sitting, 6 mm. below that on stand-
ing, Karrenstein's 60 determinations with the tonometer showed an aver-
age fall of 6.7 per cent. on lying, 3.7 per cent. on standing, as compared
with sitting. I have usnally found a slight fall on lying down, in normal

Cises.

The most convinecing evidence on this subject is found in
the recent work of Erlanger and Hooker. They found the
pressures about the same sitting or lying, but on standing,
diastolic pressure rose much more than systolic, the pulse-
pressure variation being diminished. Comparison with the
v. Kries tachygraph, which showed the greatest acceleration
of blood-flow per heart-beat in the recumbent posture, con-
firmed their observations.

Evidently the postural variations of systolic pressure are
insignificant. The main deduction to be made from the some-
what conflicting testimony is, to make all comparative tests in
the same position, preferably the horizontal one.

a. Influence of Unaccustomed Rest.—Under this heading we must
allude to Gmmprecht’s observations on the effect of unaceustomed rest on
blood-pressure. He found that laboring men with pressures between
160 to 200 mm. (R. R. 5 em.) on entrance to the hospital, showed a eon-
siderable fall after a few days in bed. Hensen denies any effect of this
kind. He ealls attention to the higher reading usual on the first day in a
hospital, which he considers due to excitement.

D. Influence of Sleep.—Unquestionably pressure is lowest
during the first hours of natural sleep, rising slowly toward the
time of waking. Whether the fall in pressure stands in any
causal relation to the gleep, or whether both must be considered
offects of a more remote cause, cannot be stated. The prompt
hypnotic action of erythrol tetranitrate, a drug causing vaso-
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that studies of the pulse-pressure variation will show that sys-
tolic and diastolic pressure are unequally affected by the tak-
ing of food, and that the discordant observations quoted may
thus be harmonized.

F. Influence of Alcohol and Tobacco.—The enjoyment of some
form of alcoholic beverage, and of tobacco, so commonly ac-
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Fig, 87 —BRisE 1IN BLOOD-PRESSURE PRODUCED BY TOBACQO.
( Erlanger's sphygm., 12 cm.)

Chart obtained from a healthy young man, sitting quietly, who smoked a strong cigar
between (1) and (2),

companies the normal man’s meal, that the influence of these
drugs on blood-pressure may be best discussed here.

Aleohol, contrary to the usual belief expressed in the lan-
guage of daily life, is not a stimulant, at least so far as the
circulation is concerned. The pharmacologists agree that it
produces no rise in blood-pressure or in cardiac energy when
injected directly into a vein. On the contrary, if a consider-
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without effeet on systolic pressure (IR. R.); sometimes a rise of § or 10
mm. was produced, One student, when hLe read the manometer himself,
always showed 15 mm. higher pressure than when he did not. Even the
slighter emotional conditions, such as gentle laughter, were enough to
cause a considerable inerease (16 mm. R. R.). Pain has a similar effect.
The explanation of these marked influences must be sought in the well-
known reflex vaso-constrietion which follows stimulation of SENEOTY
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Fig, 33—LIsE 1IN BLOOD-PRESSURE PRODUCED BEY MENTAL EFFORT.
(Erlangrer's sphygm., 12 cm.)

Chart obtained from Prof, -, who leetured to o large class from twelve to one
o'clock. Before and after lecture he sat quietly in his laboratory.

Note the coincident rise in pulse-rate: the greater rise in syvatolic than in diastolic
pressure ; the subsequent fall in pressure, with decreased pulse-pressure, while the rate
remgined rapid.

nerves in general, and of the cerebral cortex (see page 21). One is
tempted to think of the dependence of the brain eireulation upon general
blood-pressure to meet its local demands, since the brain vessels probably
have little vaso-motor supply, as the possible canse of the increased aortic
pressure which accompanies cerebral activity.
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gated this question particularly, and have brought to light
certain facts which require more detailed consideration.

0. Moritz, Masing, and Kornfeld, all emphasize the psychical factor in
muscular effort. This manifests itself nunmistakably in their experiments.

The gtguter the g,gnsm’ous effor I:_j;l_l_q_grentm the 1ise in pressure, and viee

than tn the actual work done. Work pen’m med with a smgle leg raised
pressure move than the same amount done by the two legs alternately,
and the first performance more than subsequent ones (Masing). Kornfeld
found that the attempt to walk in a straight line had more effect than the
same distance without any special attention. Moritz goes so far as to state
that the pressure elevation during bedily work is prineipally conditioned
by psychical influences. These facts explain at once the effect of practice,
as in athletic training for instance, which consists essentially in such rep-
etition that codrdinations become almost automatic reflexes, and the vol-
untary effort is reduced to a minimum. They also make intelligible the
few discordant observations in which exercise did not raise pressure, such
as Jellinek’s on 106 soldiers, in whom marching raised pressure in 57, had
no effeet in 30, and was attended by a slight fall in 19 (G). Here, appar-
ently, the effort was insufficient of itself to affect 49 of the men, and
other factors determined the results found. The individual differences
reported by Schiile, and Huber, may be similarly explained.

The relative effect of exertion on systolie and diastolic pressures has
been investigated by Masing. By a method yielding approximate values
only, he found that both systolic and diastolic pressure rise during exer-
tion, but in different degree, the diastolic always less. This is in accord
with the well-known increase in pulse-volume. One experiment of mine
with the Erlanger apparatus (5 cm. armlet) showed the following in a
healthy young man of twenty-six years.

——

SYSTOLIC PRESSURE. DIASTOLIC PRESSURE.
SN oo snieie s 185 mm. Hg, 100 mm. Hg.
I e s 125 mm. Hg. 95 mm. Hg.

After running up
three flights of :
stairs. Sitting.|175 mm. Hg, =40 mm. increase|120 mm. Hg. =20 mm. increase

—

It follows then, that instruments measuring systolic pressure will over-
estimate, those giving diastolic will underestimate, the effect of exertion
on mean aortic pressure. Here, as elsewhere, the determination of both
pressures would be most valuable in throwing light on the actual vascular
changes. The indications afforded by the increased pulse-volume, in the
present instance, pmnt elearly to increased energy of the heart as at least
one factor in the rise of pressure, if not the only one. Under conditions
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We may summarize these facts as follows:

The rise in pressure during physical exertion is in general
proportional directly to the amount of work done and to the
voluntary effort required, the latter factor being the more im-
portant. The effect on systolic pressure is more marked, that
on dhastolic less marked than on mean pressure.

The rise is due to increased energy of the heart (both rate
and pulse-volume), and, when the demand exceeds the reserve
force of the heart, it will not be maintained. With equal work it
is of much shorter duration in the aged than in the normal adult.

Prolonged exertion usually causes a fall in pressure.

I. Influence of External Temperature and Baths—The effect
of temperature changes upon the local circulation has long
been well known and commonly used in practice. Cold pro-
duces local vaso-constriction, which, if sufficiently long con-
tinued, eventually gives way to a dilatation, due to paralysis of
the vaso-motor mechanism. Besides this, when cold is applied
for a short time and then removed, a reaction follows and the
part becomes intensely hypersemie, a sign of secondary active
vaso-dilatation. Warmth, on the other hand, produces vaso-
dilatation and local hypersemia from the outset, probably of a
passive nature; that is, from diminished vaso-constrictor tone.

If the local area thus subjected to changed temperature
conditions be sufficiently large, a marked influence will be
exerted on the distribution of the blood throughout the body,
and, if there be no counterbalancing change elsewhere, on the
general blood-pressure. - It is just at this point that complica-
tions arise. We have seen (see page 21) that, not only do
external irritations of any kind produce reflex vaso-motor
effects in remote vascular areas, in that innervated by the
splanchnie nerves especially ; but also that the blood-vessels of
the skin and those of the abdominal viscera frequently act in
antagonism to one another. For this reason it is impossible to
predict that the application of cold sufficient to constrict all
the superficial arterioles will necessarily raise aortic pressure;
for a reflex dilatation of the splanchnic vessels might more
than compensate for the added resistance. The question must
evidently be approached experimentally.

Here we at once meet the difficulty, that the necessary procedures
may be attended by physical exertion and mental excitement, with their
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no constant relation between pressure and pulse-rate, or body tempera-
ture. The relation between duration and effect was always striking.

Miiller, using a Riva-Rocci instrument with 156 em. armlet, and ap-
parently every precaution, came to the following rather striking conelu-
sions: 1. Water baths of a temperature below 83° to 85° C. produce a rise
in blood-pressure, with slowing of the pulse, throughout the whole dura-
tion of the bath. The ecolder the temperature the greater the rise, in the
same individual. 2. Water baths from 33° to 35°, to about 40° C. (the so-
called indifferent zone) produce, after a short initial rise, a fall in pressure
to or below the normal, followed by another rise. The behavior of the
pulse differs in this group; below 37° C. it diminishes, above it inereases.
3. Water baths from 40° C. up produce a rise in pressure, lasting during
the entire bath,with increase in pulse-rate. These effects are very readily
seen in the accompanying charts (Fig. 41). 4. With hot-air and steam
baths at 50° C., the same rise in pressure and pulse-rate occurred in nor-
mal persons. With certain sick patients, however, in whom heart weak-
ness probably existed, the rise in pressure soon gave way to a fall, or the
pressure fell from the start. The individual reaction to the varying tem-
peratures employed was quite different in amount, but the same in kind,
for all the cases studied. The more complicated hydrotherapeutie ques-
tions I will not enter upon, sinee we, in this country, unfortunately lack
the requisite technical knowledge of the subject. Those interested may
find a full literature in Miiller'’s paper.

We may therefore conclude that, so far as our present
knowledge goes, baths at about body-temperature are without
marked effect on the blood-pressure; that cold baths produce a
rise in systolic pressure, the extent of which, in any given in-
dividual, is greater the lower the temperature and the longer
the period of exposure to it, within limits which undoubtedly
exist, but have not yet been determined; that hot baths follow
the same rule, differing only in that the rise in systolic pres-
sure is accompanied by a more rapid pulse. Since the same
phenomena have been observed with steam and hot-air baths,
there seems no reason to doubt that the efficient eause is the
change in external temperature. Of the actual mechanism
by which the pressure changes are brought about, whether in-
crease of peripheral resistance, or of the heart’s energy, or
both, T do not think we may form any valid opinion at present.
Determinations of systolic and diastolic pressures are much to
be desired in this connection.

K. Influence of Atmospheric Pressure.—There is little to be
found on the effects of atmospheric pressure on arterial pres-
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effort required. Mental and physical rest must therefore be
secured in all clinical observations. Excessive changes in ex-
ternal temperature should be guarded against. Since posture
may have some influence, it is wise to make all tests in the
same position, either sitting or reclining; preferably the latter,
because it conduces most to the desired rest. The diurnal
variations, including the effects of eating and of sleep, must
be in mind. In following cases from day to day, especially
with reference to the effects of treatment on the blood-pres-
sure, determinations should be made at the same hours.
Everyone admits the importance of this in studying the course
of the temperature in disease. With the arterial pressure it is
not a whit less important. Where experiments are made
which occupy only minutes or hours, instead of days, it is
essential that a record of the pressure be made at frequent
intervals for some time previous, to establish the normal level
and the extent of the periodic variations. When this is done,
it may be possible to demonstrate changes of small extent,
which, lacking this standard for comparison, would be con-
sidered within the limits of normal variation.

Studied under such conditions, and they are scarcely-more
rigorous than the simple taking of temperature requires, it is
surprising how constant the blood-pressure may be. Day after
day it may not vary 10 mm. at a given hour. Hensen was
struck with this, and I have found it conspicuous in measure-
ments made on successive days in office practice, where the
conditions do not vary. In hospital charts, where observa-
tions are made hurriedly, and so many causes for psychical
irritation exist, I see more fluctuation.

From individual to individual the differences are more pro-
nounced, but not more so than the differences in pulse-rate.
The vast majority of healthy adults will show systolic pres-
sures of 100 to 130 mm. (12 em. armlet), 110 to 150 mm.
(5 cm.). The diastolic pressure will be 25 to 40 mm. lower.
After middle life 130 to 145 mm. (12 em.) is not uncommon,
140 to 160 mm. (5 em.). In childhood 90 to 110 mm. after the
second year, 75 to 90 mm. before it, make the lower end of
the scale, with probably a slighter difference between systolic
and diastolic pressures. With women the pressure tends to be
glightly lower, more definitely so when the 5 cm. armlet is used.
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the lowest systolic blood-pressure at which a continuance of
the circulation is possible at 75 mm. (R. R. 5 em.), about 55 mm.
absolute value. All pressures under 100 mm. (R. R. 5 em.) he
considers subnormal. Cook and Briggs give one chart, from a
case of traumatic shock which recovered, with pressure below
50 mm. for a brief period; 60 mm. they find usually of serious
import. Kapsammer gives 60 mm. (G) as the lowest pressure
compatible with life, but cites one case in which a woman lived
thirteen hours after a severe fall with a tonometer reading of
40 mm. John found 35 to 40 mm. (&) in advanced phthisis a
few days before death. These figures, in the light of Giirt-
ner’s own refusal (see page 68) to measure below 70 mm. with
the tonometer, seem of doubtful worth. In my personal ex-
perience, pressures below 75 mm. (12 cm.) have been very rare,
except momentarily during surgical operations, where I have
seen below 40 mm. (J. 12 em.).

For diastolic pressure it is difficult to give any figures, I
have never found it above 200 mm. (Erl. 5 em.), nor, since the
use of the wide armlet, above 180 mm.; but I have not ex-
amined cases of cerebral compression. As the elasticity of the
arterial wall diminishes rapidly with increasing pressure after
the higher tensions have been reached (see page 25), systolic
pressure tends to increase much more than diastolic under such
conditions. For instance, a systolic pressure of over 220 mm.
will commonly be associated with a diastolic some 60 to 80 mm.
lower, instead of the 25 to 40 mm. usual at normal tensions.
This large amplitude of the pulse-wave is readily seen in sphyg-
mographiec tracings, and, when one’s attention has been drawn
to it, becomes equally evident to the finger, if sufficient force is
exerted upon the artery. The latter precaution is necessary,
because excursion of the already tense arterial wall is slight,
unless the pressure upon its two sides be nearly equalized.

For the lower limit of diastolic pressure I can give no fig-
ures. My own observations have been along different lines and
I know of no accurate measurements in the literature. The
Hill and Barnard instrument, as heretofore used, has given an
indeterminate and intermediate pressure (see page 72).

A. Functional and Essential Elements of Blood-pressure.—We
have seen (see page 18) that the vaso-motor tone compensates
for the disproportion between the total blood-volume and the
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covery of increased blood-pressure (palpation of pulse, sphyg-
mograph, detection of cardiac hypertrophy or accentuated
aortic second sound) were frequently either inadequate or mis-
leading; thus our diagnosis has gained accuracy. Second, the
existence of continued high pressure has far greater absolute
significance than the finding of normal or subnormal tension.

Objection may be made to the above statement, on the ground that the
existence of a hypertrophied heart and ringing aortic second sound are our
most valid evidences of the existence of hypertension, I will not dispute
their validity. The diffienlty is, that high blood-pressure is most common
at the period of life in which obesity or emphysema frequently make the
percussion and auscultation of the heart well-nigh impossible. It is in
just such persons that the sphygmomanometer comes to our help.

As to the sphygmograph, few physicians will now claim for it much
practieal value, though its educational effect has been considerable. Apart
from the fact that one may obtain almost any type of trace from any pulse,
by varying the spring-pressure, the forms of pulse-curve generally pic-
tured as indicative of high tension are not truly so. The trace with a
gradual descending limb is usually given, as by Sansom.' This particular
form of pulse, as my combined sphygmographie and sphygmomanometric
work taught me, is regularly obtained when one narrows an artery almost
to the point of obliteration. Thus it is evidence of a contracted artery,
which may go with low tension, though frequently found with high.

The difficulty of estimating pulse temsion by the finger has been
alluded to (see page 44). Krehl?® admits that the distinetion between in-
ternal tension and arterial thickening may elude even the most experienced.

A. Functional Hypertension and its Causes.—a. Physiological ;
Pharmacological; Toxic.—Any condition in which increased
blood-pressure is present, as a result of a temporary cause act-
ing on the heart or vessels, we may speak of as evidencing
functional hypertension. The rise in pressure due to excite-
ment or exertion in the normal man falls under this heading.
The marked augmentation of tension during true labor pains
is due to these physiological causes, plus compression of the
abdominal vessels, which drives a large volume of blood to
the heart. In certain nervous affections hypertension occurs,
apparently from reflex vaso-constriction. In melancholia it
closely parallels the intensity of mental anguish, the stimulus
which ecalls forth the reflex originating in the psychical sphere.

1 Sansom, p. 418,
¢ Krehl, L. Die Erkrankungen des Herzmuskels, ete,, p. 374,
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est details may be found in the monograph of Kocher, and it is
also most interestingly presented in Hnglish by Hill, and by
(ushing, both of whom have made important contributions fo
its elucidation,

Acute cerebral ansmmia, that is, the rapid and complete
cessation of the cerebral circulation, as Hill has shown, pro-
duces symptoms identical with complete asphyxia. The usual
sequence is: A. Loss of conseiousness. B. Respiratory spasm.
(. Slow heart and rise of blood-pressure with cessation of res-
piration. D. Fall of blood-pressure, acceleration of heart, and
death. This indicates distinctly that the bulbar centres are
first excited and then paralyzed. If the animal be in a state
of shock, or the anaemia be slow in onset, the excitatory symp-
toms fail to appear. During the development of these events,
while the ansmia is partial, marked Traube-Hering blood-
pressure waves and Cheyne-Stokes respiration are common.

Cerebral compression produces the same bulbar symptoms
as acute anemia. This seems paradoxical until one remem-
bers the mechanical limitations of the cerebral circulation.
Since the cranio-vertebral cavity is elosed and the brain sub-
stance incompressible, the total amount of blood in the brain is
invariable, except for the slight expansion made possible by
increased absorption of cerebro-spinal fluid at high pressures.
If, then, a foreign body of any kind be introduced into the cra-
nial cavity, room can only be made for it at the expense of the
blood in neighboring veins and capillaries. Compression there-
fore produces local ansemia, and the symptoms are due, not to
the pressure, but to the cessation of blood-flow. At first only
the veins will be narrowed and capillary pressure raised. In
Kocher’s nomenclature, this is the stage of compensa-
tion. Few symptoms occur. Liftle increase of pressure is
required to bring about venous stasis, with much diminished
capillary flow, and brain tension equal to the arterial. In this
second period, Kocher’s initial stage of manifest cer-
ebral compression, numerous subjective symptoms of
general cortical or cerebellar angmia appear; headache, ver-
tigo, ete. The ophthalmoscope shows the picture of choked
dise. If the local compression be over an extensive area, or
situated in the posterior fossa; or, if general cerebro-spinal
compression be produced, as in (Clushing’s experiments, by in-
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consideration later, particularly with respect to surgical treat-
ment. Too great emphasis cannot be laid on the fact that
the rise in blood-pressure during acute cerebral
compression is absolutely essential to the pres-
ervation of life. On the other hand, it cannot be denied
that, where the cause of the increased intracranial tension is a
hzemorrhage, the hypertension augments it, so that a vicious
circle is established. The same may occur when the primary
cause leads to cedema, with secondary increase of compression,
the transudation being hastened by the greater arterial tension,
so long as the venous pressure remains high.,

B. Essential or Permanent Hypertension.—A permanently
high level of blood-pressure is found in connection with a last-
ing increase in the peripheral resistance which the left ventricle
must overcome, combined with hypertrophy of the latter, by
which it is enabled to meet the demand. Such changes belong
to the diseases of the arteries themselves, which we include
under the general term arterio-sclerosis, and to the ecardio-
vascular lesions of kidney disease. An apparent hypertension,
that is, a high systolic, but not mean or diastolic pressure, is
seen in aortie insufficiency.

C. Causes of Essential Hypertension.—In the normal animal
or man the average level of blood-pressure is maintained with
great constancy. The complex nervous mechanisms, which
cobrdinate the activities of the cardiac and vascular muscles,
seem to be directed toward securing the greatest local varia-
tions in blood-flow with the least alteration of general arterial
pressure. We have seen that the largest part of this regulating
funection is lodged in the splanchnic circulation (see page 22).
If the blood-pressure rises to the point where the heart is em-
barrassed, reflex dilatation of the countless arterioles of the
abdominal viscera, evoked by the depressor nerve, promptly
causes a fall. It seems evident, therefore, that an
abnormally high pressure cannot exist perma-
nently, unless there has been some damage to
the regulating power of the visceral circula-
tion.

But the increase in peripheral resistance of itself would be
insufficient to account for a lasting increase in aortic pressure.
The depressor mechanism is twofold, and the normal heart
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same vessels in the research laboratory fifty years before, is
good proof of the fundamental importance of physiological
knowledge in clinical medicine,

b. In Renal Disease. Theories of Cardiac Hypertrophy.— With
the hypertension of renal disease the facts admit of less ready
explanation. Bright, in 1836, first recognized the coincidence
of a hypertrophied heart and alterations in the kidney, with
the clinical picture which bears his name. He postulated an
altered composition of the blood as the cause, which he gaid
might either stimulate the heart abnormally, or increase the
resistance in the small vessels and capillaries. Though many
new facts have been adduced, no theories have yet been de-
duced which are much nearer the truth.

The older explanations, from Traube to Cohnheim, were
purely mechanical, referring the hypertrophy, either directly or
indirectly, to increase in total blood-volume, or to increase in
resistance due to the narrowing of the vascular stream-bed in
the kidneys. Neither of these are tenable in the light of physi-
ological experiment, or of clinical fact. Johnson first intro-
duced the chemical standpoint, supposing that the accumula-
tion of waste products in the blood causes vaso-motor spasm,
and secondary hypertrophy of the muscular coat of the arteries.
0. Israel showed that the accumulation of nitrogenous waste
(urea) in guinea pigs might produce hypertrophy of the heart,
and looked on this as due to a direct stimulation. He con-
sidered the increased work of the heart a compensatory mech-
anism, counteracting the deficiency of renal parenchyma by
supplying the remaining portions an increased amount of blood.
HEspecially striking in his work was the absence of any signifi-
cant change in blood-pressure, despite the cardiac hypertrophy.
This seems to me evidence that in clinical, as opposed to ex-
perimental nephritis, damage to the splanchnie circulation must
be an essential factor. Gull and Sutton went to the opposite
extreme and looked on the whole development of nephritis as
secondary to a general change in the arteries, which they
euphoniously named *‘arterio-capillary fibrosis.” Theories of
nervous and other origins have also been brought forward, but
not with the same influence on medical opinion as those men-
tioned.

(Clertain newer facts with relation to the cardiac hypertrophy
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affecting kidneys, heart, and vessels simultaneously. Nitrog-
enous excretion is not diminished until late, when much renal
epithelium has been lost; then a further increase in pressure
occurs. In consequence of the heightened pressure, more blood
will pass through the kidney, and the urinary water and salts
will be increased. The supposed irritant probably arises out-
side the kidney.

Within the last few months Erben has proposed that we
should regard the albumin hunger of the cells, called forth by
the albumin deficiency in the blood, as the primary cause of
the rise in blood-pressure and cardiac hypertrophy; the mech-
anism of its action being partly through the vaso-motor system,
partly by increased work of the heart to supply the demand for
more nutritive material. Since all the previous researches col-
lected by Askanazy, as well as his own studies on a large
material, show a normal blood composition and entire absence
of hydrzemia in the types of nephritis without cedema—the cases
in which the highest blood-pressure is seen—this theory does
not appear to hold water.

From the number of these theories it is obvious that no
single explanation can harmonize all the observed facts.
Either new light must come which will unify our present evi-
dence more completely, or our generalization must be less ex-
tended and recognize the coincident action of several causes,
now one and now another preponderating. From the standpoint
of the blood-pressure, not of the cardiac changes, it seems to
me that an increase in peripheral resistance, together with
some loss of the regulating function of the visceral circulation,
must be assumed. O. Israel’s experiments, for instance, In
which artificially produced nephritis led to cardiac hypertrophy,
did not show an appreciable rise in pressure. Here the vessels
were eovidently unaffected. The hypertrophy, but not the
blood-pressure, went hand in hand with the loss of secreting
renal substance. In human nephritis such a definite relation
does not exist. Besides, with all due allowance for the un-
doubted hypertrophy of the whole heart in contracted kidney,
i+ seems to me that overmuch stress is laid on it, from the
small number of weighings by Miiller’s method, compared with
the impression of pathologists from many thousand autopsies.
FEven Hirsch admits that the early cases do not show it, and
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¢. In Angio-sclerosis.—One other class of cases with essen-
tial hypertension remains to be considered. It is entirely a
clinical group, and one which depends for its differentiation
largely on the sphygmomanometer. In it are comprised all
those persons who show permanently high blood-pressure, but
neither discoverable arterial thickening, nor any clinical evi-
dence of nephritis after repeated examination, not only as to
the presence of albumin and casts, but with reference to the
quantity of water and solids excreted as well. v. Basch has
done the greatest service through insisting on the recognition
of this condition, which he calls angio-sclerosis. While I con-
sider many of his cases of so-called ‘‘ manifest angio-sclerosis ™
as undoubted chronic nephritis, and am not convinced as to
many of his pseudo-type, there remains the large group, which
he names ‘‘latent angio-selerosis.” Huchard has a similar
picture in mind in his ¢ presclerosis.” This condition, high
blood-pressure, some cardiac hypertrophy, and symptoms ref-
erable ag a rule to relative insufficiency of the heart, in middle-
aged or elderly persons, who give no evidence of peripheral
arterio-sclerosis or chronic Bright’s, is comparatively frequent
in my experience. I am convinced that its recognition and
treatment are important. The special consideration of it will
follow later. As to its cause, early sclerotic changes in the
splanchnic vessels, as maintained by v. Basch, seems the most
probable.

D. Effects and Dangers of Hypertension—Hypertension is not
merely a symptom of diagnostic and prognostic value, nor is it
to be considered only as an effect of causes acting on the heart
and vessels. Tt is of itself a source of altered function
throughout the circulatory system, which leads to further sec-
ondary changes. These cannot in all cases be clearly sepa-
rated from the primary changes producing the high pressure,
but they may frequently be distinguished anatomically as well
as theoretically.

a. For the Heart—For the heart, increased pres-
sure necessitates inereased work to maintain
the same intensity of capillary circulation. Of
greater importance than the need for absolute increase of car-
diac energy, is the relatively greater increase in the demands
during musgecular exertion. The mechanical disadvantage of
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value, especially when treatment fails to influence it. With
the development of symptoms from the side of the heart the
pressure may fall, or it may even rise; in the latter case indi-
cating a still increasing peripheral resistance; in the former,
of course, a diminution in cardiac energy.

The most common complaints one meets with in this con-
dition are: dyspneea on exertion, or the more severe spontane-
ous attacks, which we call cardiac asthma; precordial distress,
varying in degree from slight substernal oppression or a feeling
of tightness, to the most intense angina pectoris; and subjec-
tive or objective disturbances of the heart’s rate or rhythm.
Attacks of cedema of the lungs are rarer and depend on the
sudden development of weakness of the left ventricle, throw-
ing more work on the right than it can perform.' If the right
ventricle gradually becomes secondarily insufficient, then gen-
eral venous congestion and cedema set in. Death may come
suddenly in an anginal seizure, or an attack of cardiac asthma
or pulmonary cedema; or it may be the result of gradual asys-
tole,

b. For the Arteries.—Not the heart alone suffers from the
effect of continued high blood-pressure, but the arteries as
well. The elastic distensibility of the arterial
wall decreases with inecreasing tension. The
proofs of this have been cited (see page 25). The immediate
effect on the character of the pulse, a greater systolic elevation
of pressure, has been explained. Thus, in all high tension
pulses, where the circulation is at all adequate, one finds a
difference of 50 to 80 mm. between systolic and diastolic pres-
sures. The continued overstretching of the walls of the arte-
ries leads in many cases to a general dilatation of the larger
vessels, which are subject to the greatest systolic strain. The
most straightforward examples of this are seen in aortic in-
sufficiency, where the systolic elevation of pressure is sudden
and extreme, but the general mean is not markedly altered.
Every clinician must have seen examples of such dilatation of
the abdominal aorta, carotid, subclavian, brachial, radial, and
femoral arteries, as a result of aortic regurgitation consecutive
to theumatic endoearditis in young people, where primary arte-

l See Cohnheim and Weleh. Ueber acutes Lungenmdem. Cohnheim’s
Gesam, Abhandlungen. Berlin, 1885, p. 593,






152 THE BLOOD-PRESSURE IN DISEASE

that of rupture. We know that the healthy artery can
stand a strain which the most extreme hypertension never ap-
proximates. (iven the degenerative changes, however, which
are common in diseases associated with high blood-pressure,
plus the sudden augmentation of tension which excitement and
exertion cause, and rupture becomes probable. Experience
bears this out. Of Bright’s original cases a large proportion
died of apoplexy, and the oceurrence of cerebral haem-
orrhage as a common termination of Bright’s
disease has been well established. All the recent
literature of clinical sphygmomanometry confirms it, from the
standpoint of high arterial pressure. Of course the real cause
lies in the local weakening of a cerebral vessel. One must not
consider that height of blood-pressure is any index of the prob-
ability of an apoplectic seizure, save in a general way.

The other dangerous condition due to giving way of the
arterial wall, namely, aneurism, also depends primarily on
the local lesion, secondarily on the general pressure. One sees
a number of cases where high tension is not in evidence. When
present, however, it is one more element in the already unfa-
vorable prognosis. Nose-bleed is a minor manifestation of the
same tendency.

3. LOW BLOOD-PRESSURE (Hypotension)

For practical purposes we may draw the line between low
normal and subnormal systolic pressure at 100 mm. (R. R.
5 em.), 90 mm. (12 em. and ). Of course the real dividing
line is an individual one, to determine which we should have
previous records of the same patient in health. This is seldom
possible, and we must take the lowest normal as our standard,
just as we do for the leucocyte count. Bex, age, occupation,
and muscular development may also be taken into account in
our judgment, if not put into definite figures. One may at any
rate be gure that 70 mm. is very marked hypotension.

A. Causes of Hypotension—a. Wasting Diseases.—In medical
practice, hypotension is commonly seen in wasting diseases
and cachectic states, such as advanced phthisis, carcinoma of
the stomach, and general paralysis of the insane. If anything
could be called essential hypotension, this form would most
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tion of the serious disorder of function which lies back of the
clinical picture, and it is the chief source of danger to life.
These two conditions are called collapse and shock. Collapse
18 seen in acute disease at the height of the infection, and, when
severe, results rapidly in a fatal issue. It follows large hmem-
orrhages, but in this form will not be discussed here, since the
causative factor, loss of blood-volume, is somewhat different.
It also makes an appearance under the same circumstances
which lead to shock, especially prolonged operations, in par-
ticular those involving repeated manipulation of the intestines
and insults to sensory nerve trunks, or accompanied by profuse
haemorrhage. Though there is much discussion alike over the
definition and the causation of shock, there seems no good
reason for considering it more than the fully-developed condi-
tion, of which collapse is the forerunner. Both shock and the
collapse of the acute infections have, in the last few years, been
the subject of much fascinating experimental study. The
former has aroused widespread interest among surgeons, and
will be considered in detail in the chapter devoted to blood-
pressure in surgical conditions. The latter, unfortunately, in
view of the importance of the work done, has attracted much
less attention than it should from physicians and pathologists
in our country.

Sudden death during the height of an acute infection, be it
pneumonia or diphtheria, or, as is less usunal, typhoid fever,
nine times out of ten is set down on the death certificate, and in
more pretentious medical literature, as *‘ heart failure.” How-
ever, the phenomena often resemble those of profuse hzaemor-
rhage, and, in typhoid fever especially, the differential diag-
nosis between the two offers great practical difficulty. The
pulse in collapse becomes small, empty, and rapid; there is no
systemic venous congestion or pulmonary cedema; merely
extreme prostration, cold skin, the changed facies, and the
ineffectual heart. This striking similarity to death from haem-
orrhage, and the absence of the usual sequences of cardiac
asystole, have made numerous clinicians interrogate the ordi-
nary interpretation and ask themselves whether, after all, the
patient’s vaso-motor mechanism might not have failed; thus,
as it were, bleeding him to death into his own veins (see

page 18).
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pressure as before after abdominal massage. In many cases
the pressure did not fall until the reflex rise had been almost
abolished, evidently being maintained by increased cardiac
energy, in spite of the vascular dilatation. Finally, in complete
collapse, which developed very rapidly, the aortic pressure fell
to the lowest level, as after destruction of the spinal cord; no
reflex rise could be obtained, but abdominal massage gave an
immediate elevation. It was evident, therefore, that the
circulatory disturbance at the height of the
infection depended absolutely upon a paralysis
of the wvessels, not upon any damage to the
torce of the heart.

As regards their reaction to compression of the thoracic
aorta, the diphtheria animals showed a divergence from the
pneumococcus ones; the latter evincing practically normal car-
diac reserve force, while the former showed a distinct falling
off. Anatomically, also, the diphtheria hearts had suffered
damage, parenchymatous degeneration being well marked, as
in clinical diphtheria. The pneumococcus animals had scarcely
any change in their cardiac muscle. This evidence of weakness
in the heart musele in diphtheria was of minor importance, the
real cause of death in all cases being the complete loss of vaso-
motor tone. By intravenous injections of barium chloride they
proved decisively that this was due to central paralysis.
Their conclusions were, that all three organisms used damage
the circulation through paralyzing the wvaso-motor centres
throughout the medulla and cord; this vaso-motor paralysis
leads to a fall in blood-pressure, and further, to a changed
blood distribution; the splanchnic circulation is overfilled, the
brain, muscle, and skin vessels are empty; the heart is not
affected, except secondarily through insufficient blood-supply.
These conclusions applied only to the deaths at the height of
the infection, not to those at a later stage in the disease, or
during convalescence. Another piece of work from the Leipzig
clinic, by Hollwachs, published at the same time, brought these
later deaths, in diphtheria, into relation with the graver struc-
tural changes in the heart (acute infectious myocarditis).

In line with this investigation, Heineke showed later that
a paralysis of the medullary centres is the cause of death in
perforative peritonitis, a condition almost invariably associated
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the problem by similar methods, and his book, **Blood-Pressure
in Surgery,” should be read by all who desire the evidence at
first hand. His experiments numbered two hundred and fifty-
one, on two hundred and forty-three animals. All were re-
duced to full surgical anwmsthesia. Shock was induced, as a
rule, by exposure and manipulation of the intestines, or by
skinning the animal. The blood-pressure fell progressively,
and the reflex rise from stimulation of the sciatic nerve, or
peripheral irritation (burning the paw), diminished pari passu
with it. When the animal was in profound shock, which re-
quired at least half an hour for its development, the blood-
pressure was about 20 mm., practically no reflex rise could be
obtained, and strychnin was powerless to affect it. The
sequence of events was identical in animals whose hearts had
previously been isolated from the central nervous system.

In the most profound shock it was possible to raise the
blood-pressure to almost any level, and maintain it there for
long periods of time, by the continuous intravenous infusion of
adrenalin in salt solution, 1 in 50,000 to 100,000. A decapi-
tated dog was kept alive ten and a half hours in this way. By
increasing the surrounding atmospheric pressure, in a pneu-
matic chamber or tube, the arterial pressure could be con-
trolled at will, and paralleled the movements of external
pressure. This prompt response of the blood-pressure, when
sufficient peripheral resistance was supplied, proved conelu-
sively that the heart was not at fault; Just as in Romberg and
Pissler’s experiments, ligature of the aorta demonstrated the
functional capacity of the heart in the collapse of acute dis-
ease. On the other hand, the complete abolition of the reflex
rise in pressure, and of a rise from central stimulation with
strychnin, while adrenalin produced normal vaso-constriction,
showed that central vaso-motor paralysis was the
real cause of the hypotension.

Porter and Quinby have recently interposed some objec-
tions to the theory that exhaustion of the vaso-constrictor
centre, or neurons, is the essential cause of shock. These rest
upon a few experiments, in which they proved that stimulation
of the central end of the depressor nerve produced the same
percentage fall in blood-pressure, in rabbits and cats, after shock
had been induced, as in their normal state. As one of their
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given off from the surface of the body, thus increasing fever.
Most serious, however, is the danger to the heart. Both in
physiological experiment (see page 18), and in pathological,
we have found that complete loss of vaso-motor tone soon leads
to death, because the ventricles discharge their contents into
the flaccid arteries, and receive less and less blood from the re-
laxed veins. The diminished energy of contraction with dimin-
ished ventricular contents, which Frank demonstrated (see
page 15), completes the wvicious circle. Pal’s observations of
the empty ventricles, found at autopsy in persons dying of
phosphorus poisoning, are the pathological evidence of this
mode of death.

4. THE RELATION OF BLOOD-PRESSURE TO
PULSE-RATE AND TEMPERATURE

Marey used to teach that arterial pressure and pulse-rate
varied inversely to one another and, in fever especially, that
higher temperature and more rapid pulse went hand in hand
with diminished pressure. His reasons for this were in part
sphygmographie, in part theoretical. The older clinical state-
ments, from the evidence of the less accurate instruments,
were usually positively for or against Marey’s teaching. Wet-
zel, and Reichmann believed a fall to be the rule in fever, Zadek,
and Arnheim taking the contrary view and claiming a rise.
(Giglioli thinks the relation is usually an inverse one. Mosen,
and Kuhe-Wiegand, however, among the older writers, and
more recently Alezais and Francois, Hensen, and many
others, have demonstrated that the real reason for such mu-
tually conflicting opinions lies in the absence of any definite
relation between the blood-pressure and the temperature. Po-
ain looks on the infection as the cause of the lowering of pres-
sure usual throughout acute febrile diseases. He sees in the
fever itself an influence for elevation, which makes itself felt
in the lesser rises and falls from hour to hour.

As a matter of fact, the blood-pressure in febrile disease is
subject to many of the causes for variation which exist during
health, in addition to many more. In consequence, no attempt
to explain the smaller features of the pressure curve, under
such circumstances, can hope to be successful. The findings
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systolic pulse-volume of the left ventricle. Erlanger and
Hooker believe that, under perfectly normal conditions, the
pulse-pressure (difference between diastolic and systolic pres-
sure) varies directly with the acceleration of blood-flow pro-
duced, by each pulse-wave.

In pathological conditions there are too many possible vari-
ables to justify such an opinion. When the distensibility of
the arterial walls is diminished by disease, or more especially
by high internal tension (see page 25), a small amount of
blood injected into the aorta will raise systolic pressure far
more than an equal amount at lower pressure. This does not
at all indicate a corresponding augmentation of blood-flow.
As a matter of fact, though changes in the work of the heart
through variations in aortic pressure are marked, the effect of
output variations greatly outweighs them. Zunst has shown
that the heart is in a position to multiply its work fivefold in
an instant, to supply the blood needed for ordinary muscular
activity. The possible maximum volume increase is much
larger. In comparison with such figures, even a doubling of
mean aortic pressure looks trifling. Therefore, with the chief
factor in the heart’s work unmeasurable, we should be chary of
our deductions from a known factor of secondary importance.

Here, as everywhere in medicine, we must correlate all the
evidence, of which the reading of the sphygmomanometer is
but part. A heart may be carrying on the circulation normally
in bed, but be inadequate to supply the demands of active life.
Blood-pressure determinations during exertion, as made by
Moritz, might give light on this, but the subjective evidence
of dyspneea and precordial distress are more readily at hand.
Again, with hypotension, the heart may be maintaining the
circulation with all its reserve force, or with only its ordinary
expenditure of energy; no measurements can tell us which.

We may at least feel sure that, with normal
or high pressure, the absence of dyspnea or dis-
tress on exertion argues perfect cardiac funec-
tion at the time; also that, with low pressure,
the clinical evidence of a disturbed circulation
may coexist with a sound heart. In either case
we obtain more conclusive evidence concerning
the peripheral resistance. This has more than
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but the error must have been large. The highest pressure in
chronic nephritis that I have met with, since using the 12 cm.
armlet, is 2656 mm. systolie, 180 mm. diastolic.

Cases of contracted kidney without hypertension, though
very rare, do occur. Senator calls attention to the fact that
cardiac hypertrophy may fail when severe wasting disease is
present. When seen at the very end of life, in hospital prac-
tice, the pressure may not be high, especially if the heart has
become insufficient. The same cases earlier would probably
have shown marked hypertension. Gross, however, reports a
case in which small kidneys were found at autopsy, and which
was under observation six weeks, with pressures between 120
and 145 mm. (R. R. 5 em.), rising to only 160 mm. during a
ursemic seizure. No other recent observers, of whom Butter-
mann, Carter, Cook and Briggs, Hensen, Gumprecht, Norris,
and Potain give especial attention to nephritis, report an un-
doubted case of contracted kidney with continued low pressures.
Hensen found very high readings even when advanced phthisis
was also present.

Diagnostically, hypertension is of the first importance in
connection with the contracted kidney. In my experience it is
one of the most constant and, with the sphygmomanometer,
most easily detected evidences of the disease. The enlarge-
ment of the heart requires skill to make out, and, with obesity,
baffles the expert. The urinary changes are not constant.
Albumin and casts are frequently absent, and even quantity
and specific gravity may be normal at certain periods. A
single examination in office practice may easily fail to reveal
anything noticeably abnormal. The great advantage of routine
blood-pressure measurements is, that hypertension will certainly
be detected. While not a pathognomonie sign, it is, neverthe-
less, so striking that it puts the physician at once on the alert.
(Hiven a systolic pressure of over 200 mm., the diagnosis of
contracted kidney must be disproved by repeated examinations
before it is abandoned.

The most striking illustration of this in my recollection was the case
of a priest of fifty-six, who consulted my father on account of three epilep-
tiform convulsions which had come, without known cause, in the course
of six months, It was impossible to prove cardiac hypertrophy. The
urine showed a trace of albumin and a few hyaline casts, with perfectly
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significance when there are any symptoms of cardiac insuffi-
ciency, because increasing the work of the already overtaxed
left ventricle.

For instance, a gentleman of past fifty, with chronie interstitial neph-
ritis and a much hypertrophied heart, had been subjeet to anginal attacks
of moderate severity on exertion for several years. The pain came be-
neath the sternum, at times also down the left arm to wrist. He was
formerly able to attend to his business and do ordinary slow walking with-
out bringing on an attack oftener than every few weeks. In 1901 his
systolic tension was 230 mm. (R. R. 5 ecm.). In January, 1903, it was
270 mm., and it did not go below 265 mm. during the year; diastolic 190
to 200 mm. (Erl.). The attacks began to ecome after slighter exertion, in
spite of the continued use of small doses of potassium iodide, which had
always acted well with him formerly. By the latter part of December
systolic pressure rose to 280 mm., and attacks were repeated several times
daily. By taking nitroglycerin, gr. {15 every three hours, he was much
better for a time. This produced a fall of systolic pressure from 280 to
255 mm., of diastolic from 180 to 160 mm., in three minntes. Soon, how-
ever, the pain became worse again, and he was confined to his house, and
was not seen again. He died in April.

Another feature in prognosis is the danger of cerebral apo-
plexy. Sinee it is impossible to predicate in any way the like-
lihood of local arterial disease in the brain, it must always be
considered possible, and therefore extreme hypertension makes
one fear rupture.

The following case, among many, shows such a termination, and, in
addition, the history is of interest on account of the recurrence of severe
_attacks of cedema of the lungs, with comparative health between. The
gentleman, forty-four years of age, had a sudden intense attack of pul-
monary cedema at night, in July, 1900. This came without warning, lasted
an hour, and was so severe that he lay on his face to let the serum, which
he raised in great quantity, run out of his mouth. Between that time and
May, 1902, he had three severe and five slighter attacks of a similar kind.
Beyond slight dyspncea on exertion, and oceasional palpitation, he was well
between. In May, 1902, he showed a heart coming half an inch beyond
the nipple line, with booming first and much accentnated aortic second
sound, and very slight aortic diastolic murmnr. The arteries were some-
what diffusely thickened. Arterial pressure was 240 mm. (R. R. 5 cm., arm
thin). The urine showed increased guantity and diminished specifie grav-
ity only. In June he had five attacks in seven days, after which he im-
proved. Urine then showed a faint trace of albumin for the first time, but
no casts. January 17, 1903, he became suddenly unconsecious while in bed,
showed complete left hemiplegia, and died in not much more than five
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a half had not been free from some cedema and albuminuria, without any

heart lesion, showed, only two months before death, arterial pressure 120
to 130 mm, (BR. R. 5 em.).

Such a case cannot be classified, but shows the possibility of progres-
sive fatal nephritis of long standing without high tension. In the milder
forms of nephritis, cardio-vascular changes may not develop. Such a con-
dition, for instance, is shown by a girl of thirteen, who had acute nephritis
consecutive to diphtheria at three. She recovered at the time, but, for t ¥o
years past, albumin, and hyaline, granular, and fatty casts had appeared in
the urine frequently. Beyond a slight ansemia (hzemoglobin 75 per cent.),
there were no clinical symptoms. Her systolic pressure was 105 mm.,
diastolic 85 mm. (Erl. 5 em.). There could be no question of the existence
of a chronie nephritis in spite of the low blood-pressure.

In the diagnosis of these forms of chronic nephritis the
sphygmomanometer gives less aid. Hypertension, if present,
is additional evidence, and points to the existence of ecardio-
vascular changes, with their attendant dangers. Its absence,
however, in no way negatives the diagnosis. In connection
with other findings, this negative evidence may be accorded
some value, especially if the pressure be quite low. Such cor-
roborative testimony, for instance, helps in deciding whether
an albuminuria, which behaves in other regards like the eyelic
form, can be considered of little import, or is an early sign of
real inflammatory kidney disease.

So far as prognosis goes, as a rule the cases of nephritis,
other than the chronic interstitial variety, have seemed more
severe when associated with hypertension and cardio-vascular
disease. This should be conditioned, however, as applying to
cases in fair nutrition and able to be about. Where marked
cardiac insufficiency or other complicating disease, such as
phthisis, is present, low pressure may go hand in hand with
the most serious outlook.

c. Acute Nephritis—The term acute nephritis, as ordinarily
met with, embraces an even more heterogeneous group of con-
ditions than the last. Everything, from slight cloudy swelling
to the most intense diffuse inflammation, may be included under
it. One would secarcely expeet the mild parenchymatous de-
generations to influence blood-pressure. Even the more marked
forms of secondary acute nephritis, which do not produce symp-
toms and which subside with the primary disease, that is, the
nephritis which usually complicates the severe cases of typhoid
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grades of it introduce an error, and, when distinctly appre-
ciable, elinical blood-pressure measurements are impossible,

d. Uremia.—It is difficult, in the literature of blood-pressure,
to distinguish between acute and chronic ursemia. Most of the
observations seem to bear upon the latter condition, but all are
of real interest. There seems little question that the ursemic
manifestations, that is, headache, vomiting, and disturbances of
consciousness, run closely parallel with the blood-pressure.
Fig. 44 is a clear example of this. Gross cites seven cases
with continued observations, in which the symptoms increased
with the tension and disappeared with its reduction through
treatment, except that in the fatal cases a gradual fall in pres-
sure ushered in the end. Cook and Briggs, in their Chart
XVIII, show the former relation in a striking way, and, in
Chart XXIX, fatal hypotension in collapse a few hours before
death from ursemic coma. Laqueur first called attention to
this important prognostic use of the sphygmomanometer. His
cases showed a rise of 15 to 20 mm. (G.) every time the symp-
toms became worse, and a corresponding fall after packs, which
had a beneficial result. The terminal fall in his patients began
a few days before death, and was attendant upon obvious signs
of heart weakness. Pal believes that headache and vertigo,
transitory focal symptoms, amaurosis especially, and uncon-
sciousness and coma, are alike dependent on high tension in the
cerebral circulation. The first two, however, are frequently
associated with conditions of cerebral ansemia, so the connec-
tion seems less obvious, though still perhaps circulatory. He
is convinced of the great prognostic value of blood-pressure
determinations when ursemia 1s feared.

Ascoli, in his book, believes that ursgemic hypertension is an
established fact, and cites a most interesting observation of
Forlanini on an acute ursemia with convulsive seizures, which
I think merits reproduction in detail here.

_ The patient, G. M., a man of forty-three, was admitted to the clinie

November 30, 1896, with headache, dyspncea, palpitation, and digestive
disturbances, which had developed recently, and were increasing. He had
had probable acute nephritis seven years before, cured in four months,
He showed marked enlargement of the heart, with accentnated aortic
second sound, but no murmurs, The pulse was frequent, small, and tense.
Axrterial pressure 250 to 270 mm. (B. R. 5 em.), Urine, about 2,000 ce. in
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mechanics in the kidney. The effect of posture in many cases
is so striking that the name ‘‘orthostatic albuminuria” has
been coined. Two recent studies with the sphygmomanometer
lend their support to the hypothesis. Hdel, in eight cases,
found a fall in pressure under conditions which ordinarily
cause a rise in the healthy man; viz., rising from bed, and cold
baths. Coincidently with this fall, albumin appeared in the
urine. In warm baths the primary rise in pressure was quickly
succeeded by a fall, with albuminuria, and the same occurred
after light exercise. He believes that his studies indicate the
necessity for physical training and similar methods of treating
the unstable circulation. Erlanger and Hooker made a careful
study of the relation of blood-pressure and the pulse-pressures
to the secretion of urine and albumin in one case. These pres-
sure determinations with Erlanger’s instrument are, of course,
accurate. They found no constant relation between the amount
of urine and albumin, and either systolic or diastolic pressure,
or pulse-rate. They did prove, however, that the amount of
urine increased and of albumin decreased with increase in the
pressure variation of the pulse-wave. Since posture has a
marked influence on this (see page 116), the pulse-pressure
being greatest in the recunibent posture, the uniform absence
of albuminuria in such cases during rest in bed, and its marked
appearance after rising, are intelligible. Albumin exeretion is
known to be dependent on the rate of blood-flow through the
kidney, the relation being an inverse one. These observations
easily explain its variations in such cases, but not the reason
why it should appear at all, when the normal man does not
allow it to pass through his kidney parenchyma. Coupled
with HEdel’'s work they throw new light on a rather interesting
condition, and are valuable chiefly as pointing the way toward
the solution of some clinical problems by physiological methods.

C. Arterial Disease.—a. General.—The very striking relation
between the distribution of the arterio-sclerotic process and the
development of a hypertrophied left ventricle, which Hasenfeld
and Hirsch demonstrated so clearly (see page 143), explains the
sphygmomanometric findings in arterial disease. The clinical
diagnosis of arterio-sclerosis usually means a palpable thicken-
ing of the radial, brachial, or temporal arteries. Sometimes
even the sight of a normally tortuous, but abnormally exposed
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rule with evident arterial thickening, but sometimes without.
These must be considered as having, with or without the
changes in the larger arteries, a permanent augmentation of
the peripheral resistance in the smaller arteries and arterioles,
especially in the splanchnic eirculation, or a general narrowing
of the larger visceral arteries. This tallies with the patholog-
ical findings quoted, and only thus can the absence of high
pressure in the ordinary arterio-sclerosis be explained. These
cases are the important ones practically, and their recognition
is much easier by the sphygmomanometer than in any other
way. They are comparatively infrequent in dispensary and
hospital experience, where the patients do not apply for treat-
ment until late, and general arterial disease and chronic neph-
ritis usually coincide. Among the well-to-do this form of
cardio-vascular disease is frequent and apparently increasing.
The name v. Basch proposes for it, angio-sclerosis, seems to
me more appropriate than Huchard’s designation, presclerosis.

v. Basch’s elaborate classification into pseudo-, latent, and
manifest angio-sclerosis, and manifest arterio-sclerosis, on the
basis largely of the state of the blood-pressure, I think goes
beyond the facts. He neglects wholly the possibility of pri-
mary muscular disease of the heart, with arterial changes as
a later complication; and certainly arterio-sclerosis in all its
manifestations cannot be looked upon as a later development
of changes in the arterioles. His manifest cases, which show
albumin in the urine, must many of them be nephritics. Never-
theless he has done a great service, in calling attention to the
fundamental importance of the blood-pressure in the diagnosis
and management of diseases of the arteries.

To illustrate the height to which arterio- or angio-selerosis, with car-
diac hypertrophy, may raise blood-pressure independently of any kidney
involvement, I will cite two ecases, in whom chronie Bright's ecould be ex-
cluded as nearly as may be during life. One gave a reading for systolic
pressure of 250 mm., diastolic 180 mm. ; the other, systolic 240 mm., dias-
tolic 160 mm. (both Erl. 5 em.). The highest figures in this condition
since using the 12 em. armlet have been, systolic 205 mm., diastolic 135 mm.
This was in a lady, sixty-three years of age. Without some evidence of
arterial thickening I have not met a case above systolic 190 mm,, diastolic
150 mm. (Erl. 5 em.). The patient in question was a gentleman of forty-

nine, with inherited tendencies to vaseular disease, who for a few months
had been troubled with palpitation and uncomfortable consciousness of
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and, when present, is not difficult of detection by the finger, The
sphygmomanometer may be helpful in incomplete obstruction,
or in following the progress of collateral circulation, by meas-
uring the difference of pressure in the two extremities. In one
patient with general arterio-sclerosis and cardiac hypertrophy,
without nephritis, the left axillary artery became completely
obstructed, with disappearance of the radial pulse, in October.
The following June some pulse could be felt, and the sphyg-

- rrr T T T T orTTTTTTT Ty r rrrrr T

1_~“.I 40.—PULsU8 DIFFERENS, {ASE OF OBSTRUCTION OF THE LEFT AXILLARY ARTERY.

(Jaguet’s sphygmoeraph. Anthor’s sphyem. 12 em.)

A, Tracing from right radial. Systolic pressure, 205 mm., diastolie, 185 mm.
3, Tracing from left radial. Systolic pressure, about 105 mm,

momanometer showed: right arm, systoliec pressure 190 mm.,
diastolic 135 mm. ; left arm, systolic 115 mm., diastolic 105 mm.
(Erl. 5 em.). By January the pulse was distinetly fuller and
the reading was: right arm, systolic 205 mm., diastolic 135 mm. ;
left arm; systolic 145 mm., diastolic not obtainable (J. 12 cm.)
(see Fig. 46, taken on another day).

The pulsus differens, occasionally a valuable diagnostic sign
of thoracic aneurism, may be detected in its slighter grades in
a similar way. It is unwise, however, to admit differences of
less than 20 mm. as evidence. Apart from this, the finding of
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edge of the condition of the blood-pressure is essential to it.
With the sphygmomanometer, the cases of large weak heart
that seek treatment on account of dyspneea, precordial distress,
cardiac asthma, cedema, or subjective disturbances of rhythm,
may be quite sharply divided into two groups; the one with
distinet hypertension, the other without. The first group con-
tains the hearts in which hypertrophy is, or is becoming, insuf-
ficient to compensate for the increased peripheral resistance,
They are, therefore, the cases secondary to kidney disease,
arterio- or angio-sclerosis, or are cases of primary myocardial
disease which have developed Bright’s or arterial changes. In
the second are the primary uncomplicated forms of myocardial
disease, and sometimes the terminal stage of patients who ear-
lier belonged in the former group. v. Basch has studied the
secondary cases exhaustively, and his book contains much that
is suggestive. They are by far the more frequent in practice,
and the importance of their recognition lies in the prime neces-
sity for treating the condition back of the hypertension.

The following case is typical. A gentleman, fifty years old, of excel-
lent habits (an atypical feature), had noticed slight irregular heart-action
ten years previous. Eight years later it recurred, with shortness of breath,
while on the ocean. A year later he had dyspnea and oppression while
crossing the Rocky Mountains, At the time of his first visit he had suf-
fered from rapid, irregular heart action, and considerable dyspnwa on
exertion and at night. His heart extended one inch beyond the left nipple
line, with a large area of absolute dulness. At the apex there was gallop
rhythm, and a systolic murmur, which was heard out into axilla and also
“upward over the heart. The systolic arterial pressure was 260 mm. (R. R.
5 em.), with a large arm. Urine showed nothing abnormal. He was given
advice as to the avoidance of all sudden or forced exertion, moderation in
diet, no smoking, ete., and put on potassinm iodide, gr. v, after meals,
and stryehnin, gr. 74, before meals; also nitroglycerin, gr. 115, for emer-
gency use in attacks of dyspnea. Twelve days later he professed himself
feeling perfectly well, but the heart showed no change. Systolic pressure,
230 to 240 mm. TFour months later he was having only oceasional attacks
of precordial distress and dyspncea at night, relieved at once by nitroglye-
erin. The heart dulness now came only to the nipple line, but gallop
rhvthm and murmur persisted. Systolie pressure, 220 to 230 mm. Six
m-;_mths later he was able to walk a mile with perfect comfort, and was
about his country place on his feet all day. The heart now showed no
gallop rhythm, and only a faint apex murmur when recumbent, none
standing. The systolic pressure was 225 mm. He had taken the strychnin

and iodide steadily for six months.
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no murmurs. Lungs showed a little crackling at base. No fluid in chest,
no edema of legs. Five months later, having bad dyspneea on exertion
for a month, since becoming involved in an exciting affair, his heart was
the same, and systolic pressure 135 mm. (b ecm.). He was put on digitalis
and strychnin again. Now, four months later, he is in fairly good eondi-
tion; no eedema, no trouble at night, but dyspnwa on exertion. He has
taken no care of himself, and is carrying heavy responsibility. His heart
now comes searcely to the nipple line. There are no murmurs. The lungs
are clear. The urine contains mneither albumin nor casts. Systolic pres-
sure is 105 mm., diastolic 85 mm. (J. 12 em.); systolic 1356 mm. (R. R,
5 em.) as before.. This was evidently a primary insufficiency of the left
ventricle preponderantly, with secondary weakness of the right.

Another patient of fifty-one has had an enlarged heart for eleven years,
withont murmurs, except when it becomes more dilated and develops a
temporary mitral murmur, The pulmonic second sound is always ex-
tremely accentuated, the action markedly irregular and usunally rapid.
There is no arterial thickening, and no urinary change, except when his
right heart flags. He has had dyspncea on exertion, and some eyanosis,
which have increased of late years. The condition originated in what was
probably an acute myocarditis in a rheumatie attack. During the eleven
years he has been through several attacks of mild pneumonia, or at least
pulmonary congestion with fever; attacks of severe bronchitis; and one
serious time of acute eardiac insufficiency, with nrgent dyspncea, cedema,
hydrothorax, congested liver, efe., two years ago. He has taken great care
of himself as regards exertion and excesses, and uses digitalin, or infusion
of digitalis, and strychnin in small doses most of the time. His systolic
pressure, for the largest waves, does not go above 145 mm., with the
smaller waves about 20 mm. lower ; diastolic 105 mm. (J. 12 cm.).

The cases of angina pectoris will be considered by them-
selves, as well as the measurement of the volume irregularity
of the pulse, 8o common in these patients.

E. Valvular Heart-Disease.—a. Aortic Insufficiency.—Nowhere
does the apparent contradiction between results obtained with
the instruments measuring systolie, and those measuring dias-
tolic pressure, stand out more clearly than in what one reads
about aortic insufficiency. Thus we find Giglioli, using the
Riva-Rocei, stating that the pressure is high in compensated
cases, as much as 175 mm.; Hayaski, with both Riva-Rocel
and Giirtner’s tonometer, finding hypertension; and Vaguez,
with tonometer, getting readings of 200 to 220 mm. On the
other side, Clarter found the pressure in uncomplicated aortic
insufficiency always low, 80 to 85 mm.; but he worked with
the Hill and Barnard sphygmometer. Both are correct obser-
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important problem is as to which preponderates. I have not
examined many cases of this kind, but all have shown a marked
reduction in the pulse-pressure. One patient with a double
aortic lesion, in whom the systolic murmur was unusually
harsh and pronounced, showed systolic pressure 115 to 120 mm.
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Chart from male, aged sixty-five, with extreme aortic insufficiency, fairly compen-
sated, All observations in bed. in the morning. b
Note the extreme increase of pulse-pressure and the variability of blood-pressure.

(slight irregularity), diastolic 80 mm. (J. 12 cm.), pulse-pres-
sure 40 mm., equal to 50 per cent. of the diastolic. A man, on
the other hand, with double murmur, but the systolic element
softer, had a systolic pressure 200 mm., diastolic 100 mm. (Erl.
5 em.), pulse-pressure 100 mm., equal to 100 per cent. of the
diastolic. This ability to measure the mechanical effect of the
leakage on the pulse seems to me of great value in such cases
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sure, but further studies of systolic and diastolic pressures are
needed to clear up this point,.

One further feature of the blood-pressure in aortic disease
must be recorded, namely, its variability without discoverable
cause. This is true especially of the systolic pressure. Hensen
records cases where fluctuations of 40 mm. occurred in a few
hours. The diastolic pressure maintains a more constant level.

b. Other Valve-Lesions,—The sphygmomanometer is peculiarly
disappointing in valvular heart-diseases other than aortic insuf-
ficiency. We have already seen how little one may argue from
the height of blood-pressure as to the work of the heart (see
page 161). There is a general consensus of opinion that the
bulk of cardiac cases have pressures within normal limits,
whether the measurements be of systolic or diastolic pressure
(v. Basch, Potain, Hensen, Hayaski, Norris, Goldwater, Car-
ter, Jarotzny). Studies of the pulse-pressure by reasonably
accurate methods are as yet lacking. T have found it as low
as 16 per cent. of the diastolic in a patient with aortic stenosis
and mitral insufficiency, where the pulsus tardus was very
evident. Also in mitral stenosis, especially if one considers
the smaller waves rather than the occasional large ones, it may
be much diminished. Accurate measurements are scarcely
possible by an indirect method, when so much irregularity
exists as in these bad mitral cases. One woman, for instance,
with double mitral murmur and a much dilated heart, had a
diastolic pressure of about 100 mm., with systolic for the small
waves 105 mm., for the large 120 mm. Here there was a
marked reduction of the pulse-pressure, which varied between
5 per cent. and 20 per cent. of the diastolic. Nevertheless, in
another patient with extreme mitral insufficiency of long stand-
ing, recovering from a breakdown, and on digitalis, I have
repeatedly found systolic pressure 160 to 165 mm., diastolic
110 mm., pulse-pressure 50/ mm., equal to 45 per cent. of the
diastolic. Further observations along this line are much to be
desired.

Concerning the effect of compensation or decompensation
in these cases, the blood-pressure seems valueless, at least when
systolic or diastolic pressure alone is taken. v. Basch long ago
called attention to the fact that systolic pressure may even rise
when cardiac insufficiency occurs. Here the dyspncea, the
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renal involvement, the mental anxiety, the unnoticed cedema,
all come into play. The psychical state, so distressing a feature
of heart-disease in its later stages, I think has been inﬁuﬂiciel}tl v
emphasized as a possible factor in this hypertension. Studies
of the effect of morphin, which so often acts beneficially under
just such circumstances, might help decide its importance. The

Mn?‘c,%__ \Qﬂ a.f

Blood Pressure.
Pulse Rate.

mm. H¢. 4()

and

No. E_min 30
- 20

10
100
S‘js.ﬁ 90

Rlsa '8

70
60
50 !
30 M1 {
30
20 1
10
0

e

al r - - -
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Chart from T. B., aged thirty-five, male, City Hospital. Old mitral insufficiency and
subacute endocarditis with fever. General venous econgestion and adema,

Death from asystole, heart stopping some time before respiration ceased.

Note the parallel movement of pressure and pulse. Contrast with death from collapse
(vaso.motor death), as shown in FHig, 59,

fact that hypertension and impending cardiac failure may co-
exist, only makes it more evident that the sphygmomanometer
tells us far more of peripheral resistance than of the heart.
Two facts must be borne in mind in reading any statistics con-
cerning valvular lesions. First: Aortic and mitral murmurs
in elderly people are frequently due to sclerotic changes in the
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valves, which may be accompanied by gimilar and unnoticed
arterial lesions, and hypertension be dependent on the latter.
Second: Mitral insufficiency is so commonly due to a dilatation
of the mitral ring (muscular or relative insufficiency), that many
of the cases reported belong with the muscular, rather than with
the valvular diseases. Studies in unquestioned simple valve
defects, due to preceding acute rheumatic endocarditis, are
needed, before we can conelude that blood-pressure is meaning-
less in valvular heart-disease.

¢. Acute Endocarditis—In acute endocarditis the only records
I can find are those of Shaw. He found subnormal pressures
in children with endocarditis complicating acute rheumatism,
as low as 80 mm. (G.).

F. Cardiac Neuroses—a. Exophthalmic Goitre.— Arterial pres-
sure in Graves’s disease has generally been considered high by
those who used the sphygmomanometer. Hensen, Jackson,
and Gross all report cases, and in none of the series was the
systolic pressure low, though extreme hypertension (over
200 mm., B. R. 5 em.) did not occur. My own observations
have coincided with this view, but since they were all isolated
and not repeated determinations, and patients with this disease
are exceedingly mervous, they probably contain a share of
psychical hypertension. The recent careful studies of Spiethoff
on twenty cases with the Riva-Rocei apparatus, and v. Reck-
linghausen armlet for comparison, have led him to the follow-
ing conclusions:

““1. That the blood-pressure shows no constant change in
either direction in Basedow’s disease; the views that the pres-
sure is always raised, or that it is always lowered, are equally
inadequate.”

¢ 9. Lowering of pressure and high pressure are both found
in the severe cases, while the lighter forms do not vary much
from the normal.”

He cannot say definitely whether the heart or the vaso-
motor system is responsible for the variation. Neither pressure
nor pulse-rate were satisfactory indications of the severity of
the disease.

(Gross calls attention to the great lability of the blood-pres-
sure in these patients, either from slight mental causes, or
apparently spontaneously. This is easily comprehended, when
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latent angio-sclerosis. Those 1 have examined, in which no
proof of organic disease could be obtained, had pressures below
160 mm, (R. R. 5 em.). Hypertension with subjective cardiac
disturbance is, I believe, distinct warning of the onset of vas-
cular disease.

G. Important Cardio-vascular Symptoms.—It iz impossible to
consider, within a reasonable space, the relation of all the
clinical features of - cardio-vascular disease to the blood-pres-
sure. Practically all of them are due rather to the condition
of the neuro-muscular apparatus of the heart relative to the
demands upon it, than to the absolute amount of those de-
mands. The chief importance of a knowledge of the blood-
pressure in connection with dyspncoea, or distress on exertion,
or other evidence of heart disturbance, lies in its testimony as
to the existence of an unnecessarily high peripheral resistance,
which may be combatted. Angina pectoris, however, is a
symptom-complex so important and so distinet, that it deserves
separate consideration. Some definite information also exists
as to the relation of certain forms of dyspneea to blood-pressure.
Finally, the volume irregularities of the pulse are well studied
by the sphygmomanometer.

a. Angina Pectoris.—A certain feeling of distress or pressure
beneath the sternum is very common in patients with marked
essential hypertension, irrespective of the primary disease. Few
of them with pressure permanently above 200 mm. (12 cm.),
220 to 240 mm. (5 em.), can even walk briskly without it. This
is most apt to come with exertion following a meal, and, as
belching of gas is a frequent accompaniment, both patient and
physician commonly put the blame on the stomach. In more
developed form, exercise brings a feeling of intense pressure
across the upper chest, as though it were held in a vice, or
there is a pain which centres there and radiates to the left or
both shoulders, down one or both arms to elbow or wrist, and
up the neck to the angle of the jaw. With this the patient
feels compelled to stand still, and, unless the attack be of great
severity, the sensations pass off in a few minutes and he can
walk again. The worst form may come spontaneously, espe-
cially at night, as well as after effort and excitement, is of
longer duration, and associated with pallor of the face and
great mental agony. These are the seizures which often prove
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gastric pain, especially when exercise may be taken without
difficulty, normal blood-pressure is corroborative testimony that
the symptoms are not associated with cardio-vascular disease,
and the prognosis may be good. Great care must be used in
deciding on these cases, nevertheless.

The case recorded on page 176 illustrates the ordinary anginoid type
with hypertension. The following history is instruetive as showing the
sudden development of intense angina pectoris after repeated slighter
attacks. A gentleman, sixty-one, who had been a very hard worker, liberal
in his diet and use of stimulants and tobacco, had noticed for a year that
fast walking gave him distress across the npper sternum, and slight dys-
pneea.  As the distress would pass off when he slacked Lis speed, he paid
no attention to it, beyond reducing his ordinary gait. After some months
the attacks beeame more frequent and severe, and followed slighter exer-
tion. In March he consulted Dr. Osler, who gave him amyl nitrite for
emergency nse, and cautioned him to avoid all strain. Shortly after this,
while on a railway train, he was seized with excruciating pain in the chest,
running down both arms to the elbow. He broke off his journey, and for
three weeks was unable to lie down without bringing on intense pain. He
had slight edema of the legs at that time. With the continued use of
nitroglycerin, 445 gr. a day, he improved, and four months later ecould
walk half a mile on the level. He said that, when the pain wounld come on,
he felt as though he would stop breathing and drop. Physical examina-
tion, four months after the intense seizure, showed merely faint heart
sounds with a very slight basic systolic murmur. As he weighed two
hundred and forty pounds, no satisfactory percussion was possible. Heart
action was slow and regular. BSystolic pressure was only 165 mm. (R. K.
5 em.), distinetly low for the size of arm. The urine showed a few hyaline
casts only. Two years later he was living and attending to business.

Another patient shows the possibility of a relatively good prognosis.
He is sixty years old, and for nine years has suffered some precordial dis-
tress on exertion. For four years there has been distinet anginal pain at
times, always after effort. Two years ago he was obliged to climb a short
but steep ineline in winter, and had intense angina pectoris; but subse-
quently he has never had a severe attack. Now, walking against the wind,
or a fit of anger, precipitates an anginoid seizure, but nothing like his past
ones. He has a simple hypertrophy of the heart, without murmurs or
nephritis, a typical angio-sclerosis, or cardio-sclerosis, as Huchard would
put it. His systolic pressure is 215 mm., diastolic 145 mm. (b cm.). He
improved very much on continued small doses of iodide, and nitroglycerin
relieves his attacks promptly.

b. Cardiac Asthma and Cheyne-Stokes Breathing.—The sponta-
neous attacks of dyspnoea so frequent in cardiac and nephritic
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is greatly increased, as 1 have personally observed. In this
condition, as in aortic insufficiency, the measurement of sys-
tolie pressure alone shows a false hypertension.

The paradoxical pulse, and slighter grades of inspiratory fall,
in systolic pressure, have been especially studied by Hensen.
He considers them alike signs of circulatory weakness. The
lesser grades can only be detected with the sphygmomanometer,
and are found in uncompensated heart lesions, pleural effusion,
and even at times during febrile disease. As terminal phe-
nomena they are common. The marked paradoxical pulse of
Riegel, in laryngeal stenosis, pericardial adhesions or effusions,
etc., is palpable as well as measurable. Hensen saw a differ-
ence of 40 mm. between inspiratory and expiratory pressure in
laryngeal diphtheria. In my experience it has been most fre-
quent with asthma or marked emphysema. Complete absence
of pulse during inspiration I saw recently in a man with peri-
cardial and left pleural effusion.

H. Effect of Exertion on Blood-Pressure in Cardio-vascular Dis-
eases,—(Our estimate of the functional ability of a heart is usu-
ally more or less roughly made from the symptoms developed
under the exertion of daily life. The study of the blood-pres-
sure and pulse-rate, during the performance of a measured
amount of work, ought to render our judgments more accurate.
This has been done, at the suggestion of Dehio, by Moritz for
cardiac patients, in the same way as by Masing for the aged.
Dehio’s apparatus is shown in Fig. 50, and can be easily ar-
ranged in any hospital. The work is performed by one leg, in
time with a metronome, and pressure and pulse measurements
from the arm are not interfered with. In Dehio’s investiga-
tions a weight of 4,090 grams, about eight pounds, was lifted
40 em. = 15} inches, fifty times a minute, giving an actual per-
formance of 81.8 kilogrammetres a minute. A weight of five
pounds lifted a foot would seem to me a good average, and 1
am arranging such an apparatus at the City Hospital. The
work from this will be five foot-pounds at each stroke. Pres-
sure determinations should be at three- to five-minute intervals.
Moritz’s results, in cases of cardiac weakness, are similar to
Masing’s for the aged (whom Dehio believes have “ myofibrosis
cordis ), and Fig. 40 illustrates the typical curve, save for the
slow senile pulse. The initial rise in pressure was more pro-
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harmful to their hearts, is so advantageous for their general
health and happiness, that a more accurate method of judging
its effects seems a practical desideratum.

I. Therapeutics—The treatment of diseases of the cardio-
vascular system has, as its primary object, the improvement
of the capillary circulation, so that it may be adequate to the
demands of the tissues for oxygen and nutriment, and for the
removal of waste products. The ability of the heart to main-
tain an adequate circulation may be complete during repose,
but most deficient during forced exertion. The regulation of
the patient’s entire life becomes, then, the starting-point of
treatment, and should include the avoidance of all those forms
of exertion and excitement which cause considerable increase
of arterial pressure, especially of a sudden nature. Of the pos-
sibility of following the results of this general hygienic treat-
ment with the sphygmomanometer I am unwilling to speak
with conviction. The' effects would only be evident after a
considerable lapse of time, and other causes for blood-pressure
variation would complicate the situation. The attempt, how-
ever, should certainly be made.

Of the various dietetic and physical measures, massage,
baths, ete., I do not feel competent to speak. The good which
they do must also be a rather permanent one, of a nature hard
to follow by the blood-pressure. Schott has written on the
effect of the Nauheim baths on blood-pressure, but to correlate
his findings and the benefit received by the patient is another
matter. v. Basch and Huchard lay great stress on these meth-
ods of combatting hypertension, and I think rightly; but it must
be more with a view to limiting a process already initiated, than
of causing its disappearance.

As we have already seen, in discussing the value of the
blood-pressure as a guide to the functional ability of the heart
and circulation, it gives us secarcely any clue to the work per-
formed by the heart. Hence we find, in the records of blood-
pressure during treatment of uncompensated heart-lesions,
every variation. Christeller, Frenkel, Heike, Hensen, Gross,
and Potain, all fail to find any relation between the arterial
tension and the circulatory improvement from digitalis. This
point is important, for it makes it clear that the effect of many
cirenlatory drugs, of undoubted stimulant properties, will not



DISEASES OF HEART, ARTERIES AND KIDNEYS 211

be visible on the pressure chart; because altered blood-distri-
bution, and not increased blood-pressure, is their best resulf.
In hypotensive states, their effect on pressure is more evident.
The main value of sphygmomanometric observations, during
the treatment of cardiac cases, is in the avoidance of undue
hypertension.

The effect of the vaso-dilatorg, on the other hand, may and
should be studied. Nitroglycerin, amyl nitrite, sodium nitrite,
and even spiritus etheris nitrosi, produce an evident fall in
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Fia. 51,—FALL 1¥ BLOOD-PRESSURE PRODUCED BY NITROGLYCERIN, gr. /100,
(Author's sphygm. 12 em.)
Chart from same case of general arterio-sclerosis as Fig, 45,

(1) Nitroglyeerin, gr. Y10, dissolved in mouth.
(2) Caffein-sodium salicylate, gr. ij, by mouth,

,-1

pressure. The first two act with surprising rapidity and vigor,
but their effect is very transient (see Figs. 42, 44, 49, 51 and
52). Carter found marked and more permanent effects from
sodium nitrite, the pressure remaining low for an hour or so.
Without blood-pressure measurements, clinicians forget the
evanescent action of most of these drugs. Todide of potassium,
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therefore, for stimulant medication. A rapid fall suggests
haemorrhage. Neither Cook and Briggs, nor Alezais and
Francois, failed to observe this in any case. All other com-
plications are attended by some fall in pressure, except pneu-
monia and perforative peritonitis.

b. Perforation.—In the latter condition Crile, and Briggs,
have both found a sharp rise marking its onset. The number
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Fia. 55.—TYPHOID FEVER—INTESTINAL PERFORATION, (Cook’s sphygm. 5 em.)

Level curve of blood-pressure for days before the onset of the complication.
Sharp rise, amounting to 86 mm. Hg. in blood-pressure, over four hours before the
onset of symptoms pointing to the abdomen, and at a time when the abdomen was soft

and tender, and not distended. :
Tendency of the blood-pressure to return to a low level as the toxmmia deepened.
Slight post-operative depression. (From Cook and Briggs, Chart No. XXIL)

of cases does not suffice for absolute statements, but the E.imi-Ia,r
heightening of tension in peritonitis from other causes, which
Crile found invariable in 20 surgical patients, makes it probable
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ing acted on blood-pressure only in toxie dose, digitalis tempo-
rarily through strengthening the heart, and caffein and camphor
causing a considerable rise. It is to be hoped that clinicians
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Fie. 56.—TYPHOID FEVER WITH TOX.EMIC FEATURES AND HYPOTENSION.
(Cook’s sphygm. 5 cm.)

Rise in blood-pressure following each of several doses of digitalin hypodermiecally.

Aleohol by mouth and strychnin hypedermically, without any beneficial effect on the
blood-pressure, even during a period of acute depression (threatened collapse). (From
Cook and Briggs, Chart No. XXV,)

generally will study the action of drugs on blood-pressure in
acute disease. The subject, like all clinical therapeutics, is
involved in all manner of contradictions to-day. It is possible
that some remedial agents are of use in disease, which, neither
in normal men, nor in animals, can be proved to have defi-
nite physiological effects. The stimulants, however, cannot
fall into such a category, and we should not employ as
cardio-vascular stimulants, drugs, whose effects on blood-
pressure cannot be demonstrated. Empiricism is still essential
to the practice of medicine, because the scientific study of
disease has covered but a small portion of its field; but let us
be honest empirics, when we must, and stop hiding our
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ignorance behind the mask of scientific terminology. Least of
all so-called stimulants does alcohol deserve the name. As in
animals and normal men it is without influence on the blood-
pressure or the force of the heart, so in disease the same holds
true. Cook and Briggs, Cabot, Mercandino, Schiile, and Swien-
tochowski, have all corroborated this by sphygmomanometric
studies. This does not negative any value of alcohol as a food, or
for effect on the nervous system or blood-distribution, in fevers ;
but it does teach us not to rely upon it as a means of fighting
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Fia. 57.—ABSEXCE OF ANY RISE 1IN BLOOD-PRESSURE AFTER THE SUROUTANEOUS
IRJECTION OF ADRENALIN. (Author’s sphyerm. 12 om.)

(1) Puneture, with rise from peripheral irritation.
(2) Injection of adrenalin chloride (1 in 1,000), Mx, which missed the vein.

cardiac or vaso-motor collapse. In fact some danger seems
possible from its use under such circumstances. Ether, as
might be expected, follows the same rule. The wonderful
peripheral constrictor action of adrenalin is, unfortunately, so
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fleeting as to be of no practical service in acute disease. It
must also be injected into the vein to act at all (see Figs. 57
and 58). Crile had no success with his pneumatic suit in a few
cases. Probably coincident failure of the respiratory centre
excludes help from this measure.

d. Late Effects.—Thayer has examined the systolic blood-
pressure, as well as the condition of heart and arteries, in 165
persons who had formerly passed through typhoid fever in the
Johns Hopkins Hospital. His figures show an average higher
pressure than was obtained in a comparative series of 276
healthy persons who had not had the disease, either when ar-
ranged by decades, or for the entire group. What is much
more significant, 27 had more than 180 mm. pressure, while
10 were above 200 mm. (R. R. 5 em.). Of the normal indi-
viduals, only one woman of sixty showed a tension of 180
mm. Other infections and possible alcoholic excesses were
excluded, as carefully as might be, from the list. The figures,
with Thayer’s other findings, seem to support his contention
that cardio-vascular changes frequently follow the typhoid
infection, manifesting themselves more especially in later
years.

B. Pneumonia.— One finds little uniformity of results in look-
ing over blood-pressure charts in cases of pneumonia. This
holds true for one writer as against another, and for many ob-
servers in their individual experience. The explanation is evi-
dently that pneumonia has no such constant effect on pressure
as typhoid fever. Potain classes it as a disease with normal
pressures, Cook and Briggs, and Gilbert and Castaigne as
hypertensive, while Hayaski, Kaufmann and de Bary, and
Neisser believe the pressure is usually low. Probably the
arterial pressure is as variable as many of the other clinical
manifestations of the disease.

Fraenkel has made regular determinations with the fonom-
oter in all his cases for some years. He finds a subnormal
pressure the rule, especially at the time of the crisis. In one-
third of the cases, however, it was absent. He does not attach
much value to the tonometric observations. Neisser, also with
the tonometer, found a sharp fall at the erisis frequent. The
instrument seems to me rather ill chosen for a disease in
which peripheral cyanosis, and probable altered tonus of the
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not enter upon it from the standpoint of blood-pressure, more
than to repeat what has already been said under typhoid con-
cerning stimulant measures.

C. Diphtheria.—Only a few clinical studies of blood-pressure
have been made in diphtheria. The most extensive, by Fried-
mann, was unfortunately in the days of the v. Basch sphyg-
momanometer. Of 15 cases in his series, in which marked
hypotension came on during the first week, only two recov-
ered. These two were both severe. His results should have
further confirmation in a large number of patients. This will
only be possible in a diphtheria hospital, but is most desirable.
In laryngeal diphtheria, all the conditions for a true asphyxial
elevation exist. This was seen by Shaw and carefully studied
by Hensen. One girl, for example, had a pressure of 130 mm.
(R. R. 5 em.) and no respiratory variation. She became sud-
denly cyanotic, with stridulous breathing, and the pressure
rose to 155 mm., with each inspiration sinking to 140 mm.
Soon the breathing became free again, and the pressure dropped
at once to 130 mm. This blood-pressure representation of the
paradoxical pulse he found in a number of cases of laryngeal
diphtheria.

D. Other Acute Infections (Malaria; acute rheumatism; septic
conditions; influenza).—In none of the other acute febrile dis-
eases is there anything very definite about the state of the
blood-pressure. The older writers, with the v. Basch instru-
ment, studied malaria with results in accordance with their
particular theory as to the relation of temperature to blood-
pressure. Norris recently could make out but little variation,
in spite of a great temperature range. Potain sets down acute
articular rheumatism as a hypotensive disease, but Carter,
~ Norris, and Hensen found no marked change. The latter, like
Giglioli, Hayaski, and Neisser, found that in most febrile dis-
eases the pressure after a time tended to become subnormal.
In none of them has its observation been shown to have any
great use. Hensen studied a number of septic conditions, and
Federn lays great stress on the subnormal pressure in epidemic
influenza, which he thinks due to heart weakness. He also
says that persons with previous hypertension stand the disease
badly. Acute peritonitis will be considered with surgical con-
ditions in Chapter 1X.
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of less value are given by Potain (P.), Jarotzny (H., & B.),
Hensen (R. R.), and Hayaski (R.R. & G.). All agree that
hypotension is the rule in the more advanced stages, running
roughly parallel with the impairment of general bodily vigor.
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Fia. 60.—MARKED HYPOTENSION IN ACUTE TUBEROULOSIS. (Author's sphygm. 12 em.)

Po-tion of chart from a case of acute phthisis, with terminal general miliary tuber-
culosis (autopsy ), who died of hamorrhaee, April 13th, ten weeks from onset of discase,
F¥. P., male, aged twenty-nine, City Hospital,

Burckhardt, in rather a small series, found the pressure regu-
larly diminished early in the second stage of the disease, and,
in advanced phthisis, rapid pulse and subnormal tension were
invariable. Light exercise produced a rise in Some patients
and a fall in others, never of great extent.

Naumann studied 100 cases, from which all who had fever,
arterio-sclerosis, heart lesions, pleural adhesions, or albumin or
sugar in the urine, were carefully excluded. They were, there-
fore, patients with chronie, practically inactive and uncompli-
cated pulmonary tuberculosis. In this they differ from Burck-
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hardt’s patients, most of whom had an active febrile process.
Of these 100 patients,
in 69 the blood-pressure was over 130 mm. (G.),
o g I (St AR o ““ 115 to 130 mm. (G.),
bl lrabe et & i3 ““ under 115 mm. (G.).
Naumann considers these, high, normal, and subnormal values.
As to incidence with the extent of the pulmonary lesion, of the
69 patients with over 130 mm., there were,
in 1st stage (Turban), 28,
in 2d ‘e 22,
it ol o B 5 19.
Evidently the area of lung involved is without influence. In
order to reconcile these results with the apparently uniform
-——-1_—_1_.—__ ===
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Fia. 61.—CuRroNIC PULMONARY TUBERCULOSIS WITH SLIGHT HYPOTENSION
(Author's sphygm. 12 em.)

_ Portion of cr]u_u't from J. L., male, aged sixty-three, City Hospital,
“"tjl",' ﬂ“.\'l.‘l‘. Patient died April 22d, with marked hypotension
I'his chart represents the usual course of blood-pressure in such
end, when hypotension becomes marked, E

Advanced process

oases until near the
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hypotension of the advanced febrile cases, one must suppose
that chronic toxsemia is its probable cause. Naumann believes
that arterial tension is valuable in prognosis, as showing to
some extent the constitutional disturbance, which is unques-
tionably a better guide to the future than the local signs.

For treatment, it is hard to see that a knowledge of the
blood-pressure adds much, save that a continuously low level
is additional argument against physical exertion. The general
causes of low pressure, the toxsemia and malnutrition, with
their results in heart and skeletal muscles, are the proper ob-
jects of therapeutic attack, not the circulatory system.

a. Hemoptysis.— Burckhardt quotes a case, which he tries to
bring in line with Hensen’s observations on heemoptysis from
aneurism, and haematemesis, as showing a rise in pressure after
haemoptysis. From his own figures, 8.5 cm. before, 7.5 cm.
the next morning, 10 cm. the second day, there was a primary
fall. His determinations were at too great an interval to be
valuable. If the pressure does rise during a heemorrhage, as
Hensen showed it might, I am inclined to look for the reason
in the attendant psychical excitement. Certainly in surgical
operations and in typhoid fever, where the mental factor is
absent, a fall in pressure is practically invariable. Schiile re-
ports hypotension after heemoptysis, as low as 60 mm. (G.),
and Cook and Briggs show a fall from 125 to 70 mm., due to
a heemorrhage of 1,100 c.c. Naumann attempts to correlate the
higher tension in 69 of his cases with the tendency to hamop-
tysis. Of 51 patients who had bleeding at some time, 86.2 per
cent. showed a pressure above 130 mm. Of these 44 with
hypertension (?) and h@moptysis, 24 were in the early stage.
From this he concludes that most hsemoptyses occur in the
early cases with high blood-pressure. These results need con-
firmation.

B. Syphilis—It is not my purpose to discuss in any way the
relation of a past syphilitic infection to those late anatomical
changes in heart and vessels, which have already been consid-
ered. In the early stages of syphilis, however, when the process
clinically resembles a subacute or chronic infectious disease,
circulatory disturbances are frequent. These usually show as
minor grades of cardiac insufficiency, with the development of
a mitral systolic murmur. Grassmann has studied the blood-
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Hensen, in his Table 111, headed Cachexia and Marasmus, in-
cludes two cases of diabetes with slight hypotension. I have
seen both high and low blood-pressure in diabetes, the latter in
severe cases with marked emaciation and diacetic acid in the
urine; the former especially in the milder forms in stout elderly
people, where chronic nephritis or arterio-sclerosis existed. 1
believe that the disease, of itself, is without influence on arte-
rial pressure; that the occurrence of chronic nephritis, or arte-
rio- or angio-sclerosis, as a complication, explains the hyper-
tension; and that the resultant emaciation, and brown atrophy
or fatty change in the heart, cause the hypotension in severe
cases. Tabulated observations on a large number of cases,
with careful notes of the complicating conditions, will settle
this still open question.

B. The An®mias.—The condition of the arterial pressure in
an@mia has been a matter for considerable discussion, espe-
cially since many authors, who use the sphygmograph as an
instrument of precision, have insisted on the occurrence of pro-
longed tension. Almost all the measurements of blood-pressure
in angemic states are against this view. As a matter of fact,
the hypotension of cachectic states is present in most of the sec-
ondary angemias, and the causes of hypertension may coexist
with others, chronic nephritis especially. Chlorosis is the form
in which the effect of hamoglobin deficiency per se should be
demonstrated. The general consensus of opinion seems to be
that some reduction of pressure exists in chlorotics, but it is
neither marked nor proportional, in any but the roughest way,
to the grade of anszemia present. I cannot see that blood-pres-
sure measurements add anything valuable to our c¢linical knowl-
edge of the ansmias. They are useful mainly as indicating
possible complications, or primary causative conditions in the
case of the secondary varieties.

v. Basch originally tanght that ansemia is associated with low arterial
pressure. Bihler studied the relation of pressure and hemoglobin in 50
chlorotic girls. The average hsemoglobin on admission was 58 per cent.,
systolic pressure 77 mm, (v. B.); on discharge, 94 per cent. and 86 mm.
This difference lies within the possible emor of the method, but, in 50
cases, may be accorded some value. He believed it was related to the
eardine weakness, 8o common in chlorosis. Potain considered chlorosis a
disease with normal pressures. Carter, and Jarotzny, both found low ten-
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pressure of 140 mm. in one arm. In the other, the radial was
exceedingly small and systolic pressure was about 100 mm.

5. MISCELLANEOUS

Only conditions which are important, or in which we have
actual knowledge of the blood-pressure, are included here. The
results of notoriously inaccurate methods or of a priori reason-
ing, which one meets in the literature, will not be considered.

- A. Lead Poisoning.—Chronic lead intoxication, as is well
known, frequently produces changes in arteries and kidneys,
and thus permanent hypertension as a secondary effect. Apart
from such anatomical alterations, however, lead poisoning, as
evidenced by the typical colic, almost always goes with mod-
erately high blood-pressure. Christeller, Hensen (8 out of 10
cases), Norris (8 out of 9 cases), and Thaussig (3 cases), report
this as the rule. Hensen, and Norris, in isolated cases, espe-
cially with intoxications of short duration, failed to obtain this
hypertension ; and Gumprecht, and Butterman note normal
pressures for a case or so.

Borgen made the most careful study of the condition, in a
series of 19 patients, unfortunately with the v. Basch sphyg-
momanometer. From the figures obtained he divides the elin-
ical course of lead colic, as seen after admission to a hospital,
into four stages.

1. Stage of rising pressure, duration indefinite, twelve hours
to several days.

9. Stage of high pressure, one to four days, or longer. The
pressure remains equally high during and between the attacks
of pain, which have already begun in the first stage.

3. Stage of falling pressure. Pain and tenderness disappear
rapidly, appetite and bowels become normal. Pressure sinks
slowly to normal during a day or two.

4. Stage of subnormal pressure. Not present in all patients.
On discharge, pressure usually above the average, but may be
below.

Borgen found no relation between the actual paroxysms (.uf
pain and the hypertension, which was continuous. Morphin
seemed to reduce the tengion slightly. Thaussig reports some
remarkable effects from, or coineident with, treatment w?th
iodipin, administered hypodermatically in doses of 5 c.c., In-
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C. Emphysema; Chronic Bronchitis; Asthma.— Very little at-
tention has been paid to these conditions, in which dyspneea is
so marked a feature. Hensen alone has more than a passing
reference to them, Carter, and Norris merely noting a case or
so with fairly normal pressure. Hensen regularly found com-
paratively high tension (135 to 180 mm. R. R. 5 em.), in out-
patients with emphysema, asthma, and kyphoscoliogis. This
has been my experience in office practice, where no clinical
evidence of nephritis or arterial change existed. In many of
my cases I am inclined to think of latent angio-sclerosis as the
probable cause, since arterial disease and emphysema are fre-
quent companions at the autopsy table. Hensen thought the
dyspncea was the causative factor ; but the arterial pressure
may be permanently high, while dyspneea only follows exer-
tion. Omne patient, with advanced emphysema, following
many years of chronie bronchitis with asthma, had a systolic
pressure of 140 mm., diastolic 110 mm. (J. 12 em.), in spite of a
dilated right heart with tricuspid systolic murmur, and edema
of the legs. Such cases show well the futility of judging the
condition of the heart from the height of blood-pressure.

In asthma, Hensen repeatedly observed elevations in ten-
sion of 20 mm. and more at the approach of an attack. Also,
during the paroxysm, marked inspiratory sinking of pressure.
Nervous influences, as well as the dyspncea, must be in mind
in such a distressing condition as spasmodic asthma.

D. Pleural and Peritoneal Effusions.—A small number of
blood-pressure determinations, before and after the removal of
pleural and peritoneal effusions, show a constant fall as the
result of the procedure. Hensen, Kapsammer, and Norris re-
port cases. The effect is much more marked in the case of
large pleural than of peritoneal collections, and evidently in-
dicates that the presence of the fluid causes functional hyper-
tension. .

Quirin has examined the intra-abdominal pressure during
the drainage of ascitic fluid, and found positive pressures at
the moment of puncture between 14 and 28 mm. Hg. With
the removal of the fluid, this sank gradually, 4 mm. being the
lowest and 14 mm. the highest figures at the end of paracen-
tesis. This fall in intra-abdominal pressure of 10 to 14 mm.
corresponds closely with the reduction in systolic arterial ten-
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blood (see page 26), still an initial rise does not tally either
with animal experiment, surgical observation, or the findings
in typhoid fever. Two possible causes for this difference in
the two groups of conditions are evident to me. One is the
great mental excitement which attends the knowledge of
bleeding on the part of the patient, and which to me seems
the likeliest source of the initial rise in pressure. Neither in
angesthetized animals or men, or in typhoid, does mental per-
turbation occur. The other cause is, perhaps, the state of the
vaso-motor system, which in operations and in severe infec-
tions has mnot its usual power of response, and might allow
a greater fall in pressure than would occur under more normal
circumstances. A large number of cases must be studied,
with careful noting of the psychical, as well as the physical
results of the hamorrhage, before we shall be in a position to
understand its effects on blood-pressure. Records of systolic
and diastolic pressures will have the greatest value.
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hypotensive, as well as an analgesic effect. Of special interest
was the alternation of the abdominal and the lancinating pains.
Whenever the latter came on, pressure promptly fell and the
visceral crisis ceased.

On the strength of these findings Pal believes himself justi-
fied in assuming that a spasm of the splanchnic vessels is the
cause of the suffering in a gastric crisis, and names this a
vascular crisis (Gefisskrise). On the other hand, the
irritation which brings on the lightning pains apparently affects
depressor fibres in the posterior nerve roots, and this depressor
stimulus is sufficient to interrupt or cut short an abdominal
vascular crisis. This testimony is so important from the theo-
retical, as well as the practical therapeutic standpoint, that it
is desirable that it should be corroborated or qualified by subse-
quent studies as speedily as possible.

2. DISEASES OF THE BRAIN

A, Vascular Diseases.—The relation of cerebral arterio-scle-
rosis to general arterial disease has already been considered
(see page 189). The sphygmomanometer gives no positive evi-
dence of the existence of changes in the brain vessels, but is of
distinet service where these are suspected, by revealing the
presence or absence of essential hypertension, and suggesting
its causative factors in kidneys, arteries, or heart. When
hypertension is marked, cerebral haemorrhage becomes more
likely; when absent, thrombosis is the greater danger; so that
in some degree both prognosis and treatment are facilitated by
a knowledge of the arterial pressure. When, on the other
hand, one of the vascular accidents has already occurred, the
sphygmomanometer helps the differential diagnosis.

a. Cerebral Hemorrhage.—Large haemorrhages into the cere-
bral hemisphere are almost always attended by general com-
pression symptoms, coma, slow pulse, and stertorous or Cheyne-
Stokes breathing. Consequently they produce marked hyper-
tension, which is more extreme the greater the rise in
intracranial tension. The reasons for this have already been
discussed (see page 140). It is of the greatest importance to
know whether a comatose patient is in the initial or advanced
stage of manifest cerebral compression, or has reached the
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exists between the cerebral and cerebellar chambers. Tt may
be hoped that the sphygmomanometer will assist in the diag-
nosis of the rarer cerebellar heemorrhages, which are sometimes
puzzling. The most conspicuous posterior fossa heemorrhage,
in its influence on the medullary centres, is that accompanying
fracture of the base of the skull. Extreme hypertension is a
valuable diagnostic guide in this injury, sometimes overlooked,
which occupies the border line between neurology and surgery.

Between ursemic and apoplectic coma the decision is more
difficult, for a marked rise in pressure attends the former.
Figures much over 300 mm. (R. R. 5 cm.) have seldom been
reported, however, except in cerebral compression. A recent
case of acute ursemia at City Hospital, in which no significant
brain lesion was found at autopsy, but contracted kidneys with
marked fatty change, had a systolic arterial pressure of
290 mm. (J. 12 em.). Further data are necessary before defi-
nite statements can be made on this question. Here, as every-
where in medicine, the physician who gets in all the obtain-
able facts, including the blood-pressure, will less frequently go
wrong than he who lays undue stress on any single diagnos-
tic feature.

b. Cerebral Thrombosis and Embolism.— Obstruction of a brain
artery can only affect blood-pressure directly, when the circu-
lation of the medulla itself is suddenly interfered with. Such
a lesion would be rapidly fatal. Indirectly, as Hill has shown,
it may produce secondary compression through surrounding
congestive or inflammatory cedema. Practical observations
on arterial tension under such conditions are lacking. Moder-
ate or considerable hypertension, from arterio-sclerosis or kid-
ney disease, is not uncommon in the subjects of thrombotic
hemiplegia (see Fig. 43), but I have never seen the high fig-
ures reached in hsemorrhage. Unquestionably the finding of
approximately normal blood-pressure, early in a paralytic
stroke, makes arterial occlusion highly probable. This is im-
portant for treatment. If hsemorrhage be excluded by the
mode of onset, and extent of the local manifestations without
general compression symptoms, any measures which lower
general blood-pressure must be directly injurious, since they
diminish the speed of the cerebral circulation and favor an
extension of the clot. Far more are stimulant drugs, such as
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3. THE PSYCHOSES

Numerous interesting studies on blood-pressure in the in-
sane have come from various asylums, here and abroad. The
results are surprisingly uniform.

A. Melancholia.—The height of arterial pressure in melan-
cholia seems to bear a definite relation to the intensity of
mental suffering, and always tends to be above the normal
average. Cramer gives some interesting case histories, with
charts, which show this connection clearly (see Fig. 63). His
work was with the v. Basch sphygmomanometer, but Alex-
ander, and Craig, with the Hill and Barnard, Pilcz, and
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Fra. 63.—RELATION BETWEEN BLODD-PRERSUTRE AND PEYCHICAL BTATE IN MELANCHOLIA,
(v. Basch’s sphygm.)

Chart from a woman of forty, with severe melancholin of one wvear and one quarter
duration, who improved during the period represented, beeoming paranociae later. (From
Cramer, Curve L)

Rosse, with the tonometer, and Dunton, with the Riva-Rocei,
all confirm it. Alexander distinguishes four types of melan-
cholia: simple melancholia, in which no marked elevation of
pressure occurs; an acute passive type, in which pressure is
invariably high, decreasing as the symptoms abate, and rising
with each relapse; an acute demonstrative type, with more
irregular course, not so marked hypertension, nor so constant
a descent with the amelioration of symptoms; lastly, chronic
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variability of pressure at different periods, but considers the
association of restlessness with low pressure usual. He thinks
hypertension a factor in the differential diagnosis of stupor,
occurring with it in circular insanity, but being absent in
catatonic stupor.

4. FUNCTIONAL CONDITIONS

A. Epilepsy.—In epileptic, as in other convulsions, a marked
rise in pressure is said to take place. One can scarcely see how
accurate readings are made during the fit. Pilez, in two cases,
found a rapid fall as gsoon as muscular relaxation set it, reach-
ing normal in a few minutes. Féré found much the same,
though not so prompt a subsidence. His figures, using Bloch's
instrument, are of little worth. The condition of the blood-
pressure after a convulsion might be of considerable signifi-
cance in distinguishing epilepsy from acute ursgemia, in which
hypertension persists during the coma and is a permanent
feature.

B. Trigeminal Neuralgia.—I.ike most acute pain from other
causes, the paroxysms of this agonizing tic cause a rise in blood-
pressure. The height reached seems fairly proportional to the
intensity of the suffering. There is no coincident change in
pulse-rate, so that a pure reflex vaso-constriction seems the
probable cause. Ome of Cushing’s charts, from an operation
for excision of the Gasserian ganglion, shows the effect of two
paroxysms, before the administration of ether. The mild one
produced a rise in systolic pressure from 160 mm. to 190 mm.,
the severe one, from 165 mm. to 235 mm. (R. R. 5 em.).

C. Insomnia.—Bruce has made interesting studies of blood-
pressure in sleepless patients, on the basis of which he distin-
guishes insomnia with high blood-pressure, 130 to 150 mm.
(H. & B.), from insomnia with normal or low pressure. The
first group always had a prompt fall in pressure when they
went to sleep. Erythrol tetranitrate, in these patients, acted
as a hypnotie if it reduced tension. This makes a relation be-
tween the hypertension and the insomnia manifest. Paralde-
hyde, in dose of 3ij, was the most certain and prompt drug in
this group, sulphonal and trional were less trustworthy, and
bromide had no effect. Sleep was possible with hypertension,
but always produced some fall. For the cases with normal
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blue or black. The condition of the patient’s circulation can
then be taken in at a glance. Systolic pressure alone is neces-
sary, because the object is merely to follow the changes in ten-
gion. It can be measured more quickly than diastolie, and is
more affected by heemorrhage and other causes of hypotension.
In order to utilize such a graphic record, the surgeon must
know what the ordinary influence of the various steps in a
surgical operation are, and what the extraordinary and danger-
ous manifestations. These will be taken up in order, so far as
possible.

A. Influence of the Anmsthetic. a. Ether.—All observers
agree that ether, even in large amounts, seldom produces a
significant fall in blood-pressure. This agrees with the evi-
dence in animals, very large quantities of ether being required
to seriously affect heart or vaso-motor system. Duplay and
Hallion have recently shown this anew, and called attention to
the blood-pressure as the one sure danger signal. In the first
and second stages the pressure usually rises, due to the excite-
ment and muscular exertion, but in full surgical ansesthesia it
falls to near the normal. According to Cook and Briggs, it
never produces marked hypotension unless causes for shock, or
cardiac failure, are present. As the patient comes out of narco-
sis, the pressure curve rises. Blauel tabulates 100 administra-
tions, watched with the tonometer. In 79 per cent. there was
a rise in pressure during the whole period; in 9 per cent. no
change or an insignificant fall. Only in 12 per cent. of the
cases was there a real fall, and these were mainly weak per-
sons, or with severe hseemorrhage or profuse sweating (see Figs.
64, 67, and 69).

b. Chloroform.—The danger of sudden death during chloro-
form mnarcosis has always been emphasized in this country,
though often denied abroad. Blood-pressure observations cer-
tainly put the fear of chloroform on a sound footing. Except
during labor (Cook and Briggs), it is usually attended by di-
minished arterial tension from the start. Duplay and Hallion,
and Remedi, obtained the same result in animals. Blauel, in
39 cases, found a marked fall in 69 per cent., a moderate fall
in 18.9 per cent. Only 10.8 per cent. showed a continued rise
in pressure throughout narcosis, and 8.1 per cent. an average
rise. Kapsammer gives very similar figures for 80 cases, only
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those done with a general anzsthetic. Of course protracted
and extensive operations were impossible, and the slight effect
on blood-pressure was probably due in large part to the small
amount of manipulation involved. When pain or fear was
produced, tension rose irregularly, with subsequent decline

(see Fig. 65).
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Fia, 65, —THORACOTOMY FOR FOST-PNEUMONIO EMPYEMA UNDER LOCAL OOCATN
AN EsTHESIA, (Aunthor’s aphyem, 12 cm.)

Note the great rise in pressure with each cutting act, especially when aecompanied by
pain (reflex vaso-constriction). : : y
Operation by Iir. Howard Collins, City Hospital.

Observation by Dr, A. H. Garvin.
tered hypodermically, usually produced a distinet rise in pres-
sure during collapse and shock, and seemed a fairly reliable
raso-motor stimulant. Infiltration ansesthesia must also in-
crease blood-pressure temporarily, when considerable tension
of the tissues is developed. The cocainization of large nerve-
trunks will be considered under the prophylaxis of shock.



i Spenal ?
March i ' Anaesthes a. OPET‘ui‘w'ﬁ- Recovery.

BLOOD-PRESSURE DURING OPERATIONS 265

Cocainization of the spinal cord, according to Cushing, may
induce dangerous hypotension, through paralyzing, in the
upper dorsal region, the efferent nerve-fibres which control the
splanchnic circulation. Application of cocain to the medulla
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Fio. 66.—EXCISION 0OF AYDROCELE SAQ AFTER SPINAL COCAINIZATION,
(Author’s sphygm. 12 cm.)

Note the absence of any special change in pressure during the operation, after the
primary rise, due to the pain or excitement,

Operation by I'r. Eugene Fuller, City Hospital. Observation by Drs, A, H. Garvin
and Garside,

oblongata, in Crile’s experiments, reduced the blood-pressure
to 40 or 50 mm., and rendered the centre inactive to reflex
stimulation. Apart from the posgible direct vaso-motor paraly-
sis, these operations show little pressure variation (see Fig. 66).

B. Influence of the Operative Procedures. a. Peripheral Opera-
tions.—All cutting involves the irritation of peripheral nerve-
endings, which, as a rule, provokes reflex raso-constrietion,
just as in the laboratory animal. The slight rise in the blood-
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from stretching of the sciatic nerve. It is a clinical duplicate
of the tracing in Fig. 5, obtained on stimulation of the anterior
crural nerve in a dog. A similarly marked vaso-constriction
follows the simple operation of dilating the sphincter ani.
Cushing suggests that the sudden deaths, which have occa-
sionally been reported during these slight operations, may be
due to rupture of a diseased cerebral vessel by the sudden
hypertension.
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Fia. 68 —OFPERATION FOR OSTEOMYELITIS OF FEMUR, (Author’s sphygm. 12 em.)

Note the primary rize in blood-pressure and pulse-rate from nitrous oxide i the absence
of any further rise from ether; the fall, a8 full anmsthesia was reached ; the incision rise
(15 mm.) ; the slight subsequent effect of the operative procedures.

Operation by Dr. Howard Collins, Observation by Dr. Chapin.

Severe manipulation of large mixed or SeNSOry nerves, as
in forced retraction, the separation of firmly fixed tumors,
and other procedures requiring considerable traction, may
cause a sharp fall in blood-pressure. In Crile’s experience this
was especially pronounced when the superior laryngeal nerve
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was injured. A reflex slowing of the heart coincided. The
same effect was produced by irritation of the laryngeal mu-
cous membrane in animals, and operations on the larynx are
frequently accompanied by dangerous shock. Kapsammer
reports a fall from 110 mm. to 40 mm. (G.), with profuse sweat-
ing, due to traction on the sciatic nerve during an operation for
osteomyelitis of the femur. Section of large nerve-trunks also
has a serious depressor effect, and may lead to grave hypoten-
sion. Cushing, and Crile, both report such an occurrenee in
operations involving division of the brachial plexus.
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Fia. 80.—LararoTomy (aprpExpEcTOMY). (Cook's sphygm. 5 om.)

Initial etherization rise in blood-pressure.

Primary rise in blood-pressure from peritoneal irritation.

Secondary fall in bleod-pressure from continued peritoneal irritation, coincident with
splanchnic engorgement, and without change in pulserate. (From Cook and Briggs,

Chart No, 11L)

According to Crile, little variation of blood-pressure attends
operations upon bone. Kig. 68 shows such a case. In the
more extensive external operations, such as the complete Hal-
stead operation for cancer of the breast, (Clughing found that
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little fall in pressure resulted if haemostasis was perfect; Crile
found that rough sponging, blunt dissection, and strong re-
traction caused the most marked depression. These clinical
instances of reflex vaso-dilatation should find their explana-
tion in the knowledge of the depressor fibres in mixed nerves
(see page 21), which is as yet incomplete.

b. Operations on the Abdominal Cavity.—The opening of the
peritoneum produces a much sharper rise of pressure than
skin incision (see Fig. 69). The subsequent course of the
curve is downward, in extent dependent on the duration of the
operation and the amount of exposure and manipulation of
the viscera. Increased pulse-rate is a constant accompani-
ment. Simple appendectomies, and other procedures in which
but a small portion of intestine is handled, according to Crile,
show little change in pressure after the first fall. The more
serious and protracted operations, however, in which shock is
common, need constant observation of the tension. Removal
of gangrenous bowel, in strangulated hernia and other forms
of intestinal obstruction, sponging the intestine, and flushing
the abdomen, all lower it. The upper segment of abdomen
seems especially sensitive in this respect (see Fig. 70). Crile
was unable to prove any effect from irritation of the mucous
membrane of the intestine. Every irritation of the peritoneum
after the primary incision, however, showed on the blood-pres-
sure chart.

Cushing, and after him Cook and Briggs, consider the fall
in pressure during laparotomies as due to direct peripheral
action on the splanchnic circulation. This may be true in
part. Crile, however, noted a simultaneous increase in respi-
ration in almost every instance. This could only have been
due to a medullary reflex, and makes the same mechanism a
more probable explanation of the hypotension.

Simple paracentesis of the abdomen causes a slight fall in
pressure, due to release of the intra-abdominal tension. Re-
medi, who thinks shock is due principally to chloroform, says
that laparotomies on dogs, without ansesthesia, cause only a
slight lowering of mean carotid pressure, 2 to 8 mm.

¢. Gynzcological Operations,—Some difference of opinion ob-
tains as to the effect of operations on the female pelvic organs.
Crile, in almost every case, found the manipulation of these



‘OIAIRS) ‘F[ 'V (T AQ uonmadesgy Ceuawelg ‘g ' ‘4T Aq uonmiadp

*£1240031 MO[S IIM ‘PARILIOmWE] puw
unopemdiuvm £q paonpord (v paxdenr o) umaojusd puv Ul Jo UWORMOUL WOL puu ‘uoezipyisauy Lauwe Juunp oinssald Ul asLL 91} 90N

(*mp F1 'mElgds sJoiny ) CSCTOUNEId HNIMALL 04 ANOLOEVIVT—'T) "81g

_I
0 2 v B ; ST 0 |
: o By gl N £ — £
e A e bl e
3 o o — el
0T ‘2 % wdu T == 2k A s gt
o¢ 5 s hv e g o3 ey o 553 -3 = (115
5 =y G i 3 3 & £ %
1, QLY EE LR R e eh e a < ot |

0cC =

‘ ==
0l 1“.4(

0L
08 -

h'
L

i
=a

. = oo
cmﬂh.r i v = —l06

1 = _ 001
cwﬂ . oF

0z e L = o Mll.. cﬂE_u:r m'. o_._
0t \J 0€ pue
0¥ i - 0% 3y ww

si] o€ | o1 | 00| F5] o5 | M oH| FE| oF |[FLlct | 57| oF | ro |00 55

"@jey as|nd
rR4Nssadyg poolg

CLE PR TSl &+ worywwadg € TR T T R

G
(
S
A
o
ol
o
2
=)
3







272 BLOOD-PRESSURE IN SURGICAL CONDITIONS

tion to the necessity for extensive osteoplastic reaction of the
skull in the treatment of general cerebral compression. A
small opening is immediately occluded by the portion of cor-
tex which bulges into it, and no good is done. In the ter-
minal stage of compression, a falling blood-pressure may be
arrested by immediate operation, even when artificial respira-
tion has to be resorted to on the table, as Cushing has demon-
strated.

In operations for tumor of the brain, Frazier emphasizes
the importance of sphygmomanometric observation. He reports
instances of surgical shock with typical hypotension, which
developed during manipulation of the brain in such cases.

f. Operations on the Genito-urinary Organs.—Crile observed a
fall in pressure from traction on the spermatic cord during her-
niotomy and operations on the testicle. Amputation of the
penis in an elderly man gave a distinct fall. The removal of
a large carcinomatous kidney was attended by marked hypo-
tension. During all procedures in this field, depressor effects
were manifested, if the blood-pressure was influenced at all.
Fig. 72 shows an extreme fall in pressure during prostatectomy,
in a patient with chronic interstitial nephritis. The consider-
able hzemorrhage acted like therapeutic venesection in reliev-
ing hypertension.

3. BLOOD-PRESSURE IN SURGICAL ACCIDENTS
AND DISEASES

A. Hemorrhage.—Loss of any considerable volume of blood,
in an anssthetized patient, results in an immediate descent of
the blood-pressure curve, fairly proportional to the severity of
the hemorrhage. Unless extreme, or succeeded by shock, a
compensatory rise follows. The predisposition to shock, which
accompanies hypotension from acute angemia, is its dangerous
feature in most cases. Figs. 70, 71, and 72 illustrate the effects
of bleeding as clearly as Fig. 6, taken in the laboratory.

a. Treatment—The study of therapeutic measures for the
relief of low blood-pressure after haemorrhage must never neg-
lect the definite physiological tendency of the blood-pressure to
return unaided to its normal level. No interference can be
accorded any value unless it obviously hastens this return.
Saline infusion, either intravenous or subcutaneous, seems to
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276 BLOOD-PRESSURE IN SURGICAL CONDITIONS

to life lies in the hypotension, dependent on loss of central
vaso-motor, not of cardiac function.

Crile found that he could produce a state of profound shock
as surely by repeated direct stimulation of the vaso-motor
centre with strychnin, as he could by reflex stimulation from
peripheral injury. There seems no question of the facts he has
adduced.

a. Prophylaxis.—Thig includes the avoidance of all those un-
necessary injuries to peripheral nerves which may call forth
a depressor response; perfect hsemostasis; and the minimum
manipulation of abdominal organs. Rough handling, blunt
dissection, and needless expenditure of time, are dangerous,
except where the blood-pressure shows favorable conditions.
Chloroform should never be used where shock is feared. Cush-
ing, and Crile, call attention to the great value of preventing
the abnormal stimuli from reaching the medulla, when opera-
tions necessarily involve injury to important nerves. This is
accomplished by the injection of cocain into the nerve-trunks
before their division. Thus, in major amputations, the brachial
plexus may apparently be divided with impunity after it has
been “‘ blocked ” by cocain, and Crile always treats the superior
laryngeal nerve in the same way in neck operations of any
magnitude.

b. Treatment.—Whenever the blood-pressure shows serious
depression, chloroform should be stopped and ether substi-
tuted. If ether is being used, Cook and Briggs believe its con-
tinuance safer than to allow the patient to come out, if a need
for the renewal of the ansesthetic is likely to arise. All ma-
nipulations, except those essential to completing the operation
at the earliest moment, should be avoided.

The question then arises as to the means of combatting the
hypotension. Here the entire decision hinges upon the con-
dition of the vaso-motor centre. Is its activity absolutely ex-
hausted by the successive stimuli it has responded to, or is its
function merely inhibited, or in abeyance? Crile seems to have
demonstrated that, in profound experimental shock, the centre
can no longer respond to either peripheral or central stimula-
tion. Since he could produce shock equally by repeated injec-
tions of strychnin, he seems justified in assuming that to use
such a central stimulant, when the vaso-motor centre is already
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relief of general cerebral symptoms, unless it be undertaken as
a forlorn hope, in the paralytic stage of compression.

Hypertension is, as we have seen, direct evidence of anze-
mia of the medulla from compression (see page 141). When it
supervenes after injury, it seems one of the best indications for
operative interference. Cushing, in this country, has studied
the matter especially, and advocates surgical interference in
non-traumatic cases of general cerebral compression as well.
There seems no reason why, with the blood-pressure mount-
ing above 300 mm., an intracerebral clot should not be evacu-
ated, as much as one from the middle meningeal artery. So
far as traumatic cases are concerned, Kocher regards the ap-
pearance of the slow high tension pulse, and other symptoms
of advanced compression, as evidence that the favorable period
for surgical intervention has passed. The earlier diagnosis
must depend on focal manifestations of local pressure, which
have not yet appreciably raised the tension in the posterior
fossa.

Every case of head injury, or cerebral accident, should by
all means have systematic blood-pressure measurements taken
at short intervals. The effects of operation are most strikingly
exhibited on the blood-pressure chart (see Fig. 62).

d. Acute Peritonitis.—Crile studied the arterial tension in
twenty cases of acute peritonitis from various causes, and
found a moderate hypertension in all, probably dependent on
reflex vaso-constriction from the peritoneal irritation. His
highest reading was 208 mm., lowest 156 mm., and average
166 mm. (R. R. 5 em.). This may be of some diagnostic value,
especially in the recognition of perforative peritonitis in ty-
phoid, which has already been considered. Late in the course,.
as collapse develops, the blood-pressure sinks. Heineke de-
monstrated this in animals (see page 156), the cause being
vaso-motor paralysis similar to that in other infections.
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2. BLOOD-PRESSURE DURING PREGNANCY

Before definite statements can be made concerning the in-
fluence ‘of pregnancy on blood-pressure, there must be accurate
records on the same women, at moderate intervals, throughout
its whole duration. These are impossible in hospitals, where
the waiting women come late, and must be furnished from
private practice. At present, only measurements on different
cases at different periods exist. Hence we find Queirel and
Reynaud claiming - that hypertension exists throughout, in-
creasing up to labor; Wiessner, that a rise occurs during the
later months; while Vaquez and Millet, Goldwater, and Cook
and Briggs never found readings above the normal limit until
uterine contractions had actually begun. The latter authors
made the interesting observation of a fall in pressure with the
descent of the feetal head into the pelvis, in the ninth month.
This seems good evidence of some previous increase in tension
above the normal for the individual, from the augmented intra-
abdominal pressure (see page 15). They also noted a rise in
systolic pressure accompanying the painless uterine contrac-
tions during pregnancy.

The whole question is one it would be worth while to solve.
The studies of Dreysel, who made weighings of the heart by
Miiller’s method, in autopsies of seventy-six pregnant women,
showed a distinet hypertrophy of both ventricles, which was
proportional to the increase in body-weight. The existence of
such an absolute, but not relative hypertrophy, would be no
reason for assuming that hypertension would coexist, as we
have already seen in discussing the hypertension of chronic
nephritis (see page 146). Fiith and Kronig were unable to
prove increased viscosity of the blood in pregnant women.
The considerable intra-abdominal tension during the last
months seems to me an adequate cause for what little eleva-
tion of pressure may occur.

The most important point, at least, is settled. Real absolute
hypertension, say above 180 mm. (5 cm.), 160 mm. (12 cm.),
does not exist during normal pregnancy. The discovery of
such tension, especially on several examinations, should be re-
garded as distinct evidence of mischief, and the kidneys care-

fully watched.
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Queirel and Reynaud report the lowest figures during labor as
occurring during its administration.

b. Influence of Obstetrical Operations.—Instrumental delivery,
version, and other methods of forced delivery seem to cause a
sharp elevation of blood-pressure. According to Cook and
Briggs, this ‘‘ pelvic reflex” rise occurs on the introduction of
the whole hand into the vagina, but is most extreme when
strong traction is exerted on the child. Such hypertension
makes intelligible the occasional rupture of a cerebral vessel
which has occurred under these circumstances.
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Fio. T4 —Post-oreraTive DEPREssioN. (Cook’s sphygm. 5 em.)

Combined shock and hemorrhage in twin labor, after prolonged forcible attempts at

instrumental delivery. 2 : A
Strychnin in large amounts producing immediate and permanent rise in blood-pres-

gure, (From Cook and Briggs, Chart No. VIL)

c. Influence of Hmmorrhage and Exhaustion.—Both loss of
blood and unusual exhaustion, which may even constitute real
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collapse, produce hypotension. The extent of the fall in pres-
sure, and the level at which it is maintained, are proportional
to the danger that exists. Fig. 74, from Cook and Briggs,
shows such a condition of hypotension and its prompt disap-
pearance after a large hypodermie of strychnin. The blood-
pressure curve here, as in other conditions of vaso-motor de-
pression, is probably one of the best indications of the neces-
sity for stimulation, and of its effect.

B. The Puerperium.—The changes in blood-pressure after
the birth of the child must be of small consequence, and de-
pendent on more or less individual eauses. Thus Wiessner
found readings lower than in pregnancy (R. R.); Goldwater,
a very slight diminution in tension during the first three days,
7 mm. (G.) at the greatest; Lebedoff and Porochjakow, a fall
of at least 18 mm. (v. B.) during the early days, with a return
to normal during the second week; while Queirel and Rey-
naud report a rise in pressure, attaining its maximum as a
rule on the fourth day, with subsequent slow decline.

These latter observers noted a rapid development of hyper-
tension with any complicating inflammatory disease; perito-
nitis, pneumonia, or grippe. The Verdin sphygmomanometer,
which they used, casts suspicion on all their results.

4. PUERPERAL ECLAMPSIA

There is no difference of opinion as to the value of the
sphygmomanometer in the detection and treatment of eclamp-
sia. Hypertension has been invariable in all the cases so far
observed, as in acute ureemia. The existence of high pressure
during pregnancy is a warning of its possible occurrence,
which seems of more value than the finding of albuminuria.
I am unable to speak from personal experience, but the testi-
mony is so convincing and harmonizes so perfectly with what
we know of blood-pressure before ursemic convulsions, that I
feel assured of the wisdom of sphygmomanometric measure-
ments as a routine during pregnancy.

During labor itself the hypertension is harder of recogni-
tion, because in large degree a normal feature. After deliv-
ery, however, if the pressure does not fall, eclampsia must be
considered immanent. In all the cases studied by Cook and
Briggs, this post-partum hypertension was invariably followed
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by convulsions sooner or later. Wiessner, Fiith and Kronig,
and Vaquez and Nobécourt, all insist on the great importance
of this premonitory rise.
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Fia. 75 —PuErrERaT EcLaMpsia. (Cook’s sphygm, & ¢m.)

Hypertension during labor. 5 :
No relief of the abnormally high blood-pressure following delivery, only a very tem-

rary fall cecurring. :
o With the persistence of hypertension, development of eclamptic gymptoms and eon-
vulsions seven and a half hours post partum. E
With the relief of hypertension (by the usual methods) disappearance of the eclamp-
tic features. (From Cook and Briggs, Chart No. XV.)

During the actual seizure the tension reaches very high
figures, Wiessner having seen it 280 mm. (R. R. 5 em.). With
its reduction by the vaso-dilators or chloroform, the convul-
sions disappear. Wiessner was unable to diminigh the pres-
















































FW'&“ SR e e g Ay b =
,,hljﬁ e w ¥ i rArs L £ A '\
P ] E F ¢ o 3 ' .
G R - r i ;
il Fd S AR A # L
. ¥
. J i
- ']
s
__._F'
i
#
¢
«
' L L
! v
\ L




