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THE JOSIAH MACY, JR. FOUNDATION
CONFERENCE PROGRAM

Waen I was on a destroyer out at Bikim m 1946 I was fascinated
bistening to our radio operator as he tested commumcation equip-
ment He would ask another ship through lis radio, “How do you
hear me?” and the answer often would come back, “I hear you
Nine-Nme-Nmne” That meant that everything was satisfactory
Of the three nines, one was for mtensity, one for clanty, and one
for meaning

The Josiah Macy, Jr Foundation has orgamzed and devoted a
large portion of its resomces to the support of its Conference Pro-
gram because the officers are cogmzant of the fact that there 1s
considerable obstruction to communication and mutual understand-
ing across the disciphines and specialties, and that tlus, m fact, 1s
one of the major factors delaying scientific advance We feel that
there ae psychological as well as semantic factors contnbuting to
the difficulty of commumecation, people, even in arguments with
one arother, are too much mclned to make statements af 1ather
than to communicate with, others. I think that we are mchned to
forget, though, that the real question 1s, are these words and state-
ments those which are hkely to convey to the histener the whole
or even a small part of what I would like to express

I have a feelng that we should be very much concerned with
the other fellow’s receiving set and not with our own tiansmtte:
alone If the other person doesn’t seem to undeistand wus, 1t may
not be enough merely to increase the power of om tiansmission,
we must try to find the obstruction in his recerving set and to see
what kind of filters and resistors he uses So, if we call out to the
mteiprofessional No-Man’s-Land, “How do you hear me?” and the
reply comes back, “I hear you Nine-Nine-Nme,” we have the begin-
ning of commumcation What we try to do in these conferences
conducted by the Foundation 1s to set the stage for meanmgful
commumecation

With the accelerating 1ate at which new knowledge 1s accumulat-
ing and with the mci1easmg 1ecognition that nature 1s of one piece,
it becomes evident that the continued 1solation of the seveial
branches of science from one another 1s a serious obstacle to scien-
tific progress Nowhere m science 1s the need for “combimed opera-
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8 Shock and Circulatory Homeostasis

tions” more evident than m medicime Today, to be effective,
medical research and practice must embrace data from all the
disciplines mcluding nuclear physics at one end of the spectrum
and cultural anthropology at the other, for advances in one field
are frequently dependent upon knowledge derived from quite
another discipline.

Although the fertility of the multidiscipline approach 1s thus
recognized, universities, and scientific societies and journals, which
are usually restricted to one small area of a field in ther coverage,
have not yet made adequate provision for channels of interdisci-
plinary communication We do not wish to compete with the formal
scientific meetings or with the scientific journals which have estab-
lished patterns and formats for the presentation of material Our
purpose at the meetings 1s to keep an informal atmosphere and to
encourage the exchange of methods, research plans, concepts and
difficulties, which cannot be done if there 1s formal speech making

The Foundation has endeavored to meet the need for inter-
disciphnary communication by bringing together for a series of
two-and-a-half day annual conferences a small group of mvesti-
gators, representing 1 so far as possible all the branches of science
related to a chosen problem Participants 1n these mformal con-
ferences over a five-year period develop a feeling of friendship,
trust and mutual respect which m turn promotes communication,
cross-fertilization of 1deas and cooperation The success of such an
endeavor, however, 1s dependent upon full participation of all
members 1 the discussion Accordingly attendance at any con-
ference 1s limited to twenty-five

Under the guidance of Dr Willard C Rappleye, President of the
Foundation since 1942, the Conference Program has been gradually
expanded and enlarged until during 1953 1t mcluded twelve dif-
ferent groups which met annually to discuss a wide variety of
problems m the field of medicine and the closely related disciphines
Our plan 1s to discontinue the meetings of each group at the end
of five years

In order to share with a wider group of investigators and students
the essential quahity of these conferences and to give others an
msight mto the functions of the scientific mind, the informal nature
and tempo of the discussions, as far as possible, are preserved
the published transactions

Frank FrRemoNT-SMITH, M D,,
Medical Duector



EXPERIENCES WITH SHOCK
IN THE KOREAN THEATER

JOHN M HOWARD, Captain, (MC), USA

Department of Suigery
Bayloy Unwersity College of Mediine

Tue Surcicar. Reseance Teaum of the Medical Corps of the United
States Army has worked 1 Korea during the past two yeas I have
had the privilege durmg that time of observing the response to
myury and therapy of appioximately 4,500 battle casualties, and of
studying m detail the response of several hundred of the more
severely myured These observations were made a few miles behind
the front hnes mm a Mobile Army Surgical Hospital

We found that every organ, every system which we have been
able to study, and presumably every cell mn the body, takes part
m the response to trauma This response of the entire body 1s not
limited to a few munutes or hows, 1t may continue for days or even
weeks Its duration and magmtude are roughly proportional to the
degree of mjury It mnvolves the autonomic nervous system, adrenal
cortex, cardiovascular system, liver, kidneys, pancreas, gallbladder,
gastromntestinal tract, bone marrow, skeletal muscle, lymphatic
system, the metabolism of carbohydrates and protems and the
wound and 1its effects on the clotting mechanism

I should like to present certamn of our observations on the cardio-
vascular response to injury, with the hope that they may stimulate
discussion as to the meaning of the problems we encountered. The
survival of the battle casualty depends, to a very great extent, on
the competence of his circulation This 1s at the heart of the prob-
lems associated with resuscitation

Five syndromes emerge from our observations Using blood pres-
sure as the primary criterion, they are compensation, overcompensa-
tion, decompensation, hypertension associated with renal failure,
and secondary hypotension after anesthesia and operation

COMPENSATION
A loss of from 10 to 25 per cent of the blood volume can be

tolerated without a drop of pressure.* With an mjury of this degree,
*The Phystolo

gical Effects of Wounds Board for the Study of the Severely Wounded
U S Government Printing Office, Washington, D C, 1951
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10 Shock and Cuculatory Homeostasis

the 1mmediate compensation 1s through the response of the casu-
alty’s autonomuc-cardiovascular system. Time and agamn we saw
the pressure drop precipitously when any additional trauma was
added We saw two casualties die from a passive movement to the
xay facilities, they went from a condition of compensated shock
mto severe shock Such patients are extremely sensitive to the
anesthetic agents, pentothal, nitrous oxide, and ether, particularly
to pentothal, which cause them to decompensate The responsi-
bility of the surgeon, of course, 1s to recogmze the state of com-
pensation and correct the blood volume deficit before the com-
pensatory mechanism 1s blocked by the use of anesthesia

OVERCOMPENSATION-HYPERTENSION

Overcompensation occurs as a hypertensive response to mjury
There 1s a tremendous burst of sympathetic activity overlymng a
relatively mtact circulatory mechamism Hypertension may develop
a few mmutes after mjury, or be delayed in onset for one or two
hours Thurty soldiers were selected for study who were hyperten-
sive on admission to the forward hospital at an average time of
8.5 hours after woundmg, with a spread of from one to eighteen
hours These casualties, without previous hypertension, had a
systolic pressure between 140-240 mm Hg

Heymans Exactly what do you mean by “overcompensation”?
In what system does overcompensation occur?

Howard 1 am usmg blood pressure as my criterion

Heymans Are you saymg, D1 Howard, that 1t 1s overcompensa-
tion 1n the sense of a reaction to low blood piessure, and that mn
some conditions an orgamism, mstead of going back to normal levels
of blood pressure, shifts the pressure to a high level, and so over-
compensates? I do not assume that such a condition 1eally exists
If the blood piessure reaches too high a level, I think another
factor must have come into the picture

Howard What I am trying to do 1s develop the thesis that the
responses of man to all magmitudes of injury, are stmilar, and that
moderate and severe njunies produce the same response but dif-
ferent clhinical pictures, because, mm some cases, the mjury 1s out
of proportion to the patient’s ability to compensate

Shoir Do you mean, Dr Heymans, that mnstead of this bemg
an extension of the same process, it may mvolve another process?

Heymans Yes

Shorr You see, Dr Howard, you are using “overcompensation”
as a contmuation of the same process Dr Heymans means that 1t
may not necessarily be the same, and that another process may
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have come mto play which 1s 1esponsible for the hypeitension

Howard Possibly the same mechamism 1s there, but another
etiological stimulus has been added

Dawes I just wish to be swe about those patients who, after
myury, had a high pressure Did they have a normal pressure under
ordmary circumstances beforehand, or did they have high blood
pressure when you first examined them?

Howard These men, by physical examimation, previously had
normal pressuie, and subsequently during then hospital stay had
normal pressure

Folkow Is 1t not possible that this “overcompensation” o1 hypei-
tensive response, 15 mduced by the probable massive stimulation
of pam fibers? Excitation of such fibers will mn most cases mciease
the sympathetic discharge rate, with an imcreased blood piesswie
as a consequence

Howard Yes, but I should hke to emphasize the fact that put-
ting them to sleep does not drop the blood piessure

Fremont-Smith The punciple of overcompensation 1s well estab-
lished

Heymans Not for blood pressure homeostasis

Fremont-Smith Hyperemia?

Heymans That 1s an abnormal situation, but we cannot call 1t
physiological compensation

Howard Is hyperemia, the local 1esponse to thiauma, any more
“abnormal” than the systemic response to trauma?

Fremont-Smith Perhaps our problem 1s words

Heymans I think when we use the word “compensation” with
regard to a drop m arterial blood pressure, 1t means that theie has
been a physiological compensation m an effort to bring the blood
pressure back to the normal level, but I do not think we can con-
sider that the same mechanism 1s mvolved when the blood piessure
goes too high I should prefer to use different terms and speak of
compensation as a physiological mechamism However, when the
blood pressure gets too high, I am quite sure that another mecha-
msm, or another factor, 1s mmvolved, because normally 1t would not
do that It may be a question of terms However, the meaning of
these terms must be clear, because otherwise we shall get mto
difficulty 1n interpretation

Shorr An overcompensation, to your mund, would be such exces-
Sive vasoconstriction as actually to impair profoundly the blood flow
through the tissues

Heymans Yes If you take ten per cent of the blood volume out
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of a dog, he compensates and brings his pressme to normal It
never would go to a higher level if nothing else were introduced
which would push 1t to a higher level

Dawes If you bleed an amimal, the blood pressure will always
fall, the compensation mechanism then begins to function There-
fore, you would say that anything which raises the pressure above
normal would be overcompensation or some other factor However,
you are looking at this entirely from the standpoint of hemorrhage

Heymans No, I am also thinking of the condition of shock

Knisely When we make an analytical study of the observation
that one category of patients responds by a measurable drop imn
pressure, and another by an increase m pressure, we find we have
to use two different languages the one physiological, and the othex
chnical I should like to add that the blood agglutinates in response
to the crushing of parts of the body Dr Howard, why do you define
mjury m terms of hémorrhage alone?

Howard We by no means believe that hemorrhage 1s the only
mjury But 1t 15 the one that can be measmed and most 1eadily
treated

Knisely Following the hemorrhage, there 1s a decreased flow

Nickerson 1 think it 1s extremely important to make a distinc-
tion here The first step in gamning useful information from these
observations 1s to analyze the mechanisms If the carotid smus 1s
responsible for compensation, and the so-called “overcompensation”
1s due to afferent impulses arising from other areas, that 1s the first
and perhaps the most fruitful distinction we can make, and one
that will lead us, not only to a more complete interpretation of
what 1s gomng on, but also to more rational methods for combatting
it I hope we can obtamn information regarding the origin of the
impulses that are responsible for the activity or hyperactivity of
the vasoconstrictors

Burton We have come to think m terms of cybernetics We had
thought about the control mechamsms before, but did not have
this long word for 1t In control mechamsms in physics, one has
the phenomenon of “hunting,” which one might call “overcompensa-
tion,” and 1t 1s quite difficult to correct 1t But I think the systems
of homeostasis 1n the living organism are so well “designed” that
we do not usually encounter hunting in the body, m fact, I do
not know many cases of 1t Thus, I think this 1s a rather funda-
mental pomnt which Dr Heymans has raised

Folkow As regards Dr Howard’s statement that the hyperten-
s1ve response remains even during sleep, 1t should be stressed that
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sttmulation of pam fibers 1 ammals raises blood piessure both mn
narcotized and decerebrated preparations, showimng that this reflex
response, mvolving pam fibers and sympathetic vasomotor fibers,
1s operating at a medullary level does not need the actual peicep-
tion of the pam for its establishment

Acheson It seems to me that Dr Howard has three categonies,
and that in labeling them he has been anticipatmg what he will
tell us later The words “normotensive,” “hypertensive,” and “hypo-
tenstve” will describe his first three cases I do not understand how
these effects could be explamed from what he said, and I am con-
fident that he 1s going to give us some evidence on the subject

Howard In the example I gave you, the chmcal picture was
quite characteristic Each of the 30 men had extremity wounds of
a noncritical natwe, and only four had associated visceral wounds
None of them died of their wounds, or required massive trans-
fusion to support them Although blood volume determinations
were done 1 only a few, the maximal deficit appeared to be about
25 per cent The skin was clinically normal mn color and tempeia-
ture The pulse pressure and mean pressure were elevated Theire-
fore, there appeared to be an increase i cardiac output, and
probably a selective vasoconstriction

Two-thirds of the patients had fractures of relatively small bones
the tibia, or bones of the foot In cases of amputation, it was a
minor one, not of the thigh o1 mudcalf, but of the ankle Two-thirds

of the wounds were caused by small firearms, fired at close range,

Or mines. !

Most of the patients were 1 severe pain, which 1s unusual for
the mjured soldier, occasionally they were quite restless The usual
pulse range was from 80-100, but occasionally a bradycardia of
64-66 was noted Occasionally a tachycardia was present The
patients were msensitive to analgesics m teims of thewr effect on
blood pressure They were quite sensiive to pentothal, and to
autonomic blockade with other drugs The question 1s were afferent
mmpulses from the extremities, or products of tissue breakdown,
the cause of the response?

Because of the precipitous drop in pressure with anesthesia, 1t
was postponed for 6 hours in one nstance, and 8 5 hours 1n another
In nerther case did the response lessen Analgesics were then tried
Many of the patients had already received morphine before admis-
sion. Two were given demerol, and two morphme mtravenously n

an amount sufficient to put them to sleep, but the hypertension
persisted
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Howard- We didn’t We waited up to six hows for the piessure
to 1etwin to normal.

Fwme The ciiterion was the normotensive state?

Howmd- Yes, although it was not 1eached.
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Figure 1 Patient S D S, age 39 years Hypertensive response to mjury,
traumatic amputation of foot

Figure 1 shows that with a pulse pressure of 100 mm, and a
pulse 1ate of approximately 75, the mduction with pentothal was
followed by a drop n systolic pressure of 100 mm, and that the
pressure did not return postoperatively to the hypertensive level
The latter was a charactenistic finding If we then accept the action
of the pentothal as bemng that of a sympathetic depressant

Heymans 1 am sorry, but as a pharmacologist I cannot agree that
pentothal mjected mtravenously 1s a real ganghome blocking agent
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In an effoit to define the mechamsm, two patients were given
5 mg of 1egitine mmtravenously, a drug 1ecommended for use m
diagnosing pheochiomocytomas This dose would block, and pos-
sibly reverse, the pressor response to epmephrine, but would have
little effect on the pressor responses to norepmephrine or sympa-
thetic nerve shmuli In one istance there was a sharp diop m
pressure, and m another a modest drop

Hexamethonium, m a dose of 25 mg., was given mtravenously
to thiee of the casualties This drug 1s reported to block conduction
across the sympathetic ganglhia In all thiee nstances, the pressure
dropped precipitously

Dr. Robert Dunning Dripps called attention to the frequent fall
m blood pressme which the battle casualty expeienced after
pentothal, and stated that he believed it to be a sympathetic block-
ing agent Whatever the etiology, the mechamism of the hyperten-
sive 1esponse appears chimically to be an increased caidiac output,
and possibly a selective vasoconstriction, through the mechanism
of the sympathetic nervous system

Nickerson. What 1s the evidence for this being piedomimantly
an mcrease m cardiac output?

Howard 1 was using the maiked mcrease m pulse piessure as
an mdex of mcreased shoke volume output

Nickerson One 1eason I asked was that, at least in the case of
regitine, one would expect a blockade of the responses of the blood
vessels to stimuli from epmephrine, but not of the heait

Howaid Even 1if there were an increase mn the arculating
epmephrine?

Nickeison That 1s 11ght

Liljestrand May 1 ask whether the imhalation of oxygen had
any effect on the blood pressure i these patients?

Howaird 1 cannot answer that

Dawes Were they blue?

Howard No None of these patients with wounds showed chinical
evidence of anoxia

Liljestrand There might be anoxia present, particularly m the
carotid body, which mught be one explanation of the high blood
pressuie It would be interesting to observe the effect of oxygen

Burch Did you measure the venous pressure?

Howard No -

. Faine* How did you decide that it was advisable to wait for six
hours before admmstering the anesthesia?
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Figure 1 Patient S D S, age 39 years Hypertensive response to 1njury,
traumatic amputation of foot

Figure 1 shows that with a pulse pressure of 100 mm, and a
pulse rate of approximately 75, the mduction with pentothal was
followed by a drop m systolic pressure of 100 mm, and that the
pressure did not return postoperatively to the hypertensive level
The latter was a charactenistic finding If we then accept the action
of the pentothal as bemng that of a sympathetic depiessant

Heymans I am sorry, but as a pharmacologist I cannot agree that
pentothal injected mtravenously 1s a real ganghonic blocking agent
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Comroe Dr Dupps and his group (1) have found that patients
deeply anesthetized with pentothal do not seem able to constrict
therr peripheial vessels m response to raised airway pressure,
whereas patients under cyclopiopane anesthesia retamn this abihity
Of course, that 1s not proof that transmission through sympathetic
gangha is depressed o1 blocked. The only direct work that I am
famihar with 1s that of Dr Maitin Larrabee (2) at Johns Hopkins,
who has found that barbiturates depress ganglionmic transmission

Nickerson: If 1 recall correctly, they began to get effects at what
you might call the maximum anesthetic dose At the same level of
anesthesia, thiopental produced less depiession of ganghonic trans-
mussion than did ether or chloioform

Dawes When the opeiration ends and the patient 1s normoten-
stve, has he any pamn?

Howard. Yes

Burton. There 1s a very good rule which apples to pulse pres-
sure, namely, that the pulse pressure, times the heart rate, times
the distensibility of the aorta, 1s an index of the cardiac output
However, 1if the distensibility of the aorta has changed, as we can
very well imagine would occur under the sympathetic discharge,
then an increase i pulse pressure does not connote an mcrease m
cardiac output, does 1t? I think that unless one had measurements
of cardiac output, 1t would be very difficult to prove

Richardson 1 think such doses of pentothal as were given to
this series of patients would be expected to have an effect on the
central nervous system, but not on the peripheral autonomics

Heymans In most amimal experiments, small amounts of pento-
thal, or other barbiturates, do not mnterfere with ganghome trans-
mission, but doses of pentothal sufficient to induce anesthesia exert
a very marked depression on the vasomotor centers This can be
shown 1n experiments, and rules out the physiological mechanisms
of blood pressure homeostasis That, I belheve, 1s why the blood
pressure of the patients Dr Howard mentioned was brought down

Richardson Would you also agree that a drop to a sumilar level
might occur m a perfectly normal individual? It would probably
be not as much, because the pressure 1s not so high

Heymans I am not sure, because 1t 15 possible that in an njured
patient, the normotensive level of pressure 15 also knocked out by

hemorrhage, trauma, or so on
Shorr You thmk that the normal homeostatic mechanisms are

not operatmg 1 that case?
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Richardson They are just depressed

Heymans. Of course, we do not know However, according to
experimental observations, if we take from 10 to 20 per cent of the
blood volume from a dog, or mduce any marked trauma, the
normal homeostatic mechamsms of blood pressure are markedly
depressed. Tt 1s quite possible that m the patient having been sub-
jected to trauma or some bleeding, the normal homeostatic mecha-
msms are exhausted because they have been used up to compensate
for the drop 1n blood pressure, and that pentothal 1s just mcreasing
that tendency. The total drop in blood pressure cannot be com-
pensated for That 1s my explanation

Stead In a normal person fiom whom you take blood, one of
three reactions occurs the blood pressme remains the same, goes
up, or falls In the early stages of blood loss, the pressure 1s de-
pendent on the activity of the autonomuc system If enough blood
1s 1emoved, the presswme will of course always fall, but m the earher
stages the arterial pressure 1s determmed by factors other than the
amount of blood loss My guess would be that these patients would
behave mn the same way to the general stimuh, regardless of
whether they had lost blood or not

Dr Hickam (3) studied normal students taking final medical
exammations, and showed that the nises i blood pressure might

be due to an increase i peripheral resistance, to a nse m cardiac
output, or a combination thereof.
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Howaid Figwme 2 gives the reactions of a patient with a blood
pressure of 1oughly 160/80 In 3 5 hous, 1t stabihized under demerol
It then fell under spinal anesthesia and 1esponded to ephedrine
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Ficure 3 Patient J T S, age 23 years Hypertensive response to injury

Figuie 3 shows the persistence of the response for five hows
Theie was a modeiate hypotension associated with changes n
posture, then a sharp drop with pentothal anesthesia Postopera-
tively the pressure did not rise agam

Acheson I have observed patients who were induced with pento-
thal, and the continuation of anesthesia was accomplished with
nitrous oxide I should like to know whether you had patients whom
you did not induce with pentothal, and whether you thunk it was
the general anesthesia, rather than the mduction with pentothal,
which was mvolved

Howard Patients who had spinal anesthesia were not mduced
with pentothal Pentothal was not used for anesthesia, 1t was used
for induction I am certamn there weie exceptions to the last state-
ment

Lawton I should Iike to ask how long the blood pressuie may
be sustained if no anesthetic 1s given

Howard The longest period of time the patients weie obseirved
was up to six hours after admission
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Lawton It would appear that this would not be “hunting” if 1t
were sustamed for six hours at a rather constant level

Heymans If pentothal 1s given to a normal dog, just to mduce
anesthesia, his blood pressure geneirally does not fall However,
this dose of pentothal may knock out his normal compensatory
mechanisms for homeostasis of blood pressure If hypeitension has
been induced by cutting the buffer nerves, the same amount of
pentothal will provoke a diop m blood pressure. I am not sur-
prised that a dose of pentothal which would not mduce a diop
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Howaird Figure 2 gives the reactions of a patient with a blood
pressure of 10ughly 160/80 In 8 5 hows, 1t stabilized under demerol
It then fell under spinal anesthesia and 1esponded to ephedime
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Figure 3 shows the persistence of the response for five hours
There was a moderate hypotension associated with changes m
posture, then a sharp drop with pentothal anesthesia Postopera-
tively the pressure did not rise agam

Acheson 1 have observed patients who weie induced with pento-
thal, and the continuation of anesthesia was accomplished with
mtrous oxide I should like to know whether you had patients whom
you did not induce with pentothal, and whether you think it was
the general anesthesia, rather than the imduction with pentothal,
which was nvolved

Howard Patients who had spmal anesthesia weie not mduced
with pentothal Pentothal was not used for anesthesia, 1t was used
for induction I am certain there were exceptions to the last state-
ment

Lawton I should like to ask how long the blood pressure may
be sustamned if no anesthetic 1s given

Howard The longest period of time the patients were observed
was up to six hours after admuission
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Lawton: It would appear that this would not be “hunting” 1f 1t
were sustamed for six hours at a rather constant level

Heymans If pentothal 1s given to a normal dog, just to mnduce
anesthesia, his blood pressure generally does not fall However,
this dose of pentothal may knock out his normal compensatory
mechanisms for homeostasis of blood piessure If hypertension has
been mduced by cutting the buffer nerves, the same amount of
pentothal will provoke a drop in blood pressure I am not sur-
pused that a dose of pentothal which would not induce a diop
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m blood pressure in a normal peison, would cause a diop mn a
patient whose high blood pressuwie was due to injury The extent
of the drop would depend on the amount of pentothal mjected
of course

Burton: I understand Dr Heyman’s pont, but I should like to
know whether the response of blood pressure to ephedrine 1s
normal

Richaidson It would be noimal if 1t were given mtravenously

Acheson How do you know that the curve mn Figure 2 15 a
response to ephedrme?

Richardson You do not

Burton If we iject something and the curve goes up, we say
it 15 a physiological response

Acheson However, 1t was given when the curve was very low

Howard Figure 4 shows another casualty Here the pressure
remained hypertensive, but labile, during passive movement Agamn
there was a drop following pentothal

Buich Do you have any data concerning the adrenal function
in these patients?

Howard. In these particular patients, no, but we were never
able to demonstrate adrenal cortical msufficiency m any casualty
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Figure 5 shows that with the patient sleeping muqh of the time,
hypertension persisted for approximately six hours With the patient
asleep hexamethomum, mn a dose of 25 mg given mtravenously,
produced a sharp drop m pressure from approxumately 200 to 86
systolic, and from 90 to 0 diastohic
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fracture of humerus

Figure 6 shows the reactions when three drugs were given *
When regitine was administered, the pressume dropped precipi-
tously, but then 10se rapidly However, 1t did not nise to the previous
level When hexamethonium (bistrrum) was given intravenously,
a sharp drop occurred, after which there was a gradual nse With
pentothal, the same response occurred This leads to the conclusion
that whatever the etiology of this hypertension, 1t would seem to
be mediated through the sympathetic nervous system, and that 1ts
blockade dropped the pressure to normal or hypotensive levels

*In collaboration with Dr A C Corcoran
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Gireen If you wanted to produce a sympathetic blockng effect,
I should think you would have to give at least 0 5 mg per kilogram
of regitine

Nickerson In that paiticulai patient, I think you would have to
say that the effect of regitine was due to the fact that there was a
large amount of circulating epmephrine or norepmephrine, 5 mg
1s not a sympatholytic dose of regitine I do not think you could
compare the effect with that of hexamethonium
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Howard Figure 7 shows a patient with a modest drop m systolic
pressure, and a marked drop i diastohc pressure He was quite
msensitive to pentothal, and a large amount was 1equired to keep
him on the operating table Postopeiatively there was a continuation
of lus hypertension for a day or so, and then 1t disappeared When
the patient was brought back to the operating room four or five days
later, he again became hypertensive, and requred a large dose of
pentothal, and other anesthetic agents

Could 1t be that in the patients who were sensitive to hexame-
thontum and pentothal, the response was mediated primarily
through the nerves themselves, probably from afferent stmulation
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of the exhenuties, wheieas the component of the patient with
Jestlessness, evidence of fear, and msensitivity to drugs, was largely
that of the circulating epmephrme with psychological factors as
its etiology®

Nickerson Did this patient 1eceive regitine?

Howad No

DECOMPENSATION—HYPOTENSION

Howard I should like to make some generahzations on the
observations of the patients who were decompensated. Table I 1s
a summary of the 1eaction to mjury of 30 patients who weie ad-
mutted with a blood pressure which was mmperceptible It demon-
strates the followng three pomts first, an obvious one, that
hemorrhage 1s more difficult to control from the abdomen than from
the extremrties, second, the amount of blood requred for resuscita-
tion 15 a better index of prognosis than 1s the blood pressure on
admission, third, the abdomial mjuries carry a lugher mortahty

Fremont-Smith What was the criterion used in determining how
much blood they should get?

Howard Restoration of blood pressure

Burch How much blood loss did you replace? Was 1t pint
for pmt?

Howard We frequently felt we were 1eplacing much more than
pmt for pint We could never prove that by blood volume measure-
ment

Buich 'Why couldn’t you establish a ratio?

Howard We spent a year m trymg to find out why we were
usmg so much blood Was there loss of blood, destruction of blood
or poohng of blood? I am not certam We could not demonstrate
a lngh blood volume Yet we used as much as 42 pmts of blood,
and much of it postoperatively

Burch Did you study the wiobilinogen excretion m the stools?

Howaid These patients could not give a specimen for five or six
days However, there was a sharp peak n urine urobihmogen after
mjury *

Stead Was there any difference n the autopsy findings m these
people who received the 42 pmts of blood?

Howard There was not a umiform findm

Buich Do you have any 1dea where the blood went?

Howard We would occasionally find blood pooled 1n the skeletal
muscle, or pulmonary edema However, after extensive study we

could not say that the blood was present m the vascular tree

“Unpublished data from the Surgical Research Team in Korea
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Richardson Dr Howard, do you think there 1s any chance
that m some of yom patients you may have admmstered too much
blood, and hence hurt rather than helped them?

Howard Occasionally that was a possibihty, but I am much
more certamn that 1t saved hves

Selkurt Did you find hemorrhage mto the mtestine?

Howard No

Fine You would have no way of determining how much blood
or plasma was lost mto the area of the wound, would you?

Howard No The extremity wounds, of course, characteristically
result in hemodilution

Burton What about the size of the hiver m these people who
had so much blood loss?

Howard It was not markedly changed

Fine You do not list the time of the death of these people Was
there an immediate mortality during the transfusions, or did death
occur some time thereafter?

Howard Tt was an early mortality We lost very few patients
after the first 24 or 36 hours, unless we lost them from renal failure
Once the patients got by the first 48 hours and the threat of renal
failure, the mortality must have been a fraction of one per cent

Alexander: Did you get any cases of venous thrombus and pul-
monary embolus?

Howard In our entire experience we had two patients with
pulmonary embolus, both of whom had mjury to the peripheral
vascular system

Fine Some of these deaths seem to have had nothing to do with
a deficiency 1n blood volume

Howard 1 think, Dr Fine, that they were defimtely related to
the orignal mjury and the shock that resulted

Fime This 1s at varnance with what Simeone reported on cases
m World War IT they found that the wounded men who were
m shock because of blood loss could always be resuscitated by
giving blood as late as 14 hours after wounding

Howard We could always restore the blood pressure, but we
mght not always be able to mamtam 1t during anesthesia and
postoperatively Without exception, we were able to raise the pres-
sure before anesthesia if hemorrhage could be controlled, and if
no wound to the central nervous system were present

Fine But you could not always restore the blood volume deficit

Burch How can the blood volume deficit be measured 1f one
cannot account for 42 pmnts of mjected blood? For example, how



26 Shock and Circulatory Homeostasts

can one pint less than normal be detected? It was probably not
measured accurately, at any rate, the blood pressure data failed
to reveal adequately the hemodynamic state

Howaid. You are certammly right

Aleaander In reference to the fate of the transfused blood, 1t
has been our experience 1n the expernimental laboratory, that if one
appiroaches these problems with classical pathological methods one
does not get very far For obvious reasons, pathological techmques
are designed to recogmize chromic changes in tissues I wonder
whether the autopsy examinations have been appioached by other
than routine pathology It would require someone with the con-
viction that the blood was to be found, and with the desire to
meet the challenge of finding 1t by critena other than those used
the usual postmortem exammation

Howard Lt Toseph Strawitz, of the Swigical Reseaich Team,
Aimy Medical Corps, has devoted much of his time to finding it
In Koiea, he looked for 1t grossly by weight measurements We
have been trymg to develop measmements for chemical analysis,
but have not completed them as yet

Knisely Weie the disintegration products of red blood cells
looked for carefully mn the Kupffer cells of the liver and the macro-
phages of the spleen?

Howard Yes, and we also studied, simultaneously, the pigment
metabolism We were using bank blood, from ten days to three
weeks of age, and as you will recall, one umiformly obtains a modest
rise 1 the plasma hemoglobm, which rapidly disappears Although
I am sure that by staming, one would be able to find the breakdown
products, one would not be able to quantitate them

Krnisely That 1s agreed, but if one does find a breakdown product
m the phagocytes, then at least one knows 1t was caused by some-
thing

Fine When hemorrhage had stopped we usually found, by blood
volume measwmements, that infused plasma o1 blood could be
almost entirely accounted for within the circulation But mn septic
perttonitis or tourniquet shock, when the blood volume deficit was
seveie, plasma or blood transfusions, as judged by blood volume
determinations, did not succeed 1n correcting the deficit

The deficits, as measured before and after giving these fluids are,
we believe, valid determmations What happens to mfused flud
n a normal person 1s not altogether mysterious Everything except
red cells leaves the circulation, with differing velocities for waten,
electiolyte and plasma protems, and 1s generally distributed
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throughout the body In the case of severe wounds much more
of the mfused flud, mncluding red cells, escapes mto the wound
than elsewhere In the extremmty from which a tourmquet has been
removed after many hours, much of the flud escapes mnto the leg,
which can be seen to swell still more as the flmd 1s given The same
1s true m expermmental peritomtis If fluds are given, one can
recover far more flud from the pertoneal cavity after a given
mterval than when no flud has been given Therefore, m the
presence of extensive tissue mjury, with or without infection, if
blood volume deficits persist m spite of massive flmd therapy, 1t
seems to me one can assume that much of the mfused flmd 1s
oozing out mto the wound

Burch What about the red cells?

Fine We have not studied the red cells m peritonitis extensively,
but enough to say that the loss 1s not severe The same 1s true
tournmquet shock, m which the hematociit 1s greatly mcreased

Burch The subjects also received red cells

Fremont-Smith However, these people subsequently had an
operation 1 which we do not understand what occuried, and then
they died, so quite a lot happened to them after these large infu-
sions of blood before any examination could be made to determine
where the blood was Is that a fair statement, D1 Howard?

Howard Yes 1 agree with Dr Fme’s comments about the
changes in blood volume after the administration of plasma m
tourniquet shock and peritomtis In our experience with the pern-
tomitis patients, they ran a typical course of hemoconcentiation and
plasma loss This 1s by no means characteristic of the extremity
wounds One simply cannot make serial measurements of leg
volumes m casualties who are commng through fiom the field m
shock from an extremity wound

Burch 1 wonder whether you weighed those patients?

Howard 1 have not said, at any time, that the transfused blood
was within the patient We tried repeatedly to measure blood
volume loss, but never obtamed a blood volume loss measm ement
to account for the amount given However, mn the operating room
I feel that is not a good measurement

Knisely There 15 one more possibility which I should like to
suggest In circumstances where the blood 1s agglutinated in great
masses, I have seen under the mucroscope and grossly m the lungs,
mesenteric vessels, veins of the extremities, and arteries, that lai ge
1532:1:;3:11 (t)%fn?tl:s t\lfzsésis were solidly impacted with red cell masses,

n be impacted with feces There 1s no possible
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way to prove that it happened mn these patients, but it 1s something
to look for in the future
Shorr+ Do you know anythmg about the extracellular fluid space?
Howard. No

Selkurt Is yow hematocnt ratio normal?

Howard It 1s quite high mn the casualty with a severe abdominal
wound I have seen it 11se and not change durmg the slow ad-
mmnistration of 1000 ml of dextran

Selkurt Could the possibility that fluud 1s filtering out through
damaged tissue account for some of the loss of volume?P I assume
it would not account for all of 1t

Howard That could be so after an abdomnal injury, but ex-
tremity wounds charactenstically hemodilute over a period of days.

Knisely The methods commonly used for measuring hemodilu-
tion, measure only the hemoconcentration of ciiculating blood It 1s
possible for large blood vessels, or large areas of small blood vessels,
to be fairly solidly impacted with soft masses of agglutinated blood
cells The loss of these concentrated, packed cell masses from the
circulating blood would necessanly leave “diluted” blood circulat-
mng 1 the 1est of the vascular system

Burton Dr Xmusely, are you saymng that all of our methods
measure the circulating volume, and not the total volume?

Knisely We must face the fact that many of the chimical tests
depend upon methods which have been developed and validated
during studies of normal physiology If aieas of blood vessels are
mmpacted with concentrated red cell masses, as occurs following
crushing njuries, the methods for measuring “blood volume,” which
are adequate for the requirements of physiology, do not measme
what we mught assume they aie measuring when we apply them
to pathologic physiology Such methods do not obtain samples fiom
mmpacted vessels

Fime 1 do mot think 1t 1s quite fair to put the blood volume
methods 1mn such a bad light They are accurate, even 1n patho-
logical states, if sufficient time 1s allowed for mixing They can be
utihzed even 1n those areas where the cells may be impacted Fo:
mstance, in hemorrhagic shock 1n the dog, there 1s a certain amount
of stasis m the portal bed because of vasoconstriction m the hver
Even so, when a blood volume measurement 1s made with 1adio-
1odo-albumin, one obtamns an accurate determiation of the blood
volume, as judged by the volume measured plus the amount of

blood removed
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Burch I should like to ask D1 Fine what he meant by “accurate™

Fine If a specimen of blood 1s taken from any part of the circula-
tion, one will obtain a pretty good determination

Kmsely. You say that time should be allowed for mixing How-
ever, blood taken fiom any part of the body will be circulating
blood It will not be mmpacted blood

Fine Do you mmply that the cnculation 1s obstructed?

Knisely. 1 should say 1t 1s plugged

Fine In that case, I should expect rupture of the vessels

Kmisely Rupture does not necessarily happen

Fine There might be mcreasing distention, because the arteres
are stll filing the veins, and something tremendous ought to hap-
pen We have not observed any evidence of such a process

Shorr In which structures, Dr Knisely, 1s this most likely to
occur?

Kmsely 1t 1s not possible to make a statistically vahd answer
But mmpactions of vessels do appear m human bemgs following
crushing injuries, and 1t can be observed m the small vessels of the
bulbar conjunctiva of the eye Such impactions also occur 1n various
parts of animals following crushing njuries But 1t 15 not possible
to make statements concerning which organs or tissues will have
the largest number of such impactions I would, of course, expect
them to occur frequently in the lungs

Shorr Do you think the small vessels of the eye, which are
exposed to external temperature, are good mndicators of this process?

Knisely Microscopic observation of the eye permits one to see
a statishically vahd sample of the circulating arterial blood Follow-
mg crushing mjuries to, say, the human leg, one can see masses
of agglutinated blood cells gomg down all the arterial vessels of the
human eye One can also see some of the masses plugging up the
vessels, but this does not tell us which other parts of the body have
vessels which are plugged Other methods must be developed to
pernut widespread observations within the bodies of men Certamly,
mucroscopes can be focused mto many parts of human bodies which
are open for necessary surgery In amimals, we have looked mto
transillummated portions of the outer surfaces of organs within
the abdominal cavity, such as intestines, mesenteries, hiver, etc,
and mn all of these one sees that the circulating blood 1s agglutinated
equally, and that the agglutinations are equal to those which can

be observed in the vessels of the bulbar conjunctiva of the animal
at the same time
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way to prove that it happened in these patients, but 1t 1s something
to look for n the future
Shorr Do you know anything about the extracellular fluid space?
Howard No.

Selkurt Is your hematocrit ratio normal?

Howaird 1t 1s quite high n the casualty with a severe abdomimal
wound I have seen 1t 11se and not change during the slow ad-
mmistration of 1000 ml of dextran

Selkurt Could the possibility that flud 1s filtering out through
damaged tissue account for some of the loss of volume? I assume
it would not account for all of it

Howaird That could be so after an abdominal injury, but ex-
tremuty wounds characteristically hemodilute over a period of days

Kmsely The methods commonly used for measming hemodilu-
tion, measure only the hemoconcentration of circulating blood It 1s
possible for large blood vessels, or large areas of small blood vessels,
to be fairly sohdly impacted with soft masses of agglutmated blood
cells The loss of these concentrated, packed cell masses from the
circulating blood would necessarily leave “diluted” blood circulat-
mg m the rest of the vascular system

Burton Dr Kmsely, are you saymg that all of our methods
measure the circulating volume, and not the total volume?

Knisely We must face the fact that many of the climcal tests
depend upon methods which have been developed and vahdated
during studies of normal physiology If areas of blood vessels are
mpacted with concentrated red cell masses, as occurs following
crushing injuries, the methods for measurmg “blood volume,” which
are adequate for the requirements of physiology, do not measure
what we might assume they are measurmg when we apply them
to pathologic physiology Such methods do not obtain samples from
mmpacted vessels

Fime I do not think 1t 1s qute fair to put the blood volume
methods 1n such a bad light They are accurate, even i patho-
logical states, if sufficient time 1s allowed for mixing They can be
utilized even 1n those areas where the cells may be impacted Foi
mstance, 1 hemorrhagic shock in the dog, there 1s a certain amount
of stasis 0 the portal bed because of vasoconstriction m the hver
Even so, when a blood volume measurement 1s made with radio-
1odo-albumm, one obtamns an accurate determmation of the blood
volume, as judged by the volume measured plus the amount of

blood removed
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rhage or sludge The outlet valves of the hver close tightly, forcing
the great portal reservorr to store so much blood that failure of
venous retmn occurs 1V Sludge shock mtiated experimmentally
without hemorrhage Thick sludge forms wherever blood flows past
crushed or burned tissue, the whole circulating blood changes to a
stff sludge causing reduced flow rates through small vessels all over
the body This causes stagnant anoxia of endothellum which results
mn plasma leakage and vessel plugging which cumulatively cause
faillure of venous return V Spasm of pulmonary artery The above
have been observed From autopsv reports on human anaphvlactic
death, 1t 1s also possible to deduce VI Spasm of vemns between
brain and thorax
Fine: What I have said I beheve applies also to septic shock
Heymans Do you have any information on cardiac output?
Howard No
Heymans Cardiac output would show what amount of blood
was really circulating In mrreversible shock m dogs, when large
amounts of blood are given, the blood presswme first nses and then
goes down agam, the crculating blood volume 1s at a low level
Burton What are the possible dangers of overtransfusion push-
mng people from the hypodynamic level mnto heart failure, as empha-
sized by Professor ] McMichael of the Postgraduate Medical School
of London, England (5,6), and many other people? Is 1t possible
that in people who have been anesthetized, homeostasis of blood
pressure 1s knocked out, and theie 1s a danger of pushing them into
heart failure by giving them more blood? The blood pressure has
not nsen to the normal level

Howard 1 see your pomt very well, and 1 assme you we have
discussed 1t week 1n and week out and have felt, because of clinical
and autopsy findings, that 1t was seldom a real danger The venous
system was seldom full in these patients, in fact most of them weie
constricted In general, they 1esponded to continued transfusion,
and with the cessation of transfusion had a drop in pressure Re-
member, I said that origmally we could restore the blood pressure
After operation we restored their pressure, occasionally, with fur-

ther transfusion, but once that pressure had fallen to zero, we never
saved one patient

Decompensation 1s used as synonymous with shock i the ac-
cepted sense It does not imply an mtrmsic failure of the circulatory
machinery, as mdicated by the fact that hype:tension may develop
after partial replacement of the blood volume It 1s a failme of the
body to compensate for the massive msult

Our studies have confirmed the fact that hypotension will develop
preoperatively after a blood loss of from 25 to 80 per cent of the
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These observations were made m rhesus monkeys with malaua,
m dogs following crush mjuries, and m dogs following severe
burns.* A sohd impaction will be found n dogs or monkeys with
severe crushing mjuries I have also observed a few cases following
burns 1n man, where the mmpacted vessels were very numerous

Burch It may be seen in the retinal and scleral vessels m sickle
cell anema These cells can become markedly impacted

Acheson Are there any correlations between this phenomenon
of impaction and changes i the lymph or blood flow in the area?

Kmnisely. 1 have no mformation on that

Burch. The blood pressure does not change even though there
1s mmpaction n the lung

Knisely. Dr Fme, I think we should always make certam that
a method which 1s effective m physiology can be appled to
pathology.

Fine 1 still assert that blood volume methods are valid m hemor-
rthagic shock We have examimed the tissues of animals dymg of
this, and have not observed sohd obstructions to blood vessels mn
the Iiver or spleen We have made a very careful study of these
and other organs

Shorr What about tourniquet shock?

Fine We have not examined the tissues m tourniquet shock

Dawes Did the ammals have long-term transfusions?

Fine All of these animals had transfusions. If these vessels aie
blocked, they must be unblocked by the use of transfusions

Kmsely In hemorrhagic shock alone, with no crushing, the blood
does not agglutinate 1n man That 15 another kind of shock, with
different mechamisms Therefore, we are not entitled to an argu-
ment on this point

Eprror’s NoTE Dr Kmisely would lke to add the following to
his remarks at the conference

Some kinds of shock can be separated experimentally (4) In
the chime, several kinds may be occurring simultaneously m one
patient If, and whenever, the whole arculatory system fails, some
part or parts of the system must be behaving 1 such a fashion as to
permit or cause the blood to stop circulating Any such reaction
should be detectable Kinds of failure include I Endothehal leakage
which can be caused by (a) anoxia, (b) toxic substances II
Hemorrhagic shock without trauma Human blood donors developed
prolonged complete vessel spasms, but no sludge Reopened anoxic
vessels leak rapidly IIT Reservoir retention shock, without hemor-

se observations have been carried out during investigations aided by
:hggﬁz’ra%ft Egleetween the Office of Naval Research and the Medical College of South

Carolina (NR 114-065)
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net results of its action, mcluding hypotension, in a patient whose
sympathetic system 1s already active, 1s not infrequently a fatal one

Massive transfusion has recently been employed on a scale not
previously possible m military medicine It 1s not always obvious
why 1t should be necessary. We have felt sure that external loss
did not approach the amounts used, yet we have seldom been able
to demonstrate a large blood volume by the Evans blue, or radio-
active chromium, methods In fact, one of the striking findings has
been how smoothly convalescence progressed in some patients
with a postoperative blood volume deficit of fiom 25 to 30 per cent

Table II 1s a summary of 60 patients 1equuing between 15 and
42 pmts of blood during the first 24 hours after injury. Agamn note
the high mortality after the abdominal mjuries as compared to the
extremity mjuries In Table ITI, note the higher incidence of serious
renal failure after abdominal mnjuries 1n the same 60 patients

Fine. Have you any data about the mcidence of infection among
the abdominal mjuries? That might account for the greater mor-
tahty in those cases than from extiemuty wounds.

TABLE Il

Resuscitation of Battle Casualties—Patients Requiring 15 or More
Pints of Blood in First 24 Hours Incidence of Renal Failure

No Living Anuria Ohguna NonOh
guric
Injury T;};rlelljg?;_s % % Azotema %
Abdomen 9 22% 11% 11%
Abdomen
and 14 28% 0 7%
Extremity
Extremity 19 0 11% 20%
Chest 1 0 0 0
Total 43 14% 7% 14%
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blood volume The experience with the plasma expanders has also
confirmed the fact that the margin of safety is relatively much
greater 1 the red cell mass than 1n the blood volume That 1s to say,
the body cannot long tolerate a rapid loss of 50 pex cent of the blood
volume, but can tolerate, when necessary, a rapid loss of 50 per cent
of the red cell mass if the total blood volume 1s maintamed

As previously stated, the resuscitation of approximately 4,500
casualties was observed An adequate supply of type 0 blood was
always available, and the average evacuation titme was 3 5 hours
In the absence of continued hemorrhage, or a wound to the central
nervous system, there were no casualties whose pressure could
not be restored prior to anesthesia This statement does not hold
during and after anesthesia, which blocks the patient’s reactivity,
and may, 1 1itself, be a lethal mjury Vasoconstrictors play their
chief role 1n resuscitation at this time, that 1s, when the sympa-
thetic system 1s blocked by drugs Pentothal has several actions,
but to the proponents of hypotensive therapy let me say that the

TABLE I

Resuscitation of Battle Casualties—Patients Requiring
15 or More Pints of Blood in First 24 Hours

TOTAL SAMPLE Number | Mortality
Dymng Excluding
of Continued| Continued
Imjury No No Died | Mortalhty |Hemorrhage|Hemorrhage
Abdomen 16 13 81% 7 67%
Abdomen
and 20 10 50% 2 49%
Extremities
Extrermties
21 2 95% 0 95%
Chest 3 2 67% 1 50%
Total 60 27 45% 10 34%
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It would also explam why cieatmme 1s bemg excieted at a dif-
ferent rate

Howard. I think that 1s paitially correct

Shoir 1 wonder whether that could be the entire explanation
There 1s a greatly augmented cieatimme excretion, which would
have to result from 1its formation at an mcreased 1ate If 1t were
entirely a matter of mecreased renal excietion of cieatmine, then
we would have to make the paiallel assumption that ncieased
creatinuria mcreases the rate of degiadation of cieatine to cieatmine
withm the muscle

Heymans In abdominal injuries, there could be less creatinme
hiberated in the circulation, whereas mm extrenmty wounds, theie
might be more

Howard. An analysis of the gieater number of cases will demon-
strate an increased cieatinine excietion 1n both groups

Shorr Then this 1s a2 phenomenon for which we have no present
explanation There 15 very httle creatinine present m muscle tissue
at any given moment In the course of 24 hours, mn the normal
healthy subject, about 1% gm of creatme 1s converted to creatinne,
and the latter 1s entirely excreted This rate of creatine degradation
to creatinine 1s extraordmarily constant both at rest and wath
activity Under the circumstance that Dr Howard describes, about
8 gm of creatinme appears m the urine per 24 hours This would
mean that the degradation of creatine to creatmine 1s now going on
at an extraordinarily augmented rate We cannot “suck” this amount
of creatinine out of the muscle stores because 1t 1s not there m that
amount, hence, if 1t 1s really creatinmme that 1s measured it must
mean an mcreased rate of formation I know of no parallel situation.

Heymans The formation of creatinine 1s difficult to explam, but
the difference in excretion could perhaps be explamed

Shorr Renal excretion could account for only a very small
amount of the extra urmary creatinine One of the possibihties to
be considered 1s that Dr Howard 1s not actually measuring creati-
nme, but some other substance We must remember that the Jaffé
reaction 1s not very specific

Howard Among 53 patients of the earher casualties treated at
the Renal Insufficiency Center, the mortahty was 50 per cent In
the 12 patients with wounds limited to the extremties, the mor-

tality was 17 per cent In the 22 patients with wounds of the hLver
or kidneys, the mortality was 77 per cent *

*Teschan, P E  From the Surgical Team m Korea (Unpublished data )



34 Shock and Circulatory Homeostasis

Howard 1 will give you what data* we have Why this dif-
ference between the abdominal and extremity wounds? If 1t 15 a
bacterial factor, it 1s not demonstiable by cultme of the peripheral
blood stream (and I emphasize our hmited method ), because blood
cultures of 174 of the more seriously injured patients revealed an
mcidence of only fow to eight per cent of positive cultures This
mcidence could not be related to the type of wound, the degree or
duration of hypotension, o1 the prognosis

There were several striking differences between the two groups
The crude imdices of mortality and renal failure have been men-
tioned Studies have demonstrated a greater impairment of hepatic
function m the abdommal group and a greater reduction of renal
blood flow and glomerular filtration as measured by para-amino-
hippuric acild (PAH) and mulin clearance. The casualties with
abdomimal wounds hemoconcentrate to a remaikable extent, where-
as those with extremity wounds hemodilute The casualty with
extremity wounds 1s the one who may develop hypertension after
mjury

Fmally, the extremuty wound 1s associated with cieatinuria,
whereas the abdommal mjury seldom is Both groups may have a
remarkable excretion of creatinine, but the extremity wound 1s
associated with a creatinuna.

Fremont-Smith Was that associated with a high creatinmne m
the blood?

Howard Only 1if there was 1enal failure

Fremont-Smuth 1 assume 1t would indicate an enormously high
glomerular filtrate

Howard: That may not be the explanation

Fiemont-Smith If your cieatie level m the blood 1s normal,
what other explanation would you have?

Howard There would be a question of tubular excietion

Heymans May 1 ask if the conditions of the circulation wee
controlled 1 these patents? Blood pressute, circulating blood
volume and cardiac output would give a more complete picture
than blood pressure alone

Howard 1 agree I believe that after abdominal njury circula-
tion 1s imparred to a much greater extent than after an extiemity
wound

Heymans: That would perhaps explam why renal msufficiency
;s more marked 1n an abdominal mjury than in an extremity mjury

*Unpublished data from the Surgical Research Team in Korea
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Fine You assume that too many have lost then ability to respond

Knisely: What did you routmely do to the mjured man?

Howard He received pemcilhn mtramusculaily, as soon as he
reached the aid station Our studies demonstrated that although
absorption had been delayed, by the time he reached the hospital
there was present a blood level which 1s considered to be theia-
peutic At the hospital, he was given penmicilin for a mumber of
days postoperatively If he had an abdominal injury, or any one of
the several more severe injuries, he 1ecerved streptomycm, and
possibly aureomycin or terramycin Gas gangiene was a most mfre-
quent complicaion Wound cultures frequently demonstrated
Clostridwum perfringens, and yet 1 a year and a half I saw clinical
gas gangrene only ten times I never saw a single death from an
uncomphcated gas gangiene, but I saw one man with gas gangiene
and renal failure, who died

Fine Would you say that the Clostiidia weie not 1esponsible
for death because gangrene was not present?

Howaid No, let us put 1t this way. after the first 24 hours we
seldom lost a patient, and with gas gangrene, which took longe:
than that to develop, we did not lose them During those first 24
hours, with hypotension and peritoneal contamination, I am not
prepared to evaluate the role of Clost1idia

Fine Aie you prepared to say that because gangrene was not
present, Clostridia were not responsible for the late deaths®

Howard They did not die

Fine If they had died, you would say they did not die because
of clostridial mnfection?

Howard 1 have not had any experience with that

Fine 1 do not think 1t 1s fair to assume that Clostridia are patho-
genic and lethal agents only when they produce gangrene

Howard Raght They are very frequently 1 the wound, and they
are there day m and day out

Fine: Van Heyningen (8) has described a number of clostndial
toxins that have lethal effects other than gangrene

Fremont-Smuth What about loss of flud imto the bandages m
the wound area?

Howard Tt was not marked We have no concept as to how long
tissue fluiud was lost into the wounded tissue, and at what stage 1t
was reabsorbed I think that 1s one of the things we must answer
mitdagzaih:hzh;ﬁiisé Pa;;o magnitude and duration, which occur

e are told that albumin 1s extruded, and
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I beheve that future work 1n support of the battle casualty should
center around the control of the circulaton Renal failure, and
hypotension after anesthesia, were the two complications which
caused the death of the greatest number of casualties Wounds of
the bram, or wounds of major abdonmunal vessels, of course resulted
m a high hospital mortality In the support of that group which
we might hope to save within a foreseeable period of time, emphasis
should be placed on the function of the autonomic system, the
effects of the wound on the circulation, the effects of anesthesia
on the crculation, and the etiology of posttraumatic renal failure

Fremont-Smith 1 think the extraordmary thing 1s that it was
possible to obtam, so close to the front line, a series of observations
of this sort It 1s something we have been longing for for many
years Although the observations are mcomplete, I beheve the
quality of ‘the observations that were obtamed 1s extraordmary
They provide a basis for study, and the gaps may be filled i, as
opportunities arise

Fme Dr. Howard, did you obtain any postmortem data?

Howard Yes, but our data are currently being analyzed All of
the statements I have made, I consider to be tentative The post-
mortem data did not mform us as to the fate of infused blood,
which was the primary thing that we were looking for They did
not demonstrate marked hepatomegaly, splenomegaly, or blood m
the gastromntestinal tract However, they did demonstrate some
edema and frequently showed increased weight of the lungs

We saw patients die m the first 24 hours, and I cannot get out
of my mund, Dr Fine, that much of what we are calling peritonitis
may be abdominal trauma, and that there may be a qualitative
difference between abdominal and extrenmty trauma This may not
be due to infection, but to trauma. There may be a qualitative
difference between a wound near the celiac axis, and one 1n the leg

Fine It makes a difference what cnteria we use for the assertion
that infection 1s or 1s not present For mstance, if we take a large
piece of hver from a dog mn shock, mash 1t up, and put 1t into the
perntoneal cavity of a gumea pig, the pig will die If we examine
the peritoneal cavity, we will not find the usual signs of peritonitss,
by Clostridia The ammal 1s dead of a clostridial infection be-
cause we can prevent the death by giving clostridium antitoxn
The same 1s true when liver mash from a dog m shock 1s given to
another dog m shock The latter survives if given pemaillin (7)

Howard. Agreed I do not wish to go on record as saying that
such patients do not have pertonitis
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Fine You assume that too many have lost then ability to respond

Knisely: What did you routmely do to the mjured man?

Howard: He received pemallin mtramuscularly, as soon as he
reached the aid station Our studies demonstrated that although
absorption had been delayed, by the time he reached the hospital
there was present a blood level which 1s considered to be thera-
peutic At the hospital, he was given penicillm for a number of
days postoperatively If he had an abdonunal mjury, or any one of
the several more severe mjuries, he 1eceived streptomycin, and
possibly aureomycin o1 terramycin Gas gangrene was a most mfre-
quent complcation Wound cultmes frequently demonstiated
Clostridium perfringens, and yet m a year and a half I saw chnical
gas gangrene only ten times I never saw a single death from an
uncomplicated gas gangrene, but I saw one man with gas gangrene
and renal failure, who died

Fine Would you say that the Clostridia were not responsible
for death because gangrene was not present?

Howard No, let us put 1t this way after the first 24 hours we
seldom lost a patient, and with gas gangrene, which took longe:
than that to develop, we did not lose them During those first 24
hows, with hypotension and peritoneal contamination, I am not
prepared to evaluate the role of Clostridia

Fine Are you prepared to say that because gangrene was not
present, Clostridia were not 1esponsible for the late deaths?

Howard They did not die

Fine If they had died, you would say they did not die because
of clostiidial mnfection?

Howard 1 have not had any experience with that

Fine 1 do not think 1t 1s fair to assume that Clostridia a1e patho-
genic and lethal agents only when they produce gangrene.

Howard Right They are very frequently n the wound, and they
are there day m and day out

Fine Van Heyningen (8) has described a number of clostridial
toxins that have lethal effects other than gangrene

Fremont-Smith What about loss of flud mto the bandages 1n
the wound area?

Howard Tt was not marked We have no concept as to how long
tissue fluid was lost into the wounded tissue, and at what stage 1t
was reabsoibed I think that 1s one of the things we must answer
What are the changes, as to magnitude and duration, which occur
m and near the wound? We are told that albumin 1s extruded, and
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we presume that plasma 1s, but we know nothing about magmitude
of loss, or duration of the changes

Fremont-Smith. You do think there was no loss into the bandages?

Howard. As a generalization, that would not answer our problem

Shor1 Was there any difference between the reaction of the
Korean soldier and that of the American soldier?

Howard- That subject was frequently discussed, and there were
as many answers as observers There are no objective data on 1t

Nickerson. Those who work m an experimental laboratory are
continually faced with the fact that anesthesia markedly depresses
cardiac output without any correlation with blood pressure I
wonder whether any of the men mn the group who have had ex-
perience with ammals have ideas as to why anesthesia per se
depresses cardiac output?

Stead. I do not think the question should be restricted to those
who have worked with ammals

Burton Dr Howard, do you know of any anesthetic which
operates just at the higher central levels and does not knock out
all the reflexes, and so would not have an adverse effect? Did all
the anesthetics you tried have this effect, or were there some that
did not?

Howard That 1s a criticism that has been made repeatedly, but
the anesthetics used in military services are rather standardized,
and data on other kinds are not available

Folkow- Have you any observations concerning the changes m
venous pressure? What happened to 1t m these cases of shock
which could not be saved in spite of repeated transfusions? In
ammals brought to a state of mreversible shock by a prolonged
period of hypotension, nduced by bleeding which 1s followed by
repeated transfusions, 1t seems that the venous pressure ultimately
rises, which pomts to heart failure, rather than peripheral cuncula-
tory collapse, as the primary cause i these particular cases

Howard The wvisible vemns did not become distended

Fiemont-Smuth. Did you use the ordinary heart level limit method
at all for a rough approximation?

Howard Only the changes m the patient’s position The vems
weie characteristically constricted, and in starting the tiansfusions,
one had to use local trauma m order to distend them

Fremont-Smuth  You could not fill them up so that theie were
distended vemns which would empty only when one got above the

heart level?
Howard Seldom
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Heymans We have performed many expeniments to see what
anesthetics weie acting on the mechamsms of blood pressme
homeostasis, because we believe that if an anesthesia knocks out
or depresses this mechamsm, then any other factor depressimng
carculation may easily mduce cnculatory failure

According to observations mn dogs, the best anesthesia to main-
tam the normal mechamsms of blood pressure, homeostasis, 1s
chloralose, which cannot be used for chmcal purposes The second
least depressive 1s mitrous oxide, and the third 1s ether Then
there 1s the whole series of barbiturates However, I should say
barbital, used very frequently for experimental purposes, 1s the
least safe of any anesthesia because it knocks out all the mecha-
msms of blood pressure homeostasis Pentobarbital 1s less toxic from
that point of view, but if a large amount 1s given to mduce deep
and long-lasting anesthesia, 1t 1s just as bad as barbital Pento-
thal, m cases mm which there 1s no need for very deep anes-
thesia, 1s not as dangerous as the others, but still a large dose may
completely knock out the physiological mechamsms of blood pres-
sure homeostasis, and imduce a condition of instabihity i the
crculation The blood pressme may, however, still be normal

But a normal blood pressure does not mean a normal circulatory
condition Quite often one forgets that It may be very abnormal,
because compensation may not be available A small bleeding, or
other cause, may then induce a drop in blood pressure Thus,
anesthesia 1s an important factor in experimental mmvestigations,
and also for climical purposes

Kmsely Because these patients could always be resuscitated
before they had the anesthesia, was that an indication that the
anesthesia was the causative agent in making the patient’s situation
worse? Might they not have deterorated anyway? It was said, if I
remember nghtly, that sometimes anesthesia was admmistered
about six hours after myury

Howard Frequently, death followed m a matter of minutes

Kmisely However, I should like to leave that pomnt of the argu-
ment open for future thought Is there a possibihty that part of
the effect of mitrous oxide was due to the patient’s bemng deprived
of oaygen? It 1s rather well known that a decreased supply of
oxygen to the endothellum does not help, but mncreases the mability
of the endothehum to retamn blood protems

Years ago we used to use ether when we were trymg to study
the small blood vessels with a microscope For some reason we
stopped using 1t My 1ecollection 1s that 1t was because 1t altered



38 Shock and Circulatory Homeostasis

we presume that plasma is, but we know nothing about magmtude
of loss, or duration of the changes.

Fremont-Smith* You do think there was no loss mto the bandages?

Howard: As a generahization, that would not answer our problem

Shorr. Was there any difference between the reaction of the
Korean soldier and that of the Amenican soldier?

Howard: That subject was {requently discussed, and there were
as many answers as observers There are no objective data on 1t

Nickerson. Those who work 1m an expermmental laboiatory are
contmually faced with the fact that anesthesia markedly depresses
cardiac output without any correlation with blood pressure I
wonder whether any of the men 1n the group who have had ex-
perience with ammals have 1deas as to why anesthesia per se
depresses cardiac output?

Stead- 1 do not think the question should be restricted to those
who have worked with animals

Burton: Dr. Howard, do you know of any anesthetic which
operates just at the higher central levels and does not knock out
all the 1eflexes, and so would not have an adverse effect? Did all
the anesthetics you tried have this effect, or were there some that
did not?

Howard. That 1s a criticism that has been made repeatedly, but
the anesthetics used i military services are rather standardized,
and data on other kinds are not available.

Folkow Have you any observations concerning the changes 1n
venous pressureP? What happened to 1t i these cases of shock
which could not be saved in spite of 1epeated transfusions? In
amimals brought to a state of wreversible shock by a prolonged
period of hypotension, induced by bleeding which 1s followed by
repeated transfusions, 1t seems that the venous pressure ultimately
rises, which pomts to heart failure, rather than peripheral cncula-
tory collapse, as the primary cause in these patticular cases

Howard The visible vemns did not become distended

Fremont-Smuth Did you use the ordinary heart level Iimit method
at all for a rough approximation?

Howard Only the changes mn the patient’s position The vens
weie characteristically constricted, and 1n starting the transfusions,
one had to use local trauma m order to distend them

Fremont-Smith  You could not fill them up so that there were
distended vemns which would empty only when one got above the

heart level?
Howard Seldom
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Heymans We have perfoomed many expeiiments to see what
anesthetics were acting on the mechamisms of blood pressme
homeostasis, because we believe that 1f an anesthesia knocks out
or depresses this mechanism, then any other factor depressing
crrculation may easily induce cnculatory faillme

According to observations in dogs, the best anesthesia to mam-
tain the normal mechamsms of blood pressure, homeostasis, 1s
chloralose, which cannot be used for climcal purposes The second
least depressive 1s mitrous oxide, and the third 1s ether Then
there 1s the whole series of barbiturates However, I should say
barbital, used very frequently for experimental purposes, 1s the
least safe of any anesthesia because 1t knocks out all the mecha-
msms of blood pressure homeostasis Pentobarbital 1s less toxic from
that pomt of view, but if a large amount 1s given to induce deep
and long-lastmg anesthesia, 1t 1s just as bad as barbital Pento-
thal, mm cases 1n which there 1s no need for very deep anes-
thesia, 1s not as dangerous as the others, but still a large dose may
completely knock out the physiological mechanisms of blood pres-
sure homeostasis, and immduce a condition of mnstability in the
crrculation The blood pressmie may, however, still be normal

But a normal blood pressure does not mean a normal circulatory
condition Quute often one forgets that It may be very abnormal,
because compensation may not be available A small bleeding, or
other cause, may then induce a drop i blood pressure Thus,
anesthesia 1s an 1mportant factor mm expermmental mvestigations,
and also for chmcal purposes

Kmisely Because these patients could always be resuscitated
before they had the anesthesia, was that an indication that the
anesthesia was the causative agent in making the patient’s situation
worse? Might they not have deternorated anyway? It was said, if I
remember rightly, that sometimes anesthesia was admmistered
about six hours after mjury

Howard Frequently, death followed m a matter of minutes

Kmsely Howeve, I should hke to leave that pomt of the argu-
ment open for future thought Is there a possibihity that part of
the effect of nitrous oxide was due to the patient’s bemg deprived
of oaygen? It 1s rather well known that a decreased supply of
oxygen to the endothehum does not help, but increases the mability
of the endothehum to retamn blood protems
thze:;fa ﬁzg}c))l we used to use ether when we were trymng to study

ood vessels with a microscope For some reason we
stopped using 1t My recollection 1s that 1t was because 1t altered
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the permeability of vessel walls, but I think we ought to expen-
ment further with this.

Dawes: 1 certamly agree with Professor Heymans that bar-
biturates have an effect on peripheral blood flow, and that they
cause peripheral vasodilation I have always wondered why such
anesthetics are used on battle casualties

Howard. The battle casualty may have a full stomach, and
therefore requires an anesthetic which does not mduce vomiting

Dawes. Is 1t possible that we could find a better anesthetic than
those we are usmg at the moment? The search for new general
anesthetics has not been very active recently.

Stead In our experience, the venous pressure of all patients who
do not have rupture of a laige vessel can be brought back to normal
by transfusion If one pmt 1s not effective, we give them two, three,
four, or five pmnts Most of the patients in the hospital have an
accountable loss and replacement of blood, but every once m a
while we observe exactly what D1 Howard found we give a
patient a laige quantity of blood, and then cannot find 1t m the
body We have not made any exhaustive measurements, but have
noted that they do not seem overfilled with blood at autopsy, as
do the patients with chronic congestive failure

I think we have to agree that owm techmiques of measmement
are not equal to the problem In very severely mjured people we
see this phenomenon of putting m a great deal of blood and not
finding 1t m the large blood vessels However, the blood may be
m plugged-up capillanes

Fine. Those are the patients whose cardiac output falls m spite
of the tremendous amount of blood they have been given But we
know where the blood goes in the dog When dogs do not respond
to transfusions, much of it goes mto the splanchnic bed, because
there 1s mtrahepatic vasoconstriction If we tiansfuse them wvia the
portal vem, the belly fills with blood even though there 1s no leak
m the perfusion system One can recover hiteis of blood from the
pentoneal cavity The dog differs in this respect from man, I think,
because one sees mtestinal hemorrhage 1 a dog that dies of shock
after transfusion much more often than one sees 1t 1 man

Burch If a vein 1s not distended 1t does not necessaiilly mean
that the pressure within 1s not igh And if the veins near the heait
are distended, 1t may not mean that total blood volume 1s increased
When the pathologist cuts a large vessel at autopsy and blood
gushes forth, 1t mught be that the blood happened to be shifted nto
the larger central vessels from the peripheral ones Again, a person
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whose cential venous volume 1s low, may have a high total venous
volume because blood may be distributed more peiipherally There-
fore, to obtam the venous pressure and venous blood volume, dnect
measurements must be made, and one must not depend on disten-
sion, o1 the appearance of the veins

Stead Raising the venous piessure 1s mechamcally possible
Howeve, 1t does not have any therapeutic use because 1t does not
mmprove the condition of the patient

Acheson One can certamly pioduce anoxia with mitrous oxide,
but whether this happens or not 1s up to the anesthetists I presume
they are well enough tramed so as not to produce anoxia, since
this 15 one of the caidmnal tenets of the anesthetist Therefoie, I
would doubt that 1t 1s one of the factors With respect to imnduction
with pentothal, I should think there aie other means of mduction

Zweifach In addition to the fact that anesthesia mterferes with
compensatory mechamsms, and theieby limits the response of the
patient, there 1s the possibility that some form of active decom-
pensation may set i

The effect of anesthesia on the circulation mvolves multiple
factors From ow experience with ether, I should say that the
physiological effects of this agent with 1espect to the circulation
aie 1 large part attitbutable to its direct action on peripheral
circulatory processes Ether clearly mteiferes with the capacity of
the blood vessels to undergo active vasoconstriction I should guess
that ether may limit the response in shock by a deleterious effect
on the peripheral circulation

The experimental evidence does not favor anoxia as the mecha-
msm mvolved, but 1ather pomts to specific diug effects of ether
When hemorrhagic shock m the dog was carmed out with various
anesthetics, ether was the only agent that produced an mciease m
capillaiy permeability under standard conditions

Dawes 1 hope you will not underestimate 1ts effect on reflex
mechanisms

Zwerfach The mmparment of various systemic 1eadjustment
mechamisms should not be overlooked

Liljestiand 1t 1s, of comise, impossible to get a good anesthetic
effect with mitrous oxide alone, because such a high partial pressuie
would be needed that hypoxia would follow Although this mcreases
the anesthetic effect, 1t has serious disadvantages It 1s possible
with a small dose of a barbiturate, to obtam a very good effect
fiom mtrous oxide, which fiom many pomts of view 1s an 1deal
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the permeabulity of vessel walls, but I think we ought to exper-
ment further with thus.

Dawes: I certamnly agiee with Professor Heymans that bar-
biturates have an effect on peripheial blood flow, and that they
cause peripheral vasodilation I have always wondered why such
anesthetics are used on battle casualties

Howard The battle casualty may have a full stomach, and
theiefore requires an anesthetic which does not induce vomting

Dawes Is 1t possible that we could find a better anesthetic than
those we are using at the moment? The search for new general
anesthetics has not been very active recently

Stead- In ow experience, the venous pressure of all patients who
do not have rupture of a laige vessel can be brought back to normal
by transfusion If one pint 1s not effective, we give them two, three,
fow, or five pmts Most of the patients m the hospital have an
accountable loss and replacement of blood, but every once m a
while we observe exactly what Dr Howard found we give a
patient a large quantity of blood, and then cannot find 1t n the
body We have not made any exhaustive measurements, but have
noted that they do not seem oveifilled with blood at autopsy, as
do the patients with chronic congestive failure

I think we have to agree that owm techmques of measurement
aie not equal to the problem In very severely mjured people we
see this phenomenon of putting i a great deal of blood and not
finding 1t 1n the large blood vessels However, the blood may be
m plugged-up capillanes

Fine Those are the patients whose cardiac output falls 1n spite
of the tremendous amount of blood they have been given But we
know where the blood goes 1n the dog When dogs do not respond
to transfusions, much of i1t goes into the splanchnic bed, because
there 1s intrahepatic vasoconstriction If we transfuse them via the
portal vem, the belly fills with blood even though there 1s no leak
m the perfusion system One can recover hiters of blood from the
perttoneal cavity The dog differs mn this respect from man, I think,
because one sees mtestinal hemorrhage i a dog that dies of shock
after transfusion much more often than one sees 1t mm man

Buich If a vemn 1s not distended 1t does not necessarly mean
that the pressure within 1s not high And if the veins near the heart
are distended, it may not mean that total blood volume 1s mcieased
When the pathologist cuts a large vessel at autopsy and blood
gushes forth, 1t might be that the blood happened to be shifted nto
the larger central vessels from the penpheral ones Again, a person
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whose central venous volume 1s low, may have a lugh total venous
volume because blood may be distiibuted more peripherally Theie-
fore, to obtain the venous pressuie and venous blood volume, duect
measurements must be made, and one must not depend on disten-
sion, or the appeaiance of the vemns

Stead Raismg the venous piessure 1s mechanically possible
However, 1t does not have any theiapeutic use because 1t does not
mmprove the condition of the patient

Acheson One can certamly produce anoxia with mitrous oxde,
but whether this happens or not 1s up to the anesthetists. I presume
they are well enough tramed so as not to pioduce anoxia, smce
this 1s one of the cardinal tenets of the anesthetist Therefoie, 1
would doubt that 1t 1s one of the factors With respect to induction
with pentothal, I should think there aie other means of mduction

Zwerfach In addition to the fact that anesthesia mterferes with
compensatory mechamsms, and thereby hmuts the response of the
patient, there 1s the possibility that some form of active decom-
pensation may set

The effect of anesthesia on the circulation mvolves multiple
factors From our experience with ether, I should say that the
physiological effects of this agent with respect to the circulation
aie m large part attiibutable to its direct action on peripheral
circulatory processes Ether clearly interferes with the capacity of
the blood vessels to undergo active vasoconstiiction I should guess
that ether may limit the response m shock by a deletenous effect
on the peripheiral cnculation

The experimental evidence does not favor anoua as the mecha-
nmism mvolved, but rather pomts to specific drug effects of ether
When hemorrhagic shock m the dog was carnied out with various
anesthetics, ether was the only agent that produced an mciease m
capillary permeabihty under standaid conditions

Dawes 1 hope you will not underestimate 1ts effect on 1eflex
mechanisms

Zweifach The impairment of vailous systemic readjustment
mechanisms should not be overlooked

Lijestiand 1t 1s, of course, mmpossible to get a good anesthetic
effect with nitrous oxide alone, because such a high partial pressure
would be needed that hypoxia would follow Although this inc1eases
the anesthetic effect, 1t has serious disadvantages It 1s possible
with a small dose of a barbiturate, to obtam a very goolzl effeci,:
from mtrous onmde, which from many pomts of view 1s an 1deal
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anesthetic, because the effect vanishes imn a few minutes I think
it would be of great advantage to try such a combination
Heymans I agree that all anesthetics are dangerous, some more
than others, and especially when the patient 1s m shock Local
anesthesia, 1f 1t can be used, 1s certainly the best, because 1t does
not mterfere with the rest of the circulation and its homeostasis

Of course, there 1s the practical problem of whether an operation
can be performed with local anesthesia

There 15 also the matter of shortening the delay between trauma
and operation, because shock 1s not a static condition It 1s a
dynamic thing and represents a vicious circle At one moment the
condition 1s reversible, but later on it may become mreversible,
and then anything we do cannot save the patient
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REFLEX FACTORS IN THE REGULATION
OF THE CIRCULATION

G S. DAWES
Nuffreld Institute for Medical Research
University of Oxford, Englaud

THE cHANGES WHICH can be caused in the circulation and respira-
tion upon injection of a chemical compound are shown m Figure
8 simply to emphasize the size of the changes One hundred pg. of
phenyl diguamde were mjected ntravenously mto a cat, and as
you can see, there was an astonishing fall of blood piessure and
heart rate, and a temporary mhibition of breathmg Observations
of this kind have led to the conclusion that there are a numbe:
of crculatory and respiratory reflexes which are interesting to
study and which seem to be very active, the problem 1s to deaide
whether they are new ones, or whether we are looking at old
phenomena 1n a new form

I should ke to add a word of elucidation Although n the last
five years there has been a good deal of interest m the 1eflexes
which are caused by the mjection of chemical compounds, the 1dea
that there are m the cnculation reflex mechanisms which we do
not fully understand 1s by no means new All that this paiticula
work has done 1s to focus attention on the newer type of reflexes,
if T may use that term —some of them are actually very old —
rather than those m the carotid bifurcations and i the aortic arch,
which have been so amply studied by Professor Heymans, and
many others since his brilhant mtial imvestigation

Dr Fremont-Smith said something about logic I think the prob-
lem we are faced with 1s a logical analysis of all the material with
which we are presented Tt 1s extremely confusmng Thus, what I
am proposing to do 1s to put before you a skeleton of the kinds of
reflexes which control the circulation, and I hope you will add the
sinews and muscles, and even cover 1t with a hittle skin On the left
side of Table IV are a number of caidiovascular reflexes, and on
the nght side a hist of the sensory receptors which have so fa1 been
discovered, m the heart, or in the great vessels

One of our problems 1s to decide to what extent the sensory
receptors which we have found can explamn the 1eflex mechanisms
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anesthetic, because the effect vanishes m a few mmutes, I think
it would be of great advantage to try such a combmation
Heymans: 1 agree that all anesthetics are dangerous, some more
than others, and especially when the patient 1s in shock Local
anesthesia, if 1t can be used, 1s certainly the best, because 1t does
not mterfere with the rest of the circulation and its homeostasis.

Of course, there 1s the practical problem of whether an operation
can be performed with local anesthesia

There is also the matter of shortening the delay between trauma
and operation, because shock is not a static condition It is a
dynamic thing and represents a vicious circle At one moment the
condition 1s reversible, but later on i1t may become mmeversible,
and then anything we do cannot save the pabient
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TABLE 1V

Cardiovascular Reflexes and Sensory Receptors

REFLEXES RECEPTORS

1 Carotid smus (and common carotid | Carotid and aortic pres-
nerve) — aortic arch pressure reflex sure receptors

2 Carotid and aortic body chemoreflex Carotid and aortic chemo-
receptors

3 Téle coronary chemoreflex (Bezold | Atnal types A and B (8)
effect)

The left heart reflex (1) Ventricular (9,10)
Pulmonary depressor reflex
Pulmonary depressor chemoreflex Pulmonary?
The Bambndge reflex (2,3,4,5)
Extravagal reflex (6,7)

co ~1 O Ut

I am not going to say anything at all about the carotid smus
pressor and chemoreceptor reflexes, because I think we are all very
familiar with them, although we can learn a great deal more from
studymg them, as Professor Heymans has iecently shown. They
orm a pattern of a presso-1eceptor mechanism which may be ap-
plicable to other types m another part of the body

There 15 one pomnt I wish to draw your attention to in Table IV
I have put “common carotid nerve” in biackets That 1s merely to
remmd you that Dr ] H Green (11) has recently found there 1s
a nerve m the cat which arises from the common carotid aitery,
a centuimeter or so below the carotid bifurcations, and which comes
from a pure presso-receptor area As Professor Heymans suggested
at one time, this discovery brings up the question as to whether
such presso-receptor areas are so restricted n theiwr distribution as
we have previously thought

Comroe Theie 1s good evidence that m unanesthetized man
manipulation of the arterial wall with a blunt needle, or a needle
with a hook on the end of it, will cause fainting I am not sure
whether thus 15 associated with slowing of the heart, but 1t certamnly
1s related to a fall m blood pressure Do you think these arteral

visceral sensory receptors are relatively msensitive parts of the same
system?
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HEART “RATE

EXPIRATION.

3100D
PRESSURE.

Ficure 8 Cat, chloralose anesthesia Records of heart rate, in beats per minute,
using a Thorp impulse counter actuated by the QRS complex of the electro-
cardiogram, of respiratory movements from a body plethysmograph, and of carotid
arterial blood pressure Time in 5-second mtervals At the signal mark 100 pg
phenyl diguanmide were mjected intravenously Reprinted, by permission, from
Dawes, G S Reflexes from the heart and lungs Brit M Bull 8, 324 (1952)

which aie known Theie aie gaps in our knowledge, and I think
that these are the mteresting points, and the ones on which we
should concentrate attention One must also bear m mmd the
possibility of differences between these reflexes m their central and
efferent mechanmisms I am not going to touch on those fields, be-
cause I think that the afferent mechanisms are sufficiently complex,
but I hope that someone else will illuminate that side of the subject

-
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TABLE 1V

Cardiovascular Reflexes and Sensory Receptors

REFLEXES RECEPTORS

1 Carotid simus (and common carotid | Carotid and aortic pres-
nerve) — aortic arch pressure reflex sure receptors

2 Carotid and aortic body chemoreflex Carotid and aortic chemo-
receptors

3 The coronary chemoreflex (Bezold | Atral types A and B (8)
effect)

The left heart reflex (1) Ventricular (9,10)
Pulmonary depressor reflex
Pulmonary depressor chemoreflex Pulmonary?
The Bambridge reflex (2,3,4,5)
Extravagal reflex (6,7)

o ~1 O Ut B~

I am not going to say anything at all about the carotid smus
pressor and chemoreceptor reflexes, because 1 think we are all very
famihar with them, although we can learn a great deal more from
studying them, as Professor Heymans has recently shown They
form a pattern of a presso-1eceptor mechanism which may be ap-
plicable to other types in another pait of the body

There 1s one pomt 1 wish to draw your attention to in Table IV
I have put “common carotid nerve” i biackets That 1s merely to
remind you that Dr J H Green (11) has recently found there 1s
a nerve m the cat which anses from the common carotid artery,
a centimeter or so below the caiotid bifuications, and which comes
from a pure presso-receptor area As Professor Heymans suggested
at one time, this discovery brings up the question as to whether
such presso-receptor areas are so restricted in then distribution as
we have previously thought

Comroe There 1s good evidence that m unanesthetized man
manipulation of the arterial wall with a blunt needle, o1 a needle
with a hook on the end of 1t, will cause famtng I am not swe
whether this 15 associated with slowing of the heart, but 1t certainly
15 related to a fall m blood pressure Do you think these arterial

wscera}l) sensory receptors are relatively msensitive parts of the same
system
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HEART "RATE

INSPIRATION.

LS

EXPARATION.

3io0d
PRESSURE.

Ficure 8 Cat, chloralose anesthesia Records of heart rate, in beats per minute,
using a Thorp mmpulse counter actuated by the QRS complex of the electro-
cardiogram, of respiratory movements from a body plethysmograph, and of carotid
arterial blood pressure Tmme 1n S5-second intervals At the signal mark 100 pg
phenyl diguamde were injected intravenously Reprinted, by permission, from
Dawes, G S Reflexes from the heart and lungs Brit M Bull 8, 324 (1952)

which are known There are gaps in our knowledge, and I think
that these are the interesting points, and the ones on which we
should concentrate attention One must also bear m mmd the
possibility of differences between these reflexes 1 their central and
offerent mechanisms I am not gomng to touch on those fields, be-
cause 1 think that the afferent mechamisms are sufficiently complex,
but I hope that someone else will illummate that side of the subject
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Comroe 1 beleve Lovén found that stimulation of sensory nerves
m a hmb would produce vasodilation m that limb, and an increase
m systemic blood pressure, that would, of course, produce an
mcrease of blood flow to that limb

Heymans Yes, but don’t you think we have to be careful to make
a distinction between physiological and nonphysiological stimula-
tion If we talk about stimulation of a group of receptors, or of
nerve fibers, we ought to know what type of stimulation we are
using If we speak about presso-receptors, we ought to keep m the
range of physiological stimulation, these receptors beng specifically
sensttive to pressure variations m the arteral or the venous side
Mechanical or electrical stimulation of many receptors, mcluding
presso-receptors, or of the presso-receptor and sensory fibers, may
mduce many reactions other than the normal physiological ones.
By stimulating these receptors, mechamcally or electrically, we
produce artefacts If we are not careful about making this funda-
mental distinction, I think we shall run mto many difficulties

The so-called Lovén reflexes, which by stimulation of some
nerves produce reflex vasodilation, and also reflex increase of
arteral pressure, may represent an artefact, but if we had to answer
the question, “What 1s the physiological stmulant of the receptors
of these nerves, and what are they domg physiologically?” we
would have a lot of difficulty. Thus, we have to make a fundamental
difference between the physiological and nonphysiological stimula-
tions of receptors, and of nerve fibers The same observation applies
to the sinoaortic presso-receptors and chemoreceptors

Kmisely: Dr Dawes, these are all reflexes in which the afferent
side 15 somewhere 1n the vascular system, so the discussion up to
this pomnt concerns physiological factors which are well known
We have repeatedly placed pressure recorders in various sections
of a smngle ammal In a dog, anesthetized Lightly or heavily, we
put pressure recorders i the aortic system, the venous system,
either the femoral vem or the vena cava, the portal system, the
pulmonary vem, and the pulmonary artery One can sometimes
get all of those in without much, if any, bleeding

The human being 1s the only experimental animal that we acci-
dentally shoot, burn, or otherwise put mto shock with no anesthetic
at all After severely burning experimental amimals that have been
Lightly anesthetized, the recordings go mnto violent, irregular, rhyth-
mucal high or low pressure to such an extent that all the writing
pomts of the recorders go completely off the paper That 1s certamly

not homeostasis, but something quite different The somatic affer-
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Dawes. I do not know, but I am prepaied to speculate I think
it 1s very unlikely that 1t 1s the same type of mechamsm as the
presso-receptor mechamism of the carotid artery, and the aortic
arch.

Heymans: As Dr Dawes said, these receptors (confining our-
selves to presso-receptors of the carotid sinus and the aortic arch)
are somewhat of an old story, but as 1s true of many old stones,
up to now it has been far from complete Before gomng mto the
details of all the vascular receptors, perhaps a question has to be
raised as to how these receptors sensitive to pressure variations,
let us say to arteral pressure vanations, start to act, and how they
regulate the systemic arterial pressure

The second question to be asked 1s: what are the thresholds of
these different presso-receptois? As Dr Dawes said, years ago it
was shown that there are presso-receptors in different areas They
are 1n the arteries of the thoracic area and the mesentery, and I
would not be astonished 1if, in looking for them 1n other areas such
as in the common carotid artery, and by noting the action poten-
tials of some nerves connected with these areas, that we would
see some receptors responding to pressure vanations I beleve that
they are around everywhere, but perhaps m the whole arterial
vascular system their function, with respect to the blood pressure
regulation, may be quite different The presso-receptors occupy dif-
ferent levels There are main presso-receptors first of all comes the
carotid sinus and then the aotic arch In addition, there are re-
ceptors situnated m some other areas As to therr 10le and function,
I think some of them regulate, reflexly, the local and regional dis-
tribution of the blood related to pressure in a given area

Dawes Have you any specific evidence for such a reflex mecha-
msm? I know that this suggestion has often been made, but I have
never seen any evidence for it which has been really convincing

Heymans: There 1s indeed evidence If the pressuie 1s changed
m a mesenteric artery, vasomotor reflex responses are mduced
These reflexes, however, do not affect the systemuc arterial blood
pressure The vasomotor tone of the spleen and kidneys react to
changes m pressure m the mesenteric artery It 1s a segmental
reflex adaptation of circulation and vasomotor tone, related to pres-
sure changes mn a given area (12,13,14)

Liljestrand Dr Lovén, who was the first professor of physiology
at the Carohne Institute, found a local dilation of blood vessels
and a general rise 1n blood pressure when he stimulated certan

afferent nerves
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Heymans: Don’t you think they may be pioduced at the spot
where the 1eceptors are placed?
Dawes. That remams to be pioved

Acheson- With regard to the defimtion of terms, I think we have
an analogous situation when we talk about “apphed science” and
“pure science ” These aie not good terms. Perhaps, we should say
“programmatic reseaich” and “curiosity research” It seems to me
all these curious 1eflexes are particularly mterestmg because we
do not know what they do, although they represent mechamsms
which are there We discuss this subject because we are curious
about 1t and that 15 the situation which often leads to creative
research The physiological or “normal” aspect 1s useful, so long as
we keep its hmitations m nund

Fremont-Smith If we could answer the question “With respect
to what?” when we use the words “normal” or “pathological,” it
would help It seems to me we often generalize, when we need to
specify. There 1sn’t any such thing as “normal” m a meaningful
sense until we define 1t with 1espect to certain things which we
measured and found weie normal The same 1s true of “patho-
logical” or “abnormal”

Nickerson 1 think we aie using the term “abnoimal” m two
senses One 1n the sense of something which 1s not noimal to the
smoothly functiomng oigamism, but which can nevertheless arnse
within the oigamsm as a 1esult of its mherent potentialities The
release of ATP, and of serotonin dwing blood coagulation, aie
examples Both can anse fiom within the orgamism, but do not
normally circulate in a free form

The second defimtion of the texm “abnormal” refers to something
completely foreign to the orgamism, and which 1s present only

ecause an inveshigator puts 1t there I am not quite sure m which
sense we should use the term “abnormal” here, but on the whole I
think we have been using 1t in the latter sense This 1s a distinction
we must keep i mind because of the very nebulous line between
the normal and abnormal developing within the orgamsm itself

Comroe Dr Dawes and I have discussed this matter of definition
many times i the last month, and I think that I induced hum to
put mto the definition the 1dea that a chemoreceptor reacts to
chemical changes that occur m 1ts normal environment, or m certam
pathological states My 1eason for this 1s that I believe the carotid
and aortic bodies respond particularly to abnormal states. I do not

beheve anoxia 1s normal to an individual, and yet anoxia 1s cer-
tamnly the prime stunulant to the carotid body
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ents stimulated by the burns are separate from the physiological
afferents.

Dawes: But you have to take the physiological afferent nerves
into account first

Kmsely. Of course

Dawes 1 think Professor Heymans would agiee to keepng the
term “chemoeceptors” for those sensory receptors wlich are
normally excited by chemical changes in ther environment, that 1s
to say, normal chemcal changes, such as those of oxygen or CO:
partial pressure, pH, and so on, or mn the tongue and the nose,
changes 1 the envnonment induced by substances which are
mhaled or swallowed under normal conditions I do not think we
should use the term “chemoreceptor” to indicate any sensory re-
ceptor which 1s excited by mjection of a foreign substance, because
we now know that many other types of receptors which we should
regard, from the physiologist’s pomt of view, as stretch or presso-
receptors, can also be excited by the mjection of foreign chemical
substances

Untill we know more about these reflexes which are excited by
the mjection of chemical substances, 1t 15 convenient to call them,
as a group, “chemoreflexes ” That does not mean that thenr afferent
mechanism is due to the excitation of chemoreceptors “Chemore-
flex” 15 a useful term provided we know 1ts himitations I hope we
all agree on that pomt

Fremont-Smath You mean, then, that “chemoieflexes” is a broad
term mcluding reflexes which may be mduced by receptors that are
not normally chemoreceptors?

Dawes Precisely

Burton May 1 suggest, perhaps facetiously, that we might call
them “pharmacological receptors” until we know their physiological
role?

Heymans It 1s often difficult to make a distinction between a
pharmacological and a physiological stimulation The carotild and
aortic bodies are provided with receptors, let us say “chemore-
ceptors” sensitive to physiological chemical stimulants and also to
drugs But some other receptors, located mn the coronary and pul-
monary circulation, seem to be sensitive only to ceitain drugs,
although ther sensitvity to ATP and serotomm has also been
submitted

Dawes Professor Heymans, you would not seriously suggest that
erther ATP or serotonin normally circulate m the blood 1n suflicient

quantities to excite these receptors?
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Heymans. Don’t you thmk they may be produced at the spot
where the 1eceptors aie placed?

Dawes That remams to be proved

Acheson. With regaid to the definition of texms, I think we have
an analogous situation when we talk about “applied science” and
“pure science ” These aie not good terms Perhaps, we should say
“programmatic 1esearch” and “curiosity research” It seems to me
all these curious reflexes aie particularly mnteresting because we
do not know what they do, although they 1epresent mechanisms
which are there We discuss this subject because we aie curous
about 1t and that 1s the situation which often leads to creative
research The physiological or “normal” aspect 1s useful, so long as
we keep 1ts hmmtations m nind

Fremont-Smith If we could answer the question “With 1espect
to what?” when we use the woirds “normal” or “pathological,” 1t
would help It seems to me we often generalize, when we need to
specify There 1sn't any such thing as “noimal” mn a meammgful
sense until we define 1t with 1espect to certamn things which we
measured and found were normal The same 1s true of “patho-
logical” or “abnormal ”

Nickerson 1 think we are usmg the term “abnoimal” m two
senses One 1n the sense of something which 1s not normal to the
smoothly functioning orgamism, but which can neveitheless aise
within the orgamism as a result of its mherent potentialities The
release of ATP, and of serotonm during blood coagulation, are
examples Both can anse from within the organism, but do not
normally circulate 1n a free form

The second definition of the term “abnormal” refers to something
completely foreign to the orgamism, and which 1s present only

ecause an mvestigator puts 1t there I am not quite sure m which
sense we should use the term “abnormal” here, but on the whole I
think we have been using 1t m the latter sense This 1s a distmction
we must keep i mind because of the very nebulous line between
the normal and abnormal developmg within the orgamsm itself

Comioe Dr Dawes and I have discussed this matter of defimition
many times in the last month, and I think that I induced him to
put mto the definition the 1dea that a chemoieceptor reacts to
chemical changes that occur 1n 1ts normal environment, o1 1n certamn
pathological states My reason for this 1s that I beheve the carotid
ilelz(lileizlt;i ;)Xciglcle: ;eosrp;;)ll;{i tro)art;cx.llzérly (;o rilbnoilmal states I do not
tanly the prime stimulant ta o oot oy L anoxa s cer-

o the carotid body
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However, I do not think we should call any receptor a chemo-
1eceptor simply because 1t responds to one of these peculiar
chemical compounds that have never been found m normal man,
or 1 tissues m pathological states. On the other hand, if we are
gomng to adnut to our defimtion ATP and serotonin, which may
concewvably be present m the circulating blood or locally, and
which are known to stimulate certam chemoreflexes, then I think
we must satisfy ourselves that these compounds are present n
contact with the sensory receptors in sufficient concentration, m
these pathologic states, to cause excitation Otherwise, the chemicals
are activating chemoreflexes, but not true chemoreceptors

Alexander On the other hand, I am impressed by the picture
we have seen i Figure 8 Many of these reflexes are associated
with stimulation of receptors m the vicinity of the lungs The
response 1s characterized by apnea, plus cardiovascular changes,
leading temporanly to a relative stagnation of the circulation The
possibihty should be kept m mind that these may be defimte
mechanisms to protect the body against noxious agents coming
in by way of the respiratory tract Hence they would be defimtely
homeostatic mechanisms regardless of how completely foreign the
sttmulus might be m a given situation

THE CORONARY CHEMOREFLEX

Dawes 1 think 1t would now help the discussion a great deal
if we presented a few facts I can start by summanzing the evidence
for the separate existence of reflexes 3 and 4, m Table IV, and
that will perhaps give us somethmmg more specific to talk about

Lijestrand Is there any ewvidence that apnea after those sub-
stances 1s really a reflex effect? As the blood pressure sinks, one
might expect apnea simply as a result of hypoxia If blood 1s rapidly
withdrawn, there will be apnea

Dawes There 1s ample evidence, but smce this 1s a conference
prmarly on circulation, I was hopmg we could restrict it to the
crculatory effects If we get into respiratory reflexes, we shall find
that they are even more difficult

Laljestrand 1 just mentioned 1t because that 1s one of the charac-
teristics.

Dawes 1 think the following figures will give us a basis for
discussion

Figure 9 gives the evidence for the Bezold effect, or coronary
chemoreflex In the future I shall call this the “coronary chemo-
reflex.” In the heparmized and anesthetized cat, if 1its chest 1s
opened, and the bent glass tube seen mm Figure 9 1s mserted through
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Ficure 9 Diagram of preparation for injection into the left coronary artery i
cats The left carotd artery (L C A ) 1s connected by a cannula (a) and rubber
tube, to a glass tube passed down the left subclavian artery (L S A ), and tied
mto the mouth of the left coronary artery The amimal 1s given heparm to prevent
clothng The chest may then be closed Reprinted, by permission, from Dawes,
G S Studies on veratrum alkaloids, receptor areas in coronary arteries and else-

where as revealed by use of veratndine J Pharmacol & Exper Therap 89, 325
(1947) Wilhams & Wilkins

the left subclavian artery (LS A ), and passed down into the
mouth of the left coronary artery, and if the central end 1s con-
nected to the left carotid artery (LC A ), drugs may then be

Hi]eCt;d mto the coronary artery (15) The chest can then be
close
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Ficure 10 Cat, chloralose anesthesia Records of respiratory movements (above),
recorded by a modification of Gaddum’s method (16), and of blood pressure
(below ), from the carotid artery The heart rate, i beats per mimute, was measured
from the electrocardiogram, and 1s also indicated on the record At A, 025 pg
veratnidine, and at B and C, 05 pg veratridine were mjected mto the left
coronary artery by the method ilustrated in Figure 9 Between B and C the vagi
were cut mm the neck

Figure 10 shows that when a small dose of veratiidme (025 ug
at A) 1s mjected mto the left coronary artery, a fall n blood pres-
sure and heart rate 1s observed (16) A larger effect 1s seen on
giving 05 ug at B Between B and C the vagi were cut, so there
was no longer any effect when the same dose that was given at B
was repeated at C Thus, there are some receptois m the coronary
circulation which can cause a fall in blood piessuie and heart rate

In the dog the coronary arteries are larger and one can mject
mto ndividual branches Figure 11 shows the preparation from
the left side diagrammatically The left circumflex coronary artery
has been cut. The peripheral end has been cannulated from b and
jomed to a carotid artery, and the central end cannulated in the
same way from ¢ Injection mnto the peripheral end, that is, nto
vessels largely supplying the left ventricle but also other structures,

causes a fall i blood pressme and heart rate Injection mto ¢,
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Ficure 11 Left lateral view of preparation for simultaneous perfusion of the
coronary arteries of the dog Cannulae are inserted m the right coronary artery (a),
the peripheral end of the left circumflex (b), and its central end (c¢), which now
feeds only the left superior atnal coronary artery They are connected to a carotid,
or internal mammary artery, by a rubber tube, the dog 1s given hepann to prevent
cloting Reprinted, by permission, from Dawes, G S Studies on veratrum alka-
loids, receptor areas in coronary arteries and elsewhere as revealed by use of
veratridine J Pharmacol & Exper Therap 89, 325 (1947) Willhams & Wilkins

which supplies mainly the atrial appendages, does not cause a fall
m blood pressure and heart rate An mjection of veratridine mto
the right coronary, a, in the dog does not cause a fall mn blood
pressure and heart rate

By this kind of experiment, the conclusion has been reached that
it 1s the aitenal supply of the muscle of the left ventricle ihat
causes this phenomenon, although I would add a note of caution

ese experments do not exclude the possibility that there may
also be an action on sensory 1eceptors m the atrna All we can say
15 that there are definitely sensory receptors m the arterial supply

to the left ventricle Whether these aie 1 the ventricular tissue,
we do not know
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Burch If a small segment of coionary artery 1s 1solated without

allowing the substance to reach the smaller aiterioles or capillares,
would the results be the same?

Dawes We have not done that experiment All we have done

HeaRT RATE.

Blooy PRESSURE.
AW

'f\“ . (‘-\'\‘l‘.‘w l.‘\

A}

Ficure 12 Dog, chloralose anesthesia Record of heart rate (above, as 1n
Figure 8), and of femoral arterial pressure (below) At the signal, 05 pg veratn-
dine was imected into the peripheral end of the left circumflexn coronary artery,
using a preparation similar to that shown m Figure 11 (b) The minimal effective
dose of veratridime on mtravenous mjection 1s about 20 bmes greater Time 1n
5.second 1ntervals Reprinted, by permission, from Dawes, G S Reflexes from
o seco et and lungs Brit M Bull 8, 324 (1952)
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1s to raise the piessme m the arteries, and then we do not obtam
a response.

Buich You have never limited 1t to a segment of aitery?

Dawes No

Moe. You have essentially done 1t 1n ¢ of Figme 11

Dawes Yes, 1 suppose so However, 1t could be objected that
that 1s the wrong place We have not 1solated a segment of, say,
the left circumflex coronary artery I think it would be techmically
difficult to do

Burch Did you determme the temporal relationship fiom the
time of mmjection to the time of response?

Dawes Yes

Burch. Is 1t due to circulation elsewhere?

Dawes 1 should say so. Theie are two reasons for believing that
the receptors must be in the area of distribution of the coronary
arteries fist, because of the latent period, which 1s a matter of
a second or two after mjection, wheieas the coionary cnculation
time 15 certamly more than that, secondly, the fact that the response
may be obtamned with a dose of veratrnidine, from 01 to 05 ug,
njected mto the coronary vessels, which 1s effective neither on
mjection mto the cavity of the left ventricle, nor on intravenous
Injection.

Figure 12 shows a response to 05 ug, of veratuidine, mjected
mto a dog weighing about 10 kg You will notice that the dose 1s
fantastically small, and the effect 1s very large

Figure 13 illustrates an experiment on a cat, m which we per-
fused the cehac axis (17) At 123 pm we gave an mjection of
10 pg of veratridine, mtravenously You see that there was an
mcrease m outflow as indicated by a nse in the upper record, and
a decrease m perfusion pressure, mndicating peripheral vasodilation

Richardson Dr Dawes, would you describe i a httle more
detail the technique you used, and the sigmificance of the curves
m your illustration

Dawes The upper record 1s the flow mto the celhiac axis, the
center 1s perfusion pressure of the blood pumped mto the cehac
axis, and the lower one 1s the mean arterial blood pressure of the
whole cat You see that here there 15 evidence of reflex peripheral
vasodilation In Figure 13, the two records on either side, at 107
and 140 p m, show the effect of coolng the vag: to 7%° C on this
response, which 1s abolished Therefore the ieflex response, of
which the afferent path hes m the vagi, consists partly of brady-
cardia, and partly of peripheral vasodilation
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Burch If a small segment of coronary artery 1s 1solated without
allowing the substance to reach the smaller arterioles or capillanes,
would the results be the same?

Dawes We have not done that experiment All we have done

HeaRT RaTE.

Broop PReESSURE.
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Dog, chloralose anesthesia. Record of heart rate (above, as m
gfg:nf 8§2wd o% femoral artenal pressure (below) At the signal, 05 pg veratn-
dine was ’m]ected mto the penpheral end of the left circumfles coronary artery,

< reparation similar to that shown in Figure 11 (b) The minmmal effective

g afpveratrldme on mtravenous injechon 15 about 20 times grcater Time in
gose 0d mtervals Reprnted, by permission, from Dawes, G S Refleves from
f};zeclgart and lungs Brit M Bull 8, 324 (1952)
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CARDIAC
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Ficure 14 Cat, chloralose anesthesia, chest open, artificial ventilation Records of
cardiac output (above)

measured by a density flowmeter mn the pulmonary artery,
of systemic and pulmon

ary arterial pressures (below) At the signal mark, 20 ug
veratnidine were 1njected mtravenously

flowmeter (18)
and the lowe: 15
on mbtavenous n

d

The center 1ecord 1s of arterial blood presswe,
of pulmonary aiteral pressme You will see that

jection of veratndine, there was a very great
ecrease m cardiac output Thus, on the efferent side theie are
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Ficure 138 Cat, chloralose anesthesita Record of blood flow through cehac axis
(above), perfusion pressure (center) and artenal blood pressure (below) Imjec-
tions of 10 ug veratridine intravenously at each signal mark At 107, both vag
were cooled to 8°C, and at 140 to 7%°C, abolishing the reflex vasodilation to be
seen at 123 pm Reprinted, by permussion, from Dawes, G S, Mott, ] C, and
Widdicombe, ] G Respiratory and cardiovascular refleses from the heart and
lungs J Physiol 115, 258 (1951) Cambndge Univ Press

Figure 14 1s a record fiom an experiment peiformed by Mis
G Barer and Di E Nusser ¢ The cat was anesthetized with
chloralose, and the chest was opened The upper 1ecord 1s of flow
through the pulmonary aitery, 1ecorded with a direct measuing

+Unpubhished data
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Ficure 16 Antenior view of the heart to show the distribution of the primcipal
branches of the left vagus The insert shows the disposition of the left postenor
cardiac nerves 1n relation to the left pulmonary artery and left atnum (L A ), the
left circumflex coronary artery has been cannulated Reprinted, by permussion, from
Dawes, G S, and Widdicombe, ] G The afferent pathway of the Bezold reflex
the left vagal branches in dogs Brit ] Pharmacol 8, 395 (1593)

Figure 15 1s a diagram of the distribution of the nght vagus
nerve to the heart of the cat If the left vagus 1s cut, the distribu-
tion m the nght vagus of the afferent fibers may be studied One
has to cut all the nerves marked II and III m the figure to abolish
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these two mechamisms: bradycardia, and therefoie a deciease
cardiac output, and secondly peripheral vasodilation As to the
afferent pathway, we have a little more mformation

Ficure 15 Diagram of the distnbution of the cardiac branches of the right vagus
mn the cat Reprinted, by permission, from Jones, J V  The afferent pathway of
the Bezold reflex the nght vagal branches in cats Brit ] Pharmacol 8, 352

(1953)
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about their distribution It has been suggested that they jom either
the depressor nerves or the left 1ecurrent laryngeal. No one, how-
ever, has produced convincing sngle fiber records from them in
the dog, and untl that 1s done, I do not think we can be sure
where they are situated Dr. Comroe studied their distribution m
one or two ammals

Comroe I have done a gieat many dissections mn this area, and
it 1s my belief that the aortic body fibers run from the recurrent
laryngeal nerve very close to the aortic wall, because the aortic
body 1s within a milhmeter of the aortic wall. Therefore, 1t would
be quite separate from the fibers to the left atrium if they were
cut lower down

Heymans Dr Comroe, do you believe that after cutting the
aortic nerves, the aortic chemoreceptors are still present?

Comroe The nerves from the aortic body go almost directly mnto
the recurrent laryngeal nght near the aorta, and they would still
be mtact if the nerve were cut, say, a few millimeters farther down

Heymans. How can we locate the spot where the compound 1s
acting?

Moe By mjection mto the circumflex artery, I think

Dawes Yes, the cannula 1s imserted into the peripheral end of
the left circumflex coronary artery

Comroe Furthermore, the reaction 1s entirely different quali-
tatwely fiom the reactions that occur from stimulation of the aortic
body

Heymans Yes, but according to the observations of Dr Dawes,
the aortic chemoreceptors are stimulated by the compounds he
mvestigated

Comroe The physiological reaction to stimulation of the aortic
body 1s that of hypertension and hyperpnea, not of hypotension
and apnea

Heymans I remember the histologic work of Dr F. De Castro
(21,22,23) on the blood supply of the aortic bodies According to
him, the coronary artery gives off some branches gomg to the
aortic body

Dawes Not m the dog, Professor Heymans

Comroe In the cat, very definitely

Heymans Yes Did somebody look for it m the dog?

Comroe Yes

Heymans 1 should like to have a clear-cut picture of the experi-
mental condition, so as to know if these compounds are acting on
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the response (19) They are nerves which run to the atria, but are
widely distributed When those nerves are cut, one also cuts the
efferent cardiomnhibitory nerve fibers to the heart Therefore, one
cannot always be sure, in taking any particular branch of the
vagus to the heart, whether the afferent nerve fibers aie m 1t
It 1s difficult to ascertain just where the afferent nerve fibers run
What we really want to know 1s what the physiological stimulus
15, and the use of electrophysiological methods of study seemed to
offer our best hope of solving this problem

Figure 16 shows the situation n the dog, which surpusmngly 1s
somewhat easier If the vagus on the nght side of the dog 1s cut
and veratridine 1s mjected into the left circumflex coronary artery,
one obtams a fall m blood pressure without any fall in heart 1ate
(20) We think this 15 due to our having cut almost all of the
efferent cardiomhibitory nerve fibers in the right vagus, which 1s
convemient because now we can go ahead and look for the afferent
nerves on the left side, without the complication of cutting efferent
cardiomhibitory fibers

What we found m a number of experiments was that the reflex
was not abolished if we cut the aortic depressor, left recurrent
laryngeal, or the left cardiac nerves which 1un over the left pul-
monary artery and are distributed to the left atrrum and the left
ventricle This puzzled us a great deal until we observed that there
were other small vagal branches, such as the left posterior cardiac
nerves

In order to get at these, the left pulmonary aitery must be
divided The ammmal then survives on its right lung, which 1t can
do perfectly well Then we find one, two o1 three small branches
which run over the arch of the aorta, beneath the left pulmonary
artery, and enter the left atrum Where they go after that, we do
not know When these left posterior cardiac nerves are cut, the
reflex 1s abolished

Heymans What about the aortic body chemoreceptors n this
situation? Are they still present after the nerves are cut?

Dawes 1 should have mentioned that We know the aortic
depressor nerves because we have recorded the characteristic
action potentials from them In the dog there aie always two,
sometimes three, depressor branches of the vagus fairly high up,
running toward the brachiocephalic artery and then down to the
aortic arch When these depressor nerves are cut, the coronary

chemoreflex 1s still present
As to the aortic chemoreceptor nerves, we do not know so much
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about therr distribution It has been suggested that they join either
the depressor nerves or the left 1ecurnient laryngeal No one, how-
ever, has produced convincing single fiber records from them m
the dog, and until that 1s done, I do not think we can be sure
where they are situated Dr Comroe studied their distribution m
one or two ammals

Comroe 1 have done a gieat many dissections m this area, and
it 1s my belief that the aortic body fibers run from the recurrent
laryngeal nerve very close to the aortic wall, because the aortic
body 1s withm a nullimeter of the aortic wall Therefore, 1t would
be quite separate from the fibers to the left atiium if they were
cut lower down

Heymans Dr Comroe, do you believe that after cutting the
aortic nerves, the aortic chemoreceptors are still present?

Comroe The nerves from the aortic body go almost directly into
the recurrent laryngeal rght near the aorta, and they would still
be mtact if the nerve were cut, say, a few millimeters farther down.

Heymans. How can we locate the spot where the compound 1s
acting?

Moe: By mjection mto the circumflex artery, I think.

Dawes Yes, the cannula 1s mserted mmto the peripheral end of
the left circumflex coronary artery

Comroe Furthermore, the reaction 1s entirely different quali-
iat(iioely from the reactions that occur from stimulation of the aortic

ody

Heymans Yes, but according to the observations of Dr Dawes,
the aortic chemoreceptors are stimulated by the compounds he
mvestigated

Comroe The physiological reaction to stmulation of the aorhc
body 1s that of hypertension and hyperpnea, not of hypotension
and apnea

Heymans 1 remember the histologic work of Dr F De Castro
(21,22,23) on the blood supply of the aortic bodies According to
him, the coronary artery gives off some branches gomg to the
aortic body

Dawes Not in the dog, Professor Heymans

Comioe In the cat, very definitely

Heymans Yes Did somebody look for 1t m the dog?

Comroe. Yes

Heymans 1 should hike to have a clear-cut picture of the experi-
mental condition, so as to know 1f these compounds are acting on
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the area of the coionary artery, and not on the aortic body
chemoreceptors

Dawes 1 think I can assure you of ths

Heymans 1 am not quite sure

Comroe Professor Addison (24,25) made complete serial sec-
tions of this whole area in the dog, and found that the arterial
blood came from the arch of the aorta 1n practically every animal.
In the cat 1t was entwrely different, 1t came from a branch of the
coronary artery

Alexander 1 should like to raise the question as to how we
should describe the anatomical course of these afferent nerves For
example, working on the cervical trunk higher in the neck, we can
usually identify the depressor nerve anatomically and confirm its
identity by observing that its action potentials correlate with the
variations 1 artenal blood pressure Howeve, if we dissect thiough
the vagus and the sympathetic trunk, we find, here and there,
scattered fibers which, when their action potentials are recorded,
are found to behave exactly as depressor fibeis That gave me the
mmpression that, in addition to the depressor nerves which can be
identified anatomically, there are also scattered depressor fibeis
that get lost in the vagus

Dawes Certainly And there 1s one other pomt If nicotine 1s
mjected mto the left circumflex coronary artery, there will be a
fall in blood pressure and heart rate, which 1s entirely different
from the rise m blood pressure and increase in heart rate which
1s obtamed on excitation of the chemoreceptors of the aortic o1
carotid bodies I think that altogether excludes the possibility that
this artery supplies the aortic chemoreceptors

Heymans 1 am sorry, but I do not see why, because nicotine,
acting on the aortic and carotid bodies, induces reflexes of brady-
cardia and a fall in artenal blood pressure That 1s a typical reaction
which you mentioned

Comroe: Not on the aortic body In that case I have never
observed bradycardia or hypotension, but marked hypertension,
vasoconstriction, and tachycardia

Dawes 1 should agree with that

Heymans 1 am sorry, but our first experiments on chemore-
ceptors were done on the aortic preparations and theie mcotine
mduced reflex bradycardia, which also happened when nicotine was
mjected mnto the carotid body cunculation Therefore, I do not think
the aortic and carotid bodies behave n such an opposite way There
must be some other reason why bradycardia was not observed
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Comroe 1 think I know the reason, Professor Heymans In your
onginal experiments you used a heart-aorta preparation If nicotine
15 mjected mto a heait-aortic preparation, two groups of receptors
are stmulated consecutively, and apnea and biadycarcha are
observed, which aie followed by hypertension and hyperpnea
However, if the mjecting catheter 1s removed fiom the left ven-
tricle, and nserted mto the ascending aorta, mjecting the chemical
agent very close to the pomt where the artery joins the aortic body,
then one no longer observes apnea and bradycaidia, but pure
hypertension and hyperpnea With the heart-aortic prepaiation, both
of these effects are obtamed, but with the so-called aortic prepara-
tion, one would get only the aortic body reflex With the coronary
preparation, only the coronary chemoreflex would be observed

Heymans. It 1s possible, but I still do not beheve the aortic and
carotid bodies behave m such an opposite way m reacting to
mcotine, because 1 the case of any other compound, they respond
n the same manner I am quite sure the vanation m this case 1s
due to the experimental conditions, and not to a fundamental
difference 1n behavior of these two bodies

Dawes. Professor Heymans, I should hke to tie you down to a
defimtion of what you mean by the aortic body in the dog Would
you give us, first, what you think 1s its anatomical localization and
second, some 1dea of what the effect of a normal chemical stimulus
to 1t 1s?

Heymans 1 did not investigate the anatomical localization of
the aortic body Dr De Castro (21,22,23), and Dr ] F Nomdez
(26,27,28) have performed such mvestigations Dr Comroe has
done quite a lot of expermments on the locahzation of the aortic
body m dogs, and I beheve the anatomists, physiologists, and
pharmacologists, who have worked on the aoitic body, quite agree
with him on 1ts localization 1 dogs and cats

Dawes Where 1s it m the dog?

Comroe 1 should say it was between the wall of the ascending
aorta and the pulmonary artery A small artery usually arises from
the ascending aorta, and attached to 1t, about a mullimeter from
1ts origm, 1s the tiny group of cells which we know as the aortic
body Seral sections of this region show the artery leaving the
arch of the ascending aorta, breaking up to mmute branches and

gomg mto the aortic body In the cat, the aortic body would be
somewhere in the same vicimty, but 1t would recewve its blood
supply from a branch of the coronary artery

Dawes If we cannulate the left cucumflex coronary artery, or
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the area of the coionaiy artery, and not on the aortic body
chemoreceptors

Dawes. I think I can assure you of ths.

Heymans: 1 am not quite sumie

Comroe: Pirofessor Addison (24,25) made complete seral sec-
tions of this whole area m the dog, and found that the arteral
blood came fiom the arch of the aoita in practically every animal
In the cat 1t was entirely different, 1t came from a branch of the
coronary artery

Alexander: 1 should like to rase the question as to how we
should describe the anatomical course of these afferent nerves For
example, working on the cervical trunk hugher mn the neck, we can
usually 1dentify the depressor nerve anatomically and confirm 1its
identity by observing that its action potentials coirelate with the
variations mn arterial blood pressure Howeves, if we dissect through
the vagus and the sympathetic trunk, we find, here and there,
scattered fibers which, when their action potentials are recorded,
are found to behave exactly as depressor fibers That gave me the
impression that, m addition to the depressor nerves which can be
identified anatomically, there are also scattered depressor fibers
that get lost m the vagus

Dawes Certamnly. And theie 1s one other pomnt If nicotine 18
mjected mto the left circumflex coronary artery, there will be a
fall in blood pressure and heart rate, which 1s entirely different
from the nse in blood pressure and mecrease in heart rate which
1s obtammed on excitation of the chemoreceptors of the aortic or
carotid bodies I think that altogether excludes the possibility that
this artery supplies the aortic chemoreceptors

Heymans I am sorry, but I do not see why, because nicotine,
acting on the aortic and carotid bodies, induces reflexes of brady-
cardia and a fall n arterial blood pressure That 1s a typical reaction
which you mentioned

Comroe Not on the aortic body In that case I have never
observed bradycardia or hypotension, but marked hypertension,
vasoconstriction, and tachycardia

Dawes 1 should agree with that.

Heymans 1 am sorry, but our first experiments on chemoie-
ceptors were done on the aortic preparations and there nicotine
mnduced reflex bradycardia, which also happened when nicotie was
mjected mto the carotid body cnculation Therefore, I do not think
the aortic and carotid bodies behave i such an opposite way There
must be some other reason why bradycardia was not observed
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tion regarding wheie the sensitive structuies are located, and the
type of response obtamed by stimulating them.

Comioe: This 1s an extremely difficult aea 1 which to woik,
and I think Dr Dawes is to be congratulated upon canymg it
this far.

Bozler Has mfoimation been obtammed by studying action
potentials?

- 150

F‘m 1

EIGURE 17 Dog, pentobarbital anesthesia Right vagus cut i the neck at the
eginning of the expernment Condenser manometer records of femoral artenal
pressure (above), signal and time markers (01 and 10 seconds) below At each
signal mark, 10 pg veratndine was mjected mto the peripheral end of the left
ilrcumﬂe\{ coronary artery, using a preparation sumilar to that shown in Figure
dl (b) Between the upper and lower records there was a ten-minute interval,
thlll'mg which the left posterior cardiac branches of the vagus were divided Note

at there 15 no evidence of bradycardia even 1n the upper record, because the
gght vagus (m which most of the cardiomhibitory fibers run) 1s already cut

eprinted, by permission, from Dawes, G S, and Widdicombe, ] G The afferent
pathway of the Bezold reflex the left vagal branches i dogs Brit ] Pharmacol
8, 395 (1953)

fDawes Figure 17 shows the fall of blood pressure on mjection
%1 veratridine into the left circumflex coronary artery, the fall of
ood pressure before section of the nerve, and its abolihion afte:
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a branch of it, and mject veratridme 1nto 1t, a fall in blood pressure
and heart rate 1s obtamned I cannot conceive how a drug mjected
mto the left circumflex coronary artery could possibly affect the
aortic body I think we have to consider two distinct anatomcal
areas, the aortic body, and something m the left ventricle which
1s reached by an injection mto the coronary vessels.

Burch Are aberrant bodies ever found mside the heart?

Dawes. 1 do not know of any histological evidence for this,
do you?

Heymans There 1s an histoiical description of the paragangha
m the heart by Goormaghtigh and Pannier, (29) suggesting that
these structwes could be provided with chemosensitivity

Referring to yow question, Dr Burch, 1t 1s quite possible that
these so-called “pharmacological 1eceptois” — if you do not like the
name “chemoreceptors” — may be situated close to the paragangha.
These paraganghonic structures he close to the coronary artery

Dawes Dr. Comioe, do you thmk that the anatomical locahza-
tion of these paraganglia could be such that they would be reached
by mnjections of this kind into the peripheral end of the left coronary
artery?

Comroe Paragangha have been described by various authors m
1elation to most of the areas around the atria and ventricles Each
author has placed them m a shghtly different place mn different
species In my opmion, paragangha have to be ruled out as a site
of these sensory receptors However, I do think that some of the
mjections mto the left ventricle probably 1each areas where there
are no known paragangha In short, I do not think that paragangha
are excluded, but I thmk that the left ventricular injections are
probably made into areas where there are none That does not
mean that the drug may not reach them higher up

Heymans. There 1s the possibility that there are some structures
where these receptors may be situated Perhaps we are wrong, but
we have to keep 1t m mind

Burch That 1s why 1t would be helpful if we could 1solate a
segment of a coronary artery If such an experiment were possible,
we mught 1solate the receptors closer to the artery

Nickerson I think there are two questions which we have to
consider The first 1s the location of receptors for particular agents
The second calls for additional mformation, but does not m any
way detract from the mmportance of the first, and that 1s what these
receptors look like Whether they are paragangha 1s another matter,
and does not m any way add o1 detract from the specific informa-
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tion regarding wheie the sensitive structuies are located, and the
type of response obtamed by stimulating them

Comioe: This 1s an extremely difficult aea m which to work,
and I thimk D1 Dawes 15 to be congiatulated upon carrymg 1t
this far

Bozler Has mfoimation been obtamed by studymg action
potentials?
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F;GURE 17 Dog, pentobarbital anesthesia Right vagus cut in the neck at the
pr%gs ng of the experiment Condenser manometer records of femoral arterial

alure (above), signal and time markers (01 and 10 seconds) below At each
Circumf] 0 ng veratndine was mjected 1nto the perpheral end of the left
11 ¢ b)e}\B coronary artery, using a preparation similar to that shown n Figure
durny etween the upper and lower records there was a ten-minute 1nterval,
that ther postertor cardiac branches of the vagus were divided Note

¢ € 15 no ewidence of bradycardia even in the upper record, because the
eprmtegusb (m which most of the cardiomhibitory fibers run) 1s already cut
Pathway of i’hpermxsslon, from Dawes, G S, and Widdicombe, ] G The afferent
8, 395 (1953)8 Bezold reflex the left vagal branches 1n dogs Brit ] Pharmacol

Figure 17 shows the fall of blood pressure on 1njection
o e 1nto the left circumflex coronary artery, the fall of
Pressure before section of the nerve, and 1ts abohtion after

Daweg
of veratrd
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section of the nerves shown m Figure 16 (the left posteuior cardiac
neives) We did try to see what could be found i these nerves,
and all we obtamned was evidence of atnal 1eceptors (20) Figure
18 shows a chaiacteristic pattern of discharge The upper lnes are

1 . ’ ! '

Ficure 18 The upper lmes are records of action potentials recorded from the
left posterior cardiac nerves, tume marks in 1/10 second imntervals The lower lLines
are the record of the electrocardiogram The discharge vanes with the phase 0
respiration, as shown m the top and bottom halves of the figure Reprinted, by
pernussion, from Dawes, G S, and Widdicombe, ] G The afferent pathway of
the Bezold reflex the left vagal branches in dogs Brit ] Pharmacol 8, 395 (1953)

the records of single fiber pieparations from the left posterior
cardiac nerves, the lower are of the electrocardiogram The top
half of the figure shows one phase of respiration, and you may
observe that there are four bursts between the P and the QRS
complex The bottom half of the figure shows a different phase
of respiration, and one obtamns more discharges after the QRS
complex

Heymans Are these receptors sensitive to pressure?

Dawes They are almost certainly atrial receptors. These are
very characternstic

Buich Did the heart stop?

Dawes. We have not stopped a heart

Heymans: Dr Dawes, are these action potentials related to fibers
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connected with presso-receptors, or with chemoieceptous, and what
are the data for considermg the fibers as comng from the chemo-
receptors and not from p1esso-1eceptors, which we know aie located
in the same area?

Dawes 1 think they all come fiom piesso-receptors.

Heymans Do they 1espond to drugs, also?

Dawes 1 shall come to that in a mmute Figure 19 shows anothex

Ficure 19 Records as in Figure 18 to show a fiber which discharges only
between the P and QRS deflections of the electrocardiogram Reprinted, by per-
mission, from Dawes, G S, and Widdicombe, ] G The afferent pathway of the
Bezold reflex the left vagal branches in dogs Brit J Pharmacol 8, 395 (1953)

type of afferent neive fiber in the left posterior cardiac nerves,
from which we see only a burst of action potentials n time with
the P wave When we found these, we thought, “Well, this 1s fine
All we have got to do 1s nject some veratridine and we shall see
these nerve fibers sensitized and firmg continuously ” However, mn
the many experiments in which we njected veratridine, we never
found that these fibers were excited

We have then a curious situation The nerve comes up fiom the
left atium The only types of nerve fibers that we have been able
to detect m that section have this cardiac rhythm, but they are not
excited by an injection of veratridine However, on thiee occasions
and m two different dogs, we did hear a great mciease m back-
ground activity on mjection of veratridine That was regarded as
evidence that fibers of an unknown type were discharging con-
tinuously at a very lugh frequency * It encourages us to believe
that we were on the right nerve, but we do not know anything
about the type of receptor

This emphasizes a particular characteristic of the vagus nerve
1t 15 1ather like an 1ceberg Only one-tenth of 1t (the large fibers)
1s above the surface, the other mme-tenths are below

*Compare this with the work of Janisch and Zottermann (30) on cats
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section of the neives shown m Figuie 16 (the left posterior cardiac
neives) We did try to see what could be found m these nerves,
and all we obtamed was evidence of atrial receptors (20) Figure
18 shows a chaiacteristic pattein of discharge. The upper limes are

g - PO [P < PRGN - - - -

Ficure 18 The upper lmes are records of action potentials recorded from the
left posterior cardiac nerves, time marks mm 1/10 second mntervals The lower lines
are the record of the electrocardiogram The discharge varies with the phase of
respiration, as shown i the top and bottom halves of the figure Reprinted, by
permussion, from Dawes, G S, and Widdicombe, ] G The afferent pathway of
the Bezold reflex the left vagal branches in dogs Brit ] Pharmacol. 8, 395 (1953)

the records of single fiber preparations from the left posterior
cardiac nerves, the lower are of the electrocardiogram The top
half of the figure shows one phase of respnation, and you may
observe that there are four bursts between the P and the QRS
complex The bottom half of the figure shows a different phase
of respiration, and one obtams more discharges after the QRS
complex

Heymans Are these receptois sensitive to pressure?

Dawes: They are almost certainly atmnal receptors These are
very characterstic

Burch Did the heart stop?

Dawes We have not stopped a heart

Heymans Dr Dawes, are these action potentials related to fibers
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to the coronary chemoreflex He made the very provocative and
mteresting suggestion that theie mught be stietch 1eceptors n the
walls of the ventricles Perhaps I should say that he repeated the
suggestion origmnally made by von Bezold and Hurt (34) mn 1867,
that there were sensory 1eceptois i the walls of the venticles
which, when excited, would cause a fall m blood pressmie and heart
rate, and that this might re-enforce the aortic depressor reflex It 1s
a very attractive 1dea It has been called a cardio-circulatory 1eflex.

a reflex ongmating from the heart itself, which regulates the
crculation

Heymans Dr Dawes, do you not believe that m the heart, at
least on the left side, the presso-1eceptors of the aoitic aich may
go to the atrium and ventricle? It has been shown, I think by
de Castro and Nomdez, that there aie presso-receptors m the left
side of the heart which belong to the same structure as the aortic
arch presso-receptors That 1s why I always speak of caidio-aortic
presso-receptors Daly and Veiney (1,35) showed that these left
heart receptors respond to pressure variations Afferents also arise
from the roots of the superior and nferior venae cavae and pul-
monary vemns, and perthaps from the right atrtum Nonidez showed
that the receptors of these afferents have the typical structure of
presso-receptors

Dawes In geneial, I would agree with you, but I think that these
types of receptors, and their afferent parts, requue a great deal of
further study before we can be certain In this paiticular mstance,
certain difficulties stand in the way of concluding that the afferent
pathway of the Daly and Verney reflex 1s that of the aortic depresso
fibers The reason I am not convinced of this 1s as follows the aortic
depressor nerves can be seen m the dog entering the aich of the
aorta and running down 1t In Daly and Verney’s experiment, they
cut a hole part of the way through the ascending aorta immediately
above the coronary orifice They mserted a cannula, and then tied
a hgature around the ascending aorta I cannot beleve that any
nerve fibers running down the ascending aorta toward say, the
ortfices of the coronary arteries or the aortic ring, could have pre-
served thewr mtegnty under those conditions

Heymans 1 absolutely agiee with yow statement that the afferent
pathways require more study We know somethimng about the
localization of receptors fiom observing piesso-receptors, but the
pathways of the different fibers commg from this area have to be
i‘tgzgﬁjg’aﬁid? lzglrgble; t(ilfetl‘}:m are yet 1-_th be found However,

) gus nerve there aie many afferent



68 Shock and Circulatory Homeostasis

Burch. In the electrocardiogram, the peak of the P wave occurred
at just about the same time as the discharge began?

Dawes. Yes

Burch The pressure within the atrium nmught have occuried a
httle later Did you have any piessure recordings?

Dawes. In one or two dogs we used a left atrial condenser
manometer at the same time. We assured owselves that the fie-
quency of discharge of these atrial receptois was related pretty
closely to the pressure, the experiments were complicated without
the condenser manometer, and this was just one mole mstrument
to look after

Selkurt. If you artificially elevated the pressure within the atrium,
would you obtam an enhanced discharge?

Dawes. Yes If saline 15 mjected mtavenously an mcrease m the
frequency of discharge 1s obtamed in these fibers The work of
Whitteridge and his colleagues (8,9,10,31,32) imndicates that these
must have been atrial receptors

THE DALY AND VERNEY REFLEX

I should hike to discuss reflex Number 3 in Table IV, the coronary
chemoreflex, and 1ts separate 1dentity from Number 4, which refers
to the work of Daly and Verney (1) They mserted a cannula,
ponting toward the heart, mto the ascending aorta within a few
milhmeters of the coronary orifice, and they raised the pressure In
this cannula, thereby increasing the pressure i the left ventricle
and the coronary artery. They observed a slowmng of the heart
Ther prepaiation was such that they could not see whether there
was peripheral vasodilation or a change mn respnation They found
that slowing of the heart was abolished by cutting the vag

They also put a nondistensible bag aiound both ventrcles, and
sealed around the atro-ventricular junctions to reduce the pressure
mside this bag They agamm showed that this caused biadycarda,
which was abolished by cutting the vag:

Fremont-Smuth When you say they “reduced the pressure,” do
you mean subatmospheric?

Dawes They reduced the outside presswie, thereby incieasing
the relative pressure across the ventricular walls They concluded,
from these observations, that there was a reflex, but not the aoitic
depressor reflex, which origmated from somewhere mside the
ventricles

I think 1t 1s a very mmportant observation, and the experiment
should be repeated It 1s the only clue we have to substantiate the
\dea which Jansch (33) put forward when he drew our attention
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Richter (33) did that expeiiment m 1939 They put procame mto
the pericardial sac and abolished the 1eflex I think one has to be
a httle cautious about diawmg conclusions about the anatomical
distribution of the receptors o1 thewr afferent nerves fiom such
stuches, because we know that the reflexes are very sensitive to the
mtravenous adnumnistration of procame, o1 other Jocal anesthetics,
and these substances are 1apidly absoibed

Burton Do you thmmk the sensory receptors for the coronary
chemoreflexes are mplicated 1 the caidiac afferent dischaiges
after coronary occlusion? In a great many experiments on dogs, 1f
the heart 1s deafferented the immediate deaths aie very much
modified, although the final deaths are not I was wondeimg
if you have ever tried to find out whether these 1eceptois fiie off
upon coronary occlusion

Dawes 1 thmk it 1s a possibility, but experimental evidence 1s
lacking We have tried tying off a mamn coronary artery m a dog,
and I could neve: convince myself that this procedure caused the
coronary chemoreflex However, there are so many other factors
which enter 1n when you tie a main coronary aitery mn an animal,
that I think the experiments were mconclusive

Heymans Fleckenstem (36) showed that mntravenous injection
of procane also holds out the receptors of the so-called Bezold-
Jarisch reflex

Dawes That 1s the coronary chemoreflex

Heymans Yes That was also tiue according to some climical
observations However, I think we have to be careful about assum-
mg that, in the patient with a coronary infarct and with the low
blood pressure occurring after 1t, mtravenous mjection of procame
1s effective We can only speculate on the possibility that, because
the reactions m expermental chmnical obseivations are smmlar,
hypotension 1n coronary mfarct may be related mn some way to
this special gioup of receptors However, I do not think there 1s
enough evidence to diaw the conclusion that in coronary occlusion
the blood pressure gets low, because these sensory coronary chemo-
receptors are really stimulated

Comroe There are two substances sometimes present i co1o-
nary occlusion, which might be found locally m sufficient con-
centration to stimulate coronary chemoreflexes One, of course, 1s
S-hydroxytryptamme, which may appear m high concentration
whenever blood clots and platelets disintegrate, the other 1s adeno-

sine triphosphate, which 1s m close 1elation to these sensory re-
ceptors whenever tissue disintegrates
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fibers If, 1n a dog, the depiessor nerve 1s cut lugh up mn the neck
between the sympathetic and the vagus, depressor fibers and other
afferents may still be left in the vagus nerve

Nickerson Ow knowledge of all these i1eflexes starts out with
observations on a more or less localized axea We are then faced
with the question of how far we can group these mto a monistic
concept of activity We need some definition of the criteria we are
gomng to use for this grouping One that has been discussed 1elates
to the nervous pathways mvolved Heie we run mto difficulty,
because everything depends upon where we draw the line mn decd-
mg whether the same neivous pathways are mvolved If we go far
enough up the vagus, they obviously are running in the same nerve
If we go down to the 1eceptors, each 1s probably iunning m a
different nerve

Another possible cirterion, which I think mvolves similar difficul-
ties, relates to the histological characteiistics of the receptor aieas
themselves If we follow this nigorously, we would not distingush
between the aoitic and the carotid receptors, yet because of the
elongation of the neck during development, they are micely sepa-
rated. My own feeling 1s that perhaps we had best consider these
responses separately until we have moie than one criterion for
combmmg them

Alexander Reference has been made to the deafferentation which
results from passing a lhgature around the ascending aorta In
1espect to the receptors you have described m the ventricles, 15
there any mformation as to how likely one 1s to deafferent the
preparation by tying a cannula mto a coronary artery? Do the
afferent fibeis run close enough to the coronary vessels to be caught
by the hgature?

Dawes Apparently not I have often tied hgatures around dif-
ferent branches, such as the left circumflex, the anterior descending,
or smaller branches of those arteies, and also around the main left
circumflex artery itself at its origin from the aorta The coronary
chemoreflex has 1emamed ntact

Comroe However, you do know about pressumie reflexes?

Dawes I do not know about the Daly and Verney reflex The
other pomt 1s that I have tried to abolish the reflex by destroying
the nerves 1n the atrioventricular grooves, and I have obtamed only
equivocal results, sometimes successful, but usually not

Moe Wil a local anesthetic injected mto the pericaidial space

lock this coronary chemoreflex?
P (;;awes I have not done experiments of that type Jausch and
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observation that procame blocks the so-called Bezold reflex How-
ever, 1t 1s necessary to use doses of the order of from 10 to 15 mg
per kg, and at that level of dosage 1t can readily be demonstrated
that the vagal ganglion has been blocked

Dawes. It may well be so, 1t 1s just one of these pomts that will
have to be borne m mind

Richardson. We also observed that although intravenous procaine
blocked the caidiovascular part of the reflex, there was no effect
upon the respiratory reflex, which suggests that procame blocks
only the efferent pathways of the reflex

PULMONARY DEPRESSOR REFLEXES

Dawes 1 suggest we proceed to 1eflexes Number 5 and 6 m
Table IV (p 45) I should like to review the evidence for the
existence of the pulmonary depressor reflex and the pulmonary
depressor chemoreflex By the pulmonary depressor reflex, I mean
the reflex fall in blood pressure and heart rate which 1s observed
on raismg the pressure mn the pulmonary circulation

There are at least six groups of workers who have mvestigated
this phenomenon begmnmg, i 1929, with Churchill and Cope (40)
expermments were contimued by Schwiegk (41), Schweitzer (42),
Daly, Ludany, Todd and Verney (43), Parin (44) and, moie re-
cently, Aviado and his colleagues (4)

Briefly, what they have done 1s as follows Schwiegk, Schweitzer,
and Parin tied a cannula into the left pulmonary artery in dogs and
cats, and raised the pressure i the left lung, usually, but not
always, with occlusion of the pulmonary vemns, and they found a
small fall in blood pressure and heart 1ate Daly and lus colleagues,
and Awiado, et al, used rather comphcated perfusion systems in
which the left lung was perfused from the left pulmonary aitery,
and the blood flowed out from the left pulmonary veins The left
atrium was therefore excluded They also found a fall in blood
pressure and heart rate on raising the pressure in the left lung
They had the impression that the reflex might be comuing from
sensory receptors on the venous side, because the reflex was more
readily obtamed on obstruction of venous outflow than on raising
artenal pressure

The interesting thing to me about this reflex 1s that 1t 1s very
difficult to obtamn I think everyone who has worked with 1t agrees 1t
can only be obseived 1 a certain number of ammals, by the use of
large pressmes m most expeiiments — I should say unphysiological
Piessures — and the response 1s very shght On the other hand, 1t 1s
undoubtedly true that the effect 1s abolished by cutting the vag:
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The unfortunate part about this theory 1s that while 5-hydroxy-
tryptamine, mjected into the coronary artery in the cat, will produce
a fall in blood pressure reflexly by way of the vagus nerve, 1t does
not seem to do so m dogs It 1s also unlikely, from what lttle
evidence there 1s, that 1t does so 1 man.

One moie pomnt ought to be mentioned, and that 1s that m man,
mtravenous injection of 5-hydroxytryptamine, and adenosme tri-
phosphate, both produce symptoms which 1n certam respects stimu-
late those of coronary occlusion, 1€, substernal oppression It may
well be that they stimulate some sensory receptors mn this area
which are also stimulated by mechamisms involved i coronary
occlusion However, this 1s pure theory

Nickerson Agress, Claik and the group (87) in California, have
worked on the production of shock from coronary occlusion As we
have known for a long time, the tying of a coronary artery, even
though 1t will kill an animal, does not result in prolonged hypoten-
sion These workers found they could produce the state of shock,
which 1s seen 1 a certamn peicentage of patients with coronary
occlusion, by embolhzing the coronary vessels with spheres of, I
believe, about 300 microns, which seem always to lodge at a par-
ticular bifurcation 1n the coronary vessels Spheres of larger diame-
ter, although they produce equal damage, do not produce this
picture of shock This may give us some clue as to the localization
of the neurogenic afferents mnvolved

Comroe: Unfortunately, they did not repeat this after the vagus
nerves had been blocked, so there 1s no proof that 1t 1s a reflex

Nickerson No, theie 15 a great deal of work yet to be done

Shorr Would this hold for the breakdown of adenosme tiiphos-
phate? I ask that because one could not conclude that these high-
energy phosphates would remain mn the triphosphate stage mn an
anoxic muscle

Comioe: 1 think that adenosine itself, or certam adenosine com-
pounds, will produce a marked hypotension The group at Sloan-
Kettering have shown that (38) We obtaned a very small amount
of therr most active matenal, 2-chloroadenosine, and confirmed that
1t produces a hypotension, but we did not have enough to do locali-
zation studies to ascertain whether the hypotension was really 1eflex,
or whether 1t resulted fiom direct peripheral dilation

Dawes Emmelin and Feldberg (39) did some work on adenosine
triphosphate, and their paper may have further information about
whether other breakdown compounds are likely to be active

Richardson We have been able to confirm Fleckenstemn’s (36)
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The unfoitunate pait about this theory 1s that while 5-hydroxy-
tiyptamine, 1njected mto the coronary artery in the cat, will produce
a fall m blood presswie 1eflexly by way of the vagus neive, 1t does
not seem to do so m dogs It 1s also unlkely, fiom what Ittle
evidence theie 1s, that 1t does so i man

One moie pomt ought to be mentioned, and that 1s that 1n man,
mtravenous 1jection of 5-hydioaytryptamine, and adenosme ti-
phosphate, both produce symptoms which 1n certan respects stimu-
late those of coronary occlusion, 1 e, substernal oppression It may
well be that they stimulate some sensory 1eceptors in this aiea
which aie also stimulated by mechanisms involved in coionaiy
occlusion However, this 1s puie theory

Nickeison Agress, Claik and the group (37) in California, have
worked on the production of shock from coronary occlusion As we
have known for a long time, the tying of a coronary artery, even
though 1t will kill an animal, does not 1esult m prolonged hypoten-
ston These woirkers found they could produce the state of shock,
which 1s seen 1 a certain peicentage of patients with coionary
occlusion, by embolizing the coronaiy vessels with spheres of, I
believe, about 300 micions, which seem always to lodge at a par-
ticular bifurcation in the coronary vessels Spheres of laiger diame-
ter, although they pioduce equal damage, do not produce this
picture of shock This may give us some clue as to the localization
of the newogenic afferents mvolved

Comroe Unfortunately, they did not repeat this after the vagus
nerves had been blocked, so theie 1s no proof that 1t 1s a reflex

Nickeison No, theie 1s a great deal of work yet to be done

Shorr Would this hold for the bieakdown of adenosine tiiphos-
phate? I ask that because one could not conclude that these high-
energy phosphates would remain 1n the tiuiphosphate stage mn an
anoxic muscle

Comioe I think that adenosine itself, or ceirtain adenosine com-
pounds, will produce a marked hypotension The gioup at Sloan-
Kettering have shown that (38) We obtamed a very small amount
of their most active material, 2-chloroadenosine, and confumed that
1t produces a hypotension, but we did not have enough to do locah-
zation studies to ascertain whether the hypotension was really 1efley,
o1 whether 1t resulted fiom direct peripheral dilation

Dawes Emmehn and Feldberg (39) did some work on adenosine
triphosphate, and their paper may have further information about
whether other breakdown compounds are likely to be active ‘

Richardson We have been able to confirm Fleckenstenr’s (36)
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obscnation that procunc blocks the so-Gilled Bezold refliy How
Gver it is necessary to use doses of the order of from 10 to 15 mg
per kg and at that leved of dosage it can readily be demonstrated
that the vagal ganglion his bean blocked

Dawes It may well b so at 1s just one of these pomts that will
have to be borne m mind

Richardson We also obscrncd that although intras cnous procaime
Dblocked the cardiovascular part of the rflex thare was no cffeet
upon the respiratony reflex which suggests that procaine blocks
onh the cfferent pathw ws of the refles

PULMON ARY DEIRESSOR RFFLEXLS

Dawces 1 suggest we proceed to reflives Number 3 wd 6 in
Table IV (p 45) I should like to review the ovidenee for the
eustence of the pulmonary depressor reflen wd the pulmonin
depressor chemorcflex By the pulmonany depressor reflex, T mean
the reflcs fall in blood pressure and heart rate which 1s observed
on raising the pressure in the pulmon i arculition

There are at least siv groups of workers who have myestigated
this phenomenon begimmng m 1929 with Churchilt and Cope (40)
experiments were continued by Schwiegh (41) Schweitzer (42)
Daly Ludany Todd and Verney (43) Parin (44) and more rc
centh  Awviado and his collecagues (4)

Briefly what they have donc is as follows Schwiegh Schwcitzer
and Parin tied a cannula into the left pulmonary artcry in dogs and
cats and raised the pressure m the left lung wually but not
always with occlusion of the pulmonary vems wnd they found a
small fall in blood pressure and heart rate Daly and his collcagues
and Aviado ¢t al used rather complicated perfusion systems in
which the left lung was perfused from the left pulmonary artery
and the blood flowed out from the left pulmonary vons The left
atrium was therefore cxcluded They also found a fall in blood
pressure and heart rate on rmsing the pressure in the left lung
They had the mmpression that the reflex might be coming from
sensory receptors on the venous side because the reflex was more
readily obtained on obstruction of venous outflow than on rusing
artenal pressure

The interesting thing to me about this refles is that it 15 very
dufficult to obtam I think everyone who has worked with it agrees 1t
can only be observed m a certain number of animals by the use of
large pressures in most expertments — I should say unphysiological
pressures — and the response is very shight On the other hand it is
undoubtedly true that the effect 15 abolished by cutting the vagi
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argument of asscssig aite of action by mygmtude of respounse i
a drug circalates through the body before it reaches the site of
action there are mamy possible fuctors which could alter the magni
tude of the response obtamed and T m wonduring whether the
latency s not more mportant

Dawes 1 think both are neeessary arc they not?

Alexandcr Except that the liteney seems to me much Jess sub-
ject to error The magmitude of the response ¢n b altered by so
many factors

Dawes But you would not disagree with the generl conclusion

Moc Dr Dawes arc you proposing that the response obtamed
on miection wto the lcft atnum 1 from the coronary chamorcfles?

Dawes Yes

Alexander In a situation such 1s this supposc that 1 drug werc
acting on the cardiovascular centars m the brin stun Suppose
also that there were an enzymce m the g swhich could adter the
drug to fncreasc its actiaty The drug injected mto the night atrium
so that st circulated through the lungs first would b morc dlectine
than that which went directly to the conters It seams to me that
there arc so many possibilities of this type that lateney Lecomes the
real key to locahzation

Dawes 1 agree with you that T would put morc cmphasis on
latency than on magnitude of response but 1 thmk magnitude of
the response is quitc striking and that you have to have thit also

Figure 22 shows anothcr method of differentiution and that 1s
by cooling the vagl It illustrates the fact that cooling the vagr to
§ C will block the coronary chemoreflex but not the pulmonan
chemoreflex A B and C are mjections of veratridine At C when
the vagl were at room temperature a fall m blood pressure and
in heart rate was obtamed When the vagl were cooled to 10 C
for two minutes before the mjection of the drug there was stll a
fall in blood pressure and in heart rate Ilowever when the vag
were cooled to 8 C  the fall in blood pressure and heart rate was
abolished. Contrast this with injections not of phenyl diguanide
but of 2 a naphthyl cthyl isothiourea, another armdne derivatn e
and you see that the responses are of the same size both as to
blood pressure and heart rate whether the vag: are cooled to 8 C
or to room temperature That is another distinction between the
coronary chemoreflex and the pulmonary depressor chemoreflox

Cgmroe Dr Dawes (s that a general distinchon or 15 it one
which applies only to the drug veratndme? Are there other cherm
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Ficune 22 Cat, chloralose anesthesia Records of heart rate (beats per minute
as i Figure 8) of respiratory movement from a body plethysmograph, and of
carotid artenal blood pressure Injections of 20 pug veratridme at A, B and C, and
of 100 ng 2 a-naphthyl ethyl 1sothiourea at D and E The cervical vagi were cooled
for 2 mmutes to 8°C at A and D, and to 10°C at B Reprinted, by permussion,
from Dawes, G S, Mott, ] C, and Widdicombe, J G Respiratory and cardio-

vascular reflexes from the heart and lungs J Physiol 115, 258 (1951) Cambridge
Univ  Press

cals which can act at both sites blocked 1 a different fashion by
cooling?

Dawes The only drug which I think we have imformation on 1s
veriloid, which 1s a mixture of veratrum alkaloids Veriloid, slowly
infused mnto a cat, causes a fall in blood piessure and heart rate
by the coronary chemoreflex, and that also 1s blocked by cooling
the vagi to 8° C So far as other drugs are concerned, I do not
think that a thorough analysis has been made of the phenomenon

Moe What about adenosine triphosphate?

Dawes So far as I know, 1t has not been analyzed in this fashion
Although I have presented this picture from the point of view of
the amidine derivatives, they were by no means the first substances
which were shown to have this effect As along ago as 1900, Brodie
and Russell (43) investigated a similar phenomenon with serum
in cats, and 1 1942, Bagoury and Samaan (46) did a very beautiful
analysis of the effect of acetoacetate in dogs It 15 curious, I think,
that more attention has not been paid in the past to these sub-
stances I have concentrated on the analysis of the amidines because
1 per;onally happen to know more about them than cither serum,
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adenosme tnphosphite scrotonin acctoacetite or the ms other
substances which are supposed to procluce these cffects

Richardson Dr Dawes m vour aypurience fs it trmic that the
dosage rusponst curve of this particular hind of phenomean s
extrumehy steep that i of onc grdually inereases the dosc of a
rfler inducmy agent one rCches a point where the reflos s sud
denlh mduced although v slighthy lower dose s without cffect
It 1s almost like an ll-or nonce response

Dauwes That has been true with phand diguamde

Moo It is also truc with protoseritrine wd veritnding

Heymans Dr Dawes vou rase two interesting points Linst 1
quite agree that 1t fs not sy to obtam blood pressure responscs
by changing the pressure in the pulmanin crrculition and 1f some
thing happens mn the svstemic circulation responses to changes m
the pulmonany artenal pressure are alw ws very shght nd also
difficult to repeat  the same animal Second f there 1s 4 positine
response produced by changing the pressurc in the pulmonary
arterfal svstem we do not know where that response s coming
from it may be from the pulmonary artery or fiom the venous side

As you say there is a tlurd difficulty namely that n order to
create favorable conditions for tho response we have to increasc
mtrapulmonany arterial pressure to a very high level and then we
do not know whethcr we are interfering with the pulmonary stretch
receptors wlich also are affecting riflexly the heart rate and so
the blood pressure In your opinion is there o possibility that drugs
Injected into the pulmonary eirculation acting on somc chemo
receptors or stretch receptors 1n the lungs and affecting the thresh
old of these stretch receptors would condition reflexly the heart
rate?

Daiwces So far as the pulmonary stretch receptors the classical
stretch receptors of Adrian are concerned the first point is that
neither phenyl diguanide nor 2 a naphthyl! ethyl isothiourea affects
their activity at all as measured by smgle fiber records Secondly
the pulmonary stretch receptors are entirely blocked by cooling
the vag to 10 C Yet the amidine derivatives phenyl diguanide
and so on retam thewr characteristic activity when the vagi are
cooled to 10 C Thirdly I do not believe that the pulmonary
stretch receptors affect the cardiovascular system because the
vagi may be cooled to 10 C without evidence of any change in
the circulation. \Moreover a small intravenous mjection of veratn
dine which sensitizes the pulmonary stretch receptors will cause
them to fire continuously but the brady cardia and the fall of blood
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pressme come on after such a long latency that the veratridme,
by then, must have reached the coronaiy chemoreflex receptois
In fact there 1s no evidence, of a change n the cardiovascular
system due to sensitization of the pulmonary stretch receptors

So far as the other types of sensory receptors m the caidio-
vascular system are concerned, the aortic presso-receptois aie
blocked by cooling to about 8° C, as Whitteridge (9) showed
The atrial receptors, types A and B, are also not sensitized or excited
by phenyl diguamde, or 2 u-naphthyl ethyl isothiowea

Two other types of receptors which have come to our attention
recently, pulmonary arterial and mediastinal, have not been mvesti-
gated adequately There aie some observations by Widdicombe on
the mediastinal receptors, and I think it 1s likely that they also
will be blocked (I am not quite sme about this point), by cooling
to 8° or 10° C They aie quite laige fibers

We have no electrophysiological evidence of the types of fibers
which are excited by the amidine denvatives No attempts have
been made, so far as I know, to study the effects of seiotonm,
acetoacetate, or other types of drugs on sensory nerve fibers n the
vagus The piobability 1s that the fibers mvolved aie small ones,
because the obseivations of Whitteiidge and his colleague, Paintal,
strongly suggest that the larger fibers, which have a ligher conduc-
tion velocity and a larger diameter, are blocked by cooling to tem-
peratures greater than those at which small fibers aie blocked (8)
Thus, I think 1t 15 likely that the afferent fibeis fo1 the pulmonary
depressor reflex are piobably small ones That would explam why
they are so difficult to find

Howard Dr Dawes, in1egard to Number 5, in Table IV (p 45),
which 1s the pulmonaiy depressor 1efley, mught a patient with
pulmonary stenosis before and after aoitic pulmonaiy anastomosis,
prove a useful subject to study?

Dawes 1 do not know

Moe Are you thmking of congemtal pulmonary stenosis, close
to the right ventricle?

Howard Yes

Moe 1 do not think you would be exaiting these receptors m that
case, would you?

Dawes 1 should doubt it

Nickerson They might be exated after the operation

Liljestrand It 1s known that 1f an anmmal 15 given, say, 50 pet
cent oxygen mstead of air, there 15 a decrease m the resistance
within the pulmonary vascular bed, which sccins to be due to son
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local mechamsm This s been proved not only in eiats but also
m dogs md man

In answer to Dr How wds question T thmk af the airculition 1s

fmprosed through the lung 1t is to be cxpected that the pulmonany
pressure will go down just as happens dunng oxvgen braathing
n normal man nd m s

Burfon I do not think we should negleet to mention the pul
monan reflor which was deseribed so ably by Smth (47) m 1918
He produced an cnbolus i the pulmonn systan by mjecting
colloidal materdal mto a verv small distnbuting artenn so that 1t
entered a venn tiy obule of the lung In 1 ven drimatic way
the pulmonan arterial pressure rose within two mmutes to ven
high values This was followed by a fall of the wrtarnil pressure
and the anmal was dead That was a pleture of climel pulmonin
embolism  Tlis result wis not abolished by cutting the vagr the
only way he could do so was to eut the mam arters supphng that
lobe of the lung in which he had causcd the mfaret plicc a plastic
or glass tube in between ind cut right around the wall of the arten
He could then mfarct this arc1 quite extensively and nothmg hap-
pened whereas if the artery were mtact the entire lung vasculature
went into spasm

I think this 15 a very interesting reflex because at first sight thus

seems only deleterious to an animal but then onc might indulge
in teleology nd speculate that perhaps there are “near infarets”
that are likely to occur all the time Tlus reflex or spasm rases the
pressure in the pulmonary system and perhaps blows out the obstruc
tion Unfortunatelv it does not always blow them out and the
animal dies m a cnsis Without this reflex his pulmonary function
would be affected very little

Comroe Unless great care 1s tahen by means of an obstructing
cuff around the catheter the infections of emboli are not localized
They go forward untf] they impact and then backward and spread
throughout both lungs This I believe 13 now recogmzed by Smth
and Hara (48) and also Haynes (49) who several vears ago re
ported sumilar expenments i abstract form When others have
attempted to do this same expennment by mnjecting embobhc materials
through a catheter distal to an obstructing cuff these dramatic
results have not been obtained.

Carlens (50) in Sweden and several groups in this country have
passed cuffed catheters into the nght or left pulmonary artery of
unanesthetized man and have inflated a balloon near the tip of that
catheter to such an extent that blood flow through that particular
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lung was completely shut off I assume that the pulmonary artery
around the mflating balloon must have been put under a fan amount
ot stietch Yet theie was no discomfort and there weie no appre-
ciable eftects on systemice o1 arterial blood piessuie Thus a refley,
at least of catastiophic natuie, does not appear to arise m un-
anesthetized man fiom the stictch of the mam pulmonary arteries
I do not think there 15 yet definite proof that it does or does not
ougmate from smaller branches of the pulmonaiy arteries

Kmisely It may be of mterest that Irwin and Bunage (51), of
the Massachusetts General Hospital, have just obseirved that on the
second mjection of an allergin mto sensitive animals, there 1s a
complete contiaction of pulmonary arteres, capillaies, and vens
They have 1ecorded these contiactions m motion pictures Thus,
these pulmonary vessels, at least m some species, can contract with
great powel

Dawes 1 think 1t would be mstiuctive to discuss how these
amdmes might woitk It 15 not due to spasm of the pulmonary
artertes If they are mjected mto an ammal with its vagi cut, we
do not see any change m pulmonaiy aitenal pressure Therefore,
1t 1s not a dnect effect on the vessel walls, at least, not on the large
vessel walls

There are some other possibilities In dogs, 1t would appear that
phenyl diguanide can excite the chemoreceptois of the aortic and
carotid bodies Thus, this drug has the potentiality of exciting some
kinds of chemoreceptors

Pamntal (8,31,32), working on cats m Whitteridge’s laboiatory,
found that there weie some small vagal afferent sensory fibers
which did not have any spontaneous activity They did not have
a cardiac o1 a 1espnatory rhythm, but they were evcited by intra-
venous mjection of phenyl diguanide, and 1t seemed at fist that this
might explamn some of the phenomena However, 1ecently, after
lus return to India, he found that these fibers ornginated n the
stomach, and he believes that theie aie stretch receptors there
which aie excited by phenyl diguanide in some way or other (hav-
mg cnculated, that 1s, through the heait and lungs, and eventually
having 1eached the stomach) Theie 1s a possibility that these sub-
stances may excite chemoieceptors, o1 stietch 1eceptors We have
no evidence to tell us what they aie domng mn the lungs, and I think
we will just have to leave that question open
have some data (52) on the aortic and carotid

s not bemng stimulated by phenyl diguanide In ow
looked for this, and found that the chemo-

Heymans 1

chemoreceptol
evperiments on dogs, we
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recuptors of the aortic and carotid bodics did not respond to this
drug. Our conclusion ws that the site of action 15 mainly in the
heart and lungs without being able to localize cvacth the place
of action What 15 your opimon Dr Dawes?

Datces 1 should like to mike it clear that the diffurenee of opmion
between Dr Hevinans and myvsdf relates to the effect of phenyl
dignamde n dogs 1s opposed to its nction in cats In the latter it
causes a fall of blood pressure and heart rate which is abolished
by cutting the vagl In dogs 1t causes bradycardia a nse of blood
pressure and respiratony stimulation

Dr Heymans showed that the Jatency between intravenous mjee
tion and the onset of the bradycardin and the respimtory stimula
tion was quite long from about scven to ten seconds We made
the same observation On that bisis we were prepared to conclude
that the receptors were not in the lungs

Fremont Smith Would you specify the exact difference in the
results that you and Dr Heymans have obtained? When one has
the good luch to find two imestigators who appear to have done
the same expenment and obtained different results then one has
an opportunity for a really instructive development because obwi
ously something is wrong Apparently they did not do the same
expenment. Rather than saying “I could not confirm your results ™
it might be better to say “Why didnt I do your expenment? Was
it either because you didnt describe 1t well enough for me to
repeat it, or did T have a bright idca of a short cut, or a different
technique which meant that T actually did a different experiment
Was {t because I used a young dog and you used an old one was
1t the anesthesia, or the sex of the dog?”

Daiwes 1 think the difference 1s probably mainly one of mter
pretation.

Richardson There s no disagreement as to the actual response
mn dogs You both obtamed stimulation of respiration

Dawes Yes we both agree on that

Heymans The difference 15 that Dr Dawes claims phenyl
diguanide in dogs induces the responses by stimulation of the
chemoreceptors in the carotid and aortic bodies and I have not
been able to obtain that stimulaton

Dawes Perhaps 1 could describe the difference in experimental
conditions Figure 23 dlustrates an experiment performed with a
preparation from the carotid body nerves which contained two
l}l;(;rrse(al?;vt:‘r‘ ;ectspr(is) 0?};1 upper record {s of artenal blood pressure

ers a large fiber which fires every time



84 Shock and Cuculatory Homeostasis

the heait beats, and a small fiber which fires continuously Some-
times the two fibers fire at the same time, and when they do one
obtains a potential which 1s the sum of the two That 1s the explana-
tion for these occasionally shghtly laiger potentials
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Ficure 23 Dog, chloralosc anesthesia  Systemic arterial blood pressure held
constant by stabilizer m abdominal aorta Records of blood pressure from R
brachial artery by a condenser manometer (above), time 1mn 1/10 seconds, and of
action potentials recorded from a small part of the R carotid sinus body nerve
The upper record shows the response (begmning at the arrow) to the mjection of
400 pg phenyl diguamide into the rnight superior thyroid artery, and the lower
record to 50 pg mnicotine The larger fiber, which has a cardiac rhythm, 15 character-
1stic of a presso-receptor, the smaller fiber, which responds to both phenyl diguanide
and nicotine, 1s presumed to come from a chemoreceptor Reprinted, by permuission,
from Dawes, G S, Mott, J C, and Widdicombe, ] G Chemoreceptor reflexes
m the dog and the action of phenyl diguamde Arch internat pharmacodyn 90,
203 (1952)

Heymans These fibeis aie connected with piesso-1eceptors and
chemoreceptors?

Dawes 1 think the larger fiber 1s defimitely fiom a presso-re-
ceptar, and the smaller fiom a chemoreceptor As shown m the
upper section of Figure 23, we imjected 400 pg of phenyl diguamde
mnto the carotid artery through the right supenor thyioid artery
(53) As a result the chemoreceptor fiber began to discharge con-
tinuously Below, we mjected 50 ng of nicotine, and agam the
chemoreceptor fiber fired continuously in response It was the same

fiber and the same prepaiation
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tcheson What is the time scale on this record? It looks like 1
venv short latcnay

Dawees The wrows do not mdicite the time of miection but
when the responst bugm The tune of wijection was a few seconds
carlicr

Acheson M T then eall aittention to the diffcrancc in the expen
ments® You Dr Dwes domonstrited m cffect on a reeeptor vin
a single nenve fiber whose function vou were not able to assign
You Dr Hevmans got the roflox

Dawces We also used the catheter teehmque wlich Dr Comroe
wed to localize the site of ction to the nortic hody W found that
when a cathetcr was passed down the left common carotid arters
so that it Iny in the arch of the aorta or the ascending rorta and
when the drug was mjected through that cathcter the stimulation
of respiration and the nse of blood pressure would be obtamed
When we withdrew the catheter slightly the response disappearcd
That was the hasis for our conclusion that 1t wis an wtion on the
aortic body

Heymans As Dr Fremont Smith suggested there may perhaps
be some other reason why we did not get the same results perhaps
because we used a different technique Perhaps too it is because
our animals were in a different condition from yours May T ash
what anesthesia was used?

Dawes We used chloralose and pentobarbital T think

Heymans In our expenments we used only chloralosane which
is a pure parachloralose because we know it is less toxic and inter
feres less with responses

Fremont Smith 1t is quite possible that this would cause a
difference 1n result.

Heymans 1 do not feel that 1s the only diffcrence because we
also used different experimental methods

Dawes 1 have not done perfusion expenments as vou have

Fremont Smith There 15 a pomnt I should like to make The
cerebrospinal flud pressure is elevated by histamine if one uses
ether as the anesthesia but if one s using a barbiturate the cerebro-
spinal fluid pressure is lowered by injection of histamine This is a
diametrically opposite result Thus the question of anesthesia is
by no means to be 1gnored.

Richardson Dr Heymans when you denervate the carotid sinus
does phenyl diguanide produce stimulation when it is ijected
mtravenously?

Heymans Doing what Dr Dawes did that is dener ating both
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the heairt beats, and a small fiber which files continuously Some-
times the two fibers flre at the same time, and when they do one
obtamns a potential which is the sum of the two That 15 the explana-
tion for these occasionally slightly larger potentials
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Ficure 23 Dog, chloralosc anesthesia  Systemic artertal blood pressure held
constant by stabibizer m abdominal aorta Records of blood pressure from R
brachial artery by a condenser manometer (above), time mn 1/10 seconds, and of
action potentials recorded from a small part of the R carotid sinus body nerve
The upper record shows the response (begmnng at the arrow) to the injection of
400 pg phenyl diguamde nto the nght superior thyroud artery, and the lower
record to 30 pug nicotine The larger fiber, which has a cardiac rhythm, is character-
istic of a presso-receptor, the smaller fiber, which responds to both phenyl diguamide
and nicotine, 15 presumed to come from a chemoreceptor Reprinted, by permussion,
from Dawes, G S, Mott, ] C, and Widdicombe, ] G Chemoreceptor reflexes
in the dog and the action of phenyl diguamide Arch nternat pharmacodyn 90,

203 (1952)

Heymans These fibers aie connected with piesso-receptors and
chemoreceptors?

Dawes 1 think the larger fiber 1s definitely from a presso-re-
ceptor, and the smaller fiom a chemoreceptor As shown in the
upper section of Figme 23, we mjected 400 ug of phenyl diguamde
mto the carotid artery through the night superior thyroid artery
(53) As a result the chemoreceptor fiber began to discharge con-
tmuously Below, we mjected 50 pg of nicotine, and agam the
chemoreceptor fiber fired continuously 1n response It was the same

fiber and the same preparation
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Luow we obtam 1 diuresis How 18 this cansed? It might be due to
some reflos and if s0 where would the refles come from? Possibhby
from the scnous sistem or the rght atrinm The evidence for ths
bung a vagal reflos 1s not very good vt but it 15 one possibabits
These are the four hypotheses for the euntrl action of atml
receptors I should hike to point out onc serv peculir feature of
the second that 1s the reflos suggested by Avido ef al (1) 1f 2
drug is imected which cwses a reflex bradyendi this results m
a nse m atnal pressure both on the [eft and right sides of the
heart If phand diguunde or veratndime 15 mjected a hirge fall
of blood pressurc and heart rmte s first obsernved nd ths is fol
lowed by a nsc of It and nght atrial pressurc H this second
hypothetical rflex csists by which i mercase m o the right or left
atral pressure would cause a fall of blood pressure and heart ratc
this would constitutc 1 positne feedback mechmsm This would
increase even further the depressor cffect and the bradyeardia 1 put
this 1dea forward just for discussion It ctrtamly would be difficult
to fit in with our currcnt 1deas of the circulation bang + homeo-
static mechamsm. On the other hand we know that therc arc some
phenomena such as famting which are very difficult to explain
I should be v ery much interested in hearing what you think abont
these various hypotheses What are the purposes of thesc atnal
receptors are they important in homeostasis? Do they alter 1t? Do
they shuft the volume of blood from the lungs to the peripher?
That is one possible explanation of their function
Heymany Again however we face the same dufculties munly
use the achon potentials do not seem to run in the same direc
ton as the classical Bainbridge reflex Some other evperiments also
seem to contradict the observations of Bainbridge I believe these
contradichons could be settled only by some new expenments
Acheson 1 should like to remind vou that the vagus s like an
iceberg which shows very httle above the sutface that these are
obviously large fibers with big potentials and that under certan
other circumstances they are found to be of little or no conse
quence as compared with some important reflexes Therefore these
fibers mny not represent a good sample of the afferents involyed
in those other reflexes
oc Isnt it entirely possible that when this nene is stmulated
we are not simulating the same fibers as those from which poten
tials were recorded? It is not certain from the evidence you pre
sented that these fibers would fire m response to an increase of
atrial pressure or volume It 1s possible that the fibers which are
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receptors, on the venous side of the cnculation, whose excitation
would accelerate the heart

The second possibility was suggested by Jansch and Zotterman
(30), and also by Aviado and his colleagues (4) Jarisch and
Zotterman stimulated the cential ends of the fibers going to the
ught atium Figure 15 will make the anatomy quite clear The
atual fibers I have just shown you in the cat (Figure 24) were
recorded from the neive, n II, in Figme 15 If the peripheral ends
of that nerve are cut near the heart and the central ends are stimu-
lated, the only response obtained, according to Jarisch and Zotterman
(30), 1s a fall of blood pressure and heart 1ate Jones (19), in my
laboratory, 1ecently repeated that piocedwe and got precisely the
same 1esult Because one obtamns only a fall of blood pressure and
of heait rate, 1t seems very unlkely that this could be the afferent
pathway of the Bainbiuidge reflex

It might be that excitation of these right atrial receptors causes
a reflex fall of blood pressure and heart rate Large doses of veiatr-
dine mjected nto a cat will sensitize the receptors and, as we all
know, also cause a fall of blood pressure and heart rate Although
there are many difficulties i establishing this correlation, 1t 1s one
possibility

Aviado, and his colleagues (4 ), observed that raising the pressure
m the 1solated right heart (including the right atrium, right ventricle,
and some tissues attached to them) of dogs causes a fall of blood
pressure and heart rate We do not know where thewr receptors
were This 1s an observation that cannot be 1gnored I might add
that the pressures used were quite high, and that the preparation
mvolved quite a lot of dissection

The third possibility that has been suggested was one by
MacDowall (3) If I may remind you of what sometimes has been
called the MacDowall reflex, he observed that in dogs which had
been bled, section of the vagi caused a further fall of blood pressure
He therefore suggested that in the vagi theie were afferent sensory
nerve fibers which served to keep the blood pressure up He also
suggested, although he had httle direct evidence to support this
view, that this was due to stimulation of sensory nerve endings on
the venous side of the circulation The observations of Neil and his
colleagues (58) now suggest that the MacDowall phenomenon may
be conung from the Chemoreceptors of the aortic arch

The fourth possibility was the suggestion made by Gauer (5),

that perhaps an increase of pressure in the right side of the heart

g as you
may cause diuresis If a transfusion 1s given to an amimal, as y
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kinow we obtain diuress How s this caused? It mught he duc to
some reflex and if so where would the redlex come from? Possibly
from the vcnous svstem or the mght atnum The ovidened for this
bemng a vagil redliy 1s not very good as yet but at is one possibilits
These are the four hvpotheses for the contril ction of atrial
receptors 1 should Iike to point out ont veny peculiar feature of
the second that is the reflos suggested by \wiado et al (1) 1f 1
drug is infected which cuuses 1 reflox bradyeardin this results m
a rse n atnal prossure both on the left and nght sides of the
heart If pheny] diguamde or sveratridine 1s mpected a bage fall
of blood pressure and heart ratc is first obscrved and this is fol
lowed by a nse of left and nght atnal pressurc If this second
hypothetical reflex asts by which n mercase in the nght or 1cft
atnal pressure would ctusce a fall of blood pressure ind heart ratc
this would comstitutc a positne feedback mechanism This would
merease exen further the depressor effect and the bradycardia. 1 put
this idea forward just for discussion It curtainly would be difficult
to fit in with our current 1deas of the circulition bang a homeo
static mechanism. On the other hand we know that there are some
phenomena such as funting which are very difficult to explun
I should be very much interested in heanng what you think about
these varous hypotheses What are the purposes of thesc atrial
receptors are they important in homeostasis? Do they alter it? Do
they shift the volume of blood from the lungs to the penphen?
That is one possible explanation of their function
Heymmans Again however we face the same difficulties mamly
use the action potentials do not seem to run in the same direc
tion as the classical Bambridge reflex Some other experiments also
seem to contradict the observations of Bainbridge I believe these
contradictions could be settled only by some new expeniments
Acheson 1 should like to remmnd you that the vagus 1s like an
lceberg, which shows verv little above the surface that these are
obviously large fibers with big potenhals and that under certam
other circumstances they are found to be of little or no conse
quence as compared with some important reflexes Therefore these
fibers may not represent a good sample of the afferents im olyed
m those other reflexes
Moe Tsnt it entirely possible that when this nerve 1s stimulated
we are not stimulating the same fibers as those from which poten
tials were recorded? It is not certain from the evidence you pre-
sented that these fibers would fire m response to an mcrease of
atnal pressure or volume It 15 possible that the fibers wlich are
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1eceptors, on the venous side of the circulation, whose excitation
would accelerate the heart

The second possibility was suggested by Jansch and Zotterman
(30), and also by Aviado and his colleagues (4) Jarisch and
Zotteiman stimulated the cential ends of the fibers gomg to the
right atrium Figure 15 will make the anatomy quite clear The
atuial fibers I have just shown you m the cat (Figure 24) were
recorded from the nerve, n II, in Figuie 15 If the peripheral ends
of that nerve are cut near the heart and the central ends are stimu-
lated, the only response obtained, according to Jarisch and Zotterman
(30), 15 a fall of blood pressure and heart rate Jones (19), i my
laboiatory, recently repeated that procedure and got precisely the
same 1esult Because one obtains only a fall of blood pressure and
of heart rate, 1t seems very unlikely that this could be the afferent
pathway of the Bambridge reflex

It might be that excitation of these right atrial receptors causes
a reflex fall of blood pressure and heart rate Large doses of veratri-
dine injected nto a cat will sensitize the receptors and, as we all
know, also cause a fall of blood pressure and heart rate Although
there are many difficulties in establishing this correlation, 1t 1s one
possibility

Aviado, and his colleagues (4), observed that raising the pressure
in the 1solated right heart (including the right atrium, right ventricle,
and some tissues attached to them) of dogs causes a fall of blood
pressure and heart rate We do not know where their receptors
were This 1s an observation that cannot be i1gnored I might add
that the pressures used were quite high, and that the preparation
mvolved quite a lot of dissection

The third possibiity that has been suggested was one by
MacDowall (38) If I may remind you of what sometimes has been
called the MacDowall reflex, he observed that in dogs which had
been bled, section of the vagi caused a further fall of blood pressure
He therefore suggested that in the vag: there were afferent sensory
nerve fibers which served to keep the blood pressure up He also
suggested, although he had Ittle direct evidence to support this
v1ew, that this was due to stimulation of sensory nerve endings on
the venous side of the circulation The observations of Neil and his
colleagues (58) now suggest that the MacDowall phenomenon may
be coming from the chemoreceptors of the aortic arch

The fourth possibility was the suggestion made by Gauer (5),
that perhaps an 1crease of pressure 1n the right side of the heart

may cause diuresis If a transfusion 1s given to an animal, as you
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pomt wath regud to the aarly stones about the cotonmin chomo
reflcr: Amann d Schafor (37) wnd Juiseh wd Zottarmam 030)
were all able to show that thore was 1grc it mero e m the activity
of thise nenves after mpcction of vertndme but inspection of thar
records shows tht the ho ut was slowed 1t the sume time T think
itis vens Bhely that the vagus of the opposite side was twct nd
in that case there was cortamh bradvewdnn Twould e expeeted
thercfore a dse monght atrnl pressure Thus at s not surprsing,
that thay obtuned a great fncrc e m the vty recorded from
these nerve fibors

Comroc 1 understind that cwher some of these fibers were
thought to come from the pulmonary vessels but they e now
believed to comc from the atriv What i the present histologie
evidence which assures us that they mdad onginate m the atra®

Datces T do not think histologs will provide the answers it will
come from functional (vidence

Comroe Can one changc the pressurc in the itra without ching
ing pressure in the ventriclcs and elsewhere?

Dawes Yes I think so For the details T refcr vou to the papers
by Paintal (8 31 32) m which he examined fibers hayving the activity
which Whitternidge (960) reparded as charactenstic of pulmonary
vascular fibers As I remcmber in one or two experuments their
activity increased when a string was drawn around the pulmonary
artern thereby raising the right atrial pressure Both Paintal and
Whittendge now believe that these pulmonary vascular fibers
originate 1n the atrin This does not exclude the possibility that
there are other fibers ongiating in the pulmonary vessels

Heymans Perhaps the difference m responses obtamed with
changes 1n atnal pressure may also depend on the condition of the
tissue of the atrial wall m which these receptors are situated Our
experiments submitted evidence that the tension and rtesistance to
stretch of the arterial wall where the smoaortic presso-receptors are
situated, are the primany factors affecting these receptors by pres
sure variations This could perhaps also apply to the right atrial
presso-receptors?

Stead You mean if we made an atmal wall ngid we mght
obtan different results?

Heymans As T shall show later a change in the tension of the
wall in which the presso-receptors are situated shifts the responses
to the same change in pressure These observations are related to
the sinoaortic presso-receptors

Acheson What about conduction velocity? Do vou have evidence
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shown to fire when atital pressuie 15 mcreased, mediate an increase
of presswie and heart 1ate

Dawes I agiree with that, but Jarisch and Zotterman (30), and
Jones (19), have used all kinds of durations and strengths of stimuli
in an effort to obseive puie acceleration of the heart, and they have
never seen 1t Occasionally they have obseived a small rise of blood
pressure with weak stimulation I think Jones used about thirty cats
The prmcipal effect of quite weak stimuli, which 1s obtained every
time, 1s a fall of blood pressure and heart rate

Heymans Experiments of our laboratory (59) showed an ac-
celeration of the heart induced by increased right atrial pressure
This occurs 1n dogs having a good vagal tone Is 1t possible that the
acceleration did not occur in your experiments because the vagal
tone on the heart was already at a very low level, and the heart
alieady accelerated?

Dawes That 1s a very valuable suggestion

Folkow Is 1t possible that these receptois on the venous side are
of some 1mportance as 1egards 1egulations of venous tone and thus
of the big venous reservoir? Most of them seem to be activated by
mcreased pressure mn the 1ight atilum and the big vemns Suppose
then dischaige mduces an mhibition of the vasomotor fibers con-
tiolling the tone of the vems, thus automatically lowering the
venous pressure agamn By this I mean an autoregulation of some-
what the same nature as that of the aitenolar tone by way of the
carotid and aoitic baroceptors This 1s just a suggestion, but evi-
dently this abundance of 1eceptors must ifluence some effector
syvstem

Dawes 1 have not heard of any experiments which could test
that hypothesis

Buich Have you any measurement of the cardiac output® For
example, the rate might drop and the output may not change

Dawes Under what conditions?

Buich When the heart slows after stimulation of the central ends
of one of these nerves®

Dawes No, we have no mformation on that

Burton Has the action current been 1ecorded in these nerves
when the pressure 1 the atrium was raised?

Dawes Yes, there 1s an approumately lmear relation between
pressure and the frequency of discharge

Stead Can 1t be made continuous by raising the pressure high

enoughg t
Dawes Yes, certalnly For instance, there 1s quite an 1mportan
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of the cat he cooled it to 8 € and m so domg bloched the brads
cardia and fall of blood pressure which werd cansed by cvaitation
of the central ands of the nund Howaser that was onh a start
furthcr (yperiments would have to be cuned ont

Ntckerson Cin vou sav amvthing, about what nught be called
the relative strengths of the sanows relones which brng about a
bradvcardia wd 1 fall m blood pressure® T thimking i homeo-
static terns now W hen we wdmumster one of the veratrum alkalonds
thereby produciny, 4 bradscrdia and a nse m atnal pressure f the
mse n atnal pressure s moatsd)f a stimalus for the production of
2 comparable bradveardit theorctically recoven from the ycratrum
would never occur But at obvioushy does  Are there any data that
would give us a sort of balance shect of the (ffichiey of these reflones?

Dawces 1 do not think thare s amy quntititne (vidence md
15 vet I am not realls commced of the castenee of the second
reflex, the fall of blood pressurc and heart rate { think it 1s one of
the four lvpothescs and I am not preparcd ¢ven to hazard a gucss
as to which 1s the right ane

Moe We must not forget that there s a powerful negative feed
back mechamsm present to take care of the situation surely the
carotid sinus reflcy will counteract this fall of artenal pressurc

Heymans Don't vou think that the venous pressure could nse
as a result of 1 fall of pressurc m the arterial presso-reeeptor arcs
the aortic and carotid sinus®

Burton Am I to undenstand that there is now a confhet about
the facts of the Bunbndge phenomenon and that even ats existence
13 now challenged?

Datces Yes

Bozler 1 should like to mention an unpublished expenment in
which T tned to approach this problum a little more directhh 1
low ered the mtrathoracic pressure by pulling down the draphragm,
and this of course tended to enlarge the great vems and the atma.
To avoid the Hering Breuer reflexes the lungs were vagally de
nervated Under these conditions a drastic low ering of intrathoracie
pressure failed to change blood pressure or heart rate

Comroe How did vou denenate the lungs?

Bozlcr The vagus was dissected free along the hilum of the
lungs This was erther donc bilaterallh 1 a two-stage operation
or only on the left side while the nght vagus was cut mn the nech.
Presumably cardiac mnen ation was completely intact The expen
ments were carried out two or more weeks after the operation

Selkurt Did vou mesure the atral pressure?
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as to sensitivity to cold of the fibers, A and B, which you were
describing?

Dawes As far as conduction velocity 1s concerned, Paintal (8,31,
32) working imn Whitteridge’s laboratory, measuied the conduction
velocities As I recall the figwes, the conduction velocities of A, on
the average, were shghtly highe: than those of B They all ranged
from 8 to 17 meters per second As far as the cold block in which
the vagus was concerned, Type A were blocked by cooling to about
8° C, and Type B were blocked by cooling to about 6° C Probably
there was an oveilap of the group

I think one of the mmportant things which Pamtal has shown
quite conclusively 1s that in fibers serving the same modalty, such
as atrial receptois Type A, there 15 a very wide range of conduction
velocities within that group In the same way, Widdicombe (61,62,
63) has shown that in other vagal afferent nerve fibers, such as the
pulmonary stretch receptors of which he has mvestigated a very
large number, the temperatuie required to block any particular
fiber by cooling may vary over a wide range, say from 7° to 18° C
By cooling, only reflexes whose afferent fibers are widely separated
may be distinguished

Acheson From the facts which were presented, 1 assume that
these are B fibers, and B axons, rather than A or C I should like to
know the relationship to the makeup of the vagus nerve Probably
85 per cent are C fibers, and 15 per cent A and B fibers

Dawes I think Whitteridge 1s much better quahfied than I am
to describe the evidence, which 1s mainly from his laboratory I
think the thesis, which you are putting forward, m general, holds
good

Acheson Of course, the theory I had in mind may be quite wiong,
because there may be only one fiber that controls all the reflex
activity one happens to observe A pronounced effect may be
obtamed without a great many fibers It depends upon then con-
nections, doesn’t 1t?

Dawes Yes

Alevander As 1 understand 1t, you have been describing the
mfluence of a cold block on the electrical recordings from these
afferent fibers Has anyone carried out the alternative experiment
of stimulating the mtact nerve m which these fibers are found so
as to evoke the reflex response, and has the effect of a cold block
been studied on that response?

Dawes Only to a limited extent, I am afraid As I remember,
when Jones (Figure 15, n I1) worked with the right atnal nerve
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of the cat he cooled st to 8 € wd i so doing blocked the brids
cardia and fall of blood pressure which were csed by excitation
of the centrl ends of the nene However thit was only 1 start
further expcnments would huve to be carned out

Vickerson Can vou sav amthmg about what might be called
the relative strengths of the v nous refloxes which bring bout 1
brady cardit and 1 fall in blood pressurc? I am thinking in homceo-
static terms now When we wdminstcr one of the veratrum alkalods
thereby producing a brady cardia and a nise m atrid pressure af the
nse m atrfal pressure s in atself a stimulus for the production of
a comparable brady cardia, theoretically recovery from the vertrum
would never occur But ot obviously does Are there amy data that
would giv e us a sort of balance shect of the cfficacy of these reflexes?

Datwes 1 do not think there is am quuntitatne evidence and
as yet [ am not really convinced of the eustence of the second
reflex the fall of blood pressure and heart rate I think it 1s onc of
the four hypotheses and I am not prepared even to hazard 1 gucss
as to which 1s the right one

Moce We must not forget that there 1s 1 powerful negatie feed
back mechamsm present to take carc of the situation surely the
carotid sinus reflex will counteract this fall of artena] pressure

Heymans Dont you think that the venous pressure could rise
as a result of a fall of pressure in the arterfal presso-receptor areas
the aortic and carotid sinus?

Burton Am I to understand that there is now a conilict about
the facts of the Banbridge phenomenon and that even its existence
is now challenged?

Dawes Yes

Bozler 1 should like to menton an unpublished experiment
which I tried to approach this problem a little more dwrectly I
lowered the intrathoracic pressure by pulling down the diaphragm
and this of course tended to enlarge the great veins and the atria
To avoid the Hering Breuer refleves the lungs were vagally de
nervated Under these conditions a drastic lowering of intrathoracic
pressure failed to change blood pressure or heart rate

Comroe How did you denervate the lungs?

Bozler The vagus was dissected free along the hilum of the
lungs This was either done bilaterally m a two-stage operation
or only on the left side while the nght vagus was cut in the nech
Presumably cardiac innervation was completely intact. The experi
ments were carrled out two or more weeks after the operation

Selkurt Did you measure the atrial pressure?



94 Shock and Cuculatory Homeostasis

Bozler The intiathoiacic pressure was low

Selkurt You did not take an atual piessure measure with a
manomete1?

Bozler No

Dawes An mmportant pomt would be the difference 1 pressme
between the nside and the outside of the atiium When you pulled
the diaphragm down, you altered, in the same sense, both the pies-
sure within the thoracic and that within the atrrum You mught
not have excited the atrial 1eceptors at all

Bozler Would I not have stretched the laige vems if mta-
thoracic pressure had been lowered about 20 mm H.O?

Dawes Was there any stietch on the walls of the atrium?

Bozler That was just mferred, but I suspect that that 1s what

would happen with such a drastic change 1n intiathoiacic presswe

Dawes Wiggers has emphasized that in oider to ascertamn the

effective (transmural) venous piressure within the chest, one must
measure the pressure within the atiium, and the mtiathoracic pies-
sure, and estimate the difference

Burton “Transmual pressure,” which 1s the only factor affecting
the deformation of the wall, 1s a very useful term

Fremont-Smith Does 1t mean the difference 1n pressure between
the mside and outside of the thorax?

Burton Yes, or of any vessel

Heymans We must also remember that the condition of the wall
may be changed very easily There 1s only tiansmural pressure
from both sides, but between those two sides, what else 1s hap-
pening?

Fine One of the things we have been telling students, 1s that if
a person has a perfectly good heart he can be given, intravenously,
and fairly rapidly a hter or two of fluud without any noticeable
effect on blood pressure or heart rate In that connection, I wonder
whether the Bainbridge reflex becomes mamifest as a reflex 1m-
mediately on infusion of fluud into the atrium, or whether 1t 1s a
response after a large infusion has been completed

Dawes Bambridge obtamed an effect only from veiy 1apid
mfusions of large quantities of fld

Fine Any kind of flud?

Dawes I think he used saline His experiments have been very
difficult to repeat, and there 1s a great deal of conflicting evidence
regarding the Bambridge reflex Many different techmques have
been used 1n attempts to raise the atrial pressure without the com-
plication of mfusing large quantities of flurd, which may be acting
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further on the circulinon No onc I thmk his demonstrited
satisfacton experiment

Fromont Smith When luge quantities of flnd uc ripidh
fused would a shght change m the tamperature of the flud be a
danger pomt i that (xpunment?

Dates Certainly but I think most prople have controlled that

Fremont Smuth Did Bunbridg?

Dawcs 1 think so yes

Burton There 1s a paper by Schroeder and Brehm (84) wlich
claums that the reflex effect on the venous side of the hoart does not
depend upon the absolute pressure in the atoum but upon the
gradient of pressure along the infenor vena cava. You sec this
would give us a way out If the receptors which they cxammed had
to work m conjunction with some othcrs lower down d it was
the difference between the pressures at the two places that con
trolled the reflex, then one would expect that ruising the pressure
at the heart end would have the opposite feet from the Bambndge
reflex

Burch Dr Dawes does pressure or direct stretching in the
vicinity of the atra, vary the rate of the fmpulses recorded other
than by reflex mechanisms?

Dawes 1 do not know

Burch There could be thermal influences

Dawes Yes undoubtedly

Nickerson Particularly on the venous side small changes in the
vasomotor tone may be much more important in changing the
tension on the vessel wall than the volume of the contents e
know that these vessels can change their capacity tremendously
without much alteration m pressure I think venomotor tone may
be one of the factors that has been inadequately controlled or
evaluated in most of these experiments Inasmuch as it is probably
the actual tension on the wall, whether generated by mechanical
factors within the lumen or by the dynamic contraction of the
smooth muscle of the wall ftself which activates baroreceptors 1t
may be impossible to reconcile these experiments until some method
is devised to control or evaluate this tension

Alexander 1 should like to know about the degree of adaptation
in these afferents a pomt which may have some bearing on the
question Dr Fme rmsed a few moments ago There are many
examples 1 neurophysiology of mportant positive feedback svs
tems but they are usually rapidly adapting If there {s a rapidly
adapting effect we have an entirely different homeostatic picture
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than we do when theie 1s a factor which 1s not adapting but 1s acting
continuously

Dawes 1 do not know of any systematic studies on the adapta-
tion rates of these particular fibers, but there 1s an 1mpression that
they are slowly adapting The only information about them 1s con-
tamned 1n the article by Dickinson (10)

Gieen Dr Little (65), at our mnstitution, became interested, a
few years ago, in whether there was any correlation between venous
pressure and other factors that might occur in heart faillure He
found that the best correlation he could obtam was between venous
pressure and venous oxygen tension, rather than between venous
pressure and blood volume or other factors He wondered whether
there might be some chemoreceptor on the venous side of the system
to sense this oxygen tension

Dawes It would be nteresting m the fetus, would 1t not, because
mn that case the inferior vena cava 1s full of blood that 1s 60 per cent
saturated with oxygen However, I know of no evidence of the
existence of such a chemoreceptor

Nickerson The oxygen tension problem, of course, brings up the
possibility of local as well as reflex factors I am thinking particu-
larly of the coronary circulation, where evidence 1s accumulating
that almost urespective of the factor varied, the rate of flow 1s
mversely proportional to the amount of oxygen carried by the
blood This applies to partial saturation, anemia, and other con-
ditions

THE MOE AND GRUHZIT REFLEX¥*

Moe 1 might say, by way of introduction, that the extra vagal
reflex (Table IV, Number 8) does not replace, but may supplement,
the “headquarters reflex” of Dr Heymans I do not believe that it
was developed for the control of arterial pressure n the sense that
the carotid simnus and the aortic reflexes serve that function

The reflex 1s elicited by the intravenous admmmistration of epineph-
rine, which produces, 1in addition to a multitude of other effects, an
mcrease of the blood flow through the extrermties I presume that
the mcrease 1s largely in the muscles, although n these studies we
have not separated muscle from other tissue Thus, when I speak
of an mncrease 1n pertpheral blood flow, I am referring to an increase

> ents descnbed represent, 1n large part, the work of Dr Carl Cruhst,
D'l;hi\fl‘i?;'n;;eyburger, and othcr colleagues The work was begun n the Department
of Pharmacology of the Umiversity of Michigan, and continucd 1n the Depirtment of
Physiology of the State Umversity of Ncw York, Mcdical Center, at Syracuse Gener-
ou; support has been provided by the Life Insurance Mcdical Resc irch Fund
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of blood flow m the fumoral artery of the dog Our espeniments
have becn designed pramanly to define the ferent mechanism of
this reflcx and so far little has becn done with that mechanism

When epmephinme is given nd 1 risc of artunal pressure occurs
part of the rusulting vasodilition must be duc to the action of the
mereased pressure upon the carotid sinus and upon the arch of the
aorta. However 1f one dencrvates these structures by sectioning
both carotid ncrves and both vagi m the neck the mtravenous
injection of epmephrne will still provoke an merease of the blood
flow in the leg

It 1s well known that epincphnne is capble in atsclf upon intra
arterial admumstration of dilating arterioles and hence increasing
blood flow agamn primanly in muscular vascular beds It therefore
becomes important in studying the reflox components which persist
n the absence of the carotid sinus and aortic arch mechwmism to
eliminate the direct effect of cpinephrine upon urtenal vessels This
of course can be very sumplv accomplished by perfusing the ex
tremity from another animal without mterrupting the nerve supply
to that extremity Most of the crucial experiments I shall describe
were done in this way The leg was perfused from another animal
the perfusion pressure in that leg was hept constant and access of
epiephrne to the vessels of that leg was excluded If the leg 1s
perfused m such a fashion and if the carotid nerves and both vag
are sectioned, administration of epinephninc into the trunk of the
recipient animal still causes a verv considernble vasodilation 1n the
perfused member We have not made many quantitative studies
because with the flowmeter we have used for these studies we were
interested primanly in qualitative effects However I should guess
the increase of blood flow is of the order of from 200 to 300 per cent
We were a little disturbed that vagal section did not interrupt this
reflex because one of our first 1deas was that epmephnne exerted
1ty action by way of the coronarv chemoreflex which Dr Dawes
has already described

Figure 25 shows that, considening latency and other factors this
1s almost certainly not the coronary chemoreflex To test this poss:
bility we used procedures similar to those of Dr Dawes although
not quite so elegantly performed All experiments were done in dogs
At the first signal 2 ug of epinephrine were njected mto the left

descending coronary artery which was cannulated close to its
Junction with the circumflex artery The upper record is that of
artenal pressure the lower is that of blood flow in the femoral
arters In this experiment the femoral arters was not perfused from
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Ficure 25 Artenial pressure (top), and femoral arterial blood flow mn a dog
under barbital anesthesia Left antcrior descending coronary artery cannulated and
perfused from a carotid artery At the first signal, epmephrine was mjected mnto
the coronary perfusion line At the second signal, same dose was mnjected intra-
venously Time, 10-second intervals (gap at 1 minute)

another ammmal When epinephrine was mjected into the coionary
circulation, there was vasodilation 1n the leg, but 1t occurred after
a latency of from 15 to 20 seconds, too long to suggest a direct
action of epmephrine on a coronary chemoreceptor mechanism

On the nght side of the figmie we see the response and the latency
to the same dose of epinephrime given intravenously The response
was greater, and the latency shorter, than that observed after mnjec-
tion 1nto the coronary circulation This seems to ehmnate the
coronary reflex as a major cause of the reflex dilation n the leg

Burch Was there a record of the volume of the hmb?

Moe No, this s a flow record recorded with a differential manom-
eter A small trace of epinephime could enter the leg, but in most
experimments 1t does not occu

Heymans We have done these experiments One may completely
cut off, without any leak, the flow of blood between the leg and the
donor However, the nerves still connect the leg with the donor dog
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Ficunx 26. Arterlal pressure (top) and femoral arterfal blood flow in dog under
barbital. Ouwr conditions as in Figure 23 Al injections were made into the
coromary perfusion line Time 10 sccoods.

Moe Figure 28 illustrates another test of the coronary chemo-
reflex possx%‘;];t) The upper record is of artenal pressure the lower
is of femoral blood flow The drugs were injected mto the descend
ing ramus of the left coronary artery Veratrdine 1n a dose of 2 pg
produced a fall of arterial pressure and a shght increase of leg blood
flow I suspect that the reason the response was less than in your
experiments Dr Dawes is that vou cannulated the central trunk
instead of the descending branch

Dawes I quite agree with that.

Moe Epinephrine in a dose of 2.5 pg ijected mto the same
artery produced a similar fall of arterial pressure and a somewhat
greater increase of blood flow but notice that the latency was
greater than for verntridine.

Then the vagi were blocked. They were not cooled to a measured
temperature but they were surrounded by broad copper hooks
projecting from an ice bath A larger dose of verutridine now fuled
to cause a response but a smaller dase of epmephnne still provoled
a characteristic one Thus this response to epinephrine is not
mediated by the vagus nerves and cannot be an example of the
coronary chemoreflex. I might say that this disappointed us because
we were hopeful that epmephrine might prove to be the physio-
logical stimulus of the coronary receptors
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Having established that the reflex dilation 15 not the result of
activation of the “headquarters” receptors i the aorta and the
carotids, and 1s not an example of the coronary chemoreflex, we
sought next to assess the role of arterial pressure changes, thinking
that perhaps secondary presso-receptors in the systemic arteries
might be mvolved In a number of experiments in which arterial
pressure was controlled by means of a pressure stabilizer, intra-
venous epmephrine regularly caused vasodilation in the perfused

NEO SYN. EP
100 ¥ 20

Ficure 27 Cross circulation eaperiment, both dogs under barbital anesthesia and
hepanimzed Top tracng, arterial pressure of donor dog, middle tracing, artenal
ressure of recipient, lower tracing, femoral arterial blood flow 1n reciprent leg
b fused from donor ammal. Nerve supply of perfused leg intact, vagi and carotid
o f reciptent anmmal sectioned At signals, 100 pg of phenylcphrine (nco-
?;;;Shr?ne) and 20 pg of epmephrine, total dose, intravenously i rcapient

apmmal Time, 10 seconds
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extrenuty without significant clevation of nortic pressure Further
more artificially induced clevation of the pressure achivy ed by
rapidly increasmg the pressure in the stubilizer in ammals deprived
of their carotid and aortic nenes caused only shght elevation of
blood flow m the pcrfused leg

Another it of evidence which climinates the arterfal pressurc
as a factor is illustrated in Figure 27 in which we compared
epmephrine with phenylephnne (neosynephrme) In this experd
ment the leg was perfused from a donor anumal whosc blood pres
sure is shown at the top The artenal pressure in the trunk of the
recipient ammal 15 shown m the center tracing The lower onc
again 13 the blood flow m the mnenated perfused cxtrenmty
Phenylephrime in a dosc of 100 g cawsed very little dilation in the
leg A smaller dose of epinephrinc chosen to produce essentially
the same elevation of artenal pressure although of briefer duration
produced a ven significant increase of blood flow m the perfused
extremity

Fremont Smith 1 nught add one expcnment on man carmed
out in 1928 by Arlie Bock and Henry Ficld of the Massachusetts
General Hospital They gave epmcphnine intravenously measured
blood flow in the limb and I think artenal oxygen retention in
venous blood and they showed that the increise of blood flow in
the arm long outlasted the rise in systolic blood pressure In fact
it continued for some 40 minutes when they were dealing essen
tally with a lower blood pressure Certamly the diastolic pressure
was considerably down

Moe Although the reflex dilation is apparently independent of
changes m systemic arterful pressure the possibility remains that
pressure changes elsewhere 1n the circulation could activate tension
receptors which would mediate this vasodilation in skeletal muscle
We looked next to the pressure in the atria and in the pulmonar
artery knowing that intravenous mnjection of epmephrme often
elevates the pressure in these chambers

Figure 28 illustrates two such experiments In the frst half of
this figure 20 pg of epinephrine were given At the top we have
the arterial pressure fn the center the blood flow 1n the femoral
artery at the bottom, the pressures in the left atrium (LAP) and
the nght atnum (RAP) The leg was not perfused in this experi
ment, but the carotids were denervated and the vagl cut, so that
the headquarters reflexes were eliminated. Epinephrine provoked
the expected fncrease of blood flow in the femoral artery but

/"‘,_’ — -
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Ficure 28 Two expcniments, both on dogs under barbital Tracings on the left,
from top to bottom arterial presssure, femoral arterial blood flow, left atnal
pressure, nght atrial pressure, signal, time (10 seconds) Right-hand tracings
arterial pressure, pulmonary arterial pressure, femoral arterial blood flow Vagi and
carotid nerves cut At signals, epinephrine njected mtravenously

lowered the pressure in the left atrium and did not alter the pres-
sure 1n the right atrium

In the experiment 1illustrated in the second half of the figure, we
see that the imcrease of blood flow (lower tracing), m response
to 10 ug of epmephrine, was essentially simultaneous with the
pulmonary arterial pressure response, which 1s the center record
If this blood flow response 1s due to the mcrease of pulmonary
arterial pressure, then 1t should also appear when blood or saline
1s rapidly infused mto the right atrium to provoke an increase of
pulmonary pressure This was tried 1n the experiment illustrated mn
Figure 29

In this experiment the leg was perfused from another animal
whose piessure 1s shown 1n the top tracing The other three tracings
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are in order arterinl pressure and pulmonary arterfal pressure of
the recipient anmmal, and blood flow m its perfused leg. Twenty
ug of epinephrine leading to a very slight increase of pulmonary
arterial pressure in this instance caused a great incrense of blood
flow One hundred ml of salne given rapidly enough to cause a
greater increase of pulmonary arterial pressure failed to change
the femorul blood flow significantly Thus the reflex cannot be due
to an increase of mean pressure in the pulmonary artery
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At the next stage mn our mvestigations, smce the reflex was not
mediated through the vagus nerves, we attempted to find out just

what nerves did serve as the afferent pathway The next group of
figures shows the pertinent experiments
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der barbatal
0 Artenal pressure (top), and fullorﬂl blood flow 1n dog un

{:,lcmn?i carotid nerves cut At signals, 5 pg epinephrnine (total dose) intra-
o asly Between scgments (“cardiac symp "), lower corvical and upper thoracie
v

sympathetic gangha exased
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Figure 30 shows the response to a dose of 5 pg of cpinephrine
injected mtrar enoush before und fter removal of the upper four
or five thoracic sy mpathetic ganglia including the stellates on both
sides The vagl of course were already cut With the heart “de
centrahzed ™ the blood flow response persisted undiminished

In further eapenments cven more ruthless denervation was
attempted In addition to the vagi and the thoracic sympathetics
the phrenic nenes and branches of the braclual plexus were cut
and the esophagus and trachea were trnsected at the apex of the
thorax. Reflex dilation in the leg was still obtained.

If the affercnt limb of this reflex does not leave the chest through
the vag or sympathetics it might be doubted whether it originates
m the chest at all However the reflea can be induced by intra
venous admimstmtion of epinephrine by injection mto the pul
monary artery mto the left atnum, and into the cavity of the left
ventricle but it cannot be induced by injection into the arch of the
aorta. If epmephnine is mjected directly mto the aorta so that it does
not traverse the cardiac circulation it causes an mercase of pressure
but 1t does not lead to reflex vasodilation This observation suggests
but adouttedly does not prove that the receptor elements lie within
the thorax The only remaimng pathway by which afferent impulses
could leave the chest must be the somatic nerves of the thorax.

In the next serfes of expenments we explored that possibility
Dogs were prepared by exposure of the spinal cord from the last
cervical to the first lumbar segment. Loose ligatures were passed
under all the thoracic dorsal roots on both sides The dogs were then
turned over with the strings hanging out so that they could be
quickly pulled out to break all the dorsal roots One hind leg was
prepared for perfusion from a donar dog the carotid sinuses were
denervated and the vagi were cut.

Figure 31 illustrates such an experiment At the top is the donor
anfmal’s pressure below that the pressure of the recipient animal,
and below that the blood flow in the perfused femoral vascular bed.

The first two segments show the response to 5 and 10 pg doses
of epmephrine wjected intravenously into this semu intact dog
There was as you see a moderate increase of arterial pressure and
an Increase in the rate of blood flow through the perfused leg
Between the second and third segments of the figure all of the
thoracic dorsal roots were pulled out at once The response of the
arterial pressure to epinephrine wus at least as great, and m fact
In most expeniments was greater after dorsal root section, but the
blood flow response was abolished.
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In other experimcnts the dorsal roots were cut stepwise  the
response to epincphrne being cheched at cach step in order to
determine 1t what scgments fferent mpulses entered the cord
Whether root section was performed segmentally from the top
down or from the bottom up the rcfles dilation was totally abolished
only when all thoracic roots had been cut Therefore whatever
these afferent fibers are and from wherever they origmate they
enter the spmal cord diffusely probably through all of the thoracie
segments. That, unfortunately makes 1t very difficult to trace further
their precise anatomical course It would be much more convenient
if they were in one little bundle that could be traced into the
spinal cord

The dorsal root section experiments support the bedicf that the
reflex onginates withm the chest, but tell us Iittle about the naturc
of the receptor clements These could be chemoreceptors within
the cardiac or pulmonary circulation but the diffuse distnbution
of the afferent fibers suggested that mechanoreceptors within the
aorta, or 1ts intercostal branches might be involved Siec elevation
of the aortic pressure by meuans of a pressure stabilizer or by
wtraortic infection of epinephrine itself does not evoke the reflex
the hypothetical mechanoreceptors would have to be endowed with
the property of raptd adaptation unhke the classical “headquarters”
receptors of the carotid sinuses that is they nught respond to the
Increased pulse pressure or increased cardiac stroke output mnduced
by epmephnne, but fail to respond effectively to a sustamed eleva
ton of mean arterfal pressure If this hypothesis is valid it follows
that epmephnne would have to traverse the coronarv circulation
in order to elicit the response it also follows that exclusion of the
receptor area, {e the thoracic norta should eliminate the reflex

Figure 32 illustrates a rather elaborate experiment set up to test
the latter hypothess The aorta was ligated just above the din
phragm its subdisphragmatic branches were supplied with blood
through a tube connecting an fhac artery (centrally cannulated)
to the left subclavin artery The leg below the iliac cannula was
perfused from another animal whose pressure is indicated m the
uppermost tracing The thoracic aorta could be opened or closed
at will by application of a clamp just beyond the left subclvian
The vagi and carond nerves were cut.

At the fist signal in Figure 32, epinephrne wus mjected intra
venously fnto the recipient ammal the aorta being open down to
the ligature at the diaphragm Reflex vasodilation occurred in the
perfused leg The second injechon given while the aorta was
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Ficuge 32 Cross carculation evpenment, both dogs under barbital Arterial
pressure of donor, arterial pressure of recipient, and femoral blood flow of
reapient Vagr and carotid nerves cut At first signal, epiephrine jected ntra-
venously, thoracic aorta open At second signal, same dose with thoracic aorta
excluded between left subclavian artery and the diaphragm Time, 5 seconds

clamped, failed to initiate the reflex, although the piesso1 1esponse
was Just as great In this instance only the aich of the aorta was
exposed to the presumed mechanical effect of cardiac stimulation

This suggested that there must be some kind of receptor mn the
aorta or 1n the neighborhood of the aorta which was stimulated
by the increased vigor or frequency of cardiac contiaction If this
1s true, then suitable mechanical stimulation of the aorta, not
induced by epinephrine, should also cause femoral dilation In the
experiment just described, rhythmical tugging on the hgature about
the aorta above the diaphragm caused the blood flow 1ate mn the
perfused leg to increase I should also Iike to point out that we
have not elimmated the heart itself as a contributory source How-
ever, 1t 1s not the only source, because the heart was functioning
1n the experiment shown 1n the second half of Figure 32 just as 1t

was 1n the first, but the reflex 1s gone
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Fremont Smith How did you tug on the aorta?

Mloe The chest was open In this experiment the aorta was tied
above the diaphragm and we just pulled on the stnng anteriorh
and caudally

Fremont Smith  You werc dislocatng the hortu laterally  not
longitudimally

Moe There must be components fn both divections If tension s
put on the hgature and held no 1esponse 1s obtuncd 1f one tugs
on 1t thythnucally there will be a sustained increase m blood flow
in the leg

Burch Did you tnv an artificial pump?

Moe We tricd perfusing the thoracic aorta from a pump mn a
rather complicated experiment in which we could Uternate between
steady and pulsatile perfusion pressure There was an increase of
blood flow but essentially the experiment was disappointing We
did obtain a responsc but it was not very great

Heymans We have been mterested m the same probluem Expen
ments published 1 1936-1937 (1213 14) showed that i the dog
deprved of vagr aortic and carotid sinus nerves Increasc and
decrease of arterial blood pressure still cause respectively vaso-
dilation and vasoconstnction in the spleen kidney and leg In the
experiments these three organs were isolated from the circulation
in dog B and were perfused by another dog A The innervation
of the organs remained mtact and the vasomotor reactions were
registered. Rise of artenal pressure in dog B by intravenous mjec
tons of salme Dblood epmephnne ephedrnne or synephrine m
duced dilation in all three organs Decreuse of arterial pressure by
hemorrhage provoked the opposite reaction

These vasomotor responses mduced by alterations of artenal
pressure were present in the spmal dog, produced by decapitation
and in the dog deprved of his sympathetic gangha from the stellate
to the fifth thoracic ganglia The responses disappeared however
after destruction of the spinal cord and after excision of all sym
pathetic ganglia Further expenments showed that vanations of
artenial pressure 1 the mesentenic circulation provoked reflex vaso-
motor reactions

Presso-receptors mducing vasomotor responses are located in the
lower part of the thoracic aorta, in the ongin of the coelac and
in the mesentenic arteries However these vasomotor reflexes which
adapt vascular tone to the systemic arterlal pressure do not plavy
an important part in the homeostatic regulation of the systemic
arteria] pressure as do the presso receptive areas in the aortic arch
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and caiotid smus They may conceivably have a more far-reaching
role 1n the local o1 regional distribution of blood, and 1n a minor
and accessory manner may jomn with the sioaortic reflexes in the
regulation of the systemic aitenal pressme The observations of
Manazz1 (66) indicate that the 1esponses induced by epmephrine
are due, at least n part, to its action on synaptic transmission

Fremont-Smith: Can 1t be done by changing the pressure alone,
without epmephiine?

Heymans Yes, the same may be obtamed by raising the blood
pressure with an intravenous mjection of saline

Dawes In this respect 1t differs from the observations of Dr
Moe, who showed clearly that a change of mean pressme did not
produce the effect that he was interested in

Heymans We also observed that injection of small amounts of
epmephrine, although 1t does not affect the systemic blood pressure,
mduces 1eflex dilation in the perfused spleen and leg However,
because the systemic blood pressure 1s not mcreased, I do not think
1t means that blood pressure may not be increased n the mesenteric
circulation We know that the mesenteric, more than other blood
vessels, react to epmephrine, by constriction I quite agree with
Dr Moe that epmephrme induces a more marked reaction 1n the
perfused leg than does a rise of pressure mnduced mechanically, or
by 1njection of other hypertensive drugs It is possible that besides
the rise of pressure provoked by epinephrine, some specific action
of the drug may also play a role

In the light of Marrazzi’s observations (66), we considered that
our so-called reflex was due to mterruption or depression of trans-
mission 1n the gangha of the efferent pathway Bemg somewhat
sensitive to ganghonic blocking agents anyway, this was one of the
first explanations we considered It was for that reason that in some
experiments we mjected epmephrine directly into the arch of the
aorta, from which site 1t surely has access to the lumbar gangha,
and to the mesenteric branches of the aorta However, we never
observed femoral vasodilation i response to intraaortic injections
Thus, what we have demonstrated here 1s, I am sure, a reflex I do
not know whether 1t goes up to the brain, and 1t may very well not
It could be mediated through the spinal cord itself, but I have no
comment about that However, our observations cannot be explamed
by mterruption of ganglionic transmission, nor by change of pies-
sure alone

Stead Did you icrease the pulse pressure?

Moe That 1s one of the things we thought mught affect 1eceptors
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1n the thoracic sorta We considered the possibility that there nught
be rapidly adapting tension receptors which were not stimulated
by sustained elevation of pressurc We do not have any evidence
whatever for that. I think 1t would be necussary to study the affcrent
nenves electrically but 1if they arc so diffuse they wonld be quite
naccessible.

Nickerson Do vou have a suggestion of diffusencss from the
stnng expenment?

Moe A suggestion but that 1s all

Alexander What is the status of the pencardium m these ex
penments?

Moe The reflex will occur with the pericardium open and 1t
will also occur after administration of procame mto the pericardial
sac

Stead How long does the reflex last? If a continuous infusion
of epinephrine 15 given 1s a sustained effect obtammed or does 1t
just die away?

Moe 1do not think we have ever done that 1 do not know what
would happen.

Heymans The expenments show that the reflex vasodilation 1s
related to the rise in blood pressure The two curves of rise in blood
pressure induced by epinephrine and reflex vasodilation indeed
run parallel Rwmsing the arterial pressure by other means induces
the same responses

Stead Did you give the epinephrne over a period of minutes
and was the vasodilation sustamed?
hlé{hewnam The vasodilation sustains as long as the pressure is

Stead An hour or half an hour?

Heymans We did not give epmephrine over a long period, but
one wtravenous mjection or infusion over a short period If small
amounts of epinephrine are injected, no rise of systemic arterral
pressure occurs but a reflex vasodilation may shll occur in the
perfused mnervated spleen of the spinal dog

We suggested that although the systemic arterial pressure does
not raise, the mesenteric vasoconstriction induced by epinephrine,
could still induce a rise of mesenteric arteral pressure acting on the
presso-receptors located m the mesenteric area, and provoke a reflex
vasodilation 1n the spleen But we have still to keep in mind the
possibility of a decrease of synaptic transmission caused by epineph
nne as shown by \larrazz.

Green 'We have frequently noticed quute marhed dilation if
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when we are trying to stimulate the sympathetic chan, we simply
pull a Iittle bit on the chan or on the intestine I wonder 1f what
we are stimulating 1s not a very widespread receptor of some sort,
that responds to a mechanical distortion m a large number of
places over the viscera

Moe In the thorax, at least, the dilation 1s elminated by a
thoracic dorsal root section Whether that apples to the abdominal
viscera, I do not know, but at least it pins a major share of the
afferent source of the 1esponse down to the thorax It 1s my guess
that this 1s a response of mechanical receptors in the thoracic dis-
tribution of the aorta, not necessarily 1n the wall of the aorta, but
perhaps m the periaortic connective tissue

If one drags stimulating electrodes up and down the posterior
thoracic wall adjacent to the aorta, one also obtans dilation of the
femoral artery, but that 1s a very nonspecific and crude experiment
I admut 1t does not prove anything If one applies a local anesthetic
by spreading soaked cotton pledgets along both sides of the aorta
within the chest, the reflex disappears, although other reflexes per-
sist The reflex may be restored by washing out the chest cavity
with warm saline

Folkow I wonder whether this reflex vasodilation of the limb 1s
abolished by sympathectomy of that hmb? All other types of true
reflex vasodilations, except a few within specific tissues supphed
by the cranial or sacral parasympathetic vasodilator fibers, are, to
the best of my knowledge, abolished by sympathectomy

Moe 1 should guess that it 1s so, but we have not cut the sympa-
thetics m dogs 1n which the imb was perfused from another animal

Folkow The reflex vasodilation obtained by stimulation of the
baroreceptor regions 1s solely due to an mhibition of constrictor
tone, and thus completely abolished by sympathectomy

Moe It 1s my guess that that would be true in this case, but we
do not have enough experiments to be certain of it

Heymans Our experiments showed that reflex vasodilation 1s
abolished by sympathectomy The efferent pathways provoked by
rise of blood pressure mn the spmal dog, and 1n the dog depiived
of his sinoaortic and vagi nerves, thus are located 1n the sympathetic

Burton Dr Moe, does atropine knock out this efferent pathway
of the receptor mechanism?

Moe Atropme does not abolish the response, which agamn leads
me to believe that 1t would be abolished by sympathectomy, as

Dr Heymans has stated
Folkgtrun It seems reasonable that atropine does not abolish this



Reflex Factors in Circulation 113

reflex response if lihe most other vasodilator reflexes 1t is due to
an nhibition of the prevailing constrictor tone and does not imvolve
the sympathetic vasodilator fibers which are activated m other
types of reaction patterns Expenments on the vasodilator fibers
have shown that thev are not imvolved in the reflexes responsible
for blood pressure homeostasis

Although it 1s not really applicable to the present topic I should
like to present a fgure illustrating the extremely marked effects
that these sympathetic vasodilator fibers may mduce on the blood
flow through the muscles Figure 33 shows the blood flow through
the muscles of the cats limb Stimulation of the abdominal sympa
thetic trunk actinates the vasomotor fibers to the vessels of the
Imb but the constnictor fibers are blocked by dihydroergotamine
revealing the large dilator response evoked by the cholinergic
vasodilator fibers A stimulation frequency of six per second m
creases the blood flow roughly five times and a maximal dilation
of the blood vessels 1s obtained if the stimulation frequency 1s
slightly increased. Eapressed in other terms the pcripheral re
sistance is then decreased to about one seventh of the origmal
value a very dramatic change These sympathetic dilator fibers
whose action is easily bloched by minute amounts of atropme may
be activated from structures in anterior parts of the hvpothalamus
and Uvnds and others (67686970717273 74) were rccentlv able
to activate them from the cerebral cortex n close connection to
the motor area. It seems not improbable that they are activated
under emergency circumstances possibly also dunng muscular
work, to accomplish the best possible blood supply to the working
muscles in the initial phases of activity The evidence for this is not
definite and conclusive but it seems to be well established that
they are not engaged in blood pressure homeostasis as such Any
how these fibers must have some funchion and the hypotheses I
mentioned seem to be the only alternatives left This figure llustrates
the striking vascular effects that may be produced by these previ
ously not very well known fibers when activated separately

Moe 1 did not understand why you gave dibydroergotamne

Folkow The abdominal sympathetic trunk carnes both dilator
and constrictor fibers to the vessels of the limb muscles The action
of the constnctor mediator may be elmunated by dihydroergota
mine and stimulation of the mixed trunk will then only induce the
effect of the dilator fibers which as they are cholinergic can be
blocked in a sinular way by atropine

Green Dr Folhow we have confirmed this work by using other
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adrenergic bloching drugs but have noted that the dilator response
appears to fatigue much more readhly than the constnetor response
The Iatter 1s present as long as one stimulatces for 30 seconds or
a mmute whereas under the same stimulus the dilator response
Tasts perhaps 10 or 15 seconds and then dies out. lus that been
your expenence?

Folkow In general ves when the mived svmpathetic trunk is
stimulated

Green Under conditions in wluch the constriction is abolished
by adrencrgic blockade one still his a short lasting dilator response

Folkow As I remember from our expeniments the constrictor
fibers are often difcult to block totally at least when Iigher
stimulation rates are apphed By more sclective activation of the
dilator fibers from their hypothalamic representation I have a feel
ng that the dilator responses may morc casily be continued but
we have not studied this particular problem to any more extensive
degree as we generally stimulated for rather short penods only
We were mamnly intcrested in obtamng reproducible responses
s0 we have not observed a clear cut effect of tropine The hypo-
thalamic structures are casily damaged so for this reason we
restricted the stimulation periods 1 think one may keep a rather
steady dilation for up to one mmnute and perhaps much longer if
one is careful

Green Do you find that also true when you stimulate the sym
pathetic chain?

Folkow 1f I shmulate the sympathetic trunks in an ammal given
ergotamine or dihydroergotamuine (the stimulation frequency 1s as
high as 20) it is very difficult to block completely the constrictor
effect which builds up more and more during the course of the
stimulation penod, probably due to an excess accumulation of the
mediator substance This slowly rising constrictor effect may be
part of the explanation why the dilator fiber effect soon diminishes

Green With an adrenergic blocking drug, such as didar or

benamine one may block the constrictor response completely

Folkow I think another factor of importance 1s the stimulation
frequency applied The rates generally used from 20 to 30 per
second are probably far above the physiological discharge rates
Fiber systems stmulated at rates far higher than the normal ones
are apt to show signs of exhaustion, probably first in the synaptic
transmission mechanism. The preganglionic fibers release a given
quantum of acetylcholine at every excitation 1if the rate is too
high the amount released at each stimulus might duminish At the
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moment the amount becomes subthieshold, due to exhaustion, the
ganglonic transmussion will fail and thus also the activity of the
postganglionic fibers It 1s not impossible that the dilator fibers are
moie easily exhausted than the constiictor fibers by high fiequen-
cies A prolonged effect might be obtamned with very low rates
Whatever the explanation, I think 1t 1s owr necessanly rather crude
experimental methods which are the chief cause of the vamshing
dilator response

THE PRESSO-RECEPTORS OF THE CAROTID SINUS

Dawes 1 thnk we should ask D1 Heymans to say somethmg
about his 1ecent investigations nto the piesso-receptors m the
carotid sinus, because these are obseivations which may have a
bearing on different types of reflexes and receptois

Heymans 1t 1s well known that the aortic and caiotid sinus
nerves are not only the means of the ieflex blood piessue 1egula-
tion, but also the 1eflex buffer neives of the systemic aiterial pres-
sure This 1eflex regulation of blood piessure occurs by the action
of the arterial pressuie 1itself on 1eceptois located in the wall of the
smoaortic aieas Experiments of Koch (75), Heymans and co-
workers (76), and Hauss and associates (77), submutted evidence
that arterial pressure does not act directly on the smoaoitic re-
ceptors, but mdnectly by acting on the wall of the aiteries wheie
these receptors are located

These experimental observations suggest that the tone, tension
and distensibility of the arterial wall of the sinoaoitic areas could
play a role in the mechamsms of reflex regulation of blood presswme
This suggestion has been investigated 1n a series of experiments m
order to examine the nfluence on arterial pressure, and on the
1eflex regulation of blood presswe, of alterations i tension, 1e-
sistance to stietch and distensibility of the sinoaoitic vascular wall
For this purpose, drugs believed to contract o1 relax the aitenal
wall were appled locally to the caiotid sinus, and to the aoitic
pressoreceptive areas

The experiments were peiformed on dogs anesthetized with
morphine-chloralose In a fiist series of expeimments, the vagi-aortic
nerves weie cut i oirder to himit the reflex regulation of hlood
pressuie to the receptois of the caiotid sinus aieas The systemic
arterial pressure was 1egistered from a femoral atery The blood
pressure reflexes of carotid sinus origin were elicited by clamping
and unclamping both common caiotid arteries The diugs wcxc]'
apphed locally by mjection of their solutions into the conjunctiva
space surrounding both carotid smus areas
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The experiments showed (7879850818283848588) that ep
nephrine  norepinephrine  diacetylepinephrne thiosulfonic acid,
svnephrn phedrine hydroxy phenylamino-propanal and hydroxy
tryptamine (serotomin) applied locally to the arterial wall of the
carotid smus provoke a marked fall of the systumic arterial pres
sure and a reduction or suppression of the hypertension reflexes
pormally chicited by decrease of intracarotid simus pressure These
reactions are due to a stimulation of the carotid simus presso
receptors Indeed section of the carotid sinus nerves when the
systemic arterial pressure has been lowered by the local application
of the drugs to the carotid sinus provokes n immediate and very
marked rise of the systemic arterial pressure Tigure 34 represents
the cunves of a typical expenment with norepinephrine Our cyperi
ments showed further that smooth muscle relaxing drugs such as
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moment the amount becomes subthieshold, due to exhaustion, the
ganghonic transmussion will fail and thus also the activity of the
postganglionic fibers It 1s not impossible that the dilator fibers are
more easily exhausted than the constiictor fibers by high fiequen-
cies A prolonged effect might be obtamed with veiry low rates
Whatever the explanation, I think 1t 1s o1 necessaiily rather ciude
experimental methods which are the chief cause of the vanishing
dilator response

THE PRESSO-RECEPTORS OF THE CAROTID SINUS

Dawes 1 think we should ask D1 Heymans to say something
about his 1ecent mvestigations into the piesso-ieceptors m the
carotid sinus, because these aie obseivations which may have a
bearmg on different types of reflexes and receptors

Heymans It 1s well known that the aoitic and carotid sinus
nerves are not only the means of the 1eflex blood piessuie 1egula-
tion, but also the reflex buffer nerves of the systemic aitenal pres-
sure This 1eflex regulation of blood piessuie occurs by the action
of the arteiial pressuie 1itself on 1eceptors located n the wall of the
sinoaortic aieas Experiments of Koch (75), Heymans and co-
workers (76), and Hauss and associates (77), submitted evidence
that arterial pressure does not act directly on the sinoaortic re-
ceptors, but mdwrectly by acting on the wall of the arteiles wheie
these receptors are located

These expermmental observations suggest that the tone, tension
and distensibility of the arterial wall of the sinoaortic aieas could
play a role in the mechamsms of reflex regulation of blood pressue
This suggestion has been investigated 1n a series of experiments n
order to examine the mfluence on arterial piessuie, and on the
reflex regulation of blood pressuie, of alterations i tension, 1e-
sistance to stretch and distensibility of the sinoaoitic vascular wall
For this purpose, drugs believed to contiact o1 relax the arteial
wall were applied locally to the caiotid sinus, and to the aoitic
pressoreceptive areas

The experiments were perfoimed on dogs anesthetized with
morphine-chloralose In a fiist series of experiments, the vagi-aortic
neives were cut i order to hmt the reflex 1egulation of blood
pressure to the receptors of the caiotid sinus areas The systemic
arterial pressure was 1egistered from a femoal aitery The blood
pressure reflexes of carotid sinus origin were ehurt?d by clamping
and unclamping both common carotid aiteies The diugs wc/xcl'
applied locally by mjection of therr solu)txons mnto the conjunctiva
space surtounding both carotid smus areas
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Ficore 38, Diagram of method used for carotsd sinus preparation, I Vasomotor
centers. 2 Carothd sinus nerves. 3 Carotid snus. 4 Venous balloon in carotd
stome § Cannula tving balloon and commoa carotdd artery 6: Manometer for
Tecording in balloon and carotd sinus. 7 Tube connected with pressure
recorder by perismsion, from Heymansy, C, Delauncis, A. and
van den Henel Heymans, G. Tension and distenmbility of carothd sinus wall,
pressoceptors and b pressure regulation. Circul Rea 1 3 (I853)
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papaverine, potassium chloride and benzylimidazoline, apphed
locally to the wall of the arteries of the carotid sinus, mduce a reflex
rise of the systemic arterial pressure Figure 35 represents the
curves of an experiment with benzylimidazoline

These expermments submitted evidence that drugs contracting
the arterial wall of the carotid sinus, increasing its tension and
1esistance to stretch, cause stimulation of the receptors of the
carotrd smus This stimulation induces reflexly a fall of the systemic
arterial pressure, and decreases or suppresses the responses of
the receptors to a decrease of pressure Drugs relaxing the arteral
wall of the carotid sinus, decreasing their tension and resistance to
stretch, reduce the stimulation of the presso-receptors and thus
induce a reflex rise of the systemic arterial pressure

Landgren, Neil and Zotterman (84) confirmed our observations
on cats with epmephrine, norepinephrine, and vasopressin, and also
showed that local carotid smus application of these drugs elicits a
very definite increase of the presso-receptors, impulse trafic Sodium
mtrite, administered locally to the caiotid sinus areas, causes, on
the contrary, a marked reduction of the presso-receptor’s activity

Landgren (87) concluded from his expeiiments on the 1solated
carotid sinus preparation of cats, that local application of epineph-
rime causes a contraction and a decrease of distensibility of the
caiotid smus arterial wall at low mtrasmusal pressure ranges, but
an wncrease of distensibility in the region of the physiologic intra-
sinusal pressure range (from 80 to 180 mm Hg)

However, our expermments on dogs (88), showed that the same
blood pressure reactions induced by local carotid sinus application
of norepinephrine occw in vivo at different physiologic and non-
physiologic ntrasinusal pressure ranges (Figues 36 and 37) They
demonstrated further (85,89) that epinephrine and norepinephiine,

Ficure 37 Dog weighing 155 kg Carotid sinuses prepared according to mcthod
shown 1n Figure 36 Blood pressure from femoral artery (AP) Pressure in venous
balloon and carotid sinuses (SP) 1-2 Lowering and raising intrasinusal pressure
caused hypertensive and hypotensive vasomotor reflexes 3  Local apphcation of
20 pg norepmephrnine on each carotid sinus, while mantaining constant 1intra-
sinusal pressure at 130 mm Hg, caused fall of systemuc arterial pressure from
140 to 80 mm Hg +4-5 Five nunutes after Jocal carotid smus application of
lowenng and raistng intrasinusal pressure caused no response in
1 pressure 6 Forty-ive mimutes after Jocal carotid sinus applica-
ton of norepinephnne, scction of both carotid sinus nerves induced hypertension
Reprinted, bv pernussion, from Heymans, C, Ddaunoss, A L, and van den
Heus el-Heymans, G Tension and distensibility of carotid sinus wall, pressoceptors

and blood pressure regulation Circul Res 1, 3 (1933)

norepinephrine,
svstemic arterna
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papaverine, potasstum chloride and benzylimidazoline, apphed
locally to the wall of the arteries of the carotid sinus, induce 2 1eflex
rise of the systemic artenal pressure Figure 35 1epresents the
curves of an experiment with benzylimidazolne.

These experiments submitted evidence that drugs contracting
the arterial wall of the carotid sinus, mcieasing its tension and
1esistance to stretch, cause stimulation of the receptors of the
carotid s;nus This stumulation induces reflexly a fall of the systemic
arterial piessure, and decreases or suppresses the responses of
the receptors to a decrease of pressure Drugs relaxing the aiterial
wall of the carotid smus, decreasing their tension and resistance to
stietch, reduce the stimulation of the presso-receptors and thus
induce a reflex rise of the systemic arterial pressure

Landgren, Neil and Zotterman (84) confirmed our observations
on cats with epmephrine, norepmephrine, and vasopressin, and also
showed that local carotid sinus application of these drugs elicits a
very definite increase of the presso-receptors, impulse traffic Sodium
nitrite, administered locally to the caiotid sinus areas, causes, on
the contrary, a marked 1eduction of the presso-receptor’s activity

Landgren (87) concluded from his experiments on the 1solated
carotid sinus preparation of cats, that local application of epmeph-
rine causes a contraction and a decrease of distensibility of the
carotid sinus arterial wall at Jow intrasinusal piessure ranges, but
an ncrease of distensibility 1n the region of the physiologic ntra-
smusal pressure range (from 80 to 180 mm Hg)

However, our experiments on dogs (88), showed that the same
blood pressure reactions induced by local caiotid sinus apphcation
of norepinephrine occur in vwo at different physiologic and non-
physiologic intrasinusal pressure ranges (Figures 36 and 37) They
demonstrated further (85,89) that epinephrine and norepinephrine,

Ficure 37 Dog weighing 155 kg Carotid simusces prepared according to method
shown in Figure 36 Blood pressure from femoral artery (AP)  Pressure in venous
balloon and carotid smuses (SP) 1-2 Lowernng and raising intrasinusal pressure
caused hypertensive and hypotensive vasomotor reflexes 3 Local application  of
20 pg norcpinephnne on cach carotd smnus, while muntaning constant intra-
sinusal pressure at 130 mm  Hg, caused fall of systumc arteral pressure Irou;
140 to 80 mm Hg 4-5 Tive minutes after Jocal carotid sinus apphcation o
lowering and raistng ntrasinusal pressure caused no response
re 6 Forty-five mmnutes after local carotid sinus apphea-

of norcpinephrine, scction of both cirottd sinus norves induced hy pertension
hon d by permsion, from Heymans, C, Deaunos, A L, and van dun
l;‘{e?xil:.‘lt.}lixxX\Jxlf C  Tenston and distensibility of carotid sinus wall, prossoceptors

(o - ’

and blood pressure regulation Circul Hes 1, 3 (1953)

norcpinephrine,
svstemie arterial pressu
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DEXTRAN 6%

PRESSURE TRANSDUCER P23 A

|

o CAROTID SINUS AND
off CAROTIO ARTERY

M K PHOTOKYMOGRAPH

IN AND OUT~- " TYRODE
FLOW SOLUTION

Ficure 38 Techmque used for the measurement of the internal pressure-response
variations of the 1solated carotid sinus and carotid artery preparation Reprinted,
bv permission, from Heymans, C, and Delaunmis, A L Action of drugs on
pressure-response and distensibilty of carotid sinus arterial wall Arch nternat
pharmacodyn 96, 99 (1954)

acting on the 1solated carotid sinus preparation of dogs, mnduce a
contraction of the carotid sius arterial wall, an increase of their
pressure-response, and a decrease of their distensibility The same
reaction occurs at different low, normal and high intrasinusal pres-
sure ranges (Figures 38 and 39) Benzylimidazoline induces, on the
contrary, a decrease of pressure-response, due to a relaxation and
mcrease of distensibility of the carotid sinus arterial wall (Figure
40) Experiments of de Vleeschhouwer, Martin1 and Calliauw (90)
in our laboratory, showed that local application of epmephrine or
norephinephrine on the aortic-arch presso-receptive arca, also pro-
\okes a reflex fall of the systemic arterial pressure

It was concluded from these different series of experiments that
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pressure
the internal pressure rises to 226 mm. preseat
Hg. C At a steady internal
ﬁi&%}wmzﬂpmnmmm:ﬂmﬂ&A($ nddniouulmrz-pahit:x;m'hi
e e, yrodes soluion, 1n coocentration £.106 At 42 wushing out with
soluion T Time In minutes. Repeinted, by permisson, from Heymans
and d hil

C and Delaunols, A. I  Actlon of dru
on
of carotid sinws artenal wall Arch lrmmzj phl:rmaccdyn.r% 69 (1954)




124 Shock and Cuculatory Homeostasis
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120
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| 80
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Ficure 40 Decrease of mternal pressure-response 1n carotid sinus preparation
due to benzylimidazoline (pnscoline) in concentration of 2 10-3 At 41 addltlo,n
of benzylimmdazolne to Tyrode’s solution At 42 washing out with Tyrode’s
solutton T Time m minutes Reprinted, by permission, from Heymans, C, and
Delaunois, A L Action of drugs on pressure-response and distensibility of carotid
smus artertal wall Arch internat pharmacodyn 96, 99 (1954)

the state of contraction and tension, and thus the resistance to
stretch of the arterial wall where the sinoaortic receptors are
located, are the primary factors affecting these receptors which
regulate reflexly the systemic arterial pressure These findings em-
phasize the fundamental role of the biologic condition of the smno-
aortic arterial wall in the reflex regulation and homeostasis of blood
pressure I am convinced, by the experimental data, that the con-
dition of the arterial wall of the presso-receptive areas 1s more
mmportant than the pressure for the reflex regulation of arteral
pressure Alterations 1n tension and resistance to stretch of the
sioaortic arterial wall change profoundly the responsiveness of the
presso-receptors to pressure varnations

Comroe You mean this 1s a true presso-receptor, and not a stretch
or volume receptor” In other words, 1t 1s sensitive to the squeezing
of the muscle in the wall?

Heymans 1 should say that the sinoaortic receptors behave as
receptors sensitive to the tension of the arterial wall This tension
depends on the pressure on the wall and on the resistance of the
wall to be stretched by the pressure The sinoaortic receptors thus
behave and react, 1n some way, as the muscle spindles

Kmisely May I pont out that vessel walls have an nternal arcu-
latory system, the vasa vasorum These are necessary for the preser-

vation of the normal healthy functioning anatomy of the walls of
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the large vessels Ramsey (91) and O Neill (92) demonstrated that
the tasa casorum are necessary to mamtam the anatomy md
Somuels et al (93) prescnted methods of study

Burch 1 should like to ash Dr Hevmans 1f he would expect the
same response 1 any other artery

Heymans Expenments of Emmel and Snuth (84) demonstrated
on isolated segments of arteries of dogs that local application of
epmephrine induces an increased pressure response duc to con
traction of the arterial wall

Burch Then it is not peculiar to that artery?

Heymans Different artences react in the ssme manner to epineph
rme but as the different elements of the arterial wall of the carotid
sinus seem to be in series it 15 quite possible that the responsiveness
of this arterial wall may be more marked than m other arteries

Dawes 1 do not think you have yet proved your proposition that
these are presso-receptors rather than stretch receptors It scems
to me that the phenomenon vou have observed could be cxplaned
if the receptors were m serles with the muscular elements If
drug were applied to the artenal wall which caused the muscular
elements to contract, and if any of the sensory receptors were m
series with those muscular elements thev would be incited to con
tinuous activity In the lax condition when the drug 1s not applied
and the arterfal wall is pulsating equally well pulsations will be
transmitted to those sensory receptors I think that this may well
be the explanation of this phenomenon.

Heymans Tt is of course a possibility

Dawes We have no histologic evidence on 1t

Heymans The responses of the arterial wall to pressure and to
pressure variations at different ranges are related to physiological
and biophysical questions I think Dr Burton could help us to
clear up the biophysical side of the problem Anyway the experi
mental data show that not the stretch of the arterial wall by pres
sure but the tension of the arterial wall provoked by the intrinsic
tone of the wall on one hand and the pressure to the wall on the

other is the fundamental factor in the stimulation of the sinoaortic
receptors regulating reflexly the arterial pressure Information con
cerning the mechanisms maintaiming, and affecting, the intrinsic
tone and tension of the arterial wall are very limited

Folkow 1 should like to draw attention to the papers of Landgren
(8785) I think at least T can remember the results I believe he
presented evidence of two different types of baroreceptors one
of them parallel to the muscle cells the other m series with these
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cells This arrangement means that contraction of the smooth
muscles 1n the sinus region will activate the series-coupled receptors,
while distension of the vessel will activate both sets of receptors
I thmk this hypothesis will fit in very well with the experimental
results of Dr Heymans

Comioe 1 do not hike to bring the word “shock’ into this con-
ference, but when there 1s a prolonged fall m blood pressure, mamn
arteries contiact as well as arterioles and venules Under these
circumstances, 1t would seem to me that we obtain inhibition of
the vasomotor center instead of lack of inhibition This may explan
a number of the phenomena that are known as “urreversible” shock
I am wondering what the opinion of the gioup 1s on that particular
matter Might this explain the relaxation of vessels that occurs
after vasoconstriction or might this have something to do with the
reputed effect of dibenamine and other peripheral blocking agents
in the treatment of experimental shock?

Burton Zotterman and Landgren (84,87,95), published quantita-
tive biophysical details on the 1deas which Piofessor Heymans
had They were working with him As I remember, they demon-
strated 1n thewr experiments that the blood pressure did not change
at all times They were recording the action currents, and they
showed that by application of these drugs, the sensitivity to a
given change 1n blood pressure 1s greatly altered They correlated
that quantitatively with the volume pressure relationships, and
with the distensibility mn the aorta, which 1s 1itself changed, of
course, when these drugs are applied So when the sensitivity to
a change m pressure 1s mcreased by the use of a drug, locally
applied, 1t correlates with an increased stretch of the wall for the
same blood pressure From a biophysical pomnt of view, therefore,
I feel that results are being obtained along the lines that Professor
Heymans has presented

Green This response 1s somewhat analogous to the response
reported 1n Montreal at the Symposium on the Behavior of Spiral
Fibers 1n Skeletal Muscle (96) According to this repoit, when the
fiber contracts 1t seems to increase the sensitivity of the spiral
endings

Were there comparable changes in heart rate along with the
changes 1 blood pressure that you recorded?

Heymans 1If norepinephrine 1s applied locally to the carotid
sinus areas of dogs with vagi nerves intact, a slowing 9f the heart
also occurs, along with the fall 1n artertal pressure This brady-

cardia 15 of reflex ongin Section of the carotid smus nerves, or of
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the vagi nenves suppresses the bradycardiv. The stimulation of the
carotid sinus receptors mduced by local apphcation of norcphineph
rine, thus provokes a rcflex drop of blood pressure and a reflex
slowing of the heart

Green Is it possible that in esscntial hypertension there nught
be something that acts like a dilator on the walls of the carotid
sinus?

Heymans Drugs relaxng the arterinl wall where the receptors
of the buffer nerves of arterfal pressure arc situated shift the
systenuc blood pressure to a higher level and thus induce hvper
tension These obserations suggest that decrease of tension and
resistance to stretch of the smoaortic arterial wall could be the
primary mechamsm of hypertension

Nickerson 1 wonder whether we can obtain some information
on the hypertension question without gong dircctly to the carotid
sinus We know that in the tvpe of hypertension induced by sodum
nitnte apphed to the wall of the carotid sinus or in older expen
ments mmduced by denervation of the carotid sinus the nse in blood
pressure 15 quite sensitne to adrenergic blocking agents T thmk
Dr Heymans showed this onginally with ergot and it has been
repeated with dibenamine and many other drugs since that time

The rise is completely elimmated and the animal 1s returned
to an essentally normal pressure by these agents The average
patlent with hypertension simply does not respond that way The
fall in pressure 1s highly variable from one patient to another and
in the majority much less than a complete reduction 1s obtained
I think we can use this as indirect evidence that a strictly neuro-
genic mechamsm 1s probably not of major importance i the
majority of these cases

Heymans In acute neurogenic hypertension, induced dogs
by cuthng the aortic nerves and lowering the intracarotid sinus
pressure local application of norepinephrine to the carotid sinus
areas induces a fall of systemic artenal pressure In chrome hyper
tension induced by renal ischemta, local carotid sinus application
of norepinephrine also provokes a fall of arterial pressure Howener
do not take my data as definite because only a small number of
experiments have been performed.

Fremont Smith Dr Hevmans in your experiment shown in
Figure 30 was there a steadyv pressure in the carotid sinus or was
it pulsating?

Heymans It was a steady pressure

Fremont Smith 1t seems to me the experiment might have to
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be repeated with a pulsating pressure i the carotid sinus, not only
because of the lateral dilation, which I think we tend to give too
much emphasis to, but perhaps even more for the longitudinal
stretch of the aorta

Heymans A steady pressure m the carotid smus keeps the
responses of the presso-receptors going quite normally during a long
period Steady pressure used i some of our experiments does not
alter, I think, the responsiveness of the carotid sinus receptors In
most of our expermments, the pressure in the carotid sinus was
pulsating, and the responses were 1dentical

Knisely From a consideration of these two sets of factors, a new
direction of mvestigation on high blood pressure could easily start
On the basis of the remarks made by Dr Burton on the positions
of the physical receptors, I think two factors ought to be mnvesti-
gated as soon as possible the shifts i the coefficients of the
elasticity of the walls, and mn the capability of the walls to receive
nutrition Well-known histopathology of selected vascular areas
may be shifting adjustments of the whole system over a period
of years

Shorr Dr Dawes, would you be willing to give us a summary,
and if so, Dr Fimne has requested that you discuss these reflexes
m relation to their possible function in homeostasis

SUMMARY

Dawes 1t 1s clear that from this work has emerged a principle
which 1s very important, since 1t appears to apply not only to the
stretch receptors, or those mn the carotid sinus, but also to the atrial
receptors, and perhaps others elsewhere 1n the body We should
now mquire whether they are parallel or 1n series, and what their
exact physical relationship 1s with the muscular, or other elements
of the wall This will be a difficult question to solve m individual
mstances We are faced with a large group of cardiovascular
reflexes I am sure we have not covered all the 1eflexes for which
there 1s evidence of existence, but mainly those whose afferent
nerves run 1 the vagi

I should like to speak about the reflex which has been described
by Gruhzit and Moe (6,7) This 1s a very interesting mvestigation,
but 1t 1s obvious that there are many more details to be worked out,
as Dr Moe himself knows, 1t 15 not a criticism of his very important
work He has shown that there 1s peripheral vasodilation n the
hind leg I should like to know whether there 1s sumlar peripheral
\ asodilation elsewhere, whether 1t 15 accompanied by bradycardia
or anv change m breathmg, and, whether this refley fits nto the
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pattern of the other reflixes concerned m the centril control of
the circulation T mention this with some hesitation beetuse I have
been trying to think of cxperiments which could settle this point
and I am quite sure that 1t is a very difficult thing to do

You will observe that evidence for the custence of this rcflex
was produced in an ammal with the vagl cut and the carotid
smuses denen ated Under those conditions the homeostatic reflexes
as we generally know them have been removed and it my be
therefore that the effects we sce in thar absence are greater than
if they were present. Certamly the vasodilation produced was very
considerable I think it remains to be seen to what extent this refley
fits into the pattern of the main reflexes controlling the circulation

The other reflexes with wluch we have been concerned asidc
from the reflex from the carotid sinus area have thdir afferent nerves
mn the vagi and this immediately poses a most interesting question
The experiments of Professor Ieymans (97) many ycars ago
showed that when the carotid sinus nerves were cut the regulation
of the circulation got out of hand and the blood pressure rose
considerably At that time it seemed likely that we were deahng
only with a reflex from the carotid sinus area and a reflex from the
aortic arch It was a section of those two afferent reflex mechanisms
alone which caused the rise of blood pressure

Now the situation 13 somewhat different Numbers 3 4 5 and 6
m Table IV are all reflex mechansms for which some evidence
exsts I am not sure whether Numbers 3 and 4 nught be 1dentical
and Numbers 5 and 8 also These four reflexes at least are de
pressor refleses and they have their afferent fibers m the vagi
Thus T should like to suggest the possibility that these four reflexes
from the heart and lungs which are distinct from the reflexes from
the aortic arch may also play an wmportant part m circulatory
homeostasis However I do not know

So far as the reflexes from the atria are concerned I think it is
clear that there are at least four possibilities I dehberately did
Dot mention a fifth possibility that is that the atrial fibers might
be concerned with some change in breathing We must always
remember that the changes in the circulation and the respiration
are very closely connected, and there 1s a hint in the literature
at least that the atnal fibers might possibly be linhed with some
respiratory mechanism

On the nght hand side of Table IV nothing has been said, I
think about the ventmcular receptors The evidence for therr
existence is not verv good but thev should have been mentioned
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m connection with the coronary chemordles, and the Daly and
Vernay reflen and T am sorry [ did not do <o Whitteridge and
Dickmson m their work present some indirect evidence that there
are fibers m the vacus wlich firc durig somctric contraction of
the ventricular muscle It 1s possible that 1s related to the coronary
chemordley and the Daly and Verney refles

However the stihing thine about the receptors on the right-
hand saide of Table IV s that they have all been discovered, as
vou know, by singlc fiber action potential records i the vagr Thev
are, so far as we can tell farly large fibers and I think we have
evidence to suzgcst that there arc other refleses from the heart and
lungs whose affcrent nerve fibers are small

I think 1t 1s not gancrally acknowledgcd that there are himitations
m the electrophysiological techmques which are availlable It s
difficult to record action potentials from small fibers, and 1t may
be as Zotterman has frequently pomted out that we are studymng
mammly large fiber action potentials which are easy to obtam, but
perhaps not alwavs verv important  The smaller fibers, which
represent the Jower half of the 1ceberg on which we are shthering
about, have not been thoroughly mvestigated as yet

If we look at the reflexes from this point of view. another thought
emerges I have suggested that they might be concerned in arcula-
tory homeostasis However, there are two other possibilities first,
we must consider the pain and nociceptive refleves We know that
strong stimulation of a large number of afferent nerves causes a
fall of blood pressure and heart rate, and the eustence of the reflex
mechanmsms of the heart and lungs might merely reflect the exten-
sion of the pain fiber system into those organs One then begins
to wonder what their purpose 1s

The second possibility 1s suggested by the well-known obsera-
tions on gills of ish Old experiments by McWilham (98) demon-
strated that mechamcal stimulation of the gills of fish, and other
parts of the eel’s body, would easily cause a fall of blood pressure
and heart rate Evidently this 1s a verv ancaent mechanism, and
vet we do not know why 1t 1s there, we can only speculate Ap-
i)arently we do not know enough about the physiology of fish

However, smce the arculatorv and nervous systems are based
on that which was possessed by our primordial ancestors, perhaps
there 15 a carn-over of these mechanisms in ourselves I do not
think we should assume that every mechamsm m the body has a
useful purpose, there are many, such as the appendix, which are
singularly useless and could be done without Perhaps some of the
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refleses from the heart and lungs fall into this category

1 think we should presers ¢ open iinds on this subject We should
recogmze the possibility that these small fiber refleves from the
heart and lungs may be of mportance m normal physiology s
they very likedy are in pathological physiology  but we must wut
for the future to show us thar cxiet functions
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FUNCTIONAL PROPERTIES
OF BLOOD VESSELS

ROBERT S ALEMNANDER
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Dr. Covinok nesaraen carlier that little was bung sud about the
subject of shock and m the material which follows 1 see even less
chance for any specific discussion of that topie Since my own
studies* of the mechanical propcrties of the vscular bed cvolved
directly from the shock problem however it occurs to me that 1t
mght be of interest to this group to hnow of my pemonal orienta
tion to this field

Durnng the war many of us were wornving about what happened
to the transfused blood in the animal or patient who died m shock
in spite of significant transfusions As was evident mn our previous
discussion that problem still faces us I am one of those who have
the conviction that at least some of that blood 1s lost within the
vascular bed (1,2) In other words it disappears from the effectine
circulating blood volume but it is still somewhere withm the
vascular system That raises two questions First where 1s 1t?
Secondly how does it get lost?

The problem of “where” is a difficult one to unswer as indicated
earlier in the discussion and is perhaps not the important question
If we knew “how” it got there we should be m a position to resolve
the mystery

In order to understand how blood could get lost in such a situa
tion 1t was my feebng that we had to learn a great deal more
about the physical properties of the vascular bed It was mn this
fashion that I became involved m an mvestigation of the mechanical
properties of blood vessels These properties defimtely important in

mbukdma“mkrrpoﬂcdhﬁcwucmdnullnthu[ﬁunmcm f Pl
Western Reterve Univernty Cloveland, Oluo and sy a g;rgnt #22“’&

Cleveland Area Heart Socioty the most recent stodies vobg:couﬂnucdmum
Department of Physiology Medical Colle&n of Georgla, Auzustti‘ Georgia, with tho
au of the United States Public Health Service Partions of this work have been
Yu lished previoush as you will sce from the referencer. 1 am indebed to Dra.

L Ankeney W $ Edwards, A Hurlunan, and S M Sancetta for ther able
2 Sstane e i carrying out many of the experunents described here
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tem when we perdorm an mjection to study the voscular dis
tensibility

Except for these brief intervals of a few scconds when we momen
tanly cut off the normal blood flow to perform the injection we
followed a ngd procedure of heeping the organ fn communication
with the circulation of the dog Thus although this 1s not a normal
physiological prepation I think it is a little more physiological
than some of the purely m vitro preparations that have been used

PRESSUNE VOLUNME NELATIONSHIPS IN THE AORTA

In order to comprchend the results which may be obtained with
this method, lct us start with the simplest system we could find
by studying a single blood vessc] We need a large blood vessel
and therefore have sclected the thoracic aorta The system we are
dealmg with m such a vessel can be visualized most casily if we
consider first a two-dimenstonal picturc In other words let us
derive the tension and length relationships in the wall of the vessi
In addition to our pressure-volume data this requires approprate
measurements of the dimensions of the aorta From these we may
calculate from our injection records thc changes in tension and
arcumferential length of the aortic segment under study choosng

Tension — Dynes X 10*
@
T

5 Constricted

t 1 ) i
20 25 30 35S 40
Internal Circumference — Cms

Ficome 41 Tenmouleogth dia for a scgment of ot

thoray
}I‘Ddatcd) and after (Constncted) epmcphrhmwcgg’l::\mtcd from dTn obtumzfoli:
frur’aubz with blood at the rate of 50 cmJ per munute. Reprinted, by pennussion,
u)ﬂrpc\.md.zr\ﬂ S The influence of comstrctor drugs on the distenmbility of
ol Z‘L!mﬂlwm“g&?)l?m system, analyzed on the bass of an aortie modil Circul
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a consideration of cuculatory homeostasts, and I suspect that some
of the matenal we shall discuss will eventually be shown to have a
specific pertinence to shock

In approaching the mechamecal and physical analysis of blood
vessels, to which I should like to 1estrict our nitial considerations,
we immediately come upon technical difficulties in design of experi-
ments One 1s faced with the dilemma of conducting experiments
under physiological conditions i which the data obtamable are
extremely meager, o1 designing the experiment so as to obtamn more
vahd data, which requues a radical depaiture from physiological
conditions That situation, of course, 15 encountered 1n other fields
to some extent, but 1t 15 an especially difficult problem to resolve
in this particular sphere of investigation Were we to review the
literature of this field, we should theiefore need to concern our-
selves with a critical survey of the many different techniques that
have been brought to bear on the general problem

To avoid such a lengthy discussion of different methodologes,
I shall confine my discussion to the type of data which one can
obtain with a single technique Naturally, that happens to be the
technique which I have employed I should like to make 1t clear,
however, that I do not present this method as necessarily the best
techmque for approaching any specific facet of the problem I
should also emphasize that many of the thmgs which I wish to
present here are in no way oiiginal, some of these phenomena were
first described over 100 years ago (3) In spite of that fact, how-
ever, their fragmentary nature has resulted in then bemng neglected
over the years

Our techmque uses thiee components first, a motor-driven
syringe that will permit us to inject known volumes of blood at a
very constant and controllable rate (as we shall see, the 1ate of
injection can be extremely important), secondly, a pressure record-
ing system so that we can follow pressuie changes within the blood
vessels during the mjection, and thirdly, an anesthetized dog which
will provide us with an organ to submut to ijection studies In
many of these studies we used morphine and sodwum barbital as an
anesthetic  When we were interested in reflex effects upon dis-
tensibility, however, we used chloralose with moiphine

Our procedure requunes considerable surgical mtervention We
must elminate all collateral sources of blood loss from our njection
site, and be prepared to mterrupt, temporanly, the remamng
channels of blood flow mn order to have the system completely

solated and under the control of our mjector and manometer sys-
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Heymans Where does the epmephrine go according to your
abser ations? Does 1t stay In the aorta or do vou thik 1t may be
conducted by the circulation to other arcas?

Alexander  About 2 half a second after it 1s mjected into the
preparation and before it s had time to flow through and fewve
the aortic segment the circulation is cut off and st is tripped there

Heymans Does the interruption of the circulation behmd the
aorta, by clamping of the aorty not mducc alterations m the cir
culatory systum depending on the rort1 which could interfere with
the responses of the aorta after the arculation has been restored?

Alexander The cnticisms you raise have considerable salidity
As I stated at the outset these are not physiological preparitions
I should gve a few more techmeal details however

The aorta was permancntly cannulated The cannulae at each
end of the aortic segment were connected to large bore stopeocks
and tubing from these stopcocks connected with the arteriil and
venous systems of the dog to provide for normnl circulation of the
segment  Epinephnne was introduced through a side-arm in the
artennal tubing and then the stopcock on the arterial side was
closed. After three seconds for pressure equilibration the venous
stopcoch was elosed and the motor-driven injector tumed on

Heymans Therefore you did not touch the arterial wall by
cutting off the circulation?

Alexander No

Dawes Were both ends of the aortic stnp closed durmg the
measurements?

Alerander Yes

Fremont Smith Therefore 1t was a static situation so far as blood
flow was concerned?

Alexander That is correct there was no blood flow during the
distensibility determination Some circulation to the posterior halt
of the ammal was maintained, however by setting up a carotid to
femoral shunt with large bore plastic tubing during the imtial
preparation.

Thus aortic segment was completely stripped all the mtercostals
had been tied, so it was denervated. We were dealing essentially
with an isolated preparation In addition to that we carefully
allowed an interval of ten minutes between each recording so that
we had a period for stabilization before each mjection.

That of course does not answer your cniticisms At the moment
I am not so much concerned about what 15 causing the changes
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the encumfeirential dimension because 1t 15 the more significant
one In ow pieparations, mcrease m volume due to elongation of
the aoita accounts for only 20 per cent of the total volume increase,
associated with a presswme change of fiom 0 to 250 mm Hg

Figume 41 shows two tension-length diagrams, one obtamed from
an aorta which was in a 1elatively dilated state, and the other
from the same aoita after intioducing epmephrine 1n the aortic
segment These curves show, fust, that we are dealing with an
elastic system as the length increases, the tension increases Yet
it 15 not an 1deal Hookian elastic system, since the relationship 1s
not 1ectilimear, but curvilinear, particularly in the case of the con-
stiicted curve The upper portions of these cuives at high tensions
(equivalent to pressures in the range of 250 mm Hg) exhibit a
steep slope, indicating a relatively stiff system, at low tensions the
slope 1s much more gradual, particularly in the constricted state,
indicating a more distensible system

Such data are not new, they have been obtamed by a number
of workeis One of the best studies of this phenomenon 1s that of
Remington and his co-workers in the Georgia gioup (4), using
different techniques but obtaimning very similar results Therr nter-
pretation, which I think we should accept, 1s that at high pressures
or tensions the elastic load 1s being carried by the fibrous tissue,
which 1s the stiffest of the tissue components m the wall of the
vessel As pressure 1s reduced from these high levels, the more
distensible elastic fibers assume more of the load, and then at lower
pressures progressively more of the load 1s carried by the smooth
muscle, which 1s the most distensible, or the least stiff, of the
components 1n the wall of the vessel In accordance with this
interpretation, note that epinephrine has httle action on the upper
(fibrous) portion of the diagram, but greatly augments the mant-
festation of a more distensible element m the lower (muscular)
portion

Kmisely The human aorta does not have muscle except n the
upper part (5)

Alernander The question of how much muscle there 1s i the
aorta has been debated at length Distensibility studies give the
impression that significant amounts of muscle are present in some
aortic preparations, but not 1 others I think 1n this case epinephrime
1s acting on something I would use the epmephrine response as

evidence that muscle was present
Heymans Isit a local application of epmephrine 1n the artery?

Alexander Yes
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with the data backwards Now let us restore the third dimension
In Figure 42 we see the origmal data These are tracings of the
orlginal recordings transferred to the same abscissal scale Volume
(which was equivalent to a time axis as we recorded 1t) 1s on the
abscissa and the pressure recorded by our manometer 1s on the
ordinate These curves in Figure 42 are the raw data from which
the two-dimensional diagrams of Figure 41 were denved.

Comparing Figures 41 and 42 we see that the third dimension
has altered the form of the curves particularly at the lower end
even though the upper portions of the curves do not differ very
much in form. More specifically the two dimensional diagrams
approach the abscissa in somewhat of a parabolic fashion whereas
the three dimensional diagrams assume a charactenstic sigmoid
twist particularly in the constricted vessel

The explanation of that mflection n the lower portion of the
diagrams in Figure 42 which produces the sigmoid pattern resides
in an old principle which was first clearly stated 1 believe by
Laplace and more recently appled to the blood vessels (6 7)
When we take an elastic sheet and convert it mto a cylinder we
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m terms of the whole ammal’s physiology, as what 1s changing mn
the blood 1 essel

Heymans That makes 1t clear that data obtamed 1n these condi-
tions may be quite different from those that would be observed if
simular volume-pressure changes could be studied 1n the intact aorta

Alerander  Defimitely

Fremont-Smith The data obtained m any esperiment are vahd
only 1n relation to the conditions under which they were observed,
and one must be cautious about applying them to other situations

Heymans Dr Alexander started to say that he quite reahzed
his conditions were very different from normal physiologic ones
We have to keep that in mind when drawing conclusions from
these experiments and observations

Green Was the tension in dynes?

Alevander It was dynes per longitudinal centimeter of aorta,
which T related (in Figure 41) to centimeters of circumference
To be strictly correct, these data should be espressed as dynes per
square centimeter of aortic wall That forces us to assume homo-
geneity of the aortic wall, however, and I am not sure that we
learn any more by domg that

Green Are you thinking of dynes that would tear the aortic wall
m a longitudinal direction?

Alevander Yes, the tear would run longitudinally

Kmsely Does this segment expand longitudinally?

Alevander Oh, ves

Kmsely Thus, your dyne statement ought to have corrections
for thickness of the wall

Alexander That correction has not been introduced, 1t 1s a
small one

The data m Figure 41 are dernved from records obtained with
the motor-drinen syringe At the moment the svringe 1s started, the
pressure (or tension) has equbbrated at approximately zero The
injection then proceeds at a rate of 50 cm* per munute, for a period
of about eight seconds 1n this esperiment Durnng this period of
continuous 1njection, contimuous pressures within the vessel are
simultaneously recorded which progressiely ascend from zero to

about 300 mm Hg
Burton That 1s slow enough so that the rate does not affect the

pressure ou obtamn®
Alexander That 1s correct, at least, not significantly in the case
of‘thé aorta I purposely started off with the simpler two-dimen-

qional diagram of Figure 41, even though 1t has forced us to deal
O
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of Laplace I think what Dr Alexander has been discussing 1s 1
tension length diagram

Alexander There is one detail T might point out for 1ts physio-
logical mterest Figures 41 and 42 tell us that the constricted vessel
1s more distensible over most of the pressure range This we have
eaplamed as due to a greater participation of the more distensible
muscular element Thus contraction of the smooth muscle can cffec
tively constrict the lumen of the aorta but at the same time 1t acts to
merease aortic distensibilits This r lationship has been demonstrated
by other techniques m the living animal (9) but the castence of this
phenomenon has frequenthy been overlooked m our thinking

Nickerson Are vou going to draw any conclusions regarding the
senal or parallel arrangement of (lastic and muscular elements from
this diagram?

Alexander 1 would rather let someone like Dr Burton or Dr
Lawton discuss that problem It 1s an mportant and mtrigumg
question but it can become exceedmgly complicated (10)

Rnisely Dr Alevander this is not a cnticism but I think it
would be interesting to sce if there were some musculature in each
specimen Between what numbers was the segment?

Alexander 1t was between 2 or 3 and 8 or 7 in the dog 1 confess
I have made no attempts to verify the existence of muscle histo-
logically but the epinephrine does something If it does not work
on the muscle I am cunous as to what it is working on

Knisely On the connective tissue?

Burch Was there any volume change in the segment when
epmephrine was applied?

Alexander That is shown in Figure 42 by the reduction m the
fmitlal volume at the zero pressure line

Burch Is that the volume of fluid wjected?

Alexander This brings out one umque advantage of the aortic
preparation Before we start the injection we mav close the system
off and then withdraw all of the blood within the aortic segment
until complete collapse occurs After measunng the volume of the
blood that has been taken out, 1t is returned to the aorta and then
the injection with our motor-driven syringe is started. The mtial
volume measured n thit fashion then becomes the point where
we start ploting the curve when we retrace 1t on these abscissal
units of total volume as seen in Figure 42

Green In obtaining the plots did vou start at one end and move
progressively to the other or did you start at one point and move
back to another? Did vou come back down the same curye?
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intioduce geometrical phenomena associated with the fact that the
elastic tension 1s now acting tangentially to the wall of the cylinder
The smaller the 1adius becomes, the more effective that tension
will be m producing pressuie withm the vessel Therefore m Figure
42, as contiasted with Figure 41, there 1s a disproportionately steep
115 1n pressure m the lower pressure range where the radius of the
aoita 1s 1elatively small It 1s this 1nitial steep rise in pressure which
15 1esponsible for the sigmoid form of the diagram, an effect which
15 exaggerated when the vessel 1s constiicted by epimephrine

Acheson As a phaimacologist, I am naturally interested i how
much epmephiine you admiistered, and whether the time at which
you gave 1t was important How long before the start of the infusion
was 1t given? Did you obtain the same result at different levels
of dosage?

Alerander We weie looking for a mawimal response that we
would have no tiouble m 1ecogmzing This 1s the response to a
relatively massive dose of 20 ug, mjected directly mto the aortic
segment I rmght add that we have used the regular Parke Davis
product mstead of the newer purified compounds Our mterest 1s
simply 1n defining what mechanical changes can take place in blood
vessels, obviously this leaves much to be desned from a pharma-
cological pomnt of view

Green 1 believe that the epinephrine Parke Dawvis have been
producmg for the last two years 1s practically the same as Winthrop
Stearns’ l-epmephrine, and 1s almost pure l-epmephrine, which
contamns less than 01 of 1 per cent of norepmephrine

Alexander 1 do not have the date of the preparation I used It
was from the stock of drugs in Dr Wigger’s laboratory, and quite
possibly could have been in the laboratory at Cleveland when you
were there, Dr Green

Green That 1s quite old, I left there December 1944

Lawton The S-shape of the curve does not necessarily follow
from the Laplace principle There are any number of relationships
that will lead to a similar S-shape Consideration of kinetics by
Stacy (8), reported at Montreal, gave nise to a shghtly S-shaped
curve Some of the theories of rubber, and the elasticity of high
polymers, give rise to an S-shape Thus, we have our choices as to
what hypothesis we should like to use on the basis of S-shape

Burton 1 thik Stacy was not talking about an S-shape m a
tenston-length diagram, but an S-shape m a volume-pressure dia-
gram, and definitely there 1s no question how that 11ses We know
that to translate 1t mnto a tension-length diagram, we use the law
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Loop

um\z A and through artenal cannula B to the loop After perfusing the loop
1t out venous cannula C through st D and then to the fugular vein.
For ditenubibty determinations, stopeocks A and D are closed, and while recording
yenmus preswars with munometer £ mjoctions are mado through the ol trap F
\aﬁﬂrlmmd.n\m nnge G Du ruling 1ndscates the portion of the system

cd with mmeral the of the mystem i1t filled with the dogs
blood. In womo e\peruncats, changes m weight of the loop were measured by
upporting the Joop on the pan of the recording balunce H

3
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\Vevandar Mumost bt not quute the same e the case of the
aorta I should ke to tnn to o consderation of those phenomena
- the penpheral vascular bed and i that case [ shall have a lot
to sav abont that particular problom

PRESSEIIT-NYOLUNE BEDAITONS QF TP SMENOUS
SYSEEDN OF AN INTESHINAE TOOP

We aecommze that the aorta v not an cntirdly typreal blood
vessel bot Tor the moment It us accept the relationships we have
scar e Preanes A and 12 08 o prototype and soe what other blood
vessels look Tike To approaching tham howover we have retamed
as doscy as possible the same technugues of stady cwept for the
necessany smarcal modifications Spoathcally - et us apply these
methods to the vascul bod of anantestinal loop with a prepara-
tlon set up e the wannce dllosteatod schematically e Freure 13

\ Joop of about 200 cm of dowm s prcpaircd wath hoth ends tied
offl and all mcsentene branches avaept the mam mesenternic artery
and vem heated A connection s made between the carotid and
the mesentenc artertes supplvng the loop (B) This arcuit passes
through a stopcock ¢ £ which pernnts us to et off the arterial
supply to the loop without any manipulation ot the blood vessels,
& stde-anm on this stopeock also pernits us to mtroduce drugs mto
the preparation The mesentene vem s cannulated (C), and the
venous blood led thiough a second stopcock (D) and then to the
jugular vem This latter connection to the jugular vem consists of
an open tube diammg mto a funnel, the pressure i the venous
cucmt when the stopcock (D) 1s open 1s determmed by the hvdro-
static level of this tube Between the venous cannula (C), and the
venous stopcock (D), there aie take-offs for pressure recordmng
(E), and for injecting blood with owr motor-driven syringe (F-G)
As a student of the Wiggers school, I still prefer a simple membrane
manometer system with optical recordmg on photographic paper

As outlined earlier, movement of the syringe (G) 1s accurately
controlled by a heavy constant-speed motor drive, which actuates
the syringe through a gear tram providing for selection of different
speeds of mjection To elimmnate difficulties in manmpulating a blood-
filled syringe, smooth operation 1s assured by having the syringe
itself filled with mineral oil, which communicates with the system
through an oil-blood trap (F) In oider to estimate the change mn
volume of the vascular bed of the loop pioduced by drugs, we

transfer the loop to the scale pan of a stramn-gauge balance (H),

giving us a continuous electrical recording of the weight of the loop
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Alexander Yes Wehad to treat these preparations with large doses
of atropinc to preyent intestinal motihty which T mght sy is quite
a techmical problem. One advantage we discovered 15 obtamed with
the loop hanging on the scale pan of the balance This shows up Intes
tinal motihty fairly sensitivcly as undulations m the wcight recording

Heymans 1 quite agrec with you that atropine will rule out
some of the mtestinal motilty but atropme docs not rule out the
action of epinephnine on all structures n the mtestml loop

Nicherson We are in an unfortunate situation pharmacologically
in that I do not believe there 1s any procedure or agent which can
effectnely eliminate the c(ffect of cpinephrme on the intestinal
smooth muscle

Alexander 1 realize that there 1s ground for criticism on this
point and I have been plending with the pharmacologists to pro-
vide me with a drug that would knock out the intestinal smooth
muscle and not interfere with the vascular smooth muscle

Acheson T assume it is impossible to make these measurements
in the absence of atropine Or does 1ts absence merely make them
less accurate?

Alexander It 1s quite possible to make these measurements with
out atropine provided one 1s fortunate On the infrequent occasions
when in the absence of atropine an mjection record can be com
pleted without any evidence of intestinal motility appearing during
the process the curves look just the same as those obtamed 1n the
atropinized preparation The more common experience in the
absence of atropine however 1s to get part way through the injec
tion and then find a peristalic wave comng along which seriously
distorts the pressure recording It {s known that contraction of the
smooth muscle of the wtestine can quite effectivelv compress the
blood vessels in that organ (11)

Heymans In addition to its action on the mntestinal movements
dont you think epinephrine could also act on some other structures
in this loop and interfere with the responses obtamed by injecting
1t mto the artery? There are many influences I should say other
than the action on the movements of the mtestine which are pro-
duced by epinephrine Therefore this situation 15 a very com
plicated one and it may be that we are trying to solve a problem
with many unknowns and variables

Stead T am just wondering as to veins in this preparation

Alexander Actually the pressure volume diagrams that we have
recorded from the wmtestinal loop preparation are dommantly e
nous although I do not want to defend the pomnt at this Hme
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That 15 obviously not a very good quantitative method, but 1t per-
mutted us to make some estunate of the changes m the vascular
volume

The type of information we obtam with this preparation 1s shown
in Figure 44 After introducing the drugs into the side-arm of the
arterial circutt supplymg the loop, the arterial stopcock was closed
In the case of the intestine, 1t then required a period of ten seconds
for venous drainage and pressure stabthzation The venous stopcock
was then closed and the motor-driven syringe started Figure -+
shows the venous pressues recorded, related n this case to the
change in weight of the loop as recorded with the stramn-gauge
balance

Heymans Was the artery 1solated from the surrounding tissues?

Alerander Yes, 1t was completely denervated Actually, in these
experiments, the loop was grossly removed from the animal

Heymans Was the artery disconnected from all the surrounding
tissues near the loop, or not?

Alexander It was dissected free so that 1t could be sectioned

and cannulated
Heymans Could any epinephrine fiom the artery get mto the

surrounding tissues?®
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Alexander Yes We had to tre it these preparitions with large doses
of atropme. to prevent intestinal motility: w Inch I might say 15 quite
a techmcal problem One advantage we discovered s obtiined with
the loop hanging on the seale pan of the bilance This shows up mtes
tmal motility furly sensitnn ey 1s undulations in the weight recording

Heymans I quite agrec with you that atropine will rule out
some of the intestinal motility but atropine docs not rule out the
action of epinephnne on all structures m the mtestmal loop

Nickerson We are in i unfortun te situ ition pharmacologically
mn that T do not believe there 1s any procedure or agent which can
effectively eliminate the cffect of (pinephrnme on the mtestinal
smooth muscle

Alexander 1 realize that therc 1s ground for criticism on this
pomt, and I have been pleading with the pharmacologists to pro-
vide me with a drug that would knock out the mtestinal smooth
muscle and not interfere with the vascular smooth muscle

Acheson T assume 1t is impossiblc to make these measurements
m the absence of atropinc Or docs 1ts absence merely make them
less accurate?

Alexander It 15 quite possible to make these measurements with
out atropine provided one is fortunate On the infrequent occusions
when m the absence of atropine an mjection record can be com
pleted without any evidence of intestinal mothty appearing dunng
the process the curves look just the same as those obtained in the
atropinized preparation The more common experience mn the
absence of atropime however 1s to get part way through the injec
tion and then find a penstaltic wave coming along wlich serlously
distorts the pressure recording It is known that contraction of the
smooth muscle of the intestine can quite effectivelv compress the
blood vessels in that organ (11)

Heymans In addition to its action on the intestinal movements
dont you think epinephrine could also act on some other structures
n this loop and interfere with the responses obtamed by injecting
it into the artery? There are many influences I should say other
mmiyﬂcehgﬁe;?ﬁi m’ﬁ: ;:Telfe;t: oti lt;‘he ﬂte;tjne iSwhich are pro
plicated ane. and 1t may by He situation is a very com

y t we are trying to solve a problem
with many unknowns and vanables

i‘]‘;‘l"fn; :mA]“St ]Tondcring as to veins in this preparation
recorded ferom ‘:ﬁ:ﬂ Ytthe Elr&ssu:e volume diagrams that we have
nous although I dom sSunal oop preparation are dominantly e

not want to defend the point at this Hme
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LEottow's sorr e Alesander wonld Iike to add the following
to s temanks at the conterenc

I was here allndimy to work amtnited ust bofore leaving the
Libor ttory to attend the conforance, which was completed shortlv
alter returmng to the Libor oy If a0 prosure manometer s ntro-
ducad mto the uternd aromt throueh the adc arm at A (Figure 13),
wjecton of the mesenternic sam at the rates anployad here fals to
hoc an mthicnce on the arternl prossure rocordmg, even though
the mpection procecds for ten soconds This s anterpreted as evidence
that 1ctiogride How to the arternd side of the vascular bed does not
occm under the conditions of those awperunents and thercfore we
we studvine strcthy splanchme vonous distensibihties (12)

Selhurt There s one other techmeal pomt, and that 1s the possi-
biity of the ttanslocation of thnd from the blood mto the lumen
terms ol filbation thiough the capillany bod This whole system 1
mcluded, 151t not?

Mevander  That as nght

Selhurt Does that moany way alfect the evpeniment?

Knisely Is the loop entuely amputated?

AMevander Yes ‘The question Dr Selkut rased 1s a very mm-
portant one, on which we shall offer evidence i a few moments
Biiefly, 1t we reverse the svimge and wathdraw all the mjected
fluid, we recover all the mmjected blood with only a slight deficit n
pressuie as compared with the mitial pressuie before we started
the mjection This decrease we mterpret as leakage fiom the blood
vessels we are studving, but the defiat 1s so shight that we do not
believe that sufficient leakage occns to distort, qualitatively, the
form of the curves bemg obtamed Obviously we would feel much
happier 1f some of these technical impeifections m methodology,
which you mention, could be eliminated, but we have not been
able to solve completely the pioblems of expertmental design

Acheson Do I understand that each cuive 1epiresents one excui-
sion of the syimge, and theiefore changes with 1espect to time?

Alerander  That 15 11ght

Acheson What T am thinking 1s that the epinephime m this case
15 not going to have a steady state effect, but will also be changing
with time

Alevander In this case we allow 15 seconds after mtia-aiterial
administiation of epmephime foir the system to stabilize We do
not have a 11ght to expect complete stability, but with massive doses
of 20 pg of epinephime njected dunectly into the artery supplying
the loop, 1t 1s our opion that a maximal plateau 1s 1eached so fa1
as the constrictor efect 1s concerned, which lasts for many seconds
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This mference s supported by such ebscnations as the duration
of the reduction m blood flow through the loop which one obsen es
after such a dose of «pmcphrine

Acheson That is the same curve 15 obt uned whether onc warts
for 10 or 15 seconds?

Alexander Yus.

Heymans Obsers wons ou the 1solited carotid sinus and ¢ wotid
artery preparations showed that at high wmternal pressurc ranges
leaks through the capillary bud (1asa casorum) of the artenal wall
occur These leaks mav perhaps be clased by epinephrine Could
that not have an nflucnec on vour data?

Alexander As I sad 1 reference to Dr Selburts question the
ability to recover the volume we injeet offers no support for the
idea that there is sigmficant lcakhage even though there 1s evidence
of some mmor leakige as one would expect In all preparitions
which we have used this mjection techmane we have nesver seen
severe leahage excupt after tove agtats such as massive doses of
histamune or sodium nitrite

Rnisely How long do vou wait between amputation and the
tume the mjection 15 made? I rase that question hecause the longer
the time the more chance there 15 for stagnant anoia to occur

Alewander We preserve a normal arculation through the prepa
ration at all times except for the brief interruptions to perform our
mjections  After completing the surgery incident to the imtiai
preparation we purposely wait for about two hours for complete
control of leakage points resulting from the surgery as well as for
stabibzation of the preparation

Knisely For how long 15 the arculation cut off?

Alexander In the case of the mtestinal loop the epinephnne 1s
given about 5 seconds before the artenial flow to the loop is cut off
We then wat 10 seconds for venous drainage followed by an
mterval of 3 seconds between closing the venous stopcock and
starting the injection syringe At an injection rate of 60 cm?® per
minute the mjection takes another 5 to 6 seconds This represents
@ total interruption in blood flow of Jess than 20 seconds
“all\lnsisdy There 1s not much time for disintegration of blood 1 essel

Alexander There is o suggestion of that

Howard As 1 understand 1it, you have a loop of bowel and are
measuning the blood volume and venous pressure?
Alexander Yes

Howard During the time of mfusion with no outfow P
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Vievander That b, neht

Coroon Dl yon s that the penstaltic wove e d the wereht
of th lnnp o th presange?

Vevandeor 1tdoc hoth Ponstaltic ity compre e the mesen-
tenc sams and ther by directh e the wonons prossure we are
recordhne o wldition ance the liop on the wcdde pan s sull con-
nected sath the ol and pochaon bz perstiltic actinaty
mtrodnces die betwoon the cmmnla and the se e sooas to alter
the appuent worght ot the picpariion This Tist of conrse, s not
Areal woreht chanes

Hoymany Bofore we can consider the condchiustons we have to
wirce on the ayvponmentd conditions e scort un whether there
o leak e it cartun prossure panscs an the atory Our experinents
oo bocn pafmmed on nolated sevments of arters and under
stiic pressure s the avpornments of T oanderen 013) on the
sune preparitton we found that the Iods could be markedly
decreased or cven avorded by Blline the dosed arterial seument
with o dovtran solution The Luve dovtran molocules cdose the
ciptlhay bed of the artcind wall

Vevander But 1 did not cploy static prossures

Nicherson 1T thank there s aomorpholoaical caplanation for these
cdhlfcrences Dr Hovmms' proparation was a completely strpped
scement of a large awrtary, md the connections of the vasa casorum
with the rest of the vasculn svstom were all sectioned, that s, he
had an open-ended svstem On the other hand T suspect that m
D1 Alexander’s preparation, to a Luge ostent, the casa casorum
were stll connected with the test of the vascular svstem  Fluid
was probablv still going thiough them, but the leahage was back
mto the system he was measunng, rather than mto the muscle bath

Creen I think that s true with the mtestinal preparation, but
not with the solated aorta

Alexander T think that this leakage problem will be answered
by the data we have, when they have been analvzed As we have
previously pomnted out, the curves obtamed from the aorta (Figure
42) were very sumlar to those which we found i the mntestinal
loop preparation (Figure 44) In both pieparations sigmoid curves
were observed, and in both nstances the action of epinephrime
displaced the curve to the left, particularly over the low pressure
range, with an exaggeration of the sigmoid twist This agreement

between the results obtamed from a very simple system, and from
a system which 1s infimtely more compley, anatomically, gives us
confidence for extending our interpretations It 1s our basis for
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suspectng that the numerous technieal detarls which you have
criticized arc the sources of quantitative rathor than qualitative
errors

In the intestinal loop wc agam see 2 marhed increase n the
distensibility of the vessels produced by the constrictor drug over
the pressure range of 20 to 40 cm of saline Iowever the sigmoid
twist is intensified by epinephrine to the pomt that at low pressures
below 20 cm of saline the constricted cunve tends to nse more
steeply indicating a greater stiffness m the constricted vessels This
again would appear to relate to the Laplacian phenomenon In a
vascular bed containing much smaller vessels than the aorta a
greater nfluence of the Laplacian effect 1s exicthy what should be
anticipated

1f we could accept this picture of vascular distensibility as being
dependent upon the elastic properties of the vanous components
of the vessel wall as dlustrated in Figure 41 complicated by the
Laplacian effect which becomes progressively more important as
we study smaller vessels then we would have a very sound basis
for analyzing the distensibility of the vascular system Unfortunately
it is not so simple as that

One complication which many of you have anticipated, is brought
out in Figure 45 In this expenment we did not use any drugs
the diagrams are of successive injectlons into the intestinal loop at
rates of from 10 to 100 cm? per minute as indicated to the nght
of each curve The 10 cm? per minute injection required about 30
seconds that of 100 cm? per minute took 3 seconds In this case
we recorded the pressure duning the injections without any attempt
to measure changes in mitial volume the loop was not on the
recording balance.

One immediately sees a major problem It explains why I have
been emphasizing the use of a motor-driven synnge with continuous
pressure recording The constancy of the rate at which the blood
vessels are distended is extremely important 1f reproducible results
are to be obtained It Is evident in Figure 45 that a tenfold change
in injection rate produces a tremendous difference in the pressure
volume relationships that are measured.

Another way of demonstrating the time dependency of pressure
volume relationships is to inject blood and then withdraw that same
blood at exactly the same rate as shown in Figure 46 In this figure
and in the following figures we finally have the evidence which

we should have had some time ago 1t represents my answer to the
leakage problem.
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Vevander  Thiat v, pehit

Cacon Dud vor say that the porntaltic swanve changed the weight
of the loap o the precanc?

Veovander Tedacs hothe Pone tltic wtivats compre sses the mesen-
tenie vems and thaeby duaccthe adteg the sonons prossure we are
rccondmy o addiion amce the Toop on the wCile panoas stll con-
nected with the cannulie and podfiaon tbie parnntaltic activaty
tntroduces hiaw hetweon the cannnbw ad the scade so as to alter
the apparent werght of the proparition This Tt of course, 18 not
treal werght chanee

Heymans Botore we can consider the condlusions we have to
agtce on the aypauncntd conditions and secrtam whether there
s teak e b cartam prossune s the artery Our avpernments
have hoen peformad on solitcd sesments of artery, and under
stattc prossire As an the avponments of [ owderen (13) on the
same preparation we found that the loaks conld be markedly
dearcased o even awvonded by filline the (losed anterral segment
with @ devtran solution The luge dostran molccules close the
captllany bed of the aiterial wall

Ucvandcr But T did not amploy static pressunes

Nichcrson 1 think there s amorphological explanation for these
differences D Hevimans” preparation was a completely stnipped
seament of a large witery, and the connections of the vasa vasorum
with the rest of the vascular system were all sectioned, that s, he
had an open-ended svstem On the other hand, [ suspect that m
D1 Alexander’s preparation, to a luge estent, the casa vasorum
were still connected with the 1est of the vascular system Fluid
was probably still gomg thiough them, but the leakage was back
imto the system he was measutig, rather than wmto the muscle bath

Gieen I think that 15 true with the mtestinal preparation, but
not with the 1solated aorta

Alevander T think that this leakage problem will be answered
by the data we have, when they have been analvzed As we have
previously poimnted out, the curves obtammed from the aorta (Figure
12) were very similar to those which we found in the intestinal
loop preparation (Figure 44) In both preparations sigmoid curves
were observed, and m both instances the action of epmephrine
displaced the curve to the left, particularly over the low pressure
range, with an exaggeration of the sigmoid twist This agreement
between the results obtamed from a very simple system, and from
a system which 1s mfimtely more compley, anatomically, gives us
confidence for extending our mterpretations It 1s our basis for
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Pressure-volume  dugrams obtatned by the njection and immeduate
withdrawal of blood at the rate of 00 cm' per nunute from the mescntenic veln
of an wmrestinal loop

tvpical one in this regard because the discrepancy at zero volume
1s pgreater than usual

Anisely Does the difference mn space necessanly indicate volume
difference? Vhght 1t be due to changes m the coefficient of elasticity
of the smooth muscle duning that time?

Alexander At o given pressure let us say at the 10 cm level
there 15 a tremendous difference in volume Indeed w terms of the
volume increment there 13 about a 1000 per cent mcrease between
the upcurve and the downcurve In the upcurve it is about a 0 4 ml.
increment, whereas coming down it 1s about 4 ml Thus very large
volume changes may be obtamed in the vascular bed under the
same pressure conditions depending upon the past history of pres
sure exposure of that vascular bed.

Green Are these venous pressures?

Alezander  Venous pressure recorded from the intestnal loop

Bozler How rapidly was the injection made?

Alexander At a rate of 60 ml. per minute

Houward Was withdrawal made at the same rate?
Alexander Yes
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The pressures recorded during mjection are indicated by the
upwardly directed arrow, at the peak, the gear train was reversed
to withdraw the same blood at exactly the same rate You will note
that at the point of “zero” volume, the two pressures are not quite
the same To recover all the blood we njected, we lowered the
pressure shghtly below that at which we started This discrepancy
can be attributed to leakage of the injected blood, but 1t 1s entirely
too small to indicate that such leakage results 1n any gross distortion
of the curves we are observing Actually this experiment 15 not a
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As we would antispate the second mjection did not give us the
same curve as the first Somewhat to our surprise however we
found that the withdrawal cunves were supenmposed The original
data of course were not pomts as suggested here but were con
tinuous curves To transeribe the curves from the origmal photo-
kymograph papcr onto a common abscissal scile of volume we
measured a series of points as mdicated I think you will concede
therefore that the slight vanations between the open and the
closed circles measured on the withdrawal cunves are sill enough
to be within the error of such a measurement and that I am justified
in saymng that the curves are supenimposed In desenbing this type
of phenomenon we have 1 problem regarding ternunology We are
obviously dealing with a time-dependent cffect This type of thing
@ving us a loop charactenstic to our diagmams hus frequently been
termed “hysteresis” Recently many people have been objectng
to the careless way in which hysteresis is being used m the biological
sclences and have suggested that other terms should be mtroduced
Some are now substtuting the term “stress relaxation”™ for this type
of behavior n biologicnl phenomena. T believe Dr Richard Lawton
15 one proponent of that term and I have discussed 1t with hum at
great length

I understand that “stress relaxation” has been adopted by phys:
clsts working on rubber If we accept the 1dea that the aorta is like
rubber the transfer of the term would be mdicated. However I
am not at all sure how closely the blood vessels duplicate the situa
tion in rubber particularly in respect to these loops seen m Figures
48 and 47 Therefore at present I prefer to call this phenomenon
n blood vessels a “delayed compliance *

?urton As a physiast, T do not think it 1s correct to use “hystere
su” in connection with time-dependent things It 1s correctly used
in connection with what you would call “history-dependent™ things
In other words it is not the time you take to magnetize or demagne-
Yize a magnet, (the first use of the term “hysteresis™) that matters
It is whether it has been magnetized or demagnetized.

Comroe 1s the return loop not hysteresis?

Burton 1 think this looping depends upon the fact that the
vessel has been stretched rather than rolaxed. You could call it
hysteresis but in so far as it depends on the rate that 1t is injected
and at whch it 15 withdrawn it is not hysteresis This is a “time-
dependent” loop

Burch Dont you think hysteresis is playing a part?

Lawton According to mv understanding of “hvsteresis ” a gen
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Howard 1 do not understand your curve Were 4 ml going 1n,
or were they already in® The pressures are equal

Alevander That, of course, 15 a very difficult question, I hope
we have the answer

STRESS RELAXATION, HYSTERESIS, DELAYED COMPLIANCE

Burch Does the shape of the return graph vary a great deal?

Alexander Figure 47 will answer your question, Dr Burch As
you will see, we have introduced another variation Agamn we have
an 1ntestinal loop mnjected at the rate of 60 cm? per minute

Curve No 1 represents the mitial injection following ten minutes
for stabilization of conditions within the loop Curve No 2, as
mdicated by the solid circles, represents the mjection which was
performed immediately after completing withdrawal of the first
mjection Thus, 1t went m, out, 1n, and out
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supenmposition of the withdraw i} cunves obscrved in Figure 47
This relationship does not fit with many of the hypotheses which
might be advneed to caplun the looping chaructcnstic Many
processes (¢ g viscous drag) should gne concentne loops wlich
move towards or ay from 1 medim trend Here obvioush  the
imjection curvc 1s moving, but the withdrawal cunve s not moving
Burton 1 do not undcrstind your conception of a concentric loop
Alexander By concentrie loops I mmply a svstem of loops in
which the ascending ind deseendmg, curves bow to cither side of
a mean pathw v Amy process mnerc sing the degiee of bowmg on
the ascending pithway should produce 1 sinular inereqse in bowmg
of the descending pathway n the opposite direction so 1s to pre
senve the relatine symmetry of the loop about 1 fived mcan
Richardson Is this the same sort of thing that many people speak
of m physiology and pharmacology as “the phiysiological stite™
Alexander 1 do not use that term I am not quite sure how vou
have used it. Thereforc I cnnot answer that
Richardson Supposc vou do this ten times Do vou get to the
point where the withdrawal and the wjection are the same?
Alexander We approach it but in no sense do we get there
Dawes You mean if vou do the third then it falls below the
secand?
Alezander Yes but it 1s much closer to the second and we have
never been able to get down to the withdrawal curve
Anisely And all withdraw il curves are constant?
Alexander 1f we use the same rate of withdrawal
Richardson In other words vou are approaching constant cond:
tions?
Alexander Yes 1n a dvnamic sense
Dawes If you then wait for 5 minutes and repeat the process
do you obtam the same 1mtil curve?
Alexander We are back on Curve No 1 We have waited 10
mmnutes as a rule although in 5 minutes we are pretty close to 1t
Let us rawse one further questton now I think we have estab-
gSheddthut there 15 a time-dependent feature here Is it pressure
epen
rag which Should be modepentent of pressmmem?’ mple iscous
thesunes o [maepences p per se even though
perimposition of the withdrawal curves would argue agamst
that. However 1t is significant to find out whether pressure has any
lnlll:encc on the type of behavior we see
igure 48 shows another variaion of these experiments Wi
started out by making a tvpical mjection and \wthz’i(}:vnl of b]m:(Le



158 Shock and Cuculatory Homeostasis

eral defimtion for mechanical systems 1s that it concerns the path
(14) the path gomng up 15 different from the path coming down
A number of 1easons could be proposed for this, the chief of which
1s time Fiequently there 1s a change i the temperature as the
system 1s distended Thus, as D1 Burton says, theie 1s a different
system at the top from that at the bottom It 1s a warmer system,
and 1t will come back along a different path Hence, mechanical
and theimal changes aie two possible causes of hysteresis

A thnd would be a change n the chemical structure of the sys-
tem a phase change That 1s, if one thinks of this as a polymer
system 1n which one 1s bieaking cross bonds as 1t 1s stretched, the
reformation of the cioss bonds may take place at a different rate
on the 1etwin fiom that of the bieaking process gomg up This
would give 11se to a loop. Rubbe:r goes through a process of crystal-
hization when 1t stietches, and the decrystallization process takes
place at a different rate fiom that of the crystallization process
One, theiefore, gets a loop anangement Thus, there aie, to my
muind, many different causes fo1 hysteiesis, and one has to seek to
elimmate them as best one can

Alevander 1 shall call this “delayed compliance” until I am sure
what 1t 1s I think that would be the time to settle the semantic
dufficulty

Burton The word “compliance” disturbs me I cannot remember
the references, but I have just read a paper 1n the field of elasticity
m which the woid “comphance” was used as meaning something
quite different This, I think, 1s a very serious thing, let us conect
this source of confusion before 1t starts

Kmisely Theie 1s an excellent glossary of rheological termmology
called Industnal Rheology and Rheological Structuires, by H Green
(15) Furthermore, 1t provides an excellent simple ntroduction to
many rheological concepts currently mn use

Lawton Dr Alexander and I have been through this pioblem
of terminology m correspondence I have tentatively come to the
conclusion, after talking with a number of people, that perhaps
the term “delayed compliance” 1s not too bad To be suie, “com-
phance” 1s used 1 an entirely different manner, but one can use
“delayed comphance” provided one explains how one 1s using 1t

Knisely You cannot select a word until what 1s happening has

been mterpreted
Alevander That 1s right Proceeding, then, with that 1dea, what

9
1s happening
Onlzzpfurther pomt should be brought out i reference to the
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superimposition of the withdrwl cunes observed m Figure 47
This relationslip does not fit with mn of the hypotheses which
might be advanced to cxplun the loopmg chircteristic Many
processes (e g viscous drag) should gine concuntne loops which
move towards or a1y from 1 median trend Here obvioush  the
mjection cunve is moving but the withdrwal cunve 15 not moving

Burton T do not undurstand sour conception of 1 concentric loop

Alexander By concentrie loops | imply 1 svstem of loops m
which the ascending and descending cunves bow to either sidc of
2 mean pathway  Any process merc g the degree of bowmg on
the ascendmg pathw w should produce 1 similar incrense in bowmg
of the descending pathw w m the opposite direction so 1s to pre
serve the relative symmetny of the loop about 1 fived mean

Richardson s this the same sort of thing that mamy people spc ik
of n physiologn nd pharmicology as “the phvsiologicil state™

Alexander T do not use that term T am not quite surc how yvou
have used 1t Therefore I cannot swer that

Richardson Suppose vou do this ten times Do you get to the
point where the withdrawal and the mjection are the same?

Alezander We approach it but m no sense do we get there

Datres You mean 1f vou do the third then it falls below the
second?

Alexander Yes but it 1s much closer to the second and we have
never been able to get down to the wathdrawal curve

Anisely And all withdrawal curves are constant?

Alexander 1f we use the same rate of withdrawal
u R!%hanlson In other words vou are approaching constant cond:
ons

Alexander Yes mn a dynamic sense

Dawes 1f you then wait for 5 minutes and repeat the process
do you obtain the same mital curve?

Alexander We are back on Curve No 1 We have waited 10
minutes as a rule although 1n 5 minutes we are pretty close to 1t

Let us rase one further question now I think we have estab-
lished that there 15 a time-dependent feature here Is it pressure
ggmdcnt? That 1s important because this might be sumple viscous

g which should be independent of pressure per se even though
the superimposition of the withdrawal curves would argue agunst
that. However it 1 significant to find out whether pressure has any
mfuence on the tvpe of behavior we see
m:::ggrc 48 shows another vanation of these experiments We

ed out by making a typical injection and withdrawal of blood
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Ficure 48 Comparison of a continuous injection and withdrawal (dashed curves)
with an injection at the same rate, but interrupted at three pomts for intervals
of 10 seconds

In this case we used an injection and withdrawal 1ate of 375 cm?
per minute As indicated by the dashed curves, this gave us a loop
which was not as wide as we have seen before at faster injection
rates, but nevertheless a loop was still present Then we repeated
the injection at the same 1ate, but mterrupted 1t periodically, pio-
ducing the curve shown by the sohd line of Figure 48 The thiee
vertical notches represent three interruptions in the injection process,
each of which indicates a stoppage of the mmjecting syringe for a
period of 10 seconds These 10-second mterruptions were 1n excess
of the total time required for the mitial continuous mjection (upper
dashed curve)

Note the first interiuption We obtained a very small fall m
pressure, even though we had static conditions for ten seconds We
did not 1n any sense get down to the withdrawal cuive

With the second imterruption we see a somewhat greater fall
We were still not down to the withdrawal curve, although we were
obtaiming a steeper slope  When we reach our third inteiruption
pont, the pressuie level rose significantly When the mtenuption

el
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1s made under these conditions the pressure falls down sharphy to
the withdrawal cunc This figure demonstrates that the difference
between the mjection and the withdriwal curves is not merely a
matter of time High pressurcs must be ercated wathin the vessels
in order to produce the shuft from the mjection distensilufity pittemn
to the withdrawal dwstcnsilnlity pattern

Dattes This is still ntestinal loop?

Alexander Yes

Fremont Smith  What happens to the withdrwal cunve at the
end of the experniment

Alexander A withdruwal cunve at the end 1s esscntially the same
as that obsenved after the mitial injection

Heymans Whcn you say “withdranal™ thit means interruption
of blood flow at the same tune?

Alexander Blood flow through the preparation 1s cut off during
each injection rcpresenting about 20 seconds for the continuous
injection and 50 seconds for the interrupted injection

Heymans When you interrupt blood flow you are not only
changing pressure but also altcrations mm oxygen supply and CO
withdrawal. Thus there are other factors besides pressure change
in your experiments

Green What was the time required for the third drop?

Alexander Ten seconds Each mterruption was 10 seconds

Green How quichly did it take to get to the bottom did it tuke
the full 10 seconds?

Alexander Tt resembles a logarithmic curve which is pretty well
plateaued at the end of 10 seconds We have not analyzed it
quantitatively

Comroe Does leakage through the capillary bed play any role
when the pressure in the system exceeds from 25 to 30 mm of
mercury?

Alezander 1t probably plays some role

Comros But that would explain only a small part of 1t?

Alexander 1 think so

Lawton At the first interruption would the pressure continue
to decay if sufficient time were allowed?

Alezander We have not done that, because if we continue
stagnant conditions too long we eventually see deflnite evidence of
reactive hyperemia As Dr Heymans pointed out a moment ago
that would comphcate the story
uLchi‘on This would suggest that different elements are par

dipating at the lower from those at the higher end of the cunve
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Alevander That could be

Kmisely What do you mean by reactive hyperemia, does the
whole thing fill up and turn red?

Alexander No, what I mean by that 1s this as one keeps these
preparations stagnant over peitods of 20 to 30 seconds, one starts
to find a drop m pressure with no change 1n volume 1njected, which
would mmply that the blood vessel 1s opening up

Fremont-Smuth Vasodilation?

Alevander Yes, vasodilation associated with stagnation of the
circulation

Now let us see if we can answer the fundamental question which
15 confronting us What 1s responsible for this delayed comphance?
Many possibilities could be considered, but perhaps the most obvious
factor 1s the vascular smooth muscle, what 1s happening to that?

Actually we have peiformed over 100 individual experiments
which suggest that the smooth muscle holds the key to the situa-

40}

(6]
(8]

¢
@]

Pressure — cms Saline

| ] | | |
0 | 2 3 4 5
Volume Injected — cc's

49 Injection and withdrawal pressurc-volume diagrams from an intcstinal
{?IGUR?ollowmg]neosy'nephnne (NEO) and adenyhc acd (A A ) Repnnted, by
po:£n15510n from Alesander, R S  The source of dclayed compliance in the

vascular bed Circul Res 2, 183 (1954)
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tion. One particularly fortunate cxpernment shown m Figure 49
however scems to demonstrate it rather ncatly This 15 a typical
pair of injection withdrawal curves cxeept that before the mitial
mjection we admmmstercd neosynephrine to constrict the vessels
After completing this injection and withdrawal recording  we
allowed the usual interval of 10 munutes for restabilization of the
blood vessels then dilated them with adenylic acid and repeated
the injection and withdrawal As would be anticipated the con
stncted cunve differs sigmificantly from the dilated curve obtaned
during the two injections The lucky comeidence 1n this particular
expeniment resides m the fact that the pressure volume peak
reached in the two cases at the pomt of reversal of the injecting
syringe happened to be almost 1dentical This facilitated the demon
stration that the two withdrawal cun es were superimposable there
was absolutely no measureable difference between the withdrawal
31::\3 followmng the constrictor drug and that following the dilator

g

\ly interpretation of this experiment is that during the injections
the smooth muscle contributes to the elastic properties of the blood
vessels Hence drugs which act on the smooth muscle can alter
the form of the injection curve significantly On withdrawal how
ever the falure of drugs to alter the curve would indicate that
the smooth muscle has dropped out of the picture After the stretch
g of the vessels associated with the Injections there 15 no Jonger
evidence on withdrawal that the smooth muscle 15 contributing to
the elastic properties of the blood vessels

In a sense this observation is not new physiologists have been
observing this behavior i smooth muscle for many years As we
load a smooth muscular organ, the smooth muscle tends to “yield”
or “flow ” so that if we maintain significant pressure for any length
of time the smooth muscle elongates The elastic load is thereby
passed over to the noncontractile elements in the system and we
have essentially negated the action of the smooth muscle under
these conditions

The physiological implications of this charactenstic seem to be
rather far reaching The typical smooth muscular visceral organ is
described as a system which can adapt to changes m volume with
minimal changes in pressure by this type of behavior Most of us
have been reluctant to think that the vascular bed could adapt itself
to changes n volume by such a mechanism without the participa
tion of speatfic vascular reflexes Here in a completely denervated
preparation  however we observe the type of adaptive change
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which 15 charactenstic of smooth muscle For example, compare
the behavior illustiated in Figme 48 with that observed mn the
deneivated human bladde: (16)

Bozle:. If we allow a contracted muscle to shorten, tension drops,
but rises agamn gradually Assuming a tonic contraction 1n the smooth
muscle of the vascular bed, we can undeistand readily why, on the
downward slope, the contribution of the muscle to the pressure
temporarily drops out The magnitude of this effect, of course,
depends on the strength of the tonic contiaction Is there any
evidence concerning this strength?

Alerander Only in the difference between the neosynephrine
curve and the adenylic acid cuive

Moe 1 should like to know how dependent this would be on
time, the speed of mjection Have you done 1t at different speeds
under this kind of condition, once with neosynephrine and once
with adenylic acid?

Alexander We have done 1t with different speeds There 1s shght
evidence of a viscoelastic effect

Moe What I am thinking of 1s this Your withdrawal curves are
always superimposable Presumably, if you mjected slowly enough,
you would retrace the withdrawal curve, wouldnt you, n the
normal state?

Alexvander- Theoretically, one should be able to do that except
that 1t would require an extremely slow injection I think Dr Stacy
(8) has been doing this type of thing by stretchmng the umbilical
artery, which 1s a highly muscular artery His stretches are extremely
slow I think he does approach the withdrawal curve

Lawton His observation was that the stress decayed away to
zero m the umbilical artery If a sudden pressure 1s put on 1t and
allowed to stay there, it will gradually, and almost completely,
disappear

Burton Dr Lysle Peterson 1s doing similar experiments on the
aorta (17)

It 1s really basic in physics that one has to think about the equa-
tion of motion of a sample of water or blood I shall put it in gen-
eral terms The force on the syringe 1s one side of the equation
It 1s equated to the sum of three terms The first of these 15 an
“nertia” factor That 1s, 1t 1s something proportional to the mass
moved and to the acceleration That 15 a Newtoman force (Isaas
and the apple) The second term can be called a “viscous force,
a force which 1s some function of the veloaty, rather than of the
acceleration Then, at the end of this equation, there 1s the thud
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term which we may call the “elastic force ™ wlich is some function
of the displacement of the particle (or of the wall m tlus case)
This force depends upon how stretched the wall may be The elastie
force depends upon the amount of displacement i¢ the distension
of the wall.

What Dr Pcterson emphasizes is that we have no business m
interpreting the force in such experiments as Dr Alcaander is domyg,
without considering all its components One has to go further and
think “Which of these forces does the manometer mterpret?” As
you know it depends upon which way we insert the manometer
catheter as in the Pitot tube We have no right to mtcrpret our
measurements without considering how much may be coming from
the mertia or acceleration factors We have no nght to intcrpret
results as to how they depend on the elastic factor unless we sub-
tract inertla forces I think that is the fundamental thing that has
to be looked into in the interpretation of your expernments Dr
Alexander \Vhen you suddenly push in flud, you obtain a sudden
rise of pressure and then a fall How much of this 15 an inertinl
component of force which has nothing to do with the elastic proper
ties of the wall? How much of this 1s an acceleration transicnt?

Alexander Your pomnt is well taken I have omitted these detals
from my discussion merely for the purposes of simplification Actu
ally the records we obtained show quute clearly the phenomena
which have been described by Dr Peterson as illustrated by an
onginal recording shown in Figure 50 At the moment the injection
15 started, there is a transient upward fling of the pressure tracing
(X) This imtial transient I believe relates to the acceleration
forces required to overcome the mertia of injecting blood mto a
stagnant system In addition there tends to be an over all upward
displacement of the cunve dunng injection which can be measured
quantitatively by the displacement in the pressure recording wlich
is evident at the start and stop of the injection (Y Y) T have spent
considerable time debating the sigmificance of this latter phe
nomenon with Dr Peterson it obviously reflects some force created
near the tip of the wnjection cannula incident to the injection process
but I am not certain that we agree on the exact physical conditions
which are responsible

In any case we have subtracted these effects from the pressure
curnies 1 retracing them, so that they have been eliminated from
the curves that I have shown you 1n the preceding figures It should
be noted that the withdrawal curves exhibit the same phenomena
acting in the opposite direction. 1 am not sure whether Dr Peterson
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Ficure 50 Segments of an original recording showing pressure phenomena at
the start and the stop of an injecion The X and Y components shown here have
been subtracted from the recorded pressures in reproducing the curves shown mn
the other figures

would accept such an erasure of these phenomena from our curves,
but 1t seems to me that these acceleration foices are not relevant
to our primary concern of defining the elastic behavior of the blood
vessels

Gieen I find 1t difficult to conceive of an mertia force lasting
throughout that curve Once we obtain steady flow, the 1nertia
force becomes zero, and we are dealing entirely with viscous or
frictional forces, or with pressure losses due to turbulence

Buich What 1s the percentage of volume change mn the inter-
vascular bed?

Alexander We should like to know, but have been discouraged
so far from trymg to find out We have talked to various imvesti-
gators to ascertain whether we might obtain an estimate of the
blood volume 1n the loop Of course, I assume 1t 1s a small increment
of the mmtial blood volume We still hope we can gather enough

courage to try 1t
Burch Would you guess 1t to be 1n the order of 100 ml or 50 ml ?

Alevander 1 should say 50 ml
Burch A ten per cent change?
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Alexander Yes.

Knisely If you wish to know the blood volume why not wash
out the vessel systcm and sce how many red cclls you obtain?

Alexander That 1s the approach we are now considering 1 am
planning to discuss with Dr Philip Dow the possibility of obtaning
a washout method for that expcrmment

Burton Why couldnt you mclude some dye {n the materfal to
be mjected and see how much 1t is diluted?

Alexander 1 thmk the mining problem would be extremely diff
cult. I believe that a washout pracedure would be better than the
dye method

Burton It 1s washed out and then mived up?

Alexander If a washout method 15 to be used you already have
adye Hemoglobin is present and it scems to mc to be satisfactory

Rnisely On the chance that the red cells are axial you might
want to put i both red cells and dye

Alexander There are many probloms arising from that approach

Burch 1 should like to point out an important pplication which
thus has to the plethysmographic method of measurmg blood flow
In this method the venous outflow is obstructed and the blood flow
ing into the part is recorded It is assumed that there has been no
disturbance 1n hemodynamic phenomena when measunng the inflow
For an objective test of thus assumption 1t is important to study
the venous and artenal nides simultaneously as 15 being done by
Dr Alexander

Alexander T am very glad you brought that pomnt up Dr Burch
I think there are many fields m which thus has to be rechoned with
For instance evidence of adaptive changes in the venous system
are frequently attnbuted to venomotor reflexes (18) In some situa
tons 1t may be a simpler mechanism than that. Reflexes are certamly
not acting 1n our preparations because they are denervated

Shorr 1f you were to interrupt the injection at the time when
the smooth muscle was largely responsible for the change would
you obtain a return that differed in its charactenstics from one
mn which you mcreased the stretch beyond the range of smooth
muscle and fnto that of the elastic fibers?

Alexander Yes you would

Fine How did vou denenate the loop?

Alexander In the mtestinal loop every thing w1s sectioned
surgically

Fine You did not section the vessels of course?
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Alenander The vessels weie sectioned in the process of can-
nulation

Fine The entne 100t of the mesentery, too?

Alevander Yes

Fine You aie quite sme you get 11d of the fibers? I have dealt
with that techmique, and I think one cannot be 1ieally certamn
of that

Alerander  Actually, these piepaiations aie separated from the
dog by a plastic tube

Fine The whole thmg?

Alevander Yes

Fine Where does 1t le?

Alevander 1t 1s either extenlonized, or 1t 1s tansferred to the
scale pan of the recording balance

Buich What 1s the appearance of the vessels of the intestines?

Alenander The gut 1emams pink and appears to be mn excellent
condition, provided that an excessive number of massive doses of
diugs have not been mtioduced, and provided one avoids any
mamtained high pressuie m the venous system of the bed To my
surpuise, a dog under the conditions of these experiments does not
shock I anticipated having trouble with shock n the case of the
mtestinal loop, but the dog will maintam its blood pressure very
nicely n spite of sodium baibital, an anesthetic some of you do
not like

Heymans Duiing yow piesentation you have fiequently used
the term “denervated prepaiation” I was talking about 1t with
Dr Richardson, and he made the suggestion, which I thmk 1s a
good one, that you use the term “decentialized” preparation nstead,
because there are many nerves left in the piepaiation

Alerander A very good pomt! I certamnly concede to it

FACTORS THAT MAY AFFECT THE PRESSURE-VOLUME
RELATIONS IN INTESTINAL CIRCULATION

A POSSIBLE ARTERIOVENOUS SHUNTS

Heymans 1 have been interested i arteriovenous shunts, also
m the testinal cnculation, and I should Like to know about the
possibility of mterferences fiom the opening and closing of these
shunts 1n the mtestinal loop, 1elated to pressure and drugs I think
that pressure and drugs, mainly epmephrine, may have an mfluence
on shunting blood from the aiterial to the venous side, because
these shunts open or close down In your opmion, what mfluence
does this factor have with your pieparation? In other words, I
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should like to know the role of artcriovenous shunts i your experi
mental conditions

Alexander At the outset of this study we were heenly interested
to sec whether we could learn something about artcnovenous
shunts but we have yot to find any data which would give us
definite information We should hkc to be able to dissect arterio
venous shunting from other phenomena occurring in the bed

Heymans If we look at the work of \Masson (19) on artenoycnous
anastomoses we shall find that there 1s a large amount of evidence
for the presence of arterioyenous shunts We observed that shunts
shuft the blood from the artery to the vein wathout its going through
the peniphery under quite a good many conditions Thus because
they are anatonucally present and react under some conditions I
believe they could play a role i the circulation of the mtestinal loop

Alexander 1 am quite aware of that problem and I thmk Dr
Zweifach could expand on that The vascular architecture here 1s
being grossly neglected.

Burton May I challenge that statument? There are some beautiful
studies n the literature by Barlow (20) on this vascular architecture

Alexander It has been grossly neglected in mv expenments

Shorr Is 1t necessary in your study? All you need to do s dis
tnbute the pressure rapidly

Alexander No however I think the question of vascular archi
tecture (21) is eventually going to be very important

Knisely Arteriovenous anastomoses (22,93,24.25,96,27,28,29 30
31) have been seen m numbers of different organs Probably they
do not exst m every tissue and organ Thero have been very few
direct measurements made of the diameters of arterioyenous anasto-
moses per unit volume of tssue in individual organs

B DECENTRALIZATION

Dawes The local nervous reflex has been mentioned. It 1s always
much better of course to cut nerves rather than to use pharma
cological tools indiscriminately

Alexander In other connections we used local anesthetics prn
apally to test the effect of local traumatic effects associated with
our surgery and we found that local anesthesia did not alter the
picture we obtained. However beyond that I do not have anything
to add The more recent work I have been domng has been carned
out n preparations in which the nerves have been Lept intact so
that we could study the influence of vascular reflexes on these dis
tensibility phenomena

Burton In our laboratory because we are biophysicists we have
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Alevander The vessels weie sectioned in the process of can-
nulation

Fine The entue 100t of the mesentery, too?

Alerander Yes

Fine You are quute suie you get 11d of the fibers? I have dealt
with that techmque, and I think one cannot be really certam
of that

Alexander Actually, these pieparations aie separated from the
dog by a plastic tube

Fine The whole thing?

Alevander Yes

Fine Where does 1t he?

Alevander 1t 1s either exterronized, o1 it 1s transferred to the
scale pan of the recoiding balance

Burch What 1s the appearance of the vessels of the intestmes?

Alerander The gut remamns pink and appears to be n excellent
condition, provided that an excessive number of massive doses of
drugs have not been mtioduced, and provided one avoids any
maintamed high pressure n the venous system of the bed To my
surprise, a dog under the conditions of these experiments does not
shock I anticipated having trouble with shock in the case of the
mtestial loop, but the dog will maintain its blood pressure very
nicely m spite of sodium baibital, an anesthetic some of you do
not hike

Heymans During your piesentation you have frequently used
the term “denervated prepaiation” I was talking about 1t with
Dr Richardson, and he made the suggestion, which I think 1s a
good one, that you use the term “decentralized” preparation nstead,
because there are many nerves left in the preparation

Alevander A very good point! I certainly concede to 1t

FACTORS THAT MAY AFFECT THE PRESSURE-VOLUME
RELATIONS IN INTESTINAL CIRCULATION

A POSSIBLE ARTERIOVENOUS SHUNTS

Heymans 1 have been mterested 1n arteriovenous shunts, also
m the mtestinal circulation, and I should like to know about the
possibility of mterferences from the opening and closing of these
shunts mn the ntestinal loop, related to pressure and drugs I think
that pressure and drugs, mamly epinephrine, may have an influence
on shunting blood from the arterial to the venous side, because
these shunts open or close down In your opmion, what mfluence
does this factor have with your preparation? In other words, [
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group That w s whether by halting the injcction at the time when
the cun ¢ represcnts largels the effects on smooth muscle the return
cun e has other charictenstics than thosc exiubited when you push
beyond the smooth musclc onto the elastic tissue

Alexander 1t is difficult to hnow cxacthy how to quantitate that
for a precise answer By mspection it looks 1s though some of the
delaved compliance cffect had taken place In other words there
has been some pushing ovcr tow wds the relaxation curve one would
obtamn at high pressure However as indicated in Figure 8 it takes
a fairly high pressure to push it over to what looks like 1n elastic
Hssue curve without muscle

Green Did you do amy stepwisc withdrawals as vou did the
stepwise njections?

Alexander We have not interrupted the withdrawal period That
15 an Interesting phase which we have not taken up

Green Is there any difference in the rate of equlibration of
arterial and venous pressure m the cpinephrine-treated preprations
as compared with one not so treated?

Alexander That would be an interesting thing to study

Green That might gne an answer to the arteriovenous shunt
question Dr Heymans rised.

Alezander Yes there is much more to be learned in that direction

Shorr Will Dr Alexander now recapitulate He might wish to
consider the vanous objections that have been rmsed so that he
may evaluate the relation of those modifving factors to the objec
tive of his study

Alexander 1 shall be glad to attempt that. Since we have been
discussing a new techmque whose valdity has not been established
I am necessanly on the defensive My immediate concern is to
acquire a tool for studymg the distensibility characteristics of the
vascular bed particularly the venous portion It is my feeling that
such a tool is evolving and it 18 my hope that further developments
will permit us to eliminate many of the justifinble grounds for criti
cism which you have rused.

The major point that we have attempted to establish fn our
mfection studies into the venous system of the intestinal loop 1s
that the elastic properties of these vessels are both tme-dependent
and pressure dependent This emphasizes the need of emploving
rigidly controlled techniques #f we wish to compare the distensi
bilits of peripheral vessels under different conditions
elﬁgsﬂzhmaﬂrx'ctt:xitx?arkedly time-dependent and pressure-dependent

c, which we have been calling delaved com
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a habit of working on very unphysiological pieparations such as
the 1solated perfused rabbit eai, and we have made 1t a rule con-
cerning the inteirpretation of the pecularities we see, that before
we begmn postulating that these are reflexes o1 myogenic effects,
we do a control experiment by perfusing with cyanide Very often
one discovers that the same pecularities are still there with very
dead smooth muscle I think that 1s a useful procedure

Incidentally, the muscle 1s not dead nght after perfusion with
cyanide, 1t has to be worked a hittle The metabolic block 1s farther
back than the actual contraction of the muscle. After working the
muscle with epmephrine once or twice, 1t 1s perfectly dead

Alevander We have done very few experiments with cyamde
because, once the observations on the effect of cyamde are com-
pleted, there 1s nothing further to do I have been reluctant to
terminate the experiment

Lawton May I ask what piovisions were taken against evapora-
tion?

Alevander The mtestinal loop was always packed with salme-
soaked gauze

Lawton Did you notice evapoiation from the gauze? I mean,
was there a drift in the scale pan weight?

Alerander There was some drift, but it was in the other direc-
tion, and was attributable to mtestinal secretions which gradually
accumulate 1 the loop during the expeiiment

Bozler 1 should like to comment on the time factor in the
hysteresis phenomena under discussion It 1s not brought out m
the hysteresis loops I wonder 1if 1t might be valuable to study stress
relaxation, which means mjecting into the loop a certain volume
of fluid, and then determiming the decay of pressuie Fiom corre-
sponding experiments on smooth muscle, we know that the tension
produced by stretching, slowly disappears due to the plastic cond:-
tion of the contractile elements The time factor of this piocess
depends on the physiological condition In completely 1elased
muscles 1t takes only a few seconds for the tension to disappea,
in contracted muscle tension drops much moie slowly

Alerander We have done some work of that type which we have
reported previously (32) We have abandoned that technique be-
cause of the problem of maintaining stabilized conditions 1n a
stagnant bed In other woids, as we approach the final equlibra-
tion, we begin to get evidence of anowc effects

Shorr I had one question which I think T asked you before, but
I do not know whether you had a chance to discuss 1t with the
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Alexander 1 should say it was roughly comparable the weight
of the leg is about 20 per cent greater I would guess however that
the loop is more vascular

Let us now look at the actual pressurc changes on the artenal
and venous sides of the hind leg preparation which accompany the
injection into the femoral artery Such a record is shown in Figure
51 Note that nutially there is a steep risc m arterfal pressure with
no change whatsocter m yvenous pressure Arterdal pressure reaches
a summit and 1n this particular preparation the summit 1s followed
by a drop in pressurc even though the mjection is continumng

Fremont Smith Is the injection made mto the venous side or the
artenal side?

Alexander The artena) side This was done because as I sud
one cannot inject the venous side of the hind leg

Burch What is the volume distnbution?

Alexander At first 1t does not get to the venous side there 1s no
unmediate change {n venous pressure
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phance, resides for the most pait in the smooth muscle In our own
technique, and I think m many other techmques, this raises some
serious problems m respect to what 1s frequently termed “vascular
reactivity ” Thas 1s llustrated 1n Figure 49 where, during the mitzal
injections, the blood vessels weie obseived to be highly reactive
After this mitial distension, this vascular reactivity seems to have
completely disappeared in the withdrawal curves

These phenomena must be taken mto consideration 1n assessing
many piroblems of circulatory homeostasis, blood volume distribu-
tion, and blood “poohng” Although any infeiences n reference to
the shock problem are still prematuie, I retain my suspicions that
these mechanmsms may have something to do with the blood volume
that seems to disappear 1 shock

Heymans Dr Alexander, we gave you a haid time, but please
consider 1t as an expiession of a very marked inteiest, you are to
be congratulated on yom work

PRESSURE-VOLUME RELATIONS IN THE ISOLATED HIND LEG

Alevande) Let us twin to consider the application of these tech-
niques to the hind leg We piepared an 1solated hind leg according
to the same geneiral procedure as that used for the intestinal loop,
and 1epeated many of the same types of expeiriments, including the
effects of different rates of injection and the actions of vauous
drugs We observed many similaiities with the type of i1esponse
we obtamed m the loop of mtestine, and also some definite dif-
ferences Rather than review all of these vaiious expeiriments,
howeve, I should like to confine myself to one particular problem
which I feel may explain ow failure to reproduce completely the
mtestimal 1esults in the hind leg

If we 1efer back to the experimental setup ilushated in Figuie
43, which we employed 1n studymg the intestinal loop, we see that
our technique must be modified because of the fact that the femoral
venous system 1s valved It 1s therefore not possible to mject the
femoral venous system directly, as we did 1n the case of the intestine
The mjector therefore had to be transferred to the arterial circutt
supplymmg the 1solated hind leg To evaluate what was going on mn
the vascular bed, however, we have 1ecorded the pressure changes
during the mjection process on both the arterial and the venous

sides of the leg circulation
Burch Does that provide an estimate of the volume of the

vascular bed?
Alewander  We have not developed a techmque for that

Lawton Do you think it greater than that of the loop?



Functional Proputics of Blood Vissels 175

Alexander That appears to be mnpossible because of the valves
i the fumort] venous system

Fremont Smith 1f your venous pressurc werce a httle higher to
start with would it make amyv difference fn this first part of the
cunve?

Alexander No

Fremont Smith Therefore vou have clearly taken care of the
problem of collapse

Alexander Yes 1 think so We started with 10 mm  or higher
of mercury and we obtained the same Mnd of curve

Lawton You have withdrawal cunves that you will show?

Alexander  Unfortunately wc had trouble with withdrawal
cunes the valied venous systcm compheated our technique The
ones we obtained were not valid

Fremont Smith Do you hnow anything about the state of the
artenoles?

Alexander No execpt that the blood flow through these hind
leg preparations is rather low I assume that they are in a state of
spasm or possibly plugged with red cells I do not wish to argue
with Dr hnisely on tlis latter possibility

Fremont Smith  Is it concelvable that you have opened up the
arterioles at the pomnt where the venous pressure rises?

Alexander 1 defimtely think it 1s conceivable as I will demon
strate 10 2 moment Before we examine the possibility however
there is one further fact to be considered

Once the pressures in the vascular bed are raised to normal levels
we find that the time required for transmission of pressure from
the arterfal to the venous side is approximately 0I5 seconds In
other words if we suddenly stop and start the syringe with arterial
pressures significantly over 100 mm. IIg, pressure changes are re
flected to the venous side 1n this interval of 0 15 seconds This must
be compared with intervals of the order of 20 seconds which are
required for a nse in venous pressure to appear at the start of the
injection as shown in Figure 51

To analyze this problem we made the assumnption that blood
does not flow from the artenal to the venous side of the vascular
bed until a nse n venous pressure is observed, and we corrected
our measurements to allow for the delav of 015 seconds which
1s the nmnimal time for the pressure volume ncrement to be trans
mitted through the system

Vicherson Are these completely denervated, as in the case of the
intestinal loops?
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Buich That does not mean 1t 15 not aruving there, does 1t?

Alexander  Possibly. However, the aitenlal piessure builds up
very 1apidly as the blood 15 injected, but the piessuie 11se does not
appear on the venous side

Sellkurt 'What was the 1ate of injection?

Alexander Sty em’ per minute

Let us speculate a hittle more In the experiment shown in Figure
51, there 1s a fall in artenal pressure following the mitial summt
In some expeniments there 1s merely a plateau mnstead of an actual
fall, but 1n all cases the initial sharp upstroke of the arterial pressure
1s texmmated It 1s approximately at this point, where the rapid rise
mn arteiial presswe 1s halted, that we see the first evidence of a rise
I Venous pressule

What 1s happening in the vascular bed of the hind leg durmg
this time? A volume of 2 ecm?® of blood has been injected during
a period of 20 seconds For these first 2 seconds, however, we can
find no evidence of this blood appearing on the venous side

Buich 'What 1s your evidence for that? The absence of pressure?

Alerander There 1s no pressuie rise

Moe What 1s the state of the veins to stait with?

Alerander 1 should say they are filled You will note that all these
venous pressure values start from a finite level We have been very
careful to keep a lttle positive pressure mn the vems to avoid a
collapse phenomenon In this case we had millimeters of mercury
as our pressure Usually 5 mm, or higher, of mercury 1s selected,
so we hope we avoid collapse

Comioe You do not have a pressure-volume curve on the venous
side alone?

Alevander  This 1s our attempt to get a pressure-volume curve
We cannot anatomically dissect the venous side from the rest of
the circulation

Comioe 1 mean m a large vem

Alerander  We have not studied 1solated vemns

Burton Was the pressure m the artery only 30 mm Hg when
you started mjecting?

Aleaander Yes As you recall, before we start our mjections, we
always cut off the arterial mflow mto the preparation and allow
time for the pressure to stabilize In the hind leg, we have found
1t necessary to allow 20 seconds for the arterial pressure to settle
down to a stabile level

Selkurt Could you find out the answer to Dr Comroe’s question
by doing this experiment with an mjection mto the venous side?
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Alexandcr That appears to be impossible becauso of the valves
in the femord venous system

Fremont Smith 1f vour vcnous pressure were u little higher to
start with would it make amv diffcrence m tlus first part of the
cune?

Alexander No

Fremont Smith Therefore you have clearly taken care of the
problem of collapse

Alexander Yes 1 think so We started with 10 mm  or highcr
of mercury and we obtained the same hind of cune

Lawton You have withdrawal curves that you will show?

Alexander Unfortunately we had trouble with withdrawal
curves the valved v(nous systcm complicated our tcchmque The
ones we obtained were not valid

Fremont Smith Do vou know anything about the state of the
arterfoles?

Alexander No except that the blood flow through these hind
leg preparutions 1s rather low I assume that they are in a state of
spasm or possibly plugged with red cells I do not wish to argue
with Dr hmisely on this Jatter possibility

Fremont-Smith Is 1t concewvable that you have opened up the
arterioles at the point where the venous pressure rises?

Alexander 1 definitely think 1t {s conceivable as I will demou
strate in a moment Before we examume the possibility however
there 1s one further fact to be considered

Once the pressures in the vascular bed are ruised to normal levels
we find that the time required for transmission of pressure from
the artenal to the venous side is approximately 015 seconds In
other words if we suddenly stop and start the syringe with arterial
pressures sigmificantly over 100 mm. Hg pressure changes are re
flected to the venous side in this interval of 0 15 seconds This must
be compared wath intervals of the order of 2.0 seconds which are
required for a nse m venous pressure to appear at the start of the
Injection as shown in Figure 51

To analyze this problem, we made the assumption that blood
does not flow from the artenal to the venous side of the vascular
bed until a nse 1 venous pressure 15 observed and we corrected
our measurements to allow for the delay of 015 seconds which
is the minimal time for the pressure volume increment to be trans
mitted through the system

Vicherson Are these completely denenvated, as in the case of the
intestinal loops?
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Alevander Many of them have been denervated. The preparation
shown 1n Figure 51 happens to have both the sciatic and femoral
nerves still mtact

Nickeison Does that make any difference?

Alerander Inneivation exaggerates this effect

To understand what 1s happening to blood flow at the imitiation
of these mjections, we have repeated brief mnjections 1n rapid suc-
cession into the femoral aitery, as shown m Figure 52 The stopcocks
m the aiterial and venous cncuits of the preparation were kept
closed thioughout, and the mjections puiposely given one immed:-
ately after anothe, so that the dynamic conditions would be altered
for each successive mjection

The vertical lines mdicate the pomnts 0 15 seconds mn advance of
the 11se m venous pressuie m each mstance, which, as stated above,
we assume to be the moment that blood started flowing through the
vascular bed fiom the artenal to the venous side Corresponding
arternal and venous piessures at these pomts are indicated, and
below the tiacing aie shown the A-V piessure giadients

Following the well-known study of Whittaker and Winton (33),
it 15 often assumed that a pressure of appioximately 20 mm Hg 1s
required between the arteital and the venous side befoie blood
will flow If we examine the A-V pressure gradients observed n
this experiment, the variation from 51 to 12 mm Hg reveals no
suggestion of such a constant value It 1s stmilarly obvious that the
venous pressures at the pomt of assumed mitiation of blood flow
show no umformity Contrast these varying figures with those for
the aiterial presswe at the point that blood flow 1s assumed to start
The mitial value 1s at 62 mm, but the succeeding four values are
all quite uniformly at the 41 to 42 mm Hg level

The experiment 1llustrated 1 Figure 52 1s typical of others that
we have done, 1n that the A-V pressure gradients at the point where
arteriovenous flow 1s assumed to stait have varied widely, yet the
arterial pressures, following an mitially high value, have been quite
unifoom Sometimes this arterial pressure level has been quite high
In one eaperiment, for example, A-V pressure gradients varied
from 111 to 42 mm Hg, while the arterial pressures showed an
mitial value of 119 mm , followed by four successive values which
were all within the range of from 90 to 93 mm Hg

Burch What delay 1s there between each stepwise injection?

Alernander It 1s a matter of about 1 second However, we did
not think that was critical for the particular pomt we are trying

to establish here
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Buiton You then withdiaw the blood?

Alerander No, because we wish to build up the venous pressme

Burch Could you give us the time interval from begmning to end?

Alevander The total time 15 7-8 seconds

Burch What about the blood flow within the system?

Alerander During the inteivals between mjections, there 1s no
rise In venous pressure 1 spite of a positive A-V pressure gradient
I assume there 1s no blood flow to the venous side

Dawes However, you have no direct evidence that blood 1s not
flowing?

Alerander That 1s night

Fremont-Smith You are saying that the flow, if any, 1s such that
1t could not raise the venous pressure?

Comroe 1 still think that unless one knows the pressure-volume
curve of the vewn, one does not know the magnitude of the volume
change

Fremont-Smith D1 Alexander was saying that 1t 1s not enough
to raise the venous pressure

Comroe However, 1t may still be large enough to cause con-
siderable flow

Fremont-Smith The pomnt 1s that D1 Alexander has no measure-
ment of flow, but only of venous pressure All he 1s saying 1s that
whatever flow there 1s, 1t 1s not enough to increase venous pressure

Alexander 1 think we are saymg a little more In Figures 51 and
52, the mtial portion of the mjections produces a steep rise 1n
arterial pressure without any change in venous pressure When
venous pressure starts to rise, the rise in arterial pressure 1s mter-
rupted Blood starts disappearing from the arterial side

Burch Not necessarily

Alexander Not necessarily, but probably

Fremont-Smith All you can say with certainty 1s that there 1s
not enough flow to register on your pressure recorde:

Alexander Yes, and at one pomt there seems to be a marked
change 1n blood distribution

Burch The volume of blood necessary to produce that first venous
change would be considerable

Aleaander On the other hand, I am wondering whether we are
not obtamning a first approximation to the distensibility curves for
the two sides of the circulation In Figure 51, for example, I should
like to think that the mitial rnise i arterial pressure, prior to any
fise 1N venous pressure, 1s measuring arterial distensibility, the
earlier portion of the rise mn venous pressure, accompanied by
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mimmal changes m artenal pressure could represent venous dis
tensibility I realize that I un beggmg the question i making such
an terpretation

Comroe Iowver with plethvamography m yvenous oeclusion
when one can actually sec the vans s such a Jong latent ponod
required for the vemns to appear to be filling up?

Alexander In that case the pressurc rehitionships are differcnt
Remember that m our preparation there 1s artcriovenous equilibra
tion within 015 sceonds if miter pressurc 1s normal To obtun
the effect we havc becn describing arteral inflow must be occluded
to drop the pressure down to a very low mitil level

Fremont Smith 1t would be quitc mee to be able to put a micro
scope over some yvenules and actually make a statement It would
not take very much preparition Then we should be able to say
when the column began to move how much that antedated the
vascular pressure

Alexander 1 should like to hear a comment from the member
of this group who has made just that type of observation (34)

Fremont Smith Dr Burton has not seen your preparation

Alexander However what he has done 15 almost the same thing
Dr Burton 1 described my ewperiment for the specific purpose
of introducing a discussion of your 1deas on cntical closure

Burton 'This is new ammunition I could use it to support my
theories

Alezander A few months ago I told Dr Burton that I was
anxjous to discover some techmque for proving thit he was wrong
I found the technique but 1t seems to prove that he 1s right

Burch In studies of digital blood flow by venous occlusion
plethysmography 2 method which measures sumultancously and
continuously the inflow and outflow of the human fingertip during
a single pulse cycle shows that an increase 1n inflow on the arterial
side at onset of the systolic phase of the pulse cycle precedes the
ncrease 1n outflow by about 004 of a second

Alexander Essentially the same thing 13 observed in these hind
leg preparations once the arterial pressure 15 elevated above a
certam level In Figure 52 for example irrespective of the A V
pressure gradient flow scems to occur readily from the arterlal to
the venous side once the absolute artenal pressure level of from
41 to 42 mm Hg is exceeded encluding the initial mjection where
the arterfal pressure level was higher

Selkurt 1Is there anv significance in the fact that your imtial
pressure 15 high i both mstances? Would 1t follow that this would
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alter the condition of the vascular bed, so that subsequent readings
would be affected by the initial high pressure, which was 62 n the
first mnstance, and 119 1n the second?

Alerander Agam I think we aie dealing with some delayed com-

plhiance phenomenon
Selkurt That 1s why I asked

Alerander T would rather have D1 Buiton work the delayed
comphance phenomenon mto critical closing theories than attempt
1t myself

Buiton We have evolved an entuely new method of measuring
citical closing pressure in humans It 1s an amusing thing, I think,
and has aiisen from experiments we weie doing on the effect of
posture on the blood flow of the digits

We weie 1ecording with one leg level, and the other at various
angles to the horizontal, so that the contiol values from the level leg
would tell us which of the reflexes such as the carotid sinus reflex,
were central, and which would presumably be local, to the posture
of that leg (Cential reflex effects would be seen in both legs )

Working 1n digital plethysmography, many years ago, I observed
(35), as have D1 Burch (36), Dr ] Doupe (37), and others, that
the spontaneous vasoconstrictions that appear periodically 1n the
fingers, occur simultaneously with vasoconstriction in the toes
Others showed that the spleen contracted at the same moment,
and that these constrictions represented mass dischaiges m the
sympathetic nervous system They are accompanied, as I showed,
by an increased heart rate for a few heart beats, and are also accom-
panied by a shght rise of blood pressme It 1s a very widespread
mass discharge of the sympathetic nerves

These discharges are modified by whether a man 1s warm or cold
If he 1s cold, the discharges come very frequently, if he 15 waim,
perhaps there 1s no constriction for five minutes All mvestigators
have observed that if we record from two fingers on two hands,
or two toes, and the digits are both level, the resulting curves are
like one curve They go absolutely together

To my astomishment, something else occurred the first time I
worked with one leg level and the other leg up All of a sudden,
when the leg was raised up to perhaps 30°, the records of toe or
finger volume, mstead of fluctuating together, became mirror 1mages
of each other The volume of the toe of the leg which was up,
ncreased 1n pulsation and 1n volume at the moment when the level
toe constricted We were lucky enough to have flow measurements
when this happened, and we saw that there was not only an 1ncrease
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in pulsation and m volume of the toe but m blood flow at the
instant when the toe of the level leg was showing the mcidence of
one of these spontancous \asoconstrictions

Nicherson What is the duration of these varitions?

Burton It comes down m 5 seconds — Dr Burch can correct
me —and 1t tikes 15 to go up 1gam

Here is the dilemm you sec I do not believe that because 1
have put this leg up the discharge in the svmpathetic is now not
reaching the vessels that arc (lovated Yct at the same instant when
the rest of the vessels m the body arc constricting at tlus upper
level these elevated toe vessels show wn increased flow and
increased pulsation size

How can this problem fx solved? I think the answer 15 this when
we studied pressure flow relations i 1 vascular bed (from the hind
hmb and ear of the rabbit and the human arm and finger) wo
found that when the yvasomotor toue of the vessels 1s high the level
of the blood pressure matters very much mdeed If there 1s high
vasomotor tone when we get to the point where we think the
arterioles close an extremely small rise in pressure such as 1 mm
will make all the difference between no flow At all and a4 consider
able flow

On the basis of this we can explain the extraordinarv disassocia
tion of these curves when one of the limbs is lifted. We say that
with the raising of one limb because of a drop in the hvdrostatic
pressure the vessels there have come to be i a cnitical condition
They are near their critical closure They are on a very steep part
of the flowpressure curve We also know that one of these vasocon
stricons {s accompanied by a shght rise of blood pressure We
know that on this part of the curve a shght rise of blood pressure
is evidently much more important in mcreasing flow through these
critical vessels than 1s any increase in tone that those vessels are
sharing during a general vasoconstriction It seems to me that is
the explanation.

Thus we think we can now measure the critical closing pressure
very easily in the human We just take two fingers one from each
hand, raise one hand, and keep the other in the level posibon We
watch the records until the curves disassociate That 13 the cntical
condution, and the level of the fingers above the heart gives us a
caleulation of the critical closing pressure

Dawes How 13 the selection of those vessels made?

Burton The critical vessels are definitely arterioles There 1s no
direct evidence but it all pomts to that.
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Dawes They would be perhaps the most sensitive ones you are
testing, because they produce this phenomenon

Burton Yes, they are capable of considerable tension in therr
walls for their small size Also, the correlation between critical
closing pressuie, and the 1esistance to flow at high pressures when
the vessels are open, 1s extremely good It 1s 086, or something
like that One of these two factors depends upon the critical vessels
only, 1e, the ones that are closed The other depends on all the
vessels that offer resistance, of which we know the arterioles offer
the major part The fact that these two measures are so well cor-
related means that the critical vessels must be the ones that offer
the greatest resistance, namely, the arterioles

This paiadox dwiing vasoconstriction has some application, I
think, to blocking agents, because some people have found that
when they aie ambitious enough to use blocking agents fo1 periph-
eral vascular disease, where the vessels may be 1n a critical condition
because of thenr high tone, that instead of obtaining an increased
flow 1n the gangienous toes, there 1s decreased flow The lowering
of the general blood piessure may overshadow the fact that the
tone of those diseased vessels has been lowered a little Thus, by
giving a blocking agent in peripheral vascular disease, you may
do the opposite of what you mtended

Alexander Tt mught be worth-while to pomt out that critical
closure mechanisms are closely related to the pioblems which we
presented at the outset of this discussion In reference to Figure 44,
I emphasized that constiictor drugs intensify the sigmoid natuie
of the distensibility curve, producing a steeper slope at low pies-
sures The steepness of this slope, bemng a consequence of the
Laplacian effect, 1s an indication of a greater tendency towaids
critical closure m constricted vessels

Buich When studying the spontaneous volume waves, I obseived
five types One was associated with each pulse beat, a second with
respnation Theie was a third type, called alpha deflections, and
a fomth type slower and laiger than the alpha waves, which we
called the beta waves These were all supeiimposed on laiger and
much slower swings m volume, which we called gamma waves
These five types of waves occurred at all times They did not follow
each other concordantly 100 per cent of the time for contralateral
finger tips, they varied about 80 per cent of the time (36) They tend
to disappear almost entirely following interruption of sympathetic
nervation to the part They also tend to disappear with maiked
dilation, such as 1s associated with exposure of man to a hot 100m
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Incidentally simultancous measurcment of blood pressure with
the Hanulton type of manometer fuled to show a relationslup with
artenal blood pressurc changes Thesc waves were studied mn the
digits and pmna and pcrhaps represent a lending and borrowing
phenomenon with cxchange of blood m the skin with that m
visceral organs and muscles In othcr words 2 mans blood volume
is essentially linuted at any one time so that it must be shifted
from area to arca of the body to satisfy local changes m tissue
requirements This appears to exist contimuously even during sleep

I should like to ask the physiologists if they have any data con
cermng the spontaneous volume changes for some of the visceral
structures I did not study the spleen kidneys or Iner for example

Burton There was a paper by Jula Herrick and Hiram Essex
Professor of Physiology Unwersitv of \linnesota* who studied
simultaneous fluctuations n the volume of the spleen and they
agreed with this

Green In muscle or shin vascular beds one rarely sees any cyche
changes 1n flow If present they arc very mnor as compared with
the mean flow except when the animal is in very bad condition

Burch Are vou referning to total flow?

Green Since there 15 not much cyclic change in flow the fluctua
tions probably average out in different arens even within an ex
tremty Otherwise 1 should think one ought to see marked cyche
changes {n flow

Heymans Dont you think that the outflow of the sympathetic
plays a role in this mechanism of regulation and adaptation? I quite
agree with your statement that the shift of blood is not only related
to an artenal but also to a venous mechanism Therefore I think
there 15 not only a passive but also an active adaptation of the
vems to an afferent flow

Burton My own conviction Is that the next five or ten years
should be devoted to the study of the venomotor system

Heymans The venomotor system is certainly important. We are
always talking about the arteriomotor system Reflexes on the veno-
motor tone related to arterial pressure have to come into the pic
ture to a greater extent

REGULATION OF SYSTEMIC ARTERIAL PRESSURE
DURING MUSCULAR WORK

Shorr Dr Liljestrand 1t 1s the consensus of the group that this
meeting would be mcomplete if we did not hear from you Would
you talk to us about anvthing vou care to?

ml communication
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Lilestiand Within the vast field, “Mechanical Factors in the
Regulation of the Circulation,” 1t seems desirable to select some
limited problems for discussion Consequently, I shall deal with two
mmportant questions with which my own work has been concerned

The first of these 1s the problem of the 1egulation of the systemic
arterial blood pressure during musculaa work Von Euler and I
(38), n 1946, recorded the pressure, during muscular work, mduced
by electiical stimulation of the hind legs by means of alternating
mmpulses of increasing and decreasing strength, before and after
abolition of the sinus and aoitic mechanisms

Figwie 53 demonstiates the results obtamned in the dog In the
normal ammal theie 1s an 1mtial drop 1n the pressuie shoitly after
the start of the woik, but soon 1t begins to 11se again and after
some minutes attams about the same level as duing rest. After
section of the spinal cord between L and L., that 1s, above the
area of stimulation, muscular work has the same effect as befoie
This shows that the hypothesis put forth by Asmussen, Nielsen, and
Wieth-Pedeisen (39), that the iegulation of circulation during
muscular work 1s brought about reflexly by sensoiy impulses from
the woirking muscles, cannot be conect After deneivation of both
sinuses and section of the vagi, muscular work 1n the dog mduced
a much greater primaiy fall of the piesswe, 1t was followed by a
slow rise but did not reach the onginal level as long as the work
was gomng on When 1t had stopped, howeveir, the piessuie rose
consideirably above the resting value Simuilar results were obtamed
in the cat and the 1abbit

From the experiments, 1t must be concluded that the sinus and
depressor nerves convey mmpulses of paiamount impoitance for the
regulation of the arterial pressme dwing muscular work It seemed
of interest, however, to study whether both piessor and chemo-
receptors aie engaged

We therefore tried the effects of caibon diouude accumulation,
as well as of oxygen want, the tiachea of the amimal beng con-
nected with a spirometer filled with oxygen or with an In the
former case, carbon dioxide was allowed to accumulate, in the
latter, 1t was absorbed so that a continuous deciease of oxygen
tension developed As shown in Figure 54, carbon diowude at first
lowered the pressure and then mduced a continuous rise As 1s well
known, 1t causes a dilation of the perpheral vessels, but this 15 at
first largely counteracted by the presso-receptois Later on, a strong
stimulation of the vasomotor center 1s imduced by the carbon
diovide, partly reflexly from the chemoreceptors, and partly directly
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The result 1s that the pressure rises That the presso-receptors are
In a state of great activity 1s illustrated by the fact that the pressure
fell below the starting value if wir instead of the gas mixture nch
in carbon dioxide were given suddenly The interpretation given
is supported by the fact that ufter denervation of the sinus nd
aortic regions carbon dionide fnduced u much stronger primary
lowering and a greater secondary increase of the pressure than
before After a small dose of ergotamine which elimmates the
barocepter reflexes ns well as blocks the vasomotor center to the
action of carbon diouide the primary lowering of the pressure after
carbon diowide was much greater than after complete denervation
of the baroreceptor and chemoreetptor regions and persisted even
after high concentrations of the gas the cxplanation bemg that
carbon dioude now produced only dilation of pernipheral vessels

Oxygen want causes a rise in the blood pressure which 1s usually
well compensated by the baroceptors If these are annulled with
ergotamine it then induces a much greater rise As 15 well known
the direct effect of oxygen want on the vasomotor center is mainly
a depression

From the results obtamed 1t scems clear that a rise in carbon
dioxide pressure will be able to Influence the blood pressure by
causing a peripheral vascular dilation as well as by stimulating
the vasomotor center directly and reflexly via the chemoreceptors
Further a lowering of the oxygen tension will also stimulate the
chemoreceptors though 1t will have the opposite effect on the
center 1itself It seems probable that these results will have some
beanng on the regulabon of the blood pressure during muscular
exercise Thus when the blood flow through the working muscles
is inadequate ie during static work, when the circulation may
even be cut off a considerable rise i the blood pressure 1s often
observed immediately after the work (40) This might be explamned
as due to the release of blood rich in carbon dioxide and poor in
orygen The great rise after work m our denervated animals with
a reduced blood flow owing to the low pressure may also be ex
plamed in this way

We have performed some direct experiments which lend support
to the view expressed Thus m the denervated cat, the return of
the blood pressure after work was considerably increased if 85
per cent carbon dioxde was added to the inspired oxygen whereas
no such effect was abserved in the intact animal (Figure 55)
Oxygen alone had a similar effect, which is to be expected since
oxygen want would depress the center When a small amount of
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Ficure 55 Cat, chloralose, blood pressure recorded from femoral artery Between
arrows muscular work 1 --f during breathing of 1) air, 2) oxygen, 3) 65 pc
CO. m O, and 4) 205 pc CO. n O, 5) shift to air Between 5) and 6)
denervation of both sinus regions and vagotomy Muscular work during breathing
of 6) arr, 7) O, 8) 65 pc CO:m O, 9) 16 pc CO: m O, 10) shift to ar
Tume 30 seconds Reprinted, by permission, from von Euler, U S, and Liljestrand,
G The regulation of the blood pressure with special reference to muscular work
Acta physiol scandmnav 12, 279 (1946)

ergotamine was given to the deneivated cat, the pressure diopped
much more during muscular work than before administiation of,
and the return to the normal level took a much longer time This
1s mm harmony with the assumption that carbon dioxide acts locally
by causing a vasodilation, and that a counter-regulation, though
abolished by ergotamine, normally sets i through stimulation of
the chemoreceptors and the center In our experiments, 1elatively
low tensions of carbon dioxide caused a decrease, whereas higher
concentrations led to a rise of the blood pressure It 1s therefore to
be expected that the central influence will become relatively greater
as the amount of work mcreases This seems to conform with the
well-known fact that during light work the blood pressure 1s often
mamtamed at a low level — sometimes even lower than duing
rest — but that 1t 1s raised during heavy work somewhat m propo:-
tion to the amount of work done per minute Oxygen want in the
mtact animal acts essentially in the same direction as accumulation

of carbon dioxide, the depressing effect on the center being under
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ordinary conditions ovcrcompensated by the reflex action through
the chemoreceptors

Against the assumption of presso-sensitine reflexes as 1 Ik in the
regulation of the arterial blood pressure  Asmussen Nielsen and
Wieth Pedersen (39) huve objected that it s not cwy to under
stand how the reflex rcactions can be brought about at the onset
of work because normally no mitial fall m the arterial blood pres
sure is observed, wd that it 1s hard to sec how the change in vaso
motor tone in the later stiges of work can be mamtined where
the pressure shows no tendency to dimmish but on the contrary
15 increased

With regard to the first of thesc objections 1t must be emphasized
that a deerease of the stimulation of the presso receptors is not the
ouly factor to be considered It may well be that other mfluences
act smultaneously and prevcnt the primary fall n blood pressure
in the intact animal although wc have proved it in the anesthetized
animal. As early as 1893 Johansson (41) concluded from his experi
ments that dunng work motor impulses to the muscles irradate to
the centers govenung the heart This will explain why the first heart
beat at the onset of wark is already accelerated. It would seem
possible that an irradiation mught also influence the tone of the
vasomotor center and counteract the nutial lowenng of the pressure
especially if the onset of work 1s not quite sudden The second
objection neither heeds the importance of the chemoreceptors nor
considers the possible direct effect on the center Though the prob-
lem as a whole 1s complicated, I think that our experiments prove
definitely that the presso-receptors and chemoreceptors during

muscular work contribute greatly to the regulation of the blood
pressure

INFLUENCES OF OXAYGEN AND CARBON DIOXIDE
TENSIONS ON PULMONANY CIRCULATION

The second problem to be discussed concerns the blood flow
through the lungs The importance of the presso-receptors und
chemoreceptors for the regulation of the systemic blood pressure,
raises the question whether similar mechanisms exst in the lesser
carrculation Of course one must realize that the lungs being placed
In series with the general circulation would scarcely be dependent
on the maintenance of a certain pressure level in order to ensure
the blood supply to the organ itself There would seem however
to be reason for some regulation m order to avoid a harmful rise
when the general blood flow was greatly increased Obviously
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special airangements may possibly be connected with the function
of the lung

Von Euler and I (42) were unable, howevei, to demonstrate
an mfluence on the pulmonary aiterial pressuie through nervous
mechanisms under physiological conditions Clamping the carotids
had only a very small effect on that pressure Indirect evidence
of the relative independence of the pulmonary vessels from the
sinus mechanism 1s afforded by some recent observations by Beznak
and myself (43) Whereas clamping the caiotids m the cat induced
a considerable decrease in the flow of lymph from the left thoracic
duct, presumably mainly due to lowering of the capillary pressure
in the abdominal organs, the flow fiom the right thoracic duct
1emained practically uninfluenced

If the artery to the left lung weie occluded, a very moderate rise
followed 1n accordance with earlier experiences from different
investigators This demonstrates the consideiable adaptability of
the pulmonary circulation to varyimng demands The explanation
lies in the distensibility of the pulmonary vessels, and perhaps, as
emphasized by Wagner (44), the opening of “reserve capillaries”
Vagotomy, or the administration of ergotamine, had no influence
on the result If the general flow of blood was increased from about
200 to 300 per cent by electrically-induced muscular work, the pul-
monary arterial pressure rose 1n a similar way, as after clamping the
left pulmonary artery, and this result was unaffected by vagotomy

If, however, the amimal breathed different gas mixtures, pro-
nounced effects on the pulmonary arterial pressure were obtaned
Moderate percentages of carbon dioxide increased the pressure, and
the same was found during oxygen want Of special interest was
the observation that oxygen and air produced different pressure
levels (Figure 56) The mcrease produced by muscular work was
superimposed on these levels Sometimes the transition from oxygen
to air breathing was followed by a very considerable rise in the
pressure, as 1llustrated by Figure 57 from Logaras’ paper (45)
This rise was not due to back pressure from the left atrium, the
corresponding pressure curve showmng only a shght fall It 1s out
of the question that the great difference in pulmonary arterial pres-
sure during oxygen and air breathing should be caused mamly by
variations 1mn the minute volume of the heart Therefore, 1t must
be concluded that the vascular resistance changes Since vagotomy,
extirpation of the stellate ganglons, and injections of ergotamine

or atropme, had no mfluence on the effect of oxygen, this must be

of local origin
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Ficure 37A Cat, chloralose Upper curve pulmonary arterial pressure, lower
curve systemic arterial blood pressure I) 15 pc O: N: (from arr), 2) am,
3) O. Artifical resprration. Time 30 seconds Reprinted, by permission, from
Logaras, G _Further studies of the pulmonary arteral blood pressure Actd
physiol scandinav 14, 120 (1947)

Ficure 37B Cat, chloralose Upper curve pulmonary blood pressurc, muddle
curve left atrial pressure, lower curve systemic arterial blood pressure Imtially
breathing 100 per cent O, then 1) awr, 2) 100 per cent O: Spontancous breathing
Time 10 seconds Reprinted, by permission, from Logaras, G Further studics of
the pulmonary artenial blood pressure Acta physiol scandmnav 14, 120 (1917)
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Richardson  What concentration of ovigen was used?

Liljestrand 1t was air and 100 pcr cent oxygen

The mereased pulmoniry arterial pressure durmg short term
hypona has been confirmed in dogs by Aviwdo Cerletti Alums
Bulle and Schmidt (48) by Lcwis and Gorhin (47) and by Stroud
and Rahn (48) Aviado cf al using 5 per cunt oxvvgen in the
mspired air obserned wn increwsed pulmonary arterl pressure
Lewis and Gorlin however dunng moderate hypoxit corresponding
to 10 per cunt ovygen m the mspired ur found u stitisticlly sigme
ficant increase m pulmonary vascular resistance but cardiae output
did not vary significantly from control salucs During sevcre hypovia
cardiac output mereased more or less and i this case the pulmonary
vaseular resistance remamed unchanged or deercased (49)

Comroe Dr Liljestrand I am not quite sure about that trmemg
in Figure 57 B Is that pulmonary artcrial pressure in a cat given
orygen then ar and then oxygen to breathe and ws the pul
monary arterfal pressurc 60 or 65 em of water when the cit was
breathing room airp

Liljestrand Yes

Comroe Is that not an abuormally Tigh pulmoniry arteril
pressure?

Lilfestrand It 1s very lugh Of course we obtain very high pul
monary artenal pressures after the operation we have donc espe
cally when the ammal was breathing spontancously

Coinroe 1 see

Lilfestrand 1t 1s a very big operation We have to open the chest
put side-standing cannulae into the pulmonary artery and close
the chest again \lotley Cournand Werko Himmelstemn and
Dresdale (50) recorded increased pulmonary arteral pressure in
normal man — on an average 90 per cent — when the subjects were
breathing 10 per cent oxygen There was a small reduchion of the
cardiac output or according to a later pubheation (51) an Increase
In proportfon to the seventy of arterlal anoma. It was never large
cnough however to explain the pulmonary hypertension which
accompanied {t. Westcott Fowler Scott, Hauenstein and McGuire
(52) found an average rise of pulmonary artenal pressure of 248
per cent in healthy subjects during mhalation of 13 per cent oxvgen
Doyle Wilson and Warren (53) during breathmg of 10 per cent
oxygen, observed a corresponding rise of 50 per cent the capillary
pulmonary pressure remaming constant The fncreased pulmonary

vascular resustance could not be explained by the moderate mcrease
n the cardiac output.
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Nisell (54,55,56,57), Hebb and Minno-Smth (58), Duke (59,
60,61), and Duke and Killick (62), have demonstrated, m the
1solated perfused lung, the vasoconstriction caused by oxygen de-
fictency or carbon dionide Nisell (56,57) has shown that if the
1solated cat lung were perfused with blood that had been made
hypouc, or hypercapnic, mn an oxygenerator, the pulmonary vascular
resistance was reduced Inhalation of gas deficient 1 oxygen or
contamning carbon dioxide, on the other hand, gave the reverse
response It therefore seems probably that erther anosia or carbon
dioxide accumulation dilates the pulmonary arteries and arterioles,
but constricts the pulmonary venules or vemns

Our results have thus confirmed the generally accepted view
that the pulmonary arterial blood pressure 1s not held at a relatively
constant level to the same extent as the systemic pressure On the
other hand, a special mechanism has been found 1n the lungs, by aid
of which the degree of contraction of the venules, and thereby the
local blood flow, can be regulated

It 1s tempting to interpret this finding as a means for correlating
breathing and circulation If in some part of the lung the blood flow
1s msufficient 1n relation to the ventilation, then the alveolar air
from that portion will contain more oxygen, and less carbon dioxide,
than the rest of the lung Consequently, the venules in the first-
mentioned part will dilate, and more blood will pass through, until
equilibrium 1s agamn established As a matter of fact, Rahn and
Bahnson (63), Atwell, Hickam, Pryor, and Page (64), as well as
Peters and Roos (65) observed, 1n one lung of dogs during hypoxa,
a reduction of the fraction of the total blood flow passing through
that lung It 1s interesting that oxygen want, which 1s known to lead
to vasodilation in the systemic circulation, acts 1n the opposite way
i the pulmonary circulation In the former case, the “call for
oaygen” of the different organs will become satisfied, and n the
latter case, the flow of blood will be directed from parts of the
lungs which are badly ventilated, to parts where the purpose of the
lesser circulation can be better fulfilled Nisell’s observation (55),
that local alveolar oxygen excess through constriction of the bronch
decreases the ventilation of that part, whereas oxygen deficiency
causes the opposite effect, indicates another mechanism that co-
operates with the one just mentioned

The effect of hypoxia and hypercapnia on the pulmonary vessels
are of interest from several points of view Thus, Cournand, and
Tus group, showed that the mean pressure in the pulmonary artery

10 two of three normal subjects decreased during exercise, whereas
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it mcreased in all dight of therr cises with chronie pulmonary
disease In three of these paticnts it was sigmficmtly ddavated cven
dunng rost (66) Accordmg to Cournand (51) 1 lincar correlatian
exists between the degree of unsaturition of the arterl blood wnd
the degree of pulmonan hvpcrtension Westeott Fowler  Scott
Hauenstun and McCwire (52) obstrved v defimte deelme m
pulmonary hypertension durng ovwgen mhalwion Thus  wonc
elevation may Ix a contributing wnd roversible factor n pulmonary
hypertension

The results obtamed also scem to be of interest waith regird to
some other questions such as the deercase of the vt capacity
obsenned duning oxvgen mhalition as well asy some of the tovic
effects of oxygen mwhalation I will not enter mto detals at thus
occasion however

Nicherson Are these changes completely dcpendent of n
nervatfon?

Lilfestrand Yes We have found that neither vagotomsy nor
exhrpation of the stellatc ganglion has anv effect Smce it 1s found
also 1n the fsolated perfuscd lung 1t secms to be independent of
{nnervation

Comroe \Why do you believe that inhalation of high oxvgen leads
to 2 decrease in vital capacity?

Liljestrand By increase m the blood volume in the lungs

Comroe By constriction of the venules and dilation of the
gde;mﬁ when there 1s an accumulation of blood m the capillary

Liljestrand High oxygen will dilate the venules in which there
is an accumulation of blood

Alexander Sarnoff and Berglund (67) have recently shown a
markedly delayed compliance effect fn the pulmonary vascular bed,
which would 1 thunl, help to explain some of these pulmonary
congestive mechanisms

Heymans Dr Liljestrand rmsed two interestng physiological
problems The first one concerns blood pressure homeostasis and
increase of artenal pressure during muscular exercise

I quite agree with hum that the presso-receptors and chemo-
receptors play an important role m the regulation of circulation
uring muscular work. But some other more penipheral mechanism
d“m) also be involved. Expenments on totally sympathectormzed

0gs showed indeed that when these ammals are deprived of their
cHerent vasomotor pathways of reflex blood pressure regulation by
Mmeans of the presso-receptors and chemoreceptors they not only
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Nisell (54,55,56,57), Hebb and Minno-Smith (58), Duke (59,
60,61), and Duke and Killick (62), have demonstrated, i the
1solated peifused lung, the vasoconstriction caused by oxygen de-
ficiency or carbon dioxide Nisell (56,57) has shown that if the
isolated cat Jung were perfused with blood that had been made
hypoxic, or hypercapnic, in an oxygenerator, the pulmonary vascular
1esistance was 1educed Inhalation of gas deficient mn oxygen or
contaming carbon dioxide, on the other hand, gave the reverse
1esponse It therefore seems probably that either anoxia or carbon
dioxide accumulation dilates the pulmonary arteries and arteroles.
but constricts the pulmonaiy venules o1 veins

Our results have thus confirmed the generally accepted view
that the pulmonary arterial blood pressure 1s not held at a relatively
constant level to the same extent as the systemic pressure On the
other hand, a special mechanism has been found n the lungs, by ad
of which the degree of contraction of the venules, and thereby the
local blood flow, can be 1egulated

It 1s tempting to mteipret this finding as a means for correlating
breathing and circulation If in some part of the lung the blood flow
1s msufficient 1n relation to the ventilation, then the alveolar air
fiom that portion will contain more oxygen, and less carbon dioxide,
than the rest of the lung Consequently, the venules i the first-
mentioned part will dilate, and more blood will pass through, until
equilbiium 1s again established As a matter of fact, Rahn and
Bahnson (63), Atwell, Hickam, Pryor, and Page (64), as well as
Peters and Roos (65) obseived, n one lung of dogs during hypoxa,
a reduction of the fraction of the total blood flow passing thiough
that lung It 1s interesting that oxygen want, which 1s known to lead
to vasodilation 1n the systemic circulation, acts 1n the opposite way
mn the pulmonary circulation In the former case, the “call for
osygen” of the different organs will become satisfied, and n the
latter case, the flow of blood will be directed fiom parts of the
lungs which are badly ventilated, to parts where the puipose of the
lesser circulation can be better fulfilled Nisell’s observation (55),
that local alveolar oxygen excess through constriction of the bronchi
decreases the ventilation of that part, whereas oxygen deficiency
causes the opposite effect, indicates another mechanism that co-
operates with the one just mentioned

The effect of hypowa and hypeicapnia on the pulmonary vessels
are of mterest from several points of view Thus, Cournand, and
his group, showed that the mean piessuie 1n the pulmonary artery
1 two of three normal subjects decreased during evercise, whereas
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it mereased in all dight of thdr ewses with chrome pulmonan
disease In three of these paticuts it was sigmficwth dovited (ven
during rest {66) According to Cournmd (51) a linc i corrc] thon
ensts between the degree of unsaturtion of the arterial blood ind
the degree of pulmonin hvputension Westeott Lowler  Scott
Hauenstun  and MeCuire (32) obsenved a dohmte dodime
pulmonary hypertension during onvvgen wmhalation Thus  anoac
elevation may be a contnbuting wd raversible factor in pulmonary
hvpertension.

The results obtamed also scem to be of interest with regard to
some other questions such s the decraase of the vital capacty
obsenved during ovvgen inhalion 15 well w some of the towc
effects of oxygen mhalation 1 will not entcr into dotuls at thus
occasion however

Nicherson  Are these changes completch wdependent of in
nervation?

Liljestrand Yes W¢ hae found that neithcr vigotomy  nor
extirpation of the stellate ganglion has any flcct Smee 1t 1s found
dso 1 the isolated perfused Tung 1t scems to be mdependent of
innervation,

Comroe Why do you helieve that inhalation of Iugh oxy gen lcads
to a decrease mn vital capacity ?

Liljestrand By wmcrease in the blood volume m the lungs

Comroc By constriction of the venules and dilation of the
;eflg;'loles when there is an accumulation of blood 1n the capillany

Liljestrand High oxygen will dilate the venules in which there

3 an accumulation of blood.
nder Sarnoff and Berglund (67) have recently shown a

markedly delayed compliance effect in the pulmonary vascular bed
which would 1 think, help to explun some of these pulmonary
congestlve mechanisms

Heymans Dy Liljestrond raised two interesting physiological
problems The first one concerns blood pressure homeostasis and
increase of arterfal pressure during muscular exercise

I quite agree with um that the presso-receptors and chemo-
Teceptors play an fmportant role m the regulation of circulation
uring muscular work But some other more penpheral mechamsm
May also be involved Expenments on totally sympathectomized
o showed indeed, that when these amimals are deprived of their
merent vasomotor pathwavs of reflex blood pressure regulation by

eans of the presso-receptors and chemoreceptors they nat only
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1egain a noimal artenal pressure, but also are able to regulate thew
cuculation during muscular woik Totally sympathectomized dogs
1un and stay on the treadmill as well as normal dogs It 1s quite
possible that, under noimal conditions, blood piessure homeostasis,
and 1egulation of cuculation during muscular work occur mainly.
by means of the aoitic and caiotid sinus presso-1eceptois and
chemoreceptors, but that in animals depiived of these receptos,
some moie peripheral mechamsm takes over then function

The second interesting problem presented by Dr Laljestrand
conceins the regulation of pulmonary arteial pressure and circula-
tion Recent observations in our laboiatory also showed, that while
the systemic arteiial pressure mcreases very maikedly if the mtra-
carotid sinus pressuie has been decreased by clamping the common
carotid aiteiles, the pulmonary aiterial pressure, on the contrary,
does not 1ncrease, or if so, only shghtly Systemic and pulmonary
artenal pressuies thus react m a different manner to the caotid
sius 1eflexes

Another recent obseivation showed that a large amount of bleed-
g provokes a marked diop of systemic aiterial pressure, but no
alteration 1n pulmonary arterial piessure May I ask Dr Liljestiand
if this phenomenon could not be 1elated to his findings showing
that oxygen want raises the pulmonaiy artenal resistance?

SYMPATHETIC VASOMOTOR FIBERS

Lijestiand The regulation of blood pressme during musculai
work aften sympathectomy 1s a fascinating problem which must
be mvestigated closely I remember two old experiments by Goltz
(68,69) on different vasomotor mechamsms If one were abolished,
by section of the vasoconstrictor neives, another took over the
function after a week or a month Obviously, something of the
same kind 1s happening here However, I think 1t 1s essential that
it be investigated closely

Heymans The oiganism employs a number of different mecha-
nisms to regulate the circulation Ruling out one mechanism, which
s fundamental m normal conditions, could activate the comple-
mentary adaptation of other mechanisms which noimally aie less
important However, I agree that this possibility ought to be
mvestigated further

Folkow In connection with what Piofessor Heymans has sard,
I should lLike to mention the recent series of experiments bv
Heirtzman, et al (70), who found that in dogs, where the sym-
pathetic chains had been completely 1emoved, evidence w‘lls
obtamed of remaming constrictor fibers which during therr whole
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course run  the ventral roots to the penpherl nerves wd thus
are not chiminated by what we enll a tot 1l svmpathectomy Parhaps
these remaining “ventr il root ssmpathetic fibors tihe over i part
the nervous control of the circul ttion boeause the vesseds are then
to some degree scnsitized to the mediator subst med 1 do not know
the exact fraction of constrictor fibers taking this special 1oute nor
whether all wimals have thum hut they sean to be able to ddiat
significant vascular offects

Acheson Did I understand vou to say that the sympthcctomized
dog has no change m blood pressure upon stimulating the sensory
ends of a cut scnsony nen(?

Heymans No In totally sympathcctomized and sagotomized
dogs reflex or central stimulation does not mduct any mereased
nse or fall of arterial pressure Nather could we find any efferent
vasomotor outflow from the central nenvous system to the spleen
kidney or mb The function of the constrictne fibers running m
the ventral roots without gomg mto the sympthetic ganghonie
chain thus has still to be mnestigated

Folhow Professor Ileymans somc years 1go you wrote a paper
concerning the effect of carotid occlusion m totally svmpathecto-
mized dogs you were uble to obtam a rather marked rise m blood
pressure on carotid occlusion were you not?

Heymans Yes

Follow I beheve you concluded that there probably were some
vasomotor fibers not runnmg via the sympathebe trunks which
were responsible for the pressor responses Wouldnt the eitra
sympathetic vasoconstrictor fibers which Iertzman et al (70)
found running in the ventral roots be a probable pathway for this
remaining carotid occlusion reflex?

Heymans Expernnents with Bacq and Brouha (71) showed that
in totally sympathectomized cats vasomotor carotid smus reflexes
may occur dunng a certain length of time after sympathectomy
In cats vasomotor outflow thus may be present outside of the
sympathetic although the possibility of regeneration and reconnec-
ton of sympathetic fibers may not be excluded

PRESSURE FLOW RELATIONS

Folkow 1 should like to make some comments about the stress
relaxation phenomenon winch hias been mentioned. In a vemn with
2 given wall tension if the travascular pressure 13 suddenly m
creased, the tension s at first rused but will then sanish due to
relaxation of the smooth muscles 1n the wall of the vein This seems
to be casfly demonstrated as regaids vems but this b pe of re iction
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does not occur with the smooth muscles of the small arterial vessels,
which are mainly responsible for the peripheral resistance, at least
not when the piessures applied are within reasonable limts Sup-
pose we measure contmuously the perfusion pressure, and the blood
flow, through the muscles of a cat’s imb The vessels are denervated,
thus excluding vasculai 1eflexes, but also under such circumstances
the blood vessels of the muscles have a high “inherent” tone, so
that the vascular area 1s fa1 fiom bemg maximally dilated To give
reasonable figures the peripheral resistance under such circum-
stances 1s roughly from 5 to 6 times larger than 1t 1s when the
smooth muscles are maximally relaxed by, e g, large amounts of
vasodilator drugs If stress relaxation really occurred as regards the
small arterial vessels, 1t would mean that a sudden mcrease of
pressure would mduce a huge mcréase of flow, not only because
of the raised pressure, but also because of this particular stress
relaxation, which would markedly deciease the peripheral resistance
However, this 1s not what normally happens Immediately upon a
pressure rise one generally can obseive a certam drop n peripheral
resistance, probably due to a purely physical distension of the
vascular bed, induced by the sudden mcrease of mtravascular pres-
sure The peripheral resistance begmns to mcrease agamn when the
reaction, which takes from 30 to 60 seconds, 15 completed, and 1n
most cases will be even higher than 1t was before the pressure nse
In other words, when the reactivity of the vessels 1s good, they
respond to a pressure rise with a constriction If the tone of the
blood vessels 1s poor, and the reactivity of the smooth muscles 1s
decreased or abolished, this type of reaction 1s not seen, but only
the purely physical effects of the piesswme changes, as distension
and viscosity variations In analogy with this, a pressure drop
induces first a certain elastic recoil, soon counteracted and mostly
overpowered by a relaxation of the smooth muscles of the vessels,
so that the net effect will be a drop 1n peripheial 1esistance If the
vessels already are maximally dilated at the moment of pressurc
drop only the elastic recoil will occur and then the peripheral
resistance will increase Thus, as long as the basal tone 1s good, the
denervated vessels will respond to piessuie changes mn such a way
as to keep the blood flow as unchanged as possible, a response
pattern which, i the mtact animal, 1s often masked by the influence
of the vasomotor nerves, whose effects are stronger than these local
responses Now, as this type of response means a constriction,

induced when pressure 1s rarsed, 1t 15 1 fact the opposite to the

, \ The > redctions
stress-relaxation phenomenon The background of these r
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15 probably 1 complicited dfur mvolving several coopcrating
factors and further they are not cqually well pronounced in 1l
vascular areas I have purfused the whole v wseulir urct in hittens
by way of 4 donor cat The vessels of the hitten were denervated
by way of destruction of the spinal medully m order to chminate
vasomotor nene reflexes This total vaseulr wier of the hitten
showed principally the sume riactions s were descenbed for the
vessels of the muscles thus mdicatimg, that cven if some vascular
regons may behave pricticully 1s passne dlastic tubes  the re-
activity of the vessels m other areas is so pronounced that the net
effect will be dilation as 1 response o lowcered perfusion pressure
and constriction when pressure 1s rused Under such arrcumstances
the factor i 1n the formula

Flow = ¢ DPressure

will be below 1 The less pronounced these actine responses are
the higher will the factor 1 be In cases where due to the expen
mental conditions or other circumstances there are practically no
active smooth musclce reactions the factor n might be far above 1
as factors such as distension by pressure merease and viscosity
changes with clianged flow rates are new unapposed

[ discussed these reactions with Dr Zweifach and ashed him
what can be observed under the microscope when pressure is m
creased in the small blood vcssels If I did not misunderstand him
he said that one generally can observc a certain mcrease of vascular
dameter which after some latency is followed by a constriction
Isnt that nght, Dr Zweifach?

Zwelfach Yes

Heymans Dr Folkow how did vou change pressurc tn vour
eapenments?

Folhow By partial occlusions of the supplying artery easily
graded to any pressure level as the inflow pressure to the hmb was
continuously recorded below this partial occlusion

Heymans And in what ranges were vou changing blood flow
at the same time?

Folhow 1 measured the blood fow continuously the inflow
pressure and the venous pressure 1 could change both these pres
sures within a very wide range and heep them at any given level
{)0" 2 long time It was then possible to study the effect on the
b1eOOd flow and the peripheral resistance because they can easily

calculated at any moment from these three measurements

Heymans  Are your obsenations related in some way to the
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obseivations of Bayliss (72) on the peiipheral vascular ieaction
induced by shoit-lasting mteiruption of blood supply?

Folkow Yes, and they aie 1elated to many other papers

Heymans Bayliss obseived that short-lasting interiuption of
blood supply to the limb, provokes a maiked peipheral vasodila-
tion Thus changing pressuie, and blood flow at the same time,
could induce vascular 1esponses which aie not related to the pres-
swe vailations, but to the alterations mn blood flow and oxygen
supply I think the 1esponses of peiipheial vessels to deciease of
arterial piessme are mainly due to the reduction of blood flow

Folkow I believe too, that the 1esulting change of flow 1s a most
important factor, but theie 1s evidence that 1t 1s probably not the
only factor responsible fo1 these types of vasculai 1eactions How-
ever, 1t 15 obvious that 1f the pressure, and thus the flow, 1s lowered,
the oxygen supply and the ehmmation of possible vasodilator metab-
ohites will be mteifered with, while the tissue metabolism will go
on as before A 1elative oxygen lack, and a certamn mcrease of
metabolite concentiation, will be the result, factors which induce
a 1elaxation of the smooth muscles of the blood vessels

Heymans The peipheial vasodilation in the leg, provoked by
a shoit lasting occlusion of the femoral artery, 1emains quite a time
after the i1estoration of a normal blood supply Did you measure
the peripheial resistance in the leg?

Folkow Yes, 1t can easily be calculated at any moment, as both
pressuie and flow aie continuously 1ecoided

Heymans Did you deciease the aiterial piessme m the leg by
the clamping of its artery?

Folkow Yes

Heymans But at the same time you have changed the blood
flow and oxygen supply What happens to the peipheial 1e-
sistance?

Folkow Immediately after loweiing the aitenal pressuie, the
peripheral 1esistance goes up, due, at least to some extent, to an
elastic recoil of the vessels when the mtiavascular piessure 15
lowered

Heymans How can you measuie the perrpheial 1esistance at the
moment the artery 1s clamped if theie 1s no blood flow?

Folkow But in these experiments I have not occluded the arteries
completely, 1t 1s only a paitial obstiuction, so that flow still gocs
on at a lowered piessure head

Heymans Howevel, the blood flow has been decreased

Folkow Yes, the flow 15 decreascd when the pressure 15 decrcased,
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but as I mesure both these things [ can alwayvs obtiin the periph
eral ressstance and thus get some ider 1bout what is happening
to the vascular transyerse sectional arer when pressure 15 changed

Heymans Clampmg the funoral artery for 1 fiw sceonds we
could not measure the penpherl resistance duning this decrease
of blood flow but mmeditely fter unclamping the artery  and
restonng the afferent pressure As in the obscrvations of Bayhss
the penpheral resistance was obscrved to be decreased during a
penod after clamping and unclamping the fumoral arters

Comroc Do vou measure pressurc and flow to obtamn parnipheral
resistance?

Heymans We used the method deseribed by Nolf (73) reguster
ing the penpheral pressure in the arteria fomoralis profunda This
method pernnts us to register the peripheril resistance related to
the arterinl pressure

Knisely It is a measurement of pressure then? In what units do
you state it?

Heymans A mercury manometer was used but other methods
for measuning pressure may also be employed 1 behicve that re
actne vasodilation 1s nduced by a reduction of blood flow and
oygen supply Oxvien requirement fs a local regulator of penph
eral resistance and blood flow

Folhow That mechanism 1s certainly one of the most important
but I do not think that 1t 1s the only factor m these vascular 1o
actions If the artery is totallv obstructed and there 1s no blood
flow 1t 15 of course impossible to measure the penipheral resistance
but in my experiments T have not worked with total obstructions
but only partial ones which lower but do not ehminate the pres
sure head.

Alexander The renal physiologists for a number of vears have
been making much of an autonomous regulation of renal circulation
I thnk many of them thought they had a unique problem Actually
coronary blood flow exhibits much the same behavior tending to
return to the ongmal rate of flow after changes m arterlal pressure
(74) This autonomy seems to relate to the local oxvgen requirement
In some of our own obscrvations on the intestine blood flow reacts
to pressure changes n the same fashion as you report for the leg.
This seems to be a relatively universal phenomenon However the
question of whether we are dealng with chemoreceptor or presso-
receptor mechanisms is not clear

klg:ﬁ“';‘v}};]u:hgndlngs are quite parallel to what happens i the
pressure §s suddenly rused there 1s a momentan,
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tiansient 11se m flow, and then 1in about a minute 1t comes down
agamn If the piesswe 1s diopped, the reveise occurs

It 15 interesting to hear you comment that 1t 1s a problem of the
1eactivity of smooth musculatmme We have been thinking along
the lines of the metabolic side, as Professor Heymans brought out
Ceitainly when presswe 1s decieased and flow imparred, 1t 1s con-
cervable that you would have dilato1 metabolites bemng produced
The only distmubing thing 1s that I do not see how the reverse
phenomenon, 1a1smg presswe and mcieasing flow, would m any
way encouiage the production of vasoconstiictive phenomena,
because the blood 1s thoroughly satmated with ovygen before and
after this process How can you account for the 1everse trend?

Heymans In yow expeuments, D1 Folkow, the leg was de-
centialized by cutting the neives The peripheial resistance thus
was already decieased, and the blood flow increased as a 1esult
of the vasodilation occuriing after section of the vasomotor nerves

Folkow I woiked chiefly with deneivated vessels, but as regards
the blood vessels withmn the muscles, they still have a pronounced
tone after the vasomotor neives are cut

Heymans However, the vascular tone 1s at a low level 1elated
to normal

Folkow The difference 1s that the blood flow thiough the muscles
1s appiroximately doubled when the noimal constrictor dischaige 1s
elimmated by cutting the neives

Heymans That means quite a deciease m the peripheial 1e-
sistance

Folkow Yes, but these deneivated blood vessels may be dilated
much more by muscular work o1 mjection of acetylcholine, m fact
the flow can generally be mcreased fiom 5 to 7 times m a cat,
which means that the basal “inheirent” tone of these vessels 1s very
pronounced

Heymans May I pomnt out that tissue ovygen want not only acts
directly, but also affects the vasoconstrictor impulses reachmg the
blood vessel from the vasomotor mneivation

Selkurt This also happens m the deneivated kidney Therefoie,
it has to be something beyond any neuromuscular relationship It
would have to be some duect mfluence on the musculature

Heymans 1 do not exclude the mnfluences of piessure vartatious
on the peripheral resistance, but T still wish to pomnt out tlmf
changes 1n blood flow occurring sitmultancously with blood prc;sm.c
variations, may also mmduce modifications i the pcnph(:-u lrL-
sistance The question then arises  which part of the vascula
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reactions 1s duc to the pressure variwons nd which part 1s due
to the changes m blood flow?

Sclhurt Your powmt 15 well tiken

Heymans 1 would agrec on the pomt that viriions of blood
pressure blood flow oxygen requrements md metabohtes may
act on the penpherl blood vessdds and thus on the penpheral
resistance

Follow These types of vasculir reetions are rither comples
probably mvolvmg many factors nd when T say that 2 pressuic
change mduces 4 given flow change I do not wish to give the
impression that the pressurc change as such 1s the only factor operat
g and causing thesc changes in vasculir tone and thus m flow
On the contrany T am quite suwie that the resulting change of flow
1s the most important one as 1t will influencc the oxygen supph
and the elummnation of vasodilator metibolites both of which factors
have important effects on the tonc of the vessels

May I answer the question Dr Selkut rafsed sonic mimutes age?
Suppose we increase the pressure above the normal level and thus
mcrease the blood flow eventhing elsc in the condition being
unchanged We know that the metabolism intimately regulates the
local blood supply probably by way of production of vasodilitor
metabolites present 1n lugher concentrations when metabolism 1s
raised, thus dilating the vessels Now in this case we have a steady
metabolism and thus a steady production of metabohtes creating
a continuous dilator influence on the vessels A raised pressure with
the consequent increase of flow will allow a better ehmination of
these metabolites Their concentration in the tissue spaces surround
mng the blood vessels will then be lowered which reduces their
vasodilator influence on the vessels consequently mereasing vascular
tone to some degree It is in principal the samo mechamsm as when
pressure s lowered just taken the other way around.

Nickerson 1 should like to put n one pomt which we obviously
do not have time to discuss fully I think 1t 1s clear that the de
nervated smooth muscle of vessels can act to regulate flow in re
sponse to factors other than metabolites I am referrng to animal
work done m other laboratories and to some observations we have
made on a boy with Morvan s syndrome and apparently no periph
eral sympathetics whatever The basic observation 1s simply that
as an extremity 13 cooled, the blood flow remains essentially un
changed until a entical temperature is reached at that time a rather
sudden constriction of the vessels occurs The reerse 1s seen as the
extremity is warmed, If this were a metabolic effect, a more gradual
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response would be expected Theie 1s not a sudden change in metab-
olism at, let us say, 22° C ambient tempeiature Thus, although
metabolic effects certamly can be mvolved m the regulation of
vessel caliber, I think we have to recogmze that the smooth muscle,
independent of its innervation, can 1espond to stimuli other than
metabolites

Green 1 would agiee with D1 Folkow thoroughly that these
observations aie tiue m a muscular vascular bed, but when one
1epeats the experiment in an 1solated cutaneous bed, one does not
see this phenomenon This again fits in with the idea that 1t 15 a
metabolic phenomenon which 1s 1esponsible, and not any pressuie
distensibility phenomenon

Folkow The vessels of the skin do not exhibit much of an “active”
1esponse to presswe and flow changes They seem to 1emaimn rather
uninfluenced by presswe changes, bemg only to some degree dis-
tended as pressure 1s mcreased Howevel, the cutaneous vascular
area has an abundance of aiterlovenous anastomoses, which prob-
ably aie 1esponsible for the mamn pait of the blood flow 1 piepara-
tions where the vasomotor neives aie cut They aie 1ather large
vessels, and theie 1s some experimental evidence indicating that the
most pronounced 1eactivity 1s found m the smallest aitertoles and
precapillary vessels The vasculai tree theie 1s very different and
spectfic, which might partly explam the different pressure-flow 1ela-
tionship Do you agiee to that?

Gieen One still obtains the same cwive, whether the tone 1s
high o1 low

Folkow That 1s inteiesting

Gieen Practically no reactive hyperema occuis 1n the skin

Folkow As 1egaids the skin blood flow I have only woiked with
deneivated prepaiations, and I obtamed 1esults which weie simlar
to yours, with flow incieasig propoitionally more than the piessure
This was probably due to passive distension, and a certain decrease
of effective viscosity as flow was ncreased

Gieen The same thing occuis in either the deneivated or -
nervated leg

Folkow However, I think that only a 1ather small pait of the
Aifferent vascular areas i the body show a piessure-flow 1clation-
ship Iike that of the skin vessels If the total peripheral 1esistance
1s measured n animals where the blood vessels are denervated, 1t
will be found that the resistance mcieases somewhat as a response
to an mereased pressure, while it decreases when pressure 1s lowered
This means a 1eaction of the same tvpe as 15 seen i the muscles
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However the reactivity and the tone of the vessels must then be
good if the vessels are nearlh mximally dilited they will behave
more like passive shphthy lstic tubes

Burton I think Dr Folkow s cxpuriments are mteresting mdecd
1 should tend to agree with Dr Creen We have not seen this m
other vasculir beds perhaps it 1s somcthmmg rather peeuhar to
muscle It would be important for fum te scttle whether or not this
reaction of the smooth muscle comes from the pressme change or
from chemical factors Porhaps it 1s possible to do this since the
venous and artcnal pressures em be changed mdependently 1
would suggest expcnments m wlich the mean pressure or the
pressure of all vesscls was increased  but the blood supphy kept
constant This would providc a separtion of the pressure nd flow
factors

Folhow 1 have donc so in somc esperiments T decreased the
blood flow to a given levdl for a short period cither by lowenng
the mflow pressure and thus the mtrn wealar pressure or by
creasing the venous pressur¢ by wluch the mean intravascular
pressure was increased a little But in both cases the blood flow was
reduced to the same extent However for the most part the result
mg reachive hyperemia was considerably more pronounced in those
cases where the arterfal inflow pressurc was reduced 1n other words

© vascular smooth muscles reJaxed more when intravascular pres
sure was lowered I could find no other explanation for these expen
mental fndings — besides the obviously fmportant fictor caused by
accumulated metabolites — than that a different but cooperating
Mechanism must exist Dencration and consequent degeneration
of the nerves did not scem to influence the reactions which seemed
to pofnt to the smooth muscle proper as the factor reacting to the
change 1n intravascular pressure One cannot definitely exclude
some local nervous mechamsm but so far as I know there is no
histological or neurophy siological evidence at present that a lacal
Vasomotor nervous plexus will survive in the periphery when the
efferent vasomotor nerves are degenerated Lacal ganghon cells
are sald not to edst around the penpheral blood vessels But
taturally one does not fecl too sure about these things
i i"l:]l:ﬂ In the lidney when renal venous pressure s elevated
o Og‘&:ihng to find this parallelism again In other words the
§ g own almost Imearly with the A V pressure decrement

you decrease it with +enous pressure elevation
Drli';t”o" I find myself very resistant to the 1dea that an arteriole

€y can respond to an increase of pressure by getting smaller
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This scems to me somethig which would lead to a very unstable
situation I also find 1t difficult to see how 1cactive hyperemia works
on the artenial side, because the blood 1s flowing from the artery
to the venous side The metabolic factors would be acting further
down, I should think I am beginning to thmk that a reflex of some
kind, 1f you can call 1t a 1efley, from the venous side affecting the
arteriolar side, 1s pethaps moie conceined in this phenomenon than
anythmg else

Folkow It 1s quite possible that 1t 1s so, but then we must recon-
sider oum views about the punciples of the nervous arrangements
contiolling the blood vessels, e ¢, independent local nervous plexa
uninfluenced by decentialization, and consequent degeneration of
the efferent and afferent fibers I do not know of any direct evidence
for such an anangement, most mvestigators seem to reject this
possibility

Buiton This 1eflex I mentioned, if you can call 1t a reflex, 1
completely mdependent of central connections

ELASTICITY OF ISOLATED AORTIC STRIPS

Lawton In ow studies of the elasticity of the 1solated stup fiom
the aoita, 1t has become appaient that there 1s what you might call
an “operating pomt” for the behavioi of the aorta If I may, I should
like to show a few figmes just for claification Eveiyone 1s willing
to admut that the elasticity of the aoita 1s a very nonhnea affair
If one suspends a piece of the aoita fiom clamps, loads 1t and then
displaces 1t shightly and lets 1t vibiate, one can determine (75) the
natural frequency of free longitudinal vibiation and also the decie-
ment, and from this make some calculations as to 1ts elasticity and
viscosity at a given length o1 weight (Figuie 58)

Fremont-Snuth In what direction 1s the stip taken?

Lawton We have taken them both circumferentially and longi-
tudinally We have not found any paiticular difference

Nickeison What ammal?

Lawton This one happens to be the dog In Figme 59 we have

plotted the natural frequency on the vertical axis and the relative
0.)"_) LT))

change m length, a, on the honzontal axis The ordinate 1s

g being the acceleration due to gravity, and L, the resting length
We took all these factois together for themetical puiposes, but
L, and g, of course, are constants in this experrment The lower
curve rep-iesents an aorta taken post-moitem from a young individual
who had commutted suicide It was a fairly fresh specimen from a
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S:UB: 58. Free bagtudinal vibration m an isolated longitudinal acrtc stnp of
.mdoi'[‘hh tracing was made by photoclectric measurement ofpthc
o pltuds of the vibrations at the lower end of the stnp The amplitude dechnes
lho. feshion wnth time. Whean plotted on semilogarithmic coordinates,
slope of the struight Line produced 1 the loganthmic decrement.

21 year old man. The upper one represents a 70-year-old man The
curves charactenstically have minimum pomnts If one uses the
bressure tension radwus relationship one can ascertan what the
ntra arterfal pressure ought to be at these mmjmum points
Burfon Could you tell me what alpha 1s?
divl;g‘:éﬂﬂ Alpha 15 the relative length that is the stretched length
th by the unstretched length It begins with one you see For
¢ voung individual this represents a total stretch of from 80 to 90
per cent. All the specimens that we have examined have such min:
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Ficure 59 The nfluence of age on the frequency response of 1solated aortic strips
w = 2af, f-frequency Open circles 21-year-old male, crosses 70-year-old male
Reprinted, by permission, from Lawton, R W, and King, A L Free longitudinal
vibrations of rubber and tissue strips J Appl Physics 11, 1340 (1951)

mum pomts If one exammes the aoita of a dog fiom the region of
the arch all the way down to the abdominal region, one finds that
these minima vary fiom 70 to 80 mm Hg up to around 120 o1 so
In general, the more extensible specimens have the higher pressures
at the mmimum pomt In this older individual, the minimum pomnt
would probably be around 70 mm Hg

Burton You have not had aortas fiom peisons with hypeitensive
mean pressures of 200 mm as yet?

Lawton No However, perthaps this matter of an “operating
s some bearing on homeostasis of blood piessure If one
the viscosity, one finds that 1t also goes through a mmimum
ame pomnt as the natwal frequency Thus, this

pomnt” ha

examines
at approximately the s
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15 a kand of energy valley affair and the blood pressurc moves with
reluctancy up either side of the valley

Alexander In vicw of what we know about muscle would you
care to speculatc on what would happen to this mnimum point
in a vessel as 1t became constricted?

Lawton Looking 1t your work I should say that the mmmum
pont would shift toward a lugher pressure in a contracted case

Rnisely What do you mean in terms of physics by the viscosity ?

Lawton What we have done 18 to compute the logrithmic
decrement from that curve that you saw and then usc that as our
measure of the viscositv One cn also obtain a coefficient of vis
cosity 1f one hikes by taking into account the cross sectional arcas
and a number of factors

Kniscly Do vou mew inter molecular friction m the solid?

Lawton Just what this viscosity 1s duc to I would not wish to
sav Since the proteins are high polvmicrs mtermeshed and inter
twined one would think of a molecular uncoiling process associated
with the vibration The molecules movmg against each othcr might
produce the viscous behavior of this specimen

Alexander Problems of cnergetics have been touched on They
may seem a little far afield and abstract but I think that some day
we shall have to reckon squarely with them as illustrated by a
report that came out of Georgia a few years ago Remungton and
Hamulton (76) calculated that under ccrtain conditions as much
as 40 per cent of the work done by the heart nught be dissipated
as the pulse wave traverses the aorta If that were apphed to the
clinical picture of a cardiac patient who mav be wasting part of the
energy expenditure of his mvocardium because of the physical
charactensties of blood vessels this may represent a very real prac
tical problem

Burton Dr Lawton I think I should mterject that vou were
using the word “viscosity” m the generalized physical sense that
any force which depends upon the velocity of movement 1s called
a viscous force 1t really has nothing to do with the restricted use
of fld viscosity and the coefficient of viscosity

A warning we should take 1s that Fenn (77) m analyzing the
effects in striated muscle and the forces depending on the velocity
of contraction showed that this coefficient which he called the
viscosity has actually to do with the heat of shortening and nothmg
whatever to do wath viscous forces in the other sense We should
display the same caution here in mterpreting 1t. You simply mean
that this 1s a force proportional to the rate of change is that nght?
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Lawton 1 agiee I should like to pomnt out that the work of
Peterson (17) seems to conrelate with this type of curve He mvesti-
gated, as was mentioned previously, the height of the acceleration
transients, which plotted agamst the diastolic pressure also gave 11se
to a U-shaped curve with a minimum point 1n the 1egion of 120
mm Hg. This was in the circulation of the intact dog

Heymans Did you obseive any 1elationship between the condi-
tion of the aiteiral wall and hypertension?

Richardson What was the blood piessure of this 70-year-old man?

Lawton- I am ahaid we do not have that particular pressme

Figure 60 1s theoretically what nught happen to various polymer
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Theoretical frequency response curves of an ideal rubberhke matena

lem f?,? the ;)arameter of the equation from 01 to 0 8 are shown Reprinted, by
Vgr;ﬁismn from Lawton, R WV, and King, A L Free longitudinal vibrations of
p )

rubber and tissue strips J Appl Physics 11, 1310 (1951)
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systems subjected to the sumc soit of esperiment This mdicates
the way the cune might mosc under increasingly stiffer conditians
1t is a theoretical calculation In actual pomt of fict latex rubber
would bo down somewhere between 01 and 0.2 the aorta would
be up around 05 Tlus will give you the general place of the aorta
in the scheme of things

Rmsely The contour of the aorta is visible in the fluoroscope
and {t would be possible to measure the pressurc by some modifica
tion of the contour techmque Obseryations could be made on hiving
men and the aorta could be removed at autopsy for histologicnl
examination

Lawton 1 am mnot so sure that it could be donc so sunply The
best approach that I see to tius problem s the one of Peterson of
injecting a solution of salme mnto the aorta at \nous pomts and
measuning the response of the system at each pomt Tis has not
been followed up by studies of 1solated aortic strips from the region

PARTIAL SUMNARY

Alexander Since the bour is getting on we nught attempt ta
draw things together a bit Tlus conference started with 1 discus
ston led by Dr Howard, which demonstrated that we are all still
mterested in the shock problem This was followed by an intensne
discussion of some of the more recently described reflexes which
we assume may supplement the better known buffer reflexes in
mamtaining circulatory homeostasis

Finally two other aspects have been brought out one 1s the
distensibility charactenshes of the penpheral vascular bed partic
dlarly on the venous side which determine the distribution of
the blood volume The other problem 1s the evidence which has
been presented of autonomous or local regulation of penpheral
resistance m a decentralized vascular bed

An important fleld which we must explore in the future is I
beleve the manner in which the reflexes influence the peripheral
mechanisms As one preliminarv suggestion may 1 illustrate this
with the experiment shown i Figure 81

The curves show the rise in venous pressure i the hind leg
accompanying injection of blood mto the femoral artery as we
have described earher In this case the dog was under chloralose
and the sclatic and femoral nerves were intact The animal was
vagotomized and a carotid sinus 1solated and connected with a
pressure bottle 1o that an essentially physiological sHmulus could
be dehvered to the presso--eceptor In the upper curve pressure in
the 1olated sinus was zero Blood pressure 1n the ammal was at the
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Ficure 61 Influence of carotid sinus stimulation on the venous pressure rise 1n
an mnervatcd hind leg preparation As outlined 1n the text, the start of the venous
pressure rise was nterpreted as the start of the volume increment in the venous
system, 1n this hAgure, as 1n other hgures, volume umts on the abscissa are
equivalent to time unmits on the ongmal recording

hypeitensive level of 186 mm Hg since, of cowse, one observes a
newogenic hypeitension under these cucumstances

The pressure 1n the caiotid sinus was then raised to 250 mm This
produced a depressor 1esponse n the animal, with a fall i blood
pressure to 67 mm Injection of blood into the hind leg under these
circumstances yielded the lower venous pressure curve m Figure 61
The difference in the distensibility curves obseived under these two
conditions was quite 1eproducible

As 1s evident from our eailier discussion, a great many questions
have to be answered before we will be 1eady to make a quantitative
interpretation of the meaning of these venous curves recor ded fiom
the hind leg However, I thimk 1t 1s nteresting that we aie getting
a 1esponse, which, I think, 15 dominantly on the venous side I offer
this as just one suggestion of the type of woik which I think should
lie ahead of us

Heymans In your opmion, aie the presso-1eceptors stimulated at
the zero pressure level m the isolated carotid sinus prepaiation?

Alenander  Your opinion 1S worth much more than mme It 15
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m assumption that I un ranoving stimulition Am I wrong,
hat assumption?

Heymans Our aaponmental obsen tions {78) showed that a
sressure of about 50 mm Hg m the carotid smus mducts no stimu
ation of the presso receptors 1f the pressure m the caotid smus
is decrcased from 30 to 0 mm Hy the prosso-reeeptors ue however
simulated and the svstonue blood pressure falfs just as if the mtry
;arotid sinus pressure would hive been rused from 50 to 90 mm
Hg As the presso-receptors are stimulated by the tension of the
arterial wall we budicve that the minmum tension of the arterial
wall of the carotid smus is situated at i mtricirotid sinus pressure
of about 50 mm Hy,

Comroe Howcver Dr Alcxinders animal did react with hvper
tension at that time

Heymans If the mtricwotid smus pressure is decrcased from
50 to 0 mm Hg the artcrial wall of the carotid simus hends to the
mside of the Jumcn of the wrten This bending of the wrtcnal wall
increases the tension of the wall nd provokes a stimuhition of the
presso-receptors just as though the irterial whll had been bent m
the other direction by an mcrease of the mtracarotid sinus pressure
above the 50 mm Iig level Thus in our opinmon a zcro pressure
m the carotid sinus does not remove the stimulation of the presso-
receptors The stimulation 1s removed when the pressure m the
carotid sinus 15 about 50 mm g The rclationship between the
pressure 1n the carotid sinus and the systemic blood pressure thus
1s not linear

Lilfestrand Is that due to stimulation of chemoreceptors®

Heymans No to pressure The chemoreceptors are out

Liljestrand But not m Dr Alexanders esperiment?

Alexander Yes

Heymans 1t is a closed pocket

Alexander That 1s a very interesting point that I think we should
consider However I trust you agreec with me that at 200 mm.
pressure there 1s much more sthmulation than at 0 mm. pressure

Heymans 1 agree But I wish to pomt out that according to the
observations of koch and of ounselves the greatest sensitivity to
pressure vanations of the carotid sinus presso-receptors 1 dogs 1s
situated at an ntracarotid sinus pressure corresponding to the level
of the normal arterial pressure of about 120 mm Hg The rate of
fall of the systemic arterial pressure dimnishes progressively when
the intracarotid sinus pressure 1s raised progressively from 120 to

235 mm. Hg The lowest level of the systemuc arterial pressure
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Ficure 61 Influence of carotid sius stimulation on the venous pressure rise n
an nnervated hind leg preparation As outhned m the text, the start of the venous
pressure rise was interpreted as the start of the volume 1increment m the venous
system, 1in this figure, as in other figures, volume umits on the ahscissa are
equivalent to time units on the onigmal recording

hypeitensive level of 186 mm Hg smce, of couise, one observes a
neuiogenic hypeitension under these cncumstances

The piessure 1n the carotid smus was then raised to 250 mm This
produced a depressor 1esponse m the animal, with a fall in blood
pressure to 67 mm Injection of blood nto the hind leg under these
cncumstances yielded the lower venous piessure curve in F 1gure 61
The difference 1 the distensibility cuives observed under these two
conditions was quite 1eproducible

As 1s evident fiom our eailiex discussion, a gieat many questions
have to be answeied before we will be 1eady to make a quantitative
interpretation of the meaning of these venous cuves 1ecorded from
the hind leg However, I think 1t 1s Interesting that we aie getting
a 1esponse, which, I think, 1s dominantly on the venous side I ofter
this as just one suggestion of the type of woik which I think should
lie ahead of us

Heymans In your opinion, aie the presso-1eceptors stimulated at
the zero pressure level m the isolated carotid sinus pireparation?

Alexander Yow opmion 15 woirth much moie than nmune It s
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occuis at the moment that the intiacarotid sius piressure has been
1a1sed to 235 mm Hg The cuives of the intracaiotid sinus pressures,
and of the systemic aitenial pressmes aie, howevei, not hnea

Knisely Pirofessor Liljestiand, we spoke eailier about blood flow
thiough local 1egions of the body o1 specific oigans Professor T
Sjostiand (79,80), fiom yowm laboiatory, has published experiments
on lung as a blood depot I have tried to keep up paitially with
findings on the lung as a 1eseivon, but I should be most giateful
if you would caie to 1emaik on work that has been done since then,
etther in yowr laboiatoiy o1 elsewheie

Lijestrand 1 am not prepaied to give a 1eview of this subject,
but I know that Sjostiand has continued to woik on 1t a great deal
and 1s still of the opinion that he 1s 11ght Of cowse, that has been
challenged fiom other quaiters Howevel, that theie 1s an accumula-
tion of blood 1n the lungs under ceitam conditions 1s undoubtedly
tiue, but whether 1t can be said that the lungs serve as a reservon
for blood 1s, of cowmse, a question of defimtion I think that the
observations mentioned can be confimed Interpietation 1s always
somewhat subjective, and on that point there aie still differences

Kmisely When you weie speaking, I could not help but think
of the fact that there has been talk of the shifting of blood fiom
one part of the body to another The 1eactions you weie talking
about certamly did so
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A

Abdomen, mjury to
circulation after, 34
mortality after, 22, 33-36
Adenosine
hypotension due to, 72
triphosphate
in coronary occlusion, 71-72
in stimulation of receptor, 48-50

Adenylic acid, pressure-volume diagrams
of intestinal loop after, 163

Agglutination of blood, after mjury, 27-30

Awr, pulmonary arterial pressure after
breathing of, 190

Anastomosis, arteriovenous, in ntestinal
circulation, 168-169

Anesthesia
anova due to, 39, 41
blood pressure after, 32, 39
capillary permeabihty after, 41
cardiac output after, 38
cerebrospinal fluid pressure after, 85
circulation after, 41
in shock, 10, 14-22, 32, 39-42
Anozia
and endothehal retention of blood pro-
temns, 39
due to mitrous ouide, 41
Aorta
arch of, presso-receptor of, 46, 69
chemoreceptor of, 60-61
elasticity of strips from, 206-211
muscle 1, 140
receptor of, 46, 60-61, 69
mn Moe and Gruhzit refley, 107-109
thoracie, pressure-volume relations n
139-146, 152
Aortic body
anatomical localization of, 63
blood supply of, 61-62
chemorcceptors of, 1 responsc to
phemvl diguanide, 83

Aortic body—Cont’d

nerves from, 61
after nicotine, 62-63

Aortic depressor reflev, 68-69

Apnea
after nicotine 1njection nto heart-aortic
preparation, 63
due to stimulation of receptors near
lungs, 50

Arch, aortic, presso-receptor of, 46, 69

Artery
coronary See Coronary artery
femoral, blood flow m, after epmeph-
rine, 101
pressure
during muscular work, 183-189, 196
presso-receptor regulation of, 46
pulmonary
contraction of, 82
pressure 1n, after pulmonary em-
bolism, 81
shock due to spasm of, 31
stress relaxation in, 198-199
umbilical, elastic properties of, 164
wall of, mn regulation of blood pres-
sure, 116-128

ATP
mn coronary occlusion, 71-72
in stimulation of receptor, 48-30

Atrium

vs auricle, 86

pressure 1, 91
after epinephrine, 101
and type A receptor, 87

receptor 1mn, 80
blocking of, by cold, 92
conduction vclocity m, 92
phyvsiological function of, 86-96
tvpc A, 86-87
tvpc B, 86-87
iftcr veratriding, 88

rcdlaves from, 129

volume of, ind type B receptor, 57
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Atrupioe
and intedtinal motibty 149
refley vasodilation after 112
Auricle vs. atrium, 58
Scc also \trium

B

Bambndge refley, 57 50 93 9193
Barbatal, blood pressure altar 39 40
Barbaturate
blood pressure after 39
cerebrospinal fukd pressure after 83
1 potentuatiwn of mtrous ovde §1
o shock 10 14 22
Benn lmrdazoline  apphied to carvtid
inus, 120 122
Bezold nBey 30
procaine block of ~3
Sce alio Caronany (umor fle
Block
by cold of atrial receptor 02
1w penpleral vawular discase
Blood
agglutination of after mjury 27 30
endothehal retention of protelns I,
after anoda, 39
mpaction of o blood vessels, 27 30
lung a1 reservour for 214
transfused fate of 23-28 40 137
trancfusion of
heart farlure due to 31
m hemorthagic traumatic shock, 23
masuve 32
volume of 182-183
in hemorrhagie traumatic shock, 23
m intestinal loop, 166-167
measurement of 28
m mortality due to rapid loss, 32
Blood flow
digatal, 179
after epinephrine 96-112
force components 1n, 164-168
mtestinal, arteriovenous shunts in
168-169
through lung, 186-188
through muwle 113-11%

182

Bhaxd low—Cont d
plethy sographic measurement of 167
amd pressure cluange  198-203
Sce also Circulation
Blood pressure
after ancsthaada, 32, 39
arterdal
after epinceplirine B6-112
dunng muscular work, 1831590 198
after phemy lephring 101
pre so-receptor regulation of 46
pulinoany  160-106
vasomotion due to change 1 109
111
artenovenous gradient 175-179
atnal, 01
after barbtal 39
after barbiturate 39 10
and vardlac mnes G5
carotid sinus an regulation of 116-128
chunge of and vasomotor response
108-20
after chiloralose 39
after coronuny chemorefle stimulation
n nicotine 82 63
Dby veratddine 52, 55 GO0 64 G5
7 60
by venloid, 78
after coronary occlusion, 71 72
and eritical closing pressure 180-182
after cther 39
alter cxautation of atrlal receptors, 88
of fish, after stmulation of gill, 130
after henworthage 17
umperceptible, resusuitation after 23
after nicotine inpection nto coronary
artery 62
after mtrows oude 39
after patn, 11 13
after pentobarbital, 39
after pentothal, 39
m shock 10 14-22
after phemy] diguanide, 43 74
mn cat, 83
in dog, 83
Dreaso-receptors in regulation of 46
after pressure increase in right hoart,
88-89

after sympathectoary 196
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Blood pressure—Cont’d

after trauma, 9-42

after 2 «-naphthyl ethyl isothiourea,
74, 77

venous, 1n fatal shock, 38

Blood vessel
elastic properties of, 162-164
functional properties of, 137-214
pressure-flow relations in, 204-205
reflexes 1n regulation of, 43
See also Artery, Capillary, Vein

Body
aortic
anatormmical localization of, 63
blood supply of, 61-62
chemoreceptor of, i response to
phenyl diguanide, 83
nerves from, 61
after nicotine, 62-63
carotid
chemoreceptors of, 1n response to
phenyl diguanide, 83
nerve, 83-84
after nicotine, 62-63

Bradycardia
after application of norepinephrine to
carotid sinus, 126
after mcotine 1njection
mto carotid body circulation, 62
into heart-aortic preparation, 63
due to phenyl diguanide 1n dog, 83
refley, 93

Breathing
after nicotine injection nto heart-aortic
preparation, 63
after phenyl diguamde 1n dog, 83

C

Capillarv
permeability of, aftcr ancsthesin, 41

pulmonary, contraction of, 82

Carbon dionde, arterial pressure ftor

accumulation of, 184-190, 191

Cardiac ncrve, left posterior
and blood pressure, 65-66
after veratndine, 07

Shock and Cuculatory Homeostasis

Cardiac output
after anesthesia, 38
during hypoua, 193
mn shock, decompensated, 31
after trauma, 13, 14, 16

Carotid body
chemoreceptor of, after phenyl diguan-
ide, 83
nerve, 83-84
after nicotine, 62-63

Carotid nerve, common, 45

Carotid sinus

denervated, after phenyl diguanide, 85

i hypertension, 127

presso-receptor of, 46, 116-128, 211-
214

pressure 1n, 211-214

and pulmonary arterial pressure, 190,
196

Carotid sinus reflen, 45

Cat
aortic body m
blood supply of, 61-62
localization of, 63
coronary chemoreflex 1, 50-52, 55, 56
distribution of vagus nerve to heart of,
59-60
phenyl diguanide 1n, 83
Central nervous system, after pentothal,
16

Cerebrospinal fluid pressure, effect of
anesthesia on, 85

Chemoreceptor
during carbon dioude accumulation,
184-189
carotid body nerve fiber from, 84
definition of, 48-50
during ovygen nsufficiency, 181-189
after phenyl diguanide, 82-83

Chemorefles

coronary, 50-68
aftcr cooling of vagus nerve, 77
in coronary occlusion, 71
vs Daly and Verney refley, 68-7T3
vs pulmonary depressor chanorcfley,

77

duc to veratriding, 99

dchimtion of 1%
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Channreflon—Cong
pulmonun altar cooling of vayus
neny T
pubmonan deprassar 386 12)
i caronan chemwrefley =7
Chloraloane 83
Chloralose bload pres ure after 59
2-Chloroadenorine  hapoten on o 1o,
-3
Crreulation
after abdonvnal snjun 31
after anusthesla, 11
coronan after chemordley stunulation
5063
after cther 41
after phuny! diguanade 13
refles factors in regulation of 1131
See alio Blowd flow
Closing prassure cntical, 150-15_
Clostndium purfangens 1 korean battlo
casualties, 37
Cold, atnal receptor blocked by 92
Compensabion
fter hemorthage, 11 12, 17
o shock, 9.
Compliance  deluyed of intestinal locp
136-168
Coonduction veloaity of atral Teceptors
92
Coronary artery
blood pressure after meotine injection
mto G2-83
circulation 1, after chrmoreflex stimu-
lation, 50-68
heart rate alter nicotine injection inte,
62.63
occlunon of
sdenosine mphosphate in 71 72
coronary chemoreflex i, 71
5-hy drov tryptamine in, 71 "2
shock due to 72
Coronary chenorcler, 50-68
adter cooling of vagus nenve 77
i cotoaary occlusion, 71
¥3 Daly and Verng, reflex, 6871
e K'f_“_lﬂ‘omry depressor chemorefley,

Cormary chemeretl \=C ntd
due o varatndine 89
Cr atme degradation of 33

Croatinine
fonmation of 33
dter iuny 3

Cr atmung aftes mune i
1% 182
Cyanule purfu wn wath 170

Crtwal dosiug pro sure

Ciclopropane  sasaconsdnction after 18

D

Daly and Vemoy refloy 6873, 10
169-172
Dicompensation Insbockh 23442

Depressor e 60-81 65-70
anatomleal localization of 62

Depr ssor refln aortic 63-6G0

Diacets lepinephrine-tinssulfonic acid, ap-
plid to carotid sinus, 117
Duploagm  ntritharace pressure after
lowerng of 9304
gt plethy smography 179183

Dilator metabolite 203-204

Duuresls, after pressurc increase 1n nght
ficart 88-80

Dcuntralization

Dog
aortic body 1n
blood supply of 61 6.
localization of 63
artera! pressure 1, during muscular
work, 183
coronary chemareflex in, 52-53 55-60
distnbutron of vagus nerve to heart
of 80
lack of responso to transfusion {n, 40
pheny! diguanede in 83

E

Eel, cardiovascular cffect after stimula
tion of mlls of 130

Flutierty of aorta, 208-211
Fmbollsm polmonary 81
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Blood pressure—Cont’d

after trauma, 9-42

after 2
74, 77

venous, 1n fatal shock, 38

Blood vessel
elastic properties of, 162-164
functional properties of, 137-214
pressure-flow relations 1n, 204-205
reflexes 1n regulation of, 43
See also Artery, Capillary, Vemn

Body
aortic
anatomical localization of, 63
blood supply of, 61-62
chemoreceptor of, i response to
phenyl diguanide, 83
nerves from, 61
after nicotine, 62-63
carotid
chemoreceptors of, in response to
phenyl diguanide, 83
nerve, 83-84
after nicotine, 62-63

Bradycardia
after application of norepinephrine to
carotid sinus, 126
after nicotine injection
mto carotid body circulation, 62
into heart-aortic preparation, 63
due to phenyl diguanide 1n dog, 83
reflex, 93

Breathing
after micotine njection nto heart-aortic
preparation, 63
after phenyl diguanide 1n dog, 83

c

Capillary
permeability of, after ancsthesia, 41

pulmonary, contraction of, 82

Carbon dionde, arterial pressure after
accumulation of, 181-190, 191

Cardiac nerve, left posterior
and blood pressure, 65-66
after veratndime, 67

a-naphthyl ethyl 1sothiourea,

Shock and Cuculatory Homeostasis

Cardiac output
after anesthesia, 38
during hypoua, 193
i shock, decompensated, 31
after trauma, 13, 14, 16

Carotid body
chemoreceptor of, after phenyl diguan-
ide, 83
nerve, 83-84
after nicotine, 62-63

Carotid nerve, common, 45

Carotid smus
denervated, after phenyl diguanide, 85
in hypertension, 127
presso-receptor of, 46, 116-128, 211-
214
pressure 1n, 211-214

and pulmonary arterial pressure, 190,
196

Carotid sinus refley, 45

Cat
aortic body 1n
blood supply of, 61-62
localization of, 63
coronary chemoreflex 1n, 50-52, 55, 56
distribution of vagus nerve to heart of,
59-60
phenyl diguanide 1n, 83

Central nervous system, after pentothal,
16

Cerebrospinal flud pressure, effcct of
anesthesia on, 83

Chemoreceptor
during carbon dioude accumulation,
184-189
carotid body ncrve fiber from, 81
defimition of, {8-50
during ovygen nsufficiency, 181-189
aftcr phenyl diguanide, 82-83

Chomorcfley

coronary, 30-68
aftcr cooling of vagus nerve, 77
i coronry occlusion, 71
vs Daly wnd Verney refley, 68-73
vs pulmonary depressor chamordfles

77

duc to vartndime, 99

dehmtion of 15
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Heart rate—Cont o
after phenyl diguanide
in cat 83
fo dog, 83

after pres urc ancrease o night huaart

after 2 @ naphthyl vl 1otluourca
T
Hemoconcentration  after abdominal in
fury 34
Hemodilution, after etremity infun 31
Hemomlage
compensation after 1112, 17
pulmonary arterial pressure after 190
shock duc to 23 0
Hovamethomum for hy purtension due to
trauma, 14 2122
Histamine cercbrospinal flwd pressure
after 83
Huntmg phenomenon, 12

Hy drovy pheny kunino-propanal applhed to
carotid mnus, 117
Hydrovy try ptamine  48-50
applied to carotid sinus 117
n coronany occlusien 71 72
Hy percapaua, pulmonany artenal pressure
during, 184160 104
Hyperemia, 11
reactive 203 208
in inteshnal loop after circulatory
stagnation 162
Hyperpnea, after mcotine injectson into
heart aortic preparmtion 63
Hypertendon
arterfal wall in, 127
carotid smus m, 127
after nicoine injection nto heart aortic
preparation, 63
mn shock, 10-23
after trauma, 10-23
Hypotension
due to adenosine 72
1n coronary occlusjon, 72

after nicotfne injection into carobd
bodv arculation. 62
m sheck 23

225
1y poria
arterial pres ure after 181159
pulmonan  100-193

cardiac output duning 193
of tissue 202
1"

Hy teresis 170

1

Hewm rvascublar bed of Joop of 116-158
Injun cardunascular sesponst to 942
Intestinal tract
artcriovenous shunts In 168-169
distensibilits. pattern of
dunng nption, 156-168
dunng withdrawal, 156-158
loop of
dilayed compliance of 156-168
170-172
I steresis, 136-168, 170-172
pres ure-volume relations for 156-
161 108-168
stress relavation of 1568-168, 170-172
vasculur bed of 148-1%6
mobility of 149
Twotleourca, 2 o naphthyl ethyl
atrial receptor after 80
blood pressure after 74 77
heart rate after 74 77
pulnionary stretch receptor after 79

1N

Kudney
function of after abdominal inpoy 34
pressure-flow relations in 201 202, 205
vasomotion In, due to arterlal pressure
change 109 111

harvan War shock 1 battle casualties

of 0942
L
Lanyngeal nene recurrent, 81
Leg
lund

presswe-volume r katlons fn 172 183
vencus pressure 1o, 211 212
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Endothelium, retention of blood protein
by, after anovia, 39
Ephedrine, applied to carotid sinus, 117
Epinephrine
application of
to aorta, 140-141) 144 145
to artenial wall, 125
to carotd sinus, 117, 120, 122
to intestinal smooth muscle, 149
blood flow after, 96-112
mn blood supply of intestinal loop, 149-
153
circulating, pressor response due to,
14, 22
femoral artenal blood flow after, 101
Moe and Gruhzit reflex due to, 96-113
1n synaptic transmission, 110, 111

Ergotamine, arterial pressure after, 188

Erythrocyte
circulating, volume of, in mortality due
to rapid loss, 32
mpaction of, m blood vessels, 27-30
n peritomtis, 27

Ether
blood pressure after, 39

circulation after, 41
mn shock, 10

Ethv1 1sothiourea, 2 a-naphthyl
atrial receptor after, 80
blood pressure after, 74, 77
heart rate after, 74, 77
pulmonary stretch receptors after, 79

Extremity
blood How 1n, after epinephrine, 96-
112
creatinuria aftcr mnjury to, 34
hemodilution after mjun to, 34
See also Leg, Limb

r
Fumoral artery, blood flow m after
epinephrnine, 101
Fiber

«tion potentiils from, 130

of carotid body nerve, 83-54 )
svmp tthetic v woconstrictor, 196-197

Shock and Circulatory Homeostasis

Fiber—Cont'd

sympathetic vasodilator, mn control of
blood flow through muscle, 113-
115

Fish, cardiovascular effect after stimula-
tion of gills of, 130
5-hvdroxytryptamine, mn coronary oc-
clusion, 71-72

Fluid
force components 1n motion of, 164-
166
metabolism of, 26-27

Force, components of, 1n motion of flud,
164-166

G

Gangrene, due to Clostridium perfringens
1 Korean battle casualties, 37

Gas gangrene, in Korean battle casual-
ties, 37

Gill, cardiovascular effect of stimulation
of, 130

Gruhzit and Moe refle, 96-113

H

Heart
distribution of vagus nerve to, 59-60
paraganghon 1n, 64
presso-receptors 1n, 69
reflexes from, 129-131
reflenes 1n regulation of, 43
right, pressure ncrease 1, 88-90
sensory rcceptors m arterial supply to,
30-33
Heart failure
due to overtransfusion, 31
Venous prLSSUrL m, flnd VLNOUS ONYELD
tension, 96

Heart rate
ter pplic wion of norepmephnne to
cirotid smus, 1206
ftor cvataton of atrid recoptor, b9
of hish, fter stunulttion of wll, 130
tor mcotine njoction nto coronary

irtery 62
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Heart rate—Cont d
after pheny] diguanide
in cat 83
in dog, 83
after pressure increase w nght heart
5300
after 2 araphthsl alyl wtliouraa
- T
Hemoconcentration  after abdomnal n
funy 34
Hemodilution, after cxtremits infun 314
Hemorthage
compensation after 1112, 17
pulnonan artcral prossure alter 198
shocl due to, 23, 50
Heuamcihonmum, for Iy pert nuon due to
trauma 11 21 22
Histamine  cercbrospinal fluid prossure
aftr 85
Hunting plrenonicnon, 12

Hydrow pheny limino-propanal appld to
carotid sinus, 117
Hydrog tryptamine 44-50
applicd to carotsd sinus 117
o coronary occlusion, 71 72
Hypercapnia pulmonany artenal pressure
dunng, 184190 194
Hy peremia, 11
reactive 205 206
m intestmal loop after airculatory
stagnation 162
Hypcrpnea, after nwehne injection into
heart gortic preparation, 63
Hj pertension
arterial wall m, 127
carotsd mnus m, 127
after nicotine injection 1nto heart gortle
preparation, 63
mn shock, 10-29
after trauma, 10-23
Hypotennon
due to sdenogdne 72
m coronary occlusion, 72
after wecotine injectron Ito carotd
body arcnlation, 62
m shock, 23

225
Hypoyia
artcraal pres nre after 181199
pulmonary  100-183
carduc cutpwt durng 193
of euc J.
1 ter=as 157 170
I
W um vasenlar bad of loop of 116-158

Iy cardunasculir respons to 942
Intestinal tract
artcrioycnows shunts i 168-169
i tensilalits pattern of
dunng mection, 156-163
dunny withdrawal, 156-138
loop of
deliv d complunce of 136-168
170-172
Ivateresis 156-168 170-172
prossurevolune relations for 156
161 168-169
tra relavation of 158-168, 170-172
vascular bed of 146-156
motiits of 149
Iothwourca 2 a naphthn] ethyl
atral receptor after 80
blood pressure after 74 77
heart rate after 71 77
pulmonan strctch receptor after 79

N

Kudoey
functron of after abdormunal wnjury 34
pressure flow relations in 201 202, 205
vasomotion 1o, due to arterial pressure
change, 109 111
horean War shock n battle casualties

of 642
L
Laryngeal nenve recurrent, 81
Leg
hind

pressure volume r lations 1n, 172 183
venous pressure 1m, 211 212
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Log—Cont’d

vasomotion i, duc to arlcral pPressure
chnge, 109, 111
Sce alyo Eatranity

Lamb, Jdovation of, and dignital vasocon-
striction, 180-181
Sce also Fatronity

Iiver, function of, fter abdominid -

jury, 3t

[ oop, mtcstinal
utcrniovenous shunts m, 105-169
blood volund m, 166-167
vsculir bed of, 116-136

Loven redfes, 16-17

Luneg
s blood dopot, 211
blood flow through, 159-196
chamorceeptor i, 74
citbolus m, 81
prossure an, after ovvgen broathing,
80-81
refloses from, 129-131
streteh receptors m, 79

M\
MacDowall redfley, 88
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