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JOSIAH MACY, ]R. FOUNDATION
CONFERENCE PROGRAM

As AN INTRODUCTION to these Transactions of the Furst Conference
on Shock and Circulatory Homeostasis, I should like to outlme
what 1t 1s that the Foundation hopes to accomplish by 1ts Conference
Program

We are iterested, first of all, m furthering knowledge about
shock and circulatory homeostass, and to this end the participants
were brought together to exchange 1deas, experiences, data, and
methods In addition to this parbicular goal, however, theie 15 a
further, and perhaps more fundamental, aim which is shared by
all our conference groups the promotion of meanmgful communica-
tion between scientific disciplines

The problem of communication between disciplines we feel to
be a very real and very urgent one, the most effective advancement
of the whole of science bemng to a large extent dependent upon it
Because of the accelerating rate at which new knowledge 1s
accumulating and because discoveries m one field so often result
from mformation gamed m quite another, channels must be estab-
hished for the most relevant dissemination of this knowledge

The mncreasing realization that nature itself recognizes no bound-
aries makes 1t evident also that the continued isolation of the
several branches of science 1s a serious obstacle to scientific prog-
ress Particularly 1s 1t so 1n medicine that the limited view through
the lens of one disciphne 1s no longer enough For example, today
medicme must be well versed in nuclear physics because of the
tracer techniques and the mjury which can result from radiation
At the other extreme, medicme 1s certainly a social science and,
through mental health, must be concerned with economic and
social questions The answer, then, 1s not further fragmentation
mto mereasingly 1solated speciahties, disciphnes, and departments,
but the integration of science and scientific knowledge for the
enrichment of all branches This integration, we feel, can be encour-
aged by providing opportumties for a multiprofessional approach
to given topics

Although the fertiity of the multidiscipline approach 1s recog-
mzed, adequate provision 1s not made for 1t by our umversities,
scientific societies, and journals And perhaps the presence of other

7






Conference Program 9

as the pamting of a portrait or the composmg of a symphony
Although logic 1s, of course, necessary in order to rearrange, to test,
and to validate, research thrives on cieativity which has 1its source
m unconscious, nonrational processes Unfortunately, however, n
the finished products which are presented to the world thiough
research reports this integral part of scientific endeavor 1s shriveled
by the cold, white hight of logic By preserving the mformality of
our conferences m the published transactions, we hope to give a
truer picture of what actually goes on m the minds of scientists and
of the role which creativity plays.

Frank FremonT-SMmiTH, M. D.,
Medical Diiector
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hindering factors must be admitted Partly semantic i nature, they
may also to some degree be psychological. Admittedly, 1t 1s often-
times difficult to accept data derived from methods with which
one 1s unfamibar By making free and informal discussion the
central core of our meetings, we hope to achieve an atmosphere
which mimmizes as much as possible these emotional barriers

Thus, our meetings are in contrast to the usual scientific gather-
mgs. They are not designed to present neat solutions to tidy prob-
lems but to ehct provocative discussion of the difficulties which
are bemng encountered m research and practice For thus reason,
we ask that the presentations be relatively brief and that emphasis
be placed on discussion as the heart of the meeting Our hope 1s
that the participants will come prepared not to defend a single
pomnt of view but to take advantage of the meeting as an oppor-
tunity to speak with representatives of other disciplimes in much
the same way that they would talk with therr own colleagues m
their own laboratories

We have, now, thirteen groups functioning under the Conference
Program on the following topics adrenal cortex, aging, blood clot-
tmg, connective tissues, consciousness, cybernetics, infancy and
childhood, hiver injury, metabolic terrelations, nerve impulse,
renal function, cold mjury, and shock and circulatory homeostasis

When a new conference 1s orgamzed, the Chairman, m consulta-
tion with the Foundation, selects fifteen scientists to be the nucleus
of the gioup, and every effoit 1s made to include representatives
from all pertinent disciplines From time to time new members are
added by the group to fill gaps in viewpomt or technmique A hmuted
number of guests are invited to attend each meeting, but, for the
purpose of promoting full participation by all members and guests,
attendance at any meeting 1s imited to twenty-five It 1s inevitable
that 1n no topic can we possibly mclude more than a small fraction
of the key investigators in the field, and one of the difficulties in

formimng a group hke this 1s that 1t 1s necessary to leave out so many
people whom we should like to include

The transactions of these meetings are recorded and pubhshed.
This is done because the Foundation wishes to make current think-
mg m a field available to all those working m it, and because 1t
believes that conveying to those m other ficlds who are concerned
with science, for example, government officials, administrators, cte,
the essential nature of scientific research is also an important prob-
lem m communication Logic is a vital aspect of science, but equally
essential 15 the mtuitive or creative aspect Research is as creative



INTRODUCTORY REMARKS

EPHRAIM SHORR

Chanman

DuriNG THE LAST war, when a great deal of work on shock was
activated, largely under the influence of the Office of Scientific
Research and Development, those of us who worked on projects
which were classified as restricted, confidential, or secret felt as if
we might be growing to resemble the three monkeys, one of whom
saw 1o evil, another heard no evil, and the last spoke no evil We
did not know to whom we mught speak, hsten, or look

This lack of communication between people working toward a
common objective so impressed Dr. Fremont-Smith with 1ts futility
that he asked permussion to try to establish haison between the
groups by means of a conference on shock. That first meeting of
minds took place 1n New Haven m 1943 and 1t led to a continued
exchange of 1deas m the form of Macy Conferences I am sure
that those of you who attended the Conferences will agree that it
was one of the most provocative measures which could have been
taken

Following the end of the war m 1945, there was a waning of
activity 1 the field of shock It 1s hoped that the present remcarna-
tion of the early Macy Conferences on this problem will siimulate
the endeavors which have begun agam m response to the present
emergency, and I feel certain that the meeting of these mnds,
during the next five years, cannot help but accelerate the progress
of the work m this country and abroad

One of Dr Fremont-Smuth’s concerns as director of the Macy
Foundation’s Conference Program 1s with the emotional aspects
of commumecation This calls to mind that Claude Bernard noted
two reactions which result from the inevitable anxiety of people
regarding the validity of their own concepts as other concepts 1m-
pmge upon them One of these reactions 1s doubt, and that 1s good,
for if we doubt, we then test our doubts The other reaction 1s
skepticism, which 1s really antiscience for 1t says, “I don’t beheve
t,” and then does nothing about testing its disbehef I know that
there will be doubt throughout this Conference I hope that there
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12 Shock and Circulaiory Homeostasis

will be a mimimum of skepticism and that when 1t arises it wall shift
to doubt and then to retesting.

One of Dr. Fremont-Smith’s favorite topics is the reaction ex-
pressed n the statement, “I have repeated us experiments but I
can’t confirm lis results.” Dr Fiemont-Smith insists that if you
repeat experiments exactly, you will get an answer which will
probably be the same answer that the other man obtained, though
it may not be the entiie answer. Repeating experiments exactly 1s
made possible by conferences like thus, ;n which the details of
experiments may be inquired into and 1in which things omutted from
formal papers can be brought out by direct questioning.

We are fortunate in having with us a number of visitors from
abroad and also representatives from the Armed Forces We might
begin by asking each of you to stand up, mtroduce yourself, and
tell where you come from and what facet of this field you are par-
ticularly interested 1n.

STANLEY E. BRADLEY: I am interested m shock with particular refer-
ence to distal circulation.

JOHN M. HOWARD: I am a surgeon, and am here representing the
Army’s research program

E P. SHARPEY-SCHAFER: At St Thomas Hospital, London, we are
mainly interested in low blood pressure states i man,

ELLIOTT F. OSSERMAN. At the Naval Medical Research Institute,
Bethesda, Md, we are primanly mterested m thermal
burns, frostbite, and immersion, and the shock states pro-
duced by these traumata

ALAN c. BURTON. I am from the University of Western Ontario
I call myself a biophysicist, but that 1s just a kind of
phystologist

MARGARET H SLOAN: I am from the National Research Council 1n
Washmgton, D C I am representing Dr Wmternitz, who
wished me to express his great regret that he could not
be here today

FRANCIS D. MOORE. I am from Harvard University and the Peter
Bent Brigham Hospital Our interest has been 1n studying
the metabohc response to trauma, shock, and burns as a
climical and chemical phenomenon

CHESTER HYMAN- I am from the Umversity of Southern Cahfornia
We try our best not to limit ourselves to capillary per-
meability

MARK NICKERSON: I am at the University of Michigan Our primary
interest for several years has been the role of the sympa-
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thetic nervous system 1n regulating the circulation

R. E. HAIST: I am m the Department of Physiology, Univeisity of
Toronto, Canada Our chief mnterest 1s mn the metabohc
aspects of shock

K. J. FRANKLIN: I am of St Bartholomew’s Hospital Medical College,
London, at present m the Umversity of Ilhnois, Urbana,
11, a physologist interested mn the noimal circulation
and m the departures fiom that normal which are mani-
fested 1n shock

EUGENE STEAD: Duke Umversity.

SHEILA HOWARTH: Institute of Cardiology, National Heart Hos-
pital, London, England

GEORGE BURCH. Tulane Umiversity, New Orleans I have been par-
ticularly interested in the use of isotopes m studying
electrolyte problems and congestive heart failure I have
not done experimental work with shock

FRANK FREMONT-SMITH: I was tramned m neurophysiology, then m
psychiatry, and am now trymg to find my way through
the maze of admimstration

EPHRAIM SHORR:- Cornell Umversity Medical College and The New
York Hospital, particularly mterested in metabolic aspects
of shock and their relation to circulatory homeostasis

THOMAS J HALEY:- Unwversity of Califorma at Los Angeles; I am
interested n the shock phases of the radiation syndrome

HAROLD D. GREEN. Department of Physiology and Pharmacology of
the Bowman Gray School of Medicme of Wake Forest
College, Winston-Salem, N C 1 am mterested in the
measurement of blood flow and the factors that regulate
blood flow.

BENJAMIN W. ZWEIFACH: Cornell Umversity Medical College; pn-
marlly interested m what we call the termmal vascular
bed and the capillary bed, and the factors which regulate
the circulation

JAcoB FINE: I am interested i the phenomenon of nreversibility
m shock

RUSSELL NELSON: Walter Reed Army Medical Center in Washing-
ton, D C, before that from the University of Minnesota
at Minneapols, primanly mterested in the problems of
shock from bacterial mvasion, and the metabolic derange-
ments associated therewith

EWALD E. SELKURT. Western Reserve University, mterested in pen-
pheral circulation, with emphasis on the kidney
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JOHN REMINGTON I am interested m all phases of the circulation

Shorr. Thank you. Since it was obviously impossible to arrange
a conference to cover the whole field of shock, five topics were
selected as bemng fawrly compiehensive It has been found most
useful, m these meetings, to stait each topic with a discussion led
by one member The presentation 1s not designed to be all-mnclusive
but 1ather to serve as a basis for the subsequent discussion. It 1s
meant to be provocative, and 1t generally turns out that way

We have found 1t best to keep the mtioductory 1emarks to about
one half-hour By the end of four or five minutes 1 most groups,
questions are on the lips of everyone. Simce we hesitate to mterrupt
a tramn of thought, which might not return, we have suggested that
the mitial speakeis divide their presentations so that there are
logical pomts at which they can be interrupted for a barrage of
questions -

The topic for this mormng 1s, “Humoral Vasoactive and Other
Metabolic Derangements m Shock” Dr Zweifach will open the
session with a discussion of the concept of shock which has been
advanced by my laboiatory. It 1s based on the results of a study
begun under Dr Robeit Chambers at New York Umiversity, and,
simce 1945, extended and amplified at Cornell as a collaborative
effort of Drs Zweifach, Mazur, Baez, Furchgott, and myself This
concept, mn brief, would relate a specific pattern of vascular events
in the progression of the shock syndrome to the sequential develop-
ment of specific metabolic alterations i kidney, liver, and muscle,
which lead to the release of the vasoactive principles VEM and
VDM My associates and 1 anticipate, and shall welcome, your
critical assessment of this concept -

Frankbm Mr Chairman, would 1t be possible for you to define
“shock” before we start? '

Shoir 1 fear that if we began, defining topics before we started,
our first session mught be dissipated I hope that a defimtion of
“shock” which most of us can approve will emerge from the session

Franklin Could you tell us what you include m the scope of
“circulation”? Are you mcluding all the fliud movements within the
body or merely that of the blood?

Shorr Yes, all the fluud movements

Franklin+ Finally, would you like to define “homeostasis™?

Shorr Tt 1s used with the meaning Claude Bernard gave 1t all
the factors that are mvolved mn the maintenance of the constancy
of the mternal environment



HUMORAL VASOACTIVE AND OTHER
METABOLIC DERANGEMENTS IN SHOCK?#*

BENJAMIN W ZWEIFACH
Department of Medicime, Cornell Uniesity Medscal College

IT 1s MY purpose to present a particular pomt of view, with reference
to the shock syndrome, which has been the outcome of expermments
carried out during the past ten years (1,2.3). The expermmental
basis for this concept has been given m considerable detail m
previous Macy Conferences (4,5). I do not thmk 1t 1s necessary
to cover this data agam. Rather, I should like to develop the expen-
mental findings mnto a continuous sequence. I trust that the presenta-
tion will be sufficiently provocative to invite discussion of any part
whach 1s not clear

Functional alterations m various segments of the cardiovascular
system have been intensively studied by numerous mvestigators
i order to provide a clearer msight mto the sequential changes
which lead to the collapse of the peripheral circulation under dif-
ferent conditions These studies have included a wide diversity of
measurements of different aspects of cardiovascular hemodynamucs,
many of which have only an mdwect, and fiequently highly m-
volved, relationship to the basic feature of thus problem, that of
peripheral circulatory homeostasis The circulatory stress during
shock 1s of sufficient magmitude to call mto play all available
homeostatic mechanisms Included m Table I are the most com-
monly accepted measurements of cardiovascular performance It 1s
obvious that to this hst could be added an almost endless number
of parameters, each of which would show some change. The sig-
mificance of changes in these parameters, with reference to specific
derangements of the peripheral circulation, however, 1s not readily
apparent. In final analysis, the principal function with which the
circulation 1s concerned 1s the maintenance of tissue homeostasis in
accord with local metabohc requirements The most critical aspects
of this funchion are achieved by peripheral regulatory mechamsms

* This paper 1s based on studies conducted with Drs Abraham Mazur, Silvio Baez,
Robert F Furchgott, and Ephraim Shorr, under grants from the Josiah Macy, Jr

Foundation, Eli Lally and Company, the National Institutes of Health, United States
Public Health Service, and the Postley Fund
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different tissues, with emphasis on the omental circulation (1) The
highly complex regulation of the circulation through the termmal
portion of the vascular tree was shown to be related to both humoial
and neurogenic factors The paiticipation of homeostatic mechan-
1sms arising 1 the adrenals, the kidneys, and the sympathetic nerv-
ous system was demonstrated and characterized, as far as was
possible, by using the various mdices of peripheral functional activity
listed at the bottom of Table I On the basis of this type of ap-
proach, 1t has been possible to recognize the contribution of specific
mechanisms to the vascular readjustment following circulatory stress
and to evaluate these 1 their proper perspective with regard to the
sequence of changes leading to collapse and to the so-called 1rre-
versible stage of the syndrome. A concept of shock has been de-
veloped which is not all mclusive but serves to focus attention on
vascular derangements m a crihical area of the circulation (2,6,7)

The observations to be reported deal exclusively with hemorrhagic
shock, unless otherwise stated Microscopic studies on the circulation
m the mesentery or omentum of rats, cats, guinea pigs, and dogs
have revealed an almost identical pattern of response in all these
species Early i our studies, a survey was made of the circulation
in tissues such as the skin, skeletal muscle, gut wall, mntestinal
mesentery, as well as the omentum The mesentery and omentum
were selected for our studies on the circulatory changes during
shock for several reasons Microscopic observations on the circula-
tion m the skin showed an almost complete cessation of blood flow
through this tissue followig as hittle blood loss as 2 per cent of body
weight Thereafter, throughout the subsequent progression of the
hemorrhagic shock syndrome, the skin mamntained a stagnant,
ischemic type of circulation Prelimimary studies were carried out
on the circulation of the skeletal muscle, using the abdommal wall
of the rat and the circulation m the distal portion of the tibiahs
anticus muscle of the cat In both of these capillary beds, the circu-
lation was almost completely curtailed early m the syndrome and
remaimned so throughout Furthermore, 1t was found that the surgical
manipulation required to prepare such tissues for microscopic study
sertously limited their value 1n terms of functional alterations within
the terminal vascular bed

The omentum, on the other hand, could be readily exteriorized
without mterfermg with the mtrmsic behavior of the terminal
vascular bed (8) Furthermore, the use of a nonparenchymatous
tissue, such as the omentum, permitted observations on a circulato
bed which would be least affected by local changes withm that
tissue durmg shock and which could therefore serve as a guide
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TABLE 1
Hemodynamic Measurements in Hemorrhagic Shock
Criterion Normal Shock

Blood Pressure (mm Hg) 110 50
Heart Rate (Dbeats/min.) 75 210
Cardiac Output

(hters/mmn, Fick) 25 04
Right Auricular Pressure

(mm salme) 35 10
Blood Volume (per cent

of normal) 100% 65%
Blood Hematocrnit (per

cent cells) 45% 30%
Peripheral Resistance

(dynes/sec /cm 2) 1200 1500
Peripheral Vasoconstriction 4 +-++

Terminal Vascular Bed
Vasomotion Present Augmented — Absent
Response to Epmephrine + +++ - =
Capillary Blood Flow Intermittent |Ischemuc  — Overall
Venular Return Good Slowed —> Stagnant

Representative 1ndices of cardiovascular function commonly employed i studies
on shock None of the eight cnteria hsted (data complletfl from literature) ade-
quately reflect the sequence of changes in termunal vascular bed as given below
The evolution of compensatory and decompensatory patterns of vascular response
can be recogmzed in the terminal vascular bed

which are unique to the terminal vascular bed and which cannot be
adequately reflected by hemodynamic measurements made solely
on the larger vascular components

Our own approach to the problem has been to focus attention on
the terminal vascular bed through direct micioscopic observations
on these vessels For this purpose we have selected criteria, based
on many years of experience with normal control ammals, which
are descriptive of the functional status of the termnal vascular bed
mn terms of its capacity to operate as an independent functional
amt Observations confined to the larger blood vessels have not
been sufficiently revealing m this regard

An analysis of the factors which fluence peripheral vascula
behavior was made by direct visuahzation of the capillary bed 1n
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bed mn a structure such as skeletal muscle or skin Fmnally, the
responsiveness to given humoral principles, whether they be local
m onigm or blood-borne, will vary from tissue to tissue, depending
upon the metabohc activity of that organ Certam blood levels of
epmephrme, for example, will produce vasoconstriction m the skin
and erther no constriction or a mimmal one m the mesentery, and
perhaps even a vasodilatation i skeletal muscle All of these factors
must be taken mnto consideration m evaluating, i proper perspec-
tive, the sigmficance of what 1s being observed in the omentum
during shock with reference to the behavior of the termmal vascular
bed in other areas of the body Organs such as the hver, kidney,
and spleen, with a highly specialized vascular architecture, may
show a sequence of changes which are different from those seen
mn tissues where the terminal vascular bed serves a purely nutr-
tional function

With this as a background, let us attempt to evaluate the sig-
mficance of our omental observations with reference to the shock
syndrome as a whole, and to the termmal vascular bed n particular
organs The omentum, as a wvisceral structure, should reflect the
relative paiticipation of neurogenic and humoral factors in othe:
splanchnic organs Further, with reference to the systemic blood
pressure, 1t provides us with an index of the adequacy of the arteral
perfusion of the termmal vascular bed The larger blood vessels
1n the mesentery and n the omentum are under the mnfluence of the
sympathetic nervous system, and when this mechanism becomes
activated during circulatory stress, the degree of vasoconstriction
mn the larger arteries and vems can be readily ascertamed The
venous blood from the omentum and mesentery dramns mto veins
which empty mto the portal system As a consequence, a portal
hypertension, or mterference with venous dramage resultmg from
changes 1n the hiver proper, will be reflected by the ease with which
blood drams from the omental venules into the larger venous
radicals This 1s especially useful i evaluating the respense of the
ammal to transfusion In ireversible hemorrhagic shock, an out-
standing finding in the omentum 1s the fajlure to restore an effective
return of blood m the largest vems which can be seen This sluggish
venous flow persists, despite the elevation of blood pressure to
essentally normotensive levels, and precedes the ensuing progres-
sive derangement of the terminal vascular bed. In expermments
where varous protective measures, such as sympathectomy or
Dibenamme have been mtroduced, the venous outflow from the

omentum mto the portal system 1s remarkably well sustamed even
at blood pressures as low as 30 mm Hg
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for the mvolvement of systemic factors. In addition, bemng a rela-
tively nonparenchymatous structure, local factors of cellular meta-
bolic origim, as a consequence of tissue hypoxia, will not comphcate
the response of the terminal vascular bed during stress The changes
which develop within the omental circulation must therefore be
attributed either to neurogemc factors or to humoral vasoactive
principles mtroduced by way of the blood stream

Moore There have been some observations i the skin and some
i the conjunctiva and some 1n the mesentery, but n all mstances
one 1s dealing with circulation to a metabolically mactive and unim-
portant area from the pomt of view of cell respiration. I should like
to raise the question, perhaps for further discussion by you or by
somebody else, as to whether or not m a vital visceral organ such
as hiver, kudney, or brain, where mamtenance of cell respiration 1s
more essential to survival, one mght not find something different.
This same sequence mught take place on a different time schedule
or an entirely different sequence might be seen -

Zweifach. The relevance of circulatory observations i the omen-
tum to the changes which develop m other tissues should be con-
sidered m the light of a number of considerations It 1s obvious
that each organ has its own metabolic pecuharities which would
be differently affected by a reduction 1 blood flow to the tissues,
such as occurs 1 shock That the local factor, in terms of vascular
homeostasis, 1s of considerable importance 1s attested to by the
abundant evidence 1n the lhiterature charactenzing the type of re-
active hyperemia which develops in different tissues following
various degrees of circulatory arrest The local factor can only be
evaluated by observations made directly on the particular structure
A tissue, such as the omentum, can perhaps serve as a guide to
the general tendency of the vascular reactions which develop
following a given type of circulatory stress The effects of local
metabolites are minimal 1 the omentum or mesentery

Although the same basic structural pattern exists mn the termmal
vascular bed of almost all tissues, 1t should be recognized that there
are considerable varmations, with respect to the number of true
capillanies, the muscularity of the metarterioles and the precapillary
sphmcters, and the presence or absence of direct A-V shunts, all
of which will influence the quantitative aspects of the response
The extent of the sympathetic mnervation of the terminal vascular
bed varies m different organs The terminal vascular bed i the
omentum represents an area m which the neurogenic control of
the termmal vascular bed 1s minor when compared with the vascular
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bed m a structure such as skeletal muscle or skin Finally, the
responsiveness to given humoral principles, whether they be local
m origm or blood-borne, will vary from tissue to tissue, dependmng
upon the metabohc activity of that organ Certamn blood levels of
epmephrne, for example, will produce vasoconstriction in the skin
and exther no constriction or a mmimal one 1 the mesentery, and
perhaps even a vasodilatation m skeletal muscle All of these factors
must be taken into consideration in evaluating, i proper perspec-
tive, the significance of what 1s bemg observed in the omentum
during shock with reference to the behavior of the terminal vascular
bed in other areas of the body. Organs such as the lwver, kadney,
and spleen, with a highly specialized vascular architecture, may
show a sequence of changes which are different from those seen
in tissues where the termmal vascular bed serves a purely nutn-
tional function

With this as a background, let us attempt to evaluate the sig-
nificance of our omental observations with reference to the shock
syndrome as a whole, and to the terminal vascular bed m particular
organs The omentum, as a visceral structure, should reflect the
relative participation of neurogenic and humoral factors m other
splanchmic organs Further, with reference to the systemic blood
pressure, 1t provides us with an index of the adequacy of the arterial
perfusion of the termnal vascular bed The larger blood vessels
m the mesentery and m the omentum are under the mnfluence of the
sympathetic nervous system, and when this mechamsm becomes
activated during circulatory stress, the degree of vasoconstriction
m the larger arteries and veins can be readily ascertamed The
venous blood from the omentum and mesentery drams mto veins
which empty mto the portal system As a conmsequence, a portal
hypertension, or mterference with venous drainage resulting from
changes m the liver proper, will be reflected by the ease with which
blood dramns from the omental venules mto the larger venous
radicals This 1s especially useful m evaluating the response of the
ammal to transfusion In irreversible hemorrhagic shock, an out-
standing finding m the omentum 1s the failure to restore an effective
return of blood 1n the largest vemns which can be seen This sluggish
venous fow persists, despite the elevation of blood pressure to
essentially normotensive levels, and precedes the ensuing progres-
sive derangement of the termunal vascular bed In experiments
where various protective measures, such as sympathectomy or
Dibenammne have been mtroduced, the venous outflow from the

omentum mto the portal system 1s remarkably well sustamned even
at blood pressures as low as 30 mm Hg
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With 1espect to the participation of humoral factois, the omental
cnculation provides us with an extremely delicate tool for the detec-
tion of such blood-borne agents The possibility exists that the
extent to which these agents will affect the vascular response mn
other tissues may be neither the same as, nor directly comparable
with, the omental response. However, obseivations carried out on
over five hundred dogs subjected to shock 1eveal an amazngly close
parallel between the decompensatory tendency in the omentum
and a similar tendency 1n other visceral structures, such as the gut
and liver. In every mstance where an amimal 1s sacrificed or dies
during the compensatory stage of shock, the gut circulation 1s like-
wise 1schemic and restricted, and the mucosal surface shows no
evidence of congestion The liver 1s pale and, on section, very hittle
blood oozes from the cut surface In contrast, when an animal 1s
sacrificed m the decompensatory stage of shock, either before or
after unsuccessful blood replacement, the gut 1s congested and
hyperemic, the mucosal surface 1s dusky, and the hver 1s dark and
feels tense, upon section, blood oozes from the mcision. We there-
fore feel that the omental observations provide positive information
with respect to the vascular tendencies in other visceral structures
Certainly, the direct correlation between decompensatory changes
m the omentum and the wreversibihty of the syndrome supports
this contention Thus far, there 1s no evidence to mdicate that the
changes observed in the omentum are pecubar to that organ and
that other splanchnic tissues show a different pattern of response

Shorr Dr Moore, I should Iike to return to the statement you
made Isn’t 1t an unusual assumption that the organs n the abdomen
are nonessential?

Moote That would be a terrible assumption I meant that the
mesenteric fat to which these vessels supply blood, if I understand
1t rightly, 1s very unimportant as opposed, let’s say, to the hver or
the kidney, which I think we will agree, are both quite essential
mtra-abdominal organs

Fremont-Smith To justify Dr Moore’s first comment, when one
thinks of the central nerves or the respiratory centers, 1t 1s per-
fectly obvious that this series of changes cannot take place there
Therefore, there 1s no question that vascular beds in different parts
of the body will react differently to the conditions of shock which
are bemg described

And, 1f I may paraphrase him, what Dr Moore 1s saying sumply
s since we know that 1s so n the central nervous system, it may
very well be true m other parts of the body not studied by this
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techmque Dr Zweifach says 1t certainly may So there 1s no dis-
agreement

Moore: 1 am not disagreemg at all I am just trymg to pomt up
the fact that we are looking at the circulation m some fat, and that
the circulation 1n the coronary area, in the hver, m the renal cotex,
and possibly i the adrenal cortex just mught be following other
procedures ,

Zweifach Tt 1s obvious that no claims are bemng made that the
vascular changes n the omentum per se represent the critical defect
bringing about a deterioration of the shock syndrome It should be
emphasized that observations confined to any other organ would
be equally limited, perhaps even more so, to that particular shucture

Moore Of course, and I understand that you are describing
what you can study so beautifully and what, because of 1its avail-
ability for observation and study, has yielded so much important
mformation

Fine. I think 1t 1s important to consider the possibility that this
may be a special case While I believe 1t does not reflect a funda-
mental difference between this tissue and other tissues, there 1s this
to consider that mn ureversible shock there 1s intestinal hemorrhage,
and that mtestinal hemorrhage 1s a rather special feature of shock
Little or no hemorrhage 1s seen 1n other tissues If you produce a
by-pass by making an Eck fistula, this hemoirhage 1s avorded

Zweifach 1 do not believe that the data presented have indicated
that vascular decompensation 1s not occurring withm the mtestinal
tract On the contrary, the omental data suggest that the gut and
liver are the two major organs m which vascular decompensation
1s occurring Our previous studies, buttressed by more recent data,
have stressed the obvious vascular decompensation mn the lhiver,
both as a site for the sequestration of blood from the active circula-
tion and as a factor leading to stagnant hypoxia withm that oigan
Dr Fne’s recent work with antibiotics has brought mto focus the
mmportance of the gut factor with reference to bacterial infection
dunng the ureversible tendency of the shock syndrome Whether
the gut factor 1s primary to the subsequent derangement of the
liver circulation, or vice versa, or whether a combimation of the two
factors 1s responsible for irreversibility remains the subject for
future mvestigation

ANATOMY OF OMENTAL VASCULAR BED

From a functional consideration, there are two major subdivisions
of the peripheral vascular system (9) The first mcludes the large
arteries and vems which serve as condwts bringing blood to and
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Fieure 1 Two photomicrographs of peripheral blood vessels 1n mesentery of normal
rat (40x) A Ulumate subdivisions of larger blood vessels Small artery (A ) and
vem (V ) mn upper night corner Arteriolar branch (artle ) and accompanying collect-
mg venule (venule are vessels directly contiguous with capillary bed B Termnal
vascular or capillary bed Funchonal umt orgamzed about centrally located metar-
teniole and 1its side branches Junchonal segment of offshoot 1s muscular and referred
to as precapillary sphmncter (precap ) Precapillanies subdivide to form network of
true capillaries, which are purely endothehal and nonmuscular Direct contmuations
of metarterioles join to form nonmuscular venules (ven ) which dramn into muscular
collecting venules (venule) Arrows indicate direction of blood flow
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from the tissues Following repeated subdivision, the small arteries
branch mto the arterioles, which then enter the tissue proper Up
to this pomt, the pricipal function of the vascular tree has been
to mamtain the blood m a forward motion under a sufficiently high
pressure to perfuse the tissues Figwie 1A, a photomicrograph of
the crculation m the mesentery of the dog, illustrates the branch-
g of the larger blood vessels mto the ultimate subdivisions of the
vascular tree The arterioles and accompanying venules are present
as pared vessels just proximal to the capillary bed The arterioles
m this figure are approximately 100 mucra in diameter Changes in
cahber of these vessels are of paramount 1mportance 1n mamtaming
the blood pressure Distal to this pomt, the arterioles subdivide
to form the group of vessels collectively referred to as the “capillary
bed ” Included in this functional wmt are the metarterioles, pre-
capillanes, capillaries, and colleching venules Although these vessels
are structurally different, they are orgamized mn a discrete pattern,
admirably suited for thewr functioning as a collective umt Figure
1B is a photomicrograph of the capillary bed m the mesentery
The structural make-up of the capillary bed 1s orgamzed about
centrally placed preferential channels, the metarterioles, which are
the direct continuation of the arterioles The capillary vessels can
be seen to be formed by side offshoots of the metarterioles The
junctional segment of these offshoots is referred to as the precapil-
lary sphincter and 1s surrounded by smooth muscle only m this
proximal zone Beyond this pomt, the vessels, which subdivide to
form a network of capillaries, are purely endothehial tubes with no
muscle cells in their walls These, therefore, are the true capillanes
The collecting venules within the capillary bed are likewise non-
muscular I should hike to call your attention to the presence of
direct mterconnections between arterioles and venules 1n the micro-
scopic field which 1s shown in Figure 1B Such imterconnections
between arterioles and venules have been seen n the mesentery,
m the wall of the gut, m the skin, and 1 skeletal muscle
begggdley Do you mtend to generalize from this to all capillary
Zweifach It 1s difficult to make any generahzation other than
that these anastomoses are present m a wide variety of vascular

beds

Franklm Are those true arterioveno t
okl venous anastomoses of the typical
theifach I would say that there are two categories of direct
shunts between arterioles and venules One 1s of a type directly
comparable to the Suquet-Hoyer canals, which have been described
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m the skin between large arteries and vemns In the smaller blood
vessels, these interconnections are surrounded by muscle only along
the proximal half of the shunts and are purely endothelial in the
remainmg portion The factors which regulate the actwvity of these
shunts are poorly understood However, there aie situations m
which the blood flow can effectively by-pass the entire capillary
bed through these mterconnections The shunts m the wall of the
gut are especially active. In the open state, the blood is shunted
away from the outer serosal surface toward the mucosa of the gut
wall

INDICES OF VASCULAR BEHAVIOR

Included at the bottom of Table I (p 16) are four indices of peri-
pheral vascular behavior which were found to undergo charactenstig
alterations durmg the shock syndrome The term “vasomotion
refers to periodic alterations 1 caliber of the muscular vessels m
the capillary bed which vary in rate, mtensity, and relative duration
of the constrictor and dilator phases The term “augmented” refers
to an increase i the rate, as well as m the duration, of the con-
strictor phase Active changes in blood flow through the capillary
bed are brought about by selective constriction of these metar-
terioles and precapillary sphincters The true capillaries do not
exhibit active changes 1n caliber Under normal circumstances, the
blood flow through the capillary bed 1s mtermittent, being for the
most part restricted to the preferential channels and spilling over
mto the network of true capillaries only for relatively short periods
This spontaneous periodicity appears to bear no relationship to
vasomotor patterns in the large blood vessels :

The vasoconstrictor response of the metarterioles or precapillaries
to epmephrine appled topically serve as an additional parameter
of “vascular reactivity ”

Moore Have you used the classic pharmacologic preparation of
so-called epmephrine, or have you limited yourself to norepine-
phrine m studymng the peripheral circulation?

Zweifach Changes 1n the responsiveness of these vessels to
epmephrine serve as a relative measure of therr functional capacity
to respond to a physiologic stimulus Identical changes m re-
activity have been obtained when norepinephrine was used as the
stimulating agent Assay curves obtamed on the same sample, with
both epmephrine and norepmephrine, are almost mdistmguishable
The development of hyperreactivity to exogenous epmephre
apphed topically does not necessanly mmply that this represents the
physiologic adaptation which develops n the body On the other
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hand, the observations do not preclude such a relationship The
hypersensitivity to epmephrine may mdicate an enhanced reactivity
to other pressor systems, such as sympathin Furthermore, no direct
inferences can be drawn concermmng the effect of mtravenously
admimstered epmephrme on the vasculai system durmg these
periods We have not found 1t possible to correlate directly the
hyperreactivity demonstrated by the local application of pressor
drugs with a corresponding systemic hyperreactivity to these drugs

Capillary blood flow is evaluated n terms of whether it 15 inter-
mittent or continuous, 1schemic or over-all, and the extent to which
it remams confined to certain preferential channels The adequacy
of the outflow of blood from the capillary bed mto the collecting
venules serves as a good index of the relative efficiency of pen-
pheral vascular mechanisms in actively aiding the vis a tergo of
the artenal circulation.

The term “vasoconstriction” has been reserved for those changes
m the terminal vascular bed which occur rapidly i response to
vasoactive drugs or to neurogenic shimuli Such changes are seen
only i the metarterioles, the precapillary sphincters, and to a lesser
degree i the muscular venules Vasoconstriction in Table I (p 16)
and Figure 2 (p 28) refers to the terminal arterioles which are just
proximal to the capillary bed proper

Vasoconstriction of the larger blood vessels, for the most part, 1s
mediated by way of adaptive reflexes, which origmate m receptors
n the major blood vessels (10) and appear to bear no direct rela-
tionship to the blood flow m the terminal vascular bed These
reflexes operate, of course, by way of the sympathetic nervous
system When the sympathetic nervous system 1s directly stmu-
lated, or the vasomotor center 1s acutely discharged by a suitable
stress situation, a rapid and mtense vasoconstriction of the entire
artenial tree within the mesentery can be observed, down to and
mcluding the terminal arterioles Distal to this pomt, m the capil-
lary bed proper, there 1s no active vasoconstriction under these
circumstances The termumal vascular bed undergoes its own type
of compensatory readjustment, dependent, as we have shown, for

€ most part upon humoral factors There 1s no sharp hne of
demarcation between what we refer to as the large blood vessels
and the termmal vascular bed Actually, the terminal arterioles,
of the type seen m the photomicrograph of Figure 1, represent an
Intermechate segment between the large blood vessels on the one
Eiré(irail}il ﬂlneﬂ terminal vascular bed on the other As such, they are

¢ mfiuence of mechanisms which affect both segments of
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the vascular tiee For example, the termmal arterioles are the
vessels which undergo reflex dilatation in expermments with local
microtrauma. These vessels, together with the termunal vascular
bed, are the vascular umts which are directly influenced by local
metabolic changes within the tissue It 1s difficult to concewve of a
metabolic mechanism of local tissue origin which would affect the
larger blood vessels, unless the mass of tissue was sufficiently large
to mtroduce these metabolites mto the systemic circulation.

Nickerson To what pomt are you going back when you speak
of constriction?

Zweifach As previously mdicated, the vasoconstriction in the
largest blood vessels which are microscopically visible 1s not uni-
form i different tissues This perhaps may be related to differences
in therr mnervation rather than to metabolic pecuhanties of the
tissues which they perfuse with blood

Nickerson Is this vasoconstriction equally marked in shock pre-
cipitated by factois other than hemoirhage?

Zweifach: Profound vasoconstriction develops m experiments
where there 1s a considerable reduction i blood volume In trau-
matic shock, vasoconstriction 1s not as prominent as mn hemorrhage
In shock produced m dogs with arterial tourmquets on both hind
limbs for ten to twelve hours, the application of plaster casts, just
prior to the release of the tourmquets, reduces the local swelling
of the damaged limbs but does not prevent the development of
fatal shock In such amimals, vasoconstriction is minimal A great
many ancillary factors contribute to the breakdown of the circula-
tion under different circumstances The compensatory and decom-
pensatory response is a composite of changes i the heart, the
arteries, the veins, and the terminal vascular bed. The compensatory
adjustment of each segment will vary widely A deficiency o the
response of one segment 1s usually counterbalanced by overcom-
pensation m the other segments 1 an effort to achieve homeostasis

Nelson Would you explamn the difference i your denotation of
the words “reactivity” and “vasomotion,” and how they differ from
vasoconstriction?

Zwerfach The term “reactivity” refers to the responsiveness of
the muscular components of the termmal vascular bed to a locally
applied shmulus, such as epmephrine The response to epmephrine
1s then used as a measure of the functional status of the vascular
neuromuscular effector umts Hyperreactivity and hyporeactivity,
as used m this presentation, refer only to the constrictor response
to topical epmephrine We have not made an intensive study of the
reactivity of these vessels to other pressor or depressor agents dur-
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mg the two phases of shock. The specific vessels which are observed
are the metarterioles and the precapillary sphincters Under normal
conditions they represent the components of the terminal vascula:
bed which are most lghly responsive to humoral agents The
larger blood vessels, such as arterioles and muscular venules, respond
only to the topical apphcation of ligher concentrations of epine-
phrine Thewr behavior 1s not mcluded 1n the piresent considerations
on vascular reactivity )

The term “vasomotion” also refers to a phenomenon unique to
the terminal vascular bed Under normal conditions, the blood flow
through the capillary bed 1s sporadic and intermittent The circula-
tion becomes periodically restricted to certain preferential channels
(see Figure 1B) This 1s followed by a brief period m which the
precapillary sphincters dilate, bringing about an active perfusion
of blood through most of the capillary vessels These periodic excur-
sions i cahber of the metarterioles and precapillaries develop
spontaneously over a period of several minutes Under certamn ex-
perimental conditions, the cyclic vanations may become as frequent
as once every fifteen to twenty seconds The relative duration of
the two phases (i e, whether there 1s a long vasoconstrictor phase
and a short vasodilator phase, or vice versa, a long vasodilator phase
and a short vasoconstrictor phase), has a profound influence on the
direchon and extent of flmd exchange within the capillary bed.
Peripheral vasomotion has been found to change mmdependently of
comparable vasomotor excursions m the larger blood vessels

Fremont-Smith- Tt 1s a response of vasomotion?

Zwesfach Although alterations 1 vasomotion and reactivity to
epmephrine usually develop n the same direction following stress,
disturbances m one mechanism can develop mdependently of
the other

RELATIONSHIP OF ADRENAL, KIDNEY, AND SYMPATHETIC
NERVES TO VASCULAR REACTIVITY

Moore As you define your criteria, the adrenal medullary has
nothmg to do with vasoconstriction and vasomotion

Zweifach There 1s no experimental evidence directly relating
the adrenal medullary secretions to vasomotion In expermments
where epmephrine 1s mjected mtravenously, m a dose sufficient to
produce a transient rise m blood pressure of about 30 to 40 mm Hg,
no effect on vasomotion 1s seen The reactivity of the precapillaries
to topical epinephrine shows only a fleeting imcrease In Figure 2
which hsts the factors affecting peripheral vascular behawvior, the
adrenal medulla 1s not mcluded as a factor mfluencing the vaso-
constriction following stress This does not mnply that the mtra-
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venous 1njection of epmephrime does not produce a vasoconstriction
of the peripheral blood vessels. It merely indicates that, m the
absence of the adrenal medulla, the capacity of the blood vessels
to undergo active vasoconstriction does not become imparred follow-
mg a standardized stress, such as acute hemorrhage

Fone® [ Beactty | oo, | et
Sympathetic Nervous System * + *
Adrenal Cortex * * * *
Adrenal Medulla *
Renal * *
Hepatic *
Local Tissue Metabolism ¥ *

Ficure 2 The regulation of blood flow through the termunal vascular bed 1s a
composite of multiple mterlocking controls Listed above are four functional mdices
which were routinely studied in the response to circulatory stress Intrinsic Tone of
both the metarterioles and capillary endothehum, Reactivity of metarterioles and
precapillaries to topical epimephrine, Vasomotion of metarterioles and precapillanes,
Vasoconstriction of terminal arterioles The asterisk mdicates a posiive contribution
by a particular homeostatic system

An analysis of the compensatory readjustments of the perrpheral
circulation followmg hemorrhage* indicates that the adaptive
response 1s a composite of several factors For example, the re-
activity of the muscular vessels in the terminal vascular bed to
topically applied epmephrine becomes considerably potentiated
during the mmtal compensatory phase of the syndrome Experi-
mental removal of the kidney from the circulation blunts the hyper-
reactive response, as seen i Figure 3 In addition to the renal factor,
the adrenal and sympathetic nervous systems both contribute to
the compensatory response of the penipheial vascular bed Thus,
m the sympathectomized animal the hypeireactivity to epmephrine
1s not as pronounced following bleeding When, in addition, the
kidney 1s removed from the circulation, the hyperreactive response
1s further blunted Sumular experiments on adrenalectomized, salt-
maintamed rats show a considerable blunting of the hyperreactive
response following blood loss Renal ablation i adrenalectorzed

+ Zweifach, B W, Baez, S, and Shorr, E  Unpublished data
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Potentiation of Epmephrine Response
following Hemorrhage in the Rat

& 1.30,000

=4

o

a

q—.'

3 110,000

R

g >

= 0@‘& «omized |

< e T
g

g &

& 5y o
! o TTTTT a
2 110001 /’ S5

& J¥

5 s P

7 oo

S‘ -7 olecto oized ¢
+ / '/’ dpeﬂ

g 1 200+ ;] 7 o olectomized

.E / Ay — -4
§ = / S

3 1 100 / /I‘ ?ﬁa/

g / 1 /o’—-a_-—- —— ———

2 1s0- /

(3]

L N/

) l//

| 1wy

g I I {

11 15 30 35 60

Time 1n minutes

Fieure 3 Development of vascular hyperreactivity to topical epmephrine as mflu-
enced by surgical ablation of different homeostatic mechamsms Vascular hyper-
reachivity progressively increases m normal controls until a maximum 1s reached about
60 to 90 munutes after bleeding Removal of kidneys or adrenals, or thoracolumbar
sympathectomy, blunts both the degree to which the vascular response to epmephrine
1s potentiated and the rate at which this reaction develops

ammals almost completely suppresses the hyperreactive response
to hemorrhage The compensatory phase of peripheral vascular
behavior was shown to be a composite of the achivity of renal,
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adrenal, and neurogenic homeostatic mechanisms superrmposed on
the mtrinsic tone of the blood vessels themselves *

Gireen To topically applied epmephrine?

Zweifach The data shown i Figure 3 a1e based on the respon-
siveness of the peripheral blood vessels in the mesentery as mea-
sured by the reaction to topically applhed epmephrine

Nickerson Is this sympathectomy acute or chromc?

Zweifach These studies m both the 1at and the dog mcluded
animals which were subjected to bilateral thoracolumbar sympathec-
tomy from two weeks to four months before the experiment

Nickerson Would you like to speculate on the relation between
this blunting of the responsiveness to topically applied epmephrine
and the classical sensitization by denervation?

Zweifach Sympathectomy, by itself, increases the basal level of
1eactivity to epmephrine 1n the capillary bed Thus, normal animals
show a threshold response to the application of 1 2 mullion to 1.6
million of epmephrine Following sympathectomy, the basal re-
activity lies between 1 10 mulhon to 1 40 mulkon of epinephrine
The data presented refer to an mcrease mn reactivity to epmephrine
which develops following a given stress, such as hemorrhage In
the case of the sympathectomized anmimal, the maximal reactivity
to epmephrne which develops 1s about 200 times that observed
during the control period, whereas the maximal reactivity to epme-
phrime which develops in the normal animal 1s about 8500 times
that of the control value

Nickerson: This blunting, then, has nothing to do with what
sympathectomy does to the sensitivity to epmephrine, but deals
simply with what sympathectomy does to the effect of VEM on
sensitivity?

Zweifach As stated previously, the hyperreactivity which de-
velops during circulatory stress reflects the contribution of several
factors The percentage of the mcreased reactivity 1n normal control
animals which 1s due to VEM per se cannot be readily demonstrated

Moore This 1s VEM 1n the capillary bed that 1s circulating m
the test rat? You have not added anything to your expermmental
anmimal except to test epmephrine?

Zweifach 1 should bke to emphasize that we are using the
vasoconstrictor response to epmephrine as a means of measuring
the functional status of the vessels 1 the capillary bed The extent

to which hyperreactivity develops 1s dependent upon the participa-
tion of different homeostatic mechamsms in the ammal Following

+ Zweifach, B W, Metz, D B, Baez, S and Shorr, E Unpublished data
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sympathectomy, a hypereactive response to stress continues to
develop In terms of multiples of the basal response durmg the
control period, the sympathectormzed animal does not achieve a
degree of hyperreactivity equivalent to that of normal animals sub-
jected to 1dentical hemorrhage

Burton But the animal 1s more reactive to epmephrme anyway
after 1t 1s sympathectomized So what 1s meant by saymng that it
develops less excess 1eactivity after bleedmg?

Zwefach The precise significance of the mncreased vascular
reactivity following sympathectomy 1s difficult to imterpret The
termunal arterioles of both normal and sympathectormzed ammals
maintamn an 1dentical tonic vasoconstrichion m the control state,
despite the fact that thewr reactivity to epmephrme differs con-
siderably In other words, the degree of vasoconstriction or dilatation
which these vessels show under different conditions 1s not neces-
sarily reflected by their responstveness to epmephrine Futheimore,
m considering the change mn reactivity which develops following
stress, we are faced with the difficulty of ascertaining whether a
change 1n reactivity from 1 2 mullion of epmmephrine to 1:40 mllion
1s equivalent to a change m reactivity from 1 20 million to 1 400
million Both represent a twentyfold change from the imtial basal
response It has been our practice to represent the changes m re-
activity m terms of multiples of the original threshold response
rather than m actual umts of epmephrime

Nickerson Do you feel that this effect of sympathectomy is
mediated dwrectly upon these terminal precapillary sphincters, or
could a good part of it be due to a change farther back m the
vascular bed, so that the head of pressure which is presented to
the precapillary sphincters 1s greater m the sympathectomized
animal because he does not have the arteriolar and small artenole
vasoconstriction?

Zweifach Our present evidence wndicates that sympathetic
nerve fibers directly supply the pemnpheral blood vessels up to and
mcluding the terminal arterioles, together with a varable portion
of metarterioles (9) Beyond this pomt, many of the precapillary
sphincters, and the distal continuations of the metarterioles, show
no anatomical contmmuity with the sympathetic nervous system
Nevertheless, sympathectomy affects the reactivity of all the metar-
tenoles and precapillaries We assume that chemical mediators,
liberated by the sympathetic nervous system at 1ts nerve endings
m the arterioles, are carned distally by the blood stream and ther eby
affect the reactivity of muscular structures beyond the point where
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adrenal, and neurogenic homeostatic mechamsms superimposed on
the mtrmsic tone of the blood vessels themselves *

Green To topically applied epmephrine?

Zweifach The data shown in Figure 3 are based on the respon-
siveness of the peripheral blood vessels imn the mesentery as mea-
sured by the reaction to topically applied epimephrine

Nickerson Is this sympathectomy acute” or chromc?

Zweifach. These studies m both the rat and the dog mcluded
anmimals which were subjected to bilateral thoracolumbar sympathec-
tomy from two weeks to four months before the experiment

Nickerson Would you like to speculate on the relation between
this blunting of the responsiveness to topically applied epmephrine
and the classical sensihization by denervation?

Zweifach Sympathectomy, by itself, increases the basal level of
1eactivity to epmephrne m the capillary bed Thus, normal animals
show a threshold response to the application of 1 2 million to 1 6
mulion of epmephrine Followmg sympathectomy, the basal re-
activity lies between 1 10 millhon to 1 40 million of epmephrine
The data presented refer to an increase mn reactivity to epmephrine
which develops following a given stress, such as hemorrhage In
the case of the sympathectomized animal, the maximal reactwvity
to epmephrine which develops 1s about 200 times that observed
during the control period, whereas the maximal reactivity to epine-
phrime which develops in the normal anmimal 1s about 8500 times
that of the control value

Nickerson This blunting, then, has nothmg to do with what
sympathectomy does to the sensitivity to epmephrine, but deals
simply with what sympathectomy does to the effect of VEM on
sensttivity?

Zweifach As stated previously, the hyperreactivity which de-
velops during circulatory stress reflects the contribution of several
factors The percentage of the mncreased reactivity i normal control
animals which 1s due to VEM per se cannot be readily demonstrated

Moore This 1s VEM 1 the capillary bed that is circulating 1n
the test rat? You have not added anythmg to your experimental
animal except to test epmephrine?

Zweifach 1 should hke to emphasize that we are usmg the
vasoconstrictor response to epmmephrime as a means of measuring
the functional status of the vessels in the capillary bed The extent
to which hyperreactivity develops 1s dependent upon the participa-
tion of different homeostatic mechamsms 1n the ammal Following

* Zweifach, B W, Metz, D B, Baez, S and Shorr, E Unpublished data
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a consideration of locally elaborated tissue metabolites was to diaw
attention to the possibility that in certamn organs the local effects of
hypoxia, etc, might mfluence the response of the terminal vascular
bed during circulatory stress

Nickerson The lack of change m the degree of vasoconstriction
might simply mean that the local tissue damage 1s 1 too small
a part of the total area supphed by an arteuole It 1s not really a
test of the effect of tissue metabolism on the arterioles.

Zweifach. In an expenmental study of the effects produced by
purely local factors on the vascular system, the following technique
was employed It was possible, by using the mampulation technique,
to mtioduce highly localized microtrauma with microneedles, or to
mject, with a micropipette, speafic irmtants or metabolites When
controlled 1 this fashion, the effects produced by these procedures
on the vascular system remain locahized to that specific area When
a more extensive tissue mass was mvolved, in addition to the local
effect, a dilatation of the arteroles just proximal to the capillary
bed was seen We have mterpreted this to represent a local reflex
arc smce the effects could not conceivably be attributed to a dif-
fusion of substances from the affected area to the dilated artenioles
It would be difficult to determine whether, ;n a tissue such as
skeletal muscle, the local accumulation of some metabolites might
not have a direct effect on the larger blood vessels

Vessels of the caliber of several hundred micra and less, which
have no well-defined connective tissue coats and are imbedded 1n
the tissue, are probably directly nfluenced by the diffusion of
metabohtes into the extracellular fluids A good example of this can
be seen m observations made on the blood flow mn skeletal muscle
following hemorrhage Normally, with the acute removal of 2 to 3
per cent of body weight of blood, the termmal arterioles undergo
profound vasoconstriction and the capillary bed becomes highly
ischemic 1n the skeletal muscle of the abdominal wall If, prior to
bleeding, one set of muscles 1s caused to contiact by repeated elec-
trical sthmulation of a motor nerve for a period of several minutes,
blood loss wall then produce an extensive vasoconstriction in the
opposite muscle which was not metabolically active, but will no
longer pioduce a comparable vasoconstiiction m the muscle which
has been electrically stimulated The texminal vascular bed m this
area remains dilated Although the arterioles are dilated, the capil-
lary blood flow becomes stagnant as a consequence of the fall

blood pressmie and of the vasoconstriction of large blood vessels
outside the muscle proper

p———
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sympathetic fibers can be demonstrated Acute denervation brings
about an increased blood flow through the terminal vascular bed
as a consequence of the dilatation of feeding arterioles However,
after several days these vessels 1esume their original tomc state,
so that the appearance of the capillary circulation in the sympa-
thectomized animal 15 mdistinguishable from that i normal controls
I have mterpreted the mcreased reactivity of the sympathectomized
bed to represent the greater participation of humoral factors m
vascular control. It 1s apparent that unless some readjustment 1s -
made m the termimal vascular bed following sympathectomy, the
precise equihbrium which maintams tissue homeostasis would be
considerably altered
INFLUENCE OF LOCAL TISSUE METABOLISM
ON VASCULAR REACTIVITY

Nickerson Before you go on, could you expand on the evidence
from which you conclude that local tissue metabolism does not
affect the vasoconstriction?

Zweifach The term “local tissue metabolism” 1s used with refer-
ence to changes 1n vascular behavior which are mtroduced by purely
local phenomena withm the tissue proper Unfortunately, we do
not have sufficient evidence to be more specific, erther 1n terms of
pH, lactic acid, adenosine derivatives, or other by-products of tissue
metabolism Local factors play an mmportant role m increasmg the
capillary blood flow 1n accord with changes in the metabolic activity
of the tissue For example, m skeletal muscle following muscle
work, or 1n the mesentery following mild local trauma, the localized
vasodilatation which develops 1s accompanied by a refractormess of
the muscular vessels, especially the precapillaries (11) No change
i vasomotion was evident unless the trauma was severe enoug
to produce capillary stasis The degree of vasoconstriction of the
termunal arterioles leading mto the capillary bed was not affected
by purely local changes 1 tissue metabolism

Nickerson By vasoconstriction you are referring to the caliber
of arterioles?

Zweifach. Yes, the terminal arterioles

Nickerson And you feel that this caliber 1s not altered by the
level of tissue metabolic activity?

Zweifach Not unless an extensive mass of tissue 15 traumatized.

Nickerson. That would be at vanance with our interpretation

Zweifach The factors hsted in Figure 2 relate specifically to the
terminal vascular bed I did not intend to include any of the larger
blood vessels to which you are refernng My purpose in interjecting
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lumen However, after a period of about twenty to thirty minutes,
there develops a progressive narrowmg of these capillaries which
1s most pronounced 1n the central segments of the vessels and gradu-
ally spreads m both directions along the length of the capillary

Fremont-Smath In other words, when the pressure 1s lowered
m a capillary, the capillary diameter becomes narrower?

Zweifach 'With time

Fremont-Smuth Are you saymng that it 1s the elasticity of the
capillary wall which causes 1t to contract, simce there 1s no muscle
mvolved?

Zweifach Yes

Remungton Do those endothehal cells swell or shrink?

Zweifach The endothehal cells tend to thicken and bulge nto
the lumen

Remungton Is there a shortenmng m the length?

Zweifach Narrowing of the true capillaiies 1s accompanied by a
longitudinal folding of the surface and bulging inward of the endo-
thehal nucleus Frequently, the nucleus protrudes nto the lumen
sufficiently to mmpede the passage of blood beyond that pomt
Several workers (13) have ascribed this endothehal narrowing to
an active swelling of the endothelial cell

Stead Does any of the blood leak out and make the lumen
smaller?

Zweifach The perviousness of the capillary wall does not seem
to be mcreased m the narrowed state There 1s no extravasation of
blood cells In other words, the change in shape of the endothehal
cells during this process does not mvolve the separation of con-
tiguous cell borders to produce stoma

Mogre Under what conditions does such capillary narrowing
occur

Zweifach The above observations refer to the normal circulation
in the mesentery or omentum of the rat, cat, or dog under the
nfluence of a variety of anesthetic agents Excessive handling of the
prepaiation, stretching the tissue, or madequate control of the
temperature of the exposed structure will completely abolish this
type of endothelial narrowing

Burch If you obstructed both ends of a true capillary after 1t 1s
devoid of blood, would the lumen change size by gathermg fluid
from the mtercellular spaces?

Zweifach In experiments where both the entrance and exit of
a capillary vessel were obstructed by microneedles, no change m
the caliber of the vessel developed over a period of time comparable
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Nickerson. The concept has anisen from different types of experi-
ments that the effect of local tissue metabohc activity 1s one of
the major factors in regulating the degree of vasoconstriction mn a
wide variety of oigans

CAPILLARY TONE

Zwesfach The extent to which the true capillaries can actively
control the blood flow through them has been a controversial pomt.
Under many conditions the true capillaries narrow when they are
devoid of an active blood flow for protracted periods of time This
type of capillary narrowing develops m the following manner:
contraction of the precapillary sphincters mterrupts the perfusion
of arterial blood through the capillary. Despite ths, the blood con-
tinues to be dramed out of the capillanes mto adjacent venules,
which have an active circulation, or into the distal continuation
of the preferential channel The capillary then remams empty of
blood cells and, unless seen m a transparent structure such as the
omentum, could be maccurately interpreted as having undergone
contraction The vessel then undergoes gradual narrowing as de-
scribed above With the readmuission of blood, as a consequence of
precapillary dilatation, the narrowed capillary 1mmediately resumes
its ongmal cabber I have preferred to ascribe such changes mn
diameter to the mtrnsic tone of the capillary wall rather than to
mclude them under the term “contractihty” (12)

Bradley What do you mean by the “mtrinsic tone of the en-
dothelium™?

Zweifach The term “tone” with respect to the capillary wall has
been used to describe an inherent elasticity which that structure
possesses under normal conditions This property prevents the ves-
sel from undergomg excessive dilatation and enables 1t to mamtam
a relatively constant diameter despite excessive mcreases m mtra-
vascular pressure Capillary tone resides in the endothelal cells
themselves and, as m other cells, enables them to mamtamn a certam
shape 1 relation to therr environment Some imvestigators beheve
this to be a property determmed by the selective exchange of
electrolytes and water across the cell membrane

It 15 possible for capillary tone not only to be varied, but to be
lost under abnoimal or pathological conditions During periods of
relative 1schema, m which the blood flow 1s confined to the preferen-
t1al channels, the true capillaries have no active circulation of blood
for periods of from several mmutes to frequently as long as thirty
to forty munutes These “mactive capillaries” show no change
caliber, despite the complete absence of any blood cells within then
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over the literatme from time to time, hopmmg to find objective
mmformation on this pomt, but 1t seems to me that many of the
requisite data are lacking To say that these things actually change
therr elastic properties would 1equne simultaneous direct measure-
ments of mmtralummal pressute and capillary diameter, which would
make possible calculation of elastic coefficients at various times

Do you feel that the evidence available today permuts us to say
that the capillary wall actually can show a change m 1ts elastic
charactenstics?

Zwerfach Evidence for a variable tone m the capillary wall can
be seen m the following observations fiist, n the mtact circulation
tmough the mesentery of the 1at or fiog, rubbing of the tissue
adjacent to the capillary wall with a microneedle will produce a
localized distension of the vessel in that particular area So far as
could be ascertamed, there was no change in the amount of blood
which was being perfused through that particular capillary. Second-
ly, experiments were carried out mm which the mesentery was pei-
fused, m an otherwise mtact ammal, through a major arterial bianch
of the tissue In this type of experiment, the perfusion pressure can
be changed over a rather wide range, from 20 to 150 mm. Hg, with-
out producing any visible distension of the capillaries However, if
one 1ritates a local segment of the capillary bed with a micioneedle
and then repeats the experiment, capillary dilatation develops m the

manipulated capillaries with a pressure mcrement as small as 30
to 40 mm Hg

Hyman The same iesults could be explamed if the stopcocks
before the vessels you looked at opened up a bit as a result of
the trauma, changing the effective perfusion piessure m the area
studied

Fremont-Smith In other words, there was actually no pressue
change mn the first mstance?

Hyman A lesser change mn the capillary bed than i the second
case

Zweifach 1 do not beleve that conclusions with reference to
capillary tone can be diawn from perfusion experiments on 1solated
limbs We found that the perfusion of excised organs does not bring
about a umform circulation through all of the available capillary
channels (14) In fact, m instances where a completely cell-fiee
or nonparticulate perfusion medium 1s used, only a small fraction
of the capillary bed contamns an active circulation The aforemen-
tioned data were obtamned 1n perfusion experiments on tissues which
were simultaneously observed under the microscope
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to that noted above However, 1t must be 1emembered that me-
chanical handling of the tissues, even on a microscale, 1s frequently
sufficient to mteifere with the normal pattern of response Narrow-
mg of the capillary vessels occurs only in the absence of an active
circulation through them. I have never observed capillary narrowing
durmg periods m which the vessel contained an active flow of
blood On the other hand, a widenmg of the capillary from 1ts
previously nariowed state occurs only when an active flow of blood
1s remntroduced 1nto the capillary It does not occur mn the absence
of an active curculation

Green Would 1t be possible to put a capillary pipette nto one
of these normal capillaries and still have 1t remamn normal as the
pressure changes?

Zweifach An experimental procedwe, such as the introduction
of a micropipette mnto a capillary, creates a highly abnormal situa-
tion I do not think valid conclusions can be drawn from such
expermments with 1eference to normal capillary tone

Hyman How do you know the tone?

Zweifach The term “tone” 1s merely used to describe the normal
state of the endothehal wall Undei conditions of local inflammation
or tissue trauma, the vessels appeai to have suffered a loss of tone
I have no observations which would indicate that 1t 1s possible for
a capillary to have hypernormal tone Obviously, there must be
gradations between these extiemes Unfortunately, there are no
methods available which permit quantitation of such gradations

Fine Even though you speak of tone of the capillary wall, func-
tionally the capillary 1s nevertheless a passive tube, 1s 1t not?

Zweifach 1believe that changes 1n caliber of the capillary vessels
are secondary to changes i the blood flow through them but are
also conditioned by the degree of cell tone in the endothelrum.

Hyman Is the capillary the equivalent of a rubber balloon with
a constant elasticity, or do you mmply that 1t has a vanable
elasticity?

Zweifach The endothehal wall will diffex from an mert substance,
such as rubber, which possesses a fixed type of elasticity Endothehal
tone, or elasticity if you prefer to use that term, 1s a variable func-
tion dependent upon a variety of controlling factors, most of which
have been only madequately described

Hyman This 1s probably off the pomnt of shock, but the number
of questions on 1t reflects the lack of clear information m the
hterature There has been a great deal of confusion as to the
mechanism whereby these small vessels change caliber I have looked
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mied out i normal rats The sample to be tested is mtroduced intra-
venously, and the alterations in the reactivity of the mesentenc
vessels to topical epmephrine are then followed When blood sam-
ples are assayed, the plasma or serum 1s mjected We have studied
by the rat mesoappendix techmque blood samples obtamned from
rats, cats, gumea pigs, dogs, and humans, with no untoward species
effects on the response To my knowledge, there 1s no other known
biological assay procedure which permuts the detection of such
small amounts of vasoactive matenal as 1s possible with the rat
mesoappendix procedure

Moore. And the quantitative expression 1s 0 to 4 plus, or some-
thing like that?

Nickerson Is 1t possible to express these results as == 10 per cent,
=+ 20 per cent, or == 50 per cent?

Zweifach 1 would like to emphasize that thus far we have not
attempted to quantitate either VEM or VDM as accurately as that
The precise end-poimnt of the experiments 1s the minimal amount of
epmephrine which will produce a vasoconstriction and slowimng of the
flow through the capillary bed Thus, mn a selected nstance, follow-
mng circulatory stress, the effective dose of epmmephrine may be a
concentration of 1 400 milhon The topical application of 1.450 mul-
lhon will give a response which 1s not sufficiently pronounced to
permit accurate quantitation The application of 1 500 million will
give no visible reaction Undexr control conditions, the application
of 1 4 mmlhon usually represents the threshold value Although a
vasoconstrictor response can be obtamed with 1 6 milhion, the re-
action 1s suffictently different to permit a distinction between these
two concentrations Therefore, the average values for epmephrine
reactivity which are given i Figure 8 are accurate determiations
within the limits of the above varability

Nickerson If you take the sample that gives an average mcrease
of 205-fold, and test 1t 10 times, what will the range be?

Zwerfach In terms of the rat test per se, we do not record owm
data n the same way In other words, we would not say that sample
A 15 205 trmes more active than sample B The reproducibihty of
the rat test data has, of course, been thoroughly checked When
an unknown blood sample 1s tested by several individuals, or
by the same individual several times, the vasoactivity values check
extremely well VDM activity 1s expressed sumply i terms of
the duration of the depression, that 15, VDM for twenty-five or
thirty minutes, as the case may be On repeated tests, a given
sample will show VDM activity for twenty-six mmutes, thirty-two
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Burton: Perhaps I can add some guantitative studies. 1 have
had a student for two years studying my photomicrographs, measur-
mg the diameters of the small vessels under different heads of
peifusion pressure with the circulation flowmg and stopped, and
I can agrec with D1 Zweifach that normally they are so ngid,
owing to their small size and the physics of the situation, that the
distensionabnlity to pressure alone 15 less than 0 1 per cent of volume
change, or half of that i diameter change, per mullimeter of
mercury. Not until you get to the much lager vessels, 200x or so,
do you get up to 2 per cent So, you see, the capillaries act like
large rigid tubes 1n the experiment You may say our vessels are not
normal, because, bemg biophysicists, we dehberately use cyamde
in order to remove any active tension, but the fact 1s we did not
find any difference mn the results when using cyanide and not using
it in the case of the capillaries

Zweifach Changes in capillary tone are most readily brought
about n adrenalectomized animals. It would therefore appear that
the adrenal cortex, thiough its effect on intracellular electiolytes,
may contribute to the maintenance of endothelial cell tone

Burton+ Would you say that the tissues around the capillaries
do not contribute at all to this phenomenon?

Zweifach+ No, I simply say that the endothehum possesses what
I call intrinsic tone

Buich- Do you believe the tightness of the tissues supporting the
endothelum on the outside mfluences the phenomenon?

Zweifach The capillary endothehum 1s closely enmeshed 1 a
pericapillary sheath which appears to be a condensation of the
swrrounding connective tissue To what extent the nigidity of this
sheath limits or interferes with the changes m caliber of the capil-
lary wall 1s difficult to say In a nonparenchymatous tissue, such as
the mesentery, the pressure exerted by changes i the extravascular
structures has only a mmor effect on the caliber of the capillary.
One mught anticipate, for example, that with edema and an increase
mn 1nteistitial pressme there would occur a narrowmg or collapse
of the capillaries In skeletal muscle, shortening of the striated
muscle fibers during contraction deforms the capillaries and almost
obliterates them This 1s the only situation 1 which I have observed
extravascular phenomena to affect physically the caliber of the
capillaries )

Moore There 1s no species effect that you are testing mn the dog’s
or the gumea pig’s blood?

Zwesfach The assay procedure for vasoactive substances 1s car-
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Zweifach We can ariange blood samples m a relative sequence
with respect to then vasoactivity I believe that 1s as far as the rat
assay procedure can go, using smgle samples

MESOAPPENDIX TEST FOR VDM AND VEM

A critical aspect of owm concept 1s the 1elation of blood-borne
prmerples to the vascular phenomena which are obseived m the
shocked amimal The presence o absence of these humoral factors
1s determmed by the rat mesoappendix procedure. I should there-
fore Iike to scrutinize the vahidity of the 1at test per se In the fiist
place, the assay of samples by this procedure 1s made as objective
as possible The particular samples ate numbeied and the person
domg the assay procedure 1s not aware of the natwe of the sample
The end-pomnt which 1s followed, that of a vasconstriction of the
metarterioles and precapillanes sufficient to slow o1 stop the blood
flow, 15 easily recogmzed and noncontroversial However, there 1s a
good deal of skill involved m making the preparation and, on the
basis of past experience, beimng able to recognze a poor preparation
During the past ten years we have carried out over twenty-five
thousand assays with this techmique The studies have included
shock produced by a wide variety of experimental procedures Early
n our studies, during World War II, when some skepticism was
voiced as to the reproducibility of the rat test data, we did a senes
of so-called bhindfold tests 1n conjunction with the group under Dr
Magnus Gregerson This data has been published (15) and 1n every
mstance where fatal shock ensued in the dog following leg pound-
ing, the same sequence of an mitial hberation of VEM and a subse-
quent elaboration of VDM into the blood was present In several
mstances where VDM was either absent or mimmmal, the animals
were found to have developed only a mild state of shock and sur-
vived Several other such studies with unknown blood samples were
done m collaboration with Dr P Nastuk and Dr W Walcott on
ureversible hemorrhagic shock m unanesthetized dogs These m-
volved frequently as many as five to six samples of each animal In
no mstance was the rat test data out of line with reference to the
sequential changes during the progression of shock

We have found that different individuals testing the same samples
will, m over 90 per cent of the cases, find the presence or absence
of the same type of vasoactivity The differences which appear are
referable to a more precise quantitation of the activity, on the basis
of the duration of the effect or the mtensity of the change imn re-
activity n terms of the amount of epmephrme required to produce
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minutes and twenty-nme minutes VIEM aclivity 1s usually titered
both on the basis of the dutation of the cffect and the amount of
epmephrine 1equired to reproduce the threshold vasoconstrictor
1esponse. Thus, a given sample would be designated as VEM for
thuty-five mmutes [4x], the 41 in the vackets mdicating the num-
ber of times that the ongmal concentration of epmephume had to
be diluted m oider to 1eproduce the control vasoconstrictor re-
sponse In tlis specific mstance, the contio] response was obtamed
with 1.4 nullion of epinephime After the mtravenous mjection of
VEM, at the height of the mcicase m reactinty, a thieshold re-
sponse was obtamed with 1.16 mullion, a fomfold dilution When
VEM 1s quantitated m this way, we encounter somewhat gieater
vaiability than with assay of VDM, both i duration of the vascular
effect and mn the number of gamma of epmephrme 1equired to
produce a contiol 1esponse. We have thus far not attempted to
compare the relative activity of several samples, other than to say
that one sample has a gieat deal of activity, another has moderate
activity, and a third has little

Mooie But the pomt 1s that you don’t grade VEM and VDM on
a quasiquantitative basis It 1s either present or absent

Zweifach. It 1s possible to plot a curve of vasoactivity usmg as
the abscissa the gamma epmephrime required to produce a vasocon-
strictor response, and as the ordinate the duration of effect m
mmutes The base lme for such a curve remams comparatively
stable, smce only mummal fluctuations 1n 1eachivity occur with a
salime sample o1 without introducing a test substance mtravenously
The advisability of attempting to quantitate the activity of different
samples on the basis of mdividual 1at test assay curves 1s a question
which cannot be adequately answeied at present Certamly, the
same sample, 1epeatedly assayed in different rats, will give essen-
tially the same type of assay cuive with a 1ange, at most, of plus
or minus 25 per cent m either the duiation or the mtensity of the
effect

Moore And you assume that that 1s a limear function or an
mverse Imear function of the amount of VEM present?

Zwerfach 1 do not feel that rat mesoappendix assay curves can
be used to titer quantitatively the VEM which may be present in
an unknown sample

Mooie That 1s what my question 1s 1elated to Can you take a
sertes of bloods and come out with all of them having the¢ same
amount of VEM or having more o1 less VEM, and 1f so, how much?



Derangements in Shock 43

elaboration of VEM and VDM m a very regulai fashion during the
shock syndrome

The question has also been 1aised, from time to time, whether
the rat test for VDM may be measuring not a specific substance
but merely an effect which can be produced by a wide vauety of
nonspecific tissue derivatives

Shorr Would you explam the important evidence which is pio-
vided, with respect to the specificity of the rat test, by our combined
use of the test and antiserum to ferntin?

Zweifach 1 beheve the piocedure which we routinely employ
for a more complete assay of blood samples by biological fiactiona-
tion clearly mdicates the specificity of the rat test foo VEM and
VDM Blood samples from normal individuals give a neutral rat
test The possibihty existed that under different conditions both
VEM and VDM could be simultaneously present m the blood stream
so as to mterfere with the specific vascular effects produced by
each principle alone Two procedures have been adopted to frac-
tionate selectively blood samples Our mitial studies showed that
normal kidney tissue possessed the capacity to mactivate VEM
under aerobic conditions Such an mcubation did not affect VDM
It was therefore possible to wipe out the VEM titer of a particular
sample by mcubating the plasma with slices of normal kidney tissue
(5 ml plasma to 1 gm. kidney tissue) for a period of one hour at
37 5° C This served to unmask the precise titer of VDM which was
present In addition, the identification of VDM as the proten,
ferritin, made 1t possible to develop antibodies to ferntin When a
blood sample showing VDM activity m the rat test was mcubated
with a small amount of antiferritin serum, the vasodepressor achvity
of the sample was completely abolished Incubation with antiferritin
serum of blood samples contaming both VEM and VDM destroys
the VDM activity and reveals the precise VEM titer which is present
Biological fractionation not only aids n the more exact evaluation
of VEM and VDM activity m a given sample but mdicates that the
vasoactivities of biological material are due to specific prmeiples

Haley We are unable to mactivate VDM or recrystallized dog
or horse ferritin 1 vitro One day the sample 1s mactivated, then
a techmeaan gets 1t under another code number the followmé day
and 1t 15 active ’

;\flolore You mean having been treated 1n the same way?
anui (e);Jsngi, atrlllg_éesults t?fre variable despite the use of anti-rat,
hd Lorse, o t(;]ga tan e:l'ntm Our n vitro experiments have

we do not know what the answer really
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the standard control response. I am ncluding n this presentation
a graph (Figue 4) showing the 1eproducibihity which it 1s possible
to obtam with the rat mesoappendix techmque The data refer to
a given sample of feriitin which has been tested by different indi-
viduals over a period of many months. The reproducibihty is equal
to that of other biological assay piocedures.

REPRODUCIBILITY OF RAT MESOAPPENDIX TEST
REPEATED ASSAYS OF SINGLE FERRITIN SAMPLE

TOTAL OF
25 ASSAYS

%

DO

e MEAN VALUE

DO

N\
X

28-31 32-34 35-

(4}

8 39-42 43-4
MINUTES

DURATION OF VASODEPRESSOR EFFECT

[ 4

46-49 50-53

Ficure 4  Activity values obtained when a given sample of crystaline ferritin
(E-1824) was repeatedly assayed by the rat mesoappendin procedure bv three
different testers over a period of 18 months The vasodepressor activity of each sample
1s expressed as the length of ttme during which the metarterioles and precapillanes
remamned refractory to a minmmal effective dose of epmephrine, eg, VDM for 32
minutes The frequency distribution of 25 scparate assays are plotteé m the above
bar graph, the number of cases m each category bemg indicated above each bar

Our mferences on a causal relationship between the presence of
these blood-borne principles and specific vascular alterations m
the shocked animal are still based on mcomplete data However,
I believe that the rat test data are sufficiently extensive and vald
to provide a challenge to any skeptic to consider ther mmphications
m a particular concept of shock It 1s not possible to dismuss the 1at
test data as epiphenomena without offering an explanation fo1 the
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bed 1n series or m parallel Secondly, the role of the anastomoses,
which are so promment m the mesenteric bed, as has been mcely
shown by Bentley, 1s very different from that of anastomoses else-
where Hemodynamics show the presence of these anastomoses
(Figure 5) beautifully in the mesentery For the rabbit’s ear, where
so much 1s heard about anastomoses, the curve is qute different
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Ficure 5 Type of flow-pressure curve found in the

perfused mesenteric bed of the
fxiog When vasomotor tone is present, as indicated by the mcreased final cnitical
closing pressure (where curve huts axis), there 15 an abrupt break, which 1s mterpreted
as a separate cntical closure of the artenovenous anastomoses

mi. Pressures of arteriolar - ca

Thudly, we a1e beginnimg to get some evidence about the vascular
reflexes of the mesenteric circulation This 15 work that Scarborough
started wtih Landis, and 1t 15 bemg carried on by Grayson (16)
Their work indicates that when you cool a man, s mesenteric
crculation decreases, whereas skin circulation mereases
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is. But consistently in vivo, if we give the feritm first, we can
knock out the vasodepression, o if we give the antiserum fhst,
we can prevent it and at times unmask a small amount of VEM
acivity We have also done the same thing with mactivated seium
We can inactivate it by aeiobic imncubation and then 1eactivate it by
the addition of cysteme, and then knock out the activity with
antiserum. The thing that is puzzling us 15 why won't it work in
vifro? Maybe you have an answer,

Zweifach: D1, Mazur has been able 1o inactivate feniitin in vitro
with antiserta I cannot explain yow mability to do so. We have
found it preferable to assay blood samples as soon as possible after
they have been drawn. The samples are stored immedately in 1ce
and, when kept chilled, will mantain hoth VEM and VDM activity
for at least several days. Thereafter the activity begins to deteriorate.

Haley: We find that by ficezing our samples we can preserve
them for periods as long as three months.

Zweifach: We have not made a systematic study of the stability
of blood samples which have been frozen and kept refrigerated for
extensive periods of time.

Franklin- This was VEM?P

Haley- VDM, T would not want to hazard a guess on VEM, be-
cause I really don’t know.

Burton Perhaps this is going back from the particular to the
general, but T should agamn like to 1a15e some of the criticism that
was expressed earlier. It seems to me that if we accept what Dr
Zweifach has seen in the mesentary, the critical pont is whether
or not we can accept the mesentery as a 1epresentative vascular
bed. Of course, the existence of VEM and VDM stands upon a
different ground. That does not depend on whether we thmk the
mesenteric vasculatie 1s 1epresentative But whether or not the
changes which VEM and VDM ewvidently produce in the mesenteric
circulation mean that VEM and VDM aie impomtant at all m the
picture of shock m the whole ammal will depend on whether or
not we consider 1t 1emesentative Tt is most unfortunate that the
mesentery 1s the vascular bed that we can obseive under the micio-
scope most easily, simce T think 1t 15 perhans the most unrepr esenta-
tive of any hed. The 1easons, very briefly, aie these I'nst of all,
ohviously we a1e deahng with a double vascular bed, o1 two vasenla
beds in series — the portal and the mesenteirc Moieover, the mesen-
teric 1s shunted by the spleen. So that what you see happenmg n
the mesentenc crrculation, from the hemodynamic point of view,
might he completely reversed by what 1s happening m this othe:
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bed n series or m parallel Secondly, the 10le of the anastomoses,
which are so promument i the mesenteric bed, as has been micely
shown by Bentley, 1s very different from that of anastomoses else-
where Hemodynamics show the presence of these anastomoses
(Figure 5) beautifully n the mesentery For the rabbit’s ear, where
so much is heard about anastomoses, the curve 1s quite different.
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Ficure 5 Type of flow
-pressure curve found m the perfused mesentenic bed of the
ggg When vasomotor tone 1s present, as mdicated by the increased final critical
d g pressure (where curve hits axis), there 1s an abrupt break, which 1s mterpreted
a separate critical closure of the arteriovenous anastomoses

Thirdly, we are beginning to get some evidence about the vascular
reflexes of the mesenteric circulation This 15 work that Scarborough
started wtth Landhs, and 1t is bemg carnied on by Grayson (16)
Then work mdicates that when you cool a man, lus mesentenc
cnculation decreases, whereas skin circulation mereases
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You have made the statement that by far the most important
things contiolling the circulation of the terminal vascular bed were
the humoral ones, but you yourself contradicted 1t when, m dealing
with the whole amimal, you showed the striking effect of sympa-
thectomy I think 1t 1s very possible that in the mesenteric circula-
tion the vasomotor component, meaning by that the neurogemc
component, 15 very minor, but 1n other vascular beds i1t may be very
mportant indeed

Finally, T am unable to find in the mesentery of a frog any
reactive hyperenma. I don’t know if this 1s general

Zweifach- Oh, you can get that A reactive hyperemia can readily
be demonstrated in the mesentery or omentum Limuting factors
m such experiments are the failure to exterionze the mesentery for
observation with a munimum of trauma and to maintam the tissue
under rigidly controlled conditions

Burton- However, 1t is very marked elsewhere In view of all
this, 1t does look as though 1t was most unfortunate that we have
chosen this particular bed to generalize from

Zweifach 1 do not believe that the objections which you bave
raised are directly relevant to the sigmficance of the omental and
mesenteric data to the over-all shock syndrome We have not
attempted to generalize from the circulatory changes in the mesen-
tery to specific disturbances in other tissues However, there 1s
good reason to believe that the general pattern of the sequelae
mn the mesentery reflect the vascular behavior in other wvisceral
structures

Burton. This does not affect your argument on VEM or VDM,
which stands or falls upon the assay I don’t know whether I express
the doubt of some other people, but I am very much bothered by
the fact that m the whole of this assay method, which agamn 1s on
this particular specialized circulation, you have to use topical apph-
cation To me, you see, that seems so far from the physiologic case
I would be very much happier if you could do your assay by means
of the perfusate

Zweifach- We did

Burton What happens when you use the perfusate?

Zweifach Same thing

Burton Why do you have to use the topical application?

Zweifach Actually, I think topical apphcation, rather than ntra-
venous, is closer to what we are nterested n

Burton Physiologically, does 1t have any relevance to anythmmg?

Zweifach It may not be epinephrme that 1s released at the tissue
nerve endings but a substance such as sympathin, which 1s 1eleased
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onto the surface of the muscle cell

Moore I should like to put a plug m for the stimulation 1t has
been to us on the chmical side to have these concepts mtioduced
Yet I should like agaimn to ask some questions about the assay method
because I am puzzled about 1its sigmficance In this assay, the test
ammal 1s not m shock or anything that even resembles shock In
your assay techmique, 1sn’t 1t ssmply a noimal rat under a micio-
scope?

Zweifach Yes

Moore And both VDM and VEM are measured 1 shocked dogs
by taking the dog’s blood and mjecting it mtravenously mto the
test animal while that amimal’s mesentery 1s under observation Is
that correct?

Zwerfach Yes

Moore And the recipient amimal in this bioassay 1s a normal
animal as nearly as you can determine except for the minor operative
procedure of getting the mesentery out?

Zwerfach Yes

Mooie And then 1t 1s the alteration mn the reaction to locally
apphed epmephrine that determines the titer of the VEM and
VDM?

Zweifach Yes

Fremont-Smath  Its sigmficance would depend on the degree of
predictive value 1t would give, wrespective of whether 1t had any
relationship to the shock in that ammal As a matter of fact, it was
m ow first Shock Conference, held here in the Beekman Hotel 1n
1940, that Gregerson suggested that he would like to send down
some of the blood of his traumatized dogs As he mentioned earher,
Dr Zweifach was able to predict whether the animal did in fact
recover from transfusion or not by the way the normal rats’ and
tested rats’ mesenteries 1eacted to imtiavenous slugs of the blood
taken from the dog Theiefore, 1t seemed to me that this had
vahdity in the sense that 1t lent predictability But if 1t could be
done with a spectrometric flame, 1t would be exactly as sigmficant
It happens to be a convenient method of getting a prediction

ACCURACY OF THE MESOAPPENDIX ASSAY
TECHNIQUE FOR VDM AND VEM

Moore T should like to see some data for the assay techmique
on 1eproductbility, on stabihity, on quadruplicate and qumtuplicate
determinations, as unknowns, and all the other things which we
who are chemically minded would immediately set up if we were
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developmg a new isotope technique for total body sodium o1 some-
thing like that

Shorm May I call on Dr Haley mstead of Dr Zweifach, because
1t would be of mterest to hear the experience of another laboratory

Haley The amounts of VEM we found in 1adiation were m-
fintesimal compared to what Dr. Zweifach finds in shock How-
ever, the amounts of VDM can actually be titrated

There 15 a 1ange of VDM activity (see Table II) The gammas
of hoise ferrtin mtiogen equivalents i Table II are based upon
the figure 0.0005 gamma That amount of ferritm will give a con-
sistent depiession of the mesenteric capillary bed, so that the
amount of epmephrine required to get a reaction would be around
1 1 100,000 Sometimes we have gone down to 1 m 60,000 The
peripheral vasodepression can consistently be demonstrated when
this amount of ferritin 1s given mtravenously to test animals

On that basis, we took 05 ml of plasma from nradiated rats,
mjected 1t, and found a vasodepression We then took smaller
amounts of that plasma and diluted 1t with normal saline, which,
mcidentally, has no effect upon the peripheral vascular bed, and
arrived at the figures given 1n Table II In other words, there was
more than 01 gamma but less than 05 gamma, or, mn equivalent
vasodepressor doses, the range was between 100 and 500 for the
first series In the second series, 1t turned out to be 2 and 10 for
the first sampling day, with a shght nise on the second day

TABLE II

Estimated Amount of VDM Liberated by Radiation
Pooled Plasma Samples from 5 or More Irradiated Rats

Days Post-Irradiation
RAT VDM
1-2 3 4
(1)
v Horse Ferritin Nil 010 - 050 0012 - 0048
N Equvalents (2)
0002 - 001 0040 - 020
(1)
No of Just 100 - 500 12 - 48
Vasodepressor Nil (2)
Doses/ml Plasma 2-10 40 - 200

depressor dose equals 0 001 y horse ferntin N/ml Reprinted, by permission,
gg;vla:ls:le?'? T J, et al Presence and 1dentity of vasotrog]lc substances mm blood
of rats subjected to acute whole body roentgen ray irradiation Am ] Psysiol

168, 628 (1952)
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Moore Is there something in Table II which answers the ques-
tion of reproducibility and accuracy?

Haley The Table 1s diawn on the basis of showmg that you can
titer out the quantity, and we have been able to 1eproduce a given
figure on a given sample of plasma In other words, the one that
showed from 100 to 500 vasodepressor doses could be duplcated
the following day Furthermore, we can do that consistently

Nickeison. You are assuming a 400 per cent varation in yow titer

Haley Yes, on the basis of those figures, because we have not felt
1t worth while to get the results any more exact However, we could
do so

Fine What 1s this radiation of rats?

Haley X-radiation

Fine Weie these rats sick and did they recover from radiation?

Haley These rats were m the fast week, and the downwaid
response represents the mcreasing amount of epmephrine required
to get a reaction It has been demonstrated that the decrease, par-
ticularly during the third to the fifth day, 1s produced by VDM,
which we have 1dentified as ferntin by Dr Shon’s and Dr Zweifach’s
criteria

Fine Is this mtended to simulate some kind of shock syndrome?

Haley That, Dr Fine, 1s a very good question It has puzzled me
considerably We find 1n this case the sequence of VEM-VDM 1s
the reverse of what we get m shock The VEM does not show up
untl the second week

Moore Well, after all, we were getting mto this purely from a
chemical pomt of view Can you take a flock of samples and put
them through this bioassay, coming out with a curve that will give
a mean and a frequency distribution on which a standard deviation
can be calculated?

Zweifach There are several alternatives with regard to a more
accurate quanbitation of the rat assay procedure A given sample
can be tested several times in different amimals We have found
that this 1s not necessary if one 1s imnterested merely m learning
whether sample A or B has a particular type of vasoactivity and
if one 1s satisfied to designate the activity m terms of +-4-+, 4+,
or + In mstances where more precise data are desirable, the follow-
Ing procedure has been adopted Semal dilutions are carried out
on a given sample, the dilutions bemng done until vasoactivity dis-
appears On the basis of this simple procedure, sample A will be
considered to have greater vasoactivity than sample B if 6 dilutions
are required to wipe out the activity of A as compared with only
4 didutions m B In addition, one can plot the curve of relative
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vasoactivity at each step in the dilution procedure Unfortunately,
we found that the relative vasoactivity, with change in concentra-
tion, does not show a lineai function (even when plotted on a log-
anthmic scale) For example, senal dilutions of a given sample of
fernitin, starting with the high concentration range, show first a
flat cmave of vasoactivity, then a sharp fall i vasoactivity, and when
the lowest effective concentrations were reached, agam a flat curve
This gives us an S-shaped curve Obviously, if the mitial concentra-
tion of ferritin 1n a given sample falls on that portion of the curve
which has a sharp slope, successive dilutions will show a rapid fall-
ing off in activity On the other hand, concentiations which fall on
the flat slope of the curve will show a more gradual falling off in
activity on dilution It 1s for this reason that unknown biological
samples, such as blood or interstitial tissue fluid or tissue extracts,
are difficult to quantitate m terms of umts of vasoactivity. It 1s
possible, by domg sufficient numbers of tests on a given sample
of blood, to prepare a dilution curve which resembles, for example,
that obtamed when a solution contamnmg 0005 gamma of ferntin
per ml 1s subjected to comparable serial dilution and assay

Moore But you don’t attempt to quantitate 1t any closer than
that?

Zweifach No

Shor1 Could I summarize the tenor of the questions with 1espect
to VDM or VEM as follows to what extent can this test be con-
sidered to have the accuracy that we demand of a chemical pro-
cedure? The answer 1s that 1t does not have the accuracy of a
chemical procedure which we require to be plus o1 mmus 2 or 3
per cent, but that 1t 1s the expeiience of owm own laboratory and of
Dr Haley’s that one can differentiate clearly and iepioducibly
between no VEM or VDM, and between nuld, modeiate, and pro-
found effects

Zweifach 1 think 1t 15 unfair axbitranly to discuss the rat assay
data mn terms of percentages We should consider the fact that the
assays are dealing with concentration ranges of 0001 to 0005
gamma of fermtin per ml Although 0 001 represents a 500 per cent
change with. reference to 0 005 gamma, we actually a1ie working in
a narrow range of physiologic activity

Moore I am not sniping I am not being crtical I am just asking
for information You have a bioassay All I am asking 1s. how much
of an assay 1s 1t? Just plus or minus some per cent would answer
my question.

Haley I don’t think you can take this assay as you would an
epmephrine assay and come out with a standard error of plus or
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munus 3 per cent. I would never want to say that you could do that,
but I would say that the range over which you can detect these
1esponses 1s rather large and, for a given sample, the work can be
duplicated

_ Nickerson Is 1t correct to assume that at this stage of develop-
ment, 1f this test is quantitated, we may assume a possible error of
about 200 per cent?

Zweyfach 1t would depend on the speafic feature of the assay
procedure to which you are referring

Nickerson. In using the dilution techmique, when one level
can be detected, then the question 1s how much must the change
from that level be m order to be sure that there 1s a difference?
The munimum detectable difference 1s, of couse, the final criterion
of the sensiivity of the method. How consistently that can be
reproduced 1s a measure of the accuracy of the method I gather
that the differences which are detectable are of the order of magni-
tude which I mentioned. That 1s, you could not determine the dif-
ference between 0 001 muciogram of ferntin and 0 002 microgram,
but you could detect the difference between 0001 and 0005
microgram. Am I correct m this mnterpretation?

Zwesfach 1 do not believe that we can readily distinguish be-
tween 0005 gamma of ferriin and 0001 without domng a large
number of single assays and serial dilutions on the test sample
The precise quantitation will again depend on the range of con-
centration which the particular sample has This 1s a difficulty which
1s encountered because of the S-shaped character of concentration-
activity curves of VDM and VEM

Nickerson If you are using a dilution technique, the range
m which you start should be umimportant You simply dilute 1t
more times before getting to the critical pomnt of determining be-
tween one sample and the next That 1s where the final evalution
occurs The question 1s how much difference does there have to be
between those two samples 1n order to get a detectable, reproducible
difference 1n the test? I gather from the discussion that if this duf-
ference 1s on the order of one to, at a maximum, five times, you can
be quite sure of it If we must speak m per cent, which always
makes 1t sound bad, this 1s a difference of 100 to 500 per cent

Shor  As you say, if we attempt to deal with the data obtamed
n the mesoappendix test by statistical methods, 1t does sound bad
as far as accuracy 1s concerned But I think that this 1s the wrong
way of evaluating the mformation which this test can give We
have on the one hand a negative reaction, and on the other hand
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we have positive 1esponses of varying degrees of mtensity which
we know are obtained with the mjection of between 0 0005 to 0 001
pg of ferntin N Inasmuch as ferritin is never present normally,
but only under pathologic conditions, the meie presence of a posi-
tive test 1s sigmficant Additional significance 1s acquired by the
mtensity of the vasodepressor reaction which can be graded as
mild, modeiate, or strong It 1s only the order of magmtude that 1s
of mmportance, and to attempt to arrive at a quantitation beyond
this order of magmtude by statistical methods 1s unwarranted

Fremont-Smith The significance would be mn relation to the
significance of the difference detected The importance of the error
does not he in what the percentage of error 1s in the numencal
figwe, although that 1s a way of charactenizing 1t, but as to what
it will do In other words, how pertinent 1s the change that 1s
detectable to the particular problem which 1s bemg studied Isn't
that right?

Nickerson The pomt to which the study of VEM and VDM m
shock has been carried by Drs Shorr and Zweifach and by others
indicates that the test 1s sufficiently sensitive to provide useful data
No one will argue that pomt

Fremont-Smath 1 thmk that 1t has been argued That 1s exactly
the 1ssue under discussion In fact, 1t needs to be argued for the
very reason that there 1s considerable doubt, particularly mn the
nmunds of people who have not exammed the situation, as to how
useful the mmformation can be

Nickerson The fact that ferritin reduces vascular 1eactivity 1s
useful mformation, but I think the question of whether this has
anything to do with shock or hypertension 1s a very different ques-
tion from that which we are talking about now, the question of how
accurately one can determine ferrtin

Moore 1 think Dr Shorr answered 1t a minute ago about VEM
You can have a little, or quite a bit, or a lot And that 1s about 1t

Shor1 Does one need more 1 terms of the descriptive relation-
ship between these factors and the sequence m shock?

Moore No, but I think 1t 1s nice to know that that i1s the sort
of bioassay you are working with

Buich Is the bioassay influenced by the solvents, normal saline,
and plasma? In other words, does plasma possess a substance that
alters the bioassay?

Haley Not that I know of

Frankhn Are you any nearer to finding out the chemical nature

of VEM?
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Shori: No, not very much nearer

Fremont-Smith May I make a comment on what I think I have
observed m the group, as well as at other times in arguments with
mdividuals, that 1s. as I go along and try to make my pomt, not
what I am saymng at that moment but what 1t mught lead to 1s
such a dangerous thing to the other peison that he finds 1t quite
necessary to block me, to challenge a whole senes of statements
I am making Actually 1t 1s not a challenge, 1t 1s an expression of
anxiety as to what might follow if he allowed the first statement
to go by

I think 1t was quite clear, if we really listened to Dr. Zweifach,
that he was trying to set a frame of 1eference within which he was
gomng to describe some fairly specific experiments The frame of
1eference, really, was the thing that disturbed many, because we
couldn’t be quite sure what would come out of 1t afterwards It
15 1ather mteresting to do a httle observation on ourselves m this
experiment 1 communication.

PERIPHERAL VASCULAR REACTIVITY IN SHOCK

Zweifach In broad terms, the changes i the peripheral vascular
bed of the omentum permit the recogmtion of two phases durmg
the development of shock, urespective of the imtiating factor Theie
1s an mtal period, during which the vascular readjustments are
compensatory mn nature and all phases of peripheral vascular activity
become augmented The extent to which compensatory readjust-
ments develop depends, of course, upon the precise conditions of
the experiment and the nature of the inrtial msult

A speaific piotocol used to characterize the vascular changes
during the compensatory stage 1s a case of hemorrhagic shock
carried out under pentobarbital anesthesia (Figure 6). The same
two phases of vascular response are seen 1n the different types of
expenimental shock which we have studied These mclude tourni-
quet shock m dogs and rats, drum trauma shock m rats, and leg
pounding shock mn dogs In a given expermental situation, the
degiee to which the various compensatory or decompensatory phe-
nomena develop depends upon contributory factors referable to
conditions pecuhiai to each experment

Anesthesia represents an important contributory factor to the
development of the syndrome Shock has been pioduced mn labora-
tory ammals under geneial anesthetic agents, such as pentobar-
bital, pentothal, ethre, or cyclopropane In another group of exper-
ments, morphine was used i small doses sufficient to produce a
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Hepato-Renal Vasotropic Tactors in Hemorrhagic Shock
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Ficure 8  Schematzed protocol of sequence of vascular and humoral events follow-
mng graded hemorrhage Compensatory response of capillary bed (hyperreactivity to
topical epinephrine and augmentation of vasomotion) 1s associated with elaboration
of VEM mto circulation by kidney Capacity of kidney to form VEM becomes progres-
sively impaired with presistence of hypotension and prolonged renal hypoxia De-
compensatory vascular pattern (hyporeactivity to epmephrine and suspension of
vasomotion) associated with elaboration of VDM (ferntin) into blood by hypoxic
hver Continued formation of VDM by hver is related to impamrment of hepatic
enzyme mechamsms for mactivation of vasodepressor Irreversible phase of syndrome
charactenized by vascular decompensation and deterioration of VDM mechanisms m
liver Reprinted, by permission, from Shorr, E , Zweifach, B W, and Furchgott, R F
Research in Medical Science New York, Green, D and Knox, W E, editors, The
Macmillan Co, 1950 (p 323)

euphoric state A small group of experiments were done with local
mfiltration of the wounds with procane to permit exteriorization
of the omentum and msertion of the blood pressure cannula In all
of the above experiments, the same two sequences of vascular
response developed to varymng degrees In most mstances, anesthesia
served as a predisposing factor which Limited the compensatory
response and hastened the onset of decompensatory reactions Ex-
permments 1 dogs with no systemic anesthesia demonstrate that
these animals are much more resistant to the development of decom-
pensatory vascular activity when subjected to conventional experi-
mental procedures However, by usmg more drastic procedures,
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such as the maintenance of the blood pressure following hemorrhage
at levels below 30 mm Hg for protiacted periods of from three
to four hows, vascular decompensation m the omentum can be
aclieved

Mooie And these occur even under high spmal anesthesia?

Zweifach We have not carmied out shock experiments m animals
under spmal anesthesia In the anesthetized dog, the compensatory
phenomena persist for a variable period of time, duiing which dif-
ferent aspects of vascular response become less effective and may
actually become subnormal This latter portion of the syndrome 1s
referred to as the decompensatory stage and 1s characterized by
the progressive development of subnormal or hyporeactive responses
within the termmal vascular bed The development of the hypore-
active phase usually presages collapse of the circulation and 1s
invariably associated with a failure to respond to blood replacement
measures This 1s 1n contrast to the excellent prognosis with respect
to recovery by blood tiansfusion during the mmtial compensatory
phase where the replacement of the blood, withdrawn during the
experiment, rapidly restores the circulation

Thus far, the major generalization which has been drawn 1s the
development of an mmitial compensatory and a subsequent decom-
pensatory vascular pattern m all types of shock, nrespective of the
mitiating factors We have not considered specific factors which
will alter the compensatory pattein It 1s a common observation
that experimental amimals differ in thewr response to small blood
loss This 1s conditioned by the nutritional status of the animal, the
presence of mfection, the state of hydration, and other metabolic
or humoial disturbances which may be piesent Some of these
variables have been subjected to experimental study and will be
discussed later

RELATIONSHIP OF VEM AND VDM TO
VASCULAR DERANGEMENTS IN SHOCK

Our studies have shown that the regulation of blood flow through
the peripheral vascular bed 1s m large part dependent upon humoral
factors We therefore attempted to relate the vascular changes
observed mn the omentum of the shocked anmmal to the possible
elaboration of humoral prmciples It was found that two vasoactive
principles could be detected m the blood stream of the shocked
animal Durmg the mmtal compensatory stage of shock there ap-
peared n the circulation a vasoexcitor principle, VEM, which i
test rats produced changes m vascular reactivity and vasomotion
strikingly sumilar to those seen n the terminal vascular bed of the
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shocked animal at this time The njection of a blood sample taken
fiom a shocked dog durmng the compensatory stage produced m
the test 1at an mcreased 1eactivity of the metarterioles and precapil-
laries to topical epmephrine, as well as an augmentation of spon-
taneous vasomotion Durmg the decompensatory stage of the syn-
diome, the blood was found to contain a vasodepressor piumnciple,
VDM, which produced diametrically opposite effects on the re-
activity of the termmal vascular bed. The 1esponse to epmephrne
m the test amimal was blunted and often abolished Vasomotion
was dimmished and frequently an over-all hyperemic cnculation
appeared m the capillary bed of the test rat. The hypothesis was
then advanced that these two principles were components of a
homeostatic mechamism which participated mn the regulation of
peupheral blood flow and which, during the circulatory stress of
the shock syndrome, appeared in exaggerated form The active
participation of the terminal vascular bed in circulatory hemo-
dynamucs 15 influenced n large part by these principles

The evidence for a causal 1elationship of these blood-borne prin-
ciples to specific vascular derangements 1n shock remamed largely
circumstantial until this was buttressed by related studies dealing
with the surgical and chemical ablation of different homeostatic
mechamisms Although the implications with respect to the wre-
versible aspect of the shock syndrome are still inferental, the
regularity with which they appear strongly supports a causal
relationship

In Table III are hsted different humoral factors, or so-called
toxic factors, which have been imphcated m the shock syndrome
Such a list can be considerably eaxpanded to include numerous
parameters, related to tissue metabolism, which show a disturbance
during the progression of shock One must, however, msist that
changes 1n particular agents be referred to specific hemodynamic
alterations Unless this can be shown to exist, the causal relationship
of any of these humoral factors must remamn purely speculative
Thus far we have been unable to find tissue metabolites, other than
VEM and VDM, whose presence 1 reasonable concentrations will
produce, m test animals, the pattern of vascular changes which are
observed during the development of the shock syndrome

VASCULAR DECOMPENSATION AND VDM

With the prolongation of the shock syndrome, vascular decom-
pensation develops, primarily 1n the splanchnic viscera, and results
n the collapse of the circulation The problem which confronts us
with respect to this phase of the syndrome 1s whether the circulatory
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TABLE III

Humoral Factors in Shock

DELETERIOUS PRINCIPLES

Histamine (Cannon & Bayhss, Dale & Laidlaw)
H—Substances (Lews, Moon)
Acetylcholme (Dudley)
Bacterial Products (Abraham, Aub et al, Fine)
Adenosine Compounds (Bielschowsky & Green, Kalckar & Lowry)
Kallikremn (Hastings et al )
Potassium (Kerr, Scudder, Fox)
VDM (ferrtin) (Zweirfach & Chambers, Shorr, Baez
& Mazur)
Anaerobic Intermediate Metabohtes (Wilhelmn & Long, Allison, Henderson)
CO., pH (Henderson)

COMPENSATORY PRINCIPLES

Adrenal Cortical Secretions (Swingle)

Renin, Sustained Pressor Substance (Collins, Braun-Menendez, Helmer
& Shipley)

VEM (Zweifach & Chambers, Shorr, Baez
& Mazur)

Numerous biochemical and humoral alterations have been shown to occur durmng
shock However, with the exception of VEM and VDM, none of these have heen
related to specific vascular episodes during the progression of the syndrome

msufficiency 1s directly 1eferable to a failure of peripheral regulatory
mechamsms m general, or whether 1t 1s dependent upon vascular
derangements within a specific organ During the mitial phase of
the hemorrhagic shock syndiome, the disproportionate vasoconstric-
tion which develops in the kidney would appear to be responsible
for the appearance of VEM m the blood stream Subsequent to thus,
with the persistence of drastic hypotension, stagnant hypoxia de-
velops within the hver proper, as evidenced by the marked fall m
oxygen saturation of the portal vem blood (17) The local release
of VDM wathin the hver 1s interpreted as an attempt to improve
the peripheral circulation m the face of a drastically reduced blood
flow Under normal conditions with an inadequate arterial pressure,
the opening up of the arterioles and precapillanies by locally re-
leased VDM would bring about an increased perfusion of the ves-
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sels mn the liver parenchyma. However, the local elaboration of
VDM during shock 1s meffective as a measure for increasing blood
flow 1n the face of drastic hypotension and dimmshed circulatmg
blood volume Actually, under these conditions the circulation
through the liver 1s still further reduced by the expansion of the
vascular bed at this stage of the syndrome The blood which enters
the hiver stagnates within the hiver sinusoids, possibly because 1t 1s
mcreasmgly difficult for blood to leave by way of the constricted
hepatic vems The development of an ncreased resistance to flow
through the liver 1s accompanied by portal hypertension This n
turn will interfere with the venous return of blood from the gut
The effect of mmadequate venous outflow, together with local factors
within the gut proper, exaggerates the decompensatory vascular
changes 1n the liver The progressive deterioration of the peripheral
circulation observed m the omentum at this stage 1s referable to
the spilling over mto the blood stream of the hepatic vasodepressor
prnciple, VDM Thus, the ultimate collapse of the circulation 1s a
composite of several factors, and the degree to wlhich changes
develop m each depends upon the piecise experrmental conditions
The possibility exists that deleterious factors other than VDM may
arise as a consequence of the stagnant hypoxia m different tissues
and that these likewise may contribute to the vascular collapse

For purposes of simplification, I have confined my remarks during
this presentation to hemorrhagic shock It 1s well known that the
shock syndrome can be produced by a wide vanety of mitating
factors There 1s, however, considerable disagreement regarding
the relative significance of the different factors which are mvolved
The mmtial compensatory stage during shock produced by hemor-
rhage or by a form of hind limb trauma 1s the consequence chiefly
of a reduction m blood volume I do not distinguish here between
the frank loss of blood, such as occurs in hemorrhage, and a 1educ-
tion 1n the effective circulating blood volume, which may be brought
about by the sequestration of blood or plasma mm different tissues
Once a state of shock has developed, the subsequent collapse of the
circulation during the decompensatory stage 1s referable to a further
reduction m blood volume caused by the trapping of blood within
the terminal vascular bed and venous channels of visceral oigans,
such as the gut and hver. It 1s significant that durmg this critical
stage of the syndrome as little as 10 ml of blood repiesents the
difference between hfe and death mm a dog weighmg from 10 to
15 kg

The common denommator which characterizes the different forms
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of experimental shock 1s the profound reduction in peripheral
blood flow, as visuahized in the mesentery or omentum The peri-
pheral circulation does not become curtailed, either at the same
time or to the same degree mm different organs of the body. Unfor-
tunately, the level to which the blood pressure has fallen is not a
reliable mdex of the extent to which the peripheral circulation has
been reduced under different experimental conditions A great many
contributing factors can impair the capacity of the vasculai system
to compensate effectively for the circulatory stress For example,
under ether anesthesia, the lowering of the blood pressure to 60 mm
Hg 1s sufficient to slow the capillary circulation i the omentum
drastically In contrast, n a morphmized dog, a comparable effect
on omental blood 1s not achieved until the blood pressure reaches
30 to 35 mm Hg
COMPENSATORY STAGE OF SHOCK AND VEM

Thus far, the progressive character of the shock syndrome has
been discussed on the basis of the sequence of vascular changes
within the omental circulation and the relation of the hyper- and
hypo-reactive phases of vascular activity to blood-borne humoral
principles In Figure 6, a diagrammatic presentation 1s shown of
a schematized shock experiment The compensatory phase of the
syndrome 1s best reproduced by subjecting the amimal to sub-
maximal bleeding (3 to 4 pexr cent of body weight) The blood pres-
sure will become stabilized 1 a moderate range of hypotension (on
the average, 65 mm Hg) VEM appears m the blood stream within
fifteen to twenty minutes after the imitial bleeding, and compen-
satory readjustments develop m the terminal vascular bed at about

e same time, reaching a maximum after sixty to ninety minutes
of hypotension By making saline extracts of different tissues of the
body durmg this phase of the syndrome and testing the extracts
for vasoactivity by the rat mesoappendix techmque, 1t has been
possible to demonstrate that the blood-borne VEM 1s of kidney
origin In experiments where the kidney 1s excluded from the circu-
lation, VEM fails to appear in the blood following hemorrhage (83)
The potentiation of the vascular response to epmephrine 1s con-
siderably blunted and much less prominent m arenal animals sub-
Jected to hemorrhage The hypeneactive response mn the terminal
vascular bed 1s a composite of several factors mvolving, 1n addition
to the kidney, the sympathetic nervous system and the adrenal
glands By interfering with adequate compensatory readjustments
m the termial vascular bed, the removal of the kidney predisposes
the systemic circulation to the development of decompensatory
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phenomena.

Durimg the eaily portion of the compensatory phase, VEM elabor-
ated n the kidney will continue to be delivered into the systemic
cinculation With the progiession of the syndrome, 1enal 1schemma
develops to the extent that, on the basis of clearance data, no
effective circulation thiough the kidney cortex exists (18) This
factor prevents the delivery of VEM mto the systemic cucula-
tion In addition, as 1s noted m Figure 6, with continued renal
hypoxia the capacity of the kidneys to produce VEM becomes
progressively impaired After a protiacted period of hypotension,
many kidneys show a complete loss of this capacity

Short Do you feel that this change 1s related only to time or to
time plus blood flow?

Zweifach The mmpairment m renal VEM mechanisms probably
develops from a combmation of circumstances The presence of
a stagnant hypoxia for a prolonged period of time represents one
factor A second factor may be the loss of some sutable substrate
o1 cofactor m these enzyme systems

Burch When you remove the kidneys and do bleeding, does the
amimal present the hyperreactive peripheral circulation?

Zweifach The arenal amimal was brought mto the discussion n
order to emphasize the 1enal orgin of blood-borne VEM The effects
which surgical nephrectomy have on the progression of the shock
syndrome, especially with reference to the terminal vascular bed,
will be taken up m a subsequent section

FACTORS AFFECTING VDM PRODUCTION

Selkurt Since you have just said that the circulation 1s impaired
rather soon, how can you explam this relative delay m the VDM
formation? Are there any indications for it?

Zweifach The presence of VDM 1 a vasoactive form within the
hiver 1s the result of two separate mechamisms, the fiist 1s concerned
with the formation of VDM, and the second with its mactivation
or removal (2) Salme extracts of shces of noimal liver possess no
appreciable VDM activity When the liver 1s subjected to hypoxia,
simular tissue extracts show considerable VDM activity In the test
rat the vascular effects of exogenous VDM persist for a pertod of
twenty-five to forty mmutes and then wear off Apparently, the
normal anmmal 1s capable of mactivating or removing VDM from
the circulation This capacity was shown to reside m a specific
hepatic enzyme system which mactivates VDM under oxidative

conditions
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Dung the development of shock, VDM appeais first within the
hver proper and then spills over into the blood stream Seral
biopsies of the liver were taken durng the progression of the shock
synciome and weie tested both for thewr content of VDM and fox
therr capacity to mactivate a standardized preparation of VDM
It could be shown that, concomitant with the deteiioration of the
shock syndrome, the capacity of the hver to mactivate VDM like-
wise was reduced (3) The precise titer of VDM 1 the blood stieam
1s dependent not only upon its formation withm the lver, as a
consequence of stagnant hypoxia, but upon 1its 1ate of mactivation
by liver enzyme systems So long as the hiver VDM mactivation
systems remam mtact, the blood titers of VDM do not reach sig-
mficant levels During the decompensatory stage, the onset of
meversibility 1s associated with the almost complete deterioration
of this mactivation system Blood transfusion at this stage dilutes
the amount of VDM 1 the blood but has no beneficial effect on the
capacity of the hver to mactivate VDM With the persistence of
this defect, the liver circulation agamm undergoes deterioration,
VDM appeais m the blood stieam, and circulatory collapse ensues

Haley Isn’t 1t true that VDM 1s bemg liberated at all times and
that 1t 1s only under these conditions that you get the massive
amounts of 1t?

Zwerfach Blood samples of normal animals give a neutral assay
as measmed by the rat test Biological fractionation of normal blood
samples by mcubation with fiesh kidney shces, in o1der to 1emove
any VEM which mught be present, does not reveal the presence
of VDM In vitio studies on hiver shices of normal animals likewise
indicate that there 1s no vasoachive VDM present within the Liver,
and that the aerobic incubation of such shces does not result m the
elaboration of VDM 1nto the supernatant fluid It 1s only when such
tissue shces are subjected to hypoxia that the formation of VDM
occurs It 1s possible that under normal conditions some VDM 1s
bemg elaborated continuously but that the mactivation mechanisms
within the liver destroy the biological effectiveness of this principle

Nickerson Do you conceive of VDM production and mactivation
simply as an oxidation-1eduction process or as a matter of synthesis
and structural degradation?

Zweifach Dr Mazur, m our laboratory, has shown by chemical
and mmmunochemical studies that the VDM activity of the blood
and the hiver 1s referable to an non-bearmg protem complex called
ferritin (19,20) By the development of specific antibodies to fer-
ntm, Dr Mazur has been able selectively to wipe out the VDM
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activity of blood samples from ammals 1 shock, from the salne
wash of shock liver, and from VDM produced in vitro by subjecting
normal hver to anaerobiosis He has shown that crystallime ferritin
m concentrations as low as 0 005 gamma (on the basis of mitrogen
content) will produce in the test rat a VDM effect comparable 1n
degree and extent to that produced by blood samples obtamed from
ammals m the decompensatory stage of shock Later studies mdi-
cated that the biologically active form of ferrtin had free sulfhydryl
groups (21) Ferritin could be rendered vasomactive by transform-
ing these groups into the disulfide form by blocking the sulfhydryl
radical with appropnate agents The mactivation of active ferritin
by hiver shees was accomplished by the same type of transformation
of sulthydryl to disulfide (22) Dr Mazur found that the liver of
normal ammals, when frozen immediately, with the sulfhydryl con-
tent of the ferrtin determmed chemically, contained ferritin which
was exclusively (over 95 per cent) 1n the mactive or disulfide form.
On the other hand, shock livers, when simularly treated, had as
much as 45 per cent of the ferritm 1n the free sulfhydryl form The
transformation from the free sulfhydryl to the disulfide occurs under
oxidative conditions, while the reverse occurs under anoxic condi-
tions This type of chemical transformation, from an active to an
mactive form, does not mvolve any synthetic processes and can
be achieved by the tissues with a mmmmum expenditure of energy
It 15 our thesis that the ferriin (VDM) mactivation mechanism
during the progression of hemorrhagic shock becomes impaired to
such an extent that blood replacement and the restoration of oxida-
tive conditions are no longer effective 1n reconstituting the mactiva-
tion enzyme system

Osserman Is 1t possible to delay, or m any way modify, the
appearance of the “mreversible” phase by admmistering to the
shocked animal blood which has been obtamed from a second
amimal m the mitial compensatory shock phase? In other words,
what happens when one gives the acceptor amimal blood contaming
an abundance of VEM?

Zweifach The procedure which we employ to produce hemor-
rhagic shock mvolves the graded removal of blood at mtervals It
1s obvious that all of the bleedings, with the exception of the first,
are taken durmg the period m which the blood contains considerable
amounts of VEM The pool of blood which 1s returned to the animal
at the end of the experiment usually has a moderate VEM activity
The extent to which the mtravenous administration of blood with
high titers of VEM would be more effective n restoring the peri-
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pheral circulation has not been ascertamed

Osserman Another answer to that question would depend on
whether blood from an amimal that had had no chance to get into
the hyperreactive stage would be as successful in mamtaning the
shocked ammal’s blood supply as the latter’s own blood, which
presumably does have the VEM 1n 1t

Zweifach The data presented thus far have evaluated the com-
pensatory aspect of the shock syndrome 1n terms of specific homeo-
static mechamisms It 1s significant that the capacity of the systemic
crculation to adapt to circulatory stress 1s also altered mn each
mstance where mterference with a specific homeostatic mechanism
serves to mmpair the capacity of the termunal vascular bed to re-
adjust Thus, mn expertmental situations where reversibility to blood
replacement was uniformly obtamed, mterference with peripheial
vascular homeostatic mechanisms always predisposed to hypore-
activity and to refractormess to transfusion

We have emphasized the relation of disturbances m hiver VDM
metabolism to the decompensatory phase of the syndrome The
stagnant hypoxia within the hver proper during shock results m
a deterioration of the hepatic circulation This 1s accompamed by
an elevated portal pressure and, in turn, by a further reduction and
deterioration of the splanchnic circulation As previously mdicated,
the vasodepressor activity of the blood was found to be related to
the presence of ferritin m the circulation.

Vasoactive ferntin has been demonstrated in both the liver and
the systemic circulation during the decompensatory phase of shock,
when the circulation 1s mamtammed only by virtue of supporting
mfusions, or i experiments with the Lamson reservoiwr, by the
continuous uptake of blood from the 1eservoir It 1s suggested that
the reversible sulfhydryl to disulfide type of chemical transformation
may be a prototype of other humoral mechanisms concerned with
the regulation of the blood flow Although ferritin per se may not
be directly imphcated, 1t 1s possible that other compounds with
sulfydryl groups may be responsible for changes such as develop

uring reactive hyperema and icreased tissue metabolic activity

The admmstration of blood during the hypoieactive stage, to
replace that withdrawn during the experiment, brings about a tem-
porary mmprovement m the blood flow through the mesentery and
Liver Fo1 a short period of time, there 1s also a temporary dilution
of VDM m the systemic circulation Despite this transient improve-
ment m blood flow, the terminal vascular bed continues to manifest
decompensatory responses and the blood stream progressively shows
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an mcreased titer of VDM. This has been found to be referable to
damage to the hepatic mactivation mechanism which, under normal
cncumstances, transforms active ferritin to its mactive disulfide
form The lhver of shocked ammmals during the decompensatory
phase of the syndrome shows a marked impairment of the capacity
to mactivate VDM The subsequent deterioration of the circulation
1s associated with an accumulation of blood within the hiver and
splanchnic viscera
FACTORS AFFECTING RESISTANCE TO SHOCK

The causal relationship between the hepatorenal factors, which
we have been discussing, and the vascular response during circu-
latory stress, has been buttressed recently by a number of expen-
ments In mstances where specific measues have brought about an
mmproved capacity to withstand shock, theie have been parallel
changes 1n these hepatic mechanisms 1n a direction compatible with
thewr having a relationship to the development of resistance This
1s clearly evident in the experimental production of resistance to
drum trauma Normal rats of a given age group, when exposed to
drum trauma, show a statistically reproducible response For ex-
ample, rats weighing between 120 to 150 gm, when subjected to
700 turns 1n the drum show a mortahty of 80 to 85 per cent When
such amimals are exposed to repeated sublethal drummmgs, they
develop a resistance to such trauma, and eventually survive even
2000 revolutions m the drum In such resistant rats, the hepatic
mechanisms concerned with ferrtin mactivation can be shown to
have developed a resistance to the deleterious effects of hypoxia
(23) In contrast to the livers of normal rats, liver shces of resistant
animals can withstand ninety to one hundred and twenty minutes
of complete anaerobiosis without a deterioration of VDM 1nactiva-
tion mechanisms There 1s also a compensatory augmentation of the
VDM mactivation system as a result of which the Iivers of resistant
1ats can mactivate much larger amounts of ferritm at a more rapid
1ate than normal controls Further, Dr Baez has found that rats
made resistant to drum trauma show a compaiable resistance to the
deleterious effects of hemorrhagic shock * In experiments with a
standardized type of hemorrhage, drum resistant animals 1eadily
survive a normally lethal procedure The hepatic inactivation mecha-
msms 1n resistant animals subjected to hemorrhage do not show the
usual deterioration which accompanies hemorrhagic shock m con-

trol experiments

*

+ Baez, S, and Shorr, E Unpubhshed data
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The importance of the renal factor for adequate peiipheral vascu-
lar compensation has been clearly demonstrated by a vauety of
experiments m which shock was produced following exclusion of
the kidneys fiom the circulabon This was shown both n exper-
ments on drum trauma and hemorihage mn 1ats, and 1n hemorrhagic
and tourniquet shock m dogs

In assessing the renal contribution to vascular homeostasis n
shock, 1t should be noted that experimental procedures, such as
massive bleeding, which produce an acute fall n blood presswme
bring about an 1mmediate and profound reduction mn blood flow
through the kidney Often this 1s of sufficient mtensity to isolate
completely the kidney from the circulation and thereby limit the
possible contribution of 1enal humoral principles to compensatory
readjustments Likewise, expertments in which trauma o1 other
pamnful stmuli are apphed to the extrenuties are complicated by
a considerable reduction i renal circulation even prior to the
actual development of shock In our own expermments, shock was
produced by a graded series of bleedings in oi1der to perrmt maxi-
mum development of renal compensatory principles Under such
conditions, exclusion of the kidneys resulted i a clear-cut 1impair-
ment of the compensatory response

In experiments on animals subjected to bilateral sympathectomy,
the protective action of the sympathectomy pexr se 1s nullified by
the subsequent exclusion of the kidneys fiom the crculation A
graded hemorrhage, which 1n control anmmals leads to a completely
reversible syndrome, will, in the absence of the kidneys, result m
an wrreversible type of shock

Howard One question before you summanze Have you studied
this release of VDM and 1ts subsequent appearance m the animal
comcident with the admimistration of aureomycin?

Zwerfach We have not made a systematic study of the effects
of hemonhagic shock on hver VDM mechamsms m animals which
have been preticated with aureomycm or other antibiotics

What can we conclude concerning the critical nature of these
principles and their vascular effects on the shock syndrome? Do

ey represent epiphenomena, or are they mtrinsic defects which
contribute directly to the deterioration of the systenuc circulation?
Several workers have shown that, with the progiession of the shock
syndrome, the peripheral resistance which 1s mmtially elevated later
falls (24,25) Our own observations on the splanchnic viscera mndi-
cate that the vasoconstriction, which develops i the laiger blood
vessels during shock, persists throughout the syndiome and, m most
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wstances, may become exaggerated as death approaches The cur-
culation 1n the skm remams ischemic throughout. Whether the
vasoconstriction m other tissues undergoes 1elaxation 1s not evident.

Our studies on peripheial vascular ‘behavior have stressed the
critical significance of a close mtegration between the functional
activity of the larger blood vessels and that of the ternunal vascular
bed The achievement of tissue homeostasis would be 1mpossible 1f
this were not true Changes in the larger blood vessels must, of
necessity, be accompanied by appropriate readjustments n the
terminal vascular bed i order to achieve vascular homeostasss.
When vasoconstriction of the larger blood vessels 1s exaggerated,
adequate perfusion of the texminal vascular bed cannot be achieved
without an opening up of this portion of the vascular tree, and vice
versa, with dilatation of the larger blood vessels, readjustments m the
terminal vascular bed, such as the opening of direct shunts from
arteral to venule, and mcreased vasomotion, are necessary to ensure
tissue homeostasis

It 1s obvious, from the multipheity of factors mvolved 1n vascular
readjustment mechamsms, that the degree to which each of these
participate m a given syndrome can vary considerably, depending
upon many conditioning factors In one situation, the failure to
compensate adequately may be the predomunant factor related to
the poor response to circulatory stress In others, the supermmposition
of positive deleterious principles may serve to undermine the com-
pensatory mechanisms which operate normally The precise role
of each of these factors in different expermental syndromes must
be determined 1n each mnstance

Selkurt Do you mmply that the ability of the lhiver to mactivate
1s somewhat increased in the course of developed resistance; and
if so, what role can you now ascribe to the kidney m terms of the
opposing mechanism?

Zweifach Our in vitro data 1n resistant rats clearly ndicate that
the capacity of the hiver to mactivate ferrtin 1s greater than that
of normal control 1ats Furthermore, the mmactivation mechanisms
do not become impaired following a degree of hypoxia which, m
normal controls, 1s sufficient to destroy this capacity almost com-
pletely There remams the possibility that positive compensatory
factois, such as arise mn the kidney, contribute to the development
of resistance In this 1egard 1t was found that rats, which had been
made” resistant to drum trauma, mamtained this resistance after
surgical exclusion of the kidneys One would therefore have to
assume that the deficient compensatory response following nephrec-
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tomy was adequately counterbalanced by the augmentation and
protection of hver VDM mactivation mechanisms

Fime May I ask whether you have tested tlus effect on the
mesentery by the use of bacterial products, say bacterial toxin?

Zweifach In 1943, we were stimulated by the results of Aub and
co-workers (26) on the possible contribution of clostridia toxins
to the development of nreversibihty in shock We therefore set out
to determme whether the shock produced by such bacteral toxins
m normal dogs and cats resulted in the characteristic sequelae m
the termmal vascular bed of the mesentery which we had obsexved
following hemorrhage In these expermments, bacteral toxins (Clos-
tndium welchii, Cl perfringens, Cl septicum and Shiga exotoxin)
were mjected 1 sufficient concentrations to produce a lethal effect
three to five hours after intravenous administration The omentum
was exteriorized so that the termmal vascular bed could be studied
throughout the development of shock

For a period of several hours there were no changes, either n
blood pressure or mn the terminal vascular bed Then, toxic effects
on the capillary wall began to appear, petechial hemorrhages de-
veloped, many capillaries and venules showed vascular stasis, gross
evidence of edema was promment mn the gut These vascular phe-
nomena were then accompanied by the development of vascular
hyperreactivity, such as 1s evident following blood loss The blood
pressure showed a progressive dechne at this stage and within
several hours reached profoundly hypotensive levels During the te:-
mmal phase of this type of shock, vascular hyporeactinity developed

Fremont-Smith But no fall m blood pressure mn the early stage?

Zweifach There was no fall m blood pressme until capillary
damage of the type described had appeared

Fime Did you, m the rat, with the mesentery exposed, try out
the effect of bactenal toxins?

Zweifach In normal rat preparations, as used for the bioassay
of vasoactive prmeiples, the mtravenous admnistration of clostridia
toxins had no demonstrable effect on vascular reactivity for a period
of one hour after intravenous admmistration The observations were
not contimued beyond that time

Fine Have you been able to prevent nreversibihty by immunizing
the animal to ferrtin?

Zweifach It 1s impossible to immumze a dog agamst homologous
dog fermtin

Fine Well, ferritin fiom some other animal 1 thought you were
able to produce an antiferntin serum
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mstances, may become exaggerated as death approaches The cu-
culation m the skin 1emains ischemic throughout. Whether the
vasoconstriction mn other tissues undergoes relaxation 1s not evident.

Our studies on peripheral vascular behavior have stressed the
critical significance of a close integration between the functional
activity of the larger blood vessels and that of the ternunal vascular
bed The achievement of tissue homeostasis would be mmpossible if
this were not true Changes m the larger blood vessels must, of
necessity, be accompanied by appropiate 1eadjustments m the
termmnal vascular bed m order to achieve vascular homeostasis
When vasoconstriction of the larger blood vessels 1s exaggerated,
adequate perfusion of the terminal vascular bed cannot be achieved
without an openmng up of this portion of the vascular tree, and vice
wversa, with dilatation of the larger blood vessels, readjustments m the
terminal vascular bed, such as the opening of direct shunts from
artenal to venule, and increased vasomotion, are necessary to ensure
tissue homeostasis

It 15 obvious, from the multipheity of factors mvolved n vascula:
readjustment mechamsms, that the degree to which each of these
participate 1 a given syndrome can vary considerably, depending
upon many conditioning factors In one situation, the failure to
compensate adequately may be the predominant factor related to
the poor response to circulatory stress In others, the superimposttion
of positive deletertous principles may serve to undermine the com-
pensatory mechamisms which operate normally The precise role
of each of these factors m different experimental syndromes must
be determined i each mstance

Selkurt Do you 1mply that the ability of the liver to mactivate
15 somewhat incieased m the course of developed resistance, and
if so, what role can you now ascribe to the kudney mn terms of the
opposing mechanism?

Zweifach Our in vitro data mn resistant rats clearly indicate that
the capacity of the hiver to mactivate ferritin 1s greater than that
of normal contiol rats Furthermore, the mactivation mechanisms
do not become impaiwred followng a degree of hypoxia which, m
normal controls, 1s sufficient to destroy this capacity almost com-
pletely There remams the possibility that positive compensatory
factors, such as arise m the kidney, contribute to the development
of resistance In this regard 1t was found that rats, which had been
made” resistant to drum trauma, mamtamed this resistance after
surgical exclusion of the kidneys One would therefore ha\ie to
assume that the deficient compensatory response following nephrec-
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livers of Dibenamme-protected animals to see whether they are
resistant to anoxia 1 a sumilar manner to that exhibited by trauma
resistant rats

Nickerson In other woirds, this apparent resistance could be due
to the fact that the liver is actually not as anoxic m the Dibenamine-
treated ammals?

Zweifach Yes, 1t 1s probable that Dibenamine serves to prevent
the development of shock and to mummze the stagnant hypoxia
within the tissues, rather than to protect agamst the deleterious
effects of stagnant hypoxia on the hiver after shock has developed

Shorr Could you rephrase that question?

Nickerson The basis of my question 1s whether the resistance
of this system i Dibenamine-treated animals may not be due to the
fact that the anoxia 1s less severe rather than to a direct effect of
Dibenamine on the mactivation mechanism I think the distinction
1s very important from the standpoimnt of the mechamsm of action
of Dibenamine.

Zwerfach Dibenamine-treated animals readily survave a standard-
1zed trauma or hemorrhage which consistently has a fatal outcome
m controls The terminal vascular bed and the Liver of such animals
do not show evidence of decompensatory changes The precise
mechamsm responsible for the protective action of Dibenamine 1s
as yet unknown

The Dibenamine experiments were done on both rats and dogs
These amimals were subjected to a standardized type of graded
hemorrhage i which the blood pressure was arbitranly kept at a
moderate level of hypotension and then lowered to drastic hypo-
tension (85 mm Hg, or below) The ammals were mamtamed with
infusions, 1f necessary, for a selected period of time and then weie
infused with the pool of blood which remammed Normal controls,
subjected to such procedures, show a high percentage of fatal shock
Dibenamine-treated amimals show few, if any, fatahties *

Haist This does not mean that these Dibenamime-tieated animals
are not more easily killed by exsangumation

Zwefach Ammals treated with Dibenamme do not tolerate rapid
withdrawal of blood In this respect they resemble sympathec-
tomized amimals

Fremont-Smith Have you studied the livers after Dibenamme?

Zweifach Prelimimary in vits0 studies on the ivers of Dibenamine-
treated dogs subjected to shock mdicate that the hepatic VDM-
mactivabion mechanism, in contrast with control expermments, does

* Baez, S, Zwerfach, B W, and Shorr, E Unpublshed data
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Zweifach One can obtamn mmmumzation with heterologous fer-
ntm, such as hoise spleen ferritin The question remams whether
o1 not this type of immunization has an in vivo effect agamst the
ammmal’s own fermtin  In any event, ammals 1mmumzed with
heterologous feriitin are not piotected against the development of
reversible hemorrhagic shock

Nickerson Can you piotect effectively with passive immunization?

Zweifach 'We have not produced sufficient amounts of antiferritin
ser1a to attempt passive immunmty experiments

Fine This antiserum, as I understand 1t, 1s an antiserum only
for the ferntin of the ammal

Zwerfach Dr Mazw prepared samples of crystallne ferntm
from horse, dog, rat, and human tissues These ferrtm preparations
were then mjected mto rabbits, and antisera, specific for each
species, were obtamed Such antisera will selectively affect homo-
logous ferntin and, to a certan extent, heterologous ferntin mn the
test tube To what extent cross reactions occur m viwo has not been
ascertamed

Shor1 The cross precipitation 1s strong enough to tie up the
amount of ferritm we have present m the test tube

Moore Have you studied human blood from patients in varying
stages of shock or collapse 1 your test anmmals to see if you could
reproduce any parts of this nice sequence?

Zweifach Both VEM and VDM have been shown to appear mn
the blood of patients with different syndromes We have not had an
onpportumty to assay the blood of many patients mn shock During
World War II assays were done on several patients whom Dr A
Cournand and Dr D Richards were studymg In one of these
patients, who later was found to be wreversible, we found VDM
to be present mn plasma, despite transfusion therapy In two others,
we found VEM 1n the blood These observations are too fragmentary
to permit us to make any statement concerning thewr vahdity

Moore 1 would not differentiate between therr reversible and
irreversible phases As far as the human 1s concerned, I just meant,
have you discovered VEM? Have you ever found a patient n whom
you could unmask the VDM by neutralizing the VEM?

Zweifach We have no frachonation data on the blood of patients
m shock

Nickeison Tn connection with the resistance of the VDM-destioy-
g system 1 the hver after Dibenamme treatment, was the system
shown to be resistant to anoxia tn vit10?

Zweifach 'We have not carried out in vitro experments on the
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not deteriorate following three to four hours of drastic hypotension
(30 to 35 mm. Hg)

Burch With titration for sensitivity to VEM and VDM, can a
difference be found after Dibenamine?

Zweifach 1 cannot give a direct answer to this question The
expenimental findings differ with the dose of Dibenamme which 1s
used and the time after Dibenamme administration. In shock ex-
periments, the animals 1eceive a given dose of Dibenamine the
night before the experiment The following mormng a typical blood
pressure depressor response 1s obtamned with intravenous epine-
phime Omental studies on the reactivity of the metarterioles and
precapillaries during the control period before hemorrhage reveal
that the basal threshold reactivity to epmephrine is elevated In
this respect, the Dibenamine-treated animal resembles the sympa-
thectomized dog It 1s sigmificant that the vessels in the terminal
vascular bed respond to topical epinephrine despite the adrenolytic
action of the drug as evidenced by the depressor effect of intra-
venous epmephrme on the blood pressure
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THE NERVOUS SYSTEM IN SHOCK

JOHN W REMINGTON

Department of Phystology
Unweisity of Georgia School of Medicrie

AcainsT THE ADVICE of those who would not encourage a definition
of shock, I begm boldly with the thesis that work on the shock
problem has been hamstrung through lack of a definitive vocabulary
by which various mvestigators could converse There have been
many ammals killed by a great varety of techmques, and each
worker carries 1n his mind a picture, unexpressed m words, of the
pattern of signs that preceded death There has been a constant
stream of defimitions of shock, none widely accepted, either because
they were so vaguely termed as to be rather meamngless or because
they did not frame the picture that someone else had And so we
go bhithely on talking about shock, whether we are working with
dogs, cats, rats, gumnea pigs, goats, or humans, as though i1t were
always the same thing, but we are not really talking each other’s
language

It would be rather foohsh to stir up the old argument whether
or not the nervous factor 1s present m shock without trying some-
how to define our terms more accurately 1 confess that we
Georgia have been quite gulty of evasion When we worked on
acute, lethal hemorrhage, we very carefully did not label 1t shock,
for that would have raised an angry voice of protest from the
Western Reserve school of thought If, howeve:r, death was produced
by muscle trauma, we felt safe i calling that shock simply because
we had used one of the so-called shock-producing procedures If,
i the course of an experiment not connected with the shock prob-
lem, an animal failed on the table, that was called deterioration
However, the more dogs I see die, the less convinced I am that
there 1s any major difference

Perhaps we should forget that the term “shock” was ever comed
and admut only that we are students of the death process I have
seen six general patterns in this death process Two of them can
be discaided as not immediately pertinent, both are acute and,
fortunately, relatively rare One of these two 1s a presumably cere-
bral death, with failure of respiration while the circulation 1s still
fanly adequate, as 1s seen after too large a dose of anesthesia The
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the dog, we have usually bled slowly and stepwise During the
bleeding process, the arterial pressure 1s first sustamned through
cardioacceleration and thiough a moderate 11se 1n 1esistance At the
end of the hemorrhage, the arterial pressure 1s reduced to, say,
40 mm Hg At this time the heart rate 1s over 200 per mmute, and
the flow has been lowered to values between 1 and 15 L.

Mooie How is that measurement made?

Remington By dye mjection, by duect Fick, o1 by pulse contour.
They all give the same answer

Howarth Aie these anesthetized dogs?

Remington. Yes, enough so that I can put sounds in to record
therr pressures and place a catheter mto the heart.

Howarth What 1s the anesthesia?

Remington Our usual 1egime 1s to use a rather heavy morphime
sedation followed by a small amount of sodium pentobarbatal, just
to allow the neck surgery The dose 1s not over 15 mg per kg After
the surgery, time 1s allowed for the dog to quet down if that s
necessary After an hour or so the amimal cannot be said to be
under anesthesia, but rather it 1s m a more or less hypnotic state,
lymg quetly unless stimulated

Green Do you continue the morphme or give just one dose?

Remington Just one dose

Stead What about the arterial oxygen tension and COz content?

Remangton They are fairly normal Of course, most of our Geor-
gia dogs, coming off the street, are on the anemic side The artenal
oxygen under the regime 1s about 18 or 19 vols per cent

Stead 1 did not mean oxygen content I meant tension

Remington You mean, how fully saturated they are?

Stead Yes

Remington They are somewhere between 90 and 95 per cent
saturated, uncorrected for dissolved oxygen There 1s no obvious
distress of respiration, and, while oxygen consumption 1s down
somewhat, it 1s fanly consistent from amimal to amimal Arterial
blood total CO2 1s generally from 40 to 50 vols per cent

Fine Have they fever?

Remungton No

To 1eturn to our type one pattern, the resistance, starting off at
2 (Pm-20/flow per sec per M2)*, may, at the end of the hemorrhage
penod, have mcreased to 22 or 2 8 or may remain unchanged As a
scale of comparison, if one mjects epmephine mto an animal to raise
its pressure from 100 to 140 mm Hg, the resistance will rise from

* >
Eprror’s Note Pm is an abbreviation for mean arterial pressure in mm Hg

o
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other 1s acute heart failure, with dropped ventricular beats, leading
usually to fibrillaton. However, most dogs die, no matter what the
lethal msult has been, after a gradual fall m arterial pressure and
m carchac output over the course of several hours

MAJOR PATTERNS OF SHOCK

Four majo1 subdivisions of this pattern can be desciibed Type
one 15 the most common m the laboratory, and 1t can be reproduced
easly by simple hemorrhage The arterial pressure and flow (1e,
cardiac output) declne proportionately with but httle change m
calculated resistance (Figure 7)
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Figure 7 Major patterns of shock

I am not sure 1t makes a great deal of difference how the bleedmg -
1s done Beimng mterested in the sequence of vascular reactions in
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Using an ammal subjected to hind leg trauma as a piototype,
with the stait of the trauma, the pressuie and heart 1ate immediately
nise The respiration becomes quite fast The animal may come out
of the anesthetic, so that more pentobarbital must be given In thus
pressor phase, the flow 1s curtailled As tiauma 1s continued and as
fluud 15 lost mto the legs, the pressure falls to about 70 mm Hg
After the trauma 1s stopped, the pressure climbs somewhat and then
fluctuates about the lhugher level

After several hours, just as in type one, the dog suddenly quiets
down, respiration 1s depressed, and the pressure falls very rapidly
to death Heart rates are quite similar to those of type one The
cardiac index falls during the trauma to around 1 L. per mm, and
shows but little subsequent rise after hauma 1s stopped Again the
fluctuations tend to be reciprocal to resistance changes

Resistance, with the start of the trauma, nises significantly to
values of from 8 to 4 This rise 1s comparable to that seen after a
small dose of epinephrme The resistance remains well above normal
until the final slump That afferent impulses have influenced the
immediate reaction to trauma cannot be demed It also seems that
the continually elevated resistance reflects neurogemc factors

In other words, the major differences between a type one and
type two response are the higher pressure values held, the tendency
toward lower flow values, incieased resistances, and less blood loss

Fine How much less blood loss and how do you measure that
loss? Is that blood volume?

Remungton We know that to produce a fatal type one reaction
requires the removal of from 35 to 50 ml per kg of blood We have
not directly measured the blood loss m the dog subjected to hind
leg trauma The flwid loss reported n other laboratories (1), after
the same procedure, 1s of the order of 25 to 30 ml per kg

Moore Those lower figures aie based on limb weights, aren’t
they?

Remington Some of them are

Green Wouldn't that be about the plasma loss fiom the bleedmg?

Remington No, because if all loss mto the leg was plasma, the
hematocnt should be very high indeed m these dogs Actually, the
hematocnit may increase from a control value of, say, 40 per cent
to 50 per cent In most cases the 11se 1s much less

Gireen You must have hemorrhage 1 the leg as well?

Remington Yes If one cuts the skin of the swollen leg, blood-
tinged fluid comes out

Biadley s the calculated vascular 1esistance coriected for this
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2 to about 4 or 5 so that this posthemorrhage rise 1s not very great.

After hemorrhage 1s completed, circulatory values remain about
as they were, but pertodic variations are evident The dog 1s actively
fighting to restoie circulatory function I do not know how to
describe what I mean by “fighting,” but I think you have all seen 1.
He has active reflexes, his respiration tends to be more rapid than
before the bleeding, oxygen consumption 1s normal, or depiessed
moderately, the blood pressure 1s never stable, varymng from, say,
30 to 50 mm Hg. The heart rate also 1s not stable. It usually will
not fall below 200 m 1its excursions Flow 1s still severely depressed,
fluctuating between a Iiter and a hiter and a half Resistance changes
tend to be reciprocal to flow

And then suddenly something happens to this dog He quuets
down If he has been practically out of the stuporous conditon,
he relaxes Blood pressure and flow fall slowly, but unmterruptedly,
and he eases out to death In this latter phase, the heart rate settles
down to a stable rate, usually somewheie below 200 The flow 1s
reduced to about 08 liters withm about fifteen minutes before
death, and resistance at this time 1s decreasing markedly

Moore. Do you have serial hematocrits to show how fast he 1s
hemodiluting himself?

Remungton As far as the dog 1s concerned, dilution of the blood
1s seldom as much as 10 per cent

Moore In four hours?

Remungton In four hours And very often there will be no dilution
whatsoever What dilution has been accomplished does not start with
the hemorrhage, but rather late i the bleeding period, just before
the abrupt fall m blood pressure The dilution often ceases as the
pressure reaches low levels Hence, the compensation, if you want to
call 1t that, by which the animal attempts to raise its presswe 1s not
dependent 1n large degree upon the ability to imbibe fluid from the
mterstibial spaces, and thereby imcrease the blood volume

Stead Does it make any difference i1f his spleen 1s out?

Remington As for hemodilution, no As for other consequences
of snlenectomy, the ammal shows the pattern we shall call type two

The type two pattern 1s seen m an ammal that has been sub-
jected to trauma, be 1t contusion of the hind leg, or entry into the
abdominal cavity to tie off the spleen or kidneys or for more exten-
sive surgery It may also be seen 1n a dummy operation consisting of
abdommal entrance and immediate closure The duration of the
posttrauma pattern may reflect, of course, the duration and extent

of the trauma
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Remington. Normals vary a good deal Normals, we will say, are
anywhere from +2 to +5 mm Hg With the mmitial hemoiithage,
before the heart accelerates, that may diop by a millimeter or so.
In other words, there will be a 1ange of 42 to +4 mm Hg The
animal with 42 may not show any change The ammal with +5
will usually show some drop

Green: To what pomnt do you refer yow zero pressuie?

Remington: Zero 1s usually referred to the apex beat.

Selkurt. Is that a net pressure, conected for the intiathoiacic
pressure?

Remington In most cases, these are not so corrected As the heart
accelerates, venous pressure always falls because of the mcreased
mflow mnto the heart After the acceleration, pressures usually he
between 0 and +2 mm Hg This level 1s then held until the animal
shows the late pressure and resistance fall, when, in some cases,
1t may again rise

Burch What about at death and after he 1s dead?

Remington After he dies, 1t 1s high

Burch How high, though?

Remington 1 don’t know

Burch How about the artenal pressure after he dies?

Remington 1 have not attempted to find out, and any such 1ead-
mgs would be accidental rather than intentional I think the pressure
15 around 10 mm Hg or so, but that may be too high

Burch Are the artenial and venous pressures the same in the
dead dog?

Remungton 1 really don’t know I assume that they are, but I
don’t know

Burch After the heart stops beating but when he 1s stll warm
and rigor mortis has not been established, are the pressures equal?

Sharpey-Schafer They are m a dead man, surely

Burch- Yes, they are n a dead man I was speaking of a dog
dying with hemorrhage shock and without much blood to distend
the vessel

Fremont-Smuth Death 1s a soit of gradual process, so you have
to say how dead I think the pressure would do the same thing if
he were dead enough

Burch 1f the blood volume 1s low, the continuity of the vascula
lumina may be mterrupted

Nickerson The yalves would not be completely patent
Remington ‘Turning to type three, 1t 1s a pattern I have seen very
much recently, but because 1t 1s recent, I really know least about 1t
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constant change?
Remington: No.

Fine Can you assume that that amount of bleeding, 25 to 30 per
cent, 1epresents whole blood loss? There may be diflerences from
the normal proportion of red cells to plasma m the extravasated
fluid

Mootre: It 1s not being maintaned that they aic the same It 1s
not germane to the aigument

Fine. 1 think 1t is germane with respect 1o what is happening to
the hematocit.

Remington. If one of these type two dogs has been given Dibena-
me, prophylactically, he does not show the elevated resistance,
and his flow does not fall as far. For the same amount of trauma,
the flow will fall to around 15 to 2 L. per min. Such flow levels in
a posthemorrhage anmimal aie not ciitical Nor 15 the Dibenamine-
treated, ttaumatized dog m any critical danger. He promptly re-
covers He still shows the same hematocrit change as the untreated
contiol, and, as far as we can tell, the legs swell as much

Shorr When do you give the Dibenamme?

Remington: The Dibenamine 1s always given before the trauma
15 started

Burton Does lus pressme go lower after the Dibenamme?

Remington. His pressure drops durmg the trauma and reaches
lower levels than n the contiol

Nelson. What does the blood pressure do m the Dibenamine-
pretieated ammal with the mitial blow to the leg?

Remington The mtial response depends on the dosage of Dibena-
mine used With a large dose, the pressure falls at the beginning
With a small dose, which does not produce as much epmephrmne
reversal, the pressure may chmb at the start of trauma, just as m
the control, but then it falls faster and to lower levels

Fremont-Smith 'What about venous pressure?

Remington If we mean as venous pressure the filing pressure
of the ventiicle, the venous pressure in type one may drop off
shehtly 1n the early hemorrhage, or it may not As the heart ac-
celerates, venous pressure always takes a sharp drop

Burch Is the piessure the mtaventricular presswie or pressure
m a vem?

Remington The pressure 1s taken erther from late diastole m the
nght ventricle or from the ciest of the auricular wave the auricle

Burch What 1s the level of pressme? Could you give us values?

Fremont-Smith What would be the normal?
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toneal cavity does not gam much water

Stead Does the sodium chloride pass mto the water in the belly?

Remington Yes No matter how we produce this pattern, the
dog’s pressure durmg this blood volume ieduction may stay the
same or 1t may fall to 70 to 80 mm Hg The heart 1ate accelerates
gradually, but seldom to a value above 200 per mmute Usually
it 15 from 170 to 200 per minute One cannot place this pattern on
the same diagram, for there 1s no discrete hemorrhage period Blood
volume loss (hemoglobin mcrease) 1s more or less steady over the
four-hour period If anything, the loss 1s more rapid n the later
hours

Fine How much 1sotonic glucose has been given mnto the peri-
toneal cavity?

Remington We have given either 100 or 150 ml per kg

Moore So you have been putting 1500 ml of 5 per cent glucose
mto a ten kilogram dog

Fine That 1s enough to produce water loss, fall in blood p1essure,
compression of vems, and so on?

Remungton Yes

Fine And he loses blood volume?

Remangton: Yes

Moore As established by what techmque?

Remington By mcrease in hemoglobin content of the blood

Hyman Have you any 1dea of the mtra-abdommal pressure of
these animals?

Remington It varies, dependmg upon the build of the dog and
the amount of glucose mjected We have not been able to support
the 1dea that death 1s produced by an elevated intra-abdominal
pressure I have given dogs 200 ml per kg of 1sotonic salt solution
without critical consequences I have blown the abdomen up with
air to a pressure of 120 mm Hg, and put the dog back in the cage,
it still had a swollen abdomen the next day but was active and
ate well

Stead d the hematocnt and protem go up together m yowm
glucose preparation?

Remington Quantitatively, yes

Hyman We did some pressure breathing m cats and were able
to move water out mto the exposed portion of the beast regularly
and easily although the pressures employed were considerably less
than 120 mm Hg (2)

Remington To return to a description of type three, flow m these
dogs falls steadily and to the extremely low levels of from 035 to
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It 1s seen m death following paitial occlusion of a large vemn. It is
also seen m a dog that has been given an mterperitoneal mjection
of 1sotonic glucose solution I do not want to go mto the details of
the method, or the 1easons behind choice of that particular tech-
mque But, mn essence, the procedure lowers the blood electrolyte
levels quite acutely, and reduces blood water, too As far as we
can tell, the 1eduction m blood volume, as measured indirectly from
hemoglobm change (splencclonuzed dogs), 1s of the oider of about
10 per cent, which, assuming an mitial blood volume of 95 ml per
kg , represents a blood volume loss of the order of 10 ml per kg
The fluid loss 1s, of course, plasma

Moore I beg to differ It 1s not plasma It 1s extracellular flud.

Remington 1 am not sure that I will accept that completely I
can find all the protemns The 1ed cells should be gaining watex
under these conditions

Mooie. You mean each erythrocyte has more water m 1t?

Remington: Yes

Moore Not much It may have a httle more

Remngton I know I can’t find 1t either, but the red cells have

gamed water.

Moore Why?

Remington Because the blood sodium and chloride have been
reduced

Moore How much?

Remungton Sodwuum fiom 110 to 150 down to 100

Moore That 1s not necessarily going to change the total osmotic
pressure It may make the red cells a little rounder, but 1t won’t
account for a 10 per cent volume change

Remington But at least they are not going to lose water

Moore 1 will accept that

Remington And the plasma has

Moore That 1s nght And all that water has not come from the
plasma That 1s what I was saying

Buich The extacellular flud must have decreased to some
extent, don’t you thmk so, Dr Remngton?

Remington Swely I am not measuring extiacellular flud I am
mterested 1 the blood

Fremont-Smith What he 1s saying 1s that as the water 1s taken
out of the plasma mto the peritoneal cawity, the blood picks up
extracellular fluud from other parts of the body

Remungton Not m the dog It doesn’t go mto the perttoneal
cavity I don't understand that, but 1t 1s not hike the rat The per-
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Nickerson We have used the intraperitoneal glucose procedure
to change electrolyte balance for other reasons, and within the
period of these expermments, fom hours or so, we have found abso-
lutely no dufference 1n the results whether the solution was left m
or removed after an hour or two You can remove almost the total
volume that was put mm The difference appears after about twelve
hours With sublethal amounts of glucose solution, the ammals with
the solution still m the abdommal cavity recover, whereas the
animals from whom the electrolytes, plus glucose and water, were
removed continue to go downhill and may or may not recover

Mooire. Have you analyzed the fluid taken out?

Remungton Yes

Moore You have removed about half of the dog’s extracellular
potassium, haven’t you?

Remungton 1 have not analyzed for potassitum I have simply
relied on the 1esults in the hiterature After all, this technique has
been worked on for fifteen years While some reports indicate
an elevation 1 plasma potassium, and others a fall, the change 1s
seldom more than 1 or 2 mEq (8,4,5) This change hardly seems
sufficient to account for the fatal circulatory changes

Moore My only pomnt was that after you leave the glucose m
and then take 1t out agan, you are not just taking out glucose
You are taking out everything

Remington Everything that has entered the peritoneal cavity

Nickerson After an hour or so, the mtrapemtoneal fluud has
essentially the same electrolyte content as the plasma

Green What happens to venous pressure during this termmal
phase?

Remington 1 can’t answer that I have venous pressure recoids
but T have not codified the data Central venous pressure tends to
be low, however

Stead What about beforehand? Is the venous pressure normal
through that first part of the observation?

Remington No Starting with a slow-heart dog, the mitial venous
pressure 1s moderately hugh With acceleration, the pressure falls
Whether there 1s a disproportionate drop at any time durmg the
syndrome, 1 cannot, at present, answer

Bradley In humans with mcreased mtra-abdominal pressure of
only 20 mm, the cardiac output appears to fall by as much as 20
per cent m some individuals The blood pressure does not change
Hence, one may assume that the resistance has risen

Howarth From observations Sherlock and T made on cases of
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1 L. per mun That 1s well below the lethal level in a bled animal
It 1s rather comparable to the cardiac index seen just before death
m either of the two previous types of animals Yet this dog exists
with these flow levels for several hows. He 1s a vegetable, without
reflexes, needing no anesthesia, There arc no fluctuations 1 pres-
sute 01 flow

Burch- How much time 1s required for that syndrome to develop?

Remington: That varies The pattern may develop fully withn
the course of an hour With the very low cardiac index and the
relatively high pressure, the resistance 1s very high and stays lugh
Fially, without any warning, theie 1s a sudden fall m pressure
and resistance, and the ammal dies The basis for the high re-
sistance is not clear. There 1s no obvious locus for afferent stimula-
tion, such as there was after trauma If I give one of these ammals
Dibenamine, at least the major part of the resistance rnse 1s can-
celed, but the flow may not be greatly improved and the dog 1
doomed ILaife can be saved early in the sequence by intravenous
mjection of a large amount of hypertomec salt solution. Later on,
this 1s not effective

Green Do resistance and mflow drop off when the pressure
drops off?

Remington: Yes

Stead Have you ever measured the termmnal pressure mn the
dog’s system after death?

Remington No

Burch. How about hypertonic sodium chloride?

Remington The mtrapertoneal injection of a hypertonic solution
gives marked nervous stimulation, with very rapid respiration and
twitching movements Later, as plasma volume 1s reduced, and
hematocrit and hemoglobin rise so that calculated blood volume
loss 1s around 30 per cent of the mitial volume, the dog fails The
general response 1s that of type two

Shorr What happens if you relieve the intra-abdomunal pressure
by removing the 1sotonic glucose?

Remington Nothing In one dog, for example, I tried to keep a
constant mfusion of 1sotonic glucose through the abdomunal cavity
without allowing, at any one time, a large volume of intra-abdominal
pressure The dog showed the full syndrome

Shorr 1If, at the end of an hour after the new hemodynamic
situation has developed, you relieve the mtra-abdominal piessuze,

does anything happen?
Remiri’gton{; I have not tried 1t, but I would doubt 1t very much
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vagus. I have never encountered other than a piessor response.
This reaction can be seen 1 ammals given a laige dose of Dibena-
mme If such a treated ammal 1s bled, the pressure falls very
rapidly to levels to 20 to 30 mm Hg It 1s obvious that if more
blood 1s taken, death will follow abruptly If bleeding 1s stopped,
even though the total amount 1s small, the dog shows low pressure
and flow values for several hours and then, very slowly, both values
start nising Heart rate may remain fast or may decelerate somewhat

Fine: What 1s the average blood loss?

Remington. The loss 1s from 15 to 20 ml per kg In these animals,
the critical value seems to be not arteral pressure but flow If the
cardiac mdex 1s reduced below about 1 L. per mm, the ammal
will die If not, 1t can spontaneously recover In this process, the
dog 15 a vegetable, too, until suddenly he 1s out of the anesthesia
His pressure may stdl be low when this happens

This type has been presented because 1t may have some counter-
part 1o what I have been told 1s a clinical pattern Very often after
cyclopropane anesthesia, and after abdominal surgery, especially
where the suigery 1s extensive and volves traction, there may be
a pressure fall that resembles a syncope type of reaction, but n
which the skin turns cold and the pressure may not rise spon-
taneously The heart may remain slow throughout Sometimes after
several hours of hypotension, the heart rate may accelerate, o1 the
slow rate may be mamtamed to death That appears to be a pe-
domunately depressor neurogenic response

Fine You say that occurs m man?

Remington Yes

Moore That 1s rare, don’t you agree?

Fine Yes I am trymg to think of an illustration

Moore And under cyclopropane 1t 1s so hard to do anything.n
the abdomen.

Biadley In cyclopropane shock the skin stays warm
Remungton That 1s the syncope type of hypotension where the
cardiac output 15 elevated I am talking of a sudden fall 1n pressure,

a slow heart, progressively cooling skin, and loss of consciousness
These mdividuals have lost blood

Sharpey-Schafer In anesthetized or unanesthetized?

Remington Postoperative, and perhaps 1n other states

Shaipey-Schafer 1 think there 1s quite a difference

Biadley This kind of thing 1s common on awakenmng from cyclo-
propane anesthesia, but I have never seen a patient die from it

Mooie I have seen this response under very deep anesthesia,
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asctes of vaued etiology, 1t would appear that intra-abdominal
pressure can be vaued over a wide range by tapping or further
distending the abdomen without producing sigmficant changes 1n
cardiac output A considerable rise in intra-abdommal pressure
seems to be necessary before a rise m venous pressure occurs.

Bradley. That is true of venous pressure in the upper part of
the body but not 1 the area caudal to the heart

Howarth. These measurements of venous pressure were made by
cardiac catheterization in the unanesthetized human subject n the
supme position.

Mooie And measuring venous pressure where?

Howarth: In the right auricle

Bradley T agree with you. The auricular pressure may not change
at all

Mooie The venous pressure mn the leg would go high.

Biadley Exactly

Moore What happens if you give the dog that same huge amount
of 5 per cent glucose mtravenously, rapidly, so that you are not
even putting a membrane between that and the extracellular flmd?

Remington I have not tried that experiment

There 15 one other thing that helps us diagnose tlus type three, a
rather unique type of pulse contour On this basis, there 1s a sus-
picion that some of the posttransfusion hemorrhage dogs are also on
the borderline of this type three response As I said, I know least
about type three, and I have entered 1t here simply for completeness.

Type four may have some counterpart m the human, and 1t also
has neurogenic factors The dog starts off with a syncope type of
reaction, with a primary fall m resistance, the pressure falling low
and the flow remaming relatively hugh If the amimal showing the
syncope reaction has suffered hemorrhage, however, the flow may
fall and death may ensue

Now, I confess complete failure to produce a syncope 1n a normal
dog In my search I have tried various types of trauma, mcluding
stretching of mesenteries, manipulation of the cehac plexus, trac-
tion on the viscera, the breaking of bones, and manipulation of the
ends of the broken bones

Howarth Have you tried 1t m the dogs without any anesthesia
at all?

Remungton I have not seen syncope m morphimzed dogs

Howarth Have you ever observed a sudden onset of bradycardia

without any change m blood pressure?
Remangton: No, except, of course, by a direct stimulation of the
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Remington I piesume that the vemns will also be large

Burch Of course, every vessel cannot be dilated What vems
do you mean? Do you mean the vems of the organ?

Remington The distal vems, o1 perhaps only the venules

An untreated dog, by constriction, can return blood from the
tissues back imnto the central vems and replemsh that central rese:-
von If a dog 1s given a laige dose of Dibenamme, the blood
1emoved m a hemorrhage must come m greatest part fiom the
reserve volume When reserve blood can no longer ensure a high
flow, the anmmal 1s m trouble Through failme of constriction, the
lethal bleeding volume has been very severely reduced If, after
Dibenamne, bleeding 1s stopped when the reserve blood volume
is depleted, this dog can recover Of course, this dog has a greater
blood volume than would a contiol from which more blood had to
be taken to produce the same pressure fall But the Dibenamine-
treated dog also has a larger peripheral bed capacaity, and what 1s
important 1s blood volume level only as 1elated to the size of that
vascular tree bemng circulated

On the other hand, what are the penahzing effects of an intense
vasoconstriction? I am using the term guardedly, because all I
know 1s that a nerve stimulation gives rise to the high resistance
of the type two dog If the resistance rise 1s prevented, the dog can
recover from a traumatic procedure which ordmanly would be lethal
Why this should be, I don’t know There have been many studies
on flows through 1solated organs As you all know, during the period
of active compensation after bleeding, when the general resistance
does show the small r1se, the leg flow, for example, decreases to an
immeasurable amount, and 1t 1s never restored

I will not stand behind the thesis that a heparimized dog with
a rotameter 1 place 1s comparable 1n all respects to the intact dog
Fuithermore, I am very much disturbed about the attempted addi-
tion of separately recorded flow rates through the various body
circuits If we accept evidence from this type of preparation, how-
ever, it would appear that some beds show this mtensive constric-
tion, and also, since there 1s no really great rise i general resistance,
that some circuits in the body are erther not showing resistance rise
or are actually dilating In the latter category, one would immeds-
ately think of the circulation to the biam and the heart Quantita-
tively, however, the flows 1n these two beds do not seem to add up
to enough If, during hemorrhage, theie 1s an mtense constriction
mn some regions and a shunting of blood mto organs where flow
1s not so curtailed, why does the animal die when he still has half
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but I have never seen 1t go on to fatalty.

Haist Regaidmg the sudden fall mn blood piessure, slow heart,
and cooling skin, may I offer a comment conceining the rat shocked
by a clamping procedwme? When clamps aie released in 1ats wiich
have had the clamps apphied for twelve howms o1 so, there 1s a fall
m blood pressuie, a 1eduction m heait 1ate, and a fall m skin
temperature and 1ectal temperatwe, which 1s rather abiupt in some
mstances.

Remington. Clamps placed where?

Haist On both lund limbs The clamps were broad, covermg
much of the thugh and were left m position for a period of twelve
to fourteen hours, and then removed

Remangton. This response 1s certamly not typical of the picture
following tournmiquet 1elease m a dog

Haist This was obtamned in the unanesthetized 1at after a clamp-
mg period of twelve to fourteen hours, which 1s a long clamping
period

Shoir. Do you think, Dr Haist, this mmght be due to the release
of adenylic acid?

Haist I don’t know Some of these changes can be altered by
reclampmg The interesting feature was the fall m heart rate. The
greatest change was 1n the early period following the 1elease of
the clamps, subsequently, 1t fell more slowly.

Remangton Why should vasodilation reduce the lethal bleeding
volume? If we start with quiet dogs with slow hearts and famrly
mimmal cardiac mndexes, the heart 1s big, the vemns are well filled,
the venous pressure tends to be moderately high We can say that
such a dog has a faurly large volume of 1eserve blood I am not
gomng to define the term “reserve blood” Some of 1t 1s residual
blood m the heart; some of 1t occupies the pulmonary circuit and
large vems If that dog 1s given a vasodilator, the bed distal to the
arterioles opens up, and blood goes i to fill that bed That blood
has come from the arterial system and produces a pressure fall

Nickerson You are speaking of a dilatation of the arterioles, aie
you not?

Remungton Arterioles I know nothing about what 1s beyond 1
will let others tell us about the capillanes

Buich Might they be dilated also?

Remington Presumably they are, passively or actively But cer-
tainly the whole organ will gamn volume, so that the whole, o1 part,
of the distal bed 1s bemng filled with blood

Sharpey-Schafer What about the vemns?
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traumatic or hemorrhagic shock, we exposed the ammals to an
equivalent degree of hypotension o1 to an equvalent degiee of
trauma We have not attempted to expose amimals to a gieater
amount of trauma

Remington What seems to be confusing 1s that the results depend
upon the dosage level of Dibenamne If a laige amount 1s used
to give 1elatively complete epmephrine reversal so that, when the
anmimal tries to compensate, his pressure always falls and cannot be
spontaneously raised, then the amount of blood that I take out mn
single or progressive bleeding 1s definitely less

Stecad You can make him moie sensitive to bleeding and you can
kil him moie quickly What about trauma?

Remungton Unless bleeding 1s stopped when the piessure 1s
very low, the dog will die acutely

Moore You made the statement a moment ago that Dibenamime
reduces the lethal bleeding volume Then, by extension, 1t makes
him more resistant to the traumatic loss

Remungton  All right

Stead T am still not clear In absolute terms, can a dog. after the
Dibenamime, stand more trauma than the noimal dog and hve?

Remington As for muscle trauma, with a large dose of Dibena-
mine, the dog will die during the comse of trauma With a small
dose of Dibenamine, so that the dog can constrict some, the dog
can be traumatized as much as can the control, the cardiac output
does not go to dangerously low levels, and the ammal recovers

Stead So that there 1s a difference between the actual blood loss?

Remington If we use a small amount of Dibenamine, so that
1t 15 stll possible for the animal to constrict but not to a normal
degree, then a full bleeding volume must be 1emoved from that
dog to reduce 1ts pressure Once the pressure 1s down, the animal
will turn right around and the pressure will slowly nise In other
words, after Dibenamine, regardless of the dosage used, the animal
can withstand low pressure values and recover from them

Buich But the amount of blood 1 his body 1s actually larger?

Remington Not with small doses of Dibenamme, his blood
volume is no more

Burch You have bled the same amount from the dog to reach
that lower level?

Renungton Yes

TlStead And you have measmed the amount of hemodilution?
1€1e 15 no difference there?

Remungton There 15 no difference there
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his blood volume left?

Zweifach The figures on maximal blood loss which you have
presented refer to the acute removal of large amounts of blood We
have found in shock experiments on dogs tieated with Dibenamine
that 1t 15 possible, through the use of graded bleedings, to 1emove
as much blood from these amimals as one would obtain from normal
dogs In other words, the maximal blood loss tolerated by Dibena-
mine-tieated anmmals was within the same range as that of our
normal controls, about 5 3 to 5 8 per cent of body weight However,
the control group of dogs was found to be ureversible to blood
1eplacement, while 90 per cent of the Dibenamine-treated ammals
recovered For these experiments different doses of a Dibenamine
derivative, 688A, were used. In the dog, 2 mg per kg of body
weight, given the mght before the expenment, protected agamst
the lethal outcome of hemorrhagic shock This dose gave a defimte
blood pressure reveisal (20 to 25 mm Hg) upon ntravenous mjec-
tion of 2 to 3 gamma of epmephrine In the rat, from 5 to 20 gamma
per 100 gm body weight was equally effective

Remungton How long do you wait between your bleedings?

Zweifach The precise mterval between bleedings vanes from
amimal to amimal In the procedure employed, the experment 1s
arbitrarily begun by bleeding 2 per cent of body weight Successive
bleedings are carned out, 1 per cent, 05 per cent, etc, with a
wait each time until the blood pressure and the blood flow through
the omentum have become stabihzed Immediately followmg each
bleeding, the blood flow through the omentum 1s temporarily cur-
talled Dibenamine-treated amimals can be bled, despite pressures
as low as 40 or 35 mm Hg, without precipitating circulatory collapse

Stead Is the hemodilution m those dogs the same as i the
control, Dr Zweifach?

Zweifach We have no data on the relative hemodilution in these
experuments

Stead That might make a difference

Zweifach The feature which impressed me most was the mam-
tenance of an adequate circulation through the omentum, despite
the fact that the blood pressure had fallen to levels as low as 30
mm Hg

Stead As I understand 1t, n your hands, the dog, after Dibena-
mme, 1s much more sensitive to hemorrhage You can kill him more
easily by bleeding, but he will withstand a greater amount of

trauma
Shorr In our expermments on the nfluence of Dibenamme on
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Remington. My concept of homeostasis 1s shghtly different for
the dog In the dog, epmephnne primaiily gives vasoconstriction
As the dog prepares for flight, constriction takes place to raise his
pressure When the muscles or organs go mto activity, the arterioles
to the bed 1 question are opened and the ngh pressure produces
a vigorous flush through those beds If the dilated bed 1s too exten-
sive, constrichon of mactive beds will mamntain the pressme and
increase the reserve blood volume Progressive bleedmg will ulti-
mately evoke the same pattern of constriction 1 less active struc-
tures, dilatation 1 the active ones But, ultimately, m the constric-
tion, the flow through some vital beds must be penalized

Shorr Could you go further, Dr Remington, and tell us which
beds are preferentially flushed, and why?

Remington 1 do not know As I said, there have been measures
on flow, for what they may mean We have made attempts at measur-
ing visceral flow, but I think our technology 1s not adequate for the
job What we were getting was a combimnation of rotameter, or
venous occlusion shock, and the response to hemorrhage. Taking
the evidence for what 1t seems, 1t would appear that the viscera
did not show constriction of the same order as seen 1 the hind leg

Zweifach To Dr Remungton’s data we can add observations on
the omental circulation and on the appearance of humoral factors
Emphasis has been placed on the mability of the Dibenamme-treated
animal to tolerate acute hemorrhage and this has been ascribed to
an impamrment of the vasoconstrictor mechanisms m such amimals
I should like to bring to your attention the fact that the arteries
and vemns possess an mtrmsic tone which permits them to undergo
progressive narniowing even after symvathetic denervation It 1s
obvious that both the Dibenamine-treated and the sympathectomized
animals have lost the capacity to effect a rapid constriction of their
large blood vessels when blood is withdrawn However, when
blood 1s removed slowly, these vessels were found to undergo pro-
gressive narrowing These observations agam bring to the forefront
the fact that the functional response of blood vessels 1s a composite
of many factors

An mteresting phenomenon 1s the failure of Dibenamine to pre-
\I;Z?it gf}:;sgi :ﬁg?;n% of VaSCLlllaI' c(lilanges in the terminal vascular
of hyperresctnty. wh. 1e vessels undergo essentially the same type

which 1s seen m normal controls Dibenamme,

apparently, does not interfere with the mechanism
s which regulate
the blood flow mn the termmal vascular bed &

A further pomnt of considerable mterest 1s the fact that the venous
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Gieen. I am a little confused between your control experiments
and yow experimental standards You are taking one set of animals
and bleedmg them, another set of Dibenamine-treated animals and
bleeding them, and comparing the results of those two groups?

Remington That 1s night.

Green. What cuteiron 1s similan m the two groups of dogs? Are
you bleeding them down to the same amount?

Remington Bleeding them down to the same piessure

Green The Dibenamme-treated animal has a lngher cardiac out-
put at that same pressme?

Remngton: No

Mooie He has a higher blood volume

Remungton Only with a large dose of Dibenamine, not with a
small dose of the drug

Nickerson One pomt m our thinking about the sympathetic
nervous system bears directly on the mterpietation of these results
with Dibenamme We have always looked upon the body’s vaso-
constrictor mechamisms as bemng developed for the purpose of
maintaining homeostasis We may assume that in the evolutionary
selection of this mechanism, homeostasis, to the animal which was
attacked and perhaps was mjured and bleeding, was largely a matter
of mamtaining an adequate blood flow through skeletal muscle
There seems to be very little basis fo1 expecting that natural selec-
tion would evolve mechanisms directed at preventing ureversible
shock If the animal was down to the borderline between reversible
and nreversible shock, his enemies would probably get him irrespec-
tive of how his sympathetics worked So 1t 1s quite probable that
from the standpomnt of the rreversibility of shock, sympathetic vaso-
constriction has evolved mto a mechanism which diverts blood m
the wrong direction m the shocked animal Certain tissues, perhaps
the hver with the production of VDM, which are mvolved mn this
wrreversible process may actually be preferentially deprived of blood
The normal sympathetic homeostatic mechanism may be detrimental
when we reach this borderline of the reversibility or nrreversibihty
of shock Irrespective of how you mterpret differences mn the actual
amount of blood that 1s removed from the animal to produce a given
level of hypotension, I behieve that all of the results, with large
or small doses of Dibenamine, can be fitted into the same interpreta-
tion It 1s a matter of preventing some localized or generalized
vasoconstriction which may have been advantageous to the wild
anmal but 1s detrimental to the ammal faced with the fine distine-
tion between 1eversible and wreversible shock
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thought that the vems would constrict after hemorrhage Instead,
these vemns dilate It may be that this 1s the reflex that Dibenamine
knocks out, so that in the Dibenamme-treated amimal, the vems do
not reflexly lose their tone after hemorrhage

Fremont-Smith It mmght operate only under anesthesia

Burton There is some criticism Those of us interested 1 hemo-
dynames would have liked to know the venous pressure at the
other end as well as the head of pressure But when you figure 1t
out, the change m venous pressure could not possibly have ac-
counted for more than a small part of the observed mcrease of the
flow Even if the vena cava pressure fell to zero, 1t still could not
have mcreased the total head of pressure very much and certamly
could not have accounted for a two- or three-fold increase mn
drip rate

Moore Why does the mcreased drip rate make you feel that the
vems have dilated? That interests me

Burton The total resistance to flow from the bottle right into
the amimal has decreased to about a third of what 1t was

Moore Wouldn't that be found if there were just an mcreased
cardiac output? This needle 1s mserted mnto a major vemn

Burton By the word “dilated,” T do not mean to convey an active
dilatation necessarily I simply mean that the channel has gotten
bigger The resistance has gone down

Burch What you mean 1s that the pressure has dropped

Burton What 1 really mean 1s that the resistance to flow has
gone down so that, with a given head of pressure, you now get much
more flow That would mean there must be a wider bed

Burch 1 am not sure that 1s correct

Burton The vem must be bigger than 1t used to be I think you
can’t escape that

Burch Actually, the vein may fit less tightly on the blood that
it 15 enclosmg The volume of the vascular bed and the volume of
the blood within it are always the same under all the conditions
we are discussing This 1s always true 1n the closed circulation The
only difference may be the tightness with which the “sleeve” or
vem fits around the blood within

Moore And how many sleeves are open?

Burchh Regardless of whether or not they are open, the volume
within the vessel 15 equal to the volume of the lumen of the vesse]

Mooie Of course

Burton 1 cannot follow that What 1s m-betw
does not fit tightly? Is there a vacuum? cen 1f the sleeve
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circulation m the omentum of the Dibenamine-treated dog has very
little blood 1n 1t relative to the arterial circulation In normal con-
trols, subjected to drastic hypotension, there 1s a gradual sequestra-
tion of blood from the arterial system in the termunal part of the
capillary bed and in the collecting venules where 1t stagnates The
blood returns to the laige vemns very slowly In direct contrast, the
venules of Dibenamme-treated dogs, subjected to shock, show a
continuous umdirectional flow of blood into the large vems Most
of the blood which 1s 1n active circulation 1s on the arterial side
of the system

Shorr The capillary compensatory reactions are well mamfested

Zweifach The compensatory reactions of the termimal vascular
bed to blood loss are essentially normal in dogs recerving 2 mg
688A per kg body weight

Burton 1 wish to mention some expeniments, done m the last
two years by Dr John Coles (6) under Dr McLachlin at Western,
on the possible effects of venomoto tone mm hemorrhage shock m
dogs The results are extraordmary The work was done on dogs
and rabbits anesthetized with Nembutal, with ether, or with chloro-
form, on unanesthetized dogs and on anesthetized and unanes-
thetized patients It ncludes mvestigations of the role of stimulation
on the sympathetic, of afferent nerves and of the carotid sinus, with
the effects of adrenalin and of Etamon HCl The standard level
of the reservoir supplymg the perfusion mto the peripheral vem
(usually the short or long saphenous) was 18 mches above the heart
level, giving a pressure head of 34 mm Hg The findings were

a) The response to blood loss of as httle as 1 per cent of body
weight, or of 500 ml m humans, was relaxation of the vems con-
cerned In unanesthetized animals or patients there 1s an mmtial
venospasm preceding this, but not i tramed animals or subjects
The relaxation may precede the fall of blood pressmue Reimnfusion
was associated with an increase i venous tone . Intra-aiterial tians-
fusion was more effective than mtravenous

b) Sympathectomy on one side delayed the relaxation on the
denervated side

¢) Adrenalm, shtmulation of the sympathetic cham (1 humans),
stimulation of afferent nerves, and tissue tiauma caused venospasm
Mechanical stimulation of the carotid sinus i a human had no effect

These conclusions are based upon terpietation of an imnciease
of the rate of perfusion under constant pressure head as indicating

a relaxation of the vems
T think any physiologist not knowing of these results would have
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Burton I don’t know if this 1s profitable, but I think you are
confusing the 1dea of resistance. When you use the word “1esistance,”
you have aheady ehmmated the consideration of the piessme
gradient from one end to the other Dividing that by the flow gives
resistance Therefore, any more discussion of what happens to the
presswe 1s mrelevant if I say the resistance has gone down That
means that the pressure head has already been taken ito con-
sideration

Now I admit that in Dr Coles” experiment the pressure was not
measured at the heart end But 1t 1s quite easy to see that, even if
that had nisen 20 mm or diopped 20 mm — and 1t could not have
dropped that much because 1t was probably only 5 to start with —
this change n pressure could not have accounted for a three- or
four-fold mcrease m flow

Fremont-Smath In other words, 1t could move in that direction
but could not account foir that magmtude?

Burton It could only be relatively mior m that dnection

Nickerson How high was this perfusion pressuie with respect
to the venous pressure? Was 1t very much higher?

Burton' Yes I was not directing this research, but I remember
seemng that the bottle was about two feet high

Remngton. It seems astonishing when you are putting 1t mto so
large a vein as the femoral, because 1t 1s a normal vemm You would
think 1t would make a difference to your resistance

Burton: Just figure 1t out You had, say, 34 mm of pressure head
from the bottle, and 1t 1s 5 mm at the heart That 1s 2 20 mm
dnving pressure Now, if that 5 went down to zero or minus 5, 1t
could not produce a threefold increase m flow without a definite
diop of resistance, could 1t possibly?

Green Dr Burton, if you decreased the blood commng from other
vems and also reduced the viscosity with hemodilution, could that
not account for the entire change mn 1esistance?

Howard You are measuring the flow fiom one source You are
measuring the flow from a bottle But if your flow distally 1s cut
down, then the flow from the bottle would ncrease without increas-
mg the size of the vem

Shoir Could a reduced blood flow through the himb have been
1esponsible for the failure of the bed to £il1?

Fianklin In all the many isolated vems which I have tested, I

haée t’g'ound reversal by ergotoxine of epmephrine constrictor effects
and th ,

an at 1s usually regarded as evidence of a sympathetic vaso-
tlator mnervation If, therefore, m D1 John Coles experiments
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Burch: The pomnt we must remember 1s that the volume of the
blood 1n a vascular segment or the entire vascular system must be
equal to the luminal volume of the segment or entire system

Green: It would depend upon how you define a collapsed vein
m the neck Is that vem smaller or 1s it ssmply not filled with blood?

Burch. Whatever the size of the lumen, blood will completely
Al 1t

Green- The ven has potential capacity

Buich Regardless, the actual volume will be equal. Potential
volume merely indicates the volume it can assume

Burton I assure you there 1s no escaping the conclusion that the
resistance to flow of this vemn has decreased, hence, the cross-
sectional area available for the blood to flow through has gone up

Moore Take the reverse Suppose the patient has been 1 con-
gestive heart faillure If you 1an that blood 1n, the flow rate would
go down, wouldn'’t 1t, with the standard pressure, because the venous
pressure to the right of the heart 1s way up?

Burton You are talking of a different level Start lower I am
speaking about the hemodynamics Here the tube must be bigger
because 1t now allows three times as much flow

Moore: I don’t think that follows

Fremont-Smith It does not prove the tube 1s bigger, because you
could have the blood bemg pulled out of 1t faster Any mechanism
for reducing the resistance would increase the flow

Burton There 1s no method of decreasing the resistance which
does not mvolve getting a bigger cross-sectional area

Firemont-Smith This 1s according to Poiseuille’s law?

Burton Yes

Fremont-Smuth Does that apply in that size vessel?

Burton* Yes

Fremont-Smith In that case, 1t would be impossible for the
mspiration to flatten out a vemn m the neck, to mcrease the rate of
blood flow, or to lower 1its pressure, and, actually, mspiration does
lower pressure So I would thmnk that if the heart were taking away
the blood faster, there would be a reduction of resistance 1 just
the contrary way to that which Dr Moore brought up that if the
heart went mmto decompensation, there would be an increased
resistance

Moore And the reverse would take place with a full expansion
in the venous bed to the right of the heart

Burch But remember, all he measured was the rate at which

the drops fell
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Moore 1 thimk you must differentiate between a gentle mechanical
stmulus and a real miitant to the mmtima, because they are certamnly
very different In the Dibenamme-treated dogs, have you done
eosmophil counts after bleeding?

Remington 1 have not

Moore We have thought of them wholly m terms of the adrenal
medullary response, but if they are adequately Dibenaminized and
not traumatized, you have interfered with therr whole pitwitary
and adrenal cortex

Nickerson Dibenamine does not mterfere with discharge of the
piturtary and the adrenal cortex 1 response to a vartety of stimuli
(10)

Moore It all depends on what the stimulus 15 We have done
some work 1 the laboratory on that pomnt If the stimulus mvolves
tissue trauma, the central nervous system is adequate to trigger
the whole thing, but if 1t 1s just bleeding alone without injury, 1t
1s concervable that there might be a difference 1n response, namely,
Remington’s type one

Nickerson: May I say a word about the pharmacology of Dibena-
mine which I think 1s pertinent here, bearing fast of all on Dr
Zweifach’s observation that it takes a tremendous dose of Dibena-
mine to prevent the local constrictor reaction to epmephrine We
have resorted to a vanety of tricks in order to separate the vaso-
constrictor from the vasodilator actions of epinephrine, smce our
data seem to indicate umiformly that there 1s no blockade of the
vasodilator action We found that mn the cat a dose of Dibenamine
which reverses the pressor response to a small dose of epmephrine,
one to two mucrograms per kilogram, 1s really blocking only about
40 per cent of the vasoconstrictor action It 1s simply reducing the
vasoconstrictor response to the extent that the residual 1s masked
by the vasodilatation

Zweifach Is this true for both epinephrine and norepmephrine?

Nickerson We found that epmephrine and norepmephrne, as
far as their vasoconstrictor action 1s concerned, are blocked m an
exactly parallel manner (11) The difference m the blood pressure

response after Dibenamine 1s due to the complexity of the response
One of the experiments in which this parallelism was observed con-
sisted of starting a continuous mfusion of 1sopropylnorepinephrine,
x&lrf;}l:;ag previously been shown to be adequate to produce maxi-
Wo the; 1:‘lcpilcnclilerat1(<l)n and maximum :ildrenergm vasodilatation

posed 1jections of epinephrine and norepine-
phrine Under these conditions, when Dibenamine or one of its
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there was 1eflea venodilatation, mncreased sttmulation through veno-
dilator fibers 1s an alternative o1 companion explanation to reduction
i venoconstrictor stimulation. Without moie details than we have
yet had about Dr Coles” experiments, I may be irrelevant m refer-
1ng to more localized venodilator mechanisms but I will take that
risk The well-known dilator response of human superficial veins
to tapping 1s found also 1 internal veins of man and lower animals
(7,8,9), and among the reactive vessels 1s the abdominal vena cava
of the usual laboiatory mammals Normally, if the limbs are at rest,
that vessel 1s consideirably constricted as far proximally as the renal
vem entites, but 1t dilates 1apidly and markedly when it 1s tapped,
and m one very constucted vessel Dr. McLachlin and I recoided
a hundiedfold mcrease m cross-section

The effect 1s not dependent upon long-distance nervous pathways,
for 1 one amimal I cauterized the whole circumference of the vem
wall at two levels about 3 cm apart, this interrupted any nerve
fibers passing to that section of vem, yet did not affect 1ts response
to tapping That such 1esponse 1s due to the mternal bump of blood,
produced by the tapping, on the vem wall was shown by a further
experiment m which, after a tap, I kept my finger down on the
vem until I felt the bump of blood on each side The result was
not the usual unifoim dilatation, but dilatation on either side of the
still-constricted central part where my finger had been So the effect
15 locally intermediated I peisonally think that the abdominal vena
cava m these laboiatolry mammals has its caliber automatically
adjusted to the fluctuating venous i1eturn from the limbs, etc,
through a synergy between this local dilator mechanism and the
constrictor effects of circulating humoral agents and/or nerve
immpulses

To return to Dr Coles’ experiments on dogs, if the femoral vem
and abdominal vena cava were 1 the resting, constricted state, and
he suddenly turned on the mfusion under some pressure, that might
well have dilated the vessels through the mechanism I have de-
scribed But we have not had enough details about the experiments
m question

Remangton I can’t see how this ties in with the venospasms that
plague workers with an intravenous catheter

Franklin You mean in shock?

Remungton No, m any indrvidual

Franklin 1 can get vems opened quite easily

Remington But I have seen catheters stuck 1n vemns so that they

could not be moved
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15 actually decreased. Vasodilation, on the other hand, o1 fajlure
of constriction, lowers the reserve blood in the large vems, and
the heart 1s small This dog can take very httle blood loss without a
precipitous drop m flow and m pressure In that sense, I can remove
only a relatively small amount of blood But pressuie in that animal
means something quite different from what 1t does m the normal
He can withstand a very low pressute and recover from 1t

Zweifach In a publication on the hemodynamc effects of Dibena-
mme during shock (12), you compared the Dibenamine-treated
amimal with etherized ammals subjected to shock Would you dis-
cuss that relationship?

Remington Ether, when given m large amounts, produces a
lower resistance and a large flow The resistance of the etherized
dog to hemorrhage 1s certamly reduced Of course, whether his
ability to withstand low pressure has been mcreased or not, I don’t
know

Zweifach: The Dibenamine-treated animal appaiently is resistant
to the deleterious effects of hemorrhagic hypotension, because more
blood can be perfused through the tissues m the face of a decreased
peripheral vasoconstriction. Your hemodynamic measurements mdi-
cate that the etherized animal likewise fails to vasoconstrict Despite
this fact, the ammal cannot withstand hemonhagic hypotension
and dies much sooner than dogs subjected to shock, for example,
under morphine anesthesia

Remington Of course, he has ether anesthesia in addition to the
blood loss

Zweifach 1 believe that our observations on the omental circula-
tion 1 ethenized amimals mdicate a significant difference between
these two groups of animals The etherized dog shows an meffective
compensation in the termal vascular bed followmg hemorrhage
There 15 only a minimal potentiation of the reactinity to epinephrme,
vasomotion is not augmented, vasoconstriction, especially m the
arterioles, 15 neghgible The essential difference between Dibena-
mme-treated and ethenized dogs subiected to shock 1s the continued
operation of the terminal vascular bed as a dynamic functional unit
m the Dibenamine-treated animal which 1s resistant, and the func-
tional deterioration of the peripheral circulation m etherized animals
which readily develop the irreversible type of shock

Remington 1 don’t know why these dogs die

Zweifach In other words, taking into account all of the hemo-
dynamic measurements which you made, and arbitranly selecting
a given pomt durmg the syndrome, you cannot predict whether
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congeners 15 admmistered, responses to the two sympathomimetics
are reduced in an exactly parallel manner It s quite reasonable
that there still should be seen a very considerable vasoconstriction
m 1esponse to the local apphcation of epinephrine at a time when
the pressor response 1s reversed The critical question here 1s whether
vasoconstriction m various organs 1s blocked equally. Unfortun-
ately, at the moment we have very little information on this pomt

Remington 1 should like to pick up ths Isuprel response I spoke
of the response of a normal dog with a hugh reserve blood volume
and a slow heart After Isuprel mjection, the cardiac index 15 lngh
In this process the central vems lose then pressure and the heart
becomes small In other wouds, the animal has translocated reserve
blood out of the central vems and nto the periphery Because he
has mamtamed an adequate pressure level in the arterial bed, the
flow 1s mcreased

As the Isupiel wears off, the flow returns to the imitial level Now
suppose 5 ml per kg of blood 1s withdrawn This does not change
the heart rate, and the venous pressure may or may not have dropped
a bit. The resistance 15 not changed Now with a second dose of
Isuprel, the cardiac index will not mse as far As bleeding 1s con-
tinued, the pomt 1s reached at which, after Tsuprel, the flow, which
of course has been reduced because of the hemorrhage, returns to
normal but not above normal By this time the reserve blood has
been severely reduced because of the hemorrhages In the late
stages of bleeding, the cardiac output may fall with Isuprel as the
periphery opens, and theie 1s no longer enough reserve blood to
fill the expanded bed )

Next, let us take a dog that has been heavily Dibenamme-treated,
but 15 holding a normal pressure After Isupiel, the flow increases
to Ingh levels As Isuprel wears off, the pressure usually does not
return to normal, reflecting the loss 1 constrictor abiity After a
5ml per kg blood loss from this relatively dilated amimal, the flow
mcrease 1s much less and 1s quantitatively comparable to that seen
after the loss of, say, 80 ml per kg of blood m the untreated dog

What I have been trymng to inply 1s that the amount of blood
that can be taken out of a dog 1s a function of the constrictor
capacity of that dog If the dog can constrict, T can get more blood
out of him before his pressure falls to critical levels But at the
same time the constriction process 1tself, if prolonged, handicaps
that amimal, and results in death If the constrictor activity 1s 1n-
creased, as 1t is after trauma, or with mtravenous epmephrine sus-
tained throughout the hemorrhage period, the resistance to bleeding
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to mclude, I asked Dr Scarff if he would give me his views, and
he told me the conditions under which, in lis experience, nter-
ference with the central nervous system of man produced shock
There was none with removal of, or trauma to, the cerebrum as
far down as the thalamus, or with mcreased mtracranial pressme
On the other hand, shock (defined as piogressive fall of blood
pressure and dimimution in pulse pressure without primary fall of
blood volume) occurred during marked opeiative mterference m
the region of the optic chiasma with attendant retraction of hypo-
thalamic structures Manipulation of the bramn stem, even at the
supposed level of the vasomotor center, produced no effect upon
blood piessure, though 1t could on occasion cause temporary, re-
versible respiratory failure Pain per se (for example, thiough trige-
minal nerve stimulation) could result 1 hypopiesis after a transient
hyperpiesis, and 1n such cases cocaimzation was required Further
down in the central nervous system, some spmal cord concussions
had resulted 1 low blood pressure, a few mstances occurring among
U S Navy personnel Dr Scarff did not say if the fall in pressuie
was progressive

I thought 1t might be useful to give these details, from a neuro-
surgeon’s experience, about the central nervous system and shock
The part played by the hypothalamus seems to me to be of par-
ticular nterest

Shorr Thank you, Dr Frankhn

Osserman 1 wonder if Dr Remungton would mind commenting
further on the results of the experiments m which he demonstiated
that the admmmstration of large volumes of intrapenitoneal glucose
(isotomic) resulted m hypersensitivity of the dogs to hemorrhage
Is 1t conceivable that the glucose solution would draw sufficient
quantities of sodium from the ECF and circulating plasma to result
m a secondary water shift into the tissues, particularly into the
central nervous system with resulting cerebral edema and “cerebial
death”?

Remington I am 1 a most complete quandary as to why these
ammals die In many ways, 1t looks Iike a cerebral death As I said,
these ammals aie vegetables The only ammals T have seen like
them have been m some cases of adrenal crisis

Burton 1 should like to make one fundamental comment m o1dex
to have Dr Remngton qualify what he said about the ability to
conshict largely determming the preservation of the reservoil of
blood These figures me from Dr Green’s compilations (13) I
think 1t 15 70 or 80 per cent of the volume of the circulation that 1s
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these dogs are going to live or die, on the basis of such indices alone.

Remington No

Zweifach- However, 1if you then add mdices of peripheral vascular
function, such as those obtamed 1n the mesenteric circulation, the
predictability with reference to the ultimate fatal outcome of the
expermment 1s definitely mcreased In teims of Dibenamine, we have
another set of iteresting data which we cannot explain We have
found, of course, that in terms of the abihty of an amimal to with-
stand hemorrhagic or traumatic shock, that equally important are
the compensatory mechanisms, and we feel that a contributing
factor to adequate compensation 1s some renal factor.

Ouwr routine procedure 1 aienal experrments has been surgically
to remove one kidney and to place a loose, rubberized hgature
about the renal pedicle of the second kidney This 1s done several
weeks before the experiment The loose ends of the hgature are
implanted under the skin At the time of the experiment, the hga-
tme is exposed and tied tightly so as to exclude the circulation
through the kidney At the end of the experiment, the organ is
examined to determme whether any blood flow is present This
has been adopted as the simplest procedure which would mtroduce
a mmimum of operative trauma at the time of the experiment

Hyman How long after you tie them off do you follow up?

Zweifach On the average, the renal pedicle 1s tied off about one
to two hours before hemorrhage 1s begun We have carried out
experiments 1 which the kidneys were tied off the mght before
We have no evidence to indicate that the precise time interval
between the exclusion of the kidney and the hemorrhage 15 a
major consideration )

Hyman The pomt 1s that the period 1s not long enough to permit
significant autolysis

Zweifach No

Fine These animals have no anesthesia or sedative?

Zweifach We have carried out arenal experiments both with
and without anesthesia In the unanesthetized ammals, the loose
ties are exposed under procame and the pedicle tied off This was
done 1 dogs subjected to hemorrhage without systemic anesthesia
and 1n rats subjected to drum trauma For our routme hemorrhage
experiments, the amimals are given hght pentobarbital anesthesia

Franklin- 1 should Lke to pass on some remarks made to me last
night by my host, Dr John E Scarff, a neurosurgeon this city
Having merely seen the title, “The Nervous System m Shock,” of
this afternoon’s discussion and not knowing exactly what 1t was
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hemorrhagic picture As I followed the description, there are three
groups of anmals, three categories one group of ammals without
Dibenamine, one group of animals with light Dibenamine, and one
group with heavy Dibenamine If you bleed those anmals, there
1s some end-pomt You erther bleed them to a certamn volume or a
certain pressure What was the end-point used for the three groups?

Remington Controls were bled stepwise to 40 mm. Hg, and then
a half hour was allotted If the pressure rose n this mterval, more
blood was taken, until the pressure would not rise withmn thirty or
forty minutes

Green. That was the same point for each of the three groups?

Remington Yes

Green And your shghtly and heavily Dibenamine-treated animals
survive and the controls die?

Remington Yes

Gieen. Do you have any data on cardiac output, oxygen con-
sumption, or venous oxygen tension in these experiments that would
give us a possible metabolic clue to the cause of the deaths?

Remungton There 1s no clue whatsoever on anything we measured
as to why they died or hved Oxygen consumption shows the same
pattern, flow 1s the same, pressure 1s the same, venous pressure 1s
the same, EKG is the same

Burton How about blood volume? In the heavily Dibenaminized
ammal, the blood volume would be much higher, wouldn’t 1t?

Remington Cardiac output 1s the same, and that 1s what I am
mterested m, not blood volume

Nickerson Actually, there 1s no difference in the blood volume
of the controls and the lightly Dibenamimzed animals

Remington No Well, there 1s always the question of how strin-
gently we dare apply bleeding volumes We can say that this dog
bled 40 ml per kg, and the next dog bled 45, and that the average
bleeding volume for a sertes of dogs 15, say, 38 ml per kg Yet what
really counts most 1s the last 1 or 2 ml per kg of blood loss The
major part of the bleeding volume figure 1s set by the hemorrhage
that can be taken before compensation sets in and also before com-
pensation fails In the hghtly Dibenarmmezed dog, the average blood
loss 15 shghtly under that of the control, but not significantly so
I cannot, however, dogmatically conclude that the vascular stress
15 absolutely the same as for the controls

Fane Is 1t perhaps a_cittical drop m cardiac output that 1s mvolved
m that last 5 to 10 ml p

Remungton Yes, 1t probably 1s
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on the venous side of the arterioles, so that this ability to constrict,
which may be so important, must be thought of as an ability to
constrict on the venous side of the arterioles This further remforces
my feeling that the answer to many of these problems lies m the
venomotor system A constriction of arterioles could not supply very
much to the reservoiwr of blood There is so httle of the total blood
volume on that side.

Remington By mmplication, I meant the aftermath of an artenal
constriction.

Howard: 1 should like to ask Dr Remington if he has any 1dea
as to why the patient with an acute pancreatitis or retroperitoneal
hemorrhage, but particularly pancieatitis, may go mnto severe vascu-
lar collapse, and yet 1n a patient with the same disease but of lesser
extent, blocking of the adjacent sympathetic might seem qute
beneficial Can you think of any reason why mflammation m the
pancreas should lead to a profound vascular collapse?

Remington What is this syndrome?

Howard An absent blood pressure, a fast pulse, death

Fine: I can give you some experimental data, if you like, that
might bear upon 1t If you produce experimental pancreatitis by
mjecting sterile bile into the pancreatic duct by pressure, you
the animal every time When you examme the animal durmg the
process of dymng, he shows widespread mflammation, mcluding
bacterial peritomitis If you protect that ammal with aureomycin,
he will go through the process of acute pancreatitis If you examme
that organ several days later, 1t shows acute hemorrhagic pan-
creatitis, and then six weeks later, having recovered as a result of
the aureomycin, he will show a shrunken pancreas So he has been
through the acute pancreatitis, but apparently 1t has not hurt him
any The superimposed septic process is apparently the factor which
makes the difference between the chemical pancreatitis induced by
the mjection of bile and the septic pancreatitis which 1s called
forth Therefore, sepsis could explam the shock m these patients
Transfusion might not be of any use m such a situation, or perhaps
of no more use than to take care of the loss m blood volume mduced
by the pertomitis, but that would not be sufficient to take care
of the septic process supertmposed

Shoir Dr Green, would you talk on the question of the regula-
tion of the nervous system’s participation 1 shock?

Green 1 do not have any particular comment, but I do want
clarification on the experiments Dr Remington spoke o,f There were
so many mterruptions that I did not quite follow Let’s stick to the
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hmge on the extent to which any reduction m blood volume mter-
feres with the renal blood flow Studies (14,15) have pretty well
established that the drastic hypotensive level we employed m the
Dibenammized anmmal 1s sufficient to curtail the renal blood flow
completely m an ordinary anesthetized animal Correlated with the
absence of renal blood flow 1 the ordnary dog 1s the piogiessive
disappearance of the renal vasoexcitor prmnciple m the blood stream
and the mception of the decompensatory phase, as observed n the
vascular bed and 1n the appearance of ferrtin in the blood The
one exception to this sequence 1s seen 1n the unanesthetized animal
which, at the same drastic hypotensive level, continues to flood the
blood stream with vasoexcitor material and continues to mamtam
an mtact liver VDM mechanmism There 1s no release of ferritin and
no mterference with the mactivation capacity Therefoie, although
experimental data are lacking, we think that there must be a small
but effective blood flow 1n the absence of anesthesia, sufficient to
release vasoexcitor material constantly from the kidney The same
situation appears to 1esult during shock m the Dibenammmzed
ammal We feel that at least one of the consequences of the im-
proved blood flow 1s the mantenance of some type of circulation
m the kidney The hypoxic kidney forms VEM continuously and
releases 1t mto the blood stream The peripheral vascular bed still
responds by the compensatory devices 1t normally exhibits, and 1t
helps to maintain a sufficiently adequate blood flow to the hver so
that 1t 1s protected from a degree of hypoxia which would lead to
ferntin release and a deterioration of the mactivation mechanism
We would all agree that Dibenamine 1s no longer protective if
given after the period of hypotension It 1s a matter of prevention,
and, we believe, a prevention of the deleterious effect of hypoxia
as measurable by these two participating vasoactive principles

Green That sounds hke a good hypothesis, but I am woinied
about Dr Remmgton’s results here If that 1s the case, then surely
if you compare the non-Dibenamimized animal with the Dibenamin-
1zed anmmal at 40 milhmeteis mean piessure, the Dibenammized
ought t6 have a sigmficantly higher cardiac output and a lugher
oxygen uptake per mmute Yet, if I understand Dr Remmgton
correctly, there was no difference So, if the cardiac output 1s the
same but the renal blood flow 1s greater in the Dibenamine-treated
animal, what part of the body 1s bemng deprived of blood?

Franklin The renal flow need not be very great, need 1t?

Shorr No, 1t need not be very large

Green The kadney has about a quarter of the cardiac output
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Shaipey-Schafer. What about cerebral blood flow? Can you talk
about that?

Remington No The measurement of cerebral blood flow 1 the
dog 1s a hard proposition, because the carotids furnish skin and
neck muscles as well as brain It 1s an intrigumg problem

Green Did you have evidence of any difference m function of
any organs? Was there a difference m renal function between your
animals treated with Dibenamme as compared with the animals not
Dibenaminmized? We know that if you bleed an ammal down to
40 or 50 mm Hg, or anything much lower, he doesn’t put out
any urine

Remungton All T know 1s that the bladders weie small when the
experiment was discontinued, and that does not mean much

Green Do you care to speculate where vasoconstriction and vaso-
dilation occurred, and what conclusions can you draw from your
observations?

Remington Other than the conclusions already given, we are
vague I do not know where this constriction 1s and I do not know
where the dilation 1s because we simply cannot piece together
the story as 1t 1s now developed We cannot answer why all the
peripheral tissues in which flows have been measured show con-
stricion and yet the general resistance does not I do recogmze
a cardiac mndex of 1 L. per min as critical If the flow reaches this
value, the animal 1s usually doomed But flow levels somewhat above
this may also lead to death, and the diagnosis cannot be made from
the flow level

Stead Did you run into the question that all measurements have
to be multiphed by time? That comes down agan to the factor
you mentioned, that i1t 1s the last part of 1t that counts You can
take cardiac output data which may not be sigmificantly different
as you look at them 1 absolute terms, still, 1if you multiply by hours,
it might make the difference between life and death

Fine: That 1s my pomt, too The crucial factor m the death of
these Dibenamimized amimals may not be referable to what 1s gomng
on m the peripheral circulation, but to an effect upon cardiac output

Shorr We have been mmpressed with what might be considered
a selective protective action of Dibenamine In focusing our atten-
tion on hiver and kidney, we have obtamed at least indirect evi-
dence that the nature of the blood flow m the Dibenamimzed
anmal, with 1ts excellently mamtamed peripheral vascular com-
pensatory reactions, may represent one of the mmportant deter-
mmnants of survival Much of this protective action would seem to
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Nickerson I wish we could say that Dibenamme has no actions
other than adrenergic blockade That, of course, 1s what the pharma-
cologist 1s always stnving for, the perfectly specific agent, and he
has always fallen short. When admumstered m the usual blocking
dosage, the primary action of Dibenamme and 1ts congeners 1s to
block excitatory responses to the adrenergic mediators, whether
they are circulating m the blood stream or aie released locally by
nerve endings (18) Inhibitory responses are essentially unaltered,
that 1s, the relaxation of vascular or other smooth muscle 1s not
prevented In the usual doses these agents do not have detectable
direct effects on the vascular system They do have some direct
central nervous system stimulant action, particularly when they
are given rapidly in laige doses intravenously Some of the con-
geners, mcluding 688A, have a cértam amount of antihistaminic
action '

Stead 1 merely wondered if, when these drugs are studied unde:
a greater and greater vanety of conditions, they will not be found
to have actions which are not fully mediated through the nervous
system

Howard Dr Stead, aren’t we probably talking about the same
thing that chnicians have noted repeatedly? That 1s, that a patent
who 15 1n a state of acute alcoholism goes mto profound hypoten-
sion with minimal trauma Isn’t this in all probability a peripheral
vasodilator mechamsm that is comparable to the Dibenaminized
animal?

Stead 1 wouldn’t have guessed so I have a feeling that alcohol
makes the cells themselves sick T doubt that the effects of alcohol
are based purely on the autonomic nervous system

Nickerson 1 cannot answer your question regardimg the future
studies, but to date these agents have been studied on quite a
variety of systems and as yet no important direct action on smooth
muscle has been demonstrated I should hike to add one more
pharmacologic action of Dibenammne The group m Houston (19)
has demonstrated that Dibepamme reduces the senstivity of an
animal to potassium, in the sense that Dibenamine allows the ad-
mimstration of much larger doses of potassium before electrocardio-
graphic changes and death occur Whether or not this phenomenon
has anything to do with the other actions of Dibenamine, I do not
know The authors provided no explanation of the mechamsm of

this effect and T have none to offer )
onFranl(cilm I wonder whether the vasopressor agent of cerebral
gm desenibed by Taylor, Page, and Corcoran (20) has any
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Shor : It doesn’t have to have that much, and probably 1t has less
m the state of shock n the absence of anesthesia, but apparently
1t has enough to release the vasoexcitor continually The vasoexcitor,
once m the blood, disappears fairly rapidly unless 1t 1s constantly
replenished

Bradley: If that hypothesis 1s correct, I should think that pyrogens
or qumine or other agents that bring about vasodilatation m the
kidney mught exert a protective action

Zweifach 'The possibility remains that pyrogens or other vaso-
dilator agents mught damage the kidney and thereby limit 1ts posi-
tive contribution to vascular compensation '

Bradley- 1 have the impression that patients who have fever do
less well when subjected to trauma

Zweifach: These agents probably do not have a selective action
on the kidney, but 1n addition may affect the blood vessels 1n other
organs

Shorr 1 should mmagine if the pyrogens were really effective mn
opening the bed widely, that they might be deleterious As Dr
Frankhn said, no one has measured the blood flow — and 1t certamly
ought to be measured —in the kidney However, I don’t think 1t
has to be great, possibly 10 per cent of the normal, as long as 1t
permuts a constant release of vasoexcitor material mto the blood

Bradley Does Dibenamine cause vasodilation or vasoconstriction
i the kidney 1n normal animals?

Nickerson 1 do not know of any data which indicate that. In
dogs, the effect of Dibenamine is variable The kidney, in a normal
animal, appears to have an intrmnsic regulatory mechamism that
1s stronger than Dibenamine m a sense If you mject a large intra-
venous dose of Dibenamme very rapidly so that you essentially
produce mild shock, the renal blood flow goes down, but the filtra-
tion fraction goes up, and the glomerular filtration rate remams
within normal hmits (16) Other workers (17) have recently shown
that blocking doses of 688A, carefully administered, may produge
a sigmficant mcrease n renal plasma flow without a change in
the glomerular filtration rate Under conditions of normal vasomotor
tone, Dibenamine and its congeners have only a mmor effect on
renal hemodynamics

Stead 1 should like to ask Dr Nickerson one question in regard
to the stmphaty of these compounds I take it from the discussion
we have heard today that these are very simple compounds that
block the autonomic nervous system and have no other action Or
do these have more comphcated effects on the blood?
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pomt of view, his use of sodium pentobarbital 1s more of a blow
And I don’t know why anybody should think 54 ml per kg 1s
just too much for the ammal

Moore Dr Shorr, what 1s the nature of the stimulus that results
m release of VEM from the kadney? Is it hypotension itself?

Shoir Unfortunately, in vitro, where we theoretically can contiol
conditions, we are limited m our exploration of the factors that
regulate metabolism We can talk with most certamty about the
effect of altering the oxygen tension in the media of the in vit1o
expermment Using a standard kidney shce, reduction m oxygen
tension to about 20 per cent, as agamst 100 per cent, leads to a
degree of tissue hypoxia which variably causes release of VEM

Moore Can you release VEM in a normal dog by suffocating 1t?

Shorr. Yes, by suffocating its kidney.

Moore 1know, I mean by suffocating the dog

Shorr We have not done that We have exposed a normal human
to breathing a muxture of 10 per cent oxygen and 90 per cent
nitrogen (22) After about fifteen minutes, with a catheter mn the
renal vemn, we were able to detect VEM When the oxygen tension
was mcreased, the VEM disappeared from the renal vein blood in
a comparatively short time So that we do know that altering the
oxygen tension —

Moore “Oxygemzation of tissue” might be a better term Oxygen
tension may be quite normal mn a shocked animal

Shorr Yes, 1t 1s the average oxygen delivered to the tissue
relation to the oxygen need

Moore Right

Shorr That 1s the one stumulus we can be sure of Whether some

type of neurogenic stimulus 1s necessary, or can equally well lead,
to the dehivery of VEM, we do not know

Moore Is VEM diffusible through cellophane?

Shor Under certain conditions

Moore Do you want to give any crude estimates of its chemical
characterization?

Shorr We should be very glad if we were able to do that

Mooie But 1t will pass through ordinary cellophane?

Shorr  Anything that we might say at the present time about
the molecular size or the chemical nature of VEM would not be
founded on reliable evidence

Mooie But you certamly regard 1t as protemn 1 nature or some-
how or other linked to proten?

Shoir We think 1t 1s protemn in nature or hinked to protem
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relevance to our subject.

Nickerson: Raab (21) has been talking for several years about
a pressor agent of cerebral origin, usually obtamed from nervous
tissue by extraction procedures I believe he calls 1t encephalm,
It seems to have many of the properties of epmephrine I do not
beheve there 1s any evidence at the moment to indicate that this
1s the type of agent with which Page’s group 1s concerned

Haley When you go over the data of Page’s group, they are not,
at least to me, convincing They did two or three expermments and
obtamned certamn effects, maybe if they did the other eight or nine,
the results would not be the same But they have a lead which
should be pursued There 1s one question I should like to ask about
Dibenamme It 1s a dertvative of mitrogen mustard, and there are
a number of other blocking agents, excluding the ergot alkaloids,
which are 1n some nstances much simpler compounds I wonder
what effect they would have mn shock and if they have been tred,
and also if nitrogen mustard itself has been tried

Shorr Has anyone worked with these agents?

Fine- We have worked with a vanety of agents but have never
had any defimtive results I am not speaking now of transitory
effects on hemodynamics We were looking for clear-cut results,
such as prevention of nreversibility or recovery from irreversibility,
but we did not find them

Moore Including Dibenamimne?

Fine. We did some priming of ammals with Dibenamme and
got some differences, but nothing mdicated with finality that there
was a substantial difference in the outcome

Zweifach In your experimental procedure with a self-mfusion
reservorr, the animal 1s subjected to a massive bleeding immediately
up to 54 ml per kg and then maintained at a drastic hypotension
of about 30 mm Hg for a period of several hours I am not certam
that this type of procedure will bimg out the difference between
normal and Dibenamimzed animals, since the Dibenamne-treated
animal cannot withstand massive exsanguination

Fine We bleed two groups of ammals to the same extent and
one group survives, moreover, they survive without any difficulty
There 1s no question about the fact that the survivors have not
suffered any permanent damage

Mooie. You mean by a liver perfusion?

Fine No, by the antibotics Dr Zweifach speaks of the ex}t;reme
degree of hypotension we subject them to, and he ’c]unkis:.r that 15’
too much of a blow He does not consider the fact that, from my
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normal animal and the sympathectomzed

Zweifach So fai as we can tell, the compensatory response 1n
the terminal vasculai bed, referable to the release of 1enal VEM,
15 of the same order of magmtude i both normal and sympathec-
tomized dogs subjected to hemorrhagic shock

Shorr The rat test shows plasma VEM of the same order of
magnitude, although the level of the hyperreactivity in the omentum
of the sympathectomized animal 1n shock 1s modified

Green Would 1t be possible to get a quantitation 1 renal vein
blood where there 1s a higher concentration to start with?

Zweifach Although the omental vessels 1n the sympathectomized
animal show a higher basal reactivity to epmephrine than contiols,
the blood of such amimals does not contamn appreciable titers of
VEM We, unfortunately, have no studies on renal blood n the
normal as compared with the sympathectomized animals subjected
to shock

Nickerson As I understand 1t, the puimary difference between
the shock picture in sympathectomized and Dibenaminized animals
and the controls is in the VEM production or release

Zweifach The major difference between the piotected ammals
and controls hies m the continued perfusion of the tissues with
blood, despite the drastic hypotension, thereby preventing vascular
deterioration and 1ts metabolic consequences

Green Do you feel that 1t 1s due to greater release of VEM?

Zweifach 1 do not believe 1t 1s possible for us to state un-
equivocally that the greater resistance of sympathectomized and
Dibenamized amimals to hypotension 1s specifically related to VEM

Moore Have you done any expermments on dogs with severe
peripheral trauma without shock? We talk so much about trauma
and shock, but we ought not to forget that trauma without shock
mcrtes a whole train of physiologic adjustments tachycardia, hype-
glycema, and ohguria, for istance, not to mention the whole
adrenocortical chamn of events, even though there 1s no alteration
in blood piessure as a result of the trauma With that sort of what
mught be called “threshold stimulus,” do you see VEM coming out?

Shorr Ewvidence has recently been found by Taquim and his
associates that renin production by the kidney 1s under the mfluence
of neurogenic mechanisms and that an mtact nervous pathway is
necessary for maximum renin production (23)

Nickerson 1 belhieve we can assume that stimulation of the sym-
pathetic nerves to the kidney can bring about almost complete
cessation of the renal, or at least cortical, blood flow Under almost
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Moore. You have never been able to precipitate protemn out of
plasma and have VEM the supernatant?

Shorr. No, but that does not tell us anything because 1t could
be occluded 1 the protein precipitate

Burton What 1s the nature of the relation between VEM and
remin? Bemng an outsider, I am a bit puzzled that you never men-
tioned remin It couldn’t be the same thing that you are working on?

Shorr Our mabihity to characterize VEM chemucally makes 1t
difficult to differentiate between renin and VEM Hypertensimn, the
active product of renin and 1ts globulin substiate, 1s musculotropic
It probably acts on the arterioles rather than on the capillaries
We are hopmg soon to procure one of the new highly purified
renin preparations to see whether it 1s devoid of activity on the
terminal vascular units upon which VEM acts The renin prepara-
tions we have tested so far have always had some VEM activity,
but entirely unrelated to their renin contents In other words, two
preparations with the same remm content mght be associated m
one case with very low VEM activity and 1n the other with high
VEM activity It appears as though the methods for the 1solation
of crude remmn preparations are such as to carry along vanable
amounts of VEM I think that with the purer products which are
bemng made mn other laboratories today we shall soon be able to
tell whether or not renn-hypertensmn systems are entirely devord
of the kind of activity which characterizes VEM

Burton Does the Goldblatt clamp on a dog make that dog pro-
duce VEMP?P

Shorr The Goldblatt clamp leads to the rapid production of
VEM and 1ts continuous 1elease into the circulation

Moore: And the same thing 1s true of a coarctate clamp anywhere
along the aorta, I suppose?

Shorr: We have not varied our techmque

Moore. How about laboratory coronary occlusion?

Shorr We have no information on that

Moore But just reasoning by extrapolation, you would predict
that they would do this?

Shorr Anything that would mterfere with renal blood flow would
presumably do so

Nelson Dr. Shorr, do you beheve that the dimimished production
of VEM m a sympathectomized dog m shock 1s due to an alteration
of the “normal” renal 1schemua which ensues?

Shorr: No, the release of VEM is quite orderly. There 1s no reason
for thinking that any quantitative difference exists between the
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situation Very soon after the application of a Goldblatt clamp,
VEM appears m the blood Theie 1s no reason, from any of our
work, to feel that this should do anything to restrict the circulation
m the hver, but after a few days o1 a week o1 so, the opposite
member of the team, feriitin, begins to appear in the blood There
has been no hypoxia, and yet the metabolism of the hiver has been
altered to allow the 1elease of enough feiritm to appioximately
balance the VEM This results in a neutral plasma reaction, with
high concentrations of both VEM and ferntmn present (24) The
presence of a metabohc defect i the hiver 1s revealed by the fact
that, whereas 1 the normal liver all the ferritin occurs m the mert
disulfide form, in the hypertensive hver, about 15 to 25 per cent
of the fermtm 1s present i the vasoactive sulfhydryl form (25)

There 1s evidence, therefore, that the presence of the opposite factor,
VEM, apparently without the mtroduction of an anoxic or hypoxic
element, can alter the ferritin metabolism of the Iiver
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all conditions which have been studied, this would bring about the
release of VEM

Shorr. Yes

Moore That 1s exactly what I am talking about

Nickerson 1 beheve 1t 1s a fair bet to assume that VEM 1s
1eleased unde1 these conditions

Shoir. That 1s right

Nickerson But that does not mean that it 1s released by a
neurogenic action

Shorr In order to claiify this point, it would be necessary to have
a type of nemogenic stimulation which 1s devoid of vasoconstrictor
effects

Moore I do not care whether 1t 1s neurogenic, but there 15 an
amount of stimulation where hypoxia, m the sense of decreased
delivery of oxygen to tissue, 1s a result of something other than
hypotension

Shorr Yes

Moore Maybe 1t 1s not neurogenic

Shorr Perhaps Dr Haley would tell us about his anmmals m
which he found that, following the mtial VDM predommance,
there occurred a stage m which hyperreactivity developed

Haley If you wish to take the stand of recogmzing radiation as
being a trauma, you get, from the third to the fifth day, the appear-
ance of massive quantihes of VDM On the sixth day those quanti-
ties are decreased, and on the seventh day the response 1s at the
normal level This 1s both m the capillary bed of the wradiated
ammal and 1n the blood taken from an imadiated anmal on those
days and tested m a normal animal

From the eighth to the twelfth day, there are mcreasing quantities
of VEM, and from the twelfth to the nmeteenth day, the amount
of VEM decreases.

Unfortunately, hemorrhage starts on the third day, so we are
probably dealing again with some phase of shock But what I
cannot undeistand 1s why we get the VDM first and the VEM
second

Moore Why do you say that because hemorrhage starts you aie
dealing with some phase of shock? That 1s interesting

Haley- Well, i the first place, you have a hemoconcentration
on day three, and a massive hemorrhage mto the gut

Moore And you mean the animals go mto shock as a result of 1t?

Haley Yes, they go mto shock

Shorr- We have observed what 1s apparently the reverse of that



ACUTE AND CHRONIC HYPOTENSION
AFTER HEMORRHAGE IN MAN

E P SHARPEY-SCHAFER
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St Thomas Hospital Medical School
London, England

FAINT INDUCED BY ACUTE VENESECTION

For soME YEARs we have been mterested m the effects of hemor-
rhage 1n normal man These are somewhat different from the effects
mn ammals, about which we have already heard If you remove
enough blood from any normal man, he will fant The sequence
of events 1s that the blood pressure 1s mamntained for a period, and
then suddenly falls to a low level, and the heart rate slows As the
subject 1s bled, the filing pressure, or rather the pressure measured
n the auricle, falls and the cardiac output goes down, but with an
acute fall of blood pressure there 1s either no change in cardiac out-
put or a shght fall Occasionally, the output appears to rnse shghtly
In other words, the change in blood pressure cannot be ascribed
to a change 1 cardiac output It must therefore be due to a change
m peripheral resistance (1)

Moore And I suppose a syncope-like attack, although the patient
mught not have lost consciousness with only a small venesection

Sharpey-Schafer There were cuffs on the thighs over that period,
which amounts to a hemorrhage of perhaps 500 to 600 ml

Mooie Would you describe that as a common result of your
cuffs plus venesection?

Sharpey-Schafer Yes, 1t 1s quite a standard method for inducimng
a famt If one 1s prepared to bleed as much as 1500 ml, I thmk
90 per cent of men will famnt. If the faint is severe, retransfusion
of venesected blood may take an appreciable period, whereas, if
there are cuffs on the thighs, they can be deflated and the subject
will recover quickly

Moore It 1s not quantitative, you really do not know what the
stmulus has been unless you have plethysmographic recordings
on the legs

Sharpey-Schafer 1 know, but m many subjects the experiments
were done with venesection only

115



114

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Shock and Circulatory Homeostasis

Blockade of responses to epinephrine and norepinephrine by
Dibenamine congeners Federation Proc 10, 327 (1951)
REMINGTON, ] W, et a/l Role of vasoconstriction in the re-
sponse of the dog to hemorthage Am [ Physiol 161, 117
(1950)

GREeN, H D Circulatory system physical principles Medscal
Physics  Glasser, O, Editor Chicago, Year Book Publishers,
1950 (p 228)

CorcoraN, A C, and PaGe, I H Effects of hypotension due
to hemorrhage and of blood transfusion on renal function in
dogs | Exper Med. 78, 205 (1943)

VAN SLYKE, D D Effects of hemorthage on the kidney Ann
New York Acad Sc 49, 593 (1948)

WanNG, C Y, and NickersoN, M Effect of Dibenamine on
renal function Proc Soc Exper Brol & Med 70, 92 (1949)
Mover, J H, and HaNDLEY, C A Renal hemodynamic effect
of n-phenoxyisopropyl-n-benzyl-beta-chloroethylamine hydro-
chloride (SKF 688A) | Pharmacol & Exper Therap 103,
355 (1951)

NICKERSON, M, and GoopMaN, L S Pharmacological propet-
ties of a new adrenergic blocking agent, N, N-dibenzyl-8-chloro-
ethylamine (Dibenamine) [ Pharmacol & Exper Therap 89,
167 (1947)

HuceiNs, R A, BRECKENRIDGE, C G, and Horr, H E
Volume of distribution of potasstum and its alteration by sym-
patholytic and antihistaminic drugs Am | Physiol 163, 153
(1950)

TAYLOR, R A, PaGe, I H, and CorcoraN, A C A hormonal
neurogenic vasopressor mechanism Arch Int Med 88, 1
(1951)

RaaB, W  Specific sympathomimetic substance in the bran
Am | Physiol 152, 324 (1948)

EpeELMaN, 1 S, ef 4/ Studies on VEM and VDM 1n blood n
relation to renal hemodynamics and renal oxygen extraction in
chronic congestive heart failure | Clin Investigation 29, 925
(1950)

TAaQUINI, A C Estimation of the renin content of the kidney
in normal amimals and in different experimental conditions
Factors Regulating Blood Pressure Zweifach, B W, and Shorr,
E, Editors Trans Fourth Conf New York, Josiah Macy, Jr.
Foundation, 1950 (p 209)

SHORR, E  Comparative study of experimental renal and human
essential hypertension with respect to the participation of the
hepatorenal vasoactive factors, VEM and VDM Factors Regu-
lating Blood Pressure Zweifach, B W, and Shorr, E, Editors
Trans Fourth Conf New York, Jostah Macy, Jr Foundation,
1950 (p 165)

The participation of hepatorenal factors 1n expert-
mental renal hypertension Hypertension A Symposium Bell,
E T, Editor Minneapolis, University of Minnesota Press 1951

(P 79




ACUTE AND CHRONIC HYPOTENSION
AFTER HEMORRHAGE IN MAN

E P SHARPEY-SCHAFER
Department of Medicine

St Thomas' Hospttal Medical School
London, England

FAINT INDUCED BY ACUTE VENESECTION

For soME YEARS we have been mterested m the effects of hemor-
rhage m normal man These are somewhat different from the effects
mn animals, about which we have already heard If you remove
enough blood from any normal man, he will famnt. The sequence
of events 1s that the blood pressure 1s mamtamed for a period, and
then suddenly falls to a low level, and the heart rate slows As the
subject 1s bled, the filling pressuwie, or rather the pressure measured
m the auricle, falls and the cardiac output goes down, but with an
acute fall of blood pressure there 1s erther no change m cardiac out-
put or a shght fall Occasionally, the output appears to rise shghtly
In other words, the change mn blood pressure cannot be ascribed
to a change m cardiac output It must therefore be due to a change
m peripheral resistance (1)
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Moote Would you describe that as a common result of your
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a fant If one 1s prepared to bleed as much as 1500 ml, I think
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Stead How many times have you done the same expermment
on the same person?

Shaipey-Schafer Certamnly a dozen times

Stead The subjects always famnt?

Sharpey-Schafer Eventually, yes They may famnt with different
amounts of blood loss

Stead 1 would have thought, from the things that we have done,
that this does not really have anything to do with 1emoval of the
blood

Moore: That 1s the question I was raising, because there 1s a
response hike that, as well as many mteresting transcapillary read-
justments, with only 500 to 750 ml. of actual bleeding 1if the patient
1s 1 a vertical position at the time

Sharpey-Schafer There 1s great varation, m my opinion, mn the
response of idividuals, or of the same individual on different
occasions

Moore 1 am sure that 1s true

Sharpey-Schafer Some people you need not bleed at all, you
have only to approach them

Moore Just show them the needle

Sharpey-Schafer We approached, with a needle, a normal sub-
tect n whom we were measuring forearm flow and blood pressure.
He was not actually touched, but he famted with vasodilatation
m muscle vessels

With the acute fall of blood pressure there is usually an mcreased
flow m the forearm durmng the height of the famnt If the blood
pressure falls to very low levels, the flow may not change greatly
These results indicate that there 1s vasodilatation 1n muscle vessels
This observation 1s not new It was described by Hunter well over
two hundred years ago He observed that during the famnt the blood
in the forearm vemns was bright red This reaction 1n muscle vessels
1s abolished 1n the sympathectomized imb (2)

FAINTING ACCOMPANYING THE VERTICAL POSITION

There are a number of methods of producing this famnting re-
action, which are stmilar to a fairly large hemorrhage For example,
there 1s standing 1 the erect posture Normal subjects show con-
striction 1 the forearm vessels when tipped from the supmne to
the erect position (3)

Howarth and Edholm (4) bled normal subjects lymg flat and
measured forearm blood flow Rather curously, although the sub-
jects mmght faint eventually, there was not the mmtial constriction
in the forcarm that might have been expected One reason may be
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that the rate of bleedng was not fast enough On the tip table,
when a subject 1s moved fiom the supine to the erect posture, the
rate of change of distribution of blood 1s rapid, a matter of a few
seconds, whereas 1 most venesections 1t 1s difficult to bleed at
rates much more than 100 ml a minute We succeeded m bleeding
one subject 850 ml of blood in three minutes, and he showed
constriction

Moore: What about his pulse rate?

Shaipey-Schafer It mcreased shghtly Some people don't ac-
celerate at all

The constriction 1 forearm vessels m the erect posture does not
occur when the limb 15 sympathectormzed (8) Subjects who fant
easily show vasodilatation 1n forearm vessels comcident with the
blood pressme fall when mamtamed mn the erect posture

Among additional factors which increase the mcidence of famt-
mng are heat and the extreme lordotic posttion, as mn standing at
attention In this posture there appears to be an obstruction to the
inferior vena cava at the level of the diaphragm (Figure 8)

To sum up the situation mn regard to fainting, as far as we can
see, if you bleed a normal unanesthetized man, either flat or
the erect posture, and bleed him enough, he will always famt
We think the fall 1n venous pressure produced by bleeding prob-
ably has something to do with the afferent pathway of the famnt
reaction, and that it may be imtiated somewhere mn the heart

There are a number of things we do not know about 1t The
efferent pathway seems to be the vasomotor nerves We know very
little about the afferent side.

FACTORS AFFECTING THE FAINTING REACTION

If the same procedures are used m subjects with congestive
heart failure, who already have a high venous pressure, then faint-
mg does not occur I do not beheve anybody has ever seen a
spontaneous faint with muscle vasodilatation m an estabhshed case
of congestive heart faillure with an originally high venous pressure,
which 1s remarkable when you think of the number of needles that
have been nserted mto patients with congestive heart failure

It 1s questionable whether famting occurs m other species
Howarth has some evidence on what happens m the rabbit I
wonder whether any of you have ever seen bled dogs suddenly
produce bradycardia, because 1t 1s very difficult 1 anmals to
attempt to measure muscle blood flow

The other pomt I should hike to make 1s this We have never yet
seen this type of reaction to hemorrhage under full anesthesia

e drm
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Ficune 8 Data from a subject who fainted 1n the extreme lordotic posture

I agree that we have not had a great number of cases m which
forearm flow was measured, so that I would not say that 1t never
occurs All I can say at the moment 1s that we have not seen it
But I strongly suspect that anesthesia abolhishes this reaction mn man.

Moore. The response to turning a patient under spinal ancsthesia
ijs a reaction to acute hemorrhage.

Sharpey-Schafer That 1s more complicated. In the upper part
of the body when the blood pressure goes down, there 1s a perio
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of muscle vasodilatation If a patient was given a spinal anesthetic
and mamtamed m the vertical position, I don’t think he would
continue to hive

Mooie When a patient under spmal anesthesia, who 1s stabilized
m a supimne posthon, 15 turned mnto the Sums’s position, there 1s
quite a charactenstic drop m blood pressme and his heart slows
We have always thought it was a ieflex phenomenon, m othe
words, purely due to gravitation and a huge, denervated vascular
bed

Sharpey-Schafer. 1 thmk it 1s, but I am merely pomting out
that there may be an additional factor because m the upper part
of the body there is muscle vasodilatation as well

Moore Why 1sn't 1t almost exactly the same problem as the
paraplegic?

Sharpey-Schafer 1 thimk the problem i spmal anesthesia and
m the paraplegic 1s the same
. Fremont-Smith The thing that would be mhibited by anesthesia
1s the muscle vasodilatation

Sharpey-Schafer 1 think so, yes

Moore Would 1t be abolished by general anesthesia?

Sharpey-Schafer. That 1s right, not by spal

Moore 1 thmk spinal 1s almost a daily set-up for this type of
hypotension

Shaipey-Schafer Yes

Moore It 1s mmportant to recogmize 1t surgically It responds
beautifully to Neosynephrine

Fremont-Smuth  As a mechanical way of avoiding this, did you
ever try binding the limbs with bandage so that the muscles would
be fairly well compressed and unable to take up very much blood,
couldn’t get a hemorrhage mto them, so to speak?

Sharpey-Schafer We have not tried that It 1s difficult to do Tt
would be necessary to show that the famt occurred and was then
abolished by compressing the limbs

Fremont-Smuth Could you take someone who charactenstically
iamted?ldlf ym; bound such a person, perhaps the next five times

e would not faint That would give you a lead, especially if
had the bradycardia, also svey P y e

Sharpey-Schafer Bandagmg does modify things If you put 1t
on at a moderate pressure, I would say yes

Fremont-Smuth You can mhibit 1t that way

Sharpey-Schafer Yes If the subject starts to move about. he wall
not famt, when he quiets down a hit, he may then do 1t ,
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Figure 8 Data from a subject who fanted m the extreme lordotic posture

I agree that we have not had a great number of cases in which
forearm flow was measured, so that I would not say that it never
occurs. All I can say at the moment 1s that we have not seen 1t
But I strongly suspect that anesthesia abolishes this reaction 1 man

Moore The response to turning a patient under spinal anesthesia
1s a reaction to acute hemorrhage

Sharpey-Schafer. That 1s more comphcated In the upper part
of the body when the blood pressure goes down, there 1s a period
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of muscle vasodilatation If a patient was given a spinal anesthetic
and maintamned m the verhcal position, I don’t think he would
continue to hive

Moore. When a patient under spinal anesthesia, who 1s stabilized
m a supme position, 1s turned mto the Sims’s position, there 1s
quite a characteristic drop in blood pressure and his heart slows
We have always thought it was a reflex phenomenon, in other
words, purely due to gravitation and a huge, denervated vasculai
bed

Shaipey-Schafer. 1 think 1t 1s, but I am merely pomting out
that there may be an additional factor because in the upper part
of the body there 1s muscle vasodilatation as well

Moote: Why 1sn’t 1t almost exactly the same problem as the
paraplegic?

Sharpey-Schafer 1 think the problem m spinal anesthesia and
mn the paraplegic is the same
, Fremont-Smith The thing that would be mhibited by anesthesia
is the muscle vasodilatation

Sharpey-Schafer 1 think so, yes

Moore. Would 1t be abolished by general anesthesia?

Sharpey-Schafer That 1s right, not by spmal

Moore 1 think spimal 1s almost a daily set-up for this type of
hypotension

Sharpey-Schafer Yes

Moore Tt 1s mmportant to 1ecogmze it surgically It responds
beautifully to Neosynephrine

Fremont-Smith As a mechanical way of avoiding this, did you
ever try binding the limbs with bandage so that the muscles would
be farrly well compressed and unable to take up very much blood,
couldn’t get a hemorrhage mto them, so to speak?

Sharpey-Schafer We have not tried that It 1s difficult to do It
would be necessary to show that the famt occurred and was then
abolished by compressing the limbs

Fremont-Smith: Could you take someone who charactenistically
famted? If you bound such a person, perhaps the next five times
he would not famt That would give you a lead, especially if you
had the bradycardia, also

Shaipey-Schafer Bandaging does modify things If you put it
On at a moderate pressure, I would say yes

Fremont-Smith You can mhibit 1t that way

Sharpey-Schafer Yes If the subject starts to move about, he will
Dot famnt, when he quiets down a bit, he may then do 1t



120 Shock and Curculatory Homeostasis

Bradley Did you give any of these patients atropme?

Sharpey-Schafer. And famnt them? Yes, that has been done

Stead. Leaving out the question of changes m rate, do you think
there 1s a cardiac factor, also?

Shaipey-Schafer. I should say m the majority of cases the output
1s lower than i1t was when they were normal

Stead Let’s take people who faint without bleeding, exactly the
same people except you have not bled them I am a lLttle skeptical
myself that bleeding has anything to do with 1t, so let’s just take
the nonbleeding group

Sharpey-Schafer There 1s a discrepancy m our knowledge heze.
It 15 a technical difficulty. With the spontaneous famters, the dif-
ficulty 15 to get all the recording appaiatus mto them without ther
fanting We know that they have muscle vasodilatation with the
faint What precedes that, we do not know It 1s possible that there
1s a dilatation somewhere else, and 1t 1s still a bleeding mechanism
For example, 1t 1s well known that those people faint more easily
m the erect posture than the supine

Burton Would you care to mention the piturtary?

Sharpey-Schafer The pitwitary may be fired by any of these
methods (5) We thimnk 1t 1s only a question of how low the blood
pressure goes For example, the Valsalva maneuvers, which repre-
sent a different mechanism of producing hypotension i man, may
cause pallor for about three-quarters of an hour afterward, and no
urine may be passed for nme hours

Shorr Drs Whedon, Deitrick, and I (6) had some experiences
which may be relevant We immobihzed a group of healthy adults
i casts which were placed around their lower extremities and body
up to the thorax We followed their responses to bemng placed on
a tilt table, the casts bemg removed during the test, throughout a
six to eight week period of immobilization They proceeded to famnt
with increasing rapidity We were able to prevent famting by bind-
g their lower extremities We then repeated the same experiment
with the same group of subjects with this one vanation, that they
were placed on a rocking bed throughout the period of 1mmobihza-
tion This bed osaillated over an arc of about 24 degrees every three
mmutes During this second study period on the oscillating bed,
their responses to the tlt table procedure were just as good as
during the control period of ambulation

We could not be sure just what was responsible for the differences
mn their responses to the tilt table when they were immobilized m
the fixed bed as compared to the oscillating bed It was apparent
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that with each oscillation, there was pressme on the downwaid
swmg on the heels and that this was accompanied by a shght con-
traction of the leg muscles The patients weire on the rocling bed
from exght to eleven hours a day. Throughout this prolonged period
of oscillation the continued muscular conhactions, though shght,
were beheved to have improved muscle tone and hence peripheral
vascular tone

Sharpey-Schafer. You didn’t measure anything else?

Shor1 We made a number of other observations Circulation
time was unchanged during immobilization and there was a fall mn
the total blood volume which averaged 43 per cent during the
oscillating bed experiment and 57 per cent 1 the fixed bed experi-
ment There was a shight mcrease in heart rate averaging 3 beats
per minute 1 the oscillating bed and 4 3 beats per mmute m the
fixed bed Resting artenal, systolic, and diastohc blood pressures
did not change significantly During the tilt table studies, the most
sensitive criterion of an impendmg famnt was the fall m pulse
pressure to critical levels of 10 to 12 mm Hg

Sharpey-Schafer Ongmally the critical pressure of theiwr heart
and cardiac output probably dropped to lower levels, and after-
ward they did not drop so easily I think that might well be so
Apparently a vasoconstrictor component 1s 1n this somewhere, as
18 1llustrated by the fact that acute hypotension from a small bleed-
Ing 1s potentiated by a blocking procedure

Nickerson Do you have any information on what vascular beds
are mvolved m this vasoconstriction?

Sharpey-Schafer- Varous people with various techmques have
measured what 1s going on elsewhere Bearn, Billing, Edholm, and
Sherlock (7) measured liver blood flows during fanting Durmg
the bleeding, the flow went down During the famt, 1t erther did
not change very much, or it dropped a httle, and calculation sug-
gested that there muight be a shight decrease of vascular resistance,
but I personally think that 1t 1s difficult to make such calculations
on their data
m:;l our group, de Wardener and McSwiney (8) have made similar
e :‘;srsﬂ;ents ?(ﬁ the kadney, and I could sum 1t up by saying that

Nzckersm?reWeefZ]in:hai ltrll-l the lhve;‘

a e role or vasoconstriction 1s prior to

?slest;'t;ﬁeg (;f) tlg:ex;\iaitfamt, during the period when the organism
warpey-Schafer Yes But caleulation of resistance m vam

parts of the body suggests that there 1s enough muscle vasodlls?tlal:
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tion to account for the fall m blood pressure
Burton. The skin 1s quite constricted all through, very pale
Sharpey-Schafer. Yes There 1s probably actual constriction m
the skin,
Bradley You feel suffictently secure m the cardiac output data
to say that cardiac output does not drop at all?
Sharpey-Schafer- 1 think 1t does diop

SEQUENCE OF EVENTS ACCOMPANYING FAINTING

Bradley Which comes first, the fall m the cardiac output, the
decreased resistance, or syncope?

Sharpey-Schafer The sequence of events 1s fall in cardiac output,
then suddenly muscle vasodilatation; the exact ttmmg of the brady-
cardia and the muscle vasodilatation have not as yet been estab-
lished It 1s a question of continuous records, the difficulty bemg
that 1t takes a second or so to measure any blood flow, because you
have to put on a collecting cuff and measure the rate of volume
mcrease

Bradley. You think it 1s possible, then, that the blood pressure
falls mitially with syncope because the cardiac output suddenly
falls?

Sharpey-Schafer There 1s usually some fall in blood pressure as
the person bleeds It 1s not usually very great The great fall mn
blood pressure occurs with the muscle vasodilatation

Stead There is a striking fall m peripheral resistance and much
less change, if any, mn cardiac output At first glance, then, one
says that the reaction of the heart 1s not important m the famt
However, one of the most striking effects of peripheral vasodilata-
tion m a normal subject 1s a sharp increase in cardiac output As
this does not occur with the fant, one must postulate cardiac
mhibition as a factor m the dynamics of the famt If the heart
mcreased 1ts output m a normal fashion, the observed fall in peri-
pheral resistance would not produce a striking fall n arteral
pressure

The radiologists say the heart gets big This fits all right with
the presence of a fall mn artenal pressure, and would seem agam
to pomnt to the fact that there 1s a cardiac element

Sharpey-Schafer In a bradycardia wouldn’t you expect the heart
to get bigger?

Stead Not to this degree of dilatation

Fremont-Smith It seems to me that, in the experiments where
the famnt was preceded by bleeding, you have a reduced blood
volume, there 15 very good reason to expect an madequate return
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of blood to the heart, and, therefore, with the sudden muscular
dilatation, you would expect a drop 1 cardiac output because the
heart hasn’t the return blood to call upon

Stead 1 thmk you could expect it if we did not beheve that the
famt 1s not necessanly associated with marked lowerng of the
atnal pressure

Fremont-Smith Haven’t the people who famnt without blood loss
already had a prelimmary fall i blood pressure?

Sharpey-Schafer 1 thmk that the people who famt spontaneously
get a dilatation somewhere else, possibly m the splanchnic aiea.

Fremont-Smuth A prehmmary one, and then a secondary muscu-
lar ddatation?

Sharpey-Schafer What we have observed is this 1if you take a
normal subject and make him feel sick, there 1s a sharp drop 1n the
auricular pressure, and this may be followed by fainting

Moore Doesn’t that also make you think of vagal effects and
bradycardia and the picture you get m overdoses of cholimeigic
drugs and so on, which are syncope-like 1n nature

Sharpey-Schafer 1 thmk that whatever the method used to lower
blood pressure acutely i unanesthetized man, bradycardia may
result

Mooie 1 wonder if that doesn’t antedate the faint

Burton Is the bradycardia prevented by atropine?

Howarth After the admiistration of atropme to a postwmal
famnter, 1t 1s still possible by the same postural change to produce
loss of consciousness and a fall in blood pressure from muscle vaso-
dilatation, without any change in heart rate The bradycardia 1s
abolished

Bradley Fammting may be rapidly induced by the following
maneuver (a) the abdominal pressure is raised for several minutes
m recumbency by means of a wide pressurized abdommal bmder
or corset, (b) the patient 1s tilted mmto the upright position, and
the abdommal compression 15 released I regard this phenomenon
as evidence for primacy of a change mn the cardiac output m the
pathogenesis of syncope, because 1t seems reasonable to suppose
that release of the abdominal binder would open up a large venous
bed 1n which blood would accumulate and fail to return to the heart

Nickerson After that period of stasis, 1sn’t 1t possible that the
vascular beds 1n question are very markedly dilated?

Bradley I agree that the venous occlusion mduced by the binder
would operate to produce arteriolar dilatation and resultant “re-

active hyperemua,” but this process would take place during com-
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tion to account for the fall n blood pressure

Burton: The skin 1s quite constricted all through, very pale

Sharpey-Schafer Yes There 1s probably actual constriction m
the sk,

Bradley- You feel sufficiently secure in the cardiac output data
to say that cardiac output does not drop at all?

Sharpey-Schafer 1 think 1t does diop

SEQUENCE OF EVENTS ACCOMPANYING FAINTING
Bradley Which comes first, the fall in the cardiac output, the

decreased resistance, or syncope?

Sharpey-Schafer: The sequence of events 1s fall m cardiac output,
then suddenly muscle vasodilatation, the exact timing of the brady-
cardia and the muscle vasodilatation have not as yet been estab-
lished It 1s a question of contmuous records, the difficulty being
that 1t takes a second or so to measure any blood flow, because you
have to put on a collecting cuff and measure the rate of volume
mcerease

Bradley You think 1t 1s possible, then, that the blood pressure
f}aﬁ?mltlauy with syncope because the cardiac output suddenly

a

Sharpey-Schafer- There 1s usually some fall mn blood pressure as
the person bleeds It 1s not usually very great The great fall m
blood pressure occurs with the muscle vasodilatation

Stead There 1s a striking fall m peripheral resistance and much
less change, if any, in cardiac output At first glance, then, one
says that the reaction of the heart 1s not mmportant m the famnt
However, one of the most striking effects of peripheral vasodilata-
tion m a normal subject 1s a sharp increase in cardiac output As
this does not occur with the fant, one must postulate cardiac
mhibition as a factor in the dynamics of the famnt If the heart
mncreased 1ts output 1 a normal fashion, the observed fall in peri-
pheral resistance would not produce a striking fall m artenal
pressure

The radiologists say the heart gets big This fits all nght with
the presence of a fall mn artenal pressure, and would seem agam
to pomnt to the fact that there 1s a cardiac element

Sharpey-Schafer In a bradycardia wouldn’t you expect the heait
to get bigger?

Stead Not to this degree of dilatation

Fremont-Smith It seems to me that, in the experiments where
the famt was preceded by bleeding, you have a reduced blood
volume, there 15 very good reason to expect an madequate return
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of blood to the heart, and, therefore, with the sudden muscular
dilatation, you would expect a drop in cardiac output because the
heart hasn’t the return blood to call upon

Stead. T think you could expect 1t if we did not believe that the
famt 15 not necessarily associated with marked lowering of the
atrial pressure

Fremont-Smith: Haven't the people who famnt without blood loss
already had a preliminary fall in blood pressure?

Sharpey-Schafer 1 think that the people who faint spontaneously
get a dilatation somewhere else, possibly in the splanchmec area.

Fremont-Smith: A prelmmary one, and then a secondary muscu-
lar dilatation?

Sharpey-Schafer. What we have observed is this: if you take a
normal subject and make hum feel sick, there 1s a sharp drop n the
auricular pressure, and this may be followed by fainting.

Moore Doesn’t that also make you think of vagal effects and
bradycardia and the picture you get in overdoses of cholmeigic
drugs and so on, which are syncope-like in nature.

Sharpey-Schafer+ 1 think that whatever the method used to lower
bloold pressure acutely in unanesthetized man, bradycardia may
resuit

Moore 1 wonder if that doesn’t antedate the famnt

Burton. Is the bradycardia prevented by atropme?

Howarth. After the administration of atropine to a postural
famter, 1t 15 still possible by the same postural change to produce
loss of consciousness and a fall i blood pressure from muscle vaso-
dilatation, without any change in heart rate The bradycardia is
abolished

Bradley: Fainting may be rapidly induced by the following
maneuver. (a) the abdominal pressure is raised for several mmutes
In recumbency by means of a wide pressurized abdominal binder
or corset, (b) the patient 1s tilted mto the upright position, and
the abdominal compression is released I regard this phenomenon
as evidence for primacy of a change i the cardiac output in the
pathogenesis of syncope, because it seems reasonable to suppose
that release of the abdommal binder would open up a large venous
bed mn which blood would accumulate and fail to return to the heart

Nickerson' After that period of stasis, 1sn’t 1t possible that the
vascular beds i question are very markedly dilated?

Bradley 1 agree that the venous occlusion induced by the binder
would operate 'tonproduce aiteriolar dilatation and resultant “ie-

active hyperemia,” but this process would take place during com-
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tion to account for the fall in blood pressure.
Burton The skin 1s qute constricted all through, very pale
Sharpey-Schafer. Yes There 1s probably actual constriction m
the skin.
Bradley You feel sufficiently secure in the cardiac output data
to say that cardiac output does not drop at all?
Sharpey-Schafer 1 think 1t does diop

SEQUENCE OF EVENTS ACCOMPANYING FAINTING

Bradley. Which comes first, the fall in the cardiac output, the
decreased resistance, or syncope?

Sharpey-Schafer The sequence of events 1s fall m cardiac output,
then suddenly muscle vasodilatation, the exact timmg of the brady-
cardia and the muscle vasodilatation have not as yet been estab-
lished It 1s a question of continuous records, the difficulty bemng
that 1t takes a second or so to measure any blood flow, because you
have to put on a collecting cuff and measure the rate of volume
mcrease

Bradley You think 1t 1s possible, then, that the blood pressure
fallis?mma]ly with syncope because the cardiac output suddenly
falls

Sharpey-Schafer There 1s usually some fall in blood pressure as
the person bleeds It 1s not usually very great The great fall
blood pressure occurs with the muscle vasodilatation

Stead There 1s a striking fall m peripheral resistance and much
less change, if any, m cardiac output At first glance, then, one
says that the reaction of the heart 1s not mmportant i the famnt
However, one of the most striking effects of peripheral vasodilata-
tion m a normal subject 1s a sharp increase mn cardiac output As
this does not occur with the faint, one must postulate cardiac
mhibition as a factor m the dynamics of the famnt If the heart
mcreased 1ts output 1 a normal fashion, the observed fall in pen-
pheral resistance would not produce a striking fall m artenal
pressure

The radiologists say the heart gets big This fits all right with
the presence of a fall mn artenal pressure, and would seem agam
to pomt to the fact that there 1s a cardiac element

Shaipey-Schafer In a bradycardia wouldn’t you expect the heart
to get bigger?

Stead Not to this degree of dilatation

Fremont-Smith. It seems to me that, mn the experiments where
the famt was preceded by bleeding, you have a 1educed blood
volume, there 1s very good reason to expect an madequate return
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s hable to stop breathing If this occurs, then an asphyxial brady-
cardia may follow, and this type of bradycardia 1s unassoclated
with changes mn blood pressure This second type 1s presumably the
bradycardia reported by Mathieson m 1910, and 1t occurs after
vagotomy and m the anesthetized ammal

Nickerson If you prevent the bradycaidia with atropine, do you
also prevent the loss of consciousness?

Howarth 1t 1s very difficult to be certam when a 1abbit loses
consciousness All I can say 1s that after bemg suspended for a
certam- time, the head falls forward and the heart slows Then, if
the head 1s allowed to remam there, the ammal generally gives
a twitch and a kick, the heart speeds up agamn, and the head 1s
raised

Nickerson The whole sequence of events 1s abolished by the
atropme?

Howarth. As far as one can tell at the moment

Hyman Coming back to this business of having a chap exercise
his lower limbs and putting arterial occlusion cuffs on them and
holding them on for ten mmutes or so and releasing the cuffs, the
rate at which the cuffs are released will determme pretty much
whether he will faint If you take off the cuffs the way you take
your belt off, he will pass out every time, but if you deflate the
cuffs rather slowly, then you stand a good chance of getting him
back It seems to me when you deflate the cuffs slowly, you stll
have the same amount of pooling in the legs, don’t you? But it
would eliminate the thing that Dr. Stead 1s talkimg about

Stead If you take a normal person and have him he flat, then
suddenly throw him mto the upright position, you have a rapid
drop in pressure, which then returns approximately to the restin
level He very frequently feels giddy The mean arteral blood
pressure m his foot when he 1s horizontal 1s around 100 mm Hg
On standing, the mean piessure m the feet 1s around 210 mm Hg,
which 15 pretty good hypertension In the head, subtracting the
weight of the column of blood from the piessure derived fiom the
heart, instead of having a mean piessure of 100, he will have a mean
pressure of, say, 85

The blood flow imnto the foot 1s mstantaneously mncreased upon
tilting upright because of the marked rise mn mean arteunal pLessure
This rapid flow 15 of rather short duration dunng motionless stand-
mg, because the arterial pressure 1s opposed m due time by a column
of blood m the venous system, extending from the foot to the heart
Thus, there 15 a period of time m which giddiness occuis when it
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pression and would not be affected by it The pressure mmposed
by the binder amounts only to about 20 mm Hg, which 1s msuf-
fictent to change arterial pressure 1n any way and 1t does not there-
fore 1mpede arterial inflow except insofar as imcreased venous
pressure changes the gradient across the vasculair bed Any effect
due to reactive hyperemia should be acting throughout the control
period

Sharpey-Schafer. You have never measured what 1s happening
m the muscle?

Bradley No

Burton Would you think 1t 1s possible that the discharge of the
pituatary which takes place i a famt could possibly be primary,
or do you regard it purely as secondary?

Shaipey-Schafer 1 should have thought it was secondary For
example, if you do other tricks which are not necessarily asso-
ciated with muscle vasodilatation, such as the Valsalva maneuver,
or 1f you bleed a patient a little bit and then do a Valsalva, so that
you get the blood pressure, the filing pressure, and the cardiac
output low enough, then you may precipitate the famt of muscle
vasodilatation, and the fant may last for quite a long time

Burton Pitressin doesn’t really imitate this picture at all, does 1t?

Sharpey-Schafer No

Howarth The hutch rabbit held up by the ears 1s the classical
textbook example of famting m animals And certamly if you
suspend a hutch rabbit i the vertical position, 1t appeais to lose
consciousness, and 1ts heart slows The heart rate may fall to 70
per minute, and electrocardiograms show that this 1s a smus brady-
cardia Continuous intra-arterial pressure records taken at the same
time show that the bradycardia 1s not necessarily associated with
a fall i blood pressure In fact, the blood pressure may remaimn
unchanged 1n some cases at a normal level The animal keeps on
breathing throughout It may then give a twitch or a kick, the heart
rate increases rapidly to its previous level, and the rabbit appears
to regain consciousness The bradycardia can be abolished 1m-
mediately by snipping the vagi, and within a few seconds by the
mtravenous 1mjection of atropme or of anesthetics such as Nembutal
or Pentothal

Nickerson Does atropmne prevent the famting as well as the
bradycardia?

Howarth The bradycardia does not occur afterward if the ammal
1s kept m the erect posture, at least this type of bradycardia appears
to be abohshed But the suspended rabbit 1s a frail creature and 1t



Hypotension After Hemorrhage 127

Moore It 1s as though we are talking about the blood vessels
bemg always full of blood The valves are flexible, and they transmit
pressure m reverse direction perfectly well .

Burch Not immediately, if they function adequately

Haley You exercise the foot a httle bit and the pressure will
drop down to 35, and 1t takes a while before the pressure rises
sufficiently agam to push the blood back to the heart

Stead Dr Remngton feels that the reserve blood 1s stored n
the heart We do, too, when pushed in a corner If you take people
who have been sympathectormized, stand them up and let the blood
pressme get quite low, and measure the blood flow i thewr hands,
you will find 1t 1s appreciably reduced, but if you measure the
over-all cardiac output with a systohc pressure m the neighborhood
of 60 or 70, you may find there 1s no reduction at all in the cardiac
output The simplest mterpretation of this would be that blood
comes out of the heart, and, as Dr Burch just said, it has two ways
to go It 1s gomng to go to the area in which you have the greatest
effective pressure head and most dilated vessels, and I think the
only explanation 1s that i certam situations the circulation 1 the
lower half of the body goes up as the circulation m the upper half
of the body goes down

Burton In the normal person 1t takes only about three seconds
for the vasoconstrictor reflex to come on 1n the feet when he stands
up Right away the vessels constrict

Burch You are actually measuring the rate of swelling of the
legs and not forward flow

Stead Only blood can be getting mnto the foot

Burch But how much of that 1s venous m origm?

Stead Back flow through the vems can be excluded by placing
an occluding venous cuff about the ankle, inflated to a pressure
sufficient to exceed the venous pressure produced by gravity but
IL(;[t high enough to collapse the artery and interfere with arterial
mflow

I can state my side of the argument very easily I think that in
these reflex famts, a strong element of cardiac mhibition not related
to the fillmg pressure of the heart 15 an essential part of the picture

Haley Would you care to speculate whether you mght be having
a modification of the Bambridge reflex?

Shaipey-Schafer 1am not very happy about the Bambridge reflex
m man It does not seem to work too well,

Haist What happens to cardiac output when a person 1s quietly
put n a veitical position? I was under the 1mpression that it went
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1s perfectly possible that the caidiac output 1s increased to a
moderate degree. The arterial pressure m the head has fallen, and
the flow down mto the empty vemns 1s considerably accentuated
durmg this period of time If you measure only the things that have
occurred m the outstretched arm or head, you would assume the
cardiac output has fallen, but you at least know that in one area
the blood 1s gomg fast There has to be actual measurement of the
cardiac output on standing before one can be certamn of what 1s
happening

Moore Aren’t you saying that the flow 1s fast because the blood
pressuie m that leg 1s 2107

Stead That 1s very easy to measure If the veins of the foot are
empty when horizontal, the rate of swelling of the foot when the
subject 1s first tilted gives a measure of the foot flow

Moore But that doesn’t mean flow through

Stead. Flow through into the vens until the foot 1s full

Moore The normal human being does not famnt every time he
stands up, unlike the paraplegic who 1s pulled to a stunding position
The normal person reduces the peripheral flow mto the foot and,
despite a higher venous pressure, the flow 1s less When a normal
person 1s kept standing fo1 so long a time that the nervous element
gets tired out, then he has a typical hypotension and may die This
1s crucifixion

Stead 1 suggest that during the first fifteen to thirty seconds of
standing, the situation may be different from what occus later

Bradley- During the first seven beats, the arterial pressure changes
m accord with the hydrostatic shift, but then a reflex mechamsm
of some kind takes over The pulse speeds up, and there 1s a 115€
m the blood pressure which can be attributed to generahized vaso-
constriction because 1t has been found that the cardiac output de-
creases m the upright position (9)

Stead This has nothing to do with his famting reaction It 1s
possible for him to faint mn the first five or ten seconds after he
stands up At the time, his cardiac output may actually be gh

Haley. There 1s data on the rate of rise of the venous pressure
and of the artenal pressure That would be the clue to how long
1t takes the blood to get back to the heart

Moore There 1s good data on that .

Haley: During the first six seconds, the pressure may be quite
low in the dorsum of the foot

Moore: How can 1t be unless you think the veins are empty?

Haley They are
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Stead Standing, or leaning agamst a wall, causes a marked 1educ-
tion 1 cardiac output, which may go to the pomt of fanting But
I mamtam that when somethmng acute 1s done, hke letting off the
abdomnal pressure, you can come to no conclusion as to what hap-
pens to the flow mn the lower part of the body from observations
on the pressure mn the arms

Shaipey-Schafer 1 should like to say one other thing T do think
there must be a distinction made between an acute fall of blood
pressure m bram vessels causing unconsciousenss, due to many
different causes of which the Valsalva 1s one, and the phenomenon
of muscle vasodilatation There are a number of different syndromes
and different mechanisms

Haley Did you take any records of pulse presswmes as the sub-
jects went mto the bradycardia and faint?

Sharpey-Schafer Yes, they are very small

Haley Their smallness would suggest a decreased output

Sharpey-Schafer As the bradycardia comes on, pulse pressuie
mcreases

DELAYED HYPERKINETIC REACTIONS FOLLOWING
PROLONGED OR SEVERE BLOOD LOSS

There 1s one more pomt I should like to make about hemorrhage
m man Most of the cases that one sees m hemorrhagic shock n
avil Iife are cases of gastromtestinal hemorrhage When the patients
were seen 1 a state of low blood pressure, we were surprised to
find m many cases that cardiac output was not much reduced and
might even be mcreased So far as we could tell, the venous pressure
was low If you raise the venous pressure with transfusions, the
cardiac output goes up to quite a high level, and at that stage the
blood pressure recovers (10)

We have been able to make consecutive measurements of cardiac
output on normal men for a considerable period after fauly large
venesections The subject in Figure 9 was bled 600 ml He had
hittle or no fall in blood pressure and a shght acceleration of the
heart He did not famt Cardiac output dropped following the
venesection It remamed low for perhaps two hours or more, and
then there was a change At about four hours, the output was con-
siderably higher than 1t was i the control period The heart rate
durmg this period did not change much The venous pressure was
decreased, of course, by venesection, but mn four hours the venous
pressure had nsen

We had thought ongmally that perhaps we could explain the
nse m cardiac output mamly by the shght merease m heart rate
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down about 20 to 25 per cent

Shaipey-Schafer Yes

Remington Aren’t we really quarreling over a question of tume?
Do you mean 1 the first two beats, or by the time a blood deter-
mination can be done? If 1t 1s in those first few beats and if we can
still speak about cardiac output, I think 1t ought to go up

Burton Normally, 1t goes down, but Bazett found that mn a man
acchimatized to heat, 1t does not It may even mse shightly between
lymng and standing It 1s haid mmdeed to explamn

Remington Once agam, of course, we are talking about measur-
mg the cardiac output when we can get to 1t

Biadley Of course you can’t measure those two beats mm man

Remington We can measure those two beats mn the dog, and
we find that the cardiac output goes up.

Bradley A dog 1sn’t a man, and I think that 1s an essential pomnt
It 1s very difficult to transfer to man the findings m dogs

Remington Can’t we answer 1t this way. watch the heart m the
first few beats Does the heart decrease 1n size or stay the same?

Stead 1 am reporting this secondhand, but I have been told that
the heart gets bigger at the time the pressure is falling

Howarth 1t should get smaller before the onset of the brady-
cardia

Remington That 1s the bradycardia effect I was speaking about
suddenly bringing the man upnight

Sharpey-Schafer The heart gets smaller

Remington Then the cardiac output 1s up 1if 1t gets smaller

Stead Could I make a brief summary and see how much agree-
ment there 1s on this? Fust, if you have an mdividual standing up
with a low artenal pressure and a 1educed forearm blood flow, no
conclusion can be drawn as to the cardiac output. Second, mn any
acute alteration i which the venous system has become empty and
1s allowed to refill rapidly, there may be a fall 1n arterial pressure
which does not necessanly indicate a fall in cardiac output This
is particularly important when, because of giavity, there aie marked
differences in the mean arterial pressure in different parts of the
body There may be a redistribution mn the amount gomng up to the
arms and head and the amount going down, and under those cir-
cumstances, at the time a patient is losing consciousness, the actual
minute output or stroke output may be mcreased, with most of the
blood perfusing the empty part of the body

Bradley. The redistribution has already taken place :’I‘l1xs 15 some-
thig that happens acutely on assumption of the upright position
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adrenalm 1s admimistered

Sharpey-Schafer That 1s not my 1dea of 1t It 1s a phenomenon
which may go on for a'very long time, unde suitable conditions
for weeks

Moote Which phase do you refer to — the low cardiac output
phase or the high?

Sharpey-Schafer The gh cardiac output phase

Fremont-Smith Wouldn't adrenalin do this same thing, although
not lasting as long?

Sharpey-Schafer The cardiac output can be mcreased and very
httle change m blood pressure produced If the dose is exactly
nght, there 1s hardly any change m heart rate either.

Nickerson: If these changes are due to epmephrme, 15 i1t not
surprising that the change 1n heart rate and the change m cardiac
output are so separated m time? The former occurs almost im-
mediately and mught well be an epmephrine effect, while the change
mn cardiac output develops much later

Sharpey-Schafer. Yes My own wumpression is that the time taken
to develop the hyperkinetic syndrome 1s about three or four hours
as a mumimum, perhaps 1t 1s usually longer

Burton Recent work m our school on cardiac mcrease after
hemorrhage has shown that high cardiac output 1s not prevented
by bringing the volume up to what 1t was, but 1t 1s prevented if
packed cells are put in In other words, 1t seems to be related some-
how to the small carrying capacity of blood for oxygen, not to the
decrease of volume, which is a very mteresting result, I think

Sharpey-Schafer That 1s an obvious possibility, because, as you

ow, m severe anemia, with 30 per cent hemoglobin or less, cardiac
output 1s nearly always raised considerably (11) One would think
this was the same sort of phenomenon We have seen this occur
at quite high hemoglobm levels The subject in Figure 9 might have
a drop of, say, 10 per cent mn hemoglobin m four hours I have also
seen 1t occur 1n polycythemia bled from 150 per cent hemoglobn
down to about 110 It 1s stll quite true that there is a change m
hemoglobm, and I presume that might be a precipitating factor

Moore The only trouble 1s that changes 1 hemoglobm level can
be due to other forms of hemodilution where there 1s not neces-
sarly the tachycardia I don’t know about cardiac output measure-
ments Also, 1t 15 a fact that that patient’s hemoglobm, you say, is
down 10 per cent, but after a bleeding of 600 ml , in three hours his

cardiac output 15 gong up, and the chances are Ins hematocrits
are practically within the hmits of error 1n that tme
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plus the return of venous pressure to normal In this subject, cardiac
output returned to the resting level after nineteen hours. We have
venesected a considerable number of subjects, but we have never
seen this hyperkinetic phase occur immediately after hemorrhage
There is always a delay of some hours This phenomenon 1 dogs
has been described by Harrison m similar experiments The mecha-
mism 1s uncertain I don’t know whether Dr. Shorr or Dr Zweifach
can help us, 1t seems to me that a nervous mechanism 1s an unhkely
cause of the hyperkinetic state Most of the clinical cases of gastro-
mtestinal hemorrhage that one sees have reached this hyperkmetic
phase, and 1f they bleed agam, the general level of output 1s not
as low as mught be expected

Fremont-Smuth With the exception of the reduction m blood
volume that was presumably due to hemorrhage, aren’t your results
similar to the aftereffects of a moderate dose of adrenalin 1 man?
There, too, one finds increased circulation rate, mcreased venous
blood pressure, mereased cardiac output, and, if anything, a fall
m diastolic blood pressure, and perhaps a normal or even small
fall 1 systolic blood pressure The heart rate 1s also mcreased after
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adrenalm 1s admmstered

Sharpey-Schafer. That 1s not my 1dea of it It s a phenomenon
which may go on for arvery long time, under suitable conditions
for weeks

Moore Which phase do you refer to — the low cardiac output
phase or the high?

Sharpey-Schafer The high cardiac output phase

Fremont-Smith Wouldn’t adrenalin do this same thing, although
not lasting as long?

Sharpey-Schafer The cardiac output can be mcreased and very
little change m blood pressure produced If the dose 1s exactly
right, there 1s hardly any change m heart rate exther

Nickerson. If these changes are due to epmephrine, 1s i1t not
surprising that the change in heart rate and the change in cardiac
output are so separated m time? The former occurs almost im-
mediately and might well be an epmephrine effect, while the change
m cardiac output develops much later.

Sharpey-Schafer. Yes My own mmpression 1s that the time taken
to develop the hyperkinetic syndrome 1s about three or four homs
as a mmimum, perhaps 1t 1s usually longer

Burton Recent work i our school on cardiac imcrease after
hemorrhage has shown that high cardiac output 1s not prevented
by bringing the volume up to what 1t was, but 1t 1s prevented if
packed cells are put in In other words, 1t seems to be related some-
how to the small carrymg capacity of blood for oxygen, not to the
decrease of volume, which 1s a very mteresting result, I think.

Sharpey-Schafer That 1s an obvious possibility, because, as you

ow, 1 severe anemua, with 30 per cent hemoglobin or less, cardiac
output 1s nearly always raised considerably (11). One would think
this was the same sort of phenomenon We have seen this occur
at quite high hemoglobin levels The subject m Figure 9 might have
a drop of, say, 10 per cent m hemoglobin m four hours I have also
seen 1t occur 1 polycythemia bled from 150 per cent hemoglobm
down to about 110 Tt 1s stll quite true that there is a change m
hemoglobmn, and I presume that might be a precipitating factor

Moore The only trouble 1s that changes m hemoglobn level can
be due to other forms of hemodilution where there 1s not neces-
sarily the tachycardia I don’t know about cardiac output measure-
ments Also, 1t 1s a fact that that patient’s hemoglobm, you say, 1s
down 10 per cent, but after a bleeding of 600 ml, in three hours his

cardiac output 15 gomg up, and the chances are his hematocrits
are practically within the liumits of error in that time
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plus the return of venous pressure to normal In this subject, cardiac
output returned to the resting level after nineteen hours. We have
venesected a considerable number of subjects, but we have never
seen this hyperkinetic phase occur immediately after hemorrhage.
There 1s always a delay of some hours. This phenomenon 1n dogs
has been described by Harrison 1 similar experiments The mecha-
mism is uncertain I don’t know whether Dr Shorr or Dr Zweifach
can help us, 1t seems to me that a nervous mechanism 1s an unlikely
cause of the hyperkinetic state Most of the clinical cases of gastro-
mtestinal hemorrhage that one sees have reached this hyperkmetfic
phase, and if they bleed again, the general level of output 1s not
as low as might be expected.

Fremont-Smith With the exception of the reduction in blood
volume that was presumably due to hemorrhage, aren’t your results
similar to the aftereffects of a moderate dose of adrenahn in man?
There, too, one finds increased circulation rate, mcreased venous
blood pressure, mcreased cardiac output, and, if anything, a fall
m diastolic blood pressure, and perhaps a normal or even small
fall in systohc blood pressure. The heart rate 1s also mereased after
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change m pulse rate, shutting off a large fistula may not. The sensi-
tivity of the autonomic nervous system to the stimulus seems more
ymportant than the size of the stmulus It would appear that the
behavior of the pulse 15 a function of how the autonomic nervous
system 15 rigged up and that the circulation can be altered within
farrly wide hmmts without changmg pulse rate

Buich. In Figure 9, how do you think the blood returned to the
heart to mamntain the cardiac output at such a high level without
very much change 1 venous pressure? Was thoracic pressure de-
creased? Was breathing deep, with an increase m the effective
mtra-auricular pressure?

Sharpey-Schafer There 1s a nise m that time m venous piessure

Moore The venous pressure and venous flow are certamly very
different things

Burch They are I just wondered about the mechamism of the
merease m volume flow to the heart After all, the blood 1s leaving
the heart and therefore must be returning into it at a rapid rate.

Sharpey-Schafer Isn’t the venous return the same as the cardiac
output? The venous pressure 1s quite different It 1s tempting to
think that some change has occurred mn the capacity of the venous
system, because, i fact, at this pomt the blood volume seems to
be less than it was ongmally and yet there has been some recovery
of filhng pressure of the heart One would mmagine that mught come
about by a small mcrease m venous return In fact, if you look at
people who have been bled, very often you wall find that the visible
vems are small, yet the blood flow n the forearm or hand 1s normal,
or, if anything, a httle up

Burch The sum of the flow mto all the parts must show an
mncrease, since the cardiac output 1s mcreased

Sharpey-Schafer It mught be going somewhere else

Stead How do you visuahze the heart filing under those cir-
cumstances?

Sharpey-Schafer 1 think you have venous pressure coming back
toward normal and an mcreased rate Another factor may be affect-
mg the heart itself It i1s more efficient

Burch Do I dare mention adrenahn at this pomnt?

Sharpey-Schafer 1 don’t think 1t 15 adrenalin

Fremont-Smith Adrenalin would mcrease the efficiency of the
heait, wouldn’t 1t?

Sharpey-Schafer Yes

Moore 1 think 1t 15 important to mention here that you get exactly
© reverse situation, at least with respect to heart rate, m a sick

th
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Sharpey-Schafer: As you know, the rate of dilution after such
bleedings m man 1s an extiaoidmnaily variable thing and may be
very long, it may take forty-eight hours or more to dilute out

Mooie That 1s what I mean Actually, the oxygen-carrymg
capacity per milliliter of that patient’s blood at three hours 1s prob-
ably just about what 1t was to begin with

Shaipey-Schafer That 1s what I think, too I am not happy about
that explanation

Remington What about the oxygen consumption?

Shaipey-Schafer The oxygen consumption has not varied much
during this time

Green Is there any data on the venous oxygen tension during
this period between the low and the high?

Shaipey-Schafer No, we have not measured that

Burton In dogs, 1t was not changed very much

Moore: Have you done any measurements of respiratory rates
or blood pH mn these?

Sharpey-Schafer No Looking at the subjects, it would not be
thought there was any mcrease m respiratory rate

Haist Does that mciease i heart rate help in compensating for
reduced venous return?

Sharpey-Schafer Tt 1s a very difficult question 1 presume 1t does,
but what the mechanism 1s, I don’t believe we know

Haist It apparently does have some compensatory effect because
if the rate 1s diminished at that pomt the blood pressure falls

Nickerson Could part of this reaction be in the reverse direction,
that 1s, could the mmcieased cardiac rate be responsible, 1n part, for
the reduced venous pressure?

Sharpey-Schafer No If you bleed a lot of men, you will find
some maintain themr rate at exactly the same level, and if you take
enough blood out, you will reduce the venous pressure

Nickerson Does 1t require a gieater withdrawal of blood to reduce
the venous pressure m these cases than i those which respond
with a good cardioacceleration?

Sharpey-Schafer From an absolute change m venous pressure?
I don’t think we could say very much about that

Stead Some observations on an A-V fistula may help m under-
standing the vaiiation m human pulse rate A graded vauety of
A-V fistula from very big ones to very hittle ones can be taken On
occluding the fistula, the pulse slows Theie 1s no relationship
between how big the A-V fistula 1s and how much the pulse slows

Shuttmg off a rathex small fistula may produce a very dramatic
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change m pulse 1ate, shutting off a large fistula may not The sensi-
ity of the autonomic nervous system to the stmulus seems more
ymportant than the size of the stimulus It would appear that the
behavior of the pulse 1s a function of how the autonomic nervous
system 1s ngged up and that the circulation can be altered within
farrly wide limits without changing pulse rate

Buich In Figure 9, how do you thmk the blood returned to the
heart to mamntam the cardiac output at such a high level without
very much change mn venous pressure? Was thoracic pressure de-
creased? Was breathing deep, with an imcrease m the effective
mtra-auricular pressure?

Sharpey-Schafer There 1s a rise m that time 1 venous pressure

Moore The venous pressure and venous flow are certamnly very
dufferent things

Burch They are I just wondered about the mechamsm of the
mcerease m volume flow to the heart After all, the blood 1s leaving
the heart and therefore must be returming mto it at a rapid rate

Sharpey-Schafer Isn’t the venous return the same as the cardiac
output? The venous pressure 1s quite different It 1s tempting to
think that some change has occurred m the capacity of the venous
system, because, m fact, at this pomnt the blood volume seems to
be less than 1t was origmally and yet there has been some recovery
of filing pressure of the heart One would 1magme that might come
about by a small mncrease in venous return In fact, if you look at
people who have been bled, very often you will find that the visible
vems are small, yet the blood flow 1n the forearm or hand 1s normal,
or, if anything, a httle up

Burch The sum of the flow nto all the parts must show an
mcrease, since the cardiac output 1s mcreased

Sharpey-Schafer It might be gomg somewhere else

Stead How do you visualze the heart filing under those cir-
cumstances?

Sharpey-Schafer I think you have venous pressure commg back

toward normal and an increased rate Another factor may be affect-
ing the heart itself It 1s more efficient

Buich Do 1 dare mention adrenahn at this pomt?
Sharpey-Schafer 1 don’t think 1t 1s adrenalin

Fremont-Smith Adrenalin would mcrease the efficiency of the
heart, wouldn’t 1t?

Sharpey-Schafer- Yes

Moore I think 1t 1s important to mention here that you get exactly
© reverse situation, at least with respect to heart rate, 1 a sick

th
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patient with a much higher take-off pomt, say at 120 In other words,
the pulse rate goes up to 140 or 160, diastolic filling time and the
stroke volume go far down, cardiac output goes down, and the
patient goes into severe hypotension because of tachycardia The
most striking example of that, of course, is 1n a patient with mtral
stenosis, where there 1s actually a block to diastolc fillimg This
response, which you might think of teleologically as protective, can
become deleterious 1f the take-off pomt is higher

Sharpey-Schafer Yes, I think you can do that and start bleeding
from a high level

Remington I am unhappy about this sequence of events m which
the heart accelerates and, therefore, the cardiac output goes down —
let’s say 1t went down despite the fact that the heart accelerated
An mcrease m heart rate per se to the level that you spoke of,
160, with venous return the same, should not decrease the cardiac
output, but rather mcrease 1t

Moore T say that the critical level is somewhere between 140
and 160, and above that rate the human heart 1s, so to speak,
spmning its wheels, because diastohc filling time 15 so short that
the stroke volume goes far down and cardiac output falls

Remington If you said 180

Moore 1 would agree, 180

Remungton: A rate of 160 1s too near the borderlne

Moore In mutral stenosis, the same thing happens at 110, and 1t
is spectacular Surgical mitral stenosis cases called our attention
to this problem, and then, having had our eyes opened to that
possibility, we found it m other patients, but with a much higher
pulse rate T would put 1t definitely below 180

Burch Returning to the term “efficient,” what do you mean by 1t?

Sharpey-Schafer 1 don’t know I am not sure whether 1t can be
explamed on the basis of the heart rate plus venous pressure change
Some other factor, like adrenaln, for example, may have to be
mcluded

Burch You didn’t mean work efficiency?

Sharpey-Schafer No, I was using the wrong term As you trans-
fuse and the venous pressure rises, the heart slows, the blood pres-
sure goes up and the output reaches a high level

Moore That 1s a good example of what I was talking about

Sharpey-Schafer Many surgeons who see a hemoglobin of 22
per cent do not hke to operate, but if they see one somewhat
higher, they are prepared to carry on In many subjects under these
conditions, however, if the hemoglobin 1s increased, the circulation



Hypotension After Hemorrhage 135

may not be altered for a long tume afterward

Moore: The circulation may not have changed very much, but
somethmg very important has been done with those 540 ml. of
concentrated corpuscles, exactly that volume has been added to
the vascular bed and 1t stays there, m sharp contradistinction to
anythmng else, mcludimg whole blood

Sharpey-Schafer But my pomt 1s this' if the surgeon then does
an operation during the hyperkinetic phase and bleeds the patient
500 ml., there may be a very difficult situation agam.

Moore Quite so, but not nearly as difficult a situation as if the
surgeon had proceeded to bleed 500 ml. without the prior adminis-
tration of red cells

DELAYED RESPONSES RESEMBLING HEART FAJLURE
AFTER PROLONGED HEMORRHAGE

Sharpey-Schafer. There is another phase, a curious phase which
we have seen uncommonly after hemorrhage The pomnt bere is
this. of bleeding goes on 1 small amounts for a long period, a state

TABLE IV

Data from a Patient with Severe Recurrent
Gastrointestinal Bleeding

BP Pulse RAP CcO
mm Hg Rate cm salme bters mm Hb %
72
0 100 —6 40 59
4th Day o Transfusion 650 ml Blood
o 104 -35 56
86
ey 114 ~25 85 40
11th Da
y Transfusion 250 ml Blood
0 86
72
£ 128 +12 79 32
23rd Da:
Yy Digoxin mg 15 1v.
90
50 120 +7 87

The days refer to the time after the bl
BP artenal blood pressure er the bleeding commenced

RAP nght auncular pressure
CO cardiac output

Hb hemoglobin concentration 1n per cent of normal
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of affairs arises which appears to be heart failure For example, on
the twenty-third day, i Table IV, the blood pressure 1s still low.
The venous pressure at this pomnt 1s considerably raised, the cardiac
output 1s still high, hemoglobin 1s low This, I would suggest, 1s
the same sort of picture as 15 seen mn severe anemia If one finds
the blood pressure low in this phase and one knows the subject
has bled, one may think that something must be done to raise the
blood pressure at all costs Transfusion is then given on top of the
high venous pressure, and the next thing that happens 1s that the
subject becomes breathless, the blood pressure 11ses, there 1s intense
peripheral constriction, pulmonary edema appears, and the patient
may die If you look through the deaths from transfusion and
deaths following hemorrhage, you will find quite a number m which
this has occurred So this 1s a late low blood pressure phase 1n man
after hemorrhage 1n which the venous pressure 1s high, the output
15 usually somewhat up, and the hemoglobin usually low This may
persist for a long time

Zweifach Isn’t there a great deal more wrong with that mndi-
vidual than merely a low blood pressure for twenty-three days?
Haven’t other things happened mm the meantime?

Sharpey-Schafer Yes

Moore If that were a young adult with gastromntestinal bleeding,
the rest of the picture would be pretty important

Sharpey-Schafer The patient 1s not very old although 1t 1s much
commoner 1 older people, we have seen 1t 1n young adults

Moore We should also be aware that that patient could have
quite normal blood volume with that particular situation, and if
he was given another 500 to 700 ml of blood, he could be tipped
over because he 1s already compensated

Sharpey-Schafer The other important factor 1s that he already
has high venous pressure, and if 1t 1s pushed up further, 1t 1s Iike
taking a case of congestive heart failure and giving a transfusion

Fremont-Smuth The patient had generalized edema?

Sharpey-Schafer He had edema

Moote Isn't it a fact his venous pressure went back and his blood
pressure went up with Digoxin? Isn’t 1t pretty well known as to what
1s affectimg him?

Burton We shouldn’t forget the purely physical factor that with
a hemoglobm of 32 per cent, viscosity of the blood 1s only about
half of normal, that 1s a very real factor i lowering peripheral re-
sistance If the geometry of the bed 1s just normal, resistance would

be half normal
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Sharpey-Schafer. But 1t 1s uncommon to get such blood pressures
at this level of hemoglobmm m straight anema

Shorr. Is the skin warm?

Sharpey-Schafer Yes If such patients have an attack of breath-
lessness — and 1t 1s easy to produce bieathlessness by just laying
them flat — their skin goes cold, they become constricted

Stead Do you think he had heart fallme or not?

Shaipey-Schafer Tt depends on how you define heart failure
It 1s really a climical, and not a scientific, term But I would say thus
patient had heart failure

Burch If you had to speculate, what would you thmk his pul-
monary pressuie was?

Sharpey-Schafer Possibly increased

Stead Dad you have the vital capacity?

Shaipey-Schafer 1t may be moderately reduced

Burton Would 1t help him if you gave him a short venesection?

Shaipey-Schafer We have done that We have had cases of
severe anemia m this state that we have venesected to save their
hves

Moore Don’t you rather shy away from the term “anemia” for
a person like that”? Such a person probably has perfectly normal
blood volume, there 1s just a low cell content His red cell con-
centration 1s down but his blood volume may be normal The fact
that his venous pressure 1s up, that his blood pressure goes up when
his pulse rate goes down, and the response to Digoxmn suggests to
me that he has a perfectly normal blood volume but that his heart
1s not dealing with the venous return that 1s being presented to 1t
I agree with Dr Stead that it 1s heart failure

Nickerson Do you feel that one has to have a reduced blood
volume to have anemma?

Moote That 1s purely a question of semantics I think if we use
the term “anemua” for a normal blood volume at a low red count
hematocrit or hemoglobin, 1t 1s all rght

The patient under discussion has an elevated venous pressure
and rapid pulse, and when his pulse comes down, his venous pres-
sure goes down and his blood pressure goes up

Shaipey-Schafer If you raise the venous pressure by means of
a rapid transfusion, lus cardiac output will almost certainly go down

Fremont-Smith You also have to take mto consideration what
happens between the eleventh and twenty-third days, because ths
was a period when Ius venous pressure was normal, and then 1t
went up It seems to me that during this period there 1s an accumu-
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lation of blood on the right side, and hence the heart 1s progres-
sively failing to deal with the blood that 1s brought to it, regardless
of the measured output at any given pont. For example, his cardiac
output dropped from 8 6 to 7.9, and his venous pressure was raised
from —0 to 12

Green What happened to his venous oxygen at the pomnt when
he had the high verious pressure?

Sharpey-Schafer+ We don’t know the actual oxygen tension

Green- I have asked two or three times about the venous oxygen
The reason 1s, Dr. Little (12) in our school looked up a lot of data
on venous pressure and the one thing he found to correlate with
it was the venous oxygen tension, suggesting there might be some
sort of venomotor mechanmism coming m and regulated by the
venous oxygen tension, the relationship was more closely alhed
with the venous oxygen tension than with venous oxygen content.

Fremont-Smith Here we have a relatively simple situation, with
quute a lot of facts about 1t, and a group of people who are thoroughly
expertenced m this field I think 1t 1s sigmificant that we cannot agree
on what 1s probably taking place between the eleventh and twenty-
third days That m itself should give us pause \

Moore We would have to know the rest of the clmcal case to
be able to reconstruct that

Fremont-Smith. It 1s the hydrodynamics we can’t agree on

Burton: The mcrease 1n cardiac output in chronic anemia remains
a complete mystery It 1s the most puzzhng thing It will occur
after acute hemorrhage, as well as after chromic hemorrhage or
chronic anema, won’t 1t?

Sharpey-Schafer: Yes

Burton Would you agree that the experiments on the ncrease
of cardiac output mdicate that there 1s a long time factor, which
is strongly suggestive of some hormone influence that we do not
know about yet?

Sharpey-Schafer 1 should think so

Burton That 1s what I should have thought, but we do not know
which hormone 1t 1s
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THE INFECTIOUS ELEMENT IN SHOCK#*

JACOB FINE
Department of Sur;e; ¥
Hatvard Medical School

As A resuLT of the previous discussions, I have discarded much of
the paper I oniginally mtended to present and will use only some
notes compiled hurriedly If my remarks seem scattered, I ask
your mdulgence

By “shock” I mean a state of persising deficiency of flow i the
peripheral vascular system, however produced, mamfested in man
and ammals by low blood pressure, cold, moist skin, pallor of skin
and mucous membranes, and oliguria or anuria. These are the con-
stant features of the syndrome I shall not deal with the inconstant
ones, such as thirst, state of consciousness, and reactivity to pam
The organism may recover from shock spontaneously or in response
to therapy, in which case the condition may be said to be reversible
Or the orgamism may fail to respond to all forms of therapy, mn
which case the shock may be termed mreversible

In the pre-antibiotic era, a famibar form of wrreversible shock
was seen frequently i overwhelming sepsis When a specific anti-
dote for the infecting agent was found, this ureversible form of
shock became reversible The same was true for shock due to
massive hemorrhage until properly matched blood or satisfactory
blood substitutes in adequate quantity became available Today,
most patients with massive hemorrhage respond to adequate re-
placement therapy, even if shock has persisted for many hours
There are, however, a few who do not survive prolonged shock
from continuing hemorrhage m spite of the fact that at the time
of death the blood volume deficiency has been largely or entirely
corrected The problem 1s to discover what factor in these excep-

* The work here reported, and much more upon which 1t 1s based, has been
supported 1n large part by grants from OSRD during the years 1941-45, by
subsequent grants from ONR during the years 1946-49, and since then by the
USPHS, m contracts between these agencies and Harvard Umiversity Additional
support, related to the work with antibiotics, has been provided by the Lederle

ration ’
%ﬁ?cr)nim thesis m this report 1s based on recent workh i which the followmg
men participated Drs Howard A Frank, Fritz B Schwemburg, Stanley Jacob,

Harold Weizel, and Theodore Gordon
140 '
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tional cases accounts for the irreversibility, 1e, the failure to re-
spond to transfusion The shock due to massive tissue mjury o
crush mjury and to burns 1s also a form that sometimes fails to
yield to adequate volume replacement therapy But 1t 1s not always
clear whether the death, if 1t occurs while such patients are m
shock, 1s due to umeheved oligemia, to poisons of tissue origin,
to pathogens, or to distortions m metabolism or electrolyte balance
that available methods cannot identify or correct

Thus, the phenomena of nreversible shock m man are encountered
chiefly m massive burns, i some cases of massive tissue mjury,
m a few patents with prolonged shock from hemorrhage, and m
some types of infection for which we have no effective antibiotic
Famihar reversible forms of shock are those due to dehydration,
to diabetic acidosis, and to simple, uncomplicated hemorrhage
treated promptly and adequately

Many of the questions mvolved in an understanding of ure-
versible shock cannot be studied in man, and so we necessarily
use the experimental ammal In both man and ammal, two types of
wreversibiity can be distinguished that which 1s reversible m its
early stages and later becomes urreversible, and that which is ine-
versible from the beginning Let us take hemorrhagic shock as the
simplest form of the first vanety If we are to study this disorder
i the expermmental animal, 1t should best be done with as few
comphcating conditions as possible It 1s surprising how raie are
the studies which have successfully avoided introducing factors
which necessanly obscure the data that can be regarded as un-
equivocally derived from the loss of blood volume alone This 1s
not easily achueved because of the necessity of making the essential
observations The least we can do, it seems, m order to get the
mimmum data required, 1s to forcibly immobilize the amimal, make
ncisions under procame, and cannulate vessels Some of us add to
these apparently innocuous procedures the use of heparm, some
use barbiturates or other anesthetics Occasionally, we complicate
the matter by domg major surgical procedures Few of us take
sufficient account of the degree of malnutrition, environmental
temperature, the not mfrequent presence of fever in the animal
and so forth ’

In the last two years we have conducted experiments m an air-
conditioned laboratory with a steady and comfortable 100m tem-
perature We have used only apparently vigorous and well-nourished
animals, free of fever, and, except for a small dose of morphine
gwen an hour before starting the withdrawal of blood, have used



142 Shock and Circulatory Homeostass

no sedatives o1 anesthetics In 1ecent months we have even avoided
morphine '
TECHNIQUE FOR INDUCING SHOCK
After cannulating the giomn vessels of a dog under procaie, blood
1s allowed to escape fiom the femoral artery into a reservoiwr con-
taming a mummal amount of heparm The 1eservorr 1s elevated so
that bleeding stops when the blood pressure has fallen to 30 mm
Hg The blood lost mnto 1t reaches a maximum 1m a period of some-
what under an hour Such an animal Les quetly for some hours,
during which time he exlibits the classical features of shock At
some point the amimal begins to take back blood from the reservorr
There follows a gradual dechne of the level of the blood m the
reservorr The remamder 1s 1apidly transfused at a certamn pomt,
which 1s mndicated i Figure 10 by a pressor response
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Ficure 10 _Reprnted, by permission, from Frank, H A, et al Adrenal Cortical
Therapy and Hepatic Vascular Resistance Two Aspects of an Inquiry into the Patho-
logic Physiwlogy of Experimental Hemorrhagic Shock Surgical Forum, American
College of Surgeons, Philadelphia, W B Saunders Co, 1951 (p 522)

Zweifach: 1 should like to urge consideration of the fact that
this type of expermmental procedure, like any other experimental
method used to study shock, has a number of mnherent pecularrties
which may hmit the useful appheation of the data to other forms
of shock In the first place, the ammal is subjected to an abrupt,
extensive loss of blood, and the blood pressure 1s rapidly brought
down to 30 mm Hg This level of blood pressure could not be
mamtamed by the animal for any protracted period of time, except
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by virtue of bemg connected to a Lamson type, self-infusion reser-
vorr Such a set-up permuts the return of blood mto the arterial
system whenever sequestration occurs and the blood pressure begins
to fall. By precipitating such a drastic hypotension, the circulation
1s curtailed mmmediately i all of the hssues of the body, and
especially m the gut and the hver In fact, this 1s the type of expen-
mental procedure which would exaggerate the gut factor On the
other hand, when shock 1s produced by graded hemonhage, several
differences are apparent In the first place, an opportumty 1s afforded
for a more adequate evaluation of compensatory mechanisms
Secondly, the graded bleeding allows sufficient time for the 1eds-
tribution of blood by whatever mechanisms the animal has avail-
able In these animals, the blood pressure stabihizes itself at a given
level for a long period of time. Then the circulation begmns to fail,
either because compensatory mechanisms are no longer operative
or because positive deleterious factors have been mtroduced De-
compensatory changes may develop m a different sequence m such
amimals, and vascular collapse may be associated with changes 1
a variety of organ systems In the Lamson type of procedure, such
changes are masked by the continuous remnfusion of blood from the
blood reservoir, which serves to sustamn the circulation aibitranly
unt] a given set of mechanisms undergo deterioration

Fine I prefer to impose a given load, which we can reproduce
and which we know 1s exactly that load for the duration of the
experiment As the graded hemorrhage techmque 1s used, it 1s
comphcated by the presence of anesthesia

Zweifach The effects of anesthesia on the syndrome have been
subjected to experimental study and have been found to have no
specific effect on the sequence of changes, other than to accentuate
decompensatory phenomena

Fine. 1 prefer not to use an anesthetic, believing that 1t further
obscures the issue At the end of an expeiiment under anesthesia,
1t cannot be said that the ammal has suffered a given degree of
peripheial vascular collapse In order to put 1t in quantitative terms,
it must be possible to say that this unanesthetized animal was sub-
Jected to a degree of shock i which his blood pressure was fixed
umformly at a level of 30 mm Hg I prefer to use thus type of
artificial set-up for purposes of making the observations upon which
therapy can be judged

Zwerfach 1t 15 possible that during shock a given organ system
lésgtllns to undergo metabolic deterioration early m the syndrome

ith the Lamson type of procedure, this metabohe derangement
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no sedatives or anesthetics In recent months we have even avoided
morphine. '
TECHNIQUE FOR INDUCING SHOCK
After cannulating the gioin vessels of a dog under procaine, blood
1s allowed to escape from the femoral artery into a reservoir con-
taming a mmimal amount of heparm The reservoir 1s elevated so
that bleeding stops when the blood pressure has fallen to 30 mm
Hg The blood lost mto 1t reaches a maximum 1 a period of some-
what under an hour Such an ammal hLes quietly for some hours,
during which time he exlibits the classical features of shock At
some pomt the animal begins to take back blood from the reservorr.
There follows a gradual decline of the level of the blood m the
reservorr The remamder 1s rapidly transfused at a certamn pomnt,
which 1s indicated 1n Figure 10 by a pressor response
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Ficure 10 Reprinted, by permussion, from Frank, H A, et al Adrenal Cortical
Therapy and Hepatic Vascular Resistance Two Aspects of an Inquiry snto the Patho-
logic Physiology of Experimental Hemorrhagic Shock Surgical Forum, American
College of Surgeons, Philadelphia, W B Saunders Co, 1951 (p 522)

Zwerfach: 1 should like to urge consideration of the fact that
this type of experimental procedure, like any other experimental
method used to study shock, has a number of mherent pecuharities
which may hmit the useful application of the data to other forms
of shock In the first place, the ammal 1s subjected to an abrupt,
extensive loss of blood, and the blood pressure 1s rapidly brought
down to 80 mm. Hg This level of blood pressure could not be
maintained by the animal for any protracted period of time, except
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wants to press that pomt as of possible therapeutic value because
the effects of barbiturates are disastrous 1 a more mmportant cate-
gory The description you gave yesterday about what ether does
to the circulation 1s a good example of what they do to the circula-
tion The use of a barbiturate does not represent the situation as
we know 1t chimically, for the patient does not go into shock with
a barbiturate m him He 1s without 1t, presumably, when he sustains
his myury And I prefer, for purposes of mvestigating this problem,
to avoid the obscuration which results from the use of barbiturates
or any other anesthesia

Zweifach 1 do not thmk that the use of anesthesia i shock
necessarily comphcates the experimental analysis of the syndrome
Theie 1s no doubt that anesthesia aggravates the situation and that
different anesthetic agents affect the end result m different ways
The development of vasodepressor phenomena within the hiver 1s
not dependent upon the presence of anesthetic agents The relative
period of hypotension required to bring about vascular decompensa-
tion 15 greater i the unanesthetized than m the anesthetized animal

Green When dealing with very low pressures, it 1s helpful to
those of us mnterested 1in flow to know where the zero 1s

Fine Zero 1s the level of the heart

Green What 1s the level of the heart?

Fine Projected on the honzontal from the estimated level of the
heart to the height of the bottle

Green Many of us use the carotid artery level, some use 5 cm
anterior to the skin of the back, some use the dorsum as a level

If T understand correctly, Dr Zweifach was criticizing the use
of the Lamson bottle as bemg perhaps different from the Wiggers’
techmque. From my observation of the Wiggers’ techmque, 1t is
necessary during the latter part, either the thirty or forty milimeter
period, to add blood to keep the pressure from falling further Does
1t matter whether you add 1t with a syringe or use a Lamson bottle?

Zwerfach 1 beleve the major difference between the Wiggers’
techmaue and Lamson’s techmque 1s the followmg the Wiggers’
procedwme permuts the estabhishment of a degree of hypotension
which the ammal 1tse'f determmes to be just compatible with sur-
vival This differs from anmal to ammal The blood pressure 1s
kept at this level by giving small infusions (sometimes as Iittle as
05 per cent of body weight) m order to prevent the abrupt collapse
(I))fl ths crrculation In the Lamson type of procedure, the uptake of
wl??ch 1lsS ct:olrzmderable It represents 40 per cent of the total blood

aken out mto the reservoir This 1s necessary because the
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1s not permutted to develop because the animal begms to take up
blood from the reservoir until an adequate perfusion of that organ
1s again possible This will occm1 progressively throughout the syn-
drome and to a varying degree in different tissues The Lamson
technique, as employed by Dr Fine, arbitrarily sets up a given type
of shock in which deterioration 1s allowed to develop to the pomt
wheie the gut suffers vascular impamrment and decompensation
In such an animal, protection 1s afforded by factors such as Dibena-
mie or antibiotics which either prevent the gut from becoming
hypoxic 01 n some way alter the vascular degeneration within that
tissue I am trying to emphasize the fact that this 1s, in a way, a
specialized form of shock and not necessarily 1epresentative of other
forms of shock It 1s granted that gut hypoxia occurs n all types
of shock, but perhaps not to the same extent as m the type of
procedure which Dr Fme employs

Fine The objective of these expermments 1s to determine whether
a given load of perrpheral vascular deficiency of flow can be treated,
and the result observed We are concerned not so much with what
happens to a single organ, such as the kidney or the braim, as with
the over-all result of a transfusion after a given load has been
mmposed upon the peripheral vascular system, that 1s, will the
animal survive or die?

Zweifach 1 simply want to pomt out the dangers which exist
when one tries to generalize from this type of experiment to experi-
ments on anmimals subjected to hemorrhagic shock under pento-
barbital anesthesia according to the techmque of Wiggers In our
experiments, an ammal brought to the decompensatory phase of
shock will die if given even a small dose of pentobarbital A com-
parable state of shock was set up with the use of the Lamson self-
mfusion reservorr, and several workers indicated (1) that the admm-
istration of pentobarbital during this stage was actually beneficial
This occurred because the animal was able to recerve a convement
infusion at this time from the blood reservorr connected to his
arterial system

Fine In the first place, you and I have observed what happens
to the peripheral flow when a barbiturate 15 given It distinctly
agmavates the situation m the peripheral vascular system

Zweifach 1 am merely stating what other mvestigators have
clatmed, using the same procedure

Fine 1 think you are referring to Beecher’s observations with
respect to flurd lost mnto tissues (2) Barbiturate anesthesia seems
to conserve Altud withm the cuculation I do not think Beecher
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during shock, and each one has certamn advantages for which the
mndividual selects 1t, and each one, by virtue of the fact that it has
advantages, also has lmutations I thunk if we would specify quite
clearly the advantages and the hmitations, the goals and purposes,
then there can be no conflict about the utihzation.

Fine In Figure 10 the slope of the dotted line indicates the rate
at which the dog 1s taking back the shed blood It demonstrates
that compensatory vasoconstriction has failed and that peripheral
vascular collapse has begun If compensation 1s not restored by this
self-transfusion before some 40 per cent of the volume origmally
bled mto the reservowr has returned to the ammal, experience tells
us that death will result 1n over 85 per cent of the animals, whether
the remainder of the shed blood 1s allowed to run in by gravity
or 1s forced m rapidly

A good pressor response will frequently follow the rapid infusion
While this may be sustamed for a varable interval, pressure de-
chines When it has fallen to 60 mm or below, death follows quickly
It 1s when the dog 1s m the stage of this decline 1n blood pressure,
following transfusion, that we consider we are dealmg with 1rre-
versible hemorrhagic shock Before the 40 per cent take-up has
occurred, the shock 1s frequently reversible, that is, remfusion of
all the shed blood 1s usually sufficient to cure the shock and no
other treatment is necessary We do not regard the shock as neces-
sarlly nrreversible untl the transfusions have been shown to be
meffective

This 1s our standardized form of experiment in hemorrhagic
shock It 1s free of the harmful effects upon the peripheral vessels
which barbiturates and other anesthetics impose, bringing about
a continuous, evenly sustained, severe degree of hypotension which
1s not mtensified or modified by drugs It determines nreversibihty
not 1 terms of a statistical prediction of average, expected results,
but 1n terms of the dog’s own circulatory state It demonstrates that
ureversible hemorrhagic shock can be produced i dogs without
the use of drugs

Smce extensive study of the hemodynamic pathology of hemor-
rhagic shock by many mvestigators has failed to demonstrate an
Intravascular basis for the refractormess to transfusion, the current
of mquury has shifted to a study of distorted tissue function resulting
from hypoxia or anoxia as the possible core of the trouble The
search appears to have excluded all vital organs except the hiver
Engel and his collaborators ( 3) have found distortions of mter-
mediary metabolism which they attribute to disturbed hiver func-
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amimal 15 arbitrarily mamntamed at a blood pressure which 1s below
that usually encountered m the Wiggers graded hemorrhage
procedure

Burton We should remind ourselves that i our experiments on
animals, which contamn a great number of vanables, all of us like
to keep some factors as constant as possible It seems to me that
at the present stage of our knowledge of this shock picture we have
perfectly free choice One of us may choose to keep the blood pres-
sure constant throughout the experiment, which 1s Dr Fme’s choice
Others may prefer to keep the volume of blood constant, which 1s
very difficult to do, because even 1if none 1s added or taken away,
there are flud changes within the animal, with the result that the
circulating blood volume 1s not constant I should think that the
method is a matter of choice, and I should like to have us go on
and hear what the results are i this particular case rather than
discuss whether the particular varable chosen to be fixed 1s better
than the ones we ourselves use

Zweifach 1 merely raise the pomt to mdicate that this 1s not
necessarily representative of what happens in other types of exper-
mental shock

Burton I think we would all agree with that

Shorr As I understand the discussion, the question is not whether
Dr. Fine 1s entitled to set up a standard set of conditions, but
whether he 1s justified in saying that, under the conditions he has
set, all of the reactions of the total organism to hemorrhage are
preserved and the experiment therefore 1s an exact replica of what
happens mn shock

Selkurt Just one final question It would seem to be pertinent
to find whether the bleeding volume remamns constant

Fine: It does, but I shall give you the figures later on

Fremont-Smith I think this 1s a very interesting form of discus-
sion I remember the opening meeting of our Conference on Blood
Coagulation There were three methods of measurement for pro-
thrombin time from three laboratories or three groups of mdividuals
Each one’s method was the best, and each had already attacked
the others’ methods publicly m the literature, each had wntten
accusatory letters to the other Well, 1t took a morning to finally
smoke out the fact that each method had its particular advantages
with respect to goals As soon as both the goals and hmitations were
specified, there was no longer any argument about the method.
I thmk we have the same situation here We have two, three,
five different methods of producmg shock or of measuring an ammal
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strate that ureversibility to transfusion i hemorrhagic shock m
the dog 1s due to bacterial action (Tables V and VI)

TABLE V

Experimental Hemorrhagic Shock

Effect of Antibiotics Administered Orally

Number| Bleeding | Hypotension|“Taking-Up”
Drug of Volume Period* | Incomplete | Survivors
Dogs | (ml /kg ) (hrs ) at 8 Hours

None 185 53 48 12 (6%)125 (14%)

Aureomycin 25 54 7.0 10 (409%))22 (88%)
(Oral)

Neomycin 25 56 72 19 (76%) |22 (88%)
(Oral)

Pemcillin 19 56 71 11 (58%){12 (63%)

(Intraduodenal )

* Duration of hypotension up to pomt when 40 per cent of shed blood had returned
to the circulation from the reservorwr

TABLE VI

Experimental Hemorrhagic Shock
Effect of Antibiotics Administered Parenterally

Number | Bleeding |Hypotension|“Taking-Up”
Drug of Volume Period* | Incomplete | Survivors
Dogs | (ml /kg) (hrs ) at 8 Hours
None 185 53 48 12 ( 6%) {25 (14%)
Clostridial 20 54 58 8 (40%)| 2 (10%)
Antitoxin
Clostridial 20 58 59 4 (20%)| 6 (30%)
Toxoid
Penicillin
(Intramuscular and 20 58 63 5 (25%)| 8 (40%)
mtravenous )
Aureomycin 17 50 58 4 (24%)| 4 (24%)
(Intravenous)
Aureomycin 10 51 65 3 (33 | 0
(Intraportal) (33%)) 8 (80%)

* Duration of hypotension u
to the circulation from t

p to pont when 40 per cent of shed blood had returned
he reservoir
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tion Dr Shorr and his collaborators have found a toxic substance
m hver which they regard as the product of anoxia

Shorr I should like to ask whether we are entitled to use the
word “toxic” with respect to ferrtin A substance obviously con-
cerned with normal physiology becomes toxic only by virtue of
abnormal concentrations Whatever role this material may eventually
be shown to have in circulatory homeostasis, we thmk 1t 1s justifi-
able, at present, to regard 1t as a physiologic metabolite which,
under certam circumstances, appears m excess n the circulation
In contrast, a toxm 1s something foreign, or an endogenous sub-
stance which 1s poisonous and which arises as a result of tissue
breakdown .

Fine. Isn’t 1t correct, Dr Shorr, to use the word “toxic” whether
the substance 1s exogenous or endogenous, provided it 1s deleterous
to the peripheral circulation?

Shorr Only if you make 1t clear that you recognize that, as mn
the case of ferritm, 1t 1s a physiologic metabolite, part of the normal
economy of the body, not produced by autolysis but by normal
metabolic processes, and that its deleterious effects when present
m excess are comparable to the deleterious effects of epmephrme
and norepinephrine m pheochromocytoma

Haley Dr Fme, that matenal 1s not toxic under any other cur-
cumstances You can mject enormous doses mto a normal ammal
without producmg a toxic reaction I do not think 1t should be
called toxic unless the exact meanmg under these conditions 1s
stringently defined

Fine: Dr Shorr has called 1t a toxm, and he has defined the
conditions I will only refer to his statement about ferritm I shall
come to that

EFFECTS OF ANTIBIOTICS UPON SHOCK

Smce bactena, especially the gas baall, are normal ihabitants
of the dog’s viscera, particularly of the liver, we used parenteral
penicillin 1n large doses, but without substantial benefit From other
studies we were led to try aureomycin mstead (45,6,7) Certam
data suggested to us that mtestmal bacteria might be meriminated,
either as mvaders of the iver during shock via the portal vein, or
as elaborators of an absorbable toain within the wall or lumen of
the gut Smce aureomycm mtravenously n the dog 1s not as effec-
tive as oral admunistration and smce the control of the mtestinal
flora by this drug requires several days of therapy, we pretreated
the dog for six days with oral aureomycmn and added a large pnm-
ing dose several hours before the experiment The results demon-
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this question 15 probably no, although this 1s still somewhat m
doubt

In Table VI the data are given for 20 ammals treated with
clostridial antitoxm Bleeding volume was the same Theie was a
shght prolongation of the pietransfusion period, but the survival
rate was only 10 per cent

Shorr When was the antitoxin given?

Fine. Contnuously throughout the experiment and as priming
doses before the experiment

A dostmdial toxoid,* which was developed by Logan at the
Unwversity of Cmemnati and tested by Altmeser, has been found
to produce full immumty agamst the Clostridia when given accord-
mg to a certam technique In a series of 20 animals we found very
little protection provided by the use of this substance

The results with penicillin given parenterally, both mtramuscu-
larly and mtravenously, throughout the expermment and for a num-
ber of days preceding the experiment, were also equivocal, that 1s,
only a 40 per cent survival rate

Aureomycin, given mtravenously, also yielded a poor result But
when the aureomycin was put mto the portal vemn and given by
continuous drip throughout the experiment, 80 per cent recovery
was obtamed

Burch Do you think aureomycin per se has any metabolic mfu-
ence on the lhiver?

Fine I do not think so, and I shall soon give my reasons

Selkurt May 1 ask a question on the techmique for the portal
mfusion and the precautions necessary, surgically speaking?

Fine We put a catheter mto the splemic vemn by one of two
ways We do 1t, immediately before starting the experiment, by
making an ncision, bringing the spleen and its pedicle mto the
wound, cannulating the vem, and closing the incision after the
catheter has been put m Or we prepare the splenic pedicle m
advance, plant the pedicle under the skin, let the ammal fully
recover, and cannulate the vemn just before beginning the experiment

Neomycin, which does not ehmnate Clostridia from the mtestinal
flora, and 1 fact provides a means of obtamng an almost pure
culture of tlhis species i the dog’s feces, 1s as effective as aureo-
mycin The fact that very little, if any, of this drug 1s absorbed — I
think the figure is under thiee per cent (89) —suggests that 1t

*
We are indebted to the Lederle Corporation for providing us with this matenal

as well as the polyvalent
for 1nstruction myt\l,)ee::s eC;f atlllltztggr:),l (;md to Drs Milan Logan and William Altmerer
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In the control series, 185 dogs were treated according to the
method I described, and 86 per cent died Notice that the bleedimng
volume was 53 ml. per kg, that they remamed at the selected
hypotensive level for 4 8 hours, and that all but 12 of the 185 dogs
took back 40 per cent of the blood n the reservorr m less than
8 hours

In a series of 25 dogs that received ameomycm orally, the bleed-
mg volume was about the same as i the control seiles, that 1s,
54 ml per kg They began to take up m an average period of 7
hours in contrast to 4 8 hours, and 10 of them had not taken back
the 40 per cent within 8 hours The survival rate mn this group was
88 per cent

The results were much the same with neomycin, except that an
even larger per cent had not taken back 40 per cent of the shed
blood within 8 hours The results with pemcillin, given by a duo-
denal catheter placed several days before, were much befter than
with pentcilln given parenterally The survival rate m 19 ammals
was 63 per cent Eleven did not take up 40 per cent of the shed
blood within 8 hours They had a prolonged period of compensated
hypotension The uniformity of the bleeding volume m the various
groups of experiments 1s quite striking )

Moore ‘What was the nature of the death m the three ammals
that died with aureomycm and neomycimn? Was 1t a rather typical
terminal episode?

Fine No, they just petered out m much the same way as Dr
Remington’s animals

Haist: T would be mterested 1 a discussion of the -metabolic
changes m the liver m shock and the possibiity that ferritin or
some other humoral substance might be responsible for certam of
the metabolic changes Rather than mterrupt at present, however,
it ought better be left for another time

Fine. We can come back to that Some of the data I have will,
I think, help to resolve that question.

Which bacterna are involved? Are they perhaps the bacteria
mtroduced mto the dog’s wounds or blood stream by the expen-
mental procedure? The answer to this question is no, they are not.
We have done four experiments 1n which every precaution agamnst
bacterial contamination was taken They were done hke a surgical
procedure, under the best auspices m a good operating room There
was no effect whatever upon the usual course of events Are they
the gas bacilli in the viscera? We have been able to culture the
gas bacillus from almost every tissue in the dog The answer to
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difficult to culture anaerobes from the hivers of rats, and that tyng
off the hepatic artery has a different effect mn the 1at than m the
dog, partly because of the difference in bacterial growth under
these circumstances

Shorr Dr Paul Gyorgy has stated that no anaerobes are cultur-
able from the Liver of the rat ,

Fme. Dr Altmeler has some data to the effect that there 15 a
surpnisingly high incidence of Clostridia m biopsies from the human
hver obtamed during operations not mvolving the bihary tract,
at least that 1s the mmpression he left upon me when I talked
with him * Tt 1s interesting that survivors show the same mcidence
of Clostridia m the liver as do those dead from shock, and that the
survivors show a lower mcaidence of gas bacillus bacteremia and
peritoneal mvasion than do those dead from shock But the fact
that survival occurs even n the presence of a gas bacillus bacterema
15 strong evidence m favor of the nonpathogenic or weakly patho-
genic state of this orgamsm 1n these circumstances

Haley Some years ago, Dr Dowdy at Rochester (10) did some
work on the gas bacillus He had a number of survivors, and the
amimals were turned over to surgery for further use He could not
demonstrate that the gas bacillus had damaged these dogs to any
degree However, immediately upon anesthetizing those dogs, re-
gardless of the anesthetic used, they died Have you done anything
with the surviving controls in these experiments that might mdicate
that there was some myocardial damage, such as Dowdy’s dogs
showed at autopsy

Fine No, we have not focused our attention on the myocardial
damage

Haley 1 wonder whether 1t does have any part to play n the
shock syndrome as well as in the bleedmg tendency

Fine That 1s a topic which 1s not my assignment today I feel
1t 1s not a crucial factor, but perhaps somebody else 1s better quali-
fied to discuss 1t
afgalrleh\émdespread destruction of liver tissue by the Clostridia found

patic artery hgation, by Chau, et al (11), does not occur
w dogs dying of hemorrhagic shock Our data, of course, do not
exclude the possibihty that the Clostridia may be functioning syner-
glsrgcg%ly V\}'ﬁh other mtestinal flora
able provides data on aerobic intestinal bacteria found
31‘2 frllssscl;erz lfclhshock If the offending bacteria are those present 112
» they may be erther those mvading the portal vemn from

*
Altmeler, W B » Personal commumication
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does not mmfluence the Clostridia in viscera And, parenthetically,

mn answer to D1 Haist, I would add that, presumably, 1t also does

not influence the mtermediary metabolism of the hver
BACTERIAL CULTURES FROM ANIMALS IN SHOCK

Additional evidence that the Clostridia are not a crucial factor
1 the situation 1s given 1n Table VII Positive cultures for Clostridia
i control ammals were obtamned m hver, perttoneum, portal vem,
vena cava, and bile The mcidence of this organism m the various
tissues of amimals that have survived, whether they have been
given an antibiotic or not, 1s mcreased The peritoneum 1s con-
tammated, there 1s a bacteremia, and sometimes one gets a positive
culture fiom the bile In anmmals which die, the results are substan-
tially the same, but there 1s greater mcidence of contammation m
the peritoneum, portal vein, and vena cava

-

TABLE VII

Cultures Positive for Clostridia

Number Pen- Portal Vena
of Liver | toneum | Vem Cava Bile
Dogs
No Shock — Controls | — | 45% 0 0 0 5%

(120) | (20) | (20) | (20) | (150)

Shock — Survivors

(with or without 112 198% | 81% | 22% | 16% | 8%
antibrotic)

Shock — Nonsurvivors
(with or without 108 |97% | 50% | 51% | 39% | 7%
antibiotic)

Figures 1n parentheses represent number of dogs from which the cultures were obtained

Shorr What about the bacterial counts, are these just “positive”

cultures?
Fine These are positive cultures I cannot give the figures on

counts

Hast. There seems to be a species difference as far as the ability
to culture anaerobes from various tissues 1s concerned. We tried
to culture them from the anoxic lmbs of rats m which the circulation
had been cut off by clampmng for periods of from five hours to
fourteen hours, but we were unsuccessful I gather too that 1t 1s
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that the antibiotic must be acting upon the mtestinal flora fiom
the begmmng of the experiment The natural inference that all
this leads to 1s that one should take out the mtestime and see what
happens, and we did However, we have done only a few expen-
ments, and therefore I do not want you to take the data seriously
yet In these prelummary expermments, wluch are only two weeks
old, the mtestme 1s removed just prior to mmducing hemorrhagic
shock These dogs do not become wrreversible before eight hours,
and they respond to transfusion much like those protected by an
oral antibiotic

Let me remind you that the amimal 1s subjected to a continu-
ously fixed level of hypotension and that the blood removed 1s
not returned until the compensatory response of the peripheral
vascular system fails In control animals the time required for this
to occwr 1s 4 8 hours I am sorry to labor the point, but 1t 15 1m-
portant In the ammal given an effectve antibiotic, failure of
compensation does not develop for some seven or eight hours, and
many ammals will go for much longer You will notice that 29 out
of 50 given aureomycin were transfused after eight hours, when
there was still no evidence of fallme If bacterial action does mdeed
account for the development of the refractory state of the per-
pheral vascular system m hemorrhagic shock, it 1s surprising that
such a process can develop 1n so short a time as 4 8 hours 1 control
ammals This 1s an average figure It 1s much longer in some ammals
and much shorter i others, shorter especially if barbiturates or
other anesthetics are used This varability 1s to be expected, sice
1t may be a function of the rate of accumulation of bacterial toxins
and the orgamism’s capacity to detoxify them One will notice that
the extent of blood loss 1s a surprisingly constant figure m all
ammals and therefore cannot be considered an important factor m
this variability

Shorm Is the gut in the untieated amimal a site of considerable
hemorrhage? How does 1t look i comparison to that of the amimal
treated with aureomycm?

Fine The control animal, if not given back more blood than 1t
was deprived of, may or may not show a small amount of blood
m the mtestme The gut frequently does show a small amount
Sometimes 1t does not show anything really significant Of course,
if the dog 1s transfused greater volume than 1t has lost, it wall
show a considerable hemorrhage from the gut

HShorr Have you examined sections of gut under the microscope?
as the mucosa broken down m your control animals?
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TABLE VIII

Cultures Positive for Aerobic Intestinal Bacteria

Number Peri- Portal Vena
of Liver | toneum | Vemn Cava Bile
Dogs
No Shock — Controls || — 2% 0o | o 0 2%

(110) | (20) | (20) | (20) | (150)

Shock — Survivors
(with or without 102 | 23% 9% 6% 2% 1%
antibiotic)

Shock — Nonsurvivors
(with or without 110 {57% | 21% | 36% | 24% | 2%
antibiotic)

Figures 1n parentheses represent number of dogs from which the cultures were obtained

the mntestine during shock or mtraintestinal bacteria which produce
an absorbable toxmn m the gut wall or lumen during shock This
question cannot be answered yet. The data are equivocal. I have
pomted out that penicillm given mtramuscularly for several days
before, and intravenously during, shock, yields a 40 per cent sur-
vival rate, but if given by an mtraduodenal catheter for several
days before and durmg the experiment, the survival rate 1s 63 per
cent The results with intravenous aureomycin through a systemic
vem during shock are poor, 1f given just before inducing shock, the
results are somewhat better, but if given through the portal vem
during shock, the results are good

A rather striking bit of evidence suggesting a major role of
mntestinal flora 1s the observation that oral pretreatment, either with
aureomycimn or neomycm, without an oral primimng dose, is not
effective, whereas a smgle priming dose of neomycin, which 1s not
absorbable from the gut, yields a 70 per cent survival rate, mn con-
trast to a 45 per cent survival with a single priming dose of

aureomycin ‘
Zweifach. When was the antibiotic given relative to the bleeding

procedure?
Fine- It 1s given by gavage mto the stomach three hours before

the experiment begins .

This difference between neomycm and aureomycin is mn accord
with the fact that neomycin eliminates at least the coliform orgamsms
from the gut much more rapidly than does aureomycmn It appears



Infectious Element in Shock 157

rest of the ammal, exclusive of the gut?

Fine We know about fat deposition m the hiver as a 1esult of
the use of amieomycin

Haist Might that be related to changes i, or altered absorption
of, certamn hpotropic factors?

Fme 1 don’t know We see that with mtravenous aureomycimn
more often than with oral aureomycin In man, for example, 1t has
recently been demonstiated that if oral aureomycin 1s given alone,
there 1s not this lipfanogen effect, which refers to fat deposition
in the liver from the use of aureomycm It 1s most commonly
observed m patients who have had both imtravenous and oral aureo-
mycm for a long period of time I believe 1t 1s not mvolved m this
situation, because neomycin, at least so far as we know now, does
not have such an effect on the hver, although studies with respect
to this problem have yet to be made

Haist Did you say that neomycin was not absorbed?

Fine Neomycm 1s not absorbed Only 001 per cent of the
admimstered dose cannot be accounted for m the feces

INFUSION OF BACTERIA

Nelson It might be pertinent to tell about our expermments m-
volving the mfusion of gram-negative orgamisms into dogs to see
what the effect of these orgamisms alone may be (12) However,
before I do, I think 1t 1s 1mportant to reflect a munute Dr Fine
has stressed freemg these shock experiments of vamables, he and
so many of us for years have been domg shock experiments without
paymng strict attention to sterile techmque When I was working
with Dr Clarence Denmis 1n the development of a pump oxygenator
system, we assumed that for at least three or four hours, bacteria,
no matter mn what quantities or what variety, would not influence
our results, and I think many of the other people who have been
domg acute animal expenments have also assumed that bacteral
effect would be neghgible m a short period of time It was for this
reason that we thought 1t would be mteresting to see what the
effect of gram-negative orgamsms alone would be We knew about
gram-posttive orgamisms They have been studied for a long period
of time, mostly m relation to producing bacterial endocarditis
Massive doses can be given, and rapid death or acute metabolic
derangements are not seen

m;’gle; rﬁhgzecatllgz 1?ii;n:gahvte organtlsm Paracolobactrum mter-
Fusion s contamimant m some of owm heart-lun
Ig):;hmntestulz:{ntl;:ztt: (;];h(lis organism 1s a normal mhabitant of the
ogs and man We gave a pure culture
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Fime We are studymg the pathology of the intestine now I
cannot give you good data yet We have correlative data which are
not yet prepared The survivors tieated with antibiotics do not show
any sigmficant intestinal bleeding There will occasionally be a
small amount, but in general the mtestines are pietty dry

Selkurt What about the problem of congestion 1n these intestmes,
aside from gross bleeding? Is 1t 1elated at all, and how much of 1t
do you observe in your controls?

Fine If they are not given more than the amount of blood which
was bled out, congestion 1s not an obvious feature of the external
appearance of the gut

Haist What 1s the evidence that the effect of which you speak
was due to the absence of a bacteral influence rather than to a
reduction of flmd loss or improvement in circulating blood volume
when the gut was removed? It 1s possible that in this mstance you
are removing a site where fluud may be lost or kept out of effective
circulation

Fine The weight of the intestine m the dog dead from shock,
which has not been given more blood than was taken away from
him, 1s not substantially greater Whatever change i weight occurs
would not mncrease the percentage of volume loss to such a degree
as to comphcate the mterpretation of the blood volume effect, pro-
vided one has not, during the experiment, done such things as
administer saline solution or extra blood, and provided the expen-
ment has been done as we have done 1t

Haist Might aureomycin have an effect by itself, apart from its
effect on bactena?

Fine 1 suppose you are referring to data m the literature to the
effect that aureomycin has some sort of metabohc influence on
growth While 1t is concervable that aureomycin might affect the
mtestinal bacteria so as to influence the production of vitamins or
deprive the body of certain vitamins, 1t seems to me that that 1s
not a factor that needs to be considered in an experiment of only
a few hours’ dumation.

Haist 1 gather from the results of the injections mto the portal
vein that somehow aureomyem would have a direct effect on the
Liver Is that correct?

Fine I would have thought so thiee months ago Now I wonde
whether 1t 1s an effect on the hiver or whether it 1s sumply {ore-
stallmg trouble for the hiver by taking out orgamsms that are other-

wise getting through from the mtestime
Haist Does aureomycm produce metabolic changes withm the
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jest of the ammal, exclusive of the gut?

Fine We know about fat deposition 1n the hiver as a 1esult of
the use of aureomycm.

Haist Maght that be related to changes m, or altered absorption
of, certamn hpotropic factors?

Fine I don’t know We see that with mtravenous aureomycm
more often than with oral aureomycin In man, for example, 1t has
recently been demonstrated that if oral aureomycin 1s given alone,
there 1s not tlus hipfanogen effect, which refers to fat deposition
i the hiver from the use of aureomycmn It 1s most commonly
observed m patients who have had both mtravenous and oral ameo-
mycm for a long period of time I believe 1t 1s not mvolved m this
situation, because neomycin, at least so far as we know now, does
not have such an effect on the hver, although studies with respect
to this problem have yet to be made

Haist Did you say that neomycin was not absorbed?

Fine Neomycin 1s not absorbed Only 001 per cent of the
administered dose cannot be accounted for in the feces

INFUSION OF BACTERIA

Nelson 1t mught be pertinent to tell about our experiments m-
volving the mfusion of gram-negative orgamisms mto dogs to see
what the effect of these orgamisms alone may be (12) However,
before I do, T think it 1s important to reflect a miute Dr Fine
has stressed freemng these shock expermments of varables, he and
so many of us for years have been domng shock experiments without
paying strict attention to sterile techmique When I was working
with Dr Clarence Dennis 1n the development of a pump oxygenator
system, we assumed that for at least three or four hours, bactena,
no matter 1 what quantities or what variety, would not influence
our results, and I think many of the other people who have been
doing acute amimal experiments have also assumed that bacterial
effect would be negligible n a short period of time It was for this
reason that we thought 1t would be mteresting to see what the
effect of gram-negative organisms alone would be We knew about
gram-positive organisms They have been studied for a long period
of time, mostly 1 relation to producing bacterial endocarditis
lc\liasswe doses can be given, and rapid death or acute metabolic

rangements are not seen

We chose the gram-negative organism Paracolobactrum nter-
medium because 1t was a contammant 1n some of our heait-lung
perfusion experiments This organism 1s a normal mhabitant of the
gastromtestinal tracts of dogs and man We gave a pure culture
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which had fourteen hours’ incubation Much to our surprse, we
found that the simple infusion of organisms from the culture caused
rapid death m the amimals, often as early as two and a half to
three hours, and going on to thirty hours, but within the time of
an average acute experiment The metabolic derangements seen
were characteristically those of metabolic acidosis© a depression m
the arterial pH, a fall in the whole blood carbon dioxide content,
and a rise m organic acids as measured by a nise m lactic and
pyruvic acid, all of which had been described as occurnng prima
facie from hemorrhagic shock alone In addition, these organisms
are hemolytic and are capable of producing a rise in plasma hemo-
globin

I mention these things just to indicate what mfusion of so-called
nonpathogenic gram-negative organisms mto dogs will do Perhaps
this may be a clue to the vitiating factor that exists mn shock In
other words, as a person or a dog 1s subjected to long periods of
hypotension, are the normal protective barriers, which keep the
potentially toxic orgamisms from the systemic circulation, jeopard-
1zed? Perhaps, there is an autoinoculation from the animal’s own
gastroimntestinal tract

Fine By the use of radioactivity-labeled colon bacilh, we have
been able, 1n certam circumstances, to demonstrate the entrance
of organisms from an apparently intact gastromtestinal tract

Nelson I think the two conclusions that one can draw from the
role of gram-negative bacteria are these first of all, that an mfusion
of gram-negative bactenia, particularly the paracolon bacillus, 1s
able to cause rapid death, preceded by metabolic acidosis and
coagulation abnormalities 1n some imstances In other mstances,
there are gastromtestinal hemorrhages This 1s all possible by bac-
terial action alone

Moore How about hypotension?

Nelson We did not quantitate that Obviously the dog was m
shock We did not have continuous tracings of blood pressure
because we did not want to infuse any other bactena With the
means at hand, I was not able to satisfy myself that we would not
be introducing other bacteria if we did that )

I think the second conclusion to be drawn 1s that acute ammal
expermments, especially those which mvolve the perfusion of blood,
must be done under sterile techmque, because if we madvertently
mfuse an unknown number of gram-negative orgamsms, we are
mtroducing occult variables which will render our data mvahd

Osserman What was the approximate quantity of bacteria m-
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jected mto these ammals, and were the bacteria suspended m a
plasma medium?

Nelson. A fourteen hour culture of orgamisms which had been
grown m broth was admimstered The broth was discarded aftex
centrifugation, and only the residue m the bottom of the tube was
admimstered to the dog This was readmimstered m about 50 ml
of salne

Osserman Did you try mjecting killed bactena?

Nelson We have not done that as yet

Moore Did you recover the bacteria from the amimal’s blood
stream?

Nelson' It was interesting to follow the cowrse of the bacteria
m the blood stream Immediately after mfusion, the blood stream
was absolutely loaded with bactena

Moore Which would grow?

Nelson That 1s night, they grew out on the blood culture plate
At three to five hours, however, the dog was able to clear the blood
stream of the orgamisms, so that at five hours after infusion, m
those ammals which were yet alive, we got a smaller number of
colony counts, but the organisms were still there, and growimg

PRODUCTION OF SHOCK BY LIGATION
OF A LOBE OF THE LIVER

Howard Dr DeBakey and I have been studying somewhat the
same problem as Dr Fine, but we have been approaching it from
the angle of primary hepatic mjury rather than primary circulatory
damage

If we higate one lobe of the dog’s liver, the dog routinely dies
s1x, eight, or twelve hours later in shock (Figure 11) By one lobe,
I mean one of the six or seven divisions that the dog has

Number Died Within 48 Hours
Lobe Ligated of Dogs ——— Porcentage
Large left lobe 5 4 80
Small night lobe 5 5 100
Total 10 9 90
Ficure 11

Hepatic mjury Effect of hgation of hepatic lobe upon control semes

If we give this dog oral aureomycmn ahead of time and continue
it after the mjury 1s performed, the dog still dies (Figure 12)
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which had fourteen hours’ incubation. Much to our surprise, we
found that the simple infusion of organisms from the culture caused
rapid death m the ammals, often as early as two and a half to
three hours, and going on to thirty hours, but within the time of
an average acute experiment. The metabohc derangements seen
were characteristically those of metabolic acidosis: a depression m
the arterial pH, a fall in the whole blood carbon dioxide content,
and a nse m organic acids as measured by a rise m lactic and
pyruvic acid, all of which had been described as occurring prima
facie from hemorrhagic shock alone In addition, these organisms
are hemolytic and are capable of producing a 11se 1n plasma hemo-
globin

I mention these things just to mdicate what mfusion of so-called
nonpathogenic gram-negative organisms mto dogs will do Perhaps
this may be a clue to the vitiating factor that exists m shock In
other words, as a person or a dog 1s subjected to long periods of
hypotension, are the normal protective barriers, which keep the
potentially toxic orgamsms from the systemic circulation, jeopard-
1zed? Perhaps, there is an automnoculation from the animal’s own
gastromtestinal tract

Fine By the use of radioactivity-labeled colon bacilli, we have
been able, m certamn circumstances, to demonstrate the entrance
of organisms from an apparently intact gastromtestmal tract

Nelson. I think the two conclusions that one can draw from the
role of gram-negative bactena are these first of all, that an infusion
of gram-negative bacteria, particularly the paracolon bacillus, 1s
able to cause rapid death, preceded by metabolic acidosis and
coagulation abnormalihes 1n some instances In other imnstances,
there are gastrointestinal hemorrhages This 1s all possible by bac-
terial action alone

Moore: How about hypotension?

Nelson We did not quantitate that Obviously the dog was
shock We did not have continuous tracings of blood pressure
because we did not want to infuse any other bacteria With the
means at hand, T was not able to satisfy myself that we would not
be mtroducing other bacteria if we did that

I think the second conclusion to be drawn 1s that acute animal
experiments, especially those which mvolve the perfusion of blood,
must be done under sterile technique, because if we madvertently
mnfuse an unknown number of gram-negative organisms, we are
mtroducing occult variables which will render our data mvahd

Osserman What was the approximate quantity of bactenia m-
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Fine In what dose?

Howard: Five hundred to 1000 mg a day.

Shorr May I ask how you ligated the lobe?

Howard These expermments were done by mass hgature, mclud-
mg the complete blood supply of the lobe Without any question,
that lobe was completely 1schemic at the end of the procedure

Fine You had a perttonitis, didn’t you, at death?

Howard The degree of infection, the degree of hemorrhage, and
the degree of blood-tinged flud that poured out mto the pertoneal
cavity were not nearly so marked as m the ammals who were not
treated

Fine. But the untreated had peritonitis?

Howard. Seemingly

Stead Did you have a group treated by imtravenous penicillm?

Howard These are the over-all results of therapy (Figure 14)
The antibiotics, unless otherwise mentioned, were given parenterally,
By that I mean by mtramuscular mjection

Therees MBS b | Pereenage
Control 10 9 90
Penicillin 14 13 93
Streptomycin 9 9 100
Aureomycin—Orally 16 14 88
Aureomycin 1v 26 11 42

Ficure 14 Hepatic injury Results of therapy

Haist These results are somewhat similar to those obtamed by
Markowitz and Rappaport when antibiotics were used m dogs
with hgated hepatic artenes

ROLE OF INFECTION IN SHOCK IN MAN

Fine From here on I may be going a httle far afield and without
sufficient data to back up what I say, but I should like to make
some reference to man

I would tentatively venture to guess from my data that a patient
m shock from hemorrhage who responds favorably to transfusion
as late as fourteen hours after mjury, as many soldiers m World
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Number Died Within 48 Hours
Time of Admmistration of Dogs
' Number Percentage
Preoperatively and
Postoperatively 10 9 90
Postoperatively 6 5 82
Total 16 14 88

Ficure 12 Hepatic injury Results of oral aureomycin therapy 500-1000 mg daily

Fine What dose did you give?

Howard Five hundred to 1000 mg a day

Fine The doses we give are much larger

Howard If we give the aureomycin mtravenously and hmmt 1t
to the postoperative period, we markedly reduce our mortality
(Figure 13) This, I think, bears directly on Dr Fine’s work, and
my interpretation would be that the organisms do not spring directly
from the bowel, for we have not directly injured the bowel We
have produced a circulatory collapse, maybe simulating the picture
that Dr Fine 1s presenting But our primary damage 1s to the hver,
where we know the organism exists We have not, under these con-
ditions, 1mproved our mortality by giving oral aureomycm ahead
of time

Tlme Of Nulnber Dled Wlthm 48 Hours
Admimistration of Dogs Number Percentage
Postoperatively 26 11 42

Ficure 13 Hepatic mjury results of mtravenous aureomycin therapy 500 mg daily

Fine Did you give a priming dose, too? What was the interval
between the last dose of aureomycm orally and the hgation of
the lobe?

Howard Dosing was started a week ahead of time and carried
through the ligation and thereafter

Fine It was given on the very day of the hgation, too?

Howard Yes
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Howard: 1 well remember one day when the glucose solution
m the hospital became contaminated with a pure culture. I beheve
" 1t was streptococcus. There were a dozen or more people at one
time who were given a pure infusion They had fever, chills, tachy-
cardia, and hypotension

Sharpey-Schafer. We obtamed some data on these severe infec-
tions m man There were two groups with low blood pressures.
When they were catheterized most of them had low cardiac out-
puts and, we thought, low filhing pressures If rapid transfusion was
given, cardiac output mcreased and the blood pressure rose. The
mncrease m output and blood pressure was usually transitory There
was another group which appeared to have some real damage to
the heart because, no matter how high the venous pressure was
raised, nothing happened The blood pressure remained low. I
mmagme some people will call that ureversible It is not quite
ureversible, because some of them, with antibiotic treatment, may
recover.

We were also fortunate in working with a surgeon engaged in
extensive abdomimal resections These operations might take seven
hours We found that mn order to maimntain the filling pressure mn
the heart, we might have to use about 6 liters of blood We mam-
taned the filhng pressure and, we thought, the cardiac output
However, the blood pressure eventually fell off completely and more
transfusion would not raise 1t

Fine 1 wonder, Dr Sharpey-Schafer, whether the patient you
referred to i your presentation who was still at a low level of blood
pressure after twenty-three days, who presumably had been given
drugs, perhaps had not eaten well, had been intubated, and was
perhaps m and out of shock frequently during those days, might
not be like an ammal 1n hemorrhagic shock for a prolonged period
of time 1 that bacteria might have gotten in from somewhere
within the patient’s own wviscera

I should hke to cite a case which demonstrates a situation m
which shock may have been due to blood loss or to sepsis, and 1
which restoring the blood volume did not m the least improve the
shock state, while antibiotic therapy did The situation was this
A man had a resection of 7 feet of gut for mesenteric thrombosis
He was put on aureomycm, and postoperatively began to hiccough

On the fourth day he ruptured his wound The peritoneal cavity
was then mspected The site of anastomosis was mtact There was
no pentonits, but there was a good deal of congestion n the rest
of his gut It did not look mfarcted The aureomycin was continued
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War II did, that such a patient 1s still free of a telling amount of
circulating bacterial toxin. I do not wish to suggest that the toxm
1 many necessarily derives from mtestinal flora i the gut or from
those normally present m the viscera; they are more likely to be
derived from bactena introduced into the wound, whether the
wound 15 2 massive trauma, a gunshot wound, or a burn. Frequently,
however, it 1s important to remember, from clinical experience, that
the worst wounds and the most devastating ones are those i which
there are intestinal flora which are umversally present on the skin
of the lower part of the body. Refractormess to transfusion may
depend on the degree of bacterial contamination, balanced by the
degree of the patient’s immumty to the particular species of con-
taminating organisms, and the effectiveness of antibiotics, whether
applied prophylactically or therapeutically.

Dr Churchill has always emphasized the difference between
hemorrhagic shock and wound shock, as seen durmg the war. There
is a clue here, I think, as to what that difference might be In spite
of the fact that the blood loss was fully replaced, many of these
men were in shock and died Why wasn’t sepsis an obvious nfer-
ence as the explanation for the persisting shock? Presumably be-
cause those wounds did not look infected

I think 1t 1s important, in such a situation, to remember that the
mdividual i shock cannot mobilize his defenses and demonstrate,
by constitutional or even local signs, that there 1s sepsis in such
a wound The burden of proof rests with those who say there is
no sepsis m that wound because of the absence of obvious signs
of the presence of bactenia It is proper to assume that any open
wound 1s necessarily contaminated Consequently, the only way
to demonstrate the absence of such bacteria, theoretically at least,
would be to take that entire wound, homogemze it, and culture
the homogenate Unless that evidence 1s available, I would say
that wound shock is no more than shock due to blood volume loss
plus bacterial action

Moore How about the blood cultures? Would you accept them
as bearing on the pomt?

Fine 1 would say that was partial evidence of importance, but
not sufficient or crucial One can have a fatal septic process without
a positive blood culture

Stead We get some data on this from people, particularly the
elderly group, who have a httle urinary mfection They run a high
fever, and we find complete circulatory failure We find on top
of this a positive blood culture
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response whatever at any tume.

Sharpey-Schafer You gave fast transfusions without any rise m
blood pressure?

Fine: I would say they were not fast, for a hiter of blood might
take three or four hours

Stead. Had you looked mto the possibihity of pyrogens entermng
the blood from the sick gut? If chemotherapy suppresses the growth
of bacteria m the mtestinal tract, 1t might reduce the amount of
this type of matenal

Fine 1 would not know

Shorr 1 think we have, without doubt, listened to one of the most
mmportant advances 1 the consideration of the shock problem in
many a year, and every one of us 1s gomg to have to include 1 s
thinking about the shock syndrome a very important determinant
derived erther from gut breakdown or from products of bacteral
metabohsm 1n the gut One begins to think of many other phenom-
ena that are associated with prolonged hypotension and then prob-
able relationship to this well-documented demonstiation of the
mportance of the gut and 1ts products Let us consider, for example,
the Dibenamime experiments of Dr Remington, and those that we
have carried out The profound degree of hypotension 1s equivalent
to that which has been produced by Dr Fime m his dogs. Why 1s the
anmimal now free from the undesirable effects which one would ex-
pect mm accord with the demonstration of the importance of the gut,
of the growth of these orgamisms, and the development of their
products? Should we think of a combmation of factors operating?
How can the expermments with Dibenamme m which hypotensions
of 30 mm Hg for long periods of time are associated with recovery
of the amimal be explamed? Would you want to discuss that,
Dr Fine?

Fine Our experience with Dibenamme 1s too limited for me to
have an opimon We did try Dibenamme 1n the late stages of shock
to see 1f we could get 11d of the vasoconstriction 1 the hver

Shorr I think we have to accept the experiments of Wiggers (13)
for example, as mdicating that the phenomena can be demonstrated

I should like to ask you to consider the matter of the exclusion
of the liver m terms of the approprateness of such an experiment
to study the evolution of the shock syndrome It 1s my understand-
ing that in the course of the hypotension of shock, whether trau-
matic or hemorrhagic, the blood flow to the extremities 1s so mmimal
223 E;eezifggogstgcﬁon 1s so mtense that pooling m the extremities

ed Hence, the sequestration of blood must take place

>
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thereafter, but he began dischargmg blood by rectum Blood was
given, estimated to be sufficient by the hemoglobin response, so
that there was no sigmficant deficiency m blood volume The loss
of blood was considered to be due to progressive mesenteric throm-
bosis, but, because of the possibility that the aureomycm might be
responsible, it was discontinued. Thirty-six hours thereafter he was
m deep shock: cold, moist, pale skin, cyanosis, blood pressure
varymg from 50 to zeio systolic, and anuna He was then given
several transfusions, plus norepmephrme m saline solution. There
was No response n any respect whatsoever After twenty-four hours
of deep shock, he was given mtravenous terramycin m large doses
No fluid was given by any route except the few hundred ml re-
quued to admmmister the terramycin Twelve hours after starting
the terramycin, he recovered from shock, and he remamed out of
shock for another five days, durmg which he 1eceived no blood,
but did receive saline containing norepinephrine almost contmu-
ously It was evident that he had perttomtis He died of the peri-
tonitis the day followmng dramage of the wound At postmortem
he showed complete obstruction of the mesenteric vem The anasto-
mosis was mtact The terminal ileum showed mtense hemorrhagic
extravasation m the mucosa and submucosa, but was not gangren-
ous This loop was the probable source of the peritonitis

I consider this a chimcal example of shock in which the question
of whether the shock was due to blood loss 01 sepsis was answered
by the response to therapy

Fremont-Smith Did he have fever during the shock phase when
he was cold?

Fine: No, lus temperature was about 98° F most of the time It
rose to 99° or so, but he had a high leukocytosis

Moore 1 think the interpretation of a patient like that 1s mter-
esting and puzzling The mesenteric venous thrombosis 1s a famous
way, of course, of producing massive flud loss mto the gut with a
tendency toward hemoconcentration You carried him along with
blood, as you mentioned, and his hemoglobin stayed normal, but
he could have had qute a low blood volume despite that I imagme
you were still transfusing him when you gave him the terramycin

Fine No, we deliberately avoided giving him blood dwimg the
admmustration of terramycin

Moore But he had had a lot of blood durmg the previous couple
of days

Fine Durmg the first twenty-four hours m shock following the
stoppmng of aureomycin, he got two or three transfusions, with no
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now appears to be very important, but this factor may be simply
an additional component of the total stress which finally produces
the picture of shock. Bleeding an ammal 45 ml per kg, plus bac-
terial mvasion and bactenal toxms, will produce shock Further
study may prove that if we control the bacteral factor, the animal
will require a bleeding of 55 to 65 ml per kg. to produce the same
picture, but the shock syndrome itself may not be very difterent

Perhaps the most important poimnt heie 1s the question of whether
the hemodynamics 1 shock mvolving bacterial invasion are really
the same as the hemodynamics of shock which do not mvolve this
factor It 1s possible that there are important differences The prior
discussion pomted up the fact that one of the things that may be
happening 1n shock, to the detriment of the animal, 1s an 1mproper
redistribution of blood due to an overactinity of the sympathetic
nervous system, suggesting that if we prevent the body from over-
compensating, we may prevent the development of ureversibility.

We would not expect the action of bacterial toxins to be local-
1zed to specific organs If they are acting by damaging endothelium,
producing vasodilatation, and the like, we might expect a prior: that
they would have a more generahzed effect than does the sympa-
thetic nervous system Do we have any mformation from Dr Fine’s
studies, or others, as to whether shock mvolving bacterial toxins is
n effect hemodynamically the same as shock from pure hemorrhage,
or 1s that simply one of the questions that must await further
studies?

Fremont-Smith 1 have a few data on typhoid vaccine fever and
malana fever i man, particularly on the former During the chill
stage, during the rismg fever stage i which there 1s a tremendous
vasoconstrichion 1 the skin, and the blood flow through the capil-
lary bed comes to a standstill and stays at a standstill until the
temperature has 1eached 1ts peak, there 1s obviously a very gross
redistribution of blood, because m spite of a vasoconstriction which
Is as intense as can be found anywhere mn the skin, the blood
pressure 1s down In a number of mstances, it 1s close to shock
levels, with a systolic pressure between 50 and 60 and a diastolic
which 1s imperceptible The patients look as 1f they were m shock

There seems to be some evidence that the blood redistribution
m vaccmne fever 1s different from the redistrbution m a famt, for
nliltlance, where you have the same intense vasoconstriction m’ the
s Apparently, the patient m a famt has a vasodilatation 1 the

muscle, whereas in the fever I think there is some evidence of vaso-
constriction 1n the muscle as well
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withm certain viscera. Among these, the major one 1s the hver.

A number of people have attacked the shock problem by frymg
to isolate the mfluence of one factor or another, as for example,
removing gut and the liver. If you remove the organs in which the
sequestration occurs, can you expect that under those experimental
conditions you aie observing what takes place m the course of
shock? If not, are these experiments appropriate for the purpose
for which they were designed? )

Fine: We were so concerned about the question of the livers
pooling action in shock that, as a control for further study, we
produced an Eck fistula m order to avoid congestion m the portal
circulation (14) We did the Eck fistula in two ways, a total Eck
fistula and a fistula m continuity. The fistula completely avoided
the portal and intestinal congestion, but this did not influence the
shock state 1n the shghtest

Shorr. Was the hiver congested?

Fine, In radiographs of the circulation, the liver shows generalized
vasoconstriction. The congestion 1s distal to the liver, ie., toward
the intestine, so that a dilated mam portal trunk 1s seen, along with
intrahepatic venous constriction (15)

Shor1 Would you say there was no pooling 1n the liver?

Fine: I don’t know whether there was pooling because we did not
weigh the hiver or measure liver volume to see 1f there was mcarcer-
ation of blood But we know that we avoided incarceration of blood
n the portal vessels below the level of the liver and in the gut, and
prevented mtestinal hemorrhage By measuring portal venous

pressure, we found that we prevented an ncrease in venous tension
in the main portal vemn

Nickerson 1 should like to raise what I thmk 1s a fundamenta’ll
question 1n regard to the way in which we fit data such as Dr Fmes
mto the total picture of shock. There is no question but that a w@de
variety of stresses are capable of producing a shocklike condition
in ammals Hemorrhage has been one of the most common!y
studied Dr Remngton has pomted out that acute changes in
electrolyte balance may produce a similar picture Dr Fine'’s data
show convincmgly that bacterial toxins of one kind or another can
produce or contribute to the production of shock

However, I question whether the information we have received
this morning fundamentally changes our 1deas about the develop-
ment of shock, the mechanisms by which the body attempts to cope
with 1t, and why the body sometimes overcompensates In 1]1111.05];:
studies 1n the past, we have neglected the bactenal factor, whic
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15 all the more impressive mm the face of red cell destruction by
hemolysis It 1s obvious where this fluid goes Autopsy findings show
that there 15 edema in the gastromntestinal tract, the pulmonary
parenchyma 1s edematous, and there are serosangumeous mnfusions
n the serous cavities I am sure the fundamental mechanisms for
circulatory failure can be resolved by this simple phenomenon It
harks back to the fact that we need more basic mformation on the
metabolic derangements that are associated with severe mfection
We know a lot about the physiology of the bacteria We know a lot
about the ymmune response of the host, but we have very httle 1n

the way of study of the metabohc derangements of a host in bac-
terial infection
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I don’t think one gets a generalized phenomenon with bacteral
toxin, at least at the level of the reaction to an mtravenously.njected
bacterium. The sympathetic nervous system 1s greatly stmulated,
and 1t 1s possible to show that the vasoconstriction is sympathetic-
ally induced, because wheie there has been sympathetic mvolve-
ment, as in Raynaud’s cases, on one side, vasoconstriction occurs
only on that side during the rnising temperature phase.

Nickerson: The picture 1s obviously complex. I beheve that
enough work has been done on the mechanism of action of pyrogens
to indicate that at least a large part of their action 1s on the hypo-
thalamus and 1s mediated through the sympathetics Indeed, the
response to pyrogens may be altered markedly by the admimstra-
tion of agents of the Dibenamine type However, we also know that
bacterial toxins can have a direct local effect Do we know, even m
a prelimmnary way, which of these factors 1s involved m the poten-
tiation of shock by bacteria? Are there any hemodynamic measure-
ments m amimals with and without antibiotic protection?

Fine I can only say that we have not seen any difference m the
mamfestations of peripheral vascular collapse, no matter how the
collapse 1s caused, whether by sepsis, hemorrhage, tourmquet shock,
or whatever you please When I started my discussion, I said that I
was dealing only with the peripheral vascular collapse and the
chnical manifestations of that condition Dr. Zwiefach "has beaut-
fully demonstrated what 1s going on m the perrpheral circulation
Anything outside of the peripheral circulation, 1t seems to me, 1
another and much more complicated story than I am dealing with
I am dealing only with the phenomenon of persisting defictency of
flow 1 the peripheral vessels I regard this as the crucial pheno-
menon, because 1t produces deleterious effects upon tissue function
and therefore determines the death of the animal when failure of
some tissue function is mcompatible with hfe

Nickerson Perhaps the crucial experiments to shed hight on this
question of similanty would mvolve a comparison of the protective
action of sympathectomy or Dibenamme blockade in animals sub-
jected, as nearly as possible, to a purely hemorrhagic shock, and in
animals subjected to shock from direct bacterial action, as m Dr
Nelson’s experiments

Nelson Figure 15 1llustrates the only measurements that I have
pertaimng to hemodynamic alterations 1n gram-negative bacteremia.
The control dogs have a normal hematocrit throughout the period
of observation Those given an mfusion of the paracolon bacillus
or 1ts exotoxin (Seitz filtrate) all show a nse 1 hematocnt, which
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Moore: If you were to draw a line of the collapse of the dog on
your chart (Figure 15), wheie would the slope be steepest? Would
it be before the hematocrit gets up, or would 1t be along about the
second or third hour after the hematocnt is up?

Nelson: There 1s a difference in the groups. Fust, the exotoxin
group—I hesitate to say too much about them, smce this group con-
sisted of two dogs — with a single injection, the dog may or may
not recover, Second, in the paracolon group, m some dogs, death
occured at two and a half to three hours, and one dog went thirty
hours But the slope roughly parallels the hematocrit line.

Fine: The data in Table IX are taken from analyses on animals
that died of hemorrhagic shock. If the data that I presented this
morning mean that these are animals suffering not only from blood
loss but also from bacterial invasion, 1t may bear on your pomt,
Dr. Nickerson. These animals were treated with the artificial kadney
during hemorrhagic shock in order to see what derangements m
electrolytes and intermediary metabolism, as far as we could deter-
mine them, were significant in the course of events. Blood glucose,
urea nitrogen, potassium, sodium, chloride, pH, and CO: were
determimed before and after applymg the artificial kidney Normal
values were restored as a result of use of this apparatus. The dogs
died 1n irreversible hemorrhagic shock with no observable change
from the usual course of events, in spite of restoration of the normal
values (16)

Bradley: We measured hemodynamic changes in normal and
hypertensive humans during the hypotensive phase following injec-
tion of typhoid vaccine or pyrogens (17). We have been unable to
find any qualitative difference between the hemodynamic changes
observed in that stage and those seen in shock There may be
quantitative differences As in traumatic shock, there is a marked
drop in cardiac output and there is vasoconstriction 1n the kidney
I am unable to say whether the vasoconstriction in the kidney under
these circumstances 1s as great as in the traumatic shock, but cer-
tainly the qualitative change 1s the same

It should be pomted out that the preliminary state in a patient
who goes into shock as a result of fever is quite different from the
preliminary state in a normal person who goes into shock as a result
of trauma During fever the cardiac output is greatly mcreased, the
peripheral resistance 1s greatly reduced, and the blood flow to the
kidney is quite high in man and in dogs But with shock, the renzill
blood flow is reduced more than one can account for on the basis

of the fall in blood pressure.
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show a reaction that possibly was remumscent of the typhoid-
malaria chill phase, with a marked vasoconstuictor 1esponse, and
SO on

Short 1 am glad that Dr Moore brought up the cross-transfusion
expertments, because, just as with the eviscerate preparation, there
1s some doubt as to the mterpretation of the results of this experi-
mental approach I believe that the results Dr Fine reported today
show how musleading the transfusion experiments may be There
seems to be no doubt that a factor of mtestinal origm profoundly
alters the shock picture, yet m prolonged tiansfusion experrments
with a contmuous exchange, for hours, between an animal that was
gomng mto ureversible shock and a healthy donor ammal, Dr Fine
found that the donor ammal did not experience any deleterious
effects This 15 something for all of us who mght use the method
to consider

Nickerson. We should always keep in mind that the final shock
picture 1s a summation of a great many things Bacterial toxins
which may be commg from the mtestine may be extremely deleter-
1ous to an amimal which 1s hanging on the borderline of bemng able
to mamntam homeostasis, whereas m an ammmal with a margm of
safety — and we know the normal amimal has a tremendous margin
of safety — that deleterious effect might not be demonstrable

Shorr That calls to mind also the amimals which have developed
resistance to drum shock As Dr Zweifach mentioned yesterday,
these animals withstand a type of hemorrhagic shock which 1s lethal
in untramed rats They undergo the same degree of hypotension,
and presumably have the same gut factor operating, nevertheless,
the resistant amimals recover Thus, 1t 15 clear that there 1s a sum-
mation of effects and a cooperation of a vanety of factors

Fremont-Smith Aureomycin 1s given to the dog, wheieas the rat
1s bounced around, and m both cases the anmmal 1s protected against
a similar kind of shock T think that 1s quite interesting

Shorr When Dibenamine 15 given before the induction of shock,
the amimal 15 protected because, with the same degree of hypoten-
sion, the peripheral vasodecompensatory changes, which can be so
deleterious, are avoirded As long as the secondary changes of a
metabolic nature are avoided as well, then the deleterious factors
are not overwhelmmg
Sllfl’tllr:sh Dit ?em todme t]I;at if one could develop a standard dog
Teletonon: & él;l;ﬂr 1s describing, 1t would be possible to htrate the

, such as infection

Shorr Yes Dr Zweifach raised the pomt that sometimes a
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Moore. I think 1t 1s mteresting historically to contemplate the
various periods of the shock pioblem i which circulating toxmn
factors have been merimmated. One thinks back to Cannon’s work,
then the long gap when the Blalock school of thought predomu-
nated, then Dr Aub’s work, and now Dr Fime’s work Every time
that such an appioach mvolving toxins has come up, cross-circula-
tion experiments have been designed to cast some hght upon 1t
with a possibly rather naive assumption that if there 1s something
circulated 1n the shocked dog that 1s actually deleterious, then a
cross-circulation experiment should shock the recipient dog

Fine: We have, on our laboratory agenda, the intention of domg
a perfusion of the mtestine to mamtam 1ts mtegrity durmg the
exposure of the rest of the orgamism to the same degree of shock
as we have usually produced You may recall that we did the
cross-circulation experiment on the hver (18) When we gave
arterial blood mnto the portal system, we found a substantial pro-
tective effect What the protective effect consisted of, I do not
know. One had a choice between the mference (a) that the hver
normally 1s 1n some way engaged i mamtaming some kind of
homeostatic mechanism 1n the peripheral vessels, and the inference
(b), as Dr Shorr’s data suggested, that the liver produces an
undesirable substance as a result of deficient flow of oxygenated
blood We hesitated, from the data we had, to draw -either infer-
ence In the hight of our data, we could only say that what was
done for the hiver was that 1t assisted m sustaming 1ts normal func-
tion With respect to mfection, this would be detoxification, and
to this extent cross-circulation mught have been a helpful thing.
I would forget all about that for the time bemng, but we plan to
do the same kind of experiment on the intestine, where we now
think the chief trouble les, to see if correcting deficiency of flow
through the mntestme will forestall the development of irreversibibity

Moore Also, how about taking the blood from the shocked animal
and simply putting 1t into an unbled ammal or into an anmimal that
1s bled the same volume so that there 1s no net volume change?
Does 1t produce shock in the recipient dog?

Fine That has been done many times, but 1t seems that what
the shocked anmal 1s suffering from 1s a continuing dose of poison,
whereas 1f you simply take a given volume of the shocked dog’s
blood and put 1t mnto a healthy one, you give the latter a fixed
amount of undesirable matenal to deal with, and he probably can

dle that much
hagl 0?)1'6 But I should think 1n the process of handhng it, he would
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show a reaction that possibly was remumscent of the typhoid-
malaria chill phase, with a marked vasoconstrctor response, and
so on

Shorr Iam glad that Dr Moore brought up the cross-transfusion
expermments, because, just as with the eviscerate preparation, there
15 some doubt as to the mterpietation of the results of this exper-
mental approach I beheve that the results Dr Fine reported today
show how musleading the transfusion expeiiments may be There
seems to be no doubt that a factor of intestinal onigm profoundly
alters the shock picture, yet m prolonged tansfusion experuments
with a continuous exchange, for hours, between an ammal that was
going 1nto ureversible shock and a healthy donor amimal, Dr Fine
found that the donor ammmal did not experience any deleteiious
effects This 1s something for all of us who mght use the method
to consider

Nickerson We should always keep m mind that the final shock
picture 15 a summation of a great many things Bacterial toxms
which may be coming from the mtestine may be extremely deleter-
1ous to an amimal which 1s hanging on the borderlne of bemg able
to maintamn homeostasis, whereas m an animal with a margm of
safety — and we know the normal amimal has a tremendous margin
of safety — that deleterious effect might not be demonstiable

Shorr. That calls to mind also the amimals which have developed
resistance to drum shock As Dr Zweifach mentioned yesterday,
these animals withstand a type of hemorrhagic shock which 1s lethal
m untrained rats They undergo the same degree of hypotension,
and presumably have the same gut factor operating, nevertheless,
the resistant animals recover Thus, 1t 1s cleax that there 15 a sum-
mation of effects and a cooperation of a variety of factors

Fremont-Smith: Aureomycin 1s given to the dog, whereas the rat
1s bounced around, and m both cases the animal 1s protected agamst
a similar kind of shock T think that 1s quite mteresting

Shor1  When Dibenamine 1s given befoie the induction of shock,
the animal 1s protected because, with the same degree of hypoten-
sion, the peripheral vasodecompensatory changes, which can be so
deleterious, are avoided As long as the secondary changes of a
metabolic nature are avoided as well, then the deleterious factors
are not overwhelmmg )
suf}?r:shD];‘t %elilgslstodme that 1f one could develop a standard dog

escribing, 1t would be possible to titrate the

deleterious factor, such as infection

Shorr Yes Dr Zwerfach rased the pomnt that sometimes a
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standardized amimal may not allow for the participation of all the
factors which normally operate in circulatory homeostasis If, for
example, with a Lamson bottle, you should completely curtail the
renal contribution, then, while you have a standardized ammal, you
also have one which 1s deprived of a very important participant
in crculatory homeostasis.

Nickerson: If I recall correctly, Harold Wiggers (19) used the
Lamson bottle in some of his first experiments with Dibenamine,
and 1 the presence of the blocking agent he obtamed good pro-
tection, which may mean that some circulation through the kidney
persisted.

Zweifach: Dr Wiggers and his co-workers used the Lamson
reinfusion reservorr technique but followed a graded hemorrhage
procedure

Moore* But with Dibenamine the ammals began to take up much
sooner, didn’t they?

Nickerson: Yes

Moore Dr Fne, I asked about the three dogs who died under
aureomycm (Figure 11) In them the infectious factor had, pre-
sumably at least, been dissected out, and yet they went ahead and
died Perhaps this 1s germane to the point we are discussing now.

Fine I should have pomted out that those three dogs lived
decidedly longer than the unprotected animals, but we did not call
them survivals because they were dead within twenty-four hours
We called 1t a survival if the animal was frisky and able to eat
and run around the next day and continued to do so thereafter.

Stead: You are coming back to what Dr. Remungton said yester-
day, that essentially we are studying the way animals die. We have
postponed that time by the use of blood and antibiotics Now that
you know about the gut factor and the role of antibiotics in 1t, you
will eventually make yourself a new nreversible shock preparation.
All you have to do 1s put your blood pressure bottle at 20 or 10 or
whatever it takes to damage the amimal sufficiently

Fremont-Smith You will have wound shock in aureomycin-
treated patients, and exactly the same problem will come up then,
too

Shorr: The factors that basically regulate peripheral circulatory
homeostasis are also basic to the compensatory and decompensatory
peripheral circulatory changes which occur in shock If these
mechanisms which we m our laboratory have emphasized were
not involved, and the only principle responsible for circulatory
deterioration were a toxin, then we should expect that in Dr Fine's
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cross-perfusion experiment the donor animal with a healthy hver
would have been able to remove the toxin and thus protect the
other animal from shock. This was not the case, except when the
viviperfusion of the liver was begun at the start of the bleedng.
When it was begun only after there had been significant taking up
of blood from the reservoir by the shocked animal, the animal con-
tmued irreversible and the donor provided no protection (18).
Under the latter circumstances the peripheral circulatory decom-
pensation, which 1s temporally associated with ferritinemia and
breakdown of the liver VDM inactivation mechanisms, was well
established at the time the viviperfusion of the liver was begun.
What I mean to make clear is that we have observed no condition
m which circulatory decompensation, of the type that we have
described as associated with fermtinemia, fails to occur during
irreversible shock, and that whatever the effects of “toxic” materials
derived from the gut or liver autolysis, they are superimposed upon
a deteriorated peripheral circulation.

Fine: 1 hope I did not give the impression that administering
an antbiotic to an animal kept at a fixed level of hypotension of
30 would allow the animal to hve forever. Surely, if you kept him
mn such a state for a long period of time, he would begin to get
the effects of tissue damage, and that tissue damage might hit the
heart or the brain or the liver, and he would die from the loss of
a vital organ’s function

Moore. Yes, but it is the direct definition of that precise tissue-
damaging process that we must move on to, as Dr. Zweifach said
yesterday The deterioration after hypotension remains the problem,
and the mere fact that 1t is delayed with antibiotics does not 1n any
way lessen 1ts importance, particularly when you look at the human
in whom the antibiotics do not prevent-shock.

Fine: Surely, if you open up the aorta mn a man, he will die, and
die fast If you make a small hole in his aorta, he 1s gomng to die
unless you plug it up The question 1s whether we are, in these
experimental situations, simulating something like the state of affairs
that we have to deal with in the chmical problem

Shorr: You are m danger of insisting that death cannot be due
to shock in the absence of the bacteral or gut factor.

Fine: 1 do not want to make that inference However, 1 do say
that when a patient shows the classical features of shock as a result
of hemorrhage and does not respond to an adequate replacement
of blood .volume, one must consider whether or not the failure to
respond is due to sepsis If treating sepsis with an effective anti-

PV o i
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standardized animal may not allow for the participation of all the
factors which normally operate in circulatory homeostasis. If, for
example, with a Lamson bottle, you should completely curtail the
renal contribution, then, while you have a standardized animal, you
also have one which 1s deprived of a very important participant
m circulatory homeostasis.

Nickerson: If I recall correctly, Harold Wiggers (19) used the
Lamson bottle in some of his first experiments with Dibenamine,
and 1 the presence of the blocking agent he obtained good pro-
tection, which may mean that some circulation through the kidney
persisted

Zweifach- Dr Wiggers and his co-workers used the Lamson
reinfusion reservorr technique but followed a graded hemorrhage
procedure.

Moore: But with Dibenamine the animals began to take up much
sooner, didn’t they?

Nickerson. Yes.

Moore Dr Fine, I asked about the three dogs who died under
aureomycin (Figure 11) In them the infectious factor had, pre-
sumably at least, been dissected out, and yet they went ahead and
died. Perhaps this 1s germane to the pomnt we are discussing now.

Fine: 1 should have pomted out that those three dogs lhved
decidedly longer than the unprotected animals, but we did not call
them survivals because they were dead within twenty-four hours
We called 1t a survival if the animal was frisky and able to eat .
and run around the next day and contmued to do so thereafter.

Stead You are coming back to what Dr. Remington said yester-
day, that essentially we are studying the way ammals die We have
postponed that time by the use of blood and antibiotics Now that
you know about the gut factor and the role of antibiotics in it, you
will eventually make yourself a new irreversible shock preparation
All you have to do is put your blood pressure bottle at 20 or 10 or
whatever it takes to damage the animal sufficiently

Fremont-Smith You will have wound shock m aureomycmn-
treated patients, and exactly the same problem will come up then,
too ’

Shorr The factors that basically regulate penipheral circulatory
homeostasis are also basic to the compensatory and decompensatory
peripheral circulatory changes which occur m shock If these
mechamisms which we m our laboratory have emphasized were
not involved, and the only principle responsible for circulatory
deterioration were a toxin, then we should expect that :n Dr Fine's
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Ficure 168 Smooth hine represents average response of precapillary sphincters and
termmnal arterioles to topical epmephrme The numbers sigmify the number of
amimals responding to a partic concentration of epmephrine The dotted area
represents the spread of normal ammal response, 81 per cent responded to a con-
centration of 1 2 X 10° Reprnted, by permission, from Haley, T J, et al. Presence
and 1dentity of vasotropic substances 1 blood of rats subjected to acute whole body
roentgen ray wradiation Am J Physiol 168, 628 (1952)

day to day, but over the period of the last three years. Whether
that would be an LDso dose for some other laboratory, I would
not want to say. There are certain features, concerning an LDgo
of wradiation, which I attempt to avord One 1s the fact that the
slope of the lethality curve approaches 1, so that a small amount
over or under 600 r can produce some profound changes m the
rate of mortality and the total over-all mortality Usually 1 define
the dose as 600 r, and attempt to forget the LDsoq termnology

In Figure 16 we plotted epmephnne senstwvity against time
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biotic does not then cue the patient, it may be that 1t 1s a sepsis
for which we do not have an effective antibiotic, or it may be
another factor. I don’t presume to interpret what that other factor
may be. .
IRRADIATION SHOCK

Shoir. It might be approprate, at this time, to ask Dr Haley to
tell us something about mradiation shock, since this condition has
also been shown to be affected by antibiotics.

Haley. We agan come to a situation of ngidly defining the con-
ditions under which the work was done * In the first place, the
amount of X-radiation given, whether given regionally or to the
whole body, was 600 r The ammals mvestigated thus far have
been rats

In the radiation syndrome one deals with many factors, not the
least of which 1s the destruction of the formed elements of the blood
We did not, m any sense of the word, make any blood counts. That
had been well documented by Bryan and Suter at Rochester (20),
including the early phases in the first fifteen mmutes up to the
first twenty-four hours, and each day thereafter for a considerable
period We did not use any antibiotics Howland at Rochester (21)
has been able to demonstrate that, to some degree, aureomycin
takes care of the bacteremia which 1s present The bacteremna,
which develops on the third day, 1s highly specific and not of
exogenous origin It 1s caused by Pseudomonas and Proteus organ-
1sms from the large mtestine of the ammal Thus far we have not
found any antibiotics which are entirely effective m controlling 1t

In so far as the shock phase 1s concerned, we studied 1t with the
mesoappendix preparation to determime whether the classical pic-
tme of shock was piesent We studied wradiated animals and the
blood from nradiated ammals Figure 16 illustrates the pattern of
response which develops Apparently, mn the rat, not much happens
until the third day

Nelson Is your dose of nradiation an LDjgo?

Haley It s approximately an LDso If you work with the LD1oo,
things happen too fast, and you cannot, under the circumstances,
study much of anything

Nelson How reproducible from stramn to stram is that LDgo?
Do you have to modify your total body radiation dose, or do you
find that that is constant from day to day?

Haley For our laboratory it 1s fairly constant, not only from

$ This k was performed under Contract No AT-04-1-GEN-12 between the
Atomic I‘Evr(l)érgwamT?mlssmn and the University of Califormia at Los Angeles
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Ficure 17 Mortahty mn rats receiving 600 roentgens Reprinted, by permussion,
from Haley, T ], et al Presence and identity of vasotropic substances in blood

of rats subjected to acute whole body roentgen ray wradiation. Am J Physiol. 168,
628 (1952)

Haley Orally, and I believe he did give some parenterally. I do
know definitely that a large number were on oral medication

Burton Can you tell us anything about the blood pressure of
these animals i this period?

Haley Unfortunately, I did not study blood pressure Dr
Lawrence (22) at the Umversity of Rochester did a cross-circulation
experiment and found that the recipient amimal remamed normal
after recerving the blood from the nradiated ammal. We did some
tissue extract experiments mm which we took salime extracts of
intestine, liver, spleen, and kidney We mjected these into rats and
recorded arterial blood pressure In all instances we got a hypo-
tension, even during the VEM phase, so that we were not sure as
to what the observations meant We even got a hypotension when
we blocked a possible histamime action with benadryl, and when
we blocked a possible acetylchohne action wath atropme

Stead. How do these concentrations of VDM m the blood of



178 Shock and Circulatory Homeostasis

after irradiation. The majonty of the normal animals will respond
at 1 m 2 million, some few as high as 1 in 6 mmlhon The pattern
will start off with a shght rise, which we think is not significant,
and then by the third day will fall precipitously as far as the re-
sponse of the bed to topical epmephrine is concerned

In the amimals studied after wrradiation, there 1s quite a disper-
sion. In other words, four animals will respond at 1 1 100,000, and
others will respond to epinephrine concentrations as high as 1 m
10,000 The blood of the ammals was studied under similar circum-
stances, and we obtained the same type of reproducible curve. On
the third, fourth, and fifth days the responses are down at the lower
level of the curve, with the VDM concentration in the blood
depressing epinephrine sensitivity and vasomotion The flow mn the
peripheral vascular bed is extremely sluggish. On the sixth day the
animals apparently start to recover. On the seventh day they are
back up to the normal sensitivity again Then we have a shght over-
shoot, which reaches a peak on the twelfth day.

Burton* Is this a titer of the blood of these irradiated anmmals or
is this the sensitivity of that animal’s mesentery?

Haley: Ths is the sensitivity of the animal’s mesentery The fact
15, we can take blood from nradiated ammals, give it to a normal
animal, and duphcate this type of curve.

The sensitivity on the VEM side never rises much higher than
1 x 107 epinephrine concentration. It falls off agamn to normal on
about day mmeteen, and we get shght fluctuations on out to day
thirty. We have not studied animals beyond day thirty

The peculiar significance of this curve and its correlation with
death 1s that in the first week when VDM is present, only 12 per
cent of the animals die; whereas during the VEM cycle, 41 per cent
die We like to believe that the hemorrhage which can be seen in
the small mtestine — and there is definitely a slough of the mucosa,
both from a histological point of view and from direct observations
on the animals — contributes to the death rate during the second
week more so than it does during the first week (Figure 17)

All of the toxic factors that Dr Fine was tallang about this morn-
ing, as far as the bacteremia 1s concerned, are defimitely present
in these animals Dr Bennett, one of our group, has worked with
antibiotics in attempting to prolong the hfe of the animals, and
the results are not too encouraging But we believe that this is due
to the fact that we are dealing with organisms which are not sensi-
tive to streptomycin, penicillim, or aureomycin

Nelson: May I ask how those antibiotics were administered?
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one depressor dose bemg equal to 00005 miciogram of ferntin,
this would give between 100 and 500 doses m that particular sample
of plasma

Buich What would be the 1esults, then, 1f D1 Haley, for example,
ran a dilution titration study on one of these matenals and used
this for comparison?

Zwerfach. The radiation experiments of Dr Haley aie most en-
couragmg 1n that he repeated our woik on ferrtin independently
and obtamed precisely the same orders of vasoactivity, using the
rat mesoappendix assay * I would hesitate to advocate carrymg the
rat assay techmique too far as a quantitative tool without a clear-cut
understanding of the pitfalls which may be present.

Burch. For a given blood sample, could he run a measurement
for quantity to determine what he calls a great deal?

Shorr. I think Dr Haley has answered that, because with crystal-
hne fermtin he gets about the same vasodepressor effect as we
observe

Stead. This settles the matter I want to know. Your rats have
orders of fermtin, of VDM, of the general magmtude of those we
were talking about yesterday m shock animals?

Shorr Dr Haley, have you attempted mimimal bleedings, which
ordinanly would not be sufficient to throw an animal mto shock,
at the time that the ferntin content 1s high?

Haley No, we have not tried that

Shor1 'We have observed VDM 1 the plasma of rats with nutn-
tional curhosis (23) Therr circulation 1s mamntamed under ordmary
conditions, but a shght trauma or a small bleeding suffices for these
ammals to go mto shock and die, whereas normal animals would
survive the same amount of trauma It would be mteresting to know
i the VDM preponderance i your animals predisposes them to
shock when the circulation 1s jeopardized

Stead 1 raise the same objection you raised to cross-circulation,
that this 1s getting rather too simple These ammals have a lot
wrong with them besides ferntin They will die quickly when you
bleed them I think we can all say that.

Haley Yes, trauma predisposes these animals to death But there
are so many other things involved in thus that I am just trying to
pick one piece of the puzzle and say these are the data to back
up that piece of the puzzle Perhaps we shall get other data on the
E?;;te;?trg;a t?;d &:rgégem will fit together It may even be possible

n of large quantities of VDM i the frst

* Haley, T J, and Andem, M R Personal commurncation
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these amimals compare, 1 general, with the concentrations m the
ammals m shock Di. Zweifach described?

Haley. Ours are extremely high in VDM as compaied with hus,
As far as VEM 1s concerned, however, our responses there are con-
siderably lower than those found by Dr. Zweifach.

Zweifach There are several charactenistics of ferrtin activity
which have to be taken mto consideration Crystalline ferritin, when
dissolved 1n erther saline o1 plasma and injected mto a test rat,
gives a well-defined vasodepressor assay 1n concentrations of 00005
to 0001 gamma N When one employs higher concentrations of
ferntin, a prozone 1s reached m which the establishment of vaso-
depressor activity 1s no longer possible A variety of side reactions
are encountered, which may be related to the effects of ferritin on
other systems We are therefore imuted, m terms of the crystalline
product, as to what we mean by high concentrations Our ability
to detect differences 1n ferritin concentrations between, let us say,
0001 and 001 gamma, the upper lumt of our test, varies with the
precise concentration of ferriin with which we are dealng This
1s due to the S-shaped character of the rat test activity curve with
different concentrations of ferntin. As indicated earler, 1t would be
dufficult, by testing several samples with concentrations of ferrttn
ranging from 0 005 to 0 0001 gamma to deterrne the quantity of
ferrtin m each of them Samples which are at both extremes of
the concentration curve, can be distinguished readily from each
other, those 1n the mid-range, less readily An error of as much as
100 per cent 1s possible, for example, 1 an attempt to distnguish
between 0 001 and 0 0005 gamma of ferritin

Stead Then we come down to a question of not bemg able to
establish one fact You don’t know whether these are large quanti-
ties, and Dr Haley says his are large

Zweifach The question at 1ssue here 1s whether one can arbitrarly
compare the activity of an unknown blood sample with that of a
known concentration of ferrntin I do not believe that this could
be readily done without a complicated dilution series and repeated
tests to map out the precise shape of the dilution curve with each
sample We have not routmely employed such procedures because
of the considerable amount of work which would be involved for
each sample

Shorr Have you tried to dilute your samples?

Haley Yes, we have been able to dilute them As I have alreafiy
shown, 1 equvalence to horse ferrtin, it would be a quantity
greater than 0.1 microgram, but not 05 microgram Based upon
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Green: What kind of anoxia were the animals exposed to?

' Haley. The animals were exposed to wradiation in an atmosphere
of mtrogen with 5 per cent oxygen, for the time 1t took to deliver
a given dose of wradiation They were usually irradiated, if they
were rats, m groups of about five. If they were rabbits, they were
nradiated one at a time.

Shorr: How long is the period of anoxia?

Haley: It depends upon the total dose of wradiation. At the
present time we can give a dose of 600 r m about six minutes.

Shorr: I do not doubt that there could be temporary effects of
anoxia, but in this case we do not know what these effects are on
specific mechanisms

Haley: Yes, but we do have observations on some rabbits which,
after exposure to mradiation and anoxia, had severe circulatory
collapse within six hours and went on to exitus. They die quickly,
and present the typical picture of shock However, I have not
bothered to assay the blood of those animals, because when I was
trying to find out whether there was anything circulating after
X-radation, I did not want to mmpose conditions which might
produce the very substance being sought.

Green: Do I understand that six minutes of anoxia was enough
to give them some protection agamnst X-radiation?

Haley: Whatever the time limit was required to dehver the
total dose

The work under discussion was done a year and a half ago, before
we had a double head setup Now we radiate from above and
below with 250 kv machines, so that we get a ternfic dosage rate.

Prior to that time, work was done with one head, giving a dosage
rate one-half the present one

Nickerson: This protective action of short periods of anoxia
imphes that the effects probably are not the alteration of the VEM-

VDM mechanism but mvolve changes in the metabolic state of
certain hissues at the time they are wradiated

Haley: That is a good pomt

Nelson: I was mterested m your answer to Dr. Burton’s question,
because when you described gastrointestinal bleedmg at the third
day, that was much different from what we see in humans The

Japanese casualties did not show their gastrointestinal bleeding
untll two weeks later

Haley: Let’s define conditions When was it that
: : you saw your
first casualties? Six weeks after the irradiation You did notyget
any of the early ones, so you cannot say that bleeding did not occur

e~
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week, antibiotics would reduce the death rate m the second week.

Burton What is 1t about these animals that makes you feel this
has something to do with shock? I have just heard so far that they
die

Haley: The simple reason that at the time when epmephrne
sensitivity decreases, they are bleeding mto thewr mtestmal tract,
and the massive hemorrhage contmues throughout the second week. .
We have even seen 1t up to day nineteen. But 1t 1s quite obvious
that m such anmmals, the bleedmg may not have begun durmng the
first week. This is consistent with the variations observed in the
response to wrradiation

One of the pomts previously raised was the fact that we used
senally sacrificed animals and that perhaps the ammals taken m
the first few days would have been dead on day eight We have
also been asked if there 1s any connection between the appearance
of VDM and VEM /and the death rate We hke to feel, on the
basis of observations on some 1500 ammals altogether, that after
radiation they all go through the VDM and VEM cycles, and that
the survivors are better able to take care of themselves However,
I have no exact data to prove that particular poimnt

Osserman. Is 1t possible to ncrease the mortality i the early
period by giving fermtin?

Haley: We have not tried that We have attempted to find out
some other things about ferritm m the normal ammal Tt does noth-
ing to the coronary circulation, and it does nothing to the blood
pressure response to epinephrine

Osserman: How is 1t possible to reconcile these results with those
of Cronkite and his co-workers (24) who have demonstrated that
glutathione and other SH donors exert a protective action agamst
whole body uradiation?

Haley: That happens to be a particular problem which plagued
me for a while We worked with some sulfhydryl donors which
also inhibited metabolism Unless you give a toxic dose, sulfhydryl
compounds have no effect Cronkite (2526) and Patt (27), as
well, have given toxic doses of glutathione but they are actually
determming a pharmacologic effect and not a metabolic one

The problem is to reconcile our data not only with this sulfhydryl
proposition but also with the anoxic proposiion which has been
found by Dr Bennett (28) m our own animals We know that if
the ammals were made anoxic, there would be a tendency to
Iberate ferntin Yet that 1s one way of protecting so that they
survive, and they survive doses up to and mcluding 1000 r.
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a blood pressure determination

Shorr Do you know whether the kidneys, when they form VEM,
undergo any type of damage?

Haley. We took kidneys and livers from rats on the third to fifth
days The hvers paralleled, in ferntin content, the amount of, the
blood

Shorr. That 1s, on aerobic incubation the hver slices release ferrtin
mnto the medium

Haley Yes, and the kidney durmg this same time mnterval was
releasing VEM under aerobic conditions During the second week,
the liver was releasing VDM

Fremont-Smith. Isn’t your tter, then, actually the summation
of two contranly acting substances? You have got both VDM and
VEM m there To get the true level of either, you would have to
do the antiserum fractionation technique

Haley 1 believe that would be correct

Most of our work has been designed to attempt to establish
what this material was We have had these curves for about a
year and a half, and the data on the blood for almost that length
of ime All the succeeding time has been spent mn an attempt to
identify positively what the materials were, so that we would have
a rational basis for going further

Osserman If the dose of total body mradiation were greatly
mncreased m order to produce a greater mortality rate in the mmitial
period, would you anticipate that the VDM response would still
be as striking?

Haley We have not done that, but I would anticipate that if
you gave a sufficient dose to be lethal m seven days, the release
of VDM would be caused on the first day

Ossetman But would there stll be a marked predominance of
VDM m this imitial period?

Haley Yes The predommance of VDM m the mtal period 1s
really striking

Green But would 1t become more predommant with the heavier
dosage?

Haley No, but the difficulty 1s that if you mecrease the dosage,
the animals will never survive to give you the other end of the hne

Green How about this first period? Would the VDM be released
I any greater concentration?

regzsl:él’ I would have my doubts that more fernin would be

Fremont-Smith  You were able to establish that that 1s ferrtin?
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early You can say, for those that you did see who had survived
up to the pomt when they were examined, that the bleeding did
not take place until that time

Nelson. When does 1t occur in dogs?

Haley. It vanes with the dosage rate It will occur withm the
first week

Osserman Undoubtedly, there are marked species differences
with respect to lymphocyte and leukocyte sensitivity to irradiation
Subjected to the same relative dose of whole body nradiation, the
rabbit will show maximum white cell depression and bleeding
tendency on the fifth or six day 1 contrast to the rat’s much earher
response

Haley- 1 mght elaborate further by pomting out that m the first
eight hours the rat loses approximately 50 per cent of hus white
cells, because he has a 60 per cent lymphocyte count In other
words, 60 per cent of his white cells are lymphocytes, and thexr
half-Iife 1s about exght hours Thus he has a tremendous loss Further-
more, the level drops down from the mitial high and goes along
at an extremely low level until approximately the twenty-fifth day
when recovery 1s apparent, but the lymphocyte count is still below
the normal level

Burton Have you measured the white cell destruction m the
anoxic ones?

Haley 1 have not Bennett has some data on that, but I have
not had the opportumty of gong over 1t very carefully Apparently,
you get some of those hematological changes even m the anoxic
animals

Burton No, I meant i the protection that anoxia apparently
gives from nradiation, has the white cell picture been studied?

Haley There 1s some destruction of the white cells, but I don’t
believe 1t 1s as pronounced as the destruction mm the nonanoxic
animal

Howard Do you know whether there 1s any correlation m your
curves between VDM and prothrombin concentration?

Haley No We have recently begun further study of the various
factors mvolved m the blood coagulation process and the picture
1s rather complicated

Shorr You spoke a httle while ago of salne extracts of tissues
obtamed at varous time mtervals throughout the syndrome 1
should like to ask if the tissues were immediately sheed, extracted.
and tested, and what you found with respect to the kadney?

Haley We also got hypotension with the kidney This 1s wath
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Haley: Yes, 1t fitted the characteristics that Dr Shorr, Dr. Mazur,
and Dr Zweifach have published for ferritin: depression of vaso-
motion and decreased epmephrine sensitivity. If you take the plasma
and dialyze it, the material will not dialyze. If you inactivate 1t by
aerobic mcubation with normal hiver, it can be reactivated by
cysteme It can be imactivated in vivo with a specific antiserum
made from rat ferritin We are swe that 1t 1s ferritin (29,30,31,32).

On the VEM side, the material fits most of the criteria, but, as
Dr Shorr will admt, there 1s not enough formation on VEM to
establish definitely what 1t 1s

Green- In a group of 50 animals, would all of them show a similar
curve whether or not they survived, the 50 per cent that survived
as compared with the 50 per cent that died, for mstance?

Haley: 1 believe so, because of the total number we have worked
with We have tried out the whole procedure on about 1500 animals,
and we get a spread i the amount of detectable ferrtin on the
third and fourth days By that I mean, one series had 100 to 500
vasodepressor doses on the third day, whereas another series had
only 2 to 40 doses on the third day with an mcrease from 100 to
200 on the fourth day )

We like to speculate on the possible mechanisms mvolved mn the
release of ferntm It would appear that it 1s not a diect effect
of wradiation

Green If you took the average of the 50 that survived and the
50 that died, would there be any quantitative difference in their
curves?

Haley We have not done anything on that exact type of experl-
ment, but I like to believe that all of them go through 1t, even the
survivors

Nickerson: The difficulty here 1s that you must sacrifice your
animals to get each pomnt on the curve

Haley That 1s nght We are getting ready to do dog experiments
With these, we shall be able to do serial samples day by day on a
single animal, and some of the anmimals will survive Then 1t will
be possible to give an exact answer to your question

It 1s possible that this material 1s directly released as one lump
mto the circulation, or 1t could be the radiation sensitivity of the
inachvation mechanism I have no data to support this thesis



THE THERAPEUTIC IMPLICATIONS OF
CURRENT CONCEPTS OF SHOCK

FRANCIS D MOORE
Department of Surgery, Harvard Medscal School

Tue THERAPEUTIC 1MPLiCATIONs of the concept of shock that we
have talked about at this Conference are such that I should Iike
to go immediately back to the hospital and study the possible
presence of VDM in human patients I should want to take a
human patient who obviously has a large adrenal medullary factor
early m shock and i whom blood replacement 1s adequate, a
patient whose condition 1s poor, and admimster Dibenamine, then,
at or near the same time, carry out the necessary bacteriologic
studies to determme 1f cobform organisms were present But these
are 1deas that all of you have had after hstening to the wonderful
papers of the last two days I can imagmme that we are all eager
to apply the data and concepts presented to the human bemng.

Confusion about the problem of shock 1s easy because of the
great variety of experimental situations in which shock can be
produced, but perhaps that confusion is wise, perhaps 1t 1s healthy,
because, after all, the clinical problem of shock 1s equally varied
The background of the patient and the situation in which the patient
finds humself 1s just as varied, if not more so, than the expermmental
situations which have been discussed This is by way of saying
that when confused on the shock problem, let’s return to the patient
because, after all, the shock problem stems from human disease,
and we ought constantly to keep this orientation in mmd when
considering where the laboratory 1s taking us Thus, I should like
to start by giving, very bnefly, a number of case histories which
seem to bring up some mteresting problems, and then perhaps later
on discuss some of those patients agamn in the light of conceptual
backgiound

The knowledge and recognition of shock are recent. In the ancient
literature one finds few clinical descriptions of what we now call
shock At the time of the American Civil War, the syndrome was
1ecognized Tt was treated with whiskey, morphine, and occasionally
by veratrum viride, which was available at that tme and was known
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When she came m, she was described by the intern as being
n extreme shock, with a pulse of 120 and blood pressure 76/42,
she was pale and clammy, very nervous, air hungry, and unable
to concentrate on anything A diagnosis of ruptured ectopic preg-
nancy was made after examimation, and she was immediately started
for the operating room En route there and while under study
the emergency room, she was given rapidly 200 ml of blood and
300 ml of plasma That was simple plasma, started because 1t could
be fetched up first, of course She was operated on under ether
anesthesia A great deal of blood was found in the peritoneum,
and a ruptured ectopic pregnancy was found at the fimbria of the
left tube At that time her blood pressure was zero, her pulse was
unobtamnable Clamps were placed on the bleeding vessels. The
operation was stopped, m the words of the surgeon, “to avoid any
further shmulus of pamn or trauma” Blood was transfused, as it
had been on the way up, and m fifteen minutes her blood pressure
was 90/40 Her pulse came down and her blood pressure went on
up above 100 The operation was completed and she went home
perfectly well

The obvious implication 1s that the early picture we are dealing
with is one readily capable of reversal

SHOCK FOLLOWING A COMPLICATED
OPERATION PLUS HEMORRHAGE

The third story I should like to tell 1s that of a 54 year old man
with an advanced cancer m his prostate and rectum He was pre-
pared for surgery with an intestinal antiseptic of the sulfonamide
group The operation was extremely difficult He had a frozen pelvis,
so-called, and the rectum, bladder, and prostate had to be removed
in one mass He lost a good deal of blood during this procedure,
but transfusion was continued throughout the operation Toward
the end of the operation, his condition deteriorated to the pomt
where his blood pressure was falling away quickly despite rapid
transfusion and (by our calculations) overtransfusion He showed
the phenomenon, mentioned 1n our discussions yesterday, of obwi-
ously elevated venous pressure By that I mean that the vemns one
could see in lus pelvis were distended and the arteries were ex-
tremely constricted He bled massively from the distended vems.
This bleeding was very difficult to control His blood pressure fell
away to nothing His pulse became unobtainable The operation
had been going on for about six hours Of course, we all wondered
if we were deahng with something akin to ureversibility At that

pomt, a plastic catheter was placed in his brachial artery, and by
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to reduce the heart rate. The physicians of the Civil War thought
that the tachycardia was m itself harmful, an interesting thing when
you think of our discussion earhier of the effects of heart rate on
cardiac output

SHOCK FOLLOWING EXTERNAL HEMORRHAGE

It might be of interest to recount one of the famous cases of
shock m that time, namely, that of General Jackson, who, after
making his famous countermarch around the Union Army at Chan-
cellorsville, went out ahead of his troops to reconnoiter at night and
was shot by his own pickets Falling off his horse, he staggered
back with a broken arm and a severed brachial artery Lee’s Lieu-
tenanis* gives the description m the words of Maguire, the surgeon
of that Army corps

“His suffering at this time [about six hours later] was ntense.
His hands were cold, lus skin clammy, his face pale, the lips com-
pressed and bloodless, and pulse rapid, weak, and thready. Not a
groan escaped him, not a sign of suffering except the slight corruga-
tion of his brow, the fixed ngid face and the thin lips so tightly
Ecl)mpf,essed that the mmpression of his teeth could be seen through

em.

The case history goes on, but, to make 1t brief, Jackson went on
bleeding He was mn profound shock, and at that time 1t was recog-
mzed that his shock could not be dealt with unless the bleeding
could be stopped, a very important pomt which we shall come back
to later So, under chloroform anesthesia, his arm was amputated.
He lived about three more days, during all that ttme bemg m a
state of what I am sure we would call chrome hypotension, he was
probably hemodiluted, and certainly very pale, from the descrip-
tion He died of what was regarded as pneumonia, though 1t prob-
ably was pulmonary infection

SHOCK FOLLOWING INTERNAL HEMORRHAGE

The next case I should like to consider 1s that of a 85 year old
woman who came mto the hospital with a history of three weeks
of crampy lower abdominal pain and some vague vagmal spotting
She had missed a menstrual period Although she was childless,
she was mterested m becommg pregnant Two hours before ad-
mussion, she was suddenly seized with severe, generahzed, ab-
dominal pamn, worst m the lower abdomen She felt nauseated, broke
out m a sweat, did not vormt, had pain mn both shoulders, was weak
and nervous, and she stated that she was hungry for ar

* Froeman, D S Lee’s Lieutenants, A Study in Command New York, Scribner,
1944
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it through, although we had no evidence of elevated venous pres-
sure m her Although her blood pressure, urme flow, and all the
simple peripheral mdices of her hemodynamic state were restored
to normal, she never regamed consciousness, and she died three
days later At postmortem, she showed cerebral edema with a pres-
sure cone.
SHOCK ACCOMPANYING OPERATIVE PROCEDURES IN A
PATIENT WITH IMPAIRED ADRENAL CORTICAL FUNCTION
The sixth patient was a 62 year old woman with carcmoma of
the anal canal It was clear chimcally that she was gomng to requue
three operations one to remove the carcmoma and the others to
get nd of the mgwmnal nodes which were involved Her first opera-
tion started out under poor auspices m that she developed hypoten-
sion under anesthesia She was transfused with only moderate suc-
cess, and possibly without much wisdom The operation was con-
tmued and carried through She made a very slow and very pre-
carious recovery from it, with amounts of blood transfusion far m
excess of anything she had lost No diagnosis was made

The second operation was commenced, and as soon as her anes-
thesia started, she developed severe hypotension and went nto
warm shock We might call 1t “Dibenamine hypotension” At that
time the surgeon stopped, and for the first time the hghts began
to ficker An eosmnophil count was mn the normal range, despite
the fact that the mere mduction of anesthesia should lower 1t prac-
tically to zero With this in mind, she was studied, and 1t was found
that although she had no overt Addison’s disease and no evidence
of tuberculosis anywhere, let alone 1 her adrenals, she had some
sort of functional adrenal insufficiency Her mitial response to
ACTH was subnormal She was given ACTH over a period of
about ten days Her adrenal cortex was built up to a normal state
of responsiveness She was then operated upon and went through
her procedure without event

SHOCK ACCOMPANYING MASSIVE BOWEL GANGRENE

The seventh case 1s that of a woman 1n her mud-thirties who was
pregnant with twms She went into labor and the twins were de-
livered but during labor she was seized with a temfic, tearing,
agomzing abdommal pamn It was felt at the time that she might
possibly have ruptured the uterus, or that there mmght be some
other calamity of an obstetrical nature, but this was not borne out
by the findings on exammation After delivery she continued to

have abdomimal pam, and developed abdommal distention and a
silent abdomen with vomuting
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this means he was given about 700 ml. of whole blood.

This blood was run in with the greatest of ease, rapidly and
without much pressure. The patient ralhed His pulse became ob-
tainable, his blood pressure rose, and, to make a long story: short, his
arterial transfusion, whose possible effect we shall discuss m a
minute, appeared to be the turning point

A question often asked 1s whether arternal transfusion should be
given under pressure The answer 1s that if you have to use much
pressure to give an arterial transfusion, the patient probably does
not need 1t

SHOCK FOLLOWING TRAUMA WITH A HUGE HEMATOMA

The fourth patient was a 23 year old man who had been run
over by a tractor He had a crushed pelvis, compound fractures
of both femora, some external bleeding, and a huge retroperitoneal
hematoma which could be palpated easily He had been mnjured m
the country and was treated at a small hospital He was m shock
for about twenty-four hours, by which I mean that he was hypoten-
stve for that length of ttme When he came out of shock, he was
still extremely 1ll, and the most outstanding fact was that he was
anuric His anuria, or extreme oliguria, persisted He was admitted
to our hospital four days later, and at that ttime he had already
developed sigmificant hypertension, 1t 1s relatively rare to develop
the latter that rapidly

We did not know what was gomng on An electrocardiogram
showed changes characteristic of potasstum toxicity On admussion,
his potasstum level was 74 milhequivalents per hiter. (I should
like to remind you agan that this was only four days after the
mjury ) This plasma potassium level rose throughout that day. On
his way to be dialyzed on the artificial kudney, he died. At the
time of death, his plasma potassrum was 12 4

That 1s an example m which shock had been dealt with, but
local tissue damage, namely, 1 the kudney, plus release of pigment
and intracellular electrolytes, produced death

SHOCK FOLLOWING EXTERNAL HEMORRHAGE

The fifth case 1s that of a 32 year old psychotic woman who
attempted suicide by cutting her throat The woman mussed both
arteries and the trachea, and cut both the major vems She had
massive hemorrhage from her external jugular vemn, and lay at home
about six hours before she was brought to the hospital She was
mmediately treated with antibiotics and blood transfusion The
blood transfusion was given on both sides of the circulation, both

venous and arteral, because we felt that she might not be putting
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ROAD MAP OF THE SHOCK PROBLEM
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This was demonstrated 1n the case I mentioned of the young woman
with the ruptured ectopic pregnancy Although we do not need
to waste much time here, we should remind ourselves at frequent
mntervals that severe and apparently fatal shock, if of short duration,
1s readily susceptible to reversal by appropriate treatment Further-
more, the term “meversible” should never be used 1n the clinic,
smce 1t 1s a defeatist’s term A second outcome for the patient in
shock 1s retransfusion and restoration of flow, only to suffer from
the late effects of tissue anoxia m special organ systems This I
have marked as Area 6 on the chart Examples are to be found m
the nephrotic lesions which follow shock and are exemphfied 1 the
case of the boy crushed by a tractox It 1s also to be found m central
nervous system damage following shock, as the attempted swcide
who died of cerebral edema We have seen persistent jaundice as
a manifestation of organ damage after shock

And finally, there 1s the third outcome, namely, death Here I
ke very much Dr Zweifach’s phiase “deterioration after hypoten-
sion ' In the shock problem, this seems to be the big area of research
and controversy It 1s marked Area 7 on the chart This phase of
shock has been the heart of the problem m the laboratory In dis-
cussing deterioration after prolonged deficiency of flow, we have
concentrated on three mechanisms First, circulating hu;:noral fac-
tors, which Dr Zweifach has studied, second, the overactivity of
autonomic factors, which D1 Remungton has studied, and third, the

——
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At that pomt she was given antibiotics m tremendous doses,
starting with penicillin and streptomycin, and then, within twelve
hours, mtravenous ternamycin Her abdominal situation progressed
anatomically 1n such a way that it was clear that there was massive
damage to her gastromntestinal tract. An exploratory operation,
carried out within twenty-four hours of dehvery, showed that most
of her bowel was gangrenous, and that nothing could be done. She
lived about three weeks longer Antibiotics weie continued She
never went mto a shocklike state She remamed perfectly oriented,
and sat up m bed mn the morning reading the newspaper There was
a silent abdomen and leukocytosis but little other evidence of
mfection

About two weeks after delivery, she was agam operated on m
the desperate hope that something might be done To our amaze-
ment, we found that her entire gastromtestinal tract was not only
black but had completely disintegrated Cultures from the peri-
toneal cavity were absolutely sterile She finally died, but she did
not die of either shock or sepsis She was an example, I think, of
a patient m whom, just by chance, the spectrum of antibiotics
given happened to hit all the organmisms i her gastromtestinal
tract, so that she could survive one of the most potent shock-
producing stimuh we know, namely, massive bowel gangrene, with-
out any systemic response whatsoever

ROAD MAP OF SHOCK PROBLEM

Possibly these seven cases bring up a few of the things we have
been talking about in the last two days, but under a chmical dis-
guise It mght be useful now to go back and make a chart which
could be called “A Road Map of the Shock Problem” (Figure 18)
Sometimes this has been helpful mn discussions of the subject
“Volume deficit 1 the vascular bed” goes on the left as bemg the
primary etiologic factor I am not sure but that I ke Dr Fme’s
defimtion better He called 1t a persisting deficiency of flow

Of course, we realize that this persistent deficiency in flow may
be produced by whole blood loss, extracellular flud loss, and so
on, up and down the line, mncluding, 1n certamn instances, neuro-
genic factors as in primary syncope, and also postural and gravita-
tion factors The result of the persistent deficiency in flow 1s a
patient m shock, marked as Area 8 on the chart This is where the
climcal problem Les and this 1s where the major military ’problem
lies, exemplified as well as anything by Stonewall Jackson's death.
The patient m shock then faces three possible outcomes Furst,
there 1s a retransfusion and complete recovery with no sequelae
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normal ‘male adult total body water put the mtracellular water
around 40 per cent of body weight, rather than highes, as shown
m the chart. But the prmciple 1s the same.

TYPES OF WATER REDISTRIBUTION

%
Body L
Weight
50135 ¢ Normal i "§
' t .
L
40128
3021 [HOc H0¢ HO¢ H0¢
20+14
Normao! \}\ A 1
o+ 7 Normol -
- \ -~ ’- - - :
P o[ 7 o)
h
H0¢ 7 53% HOg % 65% H,0¢ N\ P a5 H0p P 67TY%
% % 2% %
olo 7 7 4 7
Slow Dehydration Rapid Dehydratigh H:f::r’ri;:ge Bugrn or Local
70Kg rouma
ToKe, 10,000 mi €000 m! 0000 m]

Ficure 19 Types of Water Redistribution The heights of the columns are approa-
mmately proportional to the amount of water 1 cells (H,Og), extra mterstthal flud

(H,Op), plasma (P), and red blood cells (R) See text for details The thud

column shows the events after hemorrhage, it 1s important to emphasize that refiling
of the blood volume after hemorrhage comes almost entirely from nterstitial water
and that capillary permeability 1s the controling factor in determining the rates of
replacement and the substances which cross into the plasma volume This Figure
has previously been published 1 Symposium on Shock, Army Medical Service Grad-
uate School, Army Medical Center, Washington, D C

In slow dehydration, water 1s pulled out of all of these compart-
ments proportionately as evidenced by negative potassium and
sodium balance, commensurate with the water loss and negative
nmitrogen balance The production of shock by dehydration alone
1S not common but 1t does occur. However, as a stage setting for
shock, dehydration can be very important We must all realize that
when dehydration 1s 1 the background of shock 1t 1s of great and

dire significance The renal lesion 1s more apt to develop, evidently,
and there 1s much less body water for transcapillary refilhing of
the blood volume

Twming now to rapid dehydration, as for mstance i intestinal

obstruction, we find that water 1s removed out of the mteistitial
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occurrence of a special type of fatal mfection m the presence of
tissue anoxia, the mechanism of which Dr Fme has studied As'I
mdicated 1n the opening of my discussion, all three of these remam
high on the clinical priority list The chnician must study deteriora-
tion after prolonged deficiency of flow just as the experimentalst
has, to discern whether any one of these three mechanisms 1s indeed
responstble for death m the human being

In the laboratory, shock can be put together as a reasonably con-
trolled and 1solated phenomenon, although 1t 1s interesting what
bitter discussions we have had m the last two days as to just how
1solated some one preparation was.

Chmical shock n the hiving patient 1s almost impossible to deal
with surgically or to consider physiologically without an under-
standing of the exact nature of the causative agent, (Area 1 on the
chart) If the patient 1s 1n shock because of a ruptured spleen, the
whole therapeutic approach 1s clearly gomg to be quite different
fiom the patient in shock because of bilateral compound fractures
of the femora The problems of climcal shock are not to be dis-
nmussed with the well-known aphorism that the first step m treating
shock 1s to put a stop to the mechansms which are causmg 1t And
yet, for purposes of brevity mm this scientific discussion, I am not
gomng to spend any more time m this fruitful chimcal area

DISTRIBUTION OF WATER AND SOLUTES

However, I should like to spend some time m what we might call
a primary problem, marked Area 3 on the chart, and known to us
all as the patient m shock Agam in the interest of brevity, and to
strip things down to the core, I am not gomng to talk about blood
substitutes for the very simple reason that I have had no experience
with them and don’t know anything about them Furthermore, I
don’t know of any substitute for whole blood, none has yet been
manufactured contaming hundreds of mullions of httle biconcave
discs, 7 microns n diameter Until we manufacture such nteresting
fluid, we won’t have anything that seriously competes with blood
But I should like to spend a mimnute or two on the very mteresting
functions of this same red cell 1n the treatment of patients in shock
An understandmg of this has to do with the distribution of water
and solutes n the various compartments of the body Figure 19 1s
a diagrammatic method of representation of the distribution of
body water Per cent of body weight 1s used as an ordmatc? to
express the weight of water mside cells, the weight of interstitial
water, plasma water, and red cells On the chart, the values for
ntracellular water are rather ligh Our recent measurements of
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rapid extracellular dehydration, as m mntestnal obstruction, depletes
the plasma and mtershtial space more rapidly with a slow cell
transfer Now, let us move on to the third example, namely, that
of acute hemorrhage As we are all aware, night after the hemor-
rhage the hematocrit 1s normal It takes tume for transcapillary
refillmg of the blood volume But, m general, that rate 1s rather
rapid, and we have roughly quantitated 1t as bemg about 750 to
1000 ml m twenty-four hours 1 a normal adult male This should
reduce the amount of flmd 1n the extracellular space outside of the
blood stream We are not gomng to waste time on body fluid space
measurement methods, yet I should pomnt out to you that this
lowermg of mterstitial fluid volume after hemorrhage, as a result
of transcapillary restoration, has never been documented m the
human, even though we are all confident that it occurs

Is there a transfer of water from cells in response to hemorrhage?
The loss of potassium which follows hemorrhage 1s defimte but
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and plasma area very rapidly and at tremendous volume expense,
with only a very minor transfer of water from cells This is manifest
metabolically by highly negative sodium balance, as much as 400
mEq per day, and neghgible losses of potasstum (possibly 70 or
80 a day) Plasma volume 1s greatly reduced, as has been measured
by many mvestigators, especially by Dr. Fine’s group many years
ago And, of course, shock 1s produced by ohgemia with a high
hematocrit It 1s of interest that transfer of cell water does take
place, but 1t cannot take place fast enough to keep up. If this
situation 1s untreated and the patient does not succumb, the transfer
of cell water does take place, and there 1s some restoration down-
ward of the hematocrit, along with the continued strongly negative
potasstum balance, as evidence of loss of cell water

Nickerson' In that case you are referring to loss of a normal con-
centiation of electrolytes as well as water?

Moore Yes, I am simply quoting the electrolyte balance as bemng
at least a first approximation or esttmate as to where the water has
come from But the sodium loss 1s, generally speaking, at a con-
centration of 130 milliequivalents per Iiter or less

Nickerson The difference i equilibrium between that and the
first case is presumably due to the fact that electrolytes are lost
along with the water

Moore It 1s a question of rate The rate at which cell water can
move mto the extracellular spaces is slow, and dehydration has to
be slow 1n order to pull water equally out of all compartments

Nickerson. The proportionate loss of water from all compartments
1s dependent upon a loss of water without electrolyte, as you have
shown m your first example

Moore In the first phase one may, of course, occasionally find
patients with high blood electrolyte value, if that 1s what you
mean, who lose water preferentially from thewr lungs, for mstance

Nickerson Yes If considerable amounts of extracellular elec-
trolyte are lost, thete 1s less tendency for water to leave the cellula
compartment than when water 1s lost without electrolyte

Moore That 1s true, but a patient who 1s simply bemng dehy-
drated by msensible loss, 1f you will, will be 1n negative potassium
balance

Nickerson. Yes

Moore To go back a bit, we have seen how slow dehydration
pulls water out of all the body proportionately We have seen how
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the whole body at slower rates, depending upon where they are
gomng and which compartments of the body they are entering

For mstance, notice that potasstum equilibrium into the whole
body takes place a lot faster than 1t does mto the red cell To our
surpnise, we find that albumm apparently penetrates across the
capillary into lymph at a rate which produces something approxi-
mating equilibrium 1n about three to five hours These data are
based on studies of blood volume after the infusion of albumin and
on disappearance curves of various types of tagged albumim and on
the appearance of tagged albumin in lymph

These albumin curves make 1t 1mportant for us to reahze —and
I think this 1s madequately emphasized — that almost half the
plasma protem m the body 1s outside the plasma. I think it would
be better to use the term “extracellular solute protemn” rather than
“plasma protemn ” I cannot seriously imagine anybody taking on that
bulky term, but at least 1t 1s more descriptive The work on liver
lymph, heart lymph, and wvisceral lymph tells us, at least in general,
where a lot of this extravascular plasma protem 1s It 1s in the inter-
stitial flud of the parenchymatous viscera.

In domg tracer studies with albumin and cannulating the thoracic
duct, one finds extremely rapid penetration, and, mmdeed, equilibrium
of exchange seems to occur across the liver capillary with albumin
almost as fast as i1t does with electrolytes One is dealing here,
obviously, with a very special area in which the boundary between
plasma and mterstitial fluid 1s rather unusually permeable to albumim

The potassium and sodium curve I won’t spend too much time
on Dr Burch has done a lot of work on the body equilibrium of
sodium I might just say that, if we were drawing this chart today,
we would not draw 1t quite that way, simce we know that a large
fraction of the sodium in bone apparently does not exchange at all
But that 1s another story

Let us dismuss all the curves we have looked at so far by saying
that water, certam electrolytes, and albumin are given to wandering
far afield and will leave the plasma, when placed there to restore
plasma volume They will leave 1t to distribute themselves 1n their
normal partiton, and the volume-supporting effect is soon gone

In contrast to all these curves, look at the top curve of erythro-
cytes in plasma It 1s essentially flat Indeed, there was a time when
the physicist mamntamed that 1t was absolutely flat Of course, it 15
not absolutely flat, but the only disappearance 1s due to the “bio-
logical decay rate” of hemoglobin The pomt 1s that tagged erythio-

cytes distribute themselves mn the 1ed cell mass and stay there
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small If we assume that this potassium is bemng lost fiom cells
with a commensurate amount of water, which may be an unjustified
assumption, the data do suggest that there 1s a slow equilibrium
across the cell membrane as well as across the capillary, tending
gradually to restore water relationships to normal

The situation 1 a burn or local trauma 1s simply the accumulation
of water from the blood stream and from cells in a special com-
paitment of the inteistitial llud m the area of the trauma We
mught call this the “trauma edema” or “burn edema” We lke to
think of 1t as a parasitic or obligatory expansion of the mterstitial
phase

These transfers of water and solutes within the boedy 1n response
to trauma, shock, hemorrhage, and dehydration are of significance
to this Conference fo1 two very mmportant reasons First, we should
not lose sight of volume redistributions within the orgamsm wluch
have survival value Secondly, and far more important, 1s the fact
that water and solutes move freely across these membranes and
when, m the presence of persistent volume deficat m the blood
stream, we restore that volume only with water and solutes, these
soon transfer themselves across the capillary and distnibute them-
selves pro rata i body water, according to their electrolyte com-
position Indeed, we might state a general rule as follows The
usefulness of substances in the wtravascular tireatment of shock is
an inverse function of the rate at which they can cross the capillary.

RATE AT WHICH SUBSTANCES CROSS
THE CAPILLARY MEMBRANE

Let us have a look at the rate at which some substances cross
the capillary In Figure 20 is shown a diagrammatic representation
of many studies done m our laboratories and elsewhere of the
permeability of the capillary and of the total body membrane to
various things placed m the plasma As we can readily see, the
deutertum equilibrium into the whole body 1s extremely rapid We
should remind ourselves that the mobility of tracer amounts does
not argue that the mass transport of water takes place at that rate
Indeed, we know that 1t does not and that the mass transpoit of
water 15 a function of the permeability of the capillary or the cell,
not only to the water itself but to the electrolytes, without which
1t will not move The deuterrum data are purely of interest with
respect to permeabihty to water 1itself

Sodium and bromide, which are the only two electrolytes we
have studied — others have studied some other inorgamc ions —
cross the capillary with gieat rapidity and then equilibrate out nto
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the whole body at slower rates, depending upon where they are
gomg and which compartments of the body they are entering

For mstance, notice that potasstum equilibrium mto the whole
body takes place a lot faster than 1t does mto the red cell To our
surprise, we find that albumm apparently penetrates across the
capillary mnto lymph at a rate which produces something approxi-
mating equibbrium m about three to five hours These data are
based on studies of blood volume after the mfusion of albumin and
on disappearance curves of various types of tagged albumin and on
the appearance of tagged albumin i lymph

These albumin curves make 1t important for us to realize —and
I think this 1s madequately emphasized — that almost half the
plasma protemn n the body 1s outside the plasma. I think it would
be better to use the term “extracellular solute protein” rather than
“plasma protein ” I cannot seriously imagine anybody taking on that
bulky term, but at least 1t is more descriptive. The work on liver
lymph, heart lymph, and visceral lymph tells us, at least in general,
where a lot of this extravascular plasma protemn 1s It 1s n the inter-
stitial fluid of the parenchymatous viscera

In domng tracer studies with albumin and cannulating the thoracic
duct, one finds extremely rapid penetration, and, mmdeed, equilibrium
of exchange seems to occur across the hver capillary with albumin
almost as fast as it does with electrolytes One 1s deahng here,
obviously, with a very special area in which the boundary between
plasma and interstitial flund 1s rather unusually permeable to albumin

The potassium and sodium curve I won't spend too much time
on Dr Burch has done a lot of work on the body equilibrium of
sodium I mught just say that, if we were drawing this chart today,
we would not draw 1t quite that way, simce we know that a large
fraction of the sodium in bone apparently does not exchange at all
But that 1s another story

Let us dismiss all the curves we have looked at so far by saymg
that water, certamn electrolytes, and albumin are given to wandering
far afield and will leave the plasma, when placed there to restore
plasma volume They will leave 1t to distribute themselves i then
normal partiion, and the volume-supporting effect 1s soon gone

In contrast to all these curves, look at the top curve of erythro-
cytes in plasma It 1s essentially flat Indeed, there was a time when
the physicist mamtained that 1t was absolutely flat Of course, it is
not absolutely flat, but the only disappearance 1s due to the “bio-
lcog?calddecay rate” of hemoglobm The pomt 1s that tagged erythro-

ytes distribute themselves m the red cell mass and stay there
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From the pomt of view of the treatment of shock, the contrast of
this curve with all of the others 1s the very heart of the problem
And 1t summarizes what I have said about blood substitutes, namely,
that there is no such thing. The erythrocyte has a space-occupymg
function which 1s umique. This space-occupymg function 1s fully as
mmportant m the shock patient as 1s the oxygen-carryng, carbon-
dioxide exchanging, and pH buffering effects of blood I beheve
1t was one of the physical chemusts who stated that the red blood
cell was six hundred times as long and one billion times as heavy
as the albumm molecule. That 1s a big difference, and that difference
1s responsible for the fact that when we put red blood cells mto
the blood stream they stay put. The red blood cell occupies space
within the blood stream as long as the erythrocyte itself 1s not leak-
mg out through an obvious external leak, known to us all as hemor-
rhage
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In Figure 21 we see another way of looking at some of these
things This 1s a simphfied diagram, showmng molecular dimensions

m Angstroms I am mndebted entwrely to the physical chemsts for
these data Some of these data are probably obsolete and will be
revised because of water of hydration or some other factor The
pomt 1s that the red cell 1s so huge that 1t 1estores volume deficit
and corrects a persistent deficiency m flow m a manner more lasting
than any of the other substances

During the last war, Dr Richards (1) studied some human
patients m shock and showed the blood volume mcrement per ml
of therapeutic flmd mfused If I remember hus figures correctly,
he showed that m shock there was a blood volume mcrement of
only 01 ml per mulliiter of salne solution mfused I don’t fully
understand this, as we would expect the mcrement to be shghtly
larger

Albumuin was shown to produce a 30 per cent mcrement In other
words, for each mulhliter mfused, 0.3 ml was retained n the blood
stream

Whole blood had a 60 per cent volume mcrement We mght
call it a 60 per cent dividend on the mvestment For each millihter
infused, 06 ml remamed in the blood stream The difference be-
tween albumin and whole blood was wholly due to the space-
occupying function of the red cell mass

I would summanze what I have said so far by the statement that
the patient 1 clinical shock must be approached with the causative
agent i muind and 1s best treated with whole blood because whole
blood contains suspended m 1t the red cell which stays where 1t
1s put

Moving from these considerations over to Area 7 on our road
map, I am gomg to take a back seat We have spent a good deal
of time talling about deterioration after prolonged deficiency of
flow T should like to raise the pomnt that we must differentiate with
great care between the etiology of deterioration and the effects of
deterioration That has worried me somewhat 1 the problem of
VDM and of secondary bactenal infection Are these the result of
tissue anoxia or are they the cause of further tissue anoxia, or both?

The teleology of the autonomic nervous system has been brought
up by Dr Remington, and I think we are gomng to be hearing a lot
g;ore about 1t Some years ago shock was produced expenmentally

y prolonged itravenous mjection of epmephrine This appeared
to be grossly m contradiction to the classical concept that adrenal
medullary discharge protected the orgamism Now 1t 1s interesting
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to find that Dibenamine can, under certain special circumstances,
protect the organism. Maybe we are deahng with a response which
has survival value but which becomes deleterious when 1t “over-
shoots ”

Chnically, we have all recognized for years that warm, dry, pink
shock or hypotension 1s a much more bemgn situation than cold,
wet, clammy shock or hypotension In fact, the former possibly
should not be referred to as shock at all Recent work in England
1s mteresting 1 this connection because total spinal anesthesia has
been produced, giving rise to a persistent low blood pressure and,
of course, a vasodilated periphery Prolonged surgical operations
have been carried out under these circumstances with very httle
bleeding and no tissue damage It certamnly would be helpful if
somebody here would discuss tissue oxygenation in the presence of
well-oxygenated blood flowing slowly with a low peripheral re-
sistance and a low central pressure

RENAL ISCHEMIA ASSOCIATED EFFECT
OF PIGMENT EXCRETION

Let us turn now to Area 6 of our road map, namely, special organ
damage In some work which we are now domng i the laboratory
and which has been carried out by Drs Chester Rosoff, Robert
Weiner, Robert Desautels, and Carl Walter (2,3) of our service,
the kidneys of dogs have been explanted into the flanks, and a
snare has been put around one or both renal arteries It is thus
possible to produce umnilateral or bilateral renal i1schemia During
1schemia, we mject methemoglobin into the dog and can produce
either a umlateral or a bilateral tubular lesion by the combination
of renal 1schemia plus the pigment We have confirmed the work
of others that the pigment alone does not damage the kidney, and
the renal 1schemia does not damage the kidney erther, if 1ts dura-
tion 1s not too great

The tubular lesion which 1s produced 1s a very extensive one
microscopically, and there 1s good resemblance to the human lesion
If bilateral, uremia, elevated plasma potasstum concentration, and
death will occur The beauty of the preparation, however, 1s that
1t can be produced umlaterally, so that the opposite kidney takes
care of the dog and lets the sick kidney get well With the kadney
* explanted 1nto the flank, we can follow the chemical changes in
the urme and the histologic changes of renal healing by frequent
biopsy We have concluded from this, as others have suspected
from clmical work, that this nephrotic lesion, or whatever we want
to call 1t, which 1s klling a great many people now and 1s a tre-
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mendous problem m mulitary surgery, 1s a lesion which has an
mtrmsic tendency to heal It will heal rapidly and heal completely
with almost no residual effects if the total orgamsm can be kept
alive long enough to let 1t heal Therem of course hes the value
of such mechamsms as peritoneal lavage and the artificial kidney
m treating a post-traumatic renal lesion
This renal lesion has been called “lower nephron nephrosis” 1
prefer to call it “ischemic pigment nephrosis,” to demonstrate the
fact that both 1schemia and pigment are requred to produce 1t.
In the climical patient, the 1schema anses from shock or shocklike
states The pigment may come from many sources from transfused
blood, from crushed muscle, from the liver, in the form of bile
pigment, or, more particularly, from the simple breakdown of tissue
hematomas, as m a fracture
One of our problems 1s Does differential renal vasoconstriction
n response to blood volume deficit set the stage for this lesion?
Is such renal vasoconstriction a function of adrenomedullary dis-
charge? I don’t know the answer If it is, there 1s another reason
for looking at Dibenamine with great mterest
Bradley What do you mean by differential renal vasoconstriction?
Moore 1 mean a vasoconstriction m the kidney which is out of
proportion to the vasoconstricion n the rest of the peripheral
vascular bed A patient 1s injured and goes mto shock or a shock-
like state, with a prolonged period of oliguria or anuna Is such
dimmution 1n renal output due to renal vasoconstriction resulting
from epmephrine or any of its relativesP That question I would
have answered two or three years ago by saymg, “Of course, 1t
must be” But I am not so sure now that that 1s true
Selkurt Are you mfermng that 1t 1s sustamed renal vasoconstric-
tion, or some real pathological change i the vasculature? As far
as the persistent vasoconstriction, that should vamish rather soon
Moore The persistent ohguria may not be evidence of contmumg
vasoconstriction, particularly if pigment has been released, but
I think the evidence suggests that the early changes, within the
first few hours, are due to vasoconstriction
. ggjlfsy dllfr?u: tllllere evidence that the blood flow through the
ished for a long period of time after the mmitial
ttauma?
ﬂlSe}éclzlz;']t Consider the data of Lauson and associates (4) i which
artery of the dog was clamped for two hours Extraction
nitlos for p-ammohippurate, related to clearance, showed that the
plasma flow 1eturned very soon, but that the tubular effects went
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to find that Dibenamine can, under certain special circumstances,
protect the organism, Maybe we are dealing with a response which
has survival value but which becomes deleterious when 1t “over-
shoots ”

Chnically, we have all recognized for years that warm, dry, pmnk
shock or hypotension 1s a much more bemgn situation than cold,
wet, clammy shock or hypotension In fact, the former possibly
should not be referred to as shock at all Recent work m England
15 mteresting m this connection because total spimal anesthesia has
been produced, giving rise to a persistent low blood pressure and,
of course, a vasodilated periphery. Prolonged surgical operations
have been carmed out under these circumstances with very httle
bleeding and no tissue damage It certamnly would be helpful if
somebody here would discuss tissue oxygenation 1n the presence of
well-oxygenated blood flowing slowly with a low peripheral re-
sistance and a low central pressure

RENAL ISCHEMIA: ASSOCIATED EFFECT
OF PIGMENT EXCRETION

Let us turn now to Area 6 of our road map, namely, special organ
damage In some work which we are now doing m the laboratory
and which has been carried out by Drs Chester Rosoff, Robert
Weiner, Robert Desautels, and Carl Walter (2,3) of our service,
the kidneys of dogs have been explanted nto the flanks, and a
snare has been put around one or both renal arteries It is thus
possible to produce unilateral or bilateral renal ischemia. During
1schemia, we mject methemoglobm mto the dog and can produce
erther a unilateral or a bilateral tubular lesion by the combmation
of renal 1schemia plus the pigment. We have confirmed the work
of others that the pigment alone does not damage the kidney, and
the renal 1schema does not damage the kidney either, if 1ts dura-
tion is not too great

The tubular lesion which 1s produced 1s a very extensive one
mucroscopically, and there 1s good resemblance to the human lesion
If bilateral, uremia, elevated plasma potasstum concentration, and
death will occur The beauty of the preparation, however, 1s that
1t can be produced umilaterally, so that the opposite kidney takes
care of the dog and lets the sick kidney get well With the kidney
explanted into the flank, we can follow the chemical changes m
the urme and the histologic changes of renal healmmg by frequent
biopsy We have concluded from this, as others have suspected
from climical work, that this nephrotic lesion, or whatever we want
to call it, which 1s killing a great many people now and 15 a tre-
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mendous problem m military surgery, 1s a lesion which has an
mtrmsic tendency to heal It will heal rapidly and heal completely
with almost no residual effects if the total orgamism can be kept
alive long enough to let 1t heal Theremn of course hes the value
of such mechanisms as peritoneal lavage and the artificial kidney
n treating a post-traumatic renal lesion

This renal lesion has been called “lower nephron nephrosis” I
prefer to call 1t “1schemic pigment nephrosis,” to demonstrate the
fact that both 1schemma and pigment are required to produce it
In the clinical patient, the 1schema arses from shock or shockhke
states The pigment may come from many sources from transfused
blood, from crushed muscle, from the liver, m the form of bile
pigment, or, more particularly, from the simple breakdown of tissue
hematomas, as m a fracture

One of our problems 1s Does differential renal vasoconstriction
n response to blood volume deficit set the stage for this lesion?
Is such renal vasoconstriction a function of adrenomedullary dis-
charge? I don’t know the answer If 1t 1s, there 1s another reason
for looking at Dibenamimne with great imterest

Bradley What do you mean by differential renal vasoconstriction?

Moore 1 mean a vasoconstriction 1n the kidney which 1s out of
proportion to the vasoconstriction m the rest of the permpheral
vascular bed A patient 1s mjured and goes mnto shock or a shock-
like state, with a prolonged period of oliguria or anuria Is such
diminution m renal output due to renal vasoconstriction resulting
from epinephrine or any of its relatives? That question I would
have answered two or three years ago by saymng, “Of course, it
must be” But I am not so sure now that that 1s true

Selkurt Are you mferring that 1t 1s sustamed renal vasoconstric-
tion, or some real pathological change m the vasculature? As far
as the persistent vasoconstriction, that should vanish rather soon

Moore The persistent oliguria may not be evidence of continumg
vasoconstriction, particularly if pigment has been released, but
I think the evidence suggests that the early changes, withm the
first few hours, are due to vasoconstriction
. zg}c’ﬂtlzsy dfrsrllnl’lzlstlheéefewdence that the blood flow through the
c 5 1ed for a long period of time after the mmital

auma

thscﬁ\gg ag(énsrli?ﬂtlhe c;iata of Lauson and associates (4) i which
: Ty € dog was clamped for two hours Extraction
1fit105 foé p-anunolippuiate, related to clearance, showed that the
plasma fow retwrned very soon, but that the tubular effects went
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on for days

Bradley Both Bull (5), in London, and Sirota (6), in New York,
state that the blood flow through the kidney is greatly reduced for
periods of several weeks after the mitial injury. Tubular extraction
of PAH is also greatly reduced, but even when the clearances are
corrected for this defect the renal blood flow 1s reduced

Stead There is just one chinical point on which I should want
to change yom diagram, and that 1s while deterioration after
hypotension may be, i certam mstances, due to mfection and the
products thereof, n many instances cellular deterioration occurs
before circulatory faillure There 1sn’t any hypertension with the
infection I think you have to put 1t as a primary imtating factor,
as well as being initiated secondary to circulatory failure

Moore Do I understand you to mean that acute mfection can
produce the whole picture of shock by replacing bleeding away
back m Area 1 of the chart?

Stead. Yes I don’t think it concerns the vascular deficit 1 per-
sonally don’t think it 1s a volume deficit m the vascular bed

Moore 1 don’t know.

Stead 1 should have wanted other primary things, if you are
gomg to get mto the chnical picture of shock, besides blood volume
and hemodynamic differences

Moore: Certainly, infection may be a factor mm mihating shock
mn chnical patients The reason I told about the patient with the
gangrenous bowel was that she constitutes an example where shock,
which we had every reason to expect, was evidently prevented com-
pletely by sterhizing the contents of the intestinal tract As I said
before, Dr Fie’s work must fill all of us with a desire to return
to chinical patients and do more careful cultures in shock

Stead The patient begins to get sick in the begmning when
mfection starts the process, and the patient ends in circulatory
failure.

Moore: But you don’t think the shock 1s due to any vascular
deficiency?

Stead- I think the patient gets sick, not that 1t 1s a volume defect
in the vascular bed I think this 1s sickness of the cells

Moore In other words, you would ke to use Dr Fine’s term
of deficiency of flow, whether or not there was a volume deficiency?

Stead: Yes.
Moore T certamly go along with you on that I think 1t 1s a

much more inclusive term ‘
Creen In Rickettsial diseases, George Harrell (7) felt it was
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primarily a volume loss, didn’t he?

Stead: It 1s certamnly true that m all of these things, when you
are dealing with sick people, you can get secondary effects and
mmor effects, but the piactical fact 1s that given a man with pro-
gresstve infection, no one has ever appreciably modified the clinical
picture by doing anything to the blood volume When you get
these people well, 1t 15 by keeping your eye on one thing and that
1s getting 11d of the mfection. In other words, if you take a Rickettsial
disease and treat it with aureomycin and chloromycetin, recovery
oceurs rapidly. If you treat the patient primanly with blood and
plasma, the mortahty rate is changed very lttle

Moore: If renal vasoconstriction on the basis of epiephrine
makes the kidney vulnerable to pigment damage, then this con-
stitutes another area which we must study clinically from the point
of view of a trial of Dibenamine The combination of shock plus
pigment producing a nephrotic lesion 1s, of course, a common and
familiar one. The reason I told about the man who had been run
over by the tractor was that he showed this combination of renal
ischemia plus pigment His pigment came, of course, from his huge
retroperitoneal hematoma There was a lot of whole blood there
which was breaking down in the tissue of his retroperitoneal area
After a period of shock, with this pigment circulating, he developed
repal shutdown, which ultimately killed him. If we could interfere
with the early renal vasoconstriction by means of a blocking agent
so that the kidney of the mjured patient is not vulnerable to pig-
ment, we certainly would move ahead

Franklin 1 know of a case where the renal cortical vessels were
shown to be constricted during hfe It was an obstetrical case, with
concealed accidental hemorrhage A biopsy performed the day after
the patient’s admission showed that the renal cortex was 1schemic,
but that blood continued to circulate through the medulla (8)

Moore: And the kadneys mn this particular patient showed cortical
1schemia? Was 1t the sort of ischemia which you would suspect
mught lead later to the development of a bilateral nephrosis?

Franklin She went on living for about a week, and at postmortem
they found renal cortical necrosis

Moore If I am not mistaken, that particular comphcation of
gomng on to fiank nephrosis is more common n the obstetrical
sjges \?hnzﬂler it 15 a qualhtatively different thing from that which
eﬂea; f, Ia doigtal]car?cl)l; in shock or the same thing carried to a greater

Nickeison 1 am sure that a great vanety of factors may cause
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on for days

Bradley. Both Bull (5), m London, and Sirota (6), n New York,
state that the blood flow through the kidney 1s greatly reduced for
periods of several weeks after the imtial mjury. Tubular extraction
of PAH 1s also greatly reduced, but even when the clearances are
corrected for this defect the renal blood flow 1s reduced

Stead There 1s just one chimical pomnt on which I should want
to change your diagram, and that 1s while deterioration after
hypotension may be, in certan mstances, due to mfection and the
products thereof, mm many instances cellular deterioration occurs
before circulatory faillure There 1sn’t any hypertension with the
infection I think you have to put 1t as a primary imtiating factor,
as well as bemg imtiated secondary to circulatory failure

Moore Do I understand you to mean that acute infection can
produce the whole picture of shock by replacmg bleeding away
back in Area 1 of the chart?

Stead Yes I don’t think 1t concerns the vascular deficit I per-
sonally don’t think 1t 1s a volume deficit 1n the vascular bed

Moore 1 don’t know

Stead 1 should have wanted other primary things, if you are
gomng to get nto the chinical picture of shock, besides blood volume
and hemodynamic differences

Moore Certanly, mfection may be a factor m imtating shock
m clhnical patients The reason I told about the patient with the
gangrenous bowel was that she constitutes an example where shock,
which we had every reason to expect, was evidently prevented com-
pletely by sterlizing the contents of the intestinal tract As I said
before, Dr Fine’s work must fill all of us with a desire to return
to climical patients and do more careful cultures in shock

Stead: The patient begins to get sick in the beginming when
mfection starts the process, and the patient ends i circulatory
failure

Moore: But you don’t think the shock 1s due to any vascular
deficiency?

Stead T think the patient gets sick, not that 1t 1s a volume defect
in the vascular bed I think this 1s sickness of the cells

Moore In other words, you would like to use Dr Fine’s term
of deficiency of flow, whether or not there was a volume deficiency?

Stead: Yes
Moore 1 certamly go along with you on that I think 1t 1s a

much more inclusive term
Green In Rickettsial diseases, George Harrell (7) felt 1t was
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primarily a volume loss, didn’t he?

Stead. Tt 1s certamly true that m all of these things, when you
are dealmg with sick people, you can get secondary effects and
mmor effects, but the practical fact 1s that given a man with pro-
gressive mfection, no one has ever appreciably modified the chnical
picture by domg anythmg to the blood volume When you get
these people well, it 1s by keepmng your eye on one thmg and that
1s getting n1d of the mfection In other words, if you take a Rickettsial
disease and treat 1t with aureomycin and chloromycetin, recovery
occurs rapidly If you treat the patient primarily with blood and
plasma, the mortality rate 1s changed very little

Moore: If renal vasoconstriction on the basis of epmephrine
makes the kidney vulnerable to pigment damage, then this con-
stitutes another area which we must study chnically from the point
of view of a trial of Dibenamme The combination of shock plus
pigment producing a nephrotic lesion 1s, of course, a common and
familiar one The reason I told about the man who had been run
over by the tractor was that he showed this combination of renal
1schemia plus pigment His pigment came, of course, from his huge
retropenitoneal hematoma There was a lot of whole blood there
which was breaking down 1n the tissue of his retroperitoneal area
After a period of shock, with this pigment circulating, he developed
renal shutdown, which ultimately lalled lum If we could mterfere
with the early renal vasoconstriction by means of a blocking agent
so that the kidney of the injured patient 1s not vulnerable to pig-
ment, we certamnly would move ahead

Frankln 1 know of a case where the renal cortical vessels were
shown to be constricted during Iife It was an obstetrical case, with
concealed accidental hemorrhage A biopsy performed the day after
the patient’s admission showed that the renal cortex was ischemic
but that blood continued to circulate through the medulla (8) ’
 Moore And the kidneys m this particular patient showed cortical
1sghern1a? Was 1t the sort of ischemia which you would suspect
might lead later to the development of a bilateral nephrosis?

Firanklin She went on hving for about a week, and at postmortem
’dlezz\}; foundIEenal cortical necrosis

oote I am not mustaken, that particular com
gomng on to frank nephrosis 1s more cltj)mmon m thep];%i?;trxlicﬁ
i:j;easreVXhuzﬂler 1t 15 a quahtatively different thing from that which
oxtent Ia dollllgtal‘;jo(:l\:r mn shock or the same thing carned to a greater

72 ]
Nickerson I am sure that a great vanety of factors may cause
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renal shutdown However, I have seen two or three cases which
appear to demonstrate rather clearly a sympatho-adrenal factor
These were all cases of elderly people with an acute anuria follow-
mg cystoscopy Such cases are notoriously unpredictable in that
the kidney may open up suddenly without any treatment However,
m each of these cases, there was a very close correlation between
the admimistration of Dibenamine or 688A and the resumption of
urmne flow, so that I strongly tend to relate causally the admmistra-
tion of Dibenamine and the rehef of anurna

Moore In the surgical cases that we have studied — and we have
seen a great many of these patients because of the presence of the
artificial kidney — the combmation of renal 1schemia, usually due
to shock, plus a pigment, has nearly always been present Of course,
that was the obvious reason for doing the experimental work that
I mentioned I don’t know how to get rid of the pigment I don't
know how 1t can be dealt with But in view of the fact that the
pigment alone without the renal i1schemia does not seem to do
much damage, I am led to believe that if you could take care of
the renal ischemma, you might move on with this problem

Nickerson Additional cases should be studied with Dibenamine
because the numbers to date are madequate to allow any defimte
conclusions However, they are certamly suggestive.

Bradley. It should be pomted out that renal ischemma 1s not
necessarily a result of renal vasoconstrichon Certamly late in the
shock syndrome and during the days that follow the recovery from
shock, when ohguria or anuna may persist, edema of the kdney
may play a role m reducing blood flow It 1s possible that the resi-
dual mass of functioning tissue 1s adequately perfused with blood
even under these circumstances

Moore Would you agree, though, that a patient can have his
renal 1schema for a fairly short ttme and if he at that time also 1s
presented with a porphyrm pigment 1 his estracellular phase, he
can then develop the renal lesion, and a day or two later be oliguric
with no further discernible evidence as to why the kidney should
be 1schemic? The damage has been done and he remains oliguric

Bradley There 1s the problem It 1s often stated, or at least im-
pled, that release of renal vasconstriction may be beneficial n the
therapy of so-called “lower nephron nephrosis ” But the data, such
as that offered by Bull (5) and Sirota (6), indicate that the return
of renal blood flow to normal values may be long delayed Druresis,
on the other hand, often occurs dramatically at a time when renal
blood flow and glomerular filhation are greatly reduced. Hence,
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the correction of the disturbance in urme formation appears to
depend upon readjustment of tubular function In this view, an
attempt to mcrease blood flow would be of Iittle value It 1s still
possible, of course, that a shght mncrement 1n filtration even at low
levels may lead to re-establishment of a more nearly normal glo-
merular tubular balance and thus prove beneficial

Moore Defimtely It 1s due to healing of a tubular lesion which
had been produced previously by, at least to our way of thmkng,
a combmation of 1schema plus pigment

Nickerson The cases to which I referred were, as far as I know,
never 1 an actual state of shock, but I believe they pomnt up the
fact that the anuna can be on a strictly neurogenic basis This was
demonstrated years ago by the observation that tymg one ureter
will cause contralateral renal vasoconstriction

Shaipey-Schafer The practical pioblem 1s what to do when the
case 15 discovered after mjury We saw a great many of these cases
during the war, of course, in London The only portion of the body
accessible may be the head You can’t get to any other part of the
body You mught be able to mject something, like Dibenamine,
that might save him What we did, of course, was to give him as
much fluid as we could Some undoubtedly passed enough pigment
that one would have suspected they would succumb, and they did
seem to 1ecover

Moore 1 think the therapeutic daydream here concerns the
patient 1 shock with a pigment being released This pigment may
be released as a result of muscle trauma or a big mterstitial hema-
toma, 1t may be due to a mismatched transfusion, or to multiple,
closely spaced transfusions without frank mcompatibihity, which
may result i rather large amounts of hemoglobin release The
hope 1s that such a patient, given adequate blood replacement,
mght at the same time be given a blocking agent so that he will
not have this apparent 1enal 1schemia while he 1s trymng to deal
with the pigment F

Shaipey-Schafer They do not go mto shock until they release
the pigment

Fine Would you iterpret what you think
of g o 3 ﬂmd?p y happens as a result
ﬂlshaﬁpey-Schafer I don’t know When you get them out of shock,
Ofe}lr1 Stave a large water diuresis gomg on Whether they get nd
the]m ;DOlégh _Pigment, T don’t know You mmmediately transfuse
o ou don't let them develop a low blood pressure state, and
1K you protect them fiom the shut down n the kidney They
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renal shutdown However, I have seen two or three cases which
appear to demonstrate rather clearly a sympatho-adrenal factor.
These were all cases of elderly people with an acute anuria follow-
g cystoscopy Such cases are notoriously unpredictable m that
the kidney may open up suddenly without any treatment However,
m each of these cases, there was a very close correlation between
the admmistration of Dibenamine or 688A and the resumption of
urme flow, so that I strongly tend to relate causally the admimstra-
tion of Dibenamine and the rehef of anuna

Moore In the surgical cases that we have studied — and we have
seen a great many of these patients because of the presence of the
artificial kidney — the combmation of renal ischema, usually due
to shock, plus a pigment, has nearly always been present Of course,
that was the obvious reason for domng the experimental work that
I mentioned I don’t know how to get rid of the pigment I don't
know how it can be dealt with But m view of the fact that the
pigment alone without the renal i1schemua does not seem to do
much damage, I am led to believe that if you could take care of
the renal ischemia, you might move on with this problem

Nickerson. Additional cases should be studied with Dibenamine
because the numbers to date are inadequate to allow any definite
conclusions However, they are certamnly suggestive

Bradley 1t should be pomted out that renal ischemma is not
necessarily a result of renal vasoconstrichion Certamly late i the
shock syndrome and during the days that follow the recovery from
shock, when ohguna or anuna may persist, edema of the kidney
may play a role in reducing blood flow It 1s possible that the res:-
dual mass of functioning tissue 1s adequately perfused with blood
even under these circumstances

Moore Would you agree, though, that a patient can have his
renal 1schemua for a fawrly short time and if he at that tume also is
presented with a porphyrin pigment 1n his extracellular phase, he
can then develop the renal lesion, and a day or two later be oliguric
with no further discermble evidence as to why the kdney should
be 1schemic? The damage has been done and he remams ohguric

Bradley There 1s the problem It 1s often stated, or at least 1m-
plied, that release of renal vasconstriction may be beneficial i the
therapy of so-called “lower nephron nephrosis ” But the data, such
as that offered by Bull (5) and Sirota (6), indicate that the return
of renal blood flow to normal values may be long delayed Diuresis,
on the other hand, often occurs dramatically at a time when renal
blood flow and glomerular filtration are greatly reduced Hence,
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on the venous side, and fails to respond by a return of forward
output and blood pressure to normal, one may suspect myocardial
scherma When chinical o1 laboratory evidence of an elevated venous
pressure corroborates the mmpression, 1t 1s reasonable to try artenal
transfusion The spectacular pomt 1s that when arteral transfusion
1s given m such cases, one not mfrequently sees a dramatic clmical
response to the mfusion of only 500 ml, or so, of blood Is this
mmprovement due to the fact that the arterial transfusion has per-
fused the coronary so that the myocardmum can work well, take up
the venous blood bemg presented to the right heart, and put it
through with an adequate aortic pressure so that coronary flow 1s
resumed on 1ts own power? I put that i the form of a question
because I don’t know the answer

Shorr How does the time mterval for an arterial transfusion
compare with that in which a venous transfusion 1s given?

Moore We have seen patients, and T am sure many others have
also, m whom venous transfusions were run m rapidly under pres-
sure without much effect except to mcrease bleeding from veins
in the operative site. When a much smaller quantity of blood is
now run m on the arterial side, a clinical improvement occurs It
is important to realize that the major arteries of the body form a
unicameral system, and that pressure introduced at any point is
communicated throughout the system Somebody always asks if the
catheter has to pomnt back towards the heart It does not make any
difference, I am sure, since the newly mtroduced blood increases
the pressure throughout the arterial tree I am sure that we have
given madequate attention to the coronary terminal vascular bed
as being a termmal vascular bed mvolved m shock and undergoing
changes which are detrimental to the heart muscle

Shorr Page has demonstrated the retrograde movement of the
blood m the arterial tree

Bradley How long does 1t take to give an arteral transfusion?
Would you not expect the coronary flow to be improved only durmng
the time of transfusion®
dul\r]{ggrih e"[’f:g’rcy 1sS ]g:glxitrect, orgy. during the time of transfusion, .and

: veriod in which the pressure 1s artificially
i}namtamed But if the heart muscle gets in a few good licks during
lleglilgclit "ilgne, then forward output 1s resumed and coronary flow

Burch You don’t think 1t might be ceiebral 1n origin?

Moore We'l i
have, of course, considered that b
ut have n
one way or another © evidence
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laborators, which I mentioned above, tubular necrosis of massive
character has often been seen without much precipitation of pig-
ment 1 the tubule Indeed, in the clinical treatment of postshock
anuria, 1t 1s of the greatest importance not to force water beyond
the 1equurements of mnsensible or extrarenal losses As we all know,
1t 15 very easy to push these patients over into pulmonary edema,
and they will live much longer if water, and particularly salt, are
used with great care and caution

Stead- Just as a historical note, 1t might be worth remembermg
that 1t was not very long ago that the pathologists said these kidneys
were all right When I was an imtern, I can remember that when
people died mm this syndrome, the pathologists all said, “Pretty
good-looking kidney.” It 1s now interesting to know that they are
getting better than we mn telling the damage

Bradley 1 should like to know what the percentage 1s m civihian
hospital autopsies

Nelson. It 1s proportional to the people who are looking for 1t

Moore It 1s also proportional to what sort of civihan population
you are dealing with

MYOCARDIAL ISCHEMIA. INTRA-ARTERIAL TRANSFUSIONS

Bradley Dr Jean Olver has observed these tubular lesions fre-
quently m patients who die of heart failure

Moore Of course, these civihan patients with heart failure are
much more apt to have pre-existent renal disease, which evidently
makes the kidney much more hable to acute mjury Certanly that
1s true mm burns

Theie are only two other things which I planned to mention
One of them has to do wath arternal transfusion, the effects of which
are at times dramatic That 1s the reason I mentioned the particular
case history of the man with the extensive pelvic cancer who was
unresponsive to intravenous transfusion I do not understand fully
why patients are so reactive to arterial transfusion, unless 1t can be
that the coronary artery 1s perfused when we give an arterial trans-
fusion We are apt to forget that the coronary blood supply 1s a
termmal vascular bed, m the sense of Dr Zweifach’s work, and
that when the terminal vascular bed as a whole 1s mvolved 1n the
pathologic changes of shock, the myocardium 1s suffermg along
with tissues everywhere else in the body When the myocardium
1s so affected, 1t seems to me that a form of heart failure 1s pro-
duced, if you want to use that term, and I must admt that I use
it with great fear and trepidation

When a patient has been given apparently adequate transfusion
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of people who have tred this m the acute myocardial mfarct, but
I do not know of anybody who as yet has had a dramatically suc-
cessful patient. Theie are a number of surgical patients who have
profited by arteral transfusion

Bradley s there any solid basis for believing that arterial trans-
fusion does somethmg that the venous tiansfusion does not do?
Tsn't this a climical mmpression?
" Howard To this extent Time and tune agamn surgeons have
reached the point where they have given eight or ten transfusions
and the patient remamns m profound hypotension, wheieupon they
transfer the needle, at the same rate of transfusion, into the artery,
and 1mmediately the hypotension and signs of shock rapidly
diminish

Fine 1 think we ought to be clear about what Page mtended
to do by arterial transfusion (10) It 1s not a means for treating
shock One 15 treating farlure of the coronary circulation by use of
this pressure infusion on the arterial side of the circulation There
may be secondary shock because of failure of the heart But artenal
transfusion 1s not intended to treat the peripheral vascular circula-
tion, only the coronary circulation

Moore Wouldn’t you agree that you have to go one step further
and say that if a patient has benefited by an mtra-artenal trans-
fusion, as Dr Howard says, that patient, of course, needs to have
his total blood volume deficit made up by one means or another,
whether on the arterial or venous side? :

Fine The patient, unfortunately, may even have a lesion 1n the
coronary If you keep on giving blood mto the veins, you may kill
that individual That 1s where the error has been I can cite a case,
such as the one Dr Howard just quoted, of a woman, who, I am
sure, got a good deal more blood than her volume deficiency re-
qured, with no effect whatsoever on her shock state Then, after
two days, 1t dawned on somebody that her shock was due to sub-
acute left ventricular failure, and she was given an arterial trans-
fusion After she had gotten artenal blood, she woke up, her blood

pressure returned, the urmary function appeared, she had a warm,
dry skin, and she was out of shock

Biadley Is that a climical impression?

Fwme No, that is not a clinical impression

Shaipey-Schafer If you rase the venous pressure by a venous
transfusion to above normal, and there 1s no merease m output of

the heart, and you transfer to the artery and get a striking mcrease
m cardiac output, then there 15 —
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Nickerson There appears to be one other possibility Even with
a transient mcrease i piessure on the arterial side, vasospastic
reflexes from the carotid sinus, aortic arch, and the like, may be
reduced. This would relax perpheral constriction, allow blood to
pass more reacily between the aiterial and venous sides, and per-
haps set up a cycle of improved peripheral circulation, which could
then be self-perpetuating

Moore: That 1s an interesting thought

Green' How much are you able to elevate the arteral pressure?

Moore We have never measured that with an mtra-arterial
apparatus, so we cannot answer the question

Selkurt There 1s another fact concerning the coronary circulation
which might have a bearing Opdyke (9) 1 our department showed
some time ago that the coronary bed was potentially dilated m
shock, in the sense that, if more blood were made available, an
mcrease in flow over that observed during the shock (hypotensive)
state could be expected So it seems to me that if you begn to
boost blood flow through the coronary vessels, it 1s gomg to re-
plenish the myocardium with oxygen, and that the volume of
blood flow obtained will be beyond the volume which would per-
fuse the heart vessels at shock pressure levels

Fremont-Smith- How long does an arterial transfusion last?

Moore It depends upon how much you put m and how fast you
do it The particular one I mentioned takes only eight minutes

Howard Frequently, three or four minutes per 500 ml

Green Would you feel justified in domng simultaneous venesection
to avoid overloading the heart from the venous side?

Moore* 1 suppose you might reasonably do it If our theory 1s
night, the heart does away with that by rapidly taking hold of the
mcreased venous return

Green Suppose that 1t looked as if the heart were gomg to get
started but then the venous pressure rose excessively as the result
of the infusion of a large volume of blood? Would you then feel
that venesection might be desirable?

Moore We have venesected some persons after shock, but for
the reason that they were overtransfused

Fine Dr Stead, 1sn’t that the sort of thing vou might like to do
in shock due to myocardial infarction — take blood out on the right

s side and put 1t m on the left side of the circulation.

:  Stead Yes, but the difficulty comes 1n that you usually have too

much muscle which 1s 1schemuc because of vascular disease and

£ not secondary to the drop m artenal pressure There are a number
Q S
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us back all the way from the climical cases we have been consider-
mg to the fundamental problem of hemodynamics, but 1t seems to
me that 1t will llummate this question of arterial transfusion agamst
venous transfusion To get at the central problem of hemodynamucs,
we must ask, what 1s the relationship between pressure and flow?
You see, that 1s ntimately concerned We are always talking about
the effects of hypotension Now, how many of these sequelae can
we attribute to the low pressure?

Obviously, the first thing we must reahze 1s that the driving
pressure 1s low and the flow 1s less Now, what 1s the relation
between pressure and flow? Can we generahze from vascular beds?
If they were nigid tubes, we know, by Poiseuille’s law, what the §
flow and pressure relations would be There 1s a long history of
research by Whitaker and Winton and Green (14), and so on,
showing that these 1deal relations between flow and pressure were
not the case 1 actual perfused vascular beds

We approached the matter from another direchon We studied
the theoretical basis of the stability of cylindrical vessels The vessel
tends to be unstable and to close down or to dilate to its maximum
when the pressure changes or when the tension m the wall changes
As 1s true of every elastic tissue, which automatically changes the
tension when 1t changes 1its size, this stabihity can be modified so
that there can be a range of stabihity But even with elastic tissue
mm the vascular system, which possesses tone in its wall, which we
call active tension and which can be changed by pressor substances
or by neurogenic factors, there 1s still only a hmited range of sta-
bility If the tension mcreases above a certan value, or the pressure
falls below a certain value, the vessel will tend to close completely.
This prediction 1s not controvertible from the physics, but, of cowse,
the “critical closing pressure,” as we call 1t, mught be only a mulli-
meter of mercury and have no theoretical significance

So m the last four or five years our group has been studymng
pressure-low curves in the rabhit’s leg and m the rabbit’s ea.r,'and
now we have used the human arm We feel we have enough pres-
sure-flow curves, with careful attention to what happens at the

bottom, to generahze When the vessel 15 dilated, one gets a straight
line which, however looks as though it dacs 1o

Actually 1t turns a bit and inteicepts the
closing pressure which 1s never below 5 5
tone 1 the vessel 1s mcreased, the e ves
sequence They alwavs stait off
the origm, then they curve in

[ cquite hit the ongm
pressie axis at a critical 4

m, 1y As the vasomoto
zo thiongh the following

at ligh pressiie, pomting towmid

» and in this 1ange are sigmoid and
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Fine. Decline 1n venous tension, which 1s what happened m this
patient

Moore And 1t 1s what happened 1n the patient that I just men-
tioned I think the answer to Dr Bradley’s queshon mught be,
“yes, 1t 1s a chmecal mmpression.”

Fine- It 1s very dramatic.

Moore It 1s a pretty forceful one It should be checked m the
‘laboratory

Burch. 1 should hke to know whether or not you attribute im-
‘provement to coronary flow or cerebral blood flow?
. Fine The patient was not suffering from any cerebral symptom

Burch Critenia of the state of cerebral flow are not very relable
at times

Nickerson The picture presented by Dr Moore 1s one of ven-
ous engorgement and a very maiked constriction of artenes and
arterioles We know that in response to a transient increase i
arterial pressure, the classical vasoregulatory reflexes will dilate the
arterioles 1 a matter of seconds

Moore. When the arterial pressure 1s zero or near there, you
certainly cannot accuse the left ventricle of having to work against
too high a head of pressure

Nickerson Under those circumstances, the left ventricle obviously
1s not performung much work

Nelson The Russian literature contamns some mteresting ex-
periences with mtra-arterial transfusions (11) At an aid station m
the battle of Stalingrad, Negovsky (12) msttuted resuscitative
measures of tracheal mtubation and arterial transfusion m ten
casualties said to be chmically dead Of these, five were returned
to duty Langendorff (18) in 1895 observed that a freshly extir-
pated mammalian heart suspended i air at room temperature re-
sumed full contractions when the stump of the aorta was perfused
with salime under pressure By virtue of the direct perfusion of the
heart via the coronaries, the transfusion of blood by artery seems
logical in states of profound shock

Moore Mr Chairman, would 1t be all night to say that the group
makes the statement that 1t 1s a strong chmical impression that
arterial transfusion 1s a useful thing, and that 1t 1s n the area of
supposition as to why 1t 1s useful® Maybe 1t 1s the coronary, maybe
it 15 something else

Shorr I think most of us would agree with that statement

RELATIONSHIP OF FLOW TO PRESSURE

Burton I have been itching to give sort of a lecture It will take

T
H
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us back all the way from the chmcal cases we have been consider-
mg to the fundamental problem of hemodynamucs, but 1t seems to
me that 1t will illummate this question of arterial transfusion agamst
venous transfusion To get at the central problem of hemodynamucs,
we must ask, what 1s the relationship between pressure and flow?
You see, that 1s mtimately concerned We are always talking about
the effects of hypotension Now, how many of these sequelae can
we attribute to the low pressure?

Obviously, the first thing we must reahze 1s that the drving
pressure 1s low and the flow 1s less Now, what 1s the relation
between pressure and flow? Can we generahze from vascular beds?
If they were rigid tubes, we know, by Poiseuille’s law, what the ¢
flow and pressure relations would be There 1s a long history of
research by Whitaker and Winton and Green (14), and so on,
showing that these 1deal relations between flow and pressure were
not the case m actual perfused vascular beds

We approached the matter from another direction We studied
the theoretical basis of the stability of cylindrical vessels The vessel
tends to be unstable and to close down or to dilate to i1ts maximum
when the pressure changes or when the tension m the wall changes
As 1s true of every elastic tissue, which automatically changes the
tension when 1t changes its size, this stability can be modified so
that there can be a range of stability But even with elastic tissue
m the vascular system, which possesses tone 1n 1ts wall, which we
call active tension and which can be changed by pressor substances
or by neurogenic factors, there 1s still only a limited range of sta-
bility If the tension mcreases above a certain value, or the pressure
falls below a certam value, the vessel will tend to close completely
This prediction 1s not controvertible from the physics, but, of cowse,
the “critical closing pressure,” as we call it, might be only a mulh-
meter of mercury and have no theoretical significance

So n the last four or five years our group has been studymg
pressure-flow curves m the rabbit’s leg and m the rabbit’s ear, and
now we have used the human arm We feel we have enough pres-
sure-flow curves, with careful attention to what happens at the
bottom, to generalize When the vessel 1s dilated, one gets a straight
line which, however looks as though 1t does not quite hut the origin
Actually 1t turns a bit and intercepts the pressure axis at a critical 4
closing pressure which 1s never below 5 mm Hg As the vasomotor
tone 1n the vessel 1s mcieased, the curves go through the followng
sequence They always start off at high pressure, pomting toward
the ongn, then they curve m, and m this range are sigmoid and
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definitely intercept the pressure axis at a very great closing pres-
sure, which may go up to 50 mm. Hg. The mmportant thing is that
the flow has a fantastic sensitivity to the pressure when vessels
are under vasomotor tone. In the human arm, for mmstance, the
critical closing piessure may be about 65 mm Hg If the vessels are
dilated the curves may intercept the piessure axis as low as 15 mm.
Hg If the subject 1s under high vasomotor tone, the shape of that
curve 15 such that when the critical closing pressure 1s 70, a drop
of blood pressure of 20 mm from a mean of 100 will result in a
decrease of flow m that arm, which may go to one-fifth of what it
was before, 1e, a 20 per cent drop mn blood pressure reduces the
blood flow to one-fifth

One conclusion that we can draw, therefore, 1s that a change m
blood pressure by transfusion, raismg 1t under high tone, may pro-
duce an mcrease of flow i different vascular beds which 1s out
of all proportion to what we would have thought from the classical
view

The second conclusipn 1s that the level of the blood pressure
determines the effectiveness of the vasomotor impulses 1 con-
trolhing the circulation You can analyze curves the other way and
see what happens with different frequencies of stmulation at a
given pressure, and then what would happen for those same fre-
quencies 1f the pressure were lowered You would find inevitably
that a rate of stimulation of the sympathetic of, say, 5 or 10 a
second, when the mean blood pressure 1s 100, might reduce the
flow to one-half, but if that same blood pressure were lowered to
80, that same amount of stimulation mn the sympathetic would
reduce the flow to perhaps 10 per cent or to nothing at all So that,
to me, gives a new mmportance per se to the level of the blood
pressure n that when the blood pressure 1s a bit lower than normal,
activity of the sympathetic 1s tremendously more effective m pro-
ducing 1schemia than when the blood pressure is normal ~

I might just add that my mterpretation of what happens mn shock
when the kidney closes down 1s that under the condition of shock
with high vasomotor tone, the critical closing pressure m the kidney
1s 70 mm Hg If the blood pressure falls below that, there 1s no
flow

Selkurt. We have mvestigated that pomnt, and 1t does not work
that way in the kidney So we differ with you on that

Burton: I have not mvestigated the kidney, and so I don’t know

Splkurt. To consider an analogous diagram for the kidney, show-
mg the pressure-flow relationship (Figure 22), the normal curve
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usually 1ntercepts the pressure axis at about 10 mm. Hg, and is
usua]li: concavcle) m shape (see left of Figure 22) When the kdney
has a high degree of vasomotor tone, the relationship 1s more hinear
and flow 1s less at any given pressure, but 1t intercepts at about the
same pomt (see nght of Figure 22)

M)
‘b
2

o~
[o]

g

-
[=]

RENAL BLOOD FLOW (CC/MIN/G

0O 20 40 6 80 00 RO KO KO WO O 20 40 60 B8 WO RO KO BVO 180 200
MEAN ARTERIAL PRESSURE (MMHG) MEAN ARTERIAL PRESSURE (NMHG)

Ficure 22 Pressure-flow relationship m the intact dog kdney, flow measured with
rotameter under pentobarbital anesthesia Typical control curves to left, showin

concavity To nght, curves more typical of high resistance kidneys A, artena
inflow measure, V venous outflow measured A_-E curve done early, and AL,
curve done late 1n the day in the same anmmal. Curves are extended to zero flow
mtercept only when values were actually measured Reprinted, by permssion, from

Ritter, E R Pressure-flow relations 1n the kidney Alleged effects of pulse pressure
Am ] Physiol (In press)

Moore That 1s total flow through the total kidney?

Selkurt Yes

Burch The situation may be different for the arm of man using
the plethysmographic venous occlusive method for measuring flow
If the hand and arm are cold, the venous reservoir for trapping
the blood, of course, 1s reduced and thereby interferes with the
accuracy of the method

Green 1 would thoroughly agree with what Dr Burton said,
except that I do not think 1t apples to the heart because I have
never seen this critical closmg pressure m the heart go up appre-
ciably in any condition resembling shock On the other hand, 1t 1s
true that the critical closmg pressure m the coronary circulation 1s
above zero It 1s somewhere between 15 and 20 millimeters T don’t
think 1t goes up to those very high values

Burton I think Dr Selkurt showed 20 millimeters
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Selkurt. In our origmal data 1t averaged about 14 mm Hg We
have simnce repeated that study and corrected for the venous pres-
sure, and 1t averages out to about 10 or 11 mm

Moore But harking back to your pomt of a few munutes ago,
m shock you have evidence that the coronary bed 1s not constricted.

Selkurt 1t 1s dilated

Moore It seems to me that that 1s lent additional importance
by what you have said, Dr Burton

Burton Yes. I am not, of course, beaten by this because I think
that the kidney circulation 1s very hikely a heterogeneous system.
In other words, there are two elements which are completely dif-
ferent n their properties and critical closing pressures

Selkurt We were surprised to find this, too

Burton You find this 1n the mesentery The curve of pressure-
flow mn the mesentery of the frog 1s most mnteresting It shows up
these two elements So 1t mught be that the critical closing pressure
of the cortex of the kidney had gone very high but the shunt had
opened up, and that 1s the reason a low critical closing pressure
1s eventually reached

Selkurt That 1s night

Green Dr Burton picked up the ball before I had a chance to
toss a second one to Dr Nickerson, and that 1s, as far as I know, the
heart does not know anything about the peripheral resistance,
although 1t knows the piessure aganst which 1t has to eject blood
If the arterial piessme 1s aheady very low, the heart hasn’t much
pressure agamst which to eject the blood, and the artenal shunts
particularly improve the ease with which the heart ejects blood

Nickerson That 1s very true, except that we do not yet have
any relhable figures on what happens to the cardiac output 1m-
mediately after an artenal transfusion There 1s obviously a factor
of mmproved cardiac activity If theie 1s also a reflex peripheral
vasodilatation, the mcrease m cardiac work, which may be, for
example, 25 per cent, 1s gomg to brimg about a greater increase m
peripheral blood flow and tissue oxygenation, although perhaps not
as great an increase m blood pressure It 1s the increased blood
flow that 1s gomg to mmprove the condition of the patient or the
anmmal

Stead I just want to say that I think the hearts 1n eastern North
Carolina are smarter than those mm western North Carohna I think
maybe they do know something about the periphery

Green 1 would be iterested in knowing how they get the

mformation
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ADRENAL CORTICOIDS AND SHOCK

Moore 1 want to make one other pomt, and that has to do with
the adrenal cortex For about two years or so, we have been looking
for examples of a shocklike state due to an adrenal cortical msuf-
ficiency 1n surgical patients. We have found very few. One of them
I have already told you about, and 1t is a source of irony to us
that we had to anesthetize her twice before we had sense enough
to recogmze what was gomg on We have found one or two others,
one of whom had unsuspected Addison’s disease with bilateral
tuberculosis of the adrenals In general, the condition has been rare
We have found, as has been reported in the literature, patients with
hypothalamic or pituitary lesion with mterference with this par-
ticular pressor mechamism We have seen patients with myxedema
who seem to have an inadequate ability to put out corticoids m
response to stress

The problem as we see 1t at the moment is this in an adrenal-
ectomized animal, or mn an Addisonian patient, there is an increased
need for corticoids in the presence of practically any sort of stress,
meludmg blood loss A patient who is bemmg maintained quite well
with one dose of hormone will need twice as much in order to
survive even a sumple stress ke a minor operation So here 1s pont
one. that in the absence of normal adrenal function, there i1s an
mcreased need for replacement hormones when stress occurs

Pomnt two, of course, is the well-known fact that in response to
blood loss, or shock, the orgamism proceeds to put out more corti-
coids normally. This had been documented in a great many different
ways, and I think the evidence is solid, unless you say that in the
presence of stress there 1s a perfectly normal output of corticoids
but the metabolic pathway 1s different so that those same corticoids
suddenly have an effect on the electrolyte balance, on eosinophils,
on urinary corticoid excretion, and so on, which they previously did
not have However, that seems like gomg far out on a limb to
explam it away.

Point three, we have sought, but without luck, an mcreased de-
struction of corticoids in the periphery m the presence of damaged
tissue. Work has been done by Dr Bennett (15) of our group,
which T will not quote 1 detail except to say that it consisted in a
measurement of the unmary excretion of steroids after a severe
burn m a patient given cortisone Then, a month or two later, when
';I;Te patient was well, we gave him the same dose of cortisone again

e expected to find a greatly mncreased excretion of steroid m the
urine, evidencing that previously the patient was destroymg his
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Selkurt. In our ongmal data it averaged about 14 mm. Hg We
have since repeated that study and corrected for the venous pres-
sure, and 1t averages out to about 10 or 11 mm

Moore But harking back to your pomnt of a few minutes ago,
mn shock you have evidence that the coronary bed 1s not constricted.

Selkurt Tt 1s dilated

Moore 1t seems to me that that 1s lent additional importance
by what you have said, Dr Burton

Burton Yes I am not, of course, beaten by this because I think
that the kidney circulation 1s very likely a heterogeneous system
In other words, there are two elements which are completely dif-
ferent n thew propeities and cuitical closimg piessures

Selkurt We were surprised to find this, too

Burton You find this mn the mesentery The curve of pressue-
flow 1in the mesentery of the frog 1s most interesting It shows up
these two elements So 1t mught be that the cnitical closing pressure
of the cortex of the kidney had gone very high but the shunt had
opened up, and that 1s the 1eason a low cntical closing pressure
15 eventually reached

Selkurt That 1s nght

Green Dr Burton picked up the ball before I had a chance to
toss a second one to Dr Nickerson, and that 1s, as far as I know, the
heart does not know anything about the peripheral resistance,
although 1t knows the pressure against which 1t has to eject blood
If the arterial pressure 1s alieady very low, the heait hasn’t much
pressure agamst which to eject the blood, and the artenal shunts”
particularly improve the ease with which the heart ejects blood

Nickerson That 1s very true, except that we do not yet have
any reliable figures on what happens to the cardiac output im-
mediately after an arterial transfusion There 1s obviously a factor
of improved cardiac activity If there 1s also a reflex peripheral
vasodilatation, the maease m cardiac work, which may be, for
example, 25 per cent, 1s going to bring about a greater mcrease
peripheial blood flow and tissue oxygenation, although perhaps not
as great an mcrease m blood pressure It 1s the mcreased blood
flow that 1s going to mmprove the condition of the patient or the
amimal

Stead 1 just want to say that I thmk the hearts in eastern N orth
Carolma are smarter than those m western North Carolma I think
maybe they do know something about the periphery

Cieen 1 would be nterested m knowing how they get the

mmformation
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ADRENAL CORTICOIDS AND SHOCK

Moore I want to make one other pomt, and that has to do with
the adrenal cortex For about two years or so, we have been looking
for examples of a shocklike state due to an adrenal cortical msuf-
fictency 1 surgical patients We have found very few One of them
I have alieady told you about, and 1t 15 a source of wony to us
that we had to anesthetize her twice before we had sense enough
to recognize what was gomg on We have found one or two others,
one of whom had unsuspected Addison’s disease with bilateral
tuberculosis of the adrenals In general, the condition has been rare
We have found, as has been reported 1n the hterature, patients with
hypothalamic or pitwitary lesion with mterference with this par-
ticular pressor mechanism We have seen patients with myxedema
who seem to have an madequate ability to put out corticoids i
response to stress

The problem as we see 1t at the moment 1s this. m an adrenal-
ectomized amimal, or in an Addisoman patient, there 1s an mcreased
need for corticoids 1 the presence of practically any sort of stress,
mcludimg blood loss A patient who 1s being mamtamed quite well
with one dose of hormone will need twice as much mm order to
survive even a stmple stress ke a minor operation. So here 1s pomt
one that m the absence of normal adrenal function, there 1s an
mcreased need for replacement hormones when stress occurs

Pomt two, of course, 1s the well-known fact that m response to
blood loss, or shock, the orgamism proceeds to put out more corti-
coids normally This had been documented 1n a great many different
ways, and I think the evidence 1s sohd, unless you say that m the
presence of stress there 1s a perfectly normal output of corticords
but the metabolic pathway 1s different so that those same corticoids
suddenly have an effect on the electrolyte balance, on eosmophuls,
on wrmary corticord excretion, and so on, which they previously did
not have However, that seems like gomng far out on a limb to
explam 1t away

Pomt three, we have sought, but without luck, an mmcreased de-
struction of corticoids m the periphery m the presence of damaged
tissue. Work has been done by Dr Bennett (15) of our group,
which T will not quote m detail except to say that 1t consisted m a
measwement of the urmary excretion of steroids after a severe
burn m a patient given cortisone Then, a month o1 two later, when
%e patient was well, we gave him the same dose of cortisone agan
unen :xpecged to find a greatly mcreased excretion of steroid n the

, evidencing that previously the patient was destroying his
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cortisone 1 the damaged tissue We found, to our surprise, quite
the contrary, namely, that the excretion was. just exactly the same
i the well patient So we do not have any solid evidence that this
particular hormone 1s destioyed by damaged tissue or m a diseased
organism, and we do not understand the mechanism which increases
the requirement for hormones after trauma

The fourth pomt concerns the site of action of cortisone on the
blood vascular tiee. We are all aware of the fact that an ammal
m an Addisoman crisis responds very rapidly to hormone What
1s the nature of this effect on blood pressure? Is 1t a change 1n the
permeability of the cells in the vessel walls to water and electiolytes?
Why 1s the vascular tree of an adrenalectomized animal suddenly
more effective when hormone 1s present?

I should like to emphasize again that in acute trauma, m ow
experience, frank adrenal insufficiency 1s an extreme rarty But
that does not mean that this 1s still unimportant m ow understand-
ing of the response of the orgamism to shock The traumatized
anmimal apparently stimulates his adrenals to increased activity
What good does it do him? It seems to me that that 1s a very
mmportant point

Zweifach We have found 1t possible to use a histochemical pro-
cedure for studying the effects of stagnant hypoxa on different
tissues during the progression of shock The compound 2, 3, 5-
tripheny] tetrazolum chloride (TTC) 1s a water soluble, colorless
salt, which acts as a hydiogen acceptor and 1s reduced to a red-
colored, msoluble substance by the metabolic activity of cells The
metabolic changes which occur m tissues, such as kidney, hiver,
and adrenal, have been followed m a variety of experimental pro-
cedures Especially useful was the application of the TTC technique
to a study of adrenal secretory processes (16) The cells of the
normal adrenal reduce TTC, which 1s found to be uniformly de-
posited throughout the different zones within the mtracellular liprd
granules It was possible selectively to mhibit the deposition of
TTC m the zona glomerulosa with DCA, m the fasciculata with
compound E, etc During shock, it was found that the imitial hemor-
rhage rapidly depleted the entire adrenal No deposition of TTC
was seen m any of the three zones Shortly thereafter, the glomeru-
losa began actively to reduce TTC Immediately after transfusion,
the entire gland showed a uniform deposition of TTC We therefore
assume that the irreversible phase of hemorrhagie shock 1s not asso-

ciated with a failure of adrenal secretory activity
Moore That certainly ties m with all the chmical observations
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It 1s secreting well and maybe at an increased rate. Adrenal exhaus-
tion 1s such a ramty, starting from a normal adrenal, that I am
frightened to use the term We have seen patients with prolonged,
depleting septic processes who, you would think, had every reason
to have therr adrenals exhausted, only to find that actually they
were putting out pretty good amounts of steroid

Howard. 1 should Iike to show you our experiments, done by Dr
DeBakey and myself The technique of the shock preparation was
very sumilar to Dr Fine’s Two groups of dogs were exposed to the
same degree of shock (Figure 23 and Figure 24) Our mortahty
was 86 per cent for the controls and 82 per cent for the cortisone-

treated dogs The latter had at least 100 milhgrams daily m addition
to the physiologic response

Number Average Time Hemorrhage per
Dogs m Shock (mmutes) |klogram of Body Wt
Preshock
Cortisone 22 127 43 0 ml
No Preshock
Cortisone 27 121 44 4 ml

Ficure 23 Effect of preoperative cortisone on shock pattern Reprinted, by per-
mission, from Howard, ] M, and DeBakey, M E The treatment of hemorrhagic
shock with cortisone and vitamin B,s Surgery 30, 161 (1951)

Number Died m 48 hrs
Dogs 1
Number Percentage
Controls 35 30 86
Cortisone 50 41 82
Vitamm B;, 28 23 82

Ficure 24 Repnnted, by pernussion, from Howard, ] M, and DeBakey, M E

The tr
16f (lggtll?ent of hemorrhagic shock with cortisone and vitamm B Surgery 30,

Moore Which 1s just another way of saymg that the adrenals

of those dogs were domg a pretty good job of giving them an ade-

quate amount of cortisone and that the additional amount did not
make any difference
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Burch. Your pomt was that it probably was more effective m
producing ruptured peptic ulcers or something of that nature?

Moore. I am sorry if I have given you the impression that I was -
trying to say it was particularly effective We have looked for
patients in whom 1t might be effective, and 1n general we have found
very few m whom 1t seemed to be needed.

Zweifach. There 1s some evidence that the admmmstration of
cortisone to amimals has a direct effect on peripheral vascular re-
activity A rapid return to normal reactivity (within twenty to thirty
minutes) occurs mn the termmal vascular bed of adrenalectormzed
rats when cortisone (2 mg per 100 gm ) 1s admmstered mtra-
venously We have also found that cortisone or ACTH will restore
the reactivity of the termmal vascular bed after local mechanical
injury or histamme However, we have not been able to improve
the hyporeactive character of the circulation during shock by the
admimustration of either cortisone or ACTH.

Moore: That certamnly 1s an mteresting problem. Would you go
along with this statement that m an animal which 1s shocked but
has intact adrenals to begm with and has a normal pituitary so far
as we know, unlimited additional quantities of cortisone have no
discermble effect

Zweifach We found no protective action

Stead 1 am confused by Dr Moore’s statement that, 1n maximal
trauma, no further response can be elicited from the adrenals by
the use of ACTH We see patients with drug reactions who are
fatally 1ll but who respond to ACTH therapy

Moore 1 don’t think we really disagree at all, Dr Stead, because
I have always been careful to say “with maximal trauma,” or “with
a maximal stimulus” If you take a patient after, say, a subtotal
gastrectomy, which we regard as a so-called scale 5, or middhng
traumatic stimulus, (as evidenced, for example, by his metabolc
and adrenal cortical function), and if you give him mtravenous
ACTH, you will definitely get a response, no matter how shght
His electrolyte balance, his corticoid secretions will be changed
You have simply defined a big group of patients whose adrenal
glands are not working at ceiling values, giving them more ATCH
therefore produces a result, smce there 1s still room for further
adrenal function

The massive nature of trauma 1s not always related to an 1m-
mediate fatal outcome For example, there are few sorts of tissue
trauma more massive than an extensive burn, yet 1t 1s very rare
for burned patients to die in the first few miutes or hours, if there
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18 no pulmonary component On the other hand, a massive hemor-
rhage can certamly kill a patient quickly, yet the amount of tissue
trauma mvolved may be small 1 should therefore hke to repeat
what I said. In the face of maumal fissue triauma, we seem to find
that the adrenals cannot be stimulated further by the administiation
of exogenous ACTH

I should hike to say also that i those situations where we have
been experimentig with these hormones chimeally m acute tauma,
we have been mchned to start with cortisone rather than with
ACTH, feeling that 1t was a peripheral tissue that needed more
hormones, the adrenals did not need more stimulation

Remngton On this adrenal question, I thought we had laid that
ghost 1n the grave ten years ago, the inference beng that because
an adrenalectomized dog dies of low pressuie, therefore theie must
necessarily be adrenal deficiency 1 the shock picture i the animal
with mtact adrenals or the human with intact adrenals It is hke the
situation with ‘'vitamms Beause vitamin deficiency 1s fanly rapidly
corrected with vitamins does not mean that I can see better by
taking a large dose of vitamm A.

Moore Nobody has said that the normal patient needs more
adrenal substances in shock That certainly has not been the burden
of-my discourse In fact; I have said seveial times that we have
looked hard for evidences of adrenal msufficiency after trauma and
we have rarely found it But you cannot lay the ghost of the adrenals
in the grave that easilyl You cannot get around the fact that without
cortisone mmor amounts of trauma produce devastating effects on
the crculation

Stead 1 think the fact still remamns that, 1f 2 man gets hat on the
day he comes down with .an-acute, overwhelmmg serum sickness,
ACTH would be a very useful drug in_the treatment_of this com-
bined 1llness o
. Moore You are dealing with a hypersensitivity reaction primarily.
, Remington Adrenal crisis has many differences from shock, as

see 1t

You spoke of bringing the Addisonian patient out of crisis with
salt Tt1s a very hard thing to do You cannot get a dog out of crisis
with salt You cannot get a dog out of crisis with transfusion

Moore We all agree with that Adrenal cnisis 1s a very different
situation
adiizgfttggu Zidﬂzlmk 1t 1s ]ustda matter of comcidence that the
without 1ts faopm (;]g can stand very httle blood loss or trauma

g hum into this different pattern of adrenal cnsis.
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ARTERJAL TRANSFUSIONS

As for arterial transfusion, it is well to remember that blood 1s
a potent dilator Anyone who has used meters will attest to that.
Blood 1s not bland It is a dilator on its first circulation Aren’t we
merely assuming that venous transfusion is innocuous? A rapid
venous transfusion 1n a normal dog does some drastic thmgs to
his circulatory dynamics which I don’t understand I have certamly
seen the cardiac pattern change quickly and abruptly by dmving
fluid on the venous side, and driving 1t not too rapidly at that I
thought it was temperature for a long while, but 1t is more than
a temperature effect

Moore. Of course, giving a normal dog or a normal human being
a huge overtransfusion 1s a different problem, because it 1s easy to
push the recipient into pulmonary edema In other words, the nght
heart takes the transtused Huid and pushes 1t out into the pulmonary
crreuit, and then what goes on _there. goodness only knows, but the
end result is pulmonary edema. In these patients m shock whom
we are talking about, the piling up seems to be with forward output
of the right ventricle They may later, the next day, go into pul-
monary edema I think somebody brought that up, and I mentioned
that we had venesected some overtransfused patients the next day.

I go along with your general pomt that we are much too ignorant
of the effects of these unnecessary and excessive venous transfusions
Not only may they overload the circulation to the right of the heart,
but they also may provide the patient with a lot of unnecessary
pigment which his kidneys have to deal with

Sharpey-Schafer We did a lot of transfusions and 1t was surpris-
g to see how much the voung adult heart could stand I think
our maximum rate was 3000 ml, of blood at 300 ml a minute That
was pretty fast Nothing happened They can stand that quite easily

Moore. But the same thing done to an older patient will kill him

HYPOTENSION ASSOCIATED WITH SPINAL ANESTHESIA

Nickerson Dr Moore raised a question earher that is of some
interest It relates to the hypotension seen in high spinal anesthesia
and which may be comparable in many ways to the pink, warm
type of shock Regarding the advantages or disadvantages of ad-
ministering vasoconstrictors m this condition, the available stu.dles
on the subject are not adequate, but there 1s hittle reason to believe
that in the absence of pooling due to the positioning of the patient,
there is any significant reduction in cardiac output paralleling the
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reduction m blood pressme I have fiequently felt that the ad-
mmistration of Neosynephime or some othex vasoconstrictor 1s really
for the benefit of the anesthetist so that he can show on the chart
that the blood pressure has not fallen below some figme such as
100/70, rather than for the benefit of the patient Administration
of the vasoconstiictor may actually do the patient harm by rasing
the blood pressure at the expense of the blood flow.

Perhaps Dr Sharpey-Schafer will have something to say about
this I undeistand that in England the administration of vasocon-
strictors to patients under spmal anesthesia 1s much less common
than 1t 1s 1 this country

Sharpey-Schafer Our anesthetists don’t seem to mind what the
blood pressme 1s They prefer not to be able to measure it

Moore Admmistration of vasoconstrictors does more than help
the anesthetist because you'are deahing with a compound situation.
It 15 not just a patient under anesthesia, 1t 1s a patient under anes-
thesia who 1s undergomng an operation *If you take a patient who
has mamtamned himself perfectly well under spinal and turn hum
on his side, and his pressure goes down and practically disappears,
although he may still be warm and pmk, you have got to think
of the possibility of coronary thrombosis or of cerebral thrombosis
I have seen such patients about whom I came to feel a day or two
after the operation that, although their skin was nice and warm and
pmk, their 1enal cortices were pretty blue and sorry

Bradley We have been studying the effect of spmal anesthesia
on the circulatory system for a long time, and we are convinced
that 1f a patient under spinal anesthesia 1s not traumatized or moved
about 1 any way, the blood pressure will not fall We beheve that
the fall in blood piessure usually indicates a change of some detr-
mental character, although the disturbance, such as a shift m posi-
tion, may be very munor mndeed

We have seen a number of patients in whom the blood pressure
falls markedly during the course of anesthesia, 1 association with
a marked drop m renal blood flow In these patients the administra-
tion of Neosynephrine or Noradrenalin causes a nse mn the renal
blood flow as the blood presswe comes up, which 1s quite out of
keeping, of course, with the normal action of the drug 1n a patient
who 15 not anesthetized 1 don’t want to leave the impression,
}gﬁg’fzzhgl::tbizrgldrenahn, f given ]Eil a pahent with spmal anes-
Bloog 8 pressure 1s not fallmg, will cause a rise 1n renal

ow Tt does not Theie seems to be some kind of critical
pomt at which Noradrenalin will simply cause a rise 1 blood pres-
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sure without further mcrease mn renal blood flow

Shorr: I am wondermg how long one waits, if the patient’s blood
pressure 1s unmeasurable, before deciding whether or not to use
Neosynephrine \

Nickerson. When a threatening midus of thrombus formation 1s
present, the rate, as distinct from the volume of flow, becomes quite
important, particularly in the coronaries Under other conditions,
the myocardium does not suffer from a decreased blood pressure
It has been shown that the work required of the heart actually
decreased faster than the coronary blood flow during hypoten-
sion (17)

A second matter 1s the relationship of positional factors to the
hypotension of spmnal anesthesia When the venous return 1s -
paired, either because of the over-all position of the patient or
because of pressure on a central vemn, we have, of course, quite a
different picture

Fmally, in answer to Dr Shorr’s question, regarding how long
one would want to follow a patient with an unobtamable blood
pressure, I think few of us would want to go very long without
bemg able to obtamn a blood pressure reading The waiting would
activate our own sympathetic system, if not the patient’s The real
question 1s whether the admmistration of a vasoconstrictor, which
will constrict the arterioles and raise the blood pressure by prevent-
mg the blood from flowing as readily through various organs, 1s the
method of choice for raising the pressure

Shorr This reasoning would seem to lead to the conclusion that
1t would actually be harmful to restore a normal blood pressure by
the use of such agents as Neosynephrine I wonder how justifiable
this pomt of view 1s? -

Nickerson 1 thmnk 1t all depends upon the hemodynamic situa-
tion We know that a vasoconstrictor can kill an animal which
would otherwise survive a borderline hemorrhage

Shorr- 1 agree that it 1s possible that an exaggerated vasocon-
striction could be obtamned which would be harmful, but I wonder
how often this is likely to occur i the situation we have been
discussing We frequently encounter these acute episodes when the
blood pressure 1s unmeasurable by the cuff method, and this may
be the case after removal of pheochromocytoma or after adrenalec-
tomy as 1 Cushing’s disease Tn such patients during operation we
have so far never encountered any mstance m wlich the restoration
to normotensive levels was associated with any harmful effects

Nickerson The discouraging thing about trymng really to settle
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this question 1s the fact that 1t 1s essentially 1mpossible to obtam
a senes of cases m wlich alternate patients recerved or did not
recerve a vasoconstiictor Anesthetists who feel that vasoconstrictors
are desirable will give them to all cases which appear to be m
trouble, the ones who feel that these agents aie not necessary or
are harmful will not give them to any I think we cannot show that
patients treated by the English anesthesiologists suffer because they
are followed without the admmstration of vasoconstrictors This
question at the moment 1s a matter of argument 1ather than of
fact because, unfortunately, adequate data are not available

Haley Doesn’t Phillips in Pluladelphia have such data on a large
number of cases?

Nickeison No, he has data on the ability of the various vaso-
constrictors to raise the blood pressuie and on the smoothness of
mamtaining that blood pressure, comparing one drug agamnst the
other I do not beheve he has data regarding the effects of ad-
ministering or withholding vasoconstrictors on the ultimate result
of treatment

Howarth. Some Enghsh anesthetists, far from admmistermng
vasoconstrictors to maintain the blood pressure, have been giving
penta- and hexa-methonium to reduce 1t further and obtain a blood-
less field One group wath this purpose m mind has actually vene-
sected cases before operation

Howard Would you feel the same way about the hypertensive
patient? Do you think the incidence of complhications would be any
different in a hypertensive given a spmal anesthesia, with a low
blood pressure resultmg from 1t, or m the patient who has had
bilateral sympathectomy for hypertension and whose pressure will
drop completely out of sight unless 1t 1s supported?

Nickerson There 1s no argument about the fact that more rapid
and greater falls i pressure occur in hypertensive patients I do
not know of any data to mdicate that more harm has been done
these patients by that fall Perhaps others could shed more hght
on this question

Bradley Drs Gnffiths and Gillies (18) at the Royal Infirmary
mn Edmburgh are recommending the use of high spmal anesthesia
during sympathectomy 1n patients with hypertensive disease They
claim that the prolonged hynotensive state resulting from this pro-
cedure has no detrimental effects and may mdeed lessen the hazard
of hemorrhage I am frequently amazed at the ease with which
patients. formerly hypertensive, adjust to normotensive levels after
sympathectomy These responses appear to indicate that elevated
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blood pressure 1s not necessary for adequate perfusion of wital
vascular beds 1n these patients In any case, of course, I should thmk
that a lowered blood pressure might prove dangerous in the face
of critical reduction of coronary blood flow secondary to coronary
arteriosclerosis

Howard 1 donot know of any anesthetists who recommend spinal
anesthesia for the hypertensive patient

Stead Itis certamly swrprising how many times you can maintam
hypotension without getting mto trouble In persons with coronary
artery disease and ceiebral arteriosclerosis, accidents do occur

Shoir 1 should like briefly to cite our own experiences with
patients with pheochromocytoma The surgeons at our hospital are
prone not to give pressor agents when the hypotensive episodes
occur in these patients postoperatively On our part we are prone
to use pressor agents In one mstance which we treated jontly with
our surgical staff, the blood pressure fell postoperatively to alarm-
mgly low levels, apparently due to a progressive expansion of the
vascular bed following removal of the tumor We used pressor
agents, both epinephrme and Neosynephrine, gradually tapering
off the rate of admmistration until, after about forty-eight hours,
the blood pressure was mamntamed without this help This patient
had a marked hemodilution, and only after we approximated the
blood volume to the expanding vascular bed by blood transfusions
were we able successfully to wean her from the necessity of support
by pressor agents In a second case, we decided not to use pressor
agents, but to keep up with the expansion of the vascular tree by
transfusions As the bed gradually accommodated itself to the
lessened epmephrme output, hypertension redeveloped and the
patient had to be bled to just about the same extent as he had been
previously transfused We all felt that we had more trouble with
the latter procedure than when we continued to support the patient
with pressor agents Apparently, we must keep m mind the expand-
g vascular bed after removal of a pheochromocytoma and try to
cope with it and to prevent the blood pressmie from fallmg to such
low levels as to jeopardize the circulation and possibly the integnty
of certam organs, such as the kidney On the other hand, we have
also encountered patients who require no support whatever after
removal of the pheochromocytoma The question 1s, do we do any
harm 1n mamtaming normotensive levels with pressor agents mn
this type of patient, and, if not, should we frown on such measures
when severe hypotension does develop?

Nickerson+ No generalization will apply to every case



Shorr Well, 1t seems as though we are still eager to go on, but
a healthy wearmess should tell us to stop Speaking for myself, this
has been a provocative and illuminating two-day discussion. I know
that 1t would be yom wish that I expiess to Dr Fremont-Smith
and to the Josiah Macy, Jr Foundation our thanks and deep appre-
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ciation for this opportumty, and for the others to come

Fremont-Smith Thank you very much We are grateful to all
of you for coming and for helping us with this experiment in

communication
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assayed by mesoappendix test, 42
durmng decompensatory phase of shock,
63
hepatic, after renal VEM, 113
immumzation to, 67-68
machvation of, 43-44, 62
and resistance to drum trauma, 64
due to wradiation shock, 186
quantitative determiation, 180
sulfhydryl form of, 62
as toxin, 148
vasoactivity of, 61-63
as VDM, 43, 49, 185-86
See also VDM

Ferritimera, 175
Fever

shock due to, 170
due to vaccine, blood redistribution 1,

187
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Laver
circulation m
during famnting, 121
and vascular response in omentum,
20, 21
and Clostridia, 153
cross-circulation experiment on, 172
after Dibenamine, 69
fat deposiion 1, due to aureomycin,
157
fermtin from, after renal VEM, 113
mactivation of VDM
and Dibenamine, 68-69
and resistance to shock, 64
mfection of, and nreversible shock,
148
hgation of, shock due to, 159-61
pooling of blood m, 186
and shock, 166
due to uradiation, 185
and VDM, 57-58, 60
Lobe, hepatic, shock due to hgation of,
159-61

Lymph, and extravascular plasma pro-
temn, 201

M

Medulla, adrenal, and vasomotion, 27
Membrane, capillary, 200-04
Mesenteric vein, thrombosis, 163-64
Mesentery
anastomosis, 45
capillary bed, 23
circulation 1, 19
cntical closing pressure n, 220
reachive hyperemia m, 46
as representative vascular bed, 44-46
See also Omentum
Mesoappendix test
reproducibility, 49
for VDM, 39, 41-47
accuracy, 47-52
for VEM, 40, 42-47
accuracy, 47-52
Metabolism, local tissue,
reaction, 32-34
Metarteriole
mtrinsic tone of, 28

and vascular
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Metarteriole—Cont’d
mesenteric, 23
omental
vasoconstriction 1, 25
vasomohion 1n, 24
reactivity of, to topical epmephrine, 28
vasomotion m, 28

Methemoglobin, and renal 1schema,
204-12
Mitral valve, stenosis, 134
Muscle
skeletal, 1n hemorrhagic shock, 17
tibialis anticus, in hemorrhagic shock,
17
vasodilatation 1, and fainting, 120
Myocardium

damage to, by gas bacillus, 153
1schemic, 212-16

N

Narrowing, capillary, 35-37
Natural selection, and shock, 90

Neomycin, 157
and shock, 150, 151, 154

Neosynephrine, 227, 228
Nephron, lower, nephrotic, 211

Nephrosis, lower nephron, 205
and renal vasoconstriction, 208
m soldiers, 211

Nerve, afferent, and venomotor tone 1mn
hemorrhagic shock, 92
Nervous system

autonomic, and pulse rate, 133
central
and Dibenamme, 97
shock due to trauma of, 101
m shock, 73-113
sympathectomy, and vascular reac-

tivity to topical epmephrine 28, 30-
31

sympathetic
and homeostasis, 90
and termmal vascular bed, 31-32
Nitrogen mustard, i shock, 108
Noradrenahn, 227

Norepinephrnne
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Homeostasis—Cont’d
vascular, and the kidney, 65

Hyperemia, reactive, 123-24
1 mesentery, 46
Hyperkinesis, after hemorrhage, 130
Hyperpiesis, and trauma to central ner-
vous system, 101
Hypertensm, 110
portal, 58
spmnal anesthesia in, 229-30
Hypophysis, mm famting, 124
Hypopiesis, and trauma to central ner-
vous system, 101

Hypotension
cold, wet, clammy vs wuarm, dry,
pmnk, 204
Dibenamine, 99, 193
hemorrhagic
and VDM, 105
and VEM, 105

protechion against, 111

accompanying spmal anesthesia, 226-
30
due to Valsalva maneuvers, 120

Hypothalamus, trauma to, and blood
pressure, 101

Hypoxia
and Dibenamme, 69
and production of VDM, 60, 105
renal, and VEM, 60, 105
tissue, and renal release of VEM, 109

I

Immobilization, and famnting, 120-21

Immunization, to ferritin, 67-68

Inactivation, hepatic, of VDM, 68-69

Infarction, myocardial, intra-arterial trans-
fusion m, 212-16

Infection, shock' due to, 140, 161-85,
206-07

Intestinal bacteria
and hemorrhagic shock, 148, 150, 153-

56 )
and refractoriness to transfusion, 162

Irradiation, shock due to, 176-88 .
Irreversibility, m shock, and bactenal
toxn, 67

Shock and Circulatory Homeostasis

Ischemia
and capillary tone, 34-36
myocardial, 212-16
renal
and methemoglobmn pigment, 204-12
and production of VEM, 60
and VEM, 110

Isopropylarterenol See Isuprel

Isopropylnorepinephrine, effect of
Dibenamine on, 97

Isuprel, 98

Kidney
blood flow, and lethal hemorrhage, 105
camne, and Dibenamine, 106
cntical closing pressure 1, 218-19,

220

Goldblatt clamp on, and VEM, 110
hypoue, and VEM, 105
i wrradiation shock, 184-85

1ischemc
and methemoglobin pigment, 204-12
and VEM, 110

lower nephron nephrosis m soldiers,
211

renin production by, 111
resistance of
to shock, 100
to drum trauma, 66
and vascular homeostasis, 65
and vascular reactivity to topical
epinephrine, 28
vasoconstriction
contralateral, after tying one ureter,
209
1n 1schemic pigment nephrosis, 205
VEM from, 43, 109
fermtin after, 1183
m hemorrhagic shock, 59

L

Lamson self-infusion reservoir pro-
cedure, 143-45, 174

Lesion, nephrotic, 204-05

Ligation, hepatic, shock due to, 159-61

Limb, pooling of blood 1, and fainting,
125
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Pressure~Cont’d
blood—Cont’d
and omental circulation, 88
m removal of pheochromocytoma,
230
and trauma to central nervous sys-
tem, 101
critical closing, 217-19
and flow, 217-20
mtra-abdominal
canine, 81-82
human, 83-84
mtracramal, and blood pressure, 73,
101
venous
camne, 78-79
m hemorrhagic shock, 128-34
and intra-abdommal pressure, 84
and venous oxygen tension, 138
Protemn
extracellular solute, 201
plasma, 201
Pulse, and A-V fistula, 132-33
Pyrogen, 168
hemodynamic changes after, 170
and renal vasodilatation, 108

R

Rabbit
” famting 1, 194-25
sensitivity of, to wradiation, 184
Radiation syndrome, 176
Radiation trauma
VDM following, 48-49, 112
VEM following, 112
Rat
sensitivity of, to wradiation, 184
shock due to clamping, 86
Rat mesoappendix test
reproducibility, 42
for VDM, 39, 41-47
accuracy, 47-52
for VEM, 40, 42-47
accuracy, 47-52
Reactivity, vascular
and ACTH, 294
and cortisone, 224

and local tissue metabolism, $2-34
m shock, 53-55
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Reactivity, vascular—Cont’d
vs vasomotion, 26

Renmn, 111
and VEM, 110

Reservorr, self-infusion, 143-45

Resistance

circulatory, and cross-sectional area of
vemn, 94

to drum trauma, 64
role of kidney in, 66

peripheral
and fammting, 122
i hemorrhagic shock, 16

S

688A, 88, 106

Saline solution, blood volume increment
of, 203

Self-mnfusion reservoir, Lamson’s, 143-45

Sepsts, shock due to, 102, 140, 161-65,
175-76

Serum, antifermtin, 68

Shiga exotoan, and irreversibility in
shock, 67

Shock
and adrenal corhicoids, 221-25
and antibiotics, 65, 148-51, 154-57,
174, 175-76
blood sequestration mn, 165-66
blood volume 1n, 206
blood volume increment of infused
flmd, 203
due to clampmng n rat, 86
cortisone for, 223
cross-transfusion m, 173
due to cyclopropane, 85
death due to, 73-85
defined, 140
and blood pressure, 73, 101
and Dibenamine, 69, 173
drum, resistance to, 173
and Eck fstula, 168
due to fever, 170
hemorrhagic, 190-94
abdominal wall m, 17
and anesthesia, 143
and aureomycin, 65
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Norepmephrme—Cont’d
effect of Dibenamme on, 97
and vascular response m omentum, 24

O

Oliguria
and renal 1schemia with pigment, 208
m wounded soldiers, 210-11

Omentum
crculation m
anatomy, 21-24
and blood pressure, 88
capillary, 24, 59
during ether anesthesia, 59
m hemorrhagic shock, 17-20
and lethal hemorrhage, 99-100
and vascular response in other
tissues, 20-21
reactive hyperemia 1n, 46
terminal vascular bed i, 18
vascular response m
and epmephrme, 24-25, 70
and norepinephrine, 24
vasomotion i, 24
due to epmephnne, 27
See also Mesentery
Output, cardiac
1 hemorrhagic shock, 16
and mtra-abdominal pressure, 83-84

Overtransfusion, 226

Oxygen
m blocd, and hemorrhagic shock, 1381
tension, and renal release of VEM,

109

venous, and venous pressure, 138

P

Pain, and blood pressure, 101

Pancreatitis, and vascular collapse, 102

Paracolobactrum inter-medium, 157-58

Paracolon bacillus, 168-70

Penicillin, and shock, 150, 151, 154

Pentamethonium, 229

Pentobarbital, and hemorrhagic shock,
144-45

Pentoneum See Mesentery, Omentum

Shock and Circulatory Homeostasis

Permeability, of capillary membrane,
200-04

Pheochromocytoma, 230
Pigment, and renal ischemma, 204-12
Piturtary gland, m famting, 124

Plasma
erythrocyte 1, 201
protem, 201
renal flow after 6884, 106
volume of, in dehydration, 198

Posture
and cardiac output, 127-29
and famting, 118, 125-29
after anesthesia, 118-19

Potassium
and Dibenamine, 107
loss of, in dehydration, 198
permeability of capillary membrane to,
201

Precapillary, reactivity of, to topical
epmephrine, 28
Precapillary sphincter
and capillary narrowing, 34
mesenteric, 23
omental
vasoconstriction 1, 25
vasomotion m, 24, 27
and sympathetic nervous system, 31

Pregnancy, ruptured ectopic, shock due
to, 191

Pressor
of cerebral ongin, 108
m surgery for pheochromocytoma, 230

Pressure
arterial, 1n dead dog, 79
auricular
m fammting, 123
mn hemorrhagic shock, 16
blood
duning anesthesia, 227
and capillary circulation during
ether anesthesia, 59
mn dead dog, 79
and fainting, 122
and flow, 217-20
in hemorrhagic shock, 16
m wradiation shock, 179
level of, and vasomotor control of
circulation, 218
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Pressure—Cont’d
blood—Cont’d
and omental circulation, 88
m removal of pheochromocytoma,
230
and trauma to central nervous sys-
tem, 101
cntical closing, 217-19
and flow, 217-20
mtra-abdominal
camine, 81-82
human, 83-84
mtracramal, and blood pressure, 73,
101
venous
canimne, 78-79
m hemorrhagic shock, 128-34
and mtra-abdominal pressure, 84
and venous oxygen tension, 138
Protein
extracellular solute, 201
plasma, 201
Pulse, and A-V fistula, 132-33
Pyrogen, 168
hemodynamic changes after, 170
and renal vasodilatation, 106

R

Rabbit
famting 1, 124-95
sensihvity of, to irradiation, 184
Radiation syndrome, 176
Radiation trauma
VDM following, 48-49, 112
VEM following, 112
Rat
sensitivity of, to wrradiation, 184
shock due to clamping, 86
Rat mesoappendix test
reproducibility, 42
for VDM, 39, 41-47
accuracy, 47-52
for VEM, 40, 42-47
accuracy, 47-52
Reactivity, vascular
and ACTH, 224
and cortisone, 224

and local tissue metabolism, 82-34
m shock, 53-55
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Reactivity, vascular—Cont’d
vs vasomotion, 206

Remn, 111
and VEM, 110

Reservorr, self-infusion, 143-45

Resistance

circulatory, and cross-sectional area of
vem, 94

to drum trauma, 64
role of kidney in, 66

peripheral
and fainting, 122
m hemorrhagic shock, 16

S

688A, 88, 106

Saline solution, blood volume mcrement
of, 2083

Self-infusion reservorr, Lamson’s, 143-45

Sepsis, shock due to, 102, 140, 161-65,
175-76

Serum, antifermtin, 68

Shiga exotoxin, and ureversibihty in
shock, 67

Shock
and adrenal corticouds, 221-25
and antibiotics, 85, 148-51, 154-57,
174, 175-78
blood sequestration 1n, 165-66
blood volume 1n, 206
blood volume increment of infused
flaid, 203
due to clamping mn rat, 86
cortisone for, 223
cross-transfusion i, 173
due to cyclopropane, 85
death due to, 73-85
defined, 140
and blood pressure, 78, 101
and Dibenamine, 69, 173
drum, resistance to, 173
and Eck fistula, 168
due to fever, 170
hemorrhage, 190-94
abdominal wall mn, 17
and anesthesia, 143
and aureomycm, 65
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Norepmephrine—Cont’d
effect of Dibenamine on, 97
and vascular response 1 omentum, 24

0]

Oliguria
and renal ischemia with pigment, 208
in wounded soldiers, 210-11

Omentum
circulation
anatomy, 21-24
and blood pressure, 88
capillary, 24, 59
during ether anesthesia, 59
m hemorrhagic shock, 17-20
and lethal hemorrhage, 99-100
and vascular response i other
tissues, 20-21
reactive hyperemia in, 46
terrminal vascular bed i, 18
vascular response 1n
and epmephrine, 24-25, 70
and norepmephrine, 24
vasomotion 1n, 24
due to epmephrine, 27
See also Mesentery
Output, cardiac
mm hemorrhagic shock, 16
and ntra-abdominal pressure, 83-84
Overtransfusion, 226
Oxygen
“1n blood, and hemorrhagic shock, 131
tension, and renal release of VEM,
109

venous, and venous pressure, 138
P

Pain, and blood pressure, 101

Pancreatitis, and vascular collapse, 102

Paracolobactrum mter-medum, 157-58

Paracolon bacillus, 168-70

Pemcillin, and shock, 150, 151, 154

Pentamethonium, 229

Pentobarbital, and hemorrhagie shock,
144-45

Pertoneum See Mesentery, Omentum

Shock and Circulatory Homeostasis

Permeability, of capillary membrane,
200-04

Pheochromocytoma, 230
Pigment, and renal i1schemia, 204-12
Pituitary gland, i fainting, 124

Plasma
erythrocyte i, 201
protein, 201
renal flow after 6884, 108
volume of, in dehydration, 198

Posture
and cardiac output, 127-29
and famnting, 116, 125-29
after anesthesia, 118-19

Potassium
and Dibenamine, 107
loss of, n dehydration, 198
permeability of capillary membrane to,
201

Precapillary, reactivity of, to topical
epmephrine, 28

Precapillary sphincter
and capillary narrowing, 34
mesenteric, 23
omental
vasoconsiriction 1, 25
vasomotion in, 24, 27
and sympathetic nervous system, 31

Pregnancy, ruptured ectopic, shock due
to, 191

Pressor
of cerebral ongm, 108
m surgery for pheochromocytoma, 230

Pressure
arterial, n dead dog, 79
auricular
in fainting, 123
i hemorrhagic shock, 18
blood
during anesthesia, 227
and capillary circulation during
ether anesthesia, 59
m dead dog, 79
and famtng, 122
and flow, 217-20
m hemorrhagic shock, 16
m wuradiation shock, 179
level of, and vasomotor control of
circulation, 218



Index

Sympathectomy—Cont’d
and venomotor tone 1n hemorrhagic
shock, 92

Sympathetic nervous system
and homeostasis, 90
and terminal vascular bed, 31-32
and vascular reactivity to topical
epmephrine, 28, 30-31
Syncope See Famhing

T

Tension, oxygen, and renal release of
VEM, 109

Terramycin, m mesenteric thrombosis,
164

Thrombosis, mesenteric, 183-64
Tibiahs anticus muscle, in hemorrhagic

shock, 17
Tissue
anaerobe, m shock, 152-54
homeostasis, 66
hypoxia, and renal release of VEM,
109
kidney, and VEM, 43
local, and vascular reaction, 82-34
trauma to
ACTH for, 224-25
cortisone for, 225
Tone
capillary, 34-38
endothehal, and adrenal cortex, 38
muscle, and fammting, 121
vascular, 91
venomotor, 1 hemorrhagic shock, 92
Toxin

bacterial, and irreversibility in shock,
67

clostridial, and wrreversibility n shock,
a7
defined, 148
ferntin as, 148
shock due to, 172, 175
Toxoud, clostndial, m hemorrhagic
shock, 151
Transfusion
arterial, 191-92, 212-16, 226
cross, m shock, 173
excessive, 226

243

Transfusion—Cont’d
intra-arterial, 191-92, 212-16, 226
cardiac output after, 220
refractormess to, due to bacterial con-
tamination, 162
TTC 1n adrenal gland after, 222
Trauma
adrenal msufficiency 1n, 222
due to burn
and pigment excretion, 210
urmary steroids after cortisone for,
221-22
drum
resistance to, 64
resistance to, and the kidney, 68
edema due to, 200
maximal, and ACTH, 224-25
due to radiation
VDM followmg, 112
VEM following, 112
shock due to, 170
and alcoholism, 107
central nervous system, 101
Dibenamine 1m, 89
m dog, 76-79
omental vasoconstriction i, 28

and renal compensatory mechanism,
100

tissue, cortisone for, 225

without shock, 111
Trnphenyl tetrazohum chlornide, 2292
TTC, 222
Typhoid vaccine

fever due to, blood redistribution 1n,
167

hemodynamic changes after, 170

U

Unne
excretion of
and Dibenamme, 208
m wounded soldiers, 210-11 )

steroids 1n, after cortisone for burn,
221-22

\Y%
Vaccine

fever due to, blood redistibution 1n
167 '
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Shock—Cont’d
hemorrhagic—Cont’d
bacteria m, 150
and blood oxygen, 131-32
cardiac output i, 128-34
Clostrnidia 1, 151-53
m dog, 74-76
gas bacillus 1n, 150
graded vs sudden, 142-43
hemodynamic measurements 1n, 16
ureversible, 141, 147
and pentobarbital, 144
and renal compensatory mechanism,
100
and sepsis, 175-78
skeletal muscle 1, 17
skin 1, 17
tibialis anticus muscle, 17
venomotor tone in, 92-93
Wigger’s techmque of, 144
humoral factors 1n, 56
mfectious element, m, 140, 181-76,
206-07
mtra-arterial transfusion m, 212-16
due to Lamson self-infusion reservoir
procedure, 143-45
due to uradiation, 176-86
wrreversible, 90
and bactenal toxin, 67
circulatory decompensation m, 175
and imtestinal hemorrhage, 21
and hiver infection, 148
due to sepsis, 140
and the liver, 148, 159-61, 166
major patterns, 74
nervous system m, 90, 92,'101
due to pancreatitis, 102
as persistent deficiency n flow, 194
resistance to, 64-70
due to subacute left ventricular failure,
215
1 surgery, 191-94
due to toxm, 172, 175
due to trauma, 170
and alcoholism, 107
m dog, 76-79
with hematoma, 192
omental vasoconstriction 1n, 26
and renal compensatory mechamsm,
100
TTC m, 222

Shock and Circulatory Homeostasis

Shock—~Cont’d
vascular decompensation 1n, 56-59,
61-63
vascular reactivity in
and anesthesia, 53-55 .
effect of VDM on, 56
effect of VEM on, 55-56
warm, dry, pmnk vs cold, wet, clammy,
204
due to wound, 162
Shunt See Anastomosis
Sinus, carotid, and venomotor tone 1mn
hemorrhagic shock, 92
Skin
constriction, m fainting, 122
m hemorrhagic shock, 17
Sodium
loss of, m dehydration, 198
osseous, 201
permeability of capillary membrane to,
200, 201
Sodium chlonde, hypertonic, 82
Species difference, and sensiivity to
uradiation, 184
Species effect, and rat mesoappendix
test, 39
Sphincter, precapillary
and captllary narrowing, 34
mesenteric, 23
omental, 24, 25, 27
and sympathetic nervous system, 31
vasomotion m, 24
Spmal cord, concussion of, and hypo-
piesis, 101
Stem, brain, and blood pressure, 101
Stenosis, matral, 134
Sulfhydryl
and fermtin, 62
and whole body irradiation, 182
Surgery
abdominal, syncope type of reaction
after, 85
shock accompanying, 191-94
Sympathectomy
and lethal hypotension, 111
and omental circulation 1 hemorrhagie
shock, 19
and renal VEM, 110-11
spinal anesthesia during, 229
and vascular reactivity to topical
epmephrine, 29
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Sympathectomy—Cont’'d
and venomotor tone mn hemorrhagic
shock, 92

Sympathetic nervous system
and homeostasis, 90
and termmal vascular bed, 31-32
and vascular reactivity to topical
epmephrine, 28, 30-31

Syncope See Famnting

T

Tension, oxygen, and renal release of
VEM, 109

Terramycin, 1n mesenteric thromboss,
164

Thrombosis, mesentenic, 163-64
Tibiahs anticus muscle, 1n hemorrhagic

shock, 17
Tissue
anaerobe, mn shock, 152-54
homeostasis, 66
hypoxia, and renal release of VEM,
109
kidney, and VEM, 43
local, and vascular reaction, 32-34
trauma to
ACTH for, 224-95
cortisone for, 2925
Tone

capllary, 34-38

endothelial, and adrenal cortex, 38

muscle, and fainting, 121

vascular, 91

venomotor, 1 hemorrhagic shock, 92
Toxin

bactenal, and wrreversibibty m shock,
67

cloes'!;ndlal, and irreversibility m shock,
defined, 148
ferntin as, 148
shock due to, 172, 175
Toxond, clostnidial, m hemorrhagic
shock, 151
Transfusion
arterial, 191-92, 212-16, 226

cross, m shock, 173
excessive, 226
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Transfusion—Cont’d
intra-artenial, 191-92, 212-16, 226
cardiac output after, 220
refractoriness to, due to bacterial con-
tammation, 162
TTC 1n adrenal gland after, 222

Trauma
adrenal msufficiency 1in, 222
due to bum
and pigment excretion, 210
urmary steroids after cortisone for,
221-22
drum
resistance to, 64
resistance to, and the kidney, 66
edema due to, 200
maximal, and ACTH, 224-25
due to radiation
VDM following, 112
VEM following, 112
shock due to, 170
and alcoholism, 107
central nervous system, 101
Dibenamine 1n, 89
m dog, 76-79
omental vasoconstriction 1n, 26
and renal compensatory mechamsm,
100
tissue, cortisone for, 225
without shock, 111
Triphenyl tetrazolium chloride, 222
TTC, 222
Typhod vaccine
fever due to, blood redistribution 1n,
167
hemodynamic changes after, 170

6)

Urine
excretion of
and Dibenamie, 208
m wounded soldiers, 210-11

steroids 1n, after cortisone for burn,
221.22

L3

A%

Vaccine

fever due to, blood redistribution 1n,
167
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Shock—Cont’d
hemorthagic—Cont'd
bacteria m, 150
and blood oxygen, 131-32
cardiac output in, 128-84
Clostridia m, 151-53
mm dog, 74-76
gas bacillus m, 150
graded vs sudden, 142-43
hemodynamic measurements 1, 16
wrreversible, 141, 147
and pentobarbital, 144
and renal compensatory mechanism,
100
and sepsis, 175-76
skeletal muscle m, 17
skin m, 17
tibialis anticus muscle, 17
venomotor tone m, 92-93
Wigger’s techmque of, 144
humoral factors 1n, 56
mfectious element, m, 140, 161-786,
206-07
mtra-arterial transfusion i, 212-16
due to Lamson self-mnfusion reservoir
procedure, 143-45
due to uradiation, 176-86
rreversible, 90
and bactenal toxin, 67
circulatory decompensation 1, 175
and intestinal hemorrhage, 21
and hiver infection, 148
due to sepsis, 140
and the liver, 148, 159-61, 166
major patterns, 74
nervous system in, 90, 92,'101
due to pancreatitis, 102
as persistent deficiency i flow, 194
resistance to, 64-70
due to subacute left ventricular failure,
215
n surgery, 191-94
due to toxin, 172, 175
due to trauma, 170
and alcoholism, 107
m dog, 76-79
with hematoma, 192
omental vasoconstriction n, 26
and renal compensatory mechanism,
100
TTC m, 222

~

Shock and Circulatory Homeostasis

Shock—Cont’d
vascular decompensation 1, 56-59,
61-63
vascular reactivity 1n
and anesthesia, 53-55 ,
effect of VDM on, 56
effect of VEM on, 55-56
warm, dry, pmnk vs cold, wet, clammy,
204
due to wound, 162
Shunt See Anastomosis
Sinus, carotid, and venomotor tone n
hemorrhagic shock, 92
Skin
constriction, 1 famting, 122
in hemorrhagic shock, 17
Sodium
loss of, in dehydration, 198
osseous, 201
permeability of capillary membrane to,
200, 201
Sodium chloride, hypertonic, 82
Species difference, and sensitivity to
uradiation, 184
Species effect, and rat mesoappendix
test, 39
Sphincter, precapillary
and capillary narrowing, 34
mesenteric, 23
omental, 24, 25, 27
and sympathetic nervous system, 31
vasomotion 1n, 24
Spinal cord, concussion of, and hypo-
presis, 101
Stem, bram, and blood pressure, 101
Stenosis, mitral, 134
Sulfhydryl
and fermtin, 62
and whole body wrradiation, 182
Surgery
abdominal, syncope type of reaction
after, 85
shock accompanying, 191-94
Sympathectomy
and lethal hypotension, 111
and omental circulation m hemorrhagic
shock, 19
and renal VEM, 110-11
spmal anesthesia during, 229
and vascular reactivity to topical
epinephrme, 29
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Vemn—Cont'd
cross-sectional area, and circulatory re-
sistance, 94
mesenteric, thrombosis, 164
tone of, m hemorrhagic shock, 92-93

VEM, 62

m compensatory stage of shock, 59-60

duffusibility of, through cellophane,
109

and Goldblatt clampng, 110

and hemorrhagic hypotension, 105

mn wradiation shock, 178-80, 182-86

and kdney tissue, 43

and lethal hypotension, 111

mesoappendix test for, 40, 42-47
accuracy, 47-52

neurogenic release of, 112

and radiation trauma, 112

renal, 109
1n hemorrhagic shock, 59
hepatic ferntin after, 113
hypoxic, 105

and remmn, 110

and vascular reactivity, 30
mm shock, 55-58

Venesection
fanting due to, 115-16
during mtra-artenal transfusion, 214
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Venodilatation, reflex, 96

Venospasm, i hemorrhagic shock, 92

Ventricle, left, shock due to subacute
failure of, 215

Venule, mesenteric, 23

Viscera, parenchymatous, and extravas-
cular plasma protemn, 201

w

Wall
abdominal, 1n hemorrhagic shock, 17
Water
disttibution of, i body, 196-200
n erythrocyte, after interperitoneal -
jection of glucose mm dog, 80
permeability of capillary membrane to,
200

Wigger's techmque of hemorrhagic
shock, 144

Wound, shock due to, 162

X

X-radiation
shock due to, 176-86
VDM liberated by, 48-49
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Vaccme—Cont’d
typhoid, hemodynamic changes after,
170

Valsalva maneuvers, 120
Valve, mitral, stenosis, 134
Vasoactivity, of fermtin, 61-63

Vascular bed
in hemorrhagic shock, 16
and homeostasis, 686
mesentery as representative of, 44-46
omental
anatomy, 2]
circulation 1n, 17-924
peripheral
m shock, 53-55
and VDM 1n shock, 56
and VEM 1 shock, 55-56
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